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ABSTRACT

Milk oligosaccharides are a class of carbohydrates composed of three to twenty
monosaccharides, which are found in mammalian milk and other dairy products. Bioactivities,
including prebiotic, anti-pathogenic, and immunomodulatory activities, as well as roles in
cognition, have been ascribed to milk oligosaccharides featuring particular structural motifs. The
most prevalent source of milk oligosaccharides for humans is breast milk, but a comparable
source of these beneficial compounds for formula-fed infants or individuals at other life stages is
not currently available. As a result, milk oligosaccharides are recent targets for addition to infant
formulas and nutraceuticals. Harnessing the bioactive potential of naturally occurring milk
oligosaccharides, however, is challenged by low commercial availability of human breast milk
and low concentrations of similarly structured milk oligosaccharides in traditional bovine dairy
streams. This dissertation presents a look into the abundances of milk oligosaccharides and their
potential sources form several non-traditional angles and proposes potential alternative sources

for their isolation.

Chapter I introduces bovine milk oligosaccharides, highlights the current sources for bovine milk
oligosaccharide isolation and their associated challenges, and proposes the more concentrated
dairy stream, delactosed permeate, as a potential new source for bovine milk oligosaccharide

isolation.

Chapter II focuses on the ‘gold standard’ human milk oligosaccharides and how the
concentrations of key oligosaccharides in human milk vary with lactation stage and maternal

gene expression.



Building off of the foundation established in Chapters | and Il, Chapters 111 through VI delve
more in-depth into how non-human milk oligosaccharide abundances are impacted by specific
factors, and how harnessing these elements may allow for improved milk oligosaccharide

isolation by increasing their source concentrations.

Chapter I11 examines the impact of maternal diet on bovine milk oligosaccharide abundances.
This study was the first to successfully demonstrate significant differences in bovine milk

oligosaccharide yields with changes in dietary fiber levels.

Chapter IV takes a more in-depth look at the composition of delactosed permeate, and is the first
study to quantify bovine milk oligosaccharides in this promising concentrated dairy waste

stream.

Chapter V expands beyond traditional western sources of commercial milk to investigate the
milk oligosaccharide profiles of all mammalian species through the compilation and analysis of
five decades of published milk oligosaccharide research. A comprehensive review of milk
oligosaccharide literature at this magnitude has never before been undertaken. The analysis of
the compiled data revealed overarching influences of phylogeny and evolution on milk
oligosaccharide profiles and allowed for the identification of non-bovine milks that feature
oligosaccharide profiles with key similarities to human breastmilk that are promising potential

sources for milk oligosaccharide isolation.



Finally, Chapter VI summarizes the main conclusions of the dissertation, provides perspective on
the current challenges relating to milk oligosaccharide analysis, and proposes future directions

for research in this field.
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CHAPTER I:
Obtaining milk oligosaccharides from milk and other dairy streams: Potential sources and

considerations on increasing oligosaccharide concentrations

Published as:
Durham, S.D.; Cohen, J.L.; Bunyatratchata, A.; Fukagawa, N.; Barile, D.; “Oligosaccharides” in
Encyclopedia of Dairy Science, 3" Ed., VVol. 5, McSweeney, P.L.H.; McNamara, J.P. eds.

Elsevier, Amsterdam, The Netherlands. 2022. 141-153.



ABSTRACT

Bovine milk oligosaccharides (BMOs) have demonstrated and hypothesized benefits for infants,
including protecting against pathogens and promoting cognitive development, making them
promising ingredients for infant formulas and nutraceuticals. Isolation of BMOs from traditional
dairy streams is challenged by low BMO concentrations compared to non-bioactive, simpler
sugars like lactose. Delactosed permeate presents a promising alternative dairy stream for
sourcing BMOs, yet improving oligosaccharide concentrations in the starting milk, possibly
through modifications to cows’ diets, may be needed. Understanding how dietary components
influence milk composition and selecting ideal source(s) will be vital to meet the growing

demand for milk oligosaccharides as ingredients.

BACKGROUND

Breast milk is widely considered to be the ideal source of nutrition for infants, and the World
Health Organization (WHQO) recommends that mothers exclusively breastfeed their newborns for
at least the first six months of life and continue breastfeeding with the addition of
complementary foods for up to two years. (WHO, 2009) In addition, many recent studies have
shown associations between breastfeeding and a reduction of the risk of diseases such as obesity,
(Owen, et al., 2005) asthma, (Kull et al., 2009) and necrotizing enterocolitis (Meinzen-Derr et
al., 2009) as well as a reduction in infant mortality. (Meinzen-Derr, et al., 2009; Vennemann et
al., 2009) However, breastfeeding is not always a practical nor attainable option for all mothers.
When mothers are unable to breastfeed or cannot provide sufficient milk for their babies, infant
formula, which attempts to mimic human milk composition, is often used as a substitute. (Martin

etal., 2016)



Because infant formula is composed primarily of bovine milk-derived ingredients, which
inherently contain much lower levels of oligosaccharides than human milk, (Dong et al., 2016;
Fong, et al., 2011; Martin-Sosa, et al., 2003) infants consuming formula instead of breastmilk
receive only trace amounts of the bioactive molecules responsible for many of the benefits
attributed to breastfeeding. (Salli, et al., 2019) In attempts to counteract this, several infant
formulas include non-milk oligosaccharide supplements such as galactooligosaccharides (GOS),
inulin, fructooligosaccharides (FOS), or polydextrose. (Akkerman et al., 2019; Ma, et al., 2018;
Nijman, et al., 2018; Fanaro, et al., 2005) GOS consists of a combination of galactose dimers and
compounds with a degree of polymerization (DP) between 3 and 15, composed of multiple
galactose units and a terminal glucose. (Tzortzis & Vulevic, 2009) Most commercial GOS
products contain primarily DP 2 to 5 oligosaccharides with the constituent linkages (B1-2, 3, 4,
or 6) depending on the enzyme used for GOS synthesis. FOS and inulin are fructans containing
almost exclusively B2,1-linked fructose monomers, with or without a terminal glucose. The use
of the terms inulin and FOS is inconsistent; however, they are most commonly distinguished as
inulin having a DP of 10 to 60 and short-chain FOS as having a DP of less than 10. (Roberfroid,
2007) Polydextrose is a highly branched glucose polymer of DP 2-120 (average DP=12) that
contains primarily o or B1-6 glycosidic linkages, but may also include a or  1-2, 2-3, and 2-4
linkages. (Do Carrmo et al., 2016; Cho et al., 1999) Because of their homooligomeric
composition, these alternative oligosaccharides, do not contain the wide array of structural
characteristics featured by human milk oligosaccharides (HMOs) that are key for many of their

beneficial biological effects. (Bode et al., 2016; Barile & Rastall, 2013)



More recently, a few infant formulas have been supplemented with a small number of
synthetically produced HMOs; however, with only a few compounds included at low
concentrations, these formulas still lack the unique structural diversity exhibited by HMOs in
breastmilk. Thus, other alternative sources that more closely mimic the structural complexity and

diversity of HMOs seen in breast milk are needed.

Bovine milk oligosaccharides (BMOs) are a class of carbohydrates that are indigestible to
mammals, yet they have the potential to play a significant role in human health. BMOs are a
promising alternative to help fill this void due to their structural similarity to many HMOs as
well as their demonstrated safety and tolerability. Another advantage of applying BMOs as a
supplement to infant formula is their wide availability in dairy processing side streams and waste
streams. BMOs are composed of between 3 and 11 monosaccharides connected through a variety
of glycosidic linkages. BMO constituent monosaccharides may include glucose (Glc), galactose
(Gal), N-acetylglucosamine (GIcNAc), N-acetylgalactosamine (GalNAc), fucose (Fuc), N-
acetylneuraminic acid (Neu5Ac) and N-glycolylneuraminic acid (Neu5Gc). BMOs are based on
one of two core structures at their reducing end: lactose (Gal(B1-4)Glc) or lactosamine (Gal(B1-
4)GlcNAc). These core structures can be further expanded through the addition of B1-3-, f1-4-
or B1-6-linked Glc, Gal, GIcNAc or GalNAc units, and the resulting backbones may be
decorated with 02-3- or a2-6-linked sialic acid (Neu5Ac or Neu5Gc) or, more rarely, al-2- or

a1-3-linked fucose. (Tao et al., 2008; Aldredge et al., 2013)

BMOs are classified based on their monosaccharide compositions, with those that contain one or

more sialic acid monomers categorized as acidic, while BMOs without any NeuSAc or Neu5Gc



are classified as neutral. Neutral BMOs can be further subcategorized as fucosylated and
unfucosylated based on the presence or absence of fucose in their structures. Unlike HMOs,
which are highly fucosylated, the majority of BMOs are acidic, and only six neutral fucosylated
structures have been identified so far. (Aldredge et al., 2013; Robinson et al., 2018; Albrecht et
al., 2014; Mehra et al., 2014) No oligosaccharides featuring both sialylation and fucosylation
have been found in cows’ milk. Table 1.1 summarizes the classes of BMOs identified in prior
studies. Although they make up a smaller percentage of the BMO fraction, neutral BMOs show a
similar level of structural diversity as acidic BMOs. The wide range in the numbers of BMOs
reported by the studies in Table 1.1 may be due to variation in the BMO profiles of the milk
samples analyzed as well as differences in the techniques employed for analysis. Because the full
structures of many larger BMOs have not yet been fully elucidated, they are often referenced by
their composition via a five-digit code delineating the number of each monosaccharide included
in the structure in the format: Hex_HexNAc_Fuc_Neu5Ac_Neu5Gc, where Hex is the number of
hexose monomers (Glc and Gal) and HexNAc is the number of N-acetylhexosamine monomers

(GIcNAc and GalNACc).



Table 1.1. Distributions of bovine milk oligosaccharides previously studies reporting more than

ten BMO compounds

Number of unique structures identified

Neutral Neutral

Publication Total Sialylated Unfucosylated Fucosylated
Remoroza et al., 2020 36 16 18 2
Liu et al., 2019 12 7 5 --
Robinson et al., 2019 15 3 8 4
Liuetal., 2017 14 8 6 --
Schwendel et al., 2017 11 6 5 -
Sischo et al., 2017 29 7 20 2
Albrecht et al., 2014 34 21 10 3
Liuetal., 2014 13 8 5 -
Aldredge et al., 2013 25 8 11

Sundekilde et al., 2012 50 13 32

Marino et al., 2011 34 22 10 2
Tao et al., 2009 24 17 7 --
Tao et al., 2008 24 17 7 --

Like HMOs, BMOs are of interest for their wide array of demonstrated and hypothesized

bioactivities. Although their bioactivities have not yet been investigated as thoroughly as HMOs,

BMOs have numerous proven properties that would be beneficial in human nutrition, particularly

for infants. BMOs have shown antiadhesive and pathogen decoy activities against a number of

pathogens in vitro including the enteric pathogens Campylobacter jejuni (Lane et al., 2012) and

enterotoxigenic Escherichia coli (ETEC) (Martin-Sosa et al., 2002) which have been recognized

as a leading cause of enteritis in humans worldwide. In addition, bovine colostrum, as well as its

ultrafiltration and nanofiltration permeates, have demonstrated antiadhesive effects in vitro

against the enteric pathogens Salmonella enterica serotype Typhimurium, enteropathogenic E.



coli (EPEC), and Cronobacter sakazakii. (Maldonado-Gomez et al., 2015) This adherence
inhibition can be at least partially attributed to the BMOs present in the dairy fractions; however,
since BMOs were not the exclusive ingredient in the products tested, peptides and glycopeptides
may contribute to the activity as well. Purified BMOs have been shown to also act as
immunomodulators by decreasing gut permeability and reducing inflammation in animal studies,
as well as contributing to gains in lean body mass in animal models of infant undernutrition
(Boudry et al., 2017; Charbonneau et al., 2016) In addition, the two most abundant acidic.
BMOs, 3’-sialyllactose (3°-SL) and 6’-sialyllactose (6’-SL), have exhibited a role in improving
neonatal cognitive development in animal models. (Obelitz-Ryom et al., 2019; Oliveros et al.,

2018)

The prebiotic activity of oligosaccharides derived from bovine milk specifically have been
minimally investigated; however, because of their structural homology with HMOs, BMOs are
hypothesized to have similar prebiotic effects. This hypothesis is supported by emerging in vitro
studies of the effects of BMOs on beneficial bacteria. In vitro supplementation with a BMO
isolate has been shown to improve the growth of the beneficial infant gut microbes
Bifidobacterium longum ssp. longum and Parabacteroides distasonis, as well as the probiotic B.
animalis ssp. lactis. (Jakobsen et al., 2019; Marsaux et al., 2020) In addition, 3’-SL and 6’-SL
have been demonstrated to promote the in vitro growth of select strains of B. breve, a prevalent
gut microbe in infants. (Ruiz-Moyano et al., 2013) BMO supplementation has also been shown
to increase the relative abundance of bifidobacteria among in vitro infant fecal-derived microbial
cultures, including increased average relative abundances of operational taxonomic units (OTUS)

for B. longum, B. bifidum, B. adolescentis, and B. breve. (Marsaux et al., 2020) Purified BMOs



were also used in an animal model of cancer-prone non-alcoholic steatohepatitis (NASH) mouse,
alone and in combination with B. longum ssp. infantis. Protective effects were observed for both
B. infantis and BMOs in terms of reduced hepatic and ileal inflammation, which could be
correlated with increased short chain fatty acid production and reduced hydrogen sulfide and
methane in the gut. Improved outcomes were also shown for the combination of the BMOs and
B. infantis. Importantly, this study was the first to demonstrate that BMO supplementation alone
increased the abundance of butyrate-generating bacteria (which have proven useful to prevent
NASH) in addition to other direct benefits to the host, independent of the beneficial outcomes

attributable to support of the growth of B. infantis. (Jena et al., 2018)

EXISTING SOURCE: WHEY PERMEATE

One dairy side stream that has been investigated as a source for BMO isolation is whey
permeate, a byproduct of cheesemaking and whey protein isolation (process flowchart in Figure
1.1, dotted outline). In 2018, more than 217.5 billion pounds of cow milk were produced in the
US, about 1.1 billion pounds of which became cheese whey permeate. (American Dairy Products
Institute, 2018; USDA NASS, 2020; USDA NASS, 2019) The ultrafiltration process to isolate
whey proteins often involves the addition of some water in diafiltration mode to increase protein
purity by enhancing the removal of salts and lactose from the whey protein retentate. A side
effect of this process is the dilution of the obtained permeate, generally resulting in total solids as
low as 3 to 5% in the final whey permeate. Of that solids content, the vast majority is lactose,
and the remaining balance is composed of nitrogenous materials, residual lipids, salts, and other
components including BMOs (Table 1.2, Figure 1.2). (Barile et al., 2009; Tetra Pak, 2020; Smith

et al., 2016; Frankowski et al., 2014) It should be noted that this composition, while generally



representative, will vary substantially between batches or producers depending on the cheese

type and applied processing techniques.

Milk

Cheesemaking — Cheese

Whrey
1

Ultrafiltration —

Whey Protein

Concentrate
Whey
Permeate
Evaporation/
Crystallization Lactose

4

Delactosed
Permeate

Figure 1.1. Generation of coproducts from cheesemaking and whey processing



Table 1.2. Dry basis composition of whey permeate from multiple sources, along with average

composition. Values for components other than pH reported in percent (gram per 100 grams dry

matter)
Barile . Tetrapak Frankowski Average
2009 Smith 2016 2020 2014 (range)
Solids 4.87 5-6 5-6 5.38 11.1 6.47
+0.02 (4.87-11.1)
pH 6.50 - -- - 6.3 6.4
+0.02 (6.3-6.52)
Lactose -- 82* 81* 87.17 85 83.8
(81-87.17)
Proteins 3.49 0.003 0.003 0.19 0 0.74
+1.03  +0.003 +0.003 (0-4.52)
Non-protein N -- 2.50 2.50 3.16 3.36 2.88
+0.04 +0.04 (2.46-3.36)
Lipids 2.05 -- -- Trace -- 2.05
+0.82
Salts/ash -- - -- 9.48 8.26 8.87
(8.26-9.48)
Na -- 0.66 0.65 -- 0.98 0.76
(0.65-0.98)
K -- 2.51 2.43 -- 2.13 2.36
(2.13-2.51)
Ca - 0.48 0.50 - 0.54 0.51
(0.48-0.54)
Mg - 0.13 0.13 - 0.12 0.13
(0.12-0.13)
Cl - - - - 0.21 0.21

*Values from graph reported in %weight/weight
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Cl

Mg
Ca
K
Na
Nitrogenous material

Figure 1.2. Average composition of major components of whey permeate

Because of its high lactose concentration, whey permeate has a high biochemical oxygen
demand, making it a difficult waste stream to dispose of for dairy processors, demonstrating an
urgency for valorization avenues for this dairy stream. (Jelen et al., 2011) Applications of whey
permeate as a food ingredient, (Milkner et al., 2020; Beucler et al., 2006; Bradley & Rexroat,
1988; Hargrove et al., 1976) livestock feed, (Kim et al., 2012; Naranjo et al., 2010) and
feedstock for fermentative production of biosurfactants, (Daverey & Pakshirajan, 2010)
biopolymers, (Koller et al., 2005; Ahn et al., 2001; Ahn et al., 2000) biogas, (Lee et al., 2009)
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biohydrogen, (Yang et al., 2007) ethanol (Pasotti et al., 2017; Gabardo et al., 2014; Koushki et
al., 2012; Silveira et al., 2005; Domingues et al., 2001) and other chemicals (Dornburg et al.,
2008; Ennis & Maddox, 1985; Qureshi & Maddox, 1985) have all been investigated but none of

these uses has yet proven to be widely commercially viable.

Several groups have developed and optimized techniques for the isolation of BMOs from whey
permeate at different scales using various combinations of pH adjustment, enzymatic hydrolysis,
microbial fermentation, and membrane filtration, with many nanofiltration processes exhibiting
BMO recovery vyields greater than 90% (Table 1.3), making the isolation of BMOs from whey
permeate an encouraging potential valorization of this dairy processing stream. (de Moura Bell et
al., 2019; Cohen et al., 2017; Altmann et al., 2016; Altmann et al., 2015) Despite the promise of
these membrane filtration techniques, however, their high operating costs and capital investment
limit their availability primarily to large commercial producers, and because the shipping of
diluted material is not practical, consistent sources of large volumes of permeate near such

producers are also required.
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Table 1.3. Recovery of major bovine milk oligosaccharides from whey permeate after
nanofiltration

% Recovery

Starting
Publication Material Scale 3’-SL 6’-SL 6>-SLN 2.1 000
Colostrum
Bell et al. )
creta whey Pilot 94.3 93.7 93.7 .
2018
permeate
Cohen et al Colostrum
2017 ' whey Pilot 91.8-100 92.0-100 92.7-100 --
permeate
Milk Lab 49.8+6.0 84.0+11.4 -- 58.7+7.9
Altmann . ) .
ultrafiltration Pilot 77.549.3 -- -- 51.6+18.7
et al. 2015
permeate  |nqustrial  99.3+13.7 97.4+14.2 - 70.4+17.7

Monosaccharide compositions reported as the numbers of Hex_HexNAc_Fuc_Neu5Ac_Neu5Gc

The main challenge with using whey permeate as the starting material for BMO isolation is its
extremely dilute nature. Cow milk, which contains around 80 to 100 mg/L BMOs, is often
inadvertently further diluted during the ultrafiltration process. (Fischer-Tlustos et al., 2020; Fong
etal., 2011; Gopal et al., 2000) Additionally, the disproportionately high lactose content of whey
permeate relative to BMOs, and the structural similarity of lactose and many small BMOs further
complicates the isolation of target BMOs at high purity. To overcome such challenges and speed
up the process for BMO isolation, a more concentrated source of BMOs would be helpful. Such
a source might be achieved either through the use of a more concentrated dairy processing

stream or by improving the concentration of BMOs naturally present in the starting milk.
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ALTERNATIVE SOURCE: DELACTOSED PERMEATE

A potential source of more concentrated BMOs may be found in the form of delactosed permeate
(DLP). Many large cheesemakers and dairy processing co-ops worldwide concentrate and
subsequently crystallize the substantial quantity of lactose present in whey permeate for food,
and less commonly, pharmaceutical applications. To isolate lactose, whey permeate is pooled
and concentrated from a range of 4 to 6% solids up to 60 to 65% total solids using some
combination of membrane filtration and evaporation, yielding a wet basis lactose concentration
ranging from 40 to 55%. The supersaturated solution is cooled and seeded with crystalline
lactose for nucleation. The mother liquor from this crystallization process is decanted and the
lactose crystals are washed to improve purity. The decanted mother liquor, known as DLP
(Figure 1.1, doubled outline), is typically concentrated to approximately 20 to 30% total solids in

an evaporator. (Wong & Hartel, 2014)

Lactose production in the United States has more than doubled over the past 15 years, yet
suitable outlets for its co-product, DLP, are lacking. (USDA NASS, 2020) As a result, DLP is
widely viewed as a problematic co-product of lactose manufacture, with many processors
considering it valueless. Currently, most DLP is given to animals or treated as wastewater by

dairy processors.
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Figure 1.3. Average composition of major components of delactosed permeate
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Table 4: Dry basis composition of delactosed permeate from multiple sources, along with average composition. Values for
components other than pH reported in percent (gram per 100 grams dryv matter)

Reference Wagner Liang 2009 Smith Burrington | Friend | Frankowski | Lewvin Average
2014 2016 2014 2004 2014 2016 (range)
Solids 30 338 259 356 | 373x0.14 - 352429 345 - 332
(25.9-374)
pH - 56 52 52 - - - 5.5 - 5.34 (5.2-5.6)
Lactose 60+£6.7 | 642 | 5521 | 41.29 60 59.6 55.8+3.1 46 59.87 55.8
(41.3-66.7)
Galactose - 2.66 0 393 - - - - - 2.2(0-3.9)
Glucose - 1.18 0 1.69 - - - - - 0.95 (0-1.69)
Citric acid - 5.74 3.46 492 - - 6.3+0.8 0.864 - 4.3 (0.86-7.1)
Lactic acid - 247 5.71 728 - - 24=+11 138 - 38(14-73)
Orotic acid - - - - - - - 028 - 0.28
Uric acid - - - - - - - 0.221 - 0.22
Hippuric acid - - - - - - - 0.007 - 0.01
Proteins 10+£33 | 136 2.14 237 0.027 732 37806 0.54 0.66 u
Non-protein N - - - - 6.7 - - 829 - ~e (e )
Salts/ash 533 - - - - 12.29 220+3.6 218 26.61 274
(12.3-53.3)
Na 348 1.23 2.33 23 2.25 2 27104 2.39 - 2.3(1.2-335)
K 1278 | 393 6.87 837 2021 0.24 6.2£19 6.04 - 8.1
(0.24-20.2)
Ca 0.48 0.86 0.69 1.12 496 3.76 2.0+£02 151 - 1.9 (0.5-5.0)
Mg 0.733 0.21 0.23 0.3 0.72 6.29 0.4+01 0.25 - 1.1{0.2-6.3)
Cl - 131 5.25 545 - - - 1.03 - 3.3(1.0-5.5)
P - 1.74 1.63 232 - - 2.4+2 - - 2.0(16-24)
S -~ - -~ - - - 0.4+02 - - 0.4

*Proteins and Non-protein nitrogen combined in average value
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We compiled compositional information of DLP from multiple sources (Table 1.4). Although
various sources reported different components, we determined that the sum of the average
composition of all reported components to be approximately 91%. The most abundant
components in DLP on a dry basis were lactose (56%), minerals (19%), organic acids (8.6%),
and nitrogen-containing compounds (4.8%) (Figure 1.3). The organic acid fraction, particularly
lactic acid content, can vary depending upon the type of cheese, its manufacturing process and
whey treatment, as well as the degree of conversion of lactose to lactic acid during storage of
DLP. Based on moisture sorption isotherms, the water activity at a typical value of 33% w/w

solids ranges from 0.92 to 0.96, depending upon composition. (Liang et al., 2009)

DLP also contains a substantial quantity of the bovine milk oligosaccharides present in the
original milk. On a mass basis, the lactose-to-BMO ratio for whey permeate is approximately
400:1, while in DLP it is 100:1 based on measurements conducted in our laboratory (Table 1.5).
The observed decrease in lactose relative to BMO in DLP as compared with whey permeate
would likely facilitate BMO purification efforts starting from DLP. Lactose and mineral removal
will further facilitate BMO enrichment, which would yield a prebiotic product with proper

attention to mineral content in the final product.
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Table 1.5. Concentrations of 6 bovine milk oligosaccharides and lactose measured as-is in
delactosed permeate using high-performance anion-exchange chromatography with pulsed
amperometric detection

Oligosaccharide Concentration (mg L™?)

3’-Sialyllactose 650
6’-Sialyllactose 250
Lacto-N-hexaose 49
3 Hex 78
Lacto-N-neotetraose 35
2 Hex 1 HexNAc 450

Total quantified BMOs 1.512¢gL?

Lactose 150g L?

lon exchange with cation-exchange resins, electrodialysis and nanofiltration have all been
applied to the desalination of DLP to good effect. (Wagner et al., 2014; Holst et al., 2007;
Mikhaylin & Bazinet, 2006; Vembu & Rathinam, 1997; Mahmoud & Kosikowski, 1982; Pratt et
al., 1952) Electrodialysis has been the most effective at removing monovalent ions, particularly
potassium ions, and to a lesser extent, sodium ions. Although electrodialysis was effective for
removing monovalent ions, it was unable to remove more than 25% of divalent ions, especially
calcium ions, and thus ion exchange or precipitation have been suggested as alternative
desalination methods. (Mikhaylin and Bazinet, 2006) A process implementing phosphate
addition, pH adjustment, and heating of DLP to precipitate divalent cations has also been
developed. Monovalent cations are by far the most abundant minerals in DLP; thus, a
combination of nanofiltration and precipitation may be most appropriate to remove both
monovalent and divalent ions. Additional technoeconomic evaluation and understanding of the

advantages and disadvantages of the involved unit operations required to optimally demineralize
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DLP and purify BMO will be needed to make such processes feasible and efficient on a

commercial scale.

Preliminary analysis by our lab of one commercially produced DLP sample displayed a BMO
concentration of approximately 1.5 g/L on an as-is basis with 150 g/L lactose (Table 1.5).
Interestingly, 1.5 g/L BMO is higher than the highest typical reported concentration of BMO in
bovine colostrum (1 g/L) and is substantially higher than the 50 to 100 mg/L found in whey
permeate. Beyond the six BMOs listed in Table 1.5, our lab has shown that high molecular
weight, fucosylated oligosaccharides are also present in dairy co-products. (Mehra et al., 2014)
Although these are low in abundance, enriching these compounds in particular will lend even
more specific and potent biological functionality due to their higher degree of similarity to

human milk oligosaccharides.

Assuming this BMO composition is representative of most DLP in the United States, we can
estimate an amount of BMO in DLP produced in the U.S. With 1.2 billion pounds of lactose
produced in 2019, and assuming a 60% recovery of lactose from the whey permeate and an
average composition of DLP reported in Table 4, we can calculate that at least 1.69 liters of DLP
of that composition is produced per pound of lactose. (USDA NASS, 2020) This yields an
overall amount of 2.02 billion liters of DLP in 2019, which potentially contain a total of 3100

metric tons of BMOs in that DLP.

Despite its promise for BMO isolation, we want to acknowledge that DLP presents a number of

challenges as a source. Drying DLP as-is to a stable powder is problematic due to its hygroscopic
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and syrupy nature deriving from the high mineral, organic acid, and residual lactose content.
(Bund & Hartel, 2010; Liang et al., 2009) These properties make incorporation into final food
products, storage, and general powder stability and flow characteristics difficult. In general,
residual lactose concentrations remain high because lactose crystallization yields rarely surpass
65% due to minerals and other components in whey permeate. (Paterson, 2009) The high lactose
concentration (~15%) in DLP makes it an attractive feedstock for industrial biotechnology.
Unfortunately, high mineral content along with high lactose concentrations lead to a high
osmolarity and subsequent slow or limited growth of ethanol- or oil-producing microorganisms.
In addition, the relatively low pH of DLP (pH 5.3), resulting from the presence of organic acids
may further inhibit or slow the growth of desirable fermentative organisms to aid in lactose
removal, especially bacteria. (Frankowski et al., 2014; Liang & Hartel, 2009) One potential
avenue for utilizing the lactose in DLP and in doing so, facilitating further BMO purification, is
to apply a fermentation step with a yeast to consume most of the lactose. Such a process has
already been developed for the isolation of BMO from bovine colostrum, however, the higher
lactose and salt concentration of DLP would not be suitable for conventionally used
Saccharomyces cerevisiae strains. Alternative yeast such as Kluyveromyces marxianus have
already been examined in many biotechnological roles, including the production of ethanol and
single cell protein from dairy streams. This species is particularly well suited for DLP as it can

ferment at high temperatures, is salt tolerant, and readily and rapidly assimilates lactose.

The use of DLP as a BMO source is further complicated by the inconsistency in its composition.
Because DLP is the resultant stream from production processes involving many steps to capture

valuable co-products like whey protein and lactose, the variability in each cheesemaking, protein
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isolation, and lactose crystallization step must be accounted for, in addition to the variation in the
composition of the starting milk itself. At present, there is no standard of identity for DLP,

complicating potential efforts to standardize DLP processing and BMO isolation methods.

BMO VARIATION

Even when using more concentrated dairy streams as starting points for BMO isolation, the
starting concentrations of BMOs in the initial milk are a limiting factor. An alternative approach
to improving commercial BMO isolation, which could be applied in-tandem with isolation
techniques tailored for dairy streams like mother liquor is to improve the BMO isolate by
modifying the concentration of BMOs produced in the original milk. Such a modification also
presents the opportunity to modify BMO profiles in addition to total BMO concentrations,
potentially increasing the abundances of larger, more structurally complex, and fucosylated
BMOs, which would allow BMO compositions to more closely mirror those of HMOs. Factors
that influence BMO profiles and concentrations may include lactation timepoint, breed, parity,
season, farming system, and diet; however not all of these factors are realistically modifiable in
existing dairy herds. In addition, because commercial dairy streams are the result of pooling milk
from a wide range of cows and farms, it is important to consider the widespread applicability of

any potential modification.

Lactation Time Point
The abundance of BMOs in milk varies depending on the individual mother and state of
lactation. Colostrum is the thick yellowish fluid rich in immunological components that is

produced leading up to and immediately following parturition. (McGrath et al., 2016) The term
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‘bovine colostrum’ is often used to described milk produced in the first few days postpartum,;
however, following the definition set by the USDA, colostrum is the first milking harvested after
calving. (USDA NASS, 2007) A more appropriate descriptor of the milk produced between
colostrum (the first milking) and mature milk is transitional milk. The composition of transitional
milk may vary substantially between consecutive days as milk composition approaches that of
mature, or saleable, milk. Total BMO concentrations range from about 1 g/L in colostrum to
between 80 and 100 mg/L in mature milk (Table 1.6). Increases in BMO concentrations in very
late lactation milk may be due to the concentrating effect of lower milk yields just before cows

dry off. (Martin et al., 2001)

In addition to the potential sources of variation described in the following sections, the
differences exhibited in Table 1.6 between BMO concentrations reported by different studies for
the same milking or day of lactation may be due, in part, to differences in sample preparation and
BMO analysis techniques. Although multi-step BMO extraction is often key for analysis, each
additional sample preparation step increases the risk of BMO losses. It is important to find a
balance that reduces matrix effects that hinder analysis while not sacrificing BMO recoveries.
Van Leeuwen (2019) recently reviewed the pros and cons of a wide range of sample preparation
techniques for HMO analysis, and while there is minimal parallel research on the influence of
sample preparation on BMO analysis, it would be reasonable to expect similar pitfalls and
benefits for BMO extraction. In addition, while derivatization of extracted BMOs prior to
analysis can be useful for increasing detector sensitivity for some analytical techniques, such
measures may be subject to uneven or incomplete derivatization and require additional sample

clean-up steps, which can introduce further variation to the analysis.
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Table 1.6. Concentrations of the most abundant bovine milk oligosaccharides at varying
lactation timepoints

BMO concentration (mg L)

Lactation Timepoint 3’-SL 6’>-SL 6>-SLN DSL Publication
Days 0-2 Prepartum 717 + 27 64+6 100+ 7 -- Nakamura
2003
Days 3-6 Prepartum 557 +175 52+10 7517 -- Nakamura
2003
Days 7-10  Prepartum 262 + 76 40+£5 74+4 -- Nakamura
2003
Days 11-14  Prepartum 135+ 73 18 + 10 64 + 22 -- Nakamura
2003
1 Milking  Postpartum  681-867  136-243  220-239  201-283 McJarrow
2004*
1%t Milking  Postpartum 590 100 140 225 Fischer-Tlustos
2020*
2"4 Milking  Postpartum 1245 + 82 85+6 119+7 126+ 8 Fong 2011
2" Milking  Postpartum 310 80 75 100 Fischer-Tlustos
2020+
Day 1 Postpartum 280 60 60 -- Nakamura
2003+
3" Milking  Postpartum 170 75 40 50 Fischer-Tlustos
2020*
4" Milking  Postpartum 739 # 53 732 117+10 807 Fong 2011
4" Milking  Postpartum 100 50 20 25 Fischer-Tlustos
2020¢
Day 2 Postpartum 190 70 45 -- Nakamura
2003*
5t Milking  Postpartum 80 45 10 20 Fischer-Tlustos
2020*
6" Milking  Postpartum 50 40 5 20 Fischer-Tlustos
2020*
Day 3 Postpartum 100 40 25 -- Nakamura
2003*
8" Milking  Postpartum 45 35 3 15 Fischer-Tlustos
2020*
Day 5 Postpartum 75 20 15 -- Nakamura
2003+
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14" Milking  Postpartum 40 25 2 10 Fischer-Tlustos
2020*
Day 7 Postpartum 30 25 12 -- Nakamura
2003+
Data reported as mean = standard error, when available. *Concentrations reported from more
than one breed. *Data derived from their figure expressed as mg/L

Breed

Among cows of similar lactation stages, notable differences in BMO profiles have been
documented between different breeds. Comparisons between Danish Jersey and Holstein-
Friesian BMO profiles have revealed higher abundances of neutral fucosylated compounds
including4 5 1 0 Oand3 6 1 0 0 as well as acidic BMOs such as 3’-SL, 6’-SL, and
disialyllactose (DSL) in Jersey milk, as well as greater diversity of BMO abundances between
Jersey cows compared to Holstein-Friesians. (Robinson et al., 2019; Sundekilde et al., 2012) In
contrast, McJarrow and van Amelsfort-Schoonbeek (2004) observed higher concentrations of 6’-
SL in the colostrums of New Zealand Friesian dairy cattle than Jerseys, and no significant
differences between the breeds for 3°-SL and DSL. In addition, Angus and Angus Hybrid beef
cows have been noted to express milk with higher abundancesof3 1 0 0 0,2 2 0 1 0, and

4 1 0_1 0compared to Holstein dairy cows. (Sischo et al., 2017) A variety of Nordic dairy
breeds including Doela and Telemark cattle from Norway, Swedish Mountain cattle, Danish Red
anno 1970, Icelandic cattle, Native Black cattle and Native White cattle from Lithuania, Western
Fincattle and Eastern Fincattle were also recently compared by Sunds et al. (2021). Though not
normalized for other variables like days in milk or farming practices, they found that all of the
breeds included in the study featured an array of the same 19 BMOs, but in varying proportions.
Western Fincattle were found to have significantly higher total BMO abundances, while
Telemark cattle had significantly lower total BMO abundances than the other breeds. In addition,
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Western Fincattle, Doela cattle, and Icelandic cattle had higher abundances of the large
fucosylated BMO, 3 6 1 0 0. Sischo et al. (2017) and Sunds et al. (2021) have speculated that
the variations in BMO profiles and higher BMO concentrations found in the milk of non-
commercial dairy breeds may be the result of their milk compositions favoring the needs of their

calves rather than higher milk yield.

Parity

Differences in BMO abundances have also been shown between cows of different parities in
both Jersey and Holstein-Friesian cows over the first three parities, with the highest BMO
abundances in the 2" parity. Robinson et al. (2019) have proposed that this phenomenon may be
the result of incomplete mammary gland maturity at the time of the first lactation. Although not
divided by individual parities, Fisher-Tlustos et al. (2020) also observed higher concentrations of
3’-SL, 6’-SL, and 6’-sialyllactosamine (6’-SLN) in multiparous Holstein dairy cows compared to
their primiparous herd-mates.

Though their impacts are well-documented in the literature, lactation timepoint, breed and parity
are all difficult, if not impossible, to modify in an existing dairy herd. Other factors that have
been investigated for their influence on BMO profiles include season, farming system and cow
diet composition; however, the complex nature of such studies has led to challenges in

interpreting the results due to the presence of potential confounding factors.

Season
Liu et al. (2017) noted substantial variation in BMO profiles for monthly samples collected from

New Zealand Holstein-Friesian dairy cattle, with most BMO’s reaching peak abundance in late
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autumn (May). Because the cows were pasture fed with varying supplementation of cereal grains
or pelleted concentrates as needed, however, the influence of the cows’ diets likely played a role
in the observed variation. New Zealand grazing pasture quality and composition is known to
vary seasonally, (Waghorn & Clark, 2004; Litherland et al., 2002) which, paired with
inconsistent supplementation of non-pasture feedstocks, likely caused variation in cow nutrient
intake over the course of the lactation period. McJarrow and van Amelsfort-Schoonbeek (2004)
observed a similar pattern in BMO concentrations over the lactation season in bulk milk samples
from a New Zealand herd of mixed Jerseys and Friesians, but specific dietary intake information

was not reported for the study.

Farming System

Schwendel et al. (2017) analyzed BMO profiles from bulk milk samples collected from two
organic and two conventional dairy farms with pasture-fed cows. They found that BMO
concentrations significantly differed (p < 0.05) between farming systems, with higher average
abundancesof2 1 01 0,3 0000,30010,32000and4 1 0 0 0inmilksamples
from the organic farms. In addition to the difference in farming systems, the groups also had
different breed compositions, with fewer Jersey, more Holstein-Friesian and no Ayrshire cows in
the conventional compared to the organic farm groups, which likely had an influence on the

BMO profiles of the bulked milk.

Diet
The influence of a diet composed of alfalfa and corn silage, earlage, and grain compared to an

exclusively grass diet on BMO profiles in colostrum and early lactation milk was investigated by
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Vicaretti et al. (2018). Milk samples were collected from 3 cows of varying breeds on each of 2
farms, with dietary groups segregated by farm. No significant differences in BMO profiles or
monosaccharide composition of BMOs between the two cow groups were observed; however,
the small sample size likely caused this study to be too underpowered to observe meaningful
differences between the groups. Additionally, there is the potential for the differences in breed,
location, and farm management practices between the two dietary groups to have confounding

effects on the data.

The impact on BMO profiles of supplementing cows’ diets by adding either almond hulls or
citrus peels to a base total mixed ration of corn grain, canola meal, and alfalfa cubes was
investigated by Liu et al. (2014). This study looked at 13 BMOs in the milk of 32 mid-lactation
Holstein-Friesian dairy cows after 28 days of dietary treatment. The identified BMOs were found
to have greater inter-cow variation within dietary treatment groups than inter-group variation,
preventing any conclusions from being made about the influence of the diets on BMO

production.

Although a clear effect of cow diet on BMO profiles has not yet been shown, dietary
composition is well documented to influence yield, (Sanchez-Duarte et al., 2019; Ranathunga et
al., 2013; Cant et al., 1991; Thomson et al.; 1985) lipid profiles, (Xue et al., 2019; Ranathunga et
al., 2013; Miron et al., 2007, 2003; Carroll, et al., 2006; Jahreis et al., 1997, Cant et al., 1991,
Spain et al., 1990) nitrogen content, (Sanchez-Duarte et al., 2019; Cant et al., 1991; Miron et al.,

2007; Carroll et al., 2006; Spain et al., 1990) and monosaccharide composition (Asakuma et al.,
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2010) of cows’ milk. As an easily modifiable factor with the potential to influence BMO

profiles, further controlled studies on the impact of cow diet on BMO production are warranted.

Considerations for Future Dietary Studies

The question that follows from this is what aspect of cow diet is likely to have the greatest
impact on the resulting BMO profiles. Many previous studies investigating the effects of diet on
other aspects of milk composition and yield have centered around supplementing or exchanging
specific feed ingredients in the diet. While this approach makes study design and diet
formulation straight-forward, long-term or wide-spread application of findings may pose
challenges depending on the seasonal and regional availability and nutrient composition of the
target feed ingredients. Additionally, comparing diets composed entirely of single feed
ingredients may be unfeasible because of the need to meet overall nutritional requirements to

maintain good cow health. (Thomson et al, 1985)

The alternative dietary modification approach would be to alter the ratios of feed ingredients to
change the compositional characteristics of the diet (i.e. starch, fiber, lipid, protein content) while
maintaining the same ingredients in the total mixed ration (TMR). This approach is beneficial in
that it gets more to the foundation of what biochemical elements in the feed are driving the
metabolic changes in the cow that lead to modified milk compositions. Additionally, if a specific
compositional component or combination of components of the feed is identified as having a
beneficial effect on the resulting BMO profile without negatively impacting other compositional,
physiochemical, or sensorial properties of the milk, there may be greater potential for widespread

translation of such a finding with TMRs composed of different feed ingredients based on
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regional availability or seasonal variation in crop quality, but formulated to replicate the

identified biochemical composition.

The digestive system of a cow consists of six major components: the rumen, reticulum, omasum,
abomasum, small intestine, and large intestine, as shown in Figure 1.4. Of these, the rumen,
abomasum, and small intestine have the greatest influence on the breakdown and absorption of
nutrients by the cow. The behavior of the rumen in particular is especially susceptible to being

influenced by the feed consumed.

The majority of previous studies on the effect of cow diet on milk composition have focused on
the impact on milk yield and lipid profiles because of their economic relevance both to dairy
farmers and the cheesemaking industry. Additionally, most studies have found milk lipid profiles
to be more easily manipulated through dietary changes, compared to milk protein content or
lactose concentration. However, other compositional aspects of a cow’s diet that bear
consideration for potential influence on BMO profiles include the ratios and amounts of fiber and

non-fiber carbohydrates, as well as degradable and metabolizable protein.
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Figure 1.4. Simplified graphical representation of the bovine digestive system and its functions

The carbohydrate portion of feed is generally classified as either fiber — including neutral
detergent fiber (NDF; cellulose + hemicellulose + lignin) or acid detergent fiber (ADF; cellulose
+ lignin) — or non-fiber carbohydrates — including starch and simple sugars. The balance of fiber
and non-fiber carbohydrates in feed affects ruminal buffering capacity, with levels of non-fiber
carbohydrates greater than 42% dry matter or levels of fiber less than 14 to 16% dry matter often
causing ruminal acidosis and the loss of ruminal buffering capacity as fermentable carbohydrates
are rapidly broken down by rumen microbes and converted to volatile fatty acids. (Eastridge &

Firkins 2011; Ranathunga et al., 2010; Kennelly et al., 1999; Spain et al., 1990) Because
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fibrolytic rumen microbes are generally pH sensitive, such fluctuations in ruminal pH are likely
to lead to decreased fiber breakdown. The fiber content of the diet also stimulates chewing and
influences the digesta passage rate, which determines the balance between the breakdown of
components in the rumen and absorption of breakdown products in the rumen and small intestine
(Figure 1.4). (Ranathunga et al., 2019) The composition and absorption location of these
breakdown products may influence how they are utilized by the cow, including as potential
precursors for BMO synthesis. Increasing the ratio of NDF to starch has been shown to lead to
increased milk yield as well as higher total milk lipids and lactose. Additional considerations for
many feeds are what the ratios of cellulose, hemicellulose, and lignin are in the fiber fraction and
how the ratio of fiber and non-fiber carbohydrates is impacted by treatment and storage

practices, including ensiling. (Miron et al., 2007; Keady et al., 1998; Kelly et al., 1998)

Similarly, the balance of degradable protein, which can be utilized by rumen microbes, and
metabolizable protein, which is not broken down by rumen microbes and is available to be
digested and absorbed by the cow, influence both rumen and overall cow health. The amino acid
composition of metabolizable protein is also an important consideration for cow health and milk
production. The limiting amino acids for dairy cattle are generally lysine and histidine, however,
methionine may also be limiting for cows fed high-forage or soy hull-based diets. The amino
acid composition of feed may also be impacted by feed treatment and storage practices,
especially in the case of lysine which is particularly heat sensitive. (Schwab, 2011) Studies
examining the impact of changes in protein source on milk composition have found changes in
lipid, protein, and lactose concentrations. (Spain et al., 1990; Bernard, 1997; @rskov et al., 1981)

(Bernard, 1997; @rskov et al., 1981) In addition, diets with a higher ratio of metabolizable to
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degradable protein have been found to result in increased levels of milk fat and protein. (drskov

etal., 1981)

In addition to other well-established effects of dietary lipids on milk yield and total milk fat, (van
Knegsel et al., 2007; Petit et al., 2001; Cant et al., 1991) modifications to the lipid profile of
feed, particularly the ratio of saturated and unsaturated fatty acids, may also impact digestion,
nutrient absorption, and milk production. Cant et al. (1991) documented decreased fiber
digestion with increased levels of yellow grease supplementation and hypothesized that it may
have been the result of changes in membrane composition of rumen microbes as the result of
incorporating unsaturated fatty acids from the supplemented feed. Such changes in microbial
membrane composition and fluidity, if taken to an extreme, could lead to the loss of function of
some rumen microbes, vastly impacting the required time for rumination, degree of feed

digestion, and nutrient absorption.

Additionally, changing feed compositions or ingredients may also lead to changes in feeding
behavior, including the frequency and duration of feeding, (Su et al., 2017; Miron et al., 2007)
feed sorting, (Su et al., 2017) and overall levels of dry matter intake. (Su et al., 2017,
Ranathunga et al., 2013, 2010) Such changes in behavior may alter the expected quantities and
ratios of feed components ingested from the expected values. Maintaining a dietary composition
that leads to adequate levels of feed consumption to support lactation and meets all the
nutritional needs of the cow is also a necessary consideration. Although the impact of cow health

on BMO production is unknown, BMO synthesis is an energy-intensive process, so it is expected
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that healthier cows would have the capacity to produce BMOs with more complex structures

and/or higher concentrations of BMOs.

Another important consideration for any study implementing a dietary modification variable is
the duration of the treatment period. Elgersma et al. (2004) found that 4 to 14 days was sufficient
treatment length to see a leveling out of changes in total milk fat and milk fatty acid composition
due to dietary modification transitioning from fresh grass to ensiled forage. In contrast, Thomson
et al. (1985) didn’t see any leveling-off of changes in milk yield, or total milk protein during a
16-week study period looking at the effects of perennial ryegrass versus white clover grazing on
milk production and composition. No comparable study has yet been carried out on milk
oligosaccharides, but existing studies on the influence of diet on BMO profiles have featured
treatment periods of 7 to 28 days. (Liu et al., 2014; Vicaretti et al., 2018) Ensuring that treatment
periods are sufficiently long to reveal the full results of dietary alterations will be essential for

future dietary treatment studies.

Regardless of the source of the change in BMO profile, it is crucial to consider what effect, if
any, increasing BMO content has on other milk components and properties. The Danish-Swedish
Milk Genomics Initiative offers a uniquely large dataset including information on a wide range
of milk components from cows of several breeds and parities, although the same subsets of
samples were not used for all analyses. A study from this initiative reported higher abundances
of some BMOs in Danish Jersey compared to Danish Holstein cows, as well as higher
abundances of some BMOs in the milk of second parity cows, compared to those in their first

and third parities. (Robinson et al., 2019) Other studies have shown that compared to Danish
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Holsteins, the milk of Danish Jerseys has increased percent fat, percent protein, and percent
casein, particularly k-casein, which likely contributes to the better coagulative properties of
Jersey milk. (Gustavsson et al., 2014; Poulsen et al., 2013, 2012) Though differences in milk
composition between breeds is likely more influenced by genetic than environmental factors,
these observations suggest that increased BMO abundances and more favorable BMO profiles do
not necessarily come at the expense of reduced concentrations of other more traditionally

valuable milk components.

CONCLUSIONS

Bovine milk oligosaccharides are a promising ingredient for infant formulas and nutraceuticals
due to their numerous demonstrated and hypothesized bioactivities and their potential for large-
scale isolation from dairy processing side and waste streams. The low concentrations of BMOs
in milk and traditional dairy processing streams present a challenge to isolation. This may be
overcome by using more concentrated dairy streams like delactosed permeate and modifying the
naturally occurring BMO composition of the starting milk through changes in cows’ diets to
increase BMO concentrations while also potentially modifying BMO profiles to be more similar

to those of human breast milk.
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ABSTRACT

Human milk oligosaccharides (HMOs) are indigestible carbohydrates with prebiotic, pathogen
decoy, and immunomodulatory activities that are theorized to substantially impact infant health.
The objective of this study was to monitor HMO concentrations over one year to develop a long-
term longitudinal dataset. HMO concentrations in the breast milk of healthy lactating mothers of
the Cambridge Baby Growth and Breastfeeding Study (CBGS-BF) were measured at birth, 2
weeks, 6 weeks, 3 months, 6 months and 12 months postpartum. HMO quantification was
conducted by high-performance anion-exchange chromatography with pulsed amperometric
detection using a newly validated “dilute-and-shoot” method. This technique minimizes sample
losses and expedites throughput, making it particularly suitable for the analysis of large sample
sets. Varying patterns of individual HMO concentrations were observed with changes in
lactation time point and maternal secretor status, with the most prominent temporal changes
occurring during the first 3 months. This data provides valuable information for the development
of human milk banks in view of targeted distribution of donor milk based on infant age. Maternal
FUT2 genotype was determined based on identification at single-nucleotide polymorphism
rs516246 and compared with the genotype expected based on phenotypic markers in the HMO
profile. Surprisingly, two mothers genotyped as secretors produced milk that displayed very low
levels of 2’-fucosylated moieties. This unexpected discrepancy between genotype and phenotype
suggests that differential enzyme expression may cause substantial variation in HMO profiles
between genotypically similar mothers, and current genotypic methods of secretor status

determination may require validation with HMO markers from milk analysis.
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INTRODUCTION

Human milk oligosaccharides (HMOs) are a class of bioactive carbohydrates that are one of the
most abundant components of breast milk, with total estimated concentrations in the range of 5 —
25 g/L. (Gabrielli et al., 2011; Huang et al., 2019; Ma et al., 2018) These carbohydrates are
composed of between 3 and 20 monosaccharide units and generally feature a lactose core at the
reducing end. The backbones of HMOs are extended from the lactose core through the addition
of galactose and N-acetylglucosamine units and may be further decorated with fucose or N-
acetylneuraminic acid. More than 200 uniqgue HMOs have been reported to date, with at least
164 structures fully elucidated. (Urashima et al., 2018; Chen et al., 2015; Kobata et al., 2010;
Ninonuevo et al., 2006; Wu et al., 2011, 2010) HMOs have garnered substantial recent interest
because, despite being assembled at considerable energetic cost to the mother, they are mostly
undigested by the neonate. (Gnoth et al., 2000; Leoz et al., 2013; Rudloff et al., 1996) A small
portion is absorbed, entering the infant’s circulatory system, (Goehring et al., 2014) while the
majority reach the colon largely intact. (Chaturvedi et al., 2001; Engfer et al., 2000; Gnoth et al.,
2000) Much HMO-related research has therefore focused on identifying the functional purpose

of these molecules.

HMOs are prebiotic, selectively promoting the growth of beneficial bacteria in the infant gut.
(Bai et al., 2018; Marcobal et al., 2010; Pacheco et al., 2015; Underwood et al., 2015; Ward et
al., 2007; Yu et al., 2013) These beneficial bacteria bind to the intestinal epithelium, reducing the
opportunities for pathogens to colonize, (Chichlowski et al., 2012) as well as producing short
chain fatty acids which lower the pH of the gut, (Langhendries et al., 1995; Midtvedt and

Midtvedt, 1992; Scott et al., 2014) making the environment unfavorable for pathogen
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colonization. The produced short chain fatty acids further benefit human health by serving as
substrates for host processes such as colonocyte metabolism and gluconeogenesis. (Wong et al.,
2006) In addition, studies suggest that HMOs have other structure-specific functions including
acting as receptor decoys to which pathogens may bind in place of host epithelial cells, (Coppa et
al., 2006; Manthey et al., 2014; Ruiz-Palacios et al., 2003) strengthening gut-barrier function,
(Boudry et al., 2017) and reducing gut inflammation by limiting the binding of lymphocytes,
monocytes, and neutrophils to epithelial cells. (Bode et al., 2004; Terrazas et al., 2001)
Consumption of sialylated HMOs has also contributed to brain development in experiments with

piglet models. (Jacobi et al., 2016)

HMO profiles vary between mothers based on gestational age at birth, (Austin et al., 2019;
Gabrielli et al., 2011; Spevacek et al., 2015) and maternal secretor and Lewis status, (Azad et al.,
2018; Cabrera-Rubio et al., 2019; Chaturvedi et al., 2001; Erney et al., 2000; Sprenger et al.,
2017; Thurl et al., 2010; van Leeuwen et al., 2018; Xu et al., 2017) as well as between milk
samples from the same mother based on lactation stage. (Austin et al., 2016; Ma et al., 2018;
McJarrow et al., 2019; Samuel et al., 2019; Sprenger et al., 2017; Thurl et al., 2010) Secretor
status is linked with the expression of the secretor gene which codes for the fucosyltransferase 2
(FUT2) enzyme. Secretor positive mothers are characterized by the presence of al,2-fucosylated
HMOs in their milk, while secretor negative mothers produce milk with little to no al,2-
fucosylated HMOs. Similarly, Lewis status is based on the expression of the Lewis gene which
encodes fucosyltransferase 3 (FUT3). Lewis positive mothers produce milk with substantial
levels of a1,3- and al,4-fucosylated HMOs, while the milk of Lewis negative mothers contains

lower levels of al,3-fucosylated and little or no al,4-fucosylated HMOs. (Bode, 2015; Newburg
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et al., 2004) It is especially important to determine the mother’s secretor status in clinical studies
because there is strong evidence that maternal secretor status and the concentration of a.1,2-
fucosylated HMOs in breast milk influence the infant gut microbiota composition, (Bai et al.,
2018; Borewicz et al., 2020; Cabrera-Rubio et al., 2019; Lewis et al., 2015; Moossavi et al.,
2019; Underwood et al., 2015) which has been associated with differential health outcomes for

the infant. (Davis et al., 2017; Morrow et al., 2004)

From the perspective of promoting healthy infant development, understanding the changes that
occur in milk’s HMO content over time could be particularly informative. The World Health
Organization recommends exclusive breastfeeding for the first six months of life, followed by
complementary feeding in which breastfeeding is continued up to two years of age. (World
Health Organization, 2018) Longitudinal studies that track HMO concentrations and infant
health over this time span could identify important trends in, and relationships between, these
variables. When mother’s own milk is not available, infant formula is commonly used as an
alternative source of infant nutrition. Several companies have successfully produced HMOs, a
couple of which are added in low amounts to some infant formulas. Identifying changes over
time in milk composition could also ensure that biologically appropriate amounts of HMOs are
added to infant formulas according to infant age. Similarly, data on how milk composition
changes over time could be applied in human milk banks to develop batches segregated based on
appropriate corresponding infant age. Several studies have measured HMO concentrations in
populations of mothers across multiple time points, primarily within the range of 0 to 6 months
postpartum. (Chaturvedi et al., 2001; Coppa et al., 1999; Kunz et al., 2017; Ma et al., 2018;

Perrin et al., 2017; Samuel et al., 2019; Sprenger et al., 2017; Thurl et al., 2010) Furthermore, as
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HMO discovery-based studies lead to translational applications such as infant formula
production and milk bank development to target specific infant subgroups based on age and
developmental stage, it will be particularly important to reconcile variations among HMO
datasets arising from differences in sampling procedures, genetics, geographic location, HMO
extraction, and analytical methodology. In this study, absolute quantities of HMOs were
measured in a one-year longitudinal sampling of hind milk from mothers residing in the United
Kingdom who gave birth to a healthy term infant, with the objectives of identifying significant
variations in HMO concentrations based on sampling time, maternal genetics, and infant growth.
Lastly, we have specifically investigated the relationship between maternal genotype and the
concentration a1-2-linked fucose in human milk. HMO measurements were performed using a
novel analytical approach that minimizes sample handling and extraction steps, reducing

opportunities for losses during sample preparation and increasing throughput.

RESULTS

HPAEC-PAD “Dilute-and-Shoot” Method Validation

HMOs were quantified on a ThermoFisher Scientific Dionex ICS 5000+ high-performance
anion-exchange chromatography system with pulsed amperometric detection (HPAEC-PAD)
with a Dionex lonPac NG1 column that served as a trap column for on-line removal of
hydrophobic sample components. To verify that HMOs were not retained during this on-line
sample clean-up, measurements of recovery and repeatability were evaluated for each HMO.
Recovery values varied from 89.1 — 106.6% (Table 2.1), indicating minimal losses and

reasonably high measurement accuracy. Repeated injections of a breast milk sample showed
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reproducible results for all quantified HMOs with coefficients of variation less than 3% for all
HMOs except 3-fucosyllactose (3-FL), which had a coefficient of variation of 8.5% due to
challenges with peak integrations caused by a closely eluting peak in some samples (Table 2.2).
Additionally, sample replicates injected several hundred injections apart produced very

consistent results without significant rise in the baseline or loss of signal.

Table 2.1. HMO recovery measurements. Values are expressed as the mean + standard deviation
of triplicate measurements. Spiking levels 1 — 5 signify the addition of 1, 5, 9, 13, and 17 mg/L,
respectively, for 3-fucosyllactose and 2’-fucosyllactose. For the remaining oligosaccharides,
spiking levels 1 — 5 signify the addition of 4, 8, 12, 16, and 20 mg/L, respectively

Spiking level
Oligosaccharide 1 2 3 4 5

3-Fucosyllactose 91.9% + 94.0% + 93.4% + 93.9% + 96.2% +
2.4% 0.7% 0.5% 0.4% 0.1%

2°-Fucosyllactose ~ 106:2% * 99.4% + 96.8% + 99.1% + 95.8% +
5.9% 6.6% 2.1% 0.7% 0.7%

Lacto-N- 90.3% + 106.6% + 103.1% + 103.9% + 101.6% +
fucopentaose | 1.0% 3.5% 1.7% 0.6% 1.2%

Lacto-N- 99.5% + 100.5% + 99.5% + 100.7% + 98.8% +
neotetraose 0.3% 2.6% 1.2% 1.0% 0.5%

L acto-N-tetraose 93.7% + 100.6% + 98.7% + 100.5% + 97.7% +
1.3% 5.1% 2.4% 0.2% 0.2%

6*-Sialyllactose 89.1% + 97.9% + 94.8% + 98.4% + 98.3% +
3.1% 2.7% 1.6% 1.0% 1.5%

3-Sialyllactose 93.4% + 98.1% + 97.4% + 97.8% + 08.8% +
1.2% 0.5% 2.1% 1.6% 0.9%
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Table 2.2. HMO repeatability measurements. Values represent the average of five replicate
injections of a 6-week postpartum human milk sample

Oligosaccharide Average Standard deviation Coeffi_ci(?nt of
(g/L) (g/L) variation
3-Fucosyllactose 0.394 0.033 8.5%
2’-Fucosyllactose 2.065 0.015 0.7%
Lacto-N-fucopentaose | 0.621 0.008 1.3%
Lacto-N-neotetraose 0.069 0.002 2.6%
Lacto-N-tetraose 2.527 0.033 1.3%
6’-Sialyllactose 0.193 0.003 1.5%
3’-Sialyllactose 0.071 0.002 2.8%

An external calibration for each HMO was constructed to cover a wide range of natural
variations in HMO concentrations. All seven HMOs showed good linearity in response over the
given concentration range (Table 2.3, R? = 0.9998-1.0000). The limits of quantification (LOQs)
were set at a signal-to-noise ratio of 6 to 1, and the limits of detection (LODs) were set at a
signal to noise ratio of 3 to 1. For most of the HMOs examined, these ratios translated into LODs
<1 ng and LOQs <3 ng. LOQ and LOD values for individual quantified HMOs are displayed in

Table 2.3.

Table 2.3. HMO limits of detection, limits of quantification and linear dynamic ranges. Limits
of detection and quantification were established at signal-to-noise ratios of 3to 1 and 6 to 1,
respectively

Oligosaccharide LOD LOQ (ng) Linear Dynamic Range
n
3-Fucosyllactose ( gg).l 0.2 0.3-20 mg/L
2’-Fucosyllactose 0.3 0.6 0.3 -20 mg/L
Lacto-N-fucopentaose | 0.3 0.5 0.3—-30 mg/L
Lacto-N-neotetraose 0.2 0.3 0.3 -30 mg/L
Lacto-N-tetraose 1.0 3.0 0.6 — 30 mg/L
6’-Sialyllactose 1.5 3.0 0.6 — 30 mg/L
3’-Sialyllactose 0.45 0.7 1.0 - 30 mg/L
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HMO Trends over Lactation

A total of 167 milk samples were analyzed from 71 term mothers. Average concentrations for
most quantified HMOs decreased over the course of lactation for both secretor and non-secretor
mothers, as shown in Figure 2.1. The exceptions to this trend were 3-FL and 3’-sialyllactose (3’-
SL), which were lower in early lactation and increased in concentration over time. Since
concentrations of many HMOs vary depending on maternal secretor status, statistical tests were
applied to secretor and non-secretor data separately to identify differences in HMO
concentrations by time point. Participation rates were the highest at two and six weeks
postpartum, and our data shows that the most significant changes occur during this early phase of
lactation among the HMOs that decrease over time, both in secretors and non-secretors.
Increases in 3-FL and 3’-SL over time were statistically significant, except for 3-FL in non-

secretors (Figure 2.1, right panel).
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Figure 2.1. Human milk oligosaccharide concentrations at birth, 2 weeks, 6 weeks, 3 months, 6
months, and 12 months postpartum in secretor (left) and non-secretor (right) mothers. For each

oligosaccharide, different letters indicate significant differences (0=0.05) as identified by single
factor ANOVA and Tukey pairwise comparisons.
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3-FL and lacto-N-tetraose (LNT) concentrations were notably higher among non-secretor
mothers compared to secretor mothers, with a significant difference (p<0.05) in concentrations
for the two groups at 2 weeks and 6 weeks postpartum for both 3-FL and LNT, as well as at 6

months postpartum for 3-FL (Figure 2.2).
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Figure 2.2. Concentrations of (A) 3-fucosyllactose and (B) lacto-N-tetraose in the breast milk of
secretor (black) and non-secretor (grey) mothers across lactation. Boxes represent the
interquartile range (25 to 75%) and the interior line indicates the mean. An asterisk indicates
significant difference (P < 0.05) in HMO concentration between secretor and non-secretor
mothers at the bracketed time point.

Both secretors and non-secretors had opposite trends in average 3’-SL versus 6’-sialyllactose (6’-
SL) concentrations over the course of lactation, in which the more abundant acidic
oligosaccharide reversed at around 3 months of lactation, as shown in Figure 2.3. Although the
average 3°-SL concentrations were low in early lactation, their increase over time resulted in an
average 3°-SL concentration at 1 year postpartum that was comparable to early-lactation
concentrations of 6’-SL. Intrigued by this finding, we re-analyzed existing longitudinal

quantitative HMO data in the published literature to validate our finding and assess whether the
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switch in the concentration of acidic HMOs does indeed occur at around 3 months of lactation in
a consistent manner across longitudinal clinical studies. We found our observation to be
consistent with patterns in 3’-SL and 6’-SL concentration changes in previous reports from
numerous cohorts across Europe (Austin et al., 2019; Coppa et al., 1999; Gabrielli et al., 2011;
Samuel et al., 2019; Thurl et al., 2010) and eastern Asia (Austin et al., 2016; Ma et al., 2018;

Sprenger et al., 2017; Sumiyoshi et al., 2003) (Supplementary Figures 2.2 & 2.3).
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Figure 2.3. Intersecting trends in average 3’-sialyllactose (brown squares) and 6’-sialyllactose
(grey circles) concentrations over the first 12 months of lactation.

Secretor Status Determination

In this study, the secretor status of a subset of the mothers was determined through FUT2
genotyping based on the single-nucleotide polymorphism (SNP) at rs516246, with mothers
possessing G/G and A/G alleles being secretors, and those with A/A alleles being non-secretors.
A large variation was observed for 2’-FL levels in breastmilk, with nearly all genotypic secretor
mothers expressing 2°-FL at concentrations between 0.12 and 6.4 g/L, while genotypic non-

secretors always produced 2’-FL concentrations below 0.1 g/L, suggesting that 0.1 g/L 2’-FL
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could be used as a threshold to phenotypically distinguish secretor from non-secretor mothers
(Figure 2.4). All mothers with 2’-FL levels below 0.1 g/L also produced milk with low levels of

lacto-N-fucopentaose I (LNFP I), the other quantified al,2-fucosylated HMO.
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Figure 2.4. 2’-Fucosyllactose concentration cut-off used for the designation of phenotypic
secretors and non-secretors from breast milk samples across the first year of lactation.

Two mothers, despite being genotyped as secretors, produced milk that featured exceptionally
low concentrations of a1,2-fucosylated HMOs throughout lactation. For these mothers, the
genotyping procedure was repeated to ensure that the secretor genotype had not been assigned in
error, and the results of the re-test confirmed the FUT2 positive genotypes. In addition, the
phenotypic analyses for these mothers were repeated and the presence of very low levels of al,2-
fucosylated HMOs was confirmed by monitoring LNFP | on a capillary electrophoresis system
featuring a lower LOD than the HPAEC-PAD method used for HMO quantification. The milk of
both mothers with discrepancies between secretor status genotype and phenotype was found to

have a consistently lower relative abundances of LNFP | than levels typical of other FUT2
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positive mothers in the dataset, across lactation (Supplementary Figure 1). All other mothers
with secretor genotype produced breastmilk with 2°-FL concentrations above the 0.1 g/L cut-off

at all measured lactation time points.

DISCUSSION

The trends in concentration over the course of lactation for all quantified HMOs were consistent
with the results of previously published HMO profiles for longitudinal cohorts, (Coppa et al.,
1999; Ma et al., 2018; Samuel et al., 2019; Sprenger et al., 2017; Sumiyoshi et al., 2003; Thurl et
al., 2010) although very few other studies span points across a full year of lactation. With the
exception of 3-FL and 3’-SL, average HMO concentrations declined over the first year of
lactation, with these changes occurring rapidly over the first three months (Figure 2.1). In both
secretors and non-secretors, 3-FL and 3’-SL increased steadily throughout the study, and 3-FL
was consistently more concentrated in non-secretors at each time point. The lack of statistical
significance in the increase of 3-FL over time in non-secretors is likely due to the smaller

proportion of non-secretor milk samples available to the study (Figure 2.1, right panel).

Neutral HMOs

The higher 3-FL and LNT concentrations in non-secretor mothers were further explored, with 3-
FL concentrations found to be significantly higher (p<0.05) in the milk of non-secretor mothers
compared to secretor mothers at 2 weeks, 6 weeks, and 6 months post-partum and LNT
concentrations found to be significantly higher (p<0.05) for non-secretor mothers at 2- and 6-

weeks post-partum (Figure 2.2). The increased synthesis of these compounds in the mammary
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gland is likely the result of decreased competition for sugar nucleotide substrates in the absence
of active FUT2 enzymes. This absence of FUT2 activity increases the effective GDP-fucose
substrate availability and allows for greater rates of fucosylation by other fucosyltransferase
enzymes, such as the FUT3 enzyme that produces 3-FL. If not all of the additional available
substrate undergoes alternative fucosylation, increased concentrations of remaining
unfucosylated precursor oligosaccharides would remain, as with LNT. This is consistent with
previous observations reporting that the concentration of LNT in milk was higher for non-
secretor mothers compared to secretor mothers, and among non-secretors, was higher in Lewis

negative mothers than Lewis positive mothers. (Samuel et al., 2019)

Unlike some previous studies, (Austin et al., 2016; Erney et al., 2000; Nakhla et al., 1999; Prieto,
2012) we did not observe any mothers with exceptionally low levels of 3-FL at any point during
lactation, which suggests that none of the mothers in the present study were both Lewis negative
and missing the function of the secondary al,3-fucosyltransferase. (van Leeuwen et al., 2018)
The absence of graphitized carbon solid phase extraction in our sample preparation method is
key for ascertaining 3-FL levels with confidence, as 3-FL has been demonstrated to have poor
retention on graphitized carbon, (Xu et al., 2017) and the application of graphitized carbon solid
phase extraction for HMO isolation prior to analysis may lead to substantial under-quantification

of this compound.

Acidic HMOs
Because the inverted trends in average 3’-SL and 6’-SL concentrations had not been noted in

previous studies, we further investigated our own results (Figure 2.3) and compared them with
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information we extracted from the published literature (Supplementary Figures 2.2 & 2.3). The
initially high but decreasing average 6’-SL concentrations paired with the initially low but
increasing average 3’-SL concentrations result in a relatively steady average concentration of the
quantified acidic HMOs over the first year of lactation. Although the same degree of increase in
3’-SL concentration was not observed for all of the previous longitudinal HMO studies, the
decline in 6’-SL concentrations is clear across the existing longitudinal HMO literature. Similar
observations of substantially increased 3’-SL concentrations in later lactation may have been
hindered by shorter lactation durations sampled for previous cohorts. This switch in 6’-SL and
3’-SL abundances will be an important factor for consideration as manufacturers consider which
sialyllactose isomer(s) to include in infant formula for targeted age groups to best align its

composition with breast milk.

Very few studies have investigated both 3’-SL and 6’-SL in a side-by-side comparison for
antiadhesive or other antipathogenic effects against common infant gastrointestinal pathogens,
and in those that have, there is a lack of reporting whether any significant differences exist
between the effects of the two isomers. Among in vitro studies, there have been reports of greater
inhibition of adhesion of Salmonella enterica ssp. enterica ser. fyris by 6’-SL compared to 3’-
SL, (Coppa et al., 2006) strain dependence in the degree of inhibition of hemagglutination of
enterotoxigenic Escherichia coli (ETEC) and enteropathogenic E. coli (EPEC) by both 6’-SL
and 3’-SL, (Coppa et al., 2006; Martin-Sosa et al., 2002) and greater inhibition of both
hemagglutination and adhesion of S. fimbriated E. coli by 3’-sialylated oligosaccharides

including 3’-SL compared to their 6’-sialyllated analogues. (Parkkinen et al., 1986)
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In relation to prebiotic activity, the sialidases of Bifidobacterium longum ssp. infantis, a
prevalent beneficial gut microbe in infants, have shown a greater affinity for a2,6-linked than
a2,3-linked Neu5Ac.(Sela et al., 2011) In addition, several strains of B. breve have demonstrated
a greater percent consumption of sialyllacto-N-tetraose b (LSTh,
Gal(B1,3)[Neu5Ac(a2,6)]GlcNAc(B1,3)Gal(B1,4)Glc) compared to its 02,3-linked NeuSAc-
containing counterpart, sialyllacto-N-tetraose a (LSTa,
Neu5Ac(02,6)Gal(B1,3)GIcNAc(B1,3)Gal(B1,4)Glc), in an in vitro study. (Ruiz-Moyano et al.,
2013) In a pre-clinical piglet model, microbiome differences were observed in the proximal and
distal colons of piglets fed control compared with 6’-SL-enriched formulas, but no significant
differences were observed between control and 3’-SL-enriched formulas. (Jacobi et al., 2016) In
another study, both 3’-SL and 6’-SL were shown to support normal microbial communities and
behavioral responses in piglets during stressor exposure, potentially through effects on the gut

microbiota—brain axis. (Tarr et al., 2015)

Both 3°-SL and 6’-SL have been linked with sialylation of brain gangliosides and improved
learning outcomes compared to non-sialyllactose-supplemented controls. (Jacobi et al., 2016;
Oliveros et al., 2018; Sakai et al., 2006) In a preclinical model, increasing doses of 3°-SL
increased enrichment of ganglioside-bound sialic acid in the cerebellum of neonatal pigs. In
addition, total sialic acid was also increased in the corpus callosum of pigs fed the lower doses of

both 3°-SL and 6’-SL. (Jacobi et al., 2016)
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Secretor Status Determination

The most commonly differentiated maternal phenotype impacting HMO profiles is secretor
status. In most previously published HMO studies, maternal secretor status has been assigned
based on the degree to which al,2-fucosylated moieties are present in a given mother’s milk as
measured by NMR (Smilowitz et al., 2013; Spevacek et al., 2015, van Leeuwen 2018, van
Leeuwen 2014) and a variety of chromatographic methods, including HPAEC-PAD (Erney et al.,
2000; Gabrielli et al., 2011; Sprenger et al., 2017) as well as HPLC coupled with fluorescence-,
(Alderete et al., 2015; Austin et al., 2019; Azad et al., 2018; Ferreira et al., 2020; Larsson et al.,
2019; Saben et al., 2020; Samuel et al., 2019) UV-, (Ma et al., 2018; McGuire et al., 2017) or
mass spectrometry-based detectors. (Goehring et al., 2014; Tonon et al., 2019a; Tonon et al.,
2019b) Those with little to no al,2-fucosylated HMOs are categorized as non-secretors and
assumed to be homozygous for the recessive FUT2 allele (se/se), while all other mothers are
characterized as secretors and assumed to be either heterozygous or homozygous for the
dominant FUT?2 allele (Se/se or Se/Se). Although some studies have observed a complete absence
of al,2-fucosylated HMOs in the milk of the mothers they categorized as non-secretors,
(Borewicz et al., 2019; van Leeuwen et al., 2018; van Leeuwen et al., 2014) other studies,
including the present analysis, have observed very low concentrations of a1,2-fucosylated HMOs
in phenotypic non-secretors. In the latter situation, however, the threshold separating designated
secretors and non-secretors varies substantially between studies, often being set at either the
LOD or LOQ for 2°-FL or LNFP | —so that it varies between analytical methods — or where
there is a natural break in concentrations of 2°-FL and/or LNFP | — so that the cut-off varies

between cohorts.
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In this study, we had a unique opportunity to compare FUT2 genotyping results for a subset of
the mothers in the cohort with their corresponding HMO profiles to determine whether a
concentration threshold for a specific HMO can indeed be used to differentiate secretor
genotypes. After examining each dataset, we were able to distinguish secretor mothers from non-
secretors by selecting a 2’-FL concentration cut-off of 0.1 g/L, with genotypic non-secretors
always producing 2’-FL concentrations below the cut-off (Figure 2.4). This value successfully
distinguished the FUT2 status of all mothers with the potential exception of two subjects for
which the maternal genotype and phenotype were consistently not in alignment. These mothers
were secretors by genotype but had 2’-FL concentrations below the LOD (6 mg/L in the milk)
for all time points. However, LNFP I concentrations for both mothers were frequently in between
the LOD and LOQ, indicating a low level of a1-2 fucosyltransferase activity. This is a novel
observation that has not been noted in previously published HMO studies. We propose that these
individuals may have an alternate mutation to the FUT2 gene that limits the activity of the FUT2

enzyme.

The nonsense mutation exchanging adenine for guanine 428 in the FUT2 gene is the most
commonly reported in Caucasian populations and was thus selected as the target SNP for the
present study, which features a cohort of predominantly Caucasian mothers (91.5% Caucasian,
3.2% Asian, 1.0% Black, 4.3% multiple racial or ethnic identities); however, several other SNPs
in the FUT2 gene have also been documented to result in limited enzyme function after
translation. Among these are the nonsense mutations at nucleotides 571 (C—T), 357 (C—T) and
628 (C—T), and missense mutations at nucleotides 302 (C—T) and 385 (A—T). (Chang et al.,

1999; Guo et al., 2017; Henry et al., 1996; Koda et al., 1996; Liu et al., 1998; Pang et al., 2001,
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2000; Park et al., 2010; Yip et al., 2007) The missense mutation substituting adenine 385 in the
FUT2 gene to thymine causes the transcription of phenylalanine instead of isoleucine at amino
acid position 129 in the resulting protein. This mutant FUT2 enzyme has a similar substrate
binding affinity to the wild type, but only 20% of the enzyme activity. (Henry et al., 1996) This
mutation, frequently referred to as the weak secretor (Se3° or Se") allele, is well documented in
Asian populations, but much more rarely identified among Caucasians. All of the other listed

mutations result in FUT2 expression levels characteristic of non-secretors.

Although alternative methods of identifying secretor status have been applied in previous HMO
studies, most techniques, including saliva hemagglutinin inhibition, blood typing, and thresholds
based on concentrations or ratios of specific HMOs rely on phenotypic rather than genotypic
markers, and therefore may not reflect true maternal genotype. Additionally, apparent secretor or
Lewis phenotype in some body fluids or tissues may change with disease, organ transplants, or
pregnancy. (Henry et al., 1996) Genotypic identification of secretors, however, is fraught with its
own challenges due to the large number of potential SNPs in the FUT2 gene and the wide
variation of SNPs between regional and ethnic populations, even between groups of similar

phenotypic proportions of secretors and non-secretors. (Ferrer-Admetlla et al., 2009)

The subset of the study population that was FUT2 genotyped at SNP rs516246 (50 mothers) was
88% secretors. Based on phenotypic expression of al,2-fucosylated HMOs in all 69 mothers in
the cohort, the study population is 84% secretors. Both of these distributions are consistent with
those reported in previous HMO studies for geographically similar populations. (Erney et al.,

2000; Samuel et al., 2019; Thurl et al., 2010)
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Variation of HMO Concentrations in the Published Literature

Even among studies with populations of similar reported secretor status distributions,
concentrations of HMOs at comparable lactation time points vary substantially (Supplementary
Table 2.1). The source of this variation has been attributed to a number of factors including
geographical location, (Azad et al., 2018; Chaturvedi et al., 2001; Erney et al., 2000; McGuire et
al., 2017; Samuel et al., 2019) maternal pre-pregnancy BMI, (Azad et al., 2018; Ferreira et al.,
2020; McGuire et al., 2017; Samuel et al., 2019; Wang et al., 2020) gestation duration, (Austin et
al., 2019; Gabrielli et al., 2011; Spevacek et al., 2015; Sundekilde et al., 2016; Wang et al., 2020)
parity, (Azad et al., 2018; Ferreira et al., 2020; Samuel et al., 2019; Wang et al., 2020) mode of
delivery, (Samuel et al., 2019; Wang et al., 2020) maternal age, (Azad et al., 2018; McGuire et
al., 2017) infant sex, (Tonon et al., 2019a; Wang et al., 2020) and maternal disease status. (Bode
etal., 2012; Olivares et al., 2015; Tonon et al., 2019a; Van Niekerk et al., 2014) Interestingly,
many of these variables have also been found not to influence HMO profiles in other cohorts.
(Austin et al., 2016; Azad et al., 2018; Nakhla et al., 1999) Additional studies will be needed to
determine whether these are biologically driving factors of HMO composition or have previously

correlated with HMO abundances for other reasons.

Samuel et al. (2019) recently suggested that the variation in al,2-fucosylated HMO

concentrations among secretor individuals may be partially explained by whether the mother is
homozygous or heterozygous for the dominant FUT2 allele (G/G versus A/G, as assessed at the
rs516246 SNP). As depicted in Figure 2.5, for the present cohort, no significant difference (p =

0.1349) was found in 2’-FL concentrations between G/G and A/G mothers, based on FUT2
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genotyping at SNP rs516246. A significant difference was observed, however, in LNFP |
concentrations (p = 0.01) between the milk of heterozygous and homozygous FUT2 positive
mothers. It is possible that the homozygous versus heterozygous status of secretor mothers does
play a role in the degree of a1,2-fucosylated HMO expression; however, based on our results it
seems unlikely that this is the sole cause of the wide distribution of 2°-FL and LNFP 1
concentrations among secretor mothers at similar stages of lactation. Further studies comparing
maternal FUT2 status and al,2-fucosylated HMO concentrations are needed to draw a more

concrete conclusion.

Concentration (g/L)

2'-FL LNFP |

Figure 2.5. 2’-Fucosyllactose and lacto-N-fucopentaose concentrations in breast milk samples
across the first year of lactation for mothers genotyped as heterozygous (A/G, blue) and
homozygous (G/G, green) for the dominant FUT2 allele based on SNP rs516246. An asterisk
indicates significant difference (P < 0.05) in HMO concentration between heterozygous and
homozygous mothers for the given HMO.
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Comparison of HMO Analytical Methods

The wide variation in reported HMO concentrations between mothers of similar lactation stages
also demonstrates the importance of considering the analytical method used for HMO studies.
Despite their acceptability in the early years of the field and citation in several seminal HMO
publications, (Coppa et al., 1993; Montreuil and Mullet, 1960; Viverge et al., 1985) the
application of rudimentary techniques like paper chromatography, thin layer chromatography,
(Mernie et al., 2019; Srivastava et al., 2014; Stepans et al., 2006) liquid chromatography methods
that elute all HMOs as only a few unresolved peaks, and the recent approach of subtracting
simple sugar concentrations from spectrophotometrically determined total carbohydrate content,
(Gridneva et al., 2019) have been surpassed and replaced by modern techniques with
considerably improved precision and accuracy. Chromatographic techniques, including HPLC
coupled with fluorescence-, UV-, or mass spectrometry-based detectors, as well as capillary
electrophoresis and HPAEC-PAD are the most common modern techniques for isomer-specific
HMO quantification or profiling. In most cases, it is essential that these quantification methods
are validated for accuracy and precision, and that peak identities are validated by mass

spectrometry (MS), nuclear magnetic resonance (NMR), or enzymatic breakdown.

The results of all of these analyses, however, have the potential to be distorted by sample
preparation procedures. The roles, benefits, and possible pitfalls of a wide variety of sample
preparation techniques for HMO analysis have been recently reviewed by van Leeuwen. (2019)
The application of graphitized carbon solid phase extractions is of particular concern in the realm
of HMO analysis, due to its potential to alter the ratios and/or concentrations of specific HMOs

from those present in the original milk. Graphitized carbon solid phase extraction has been
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previously demonstrated to yield poor recovery of 3-FL, (Xu et al., 2017) and poorer recoveries
for 6’-SL than 3’-SL have been reported in bovine milk as well. (Robinson et al., 2018) Previous
work from our lab on the quantification oligosaccharides in infant formula and human milk
provides a unique comparison of relative HMO quantifications for the same set of milk samples
with and without the use of graphitized carbon solid phase extraction. The results for samples
prepared with the use of graphitized carbon and analyzed by nano-chip LC quadrupole time-of-
flight MS show a higher abundance of 3’-SL compared to 6’-SL, while the same samples
prepared without graphitized carbon solid phase extraction and analyzed by HPAEC-PAD show
a higher abundance of 6’-SL than 3’-SL. (Nijman et al., 2018) Solid phase extraction recoveries
are an especially important consideration for studies measuring absolute HMO concentrations, as
the potential for loss during the extraction can lead to substantial under-quantification.
Unfortunately, very few studies have measured milk oligosaccharide recoveries with graphitized
carbon. In our past work we have found that bovine milk oligosaccharide recovery from the
extraction sorbent is substantially reduced by the presence of lactose in the sample matrix,
(Robinson et al., 2018) and we therefore decided to conduct sample preparation without

graphitized carbon extractions in this study.

It is possible that other sample preparation techniques may result in comparably skewed
recoveries of particular HMOs. Protein precipitation with acetonitrile results in losses when
applied to bovine milk oligosaccharide purification, (Liu et al., 2014) but a similar method
evaluation has not yet been published for HMOs. Although derivatization methods may be
incorporated to increase detection sensitivity for UV or fluorescence detection, these measures

are subject to potential uneven or incomplete derivatization and require sample clean-up, which
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may introduce substantial additional variation to the analysis. Verification of high reaction
efficiencies and recoveries are therefore quite important here as well. Likewise, the influence of
matrix effects or the presence of coelution may cause reported HMO concentrations to be
disproportionately high. While HPAEC-PAD is limited by the varying response factors for each
HMO and therefore requires individual external HMO calibration standards, as well necessitating
multiple sample dilutions to quantify both high- and low-abundance HMOs due to a linear
detector range of approximately two orders of magnitude (Table 2.3), the present study’s “dilute-
and-shoot” method within-line sample clean-up, paired with distinct gradients optimized for the
separation of either neutral or acidic HMOs substantially reduces the risk of the potential pitfalls
surrounding target compound loss and matrix effects by minimizing sample preparation and
ensuring an absence of coelution for the targeted HMO peaks. Accordingly, our results call into
question HMO quantification efforts in previously published studies that report individual HMO
concentrations 3 to 11 times higher than those in the present study after substantially more
sample preparation, in populations with similar demographics and proportions of secretor
mothers. (Elwakiel et al., 2018; Goehring et al., 2014; Larsson et al., 2019; McGuire et al., 2017,

Thurl et al., 2010).

Reaching a field-wide consensus on reasonable ranges for HMO concentrations at time points
across lactation and on standardized method(s) for determining secretor status will help guide
supplementation of HMOs in food for infants. Current HMO supplementation of infant formulas
is limited primarily to 2’-FL, present at concentrations of around 0.2 g/L (BJ Marriage, personal

communication) — a concentration which in human milk would classify the mother as a non-
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secretor under the phenotypic secretor status criteria set by many studies, and which falls far

below total HMO concentrations in mother’s milk, even in very late lactation.

Although establishing a single universal method for HMO analysis is unlikely to occur in the
foreseeable future, ensuring that both new and existing techniques have been validated will be an
important step as the field moves forward. Measures of repeatability, recovery, accuracy, and
precision as well as the levels of detection and quantification for individual HMOs will be
critical to include as new or under-validated analytical methods are applied in future
publications. In addition, maternal demographics, infant health and milk collection parameters
including the time since the last feeding, milk expression method, time of milk collection and
whether the sample is fore milk, hind milk or full breast expression should be reported, as these

factors may also influence HMO profiles. (Choi et al., 2015; Viverge et al., 1986)

CONCLUSION

The present study focuses on HMO concentrations in the breast milk of healthy lactating mothers
collected over 12 months postpartum. Our study also offers the validation and application of a
new “dilute-and-shoot” analytical technique on samples from a large clinical study achieving
quantification of HMOs by HPAEC-PAD with minimized sample preparation to limit potential
HMO losses. Maternal genetic data generally agreed with a1-2-linked fucosyloligosaccharide
expression, with the exception of two potential “weak secretor” mothers identified in this cohort,
based on FUT?2 positive genotype but extremely low expression of al,2-fucosylated HMOs.

Because data on human milk is frequently used as the basis for determining optimum practices
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for infant formula and weaning food compositions and supplementation, it is important to
determine reasonable concentration ranges for individual HMOs at time points across lactation,
as well as to identify how milk collection, oligosaccharide extraction, and analytical techniques
may influence the reported HMO concentrations. Cross-lab validation studies are needed to
reach a consensus on expected HMO concentrations across lactation and on the analytical

methods best suited for HMO analysis and determining maternal genetics.

MATERIALS AND METHODS

Study Design

This study is part of the Cambridge Baby Growth and Breastfeeding Study (CBGS-BF), a UK-
based prospective observational infant cohort which recruited mother-infant pairs at birth from a
single maternity unit in Cambridge, England. The CBGS-BF is the continuation of the original
Cambridge Baby Growth Study, (Prentice et al., 2016a) an ongoing birth cohort since 2001, aiming
to investigate ante- and postnatal determinants of infant growth and body composition. All infants
recruited to this cohort were singletons and vaginally born at term from healthy mothers with
normal pre-pregnancy BMI and without any significant comorbidities. All infants received
exclusive breastfeeding for at least 6 weeks. The study was approved by the Cambridge Local

Research Ethics Committee and all mothers gave written informed consent.

To collect breast milk samples, mothers were asked to hand express milk liquid after feeding their
infants, as described previously.(Prentice et al., 2016b, 2019) Expression was done from the breast
last used to feed their infants. Samples were kept frozen until processed at a single time point. At

the time of assay, breastmilk samples were thoroughly mixed.
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HPAEC-PAD

167 milk samples from 71 mothers were analyzed in duplicate via HPAEC-PAD using a “dilute-
and-shoot” sample preparation method. Breast milk samples were diluted between 15 and 400
times, passed through a 0.2 um polyethersulfone syringe filter (Pall Life Sciences, Port
Washington, NY USA) and directly injected. Analysis was carried out on a Dionex ICS-5000+
ion chromatography system outfitted with dual pumps and a detector consisting of an
electrochemical cell with a disposable gold working electrode and a pH-Ag/AgCl reference
electrode (ThermoFisher Scientific, Waltham, MA). Chromatographic eluents consisted of 18.2
MQ-cm (Milli-Q) water (A), 200 mM sodium hydroxide (B) and 100 mM sodium acetate with
100 mM sodium hydroxide (C). The instrument and column configurations were based partially
on ThermoFisher Customer Application Note 119. (Tan et al., 2015) Diluted samples were
injected (5 pL injection volume) and passed through an lonPac NG1 column (4 x 35 mm,
ThermoFisher Scientific) to eliminate hydrophobic milk components. The NG1 column was
operated continuously at 0.5 mL/min and 100% A using pump 1. HMOs were eluted from the
NG1 column onto a 500 pL sample loop, then passed onto a CarboPac PA20 guard column (3 x
30 mm, ThermoFisher Scientific) and CarboPac PA20 analytical column (3 x 150 mm,
ThermoFisher Scientific) for chromatographic separation. For neutral HMO separation, pump 2
had a flow rate of 0.5 mL/min with a 34-minute gradient that was isocratic at 15% B for 10 min,
followed by an increase from 15 to 70% B from 10 to 20 min, an isocratic period at 70% B from
20 to 29 min, an increase from 0 to 20% C from 29 to 29.1 min, and a final isocratic period at
70% B and 20% C from 29.1 to 34 min. For acidic HMO separation pump 2 had a flow rate of
0.5 mL/min with a 35-minute gradient that was isocratic at 60% B and 20% C for 30 min,

followed by a simultaneous decrease to 55% B and increase to 30% C from 30 to 30.1 min, and a
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final isocratic period from 30.1 to 35 min at 55% B and 30% C. Column temperatures were set to

15 °C, and the detector temperature was 20 °C. The instrument configuration is depicted in

Figure 2.6.
Detection Separation
Pulsed
Amperometric +—— Analytical Column |[+—— Guard |[+—
Detector
Samples in Clean-up
Autosampler
A: Nanopure \Water A: Nanopure Water
B: 0.2M NaOH
=== Load C: 0.1M NaOAC,
— Inject 0.1M NaOH

Figure 2.6. Pump and column configuration for the newly validated HPAEC-PAD “dilute-and-
shoot” HMO analysis.

HPAEC-PAD Method Validation: Recovery, Repeatability, Limits of Detection, and Limits
of Quantification

To evaluate recovery, five concentrations of each HMO standard (3-FL, 2°-FL, LNFP I, Lacto-
N-neotetraose (LNnT), LNT, 3’-SL and 6°-SL) were spiked into a 6-week milk sample during
sample dilution. Spiked samples were analyzed as described above, and recoveries were
expressed as the ratio of the measured spiked quantity to the theoretical spiked quantity.

Repeatability was evaluated by injecting the same 6-week sample five times and calculating the
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coefficient of variation among the repeated measurements. The limit of detection of each HMO
was defined as the concentration that produced a signal-to-noise ratio of 3:1. This was
determined empirically by sequential injection of low concentrations of each analytical standard.
The limit of quantification was defined as the concentration of each analytical standard that

produced a signal-to-noise ratio of 6:1.

Capillary Electrophoresis

Additional analysis to confirm the presence or absence of al,2-fucosylated HMOs was
performed on a Gly-Q capillary electrophoresis system (Prozyme, now part of Agilent, Santa
Clara, CA, USA). Milk samples were centrifuged at 4000 xg at 4 °C for 30 minutes and 10 uL of
the aqueous portion were transferred to a new tube and dried by centrifugal evaporation
(Eppendorf Vacufuge plus; Eppendorf, Hamburg, Germany). Dried samples were reduced and
labeled with 8-aminopyrene-1,3,6-trisulfonic acid (APTS) using a GlykoPrep Rapid-Reductive
Amination APTS Labeling kit, following the manufacturer’s instructions (Prozyme), as
described previously. (Bonen et al., 2018) Briefly, dried samples were combined with the
reducing agent, catalyst, and APTS labeling solution and incubated at 65 °C for 1 hour. Samples
were allowed to cool to room temperature, open, in a fume hood, before undergoing solid phase
extraction with GlykoPrep CU cartridges (Prozyme) to remove excess APTS label. Collected
eluate, containing APTS-labeled HMOs, was diluted ten to 100 times and injected on the Gly-Q
capillary electrophoresis system. Separation was achieved on a Gly-Q Cartridge with Gly-Q
Separation Buffer as the mobile phase (Prozyme). The applied potential gradient consisted of a
10 s High voltage purge at 4.00 V, followed by a 2 s migration standard injection at 2.00 V,a 2 s

sample injection at 2.00 V and 120 s of separation and detection at 10.00 V. Detector sensitivity
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was set to medium. Sample alignment was achieved with an external Instant-Q-labeled
maltodextrin ladder reference with degrees of polymerization (DP) between 2 and 15 and co-

injected migration standards of Instant-Q-labeled maltose and maltopentadecaose.

Presence of al,2-fucosylated HMOs was determined based on observation of a peak
corresponding to LNFP 1. Peak identification was based on migration time relative to the co-

injected sample brackets, using a commercial LNFP | reference standard.

FUT2 Genotyping

Saliva samples were collected from the mothers using the Oragene.DNA kit OG-500 (DNA
Genotek, Ottawa, Canada). Manual DNA purification from the samples was done using
prepIT.L2P kit following the manufacturer’s instructions (DNA Genotek, Ottawa, Canada).
Following that, DNA was fragmented by applying a restriction enzyme (restriction fragment

length polymorphism or RFLP).

Maternal FUT2 genotype was then determined via sodium dodecyl sulfate-polyacrylamide gel
electrophoresis based on the identification of single nucleotide polymorphisms at rs516246 (A

allele producing 202-base pairs and G allele producing 125 and 77 base pairs).

Statistics

The concentration at each time point of each HMO was compared using ANOVA followed by

Tukey pairwise comparisons, which were adjusted to an overall a of 0.05. Comparisons between
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concentrations of individual HMOs at each time point were carried out using 2-sided

independent t-tests (a=0.05). All statistical analysis was done in R, version 3.6.0.
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Supplementary Figure 2.1. Electropherograms from capillary electrophoresis analysis of breast
milk samples from (A) non-secretor, (B) “weak secretor,” and (C) secretor mothers with

representative lacto-N-fucopentaose | abundances.
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Supplementary Figure 2.2. Concentrations of 6’-SL (red circles) and 3’-SL (blue squares)
during the first 3 months of lactation in previously published longitudinal HMO studies.
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Austin, S. et al. 2016 - China Ma, L. et al. 2018 - China
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Supplementary Figure 2.3. Concentrations of 6’-SL (red circles) and 3’-SL (blue squares)
during the first 3 to 12 months of lactation in previously published longitudinal HMO studies.
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Supplementary Table 2.1. Summary of longitudinal human milk oligosaccharide studies

First Author

Year

Country

Lactation Stage

# Mothers

Preterm?

Quantification Method

% Secretors

Present study

2020

UK

Birth

2 weeks

6 weeks

3 months

6 months

12 months

71

HPAEC-PAD

Alderete

2015

UsA

1 month

6 months

HPLC-Fluoresecne

72

Asakuma

2007

Japan

1day

2 days

3 days

20

HPLC-UV

Unspecified

Austin

2013

Switzerland

1week

2 weeks

3 weeks

Aweeks

5weeks

6 weeks

7 weeks

8 weeks

34

1week

2 weeks

3 weeks

Aweeks

5weeks

6 weeks

7 weeks

8 weeks

10 weeks

12 weeks

14 weeks

16 weeks

27

HPLC-Fluorescence

79

80

Azad

2018

Canada

(3-4 months)

427

HPLC-Fluorescence

72

Bao

2013

UsA

colostrum

mature milk

LC-M5

Unspecified

Bao

2007

USA

(2-4 days)

(12-67 days)

CE-Uv

Unspecified

Bode

2012

Zambia

1 month

36

HPLC-Fluorescence

69

Borewicz

2015

The Netherlands

1 month

121

UHPLC-MS5

Unspecified

Borewicz

2020

The Netherlands

2 weeks

6 weeks

12 weeks

24

UHPLC-MS, HPAEC-PAD

79

Coppa

2011

Italy

1 month

33

HPAEC-PAD

41 (biased selection)

Coppa

1993

Italy

4 days

10 days

1 month

2 months

3 months

18

HPAEC-PAD

100 (biased selection)

Erney

2000

Latin America

(3-10 days)

11-30 days)

31-452 days)

200

Asia

3-10 days)

11-30 days)

>31 days)

54

Europe

3-10 days)

11-30 days)

>31 days)

76

UsA

3-10 days)

11-30 days)

>31 days)

79

HPAEC-PAD

96

88

68

Ferriera

2020

Brazil

2-8 days)

28-50 days)

(
(
(
(
(
(
(
(
(
(
(
(
(
(

88-119 days)

HPLC-Fluorescece

89

80




First Author 2'-FL 3-FL LNFP 1 LNFP 11 LNFP 11l LNFP V LDFT LNT LNNT LNH LNnH
3.560 0.124 1.647 1.651 0.306
2.495 0.280 0.959 2.264 0.076
Present study 1.965 0.463 0.331 1.416 0.078
1.623 0.542 0.266 1.136 0.057
1.453 0.740 0.209 0.900 0.045
1.074 1.257 0.086 0.743 0.000
Alderete 2,730 0.163 0.971 1.340 0.071 1.423 0.039
2.430 0.516 0.438 1.616 0.161 1.227 0.105
Asakuma
3.157 0.346 1.743 0.415 0.421 0.059 0.340 0.993 0.333
2.207 0.456 1.317 0.523 0.371 0.075 0.255 1.334 0.227
2.139 0.494 1.214 0.507 0.305 0.081 0.258 1.286 0.182
2.007 0.558 1.061 0.531 0.267 0.068 0.202 1.216 0.166
1.938 0.622 0.822 0.456 0.302 0.065 0.256 1.056 0.153
1.801 0.683 0.681 0.438 0.323 0.064 0.299 0.939 0.144
1.664 0.721 0.642 0.423 0.332 0.058 0.272 0.877 0.138
1.621 0.726 0.562 0.403 0.319 0.053 0.248 0.804 0.133
2.504 0.461 1.337 0.542 0.346 0.076 0.346 1.179 0.274
Austin 1.672 0.479 0.982 0.616 0.317 0.085 0.202 1.522 0.223
1.582 0.566 0.876 0.626 0.303 0.091 0.267 1.448 0.190
1.651 0.629 0.762 0.620 0.321 0.090 0.303 1.319 0.178
1.595 0.730 0.704 0.556 0.328 0.084 0.294 1.162 0.158
1.578 0.690 0.625 0.603 0.337 0.092 0.286 1.158 0.169
1.533 0.758 0.568 0.618 0.357 0.089 0.292 1.120 0.163
1.556 0.831 0.529 0.563 0.350 0.079 0.354 0.996 0.159
1.439 0.869 0.466 0.475 0.389 0.061 0.341 0.797 0.155
1.306 1.074 0.358 0.564 0.389 0.072 0.455 0.755 0.122
1.254 1.205 0.362 0.503 0.369 0.067 0.296 0.669 0.125
1.389 1.037 0.334 0.516 0.343 0.069 0.419 0.660 0.126
Azad 2.255 0.267 0.788 1.852 0.092 0.313 1.047 0.284 0.072
Bao 1.118 0.131 1.420 0.042 0.173 0.003 0.230 0.231
1.079 0.231 1.549 0.148 0.169 0.014 0.194 0.629
Bao
Bode 0.399 0.033 0.139
Borewicz 0.327 0.248 0.467 0.339 0.270 0.041 0.040 0.105 0.072
1.007 0.522 0.761 0.448 0.357 0.050 0.081 0.064 0.042
Borewicz 0.840 0.780 0.447 0.431 0.379 0.054 0.201 0.043 0.040
0.702 1.003 0.296 0.382 0.407 0.049 0.072 0.017 0.024
Coppa 1.066 0.375 0.495 0.184
3.930 0.340 1.360 0.290 0.840 2.040 0.070 0.180
3.020 0.220 1.360 0.480 0.730 1.830 0.050 0.100
Coppa 2.780 0.280 0.950 0.430 0.710 1.400 0.060 0.050
1.840 0.710 0.970 0.290 1.560 0.950 0.090 0.130
2.460 0.530 1.350 0.330 1.780 1.370 0.170 0.280
2.790 0.660 1.730 0.230 0.420 0.630 0.150 0.410
2.610 0.750 1.350 0.320 0.420 0.480 0.150 0.310
1.910 0.880 0.620 0.350 0.440 0.440 0.120 0.190
2.260 1.380 1.810 0.730 0.400 0.350 0.400 0.360
2.360 1.760 1.200 0.660 0.380 0.230 0.460 0.230
Erney 1.500 2.150 0.450 0.570 0.380 0.120 0.460 0.100
2.690 0.970 1.560 0.490 0.740 0.150 0.700 0.550
2.380 0.630 1.060 0.450 0.710 0.180 0.570 0.290
2.360 1.360 0.610 0.470 0.770 0.190 0.580 0.200
2.780 1.030 1.570 0.670 0.580 0.270 0.450 0.360
2.560 1.480 1.010 0.890 0.810 0.270 0.540 0.200
1.640 2.590 0.510 0.670 0.720 0.140 0.410 0.130
2.460 0.132 2.270 0.657 0.068 0.159 0.950 0.410 0.064
Ferriera 2.460 0.176 1.331 0.956 0.060 0.235 1.026 0.198 0.086
2.080 0.918 0.649 1.442 0.034 0.279 0.962 0.233 0.075
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First Author LNDFH | LNDFH Il 6'-SL 3'-5L L5Ta LST b LST ¢ DSLNT
0.374 0.015
0.382 0.061
Present study 0.193 0.084
0.092 0.094
0.036 0.130
0.008 0.254
Alderete 0.756 0.096 0.206 0.247
1.125 0.149 0.077 0.184
0.342 0.362 0.107 0.068 0.659 0.480
Asakuma 0.371 0.269 0.155 0.064 0.707 0.447
0.396 0.258 0.162 0.062 0.693 0.459
0.943 0.498 0.223 0.082 0.578 0.361
0.987 0.646 0.147 0.076 0.481 0.360
1.025 0.567 0.135 0.083 0.306 0.363
0.913 0.477 0.134 0.080 0.216 0.305
0.841 0.358 0.129 0.077 0.158 0.251
0.826 0.306 0.131 0.074 0.132 0.231
0.793 0.258 0.124 0.077 0.108 0.203
0.669 0.220 0.120 0.066 0.090 0.173
0.976 0.492 0.239 0.100 0.433 0.423
Austin 0.808 0.506 0.198 0.111 0.275 0.466
0.869 0.455 0.197 0.118 0.208 0.468
0.871 0.396 0.193 0.113 0.178 0.416
0.908 0.320 0.194 0.116 0.128 0.378
0.786 0.291 0.186 0.111 0.126 0.323
0.757 0.248 0.183 0.107 0.106 0.306
0.798 0.226 0.185 0.102 0.096 0.272
0.761 0.174 0.172 0.086 0.076 0.233
0.699 0.144 0.182 0.095 0.055 0.210
0.636 0.112 0.164 0.084 0.040 0.185
0.647 0.100 0.176 0.078 0.037 0.185
Azad 0.161 0.360 0.118 0.043 0.315
Bao 0.544 0.001
0.802 0.015
Bao 0.276 0.082 0.777
0.306 0.063 0.660
Bode 0.114
Borewicz 0.475 0.111 0.091 0.028 0.256 0.116
0.736 0.362 0.175 0.041 0.194 0.275
Borewicz 1.311 0.451 0.209 0.038 0.489 0.193
0.489 0.074 0.164 0.011 0.147 0.034
Coppa 0.163
0.790 0.570 0.590 0.090 0.180 0.170 1.050 0.800
0.790 0.320 0.550 0.110 0.120 0.100 0.470 0.740
Coppa 0.430 0.120 0.440 0.050 0.110 0.230 0.210 0.670
1.180 1.020 0.300 0.130 0.000 0.250 0.210 0.640
0.920 0.740 0.240 0.050 0.000 0.200 0.120 0.630
Erney
0.234 0.203 0.090 0.769 0.748
Ferriera 0.399 0.241 0.110 0.270 0.387
0.310 0.342 0.070 0.100 0.232
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First Author  |Year Country Lactation Stage # Mothers Preterm? Quantification Method % Secretors
4 days
Gabrielli 2011 Italy 10days 63 Y HPAEC-PAD 67
20 days
1 month
Galeotti 2014 Italy 1 month 9 N CE 56
Goehring 2014 USA 2 weeks 17 N LC-MS 76
Hong 2014 USA 35 days 20 N LC-MS 50 (biased selection)
Kunz 1999 Germany (2-28 days) 4 N HPAEC-PAD 50
Larsson 2019 Denmark (5-6.5 months) 30 N HPLC-Fluorescence 77
9 months
Leo 2010 |Samoa (5-10 days) 16 N HPLC-UV Unspecified
(22-155 days)
2 weeks
1 month
2 months
China 3 months 20 63
4 months
Ma 2018 6 months N HPLC-UV
8 months
2 days
Malaysia 2 months 2 88
6 months
12 months
Ethiopia (Rural) (2 weeks-5 months) |40 65
Ethiopia (Urban) (2 weeks-5 months) |40 73
Gambia (Rural) (2 weeks-5 months) |40 65
Gambia (Urban) (2 weeks-5 months) |40 85
Ghana (2 weeks-5 months) |40 63
McGuire 2017 Kenya (2 weeks-5 months) |42 N HPLC-UV 81
Peru (2 weeks-5 months) |43 93
Spain (2 weeks-5 months) |41 76
Sweeden (2 weeks-5 months) |24 79
Washington (2 weeks-5 months) |41 63
California (Hispanic) |(2 weeks-5months) |19 95
Mclarrow 201 |United Arab Emerates| 212 92¥5) a N LC-MS 74
6 monts
Morrow 2004 Mexico (1-5 weeks) 93 N HPLC-UV 100
1day
Burkina Faso 2 days 53 N HPAEC-PAD Unspecified
Musumeci 2006 3 days
1day
Italy 2 days 50 N HPAEC-PAD Unspecified
3 days
Nakhla 1999 USA (1-128) 15 Y HPAEC-PAD 92
Newburg 2004 Mexico 1-5 weeks 93 N HPLC-UV 100
Nijman 2018 |USA day 3 10 N HPAEC-PAD Unspecified
day 42
Olivares 2015 The Netherlands 1 month 12 N CE-Fluorescence 58
Saben 2020 USA 2 monts 136 N HPLC-Fluorescence 74
2 days
17 days
Samuel 2019 Europe 30 days 290 N HPLC-Fluorescence 83
60 days
90 days
120 days
Sjogren 2007 Sweeden (2-4 days) 20 N HPLC-UV 95
Smilowitz 2013 USA 90 days 52 N NMR 77
(0-5 days)
2 weeks 15 N 71
Spevacek 2015 |USA 28 days NMR
(0-5 days)
2 weeks 13 Y 76
28 days
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First Author 2'-FL 3-FL LNFP1 [LNFPII LNFP 111 LNFP V LDFT LNT LNnT LNH LNnH
4.834 0.782 1.351 0.587 0.552 0.710 1.561 1.699 0.073 0.085
Gabrielli 3.721 0.997 1.432 0.853 0.452 0.508 1.956 1.699 0.070 0.085
3.270 0.755 1.208 0.853 0.493 0.414 1.832 1.623 0.065 0.085
3.100 1.001 1.041 0.771 0.448 0.503 1.675 1.462 0.047 0.078
Galeotti 3.400 3.820 1.940 0.778 3.700 2.744 0.089
Goehring 2,192
Hong 1.450 0.255 0.975 0.047
Kunz 0.450 0.070 1.260 1.090
Larsson 2.633 0.231 0.702 1.544 0.069 0.525 0.877 0.509 0.100
3.142 0.336 0.597 1.230 0.077 0.684 0.468 0.429 0.046
Leo 0.220 1.670 0.280 0.070 3.900 0.460 0.160
0.690 2.350 0.350 0.140 1.310 0.200 0.050
1.281 0.543 1.979 1.033
1.371 0.894 1.225 0.708
1.176 1.158 0.851 0.569
0.984 1.366 0.947 0.513
0.866 1.427 0.866 0.525
Ma 0.704 1.476 0.785 0.446
0.709 1.588 0.823 0.448
2.249 0.429 2.393 1.420
1.286 0.762 1.217 0.609
1.003 1.146 0.867 0.571
0.741 1.138 1.156 0.642
1.105 0.092 0.771 1.381 0.038 0.114 0.922 0.593 0.073
1.393 0.090 1.089 1.462 0.020 0.134 0.996 0.656 0.092
1.440 0.050 0.984 1.643 0.034 0.214 1.602 1.006 0.120
2.060 0.079 1.146 1.323 0.026 0.225 1.115 0.552 0.099
0.702 0.094 1.102 0.967 0.040 0.249 1.296 0.612 0.117
McGuire 1.650 0.095 0.736 1.422 0.039 0.214 1.154 0.759 0.099
3.187 0.151 0.952 0.951 0.045 0.298 0.674 0.377 0.115
1.907 0.101 0.901 1.707 0.027 0.195 1.110 0.388 0.062
2.764 0.231 1.190 1.615 0.230 0.174 1.508 0.598 0.121
2.030 0.060 0.725 1.813 0.021 0.171 0.803 0.549 0.100
3.438 0.189 1.167 1.058 0.065 0.237 1.017 0.561 0.042
Mclarrow 2.021 0.581 1.932 1.429 0.765
0.997 1.194 0.650 0.504 0.250
Maorrow 1.879 2.739 0.444
1.800 0.800
4.500 1.100
Musumeci 3.400 4.400
1.000 1.500
2.100 2.500
4,200 5.000
Nakhla 1.134 0.432 0.234 0.048 0.080 0.017 0.166 0.225 0.081
Newburg 1.879 0.283 2.739 0.444 0.898 0.297
Nijman 3.750 1.810 0.360 0.480 0.080
2.480 0.580 0.240 0.510 0.160
Olivares 0.429 0.065 1.880
Saben 0.617 1.801 0.734 1.548 0.037 0.204 0.988 0.072 0.181
3.691 0.422 1.928 0.422 0.445 0.108 0.607 0.912 0.307
2.627 0.594 1.431 0.595 0.320 0.124 0.349 1.213 0.177
samuel 2.450 0.720 1.071 0.549 0.311 0.112 0.277 1.009 0.153
2.075 0.970 0.611 0.474 0.358 0.091 0.230 0.700 0.128
1.819 1.140 0.469 0.433 0.353 0.085 0.273 0.594 0.108
1.625 1.209 0.384 0.394 0.339 0.076 0.269 0.526 0.098
Sjogren 3.177 0.087 1.420 0.202 0.679 0.330
Smilowitz 1.220 1.025 0.161 0.179 0.199 0.169 0.358 0.086
2.651 0.444 1.408 0.401 0.358 0.139 1.054 0.255
2.060 0.581 0.862 0.358 0.247 0.178 0.870 0.149
Spevacek 1.753 0.766 0.546 0.367 0.222 0.140 0.750 0.113
2421 0.433 0.922 0.341 0.239 0.330 0.679 0.163
1.660 0.591 0.683 0.444 0.205 0.203 0.969 0.120
1.133 0.967 0.256 0.674 0.230 0.197 1.280 0.141
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First Author LNDFH I LNDFH Il 6'-SL 3'-SL L5Ta LSTh LSTC DSLNT
0.181 0.566 0.260 0.282 0.114 1.207 1.230
Gabrielli 0.252 0.805 0.298 0.352 0.153 1.100 1.284
0.237 0.673 0.247 0.266 0.184 0.594 1.205
0.248 0.522 0.216 0.382 0.151 0.395 1.050
Galeotti 0.067 0.367 0.133 0.000 0.000 2.500
Goehring 0.718
Hong 0.305 0.175 0.053
Kunz 0.380 0.270 0.140 0.170
Larsson 0.094 0.525 0.132 0.032 0.381
0.082 0.704 0.472 0.140 0.519
Leo 0.750 0.860 0.343 0.163 0.078 0.084 0.620 0.638
1.220 0.700 0.189 0.123 0.044 0.193 0.201 0.317
0.592 0.100 0.941
0.365 0.108 0.159
0.222 0.099 0.152
0.137 0.114 0.085
0.097 0.126 0.056
Ma 0.083 0.127 0.047
0.052 0.142 0.042
0.651 0.222 1.326
0.251 0.112 0.130
0.084 0.135 0.145
0.041 0.158 0.054
0.237 0.262 0.086 0.101 0.400
0.345 0.333 0.079 0.169 0.713
0.293 0.254 0.132 0.155 1.122
0.370 0.320 0.096 0.146 0.615
0.564 0.391 0.115 0.245 0.723
McGuire 0.275 0.334 0.086 0.158 0.573
0.403 0.334 0.041 0.182 0.353
0.319 0.384 0.105 0.072 0.460
0.127 0.296 0.140 0.092 0.279
0.255 0.356 0.082 0.112 0.571
0.155 0.300 0.079 0.103 0.355
Maarrow 0.621 0.226 0.488
0.091 0.134 0.011
Morrow 1.259
Musumeci
Nakhla 0.007
Newburg
Nijman 2,100 0.340 0.110
1.530 0.250 0.120
Olivares 0.415
Saben 0.451 0.271 0.107 0.131 0.417
1.232 0.543 0.254 0.079 0.497 0.405
1.275 0.649 0.149 0.080 0.258 0.385
samuel 1.105 0.465 0.141 0.077 0.148 0.290
0.842 0.231 0.129 0.064 0.070 0.169
0.715 0.151 0.130 0.057 0.044 0.136
0.615 0.101 0.132 0.050 0.029 0.121
Sjogren 1.117
Smilowitz 0.075 0.091
0.519 0.228
0.557 0.165
Spevacek 0.367 0.146
0.545 0.228
0.722 0.184
0.659 0.177
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First Author

Year

Country

Lactation Stage

# Mothers

Preterm?

Quantification Method

% Secretors

Sprenger

2017

Singapore

1 month

2 months

4 months

50

N

HPAEC-PAD

68

Stepans

2006

UsSA

2 weeks

6 weeks

12 weeks

24 weeks

45

HPTLC-Optical Density

Unspecified

Sumiyoshi

2003

Japan

4 days

10 days

30 days

100 days

20

HPLC-UV

Unspecified

Thurl

2010

Germany

(2-5 days)

(6-9 days)

(13-18 days)

(20-26 days)

(28-33 days)

(57-65 days)

(88-96 days)

21

HPAEC-PAD

a3

Thurl

1996

Not specified

Mot specified

HPAEC-PAD

100

Tonon

2015

Brazil

17-45 days)

41

CE-ESI-M5

a7

Tonon

2013

Brazil

78

LC-MS

87

Zhang

2015

China

({
(17-76 days)
(2-6 months)

61

LC-M5

Unspecified
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First Author 2'-FL 3-FL LNFP I LNFP I LNFP Il LNFP V LDFT LNT LNNnT LNH LNnH
1.484 1.138 0.239
Sprenger 1.206 0.741 0.148
0.9439 0.500 0.085
0.008
Stepans 0.008
0.009
0.008
Sumiyoshi
4,130 0.240 2.000 0.140 0.340 0.450 0.780 0.450 0.060
3.370 0.260 2.050 0.230 0.340 0.330 1.550 0.480 0.170
3.040 0.380 1.640 0.250 0.370 0.480 1.520 0.280 0.140
Thurl 3.020 0.440 1.720 0.300 0.370 0.360 1.590 0.320 0.130
2.960 0.420 1.480 0.240 0.370 0.370 1.410 0.230 0.140
2,820 0.560 1.060 0.180 0.400 0.380 1.000 0.230 0.080
2.590 0.670 0.940 0.170 0.440 0.400 0.860 0.200 0.060
Thurl 1.840 0.450 0.670 0.200 0.280 0.000 0.170 0.860 0.110
Tonon 3.233 0.687 1.210 0.013 0.003
Tonon 2.080 0.632 0.797 0.185 0.035
Zhang 0.410 0.550 0.158 0.219 0.002
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First Author LNDFH I LNDFH I 6'-5L 3'-5L L5T a LSTh L5T ¢ DSLNT
0.540 0.230
Sprenger 0.275 0.210
0.129 0.205
Stepans
0.410 0.069 0.104 0.056 0.254 0.199
Sumiyoshi 0.412 0.054 0.083 0.054 0.145 0.176
0.276 0.043 0.052 0.044 0.074 0.111
0.096 0.039 0.037 0.029 0.040 0.056
1.120 0.100 1.310 0.350 0.060 0.050 0.4580 0.230
1.300 0.170 1.770 0.300 0.090 0.060 0.530 0.380
1.460 0.230 1.570 0.270 0.050 0.070 0.310 0.440
Thurl 1.550 0.260 1.420 0.260 0.030 0.090 0.250 0.410
1.360 0.240 1.350 0.270 0.030 0.100 0.240 0.410
1.020 0.150 0.630 0.230 0.010 0.080 0.110 0.230
1.050 0.170 0.450 0.240 0.010 0.080 0.090 0.210
Thurl 0.250
Tonon 1.257 0.185 0.433 0.174 0.008 0.082 0.198
Tonon 0.935 0.063 0.377 0.179 0.072 0.072 0.154
Zhang 0.497 0.739 0.196 0.098 0.155 0.139 4.443

88




REFERENCES

Alderete TL, Autran C, Brekke BE, Knight R, Bode L, Goran M, Fields DA. 2015. Associations
between human milk oligosaccharides and infant body composition in the first 6 mo of life. Am.
J. Clin. Nutr. 102:1381-1388.

Asakuma, S. Akahori M, Kimura K, Watanabe Y, Nakamura T, Tsunemi M, Arai I, Sanai Y,
Urashima T. 2007. Sialyl oligosaccharides of human colostrum: Changes in concentration during
the first three days of lactation. Biosci. Biotechnol. Biochem. 71:1447-1451.

Austin S, De Castro C, Bénet T, Hou Y, Sun H, Thakkar S, Vinyes-Pares G, Zhang Y, Wang P.
2016. Temporal change of the content of 10 oligosaccharides in the milk of Chinese urban
mothers. Nutrients. 8:346.

Austin S, De Castro CA, Sprenger N, Binia A, Affolter M, Garcia-Rodenas CL, Beauport L,
Tolsa J-F, Fumeaux CJF. 2019. Human milk oligosaccharides in the milk of mothers delivering
term versus preterm infants. Nutrients. 11:1282.

Azad MB, Robertson B, Atakora F, Becker AB, Subbarao P, Moraes TJ, Mandhane PJ, Turvey
SE, Lefebvre DL, Sears MR, Bode L. 2018. Human milk oligosaccharide concentrations are
associated with multiple fixed and modifiable maternal characteristics, environmental factors,
and feeding practices. J. Nutr. 148:1733-1742.

Bai Y, Tao J, Zhou J, Fan Q, Liu M, Hu Y, Xu Y, Zhang L, Yuan J, Li W, Ze X, Malard P, Guo
Z, Yan J, Li M. 2018. Fucosylated human milk oligosaccharides and N-glycans in the milk of
Chinese mothers regulate the gut microbiome of their breast-fed infants during different lactation
stages. mSystems. 3:e00206-18.

Bao Y, Chen C, Newburg DS. 2013. Quantification of neutral human milk oligosaccharides by
graphitic carbon high-performance liquid chromatography with tandem mass spectrometry. Anal.
Biochem. 433:28-35.

Bao Y, Zhu L, Newburg DS. 2007. Simultaneous quantification of sialyloligosaccharides from
human milk by capillary electrophoresis. Anal. Biochem. 370:206-214.

Bode L. 2015. The functional biology of human milk oligosaccharides. Early Hum. Dev. 91:619-
622.

Bode L, Kuhn L, Kim H-Y, Hsiao L, Nissan C, Sinkala M, Kankasa C, Mwiya M, Thea DM,
Aldrovandi GM. 2012. Human milk oligosaccharide concentration and risk of postnatal
transmission of HIV through breastfeeding. Am. J. Clin. Nutr. 96:831-8309.

Bode L, Kunz C, Muhly-Reinholz M, Mayer K, Seeger W, Rudloff S. 2004. Inhibition of
monocyte, lymphocyte, and neutrophil adhesion to endothelial cells by human milk
oligosaccharides. Thromb. Haemost. 92:1402-1410.

89



Bonen H, Guerrero A, Brownell EA, Smith KC, Barile D, Hagadorn JI, Lebrilla CB, Lussier
MM, Matson AP, Sela DA. 2018. Human milk oligosaccharide analysis of large sample cohorts
using a novel capillary electrophoresis platform. Glycobiology. 28:1027-1028.

Borewicz K, Gu F, Saccenti E, Hechler C, Beijers R, de Weerth C, van Leeuwen SS, Schols HA,
Smidt H. 2020. The association between breastmilk oligosaccharides and faecal microbiota in
healthy breastfed infants at two, six, and twelve weeks of age. Sci. Rep. 10:4270.

Borewicz K, Gu F, Saccenti E, Arts ICW, Penders J, Thijs C, van Leeuwen SS, Lindner C, Nauta
A, van Leusen E, Schols HA, Smidt H. 2019. Correlating infant fecal microbiota composition
and human milk oligosaccharide consumption by microbiota of 1-month-old breastfed infants.
Mol. Nutr. Food Res. 63:1801214.

Boudry G, Hamilton MK, Chichlowski M, Wickramasinghe S, Barile D, Kalanetra KM, Mills
DA, Raybould HE. 2017. Bovine milk oligosaccharides decrease gut permeability and improve
inflammation and microbial dysbiosis in diet-induced obese mice. J. Dairy Sci. 100:2471-2481.

Cabrera-Rubio R, Kunz C, Rudloff S, Garcia-Mantrana I, Crehua-Gaudiza E, Martinez-Costa C,
Collado MC. 2019. Association of maternal secretor status and human milk oligosaccharides
with milk microbiota: An observational pilot study. J. Pediatr. Gastroenterol. Nutr. 68:256-263.

Chang JG, Yang TY, Liu TC, Lin TP, Hu CJ, Kao MC, Wang NM, Tsai FJ, Peng CT, Tsai CH.
1999. Molecular analysis of secretor type alpha(1,2)-fucosyltransferase gene mutations in the
Chinese and Thai populations. Transfusion (Paris) 39:1013-1017.

Chaturvedi P, Warren CD, Altaye M, Morrow AL, Ruiz-Palacios G, Pickering LK, Newburg DS.
2001. Fucosylated human milk oligosaccharides vary between individuals and over the course of
lactation. Glycobiology. 11:365-372.

Chen X. 2015. Human Milk Oligosaccharides (HMOS), in: Advances in Carbohydrate
Chemistry and Biochemistry. Elsevier. p. 113-190.

Chichlowski M, De Lartigue G, German JB, Raybould HE, Mills DA. 2012. Bifidobacteria
isolated from infants and cultured on human milk oligosaccharides affect intestinal epithelial
function. J. Pediatr. Gastroenterol. Nutr. 55:321-327.

Choi A, Fusch G, Rochow N, Sheikh N, Fusch C. 2015. Establishment of micromethods for
macronutrient contents analysis in breast milk: Micromethodology for measuring macronutrient
contents in breast milk. Matern. Child Nutr. 11:761-772.

Coppa GV, Gabrielli O, Zampini L, Galeazzi T, Ficcadenti A, Padella L, Santoro L, Soldi S,
Carlucci A, Bertino E, Morelli L. 2011. Oligosaccharides in 4 different milk groups,
Bifidobacteria, and Ruminococcus obeum. J. Pediatr. Gastroenterol. Nutr. 53:80-87.

90



Coppa GV, Zampini L, Galeazzi T, Facinelli B, Ferrante L, Capretti R, Orazio G. 2006. Human
milk oligosaccharides inhibit the adhesion to Caco-2 cells of diarrheal pathogens: Escherichia
coli, Vibrio cholerae, and Salmonella fyris. Pediatr. Res. 59:377-382.

Coppa G, Pierani P, Zampini L, Carloni I, Carlucci A, Gabrielli O. 1999. Oligosaccharides in
human milk during different phases of lactation. Acta Paediatr. 88:89-94.

Coppa GV, Gabrielli O, Pierani P, Catassi C, Carlucci A, Giorgi PL. 1993. Changes in
carbohydrate composition in human milk over 4 months of lactation. Pediatrics. 91:637—641.

Davis JCC, Lewis ZT, Krishnan S, Bernstein RM, Moore SE, Prentice AM, Mills DA, Lebrilla
CB, Zivkovic AM. 2017. Growth and morbidity of Gambian infants are influenced by maternal
milk oligosaccharides and infant gut microbiota. Sci. Rep. 7:40466.

Elwakiel M, Hageman JA, Wang W, Szeto IM, van Goudoever JB, Hettinga KA, Schols HA.
2018. Human milk oligosaccharides in colostrum and mature milk of Chinese mothers: Lewis
positive secretor subgroups. J. Agric. Food Chem. 66:7036—7043.

Engfer MB, Stahl B, Finke B, Sawatzki G, Daniel H. 2000. Human milk oligosaccharides are
resistant to enzymatic hydrolysis in the upper gastrointestinal tract. Am. J. Clin. Nutr. 71:1589—
1596.

Erney RM, Malone WT, Skelding MB, Marcon AA, Kleman-Leyer KM, O’Ryan ML, Ruiz-
Palacios G, Hility MD, Pickering LK, Prieto PA. 2000. Variability of human milk neutral
oligosaccharides in a diverse population. J. Pediatr. Gastroenterol. Nutr. 30:181-192.

Ferreira AL, Alves R, Figueiredo A, Alves-Santos N, Freitas-Costa N, Batalha M, Yonemitsu C,
Manivong N, Furst A, Bode L, Kac G. 2020. Human milk oligosaccharide profile variation
throughout postpartum in healthy women in a Brazilian cohort. Nutrients. 12:790-810.

Ferrer-Admetlla A, Sikora M, Laayouni H, Esteve A, Roubinet F, Blancher A, Calafell F,
Bertranpetit J, Casals F. 2009. A natural history of FUT2 polymorphism in humans. Mol. Biol.
Evol. 26:1993-2003.

Gabrielli O, Zampini L, Galeazzi T, Padella L, Santoro L, Peila C, Giuliani F, Bertino E, Fabris
C, Coppa GV. 2011. Preterm milk oligosaccharides during the first month of lactation.
Pediatrics. 128:1520—1531.

Galeotti F, Coppa GV, Zampini L, Maccari F, Galeazzi T, Padella L, Santoro L, Gabrielli O,
Volpi N. 2014. Capillary electrophoresis separation of human milk neutral and acidic
oligosaccharides derivatized with 2-aminoacridone: CE and CEC. Electrophoresis. 35:811-818.

Gnoth MJ, Kunz C, Kinne-Saffran E, Rudloff S. 2000. Human milk oligosaccharides are
minimally digested in vitro. J. Nutr. 130:3014-3020.

91



Goehring KC, Kennedy AD, Prieto PA, Buck RH. 2014. Direct evidence for the presence of
human milk oligosaccharides in the circulation of breastfed infants. PLoS ONE. 9:101692.

Gridneva Z, Rea A, Tie W), Lai CT, Kugananthan S, Ward LC, Murray K, Hartmann PE,
Geddes DT. 2019. Carbohydrates in human milk and body composition of term infants during
the first 12 months of lactation. Nutrients. 11:1472,

Guo M, Luo G, Lu R, Shi W, Cheng H, Lu Y, Jin K, Yang C, Wang Z, Long J, Xu J, Ni Q, Liu
C, Yu X. 2017. Distribution of Lewis and Secretor polymorphisms and corresponding CA19-9
antigen expression in a Chinese population. FEBS Open Bio. 7:1660-1671.

Henry S, Mollicone R, Fernandez P, Samuelsson B, Oriol R, Larson G. 1996. Molecular Basis
for Erythrocyte Le(a+b+) and salivary ABH partial-secretor phenotypes: Expression of a FUT2
secretor allele with an A—T mutation at nucleotide 385 correlates with reduced
a(1,2)fucosyltransferase activity. Glycocon;j. J. 13:985-993.

Hong Q, Ruhaak LR, Totten SM, Smilowitz JT, German JB, Lebrilla CB. 2014. Label-free
absolute quantitation of oligosaccharides using multiple reaction monitoring. Anal. Chem.
86:2640-2647.

Huang X, Zhu B, Jiang T, Yang C, Qiao W, Hou J, Han Y, Xiao H, Chen L. 2019. Improved
Simple Sample Pretreatment Method for Quantitation of Major Human Milk Oligosaccharides
Using Ultrahigh Pressure Liquid Chromatography with Fluorescence Detection. J. Agric. Food
Chem. 67. 12237-12244.

Jacobi SK, Yatsunenko T, Li D, Dasgupta S, Robert KY, Berg BM, Chichlowski M, Odle J.
2016. Dietary isomers of sialyllactose increase ganglioside sialic acid concentrations in the
corpus callosum and cerebellum and modulate the colonic microbiota of formula-fed piglets. J.
Nutr. 146:200—-208.

Kobata A. 2010. Structures and application of oligosaccharides in human milk. Proc. Jpn. Acad.
Ser. B. 86:731-747.

Koda Y, Soejima M, Liu Y, Kimura H. 1996. Molecular basis for Secretor type a(1,2)-
fucosyltransferase gene deficiency in a Japanese population: A fusion gene generated by unequal
crossover responsible for the enzyme deficiency. Am. J. Hum. Genet. 59:343-350.

Kunz C, Meyer C, Collado MC, Geiger L, Garcia-Mantrana |, Bertua-Rios B, Martinez-Costa C,
Borsch C, Rudloff S. 2017. Influence of gestational age, secretor, and Lewis blood group status
on the oligosaccharide content of human milk. J. Pediatr. Gastroenterol. Nutr. 64:789-798.

Kunz C, Rudloff S, Schad W, Braun D. 1999. Lactose-derived oligosaccharides in the milk of
elephants: comparison with human milk. Br. J. Nutr. 82:391-399.

Langhendries JP, Detry J, Van Hees J, Lamboray JM, Darimont J, Mozin MJ, Secretin MC,
Senterre J. 1995. Effect of a fermented infant formula containing viable Bifidobacteria on the

92



fecal flora composition and pH of healthy full-term infants. J. Pediatr. Gastroenterol. Nutr.
21:177-181.

Larsson MW, Lind MV, Laursen RP, Yonemitsu C, Larnkjer A, Mglgaard C, Michaelsen KF,
Bode L. 2019. Human milk oligosaccharide composition is associated with excessive weight
gain during exclusive breastfeeding—An explorative study. Front. Pediatr. 7:297.

Leo F, Asakuma S, Fukuda K, Senda A, Urashima T. 2010. Determination of sialyl and neutral
oligosaccharide levels in transition and mature milks of Samoan women, using anthranilic
derivatization followed by reverse phase high performance liquid chromatography. Biosci.
Biotechnol. Biochem. 74:298-303.

Leoz MLAD, Wu S, Strum JS, Nifionuevo MR, Gaerlan SC, Mirmiran M, German JB, Mills
DA, Lebrilla CB, Underwood MA. 2013. A quantitative and comprehensive method to analyze
human milk oligosaccharide structures in the urine and feces of infants. Anal. Bioanal. Chem.
405:4089-4105.

Lewis ZT, Totten SM, Smilowitz JT, Popovic M, Parker E, Lemay DG, Van Tassell ML, Miller
MJ, Jin Y-S, German JB, Lebrilla CB, Mills DA. 2015. Maternal fucosyltransferase 2 status
affects the gut bifidobacterial communities of breastfed infants. Microbiome. 3:13.

Liu Y, Koda Y, Soejima M, Pang H, Schlaphoff T, du Toit ED, Kimura H. 1998. Extensive
polymorphism of the FUT2 gene in an African (Xhosa) population of South Africa. Hum. Genet.
103:204-210.

Liu Z, Moate P, Cocks B, Rochfort S. 2014. Simple liquid chromatography—mass spectrometry
method for quantification of major free oligosaccharides in bovine milk. J. Agric. Food Chem.
62:11568-11574.

Ma L, McJarrow P, Jan Mohamed HJB, Liu X, Welman A, Fong BY. 2018. Lactational changes
in the human milk oligosaccharide concentration in Chinese and Malaysian mothers’ milk. Int.
Dairy J. 87:1-10.

Manthey CF, Autran CA, Eckmann L, Bode L. 2014. Human milk oligosaccharides protect
against Enteropathogenic Escherichia coli attachment in vitro and EPEC colonization in suckling
mice. J. Pediatr. Gastroenterol. Nutr. 58:167-170.

Marcobal A, Barboza M, Froehlich JW, Block DE, German JB, Lebrilla CB, Mills DA. 2010.
Consumption of human milk oligosaccharides by gut-related microbes. J. Agric. Food Chem.
58:5334-5340.

Martin-Sosa S, Martin M-J, Hueso P. 2002. The sialylated fraction of milk oligosaccharides is
partially responsible for binding to enterotoxigenic and uropathogenic Escherichia coli human
strains. J. Nutr. 132:3067-3072.

93



McGuire MK, Meehan CL, McGuire MA, Williams JE, Foster J, Sellen DW, Kamau-Mbuthia
EW, Kamundia EW, Mbugua S, Moore SE, Prentice AM, Kvist LJ, Otoo GE, Brooker SL, Price
WJ, Shafii B, Placek C, Lackey KA, Robertson B, Manzano S, Ruiz L, Rodriguez JM, Pareja
RG, Bode L. 2017. What’s normal? Oligosaccharide concentrations and profiles in milk
produced by healthy women vary geographically. Am. J. Clin. Nutr. 105:1086-1100.

McJarrow P, Radwan H, Ma L, MacGibbon AKH, Hashim M, Hasan H, Obaid RS, Naja F,
Mohamed HJJ, Al Ghazal H, Fong BY. 2019. Human milk oligosaccharide, phospholipid, and
ganglioside concentrations in breast milk from United Arab Emirates mothers: Results from the
MISC cohort. Nutrients. 11:2400.

Mernie EG, Tolesa LD, Lee M-J, Tseng M-C, Chen Y-J. 2019. Direct oligosaccharide profiling
using thin-layer chromatography coupled with ionic liquid-stabilized nanomatrix-assisted laser
desorption-ionization mass spectrometry. Anal. Chem. 91:11544-11552.

Midtvedt A-C, Midtvedt T. 1992. Production of short chain fatty acids by the intestinal
microflora during the first 2 years of human life. J. Pediatr. Gastroenterol. Nutr. 15:395-403.

Montreuil J, Mullet S. 1960. Etude des variations des constituants glucidiques du lait de femme
au cours de la lactation. Bull. Soc. Chim. Biol. (Paris). 42:365-378.

Moossavi S, Atakora F, Miliku K, Sepehri S, Robertson B, Duan QL, Becker AB, Mandhane PJ,
Turvey SE, Moraes TJ, Lefebvre DL, Sears MR, Subbarao P, Field CJ, Bode L, Khafipour E,
Azad MB. 2019. Integrated analysis of human milk microbiota with oligosaccharides and fatty
acids in the CHILD cohort. Front. Nutr. 6:58.

Morrow AL, Ruiz-Palacios GM, Altaye M, Jiang X, Lourdes Guerrero M, Meinzen-Derr JK,
Farkas T, Chaturvedi P, Pickering LK, Newburg DS. 2004. Human milk oligosaccharides are
associated with protection against diarrhea in breast-fed infants. J. Pediatr. 145:297-303.

Musumeci M, Simpore J, D’Agata A, Sotgiu S, Musumeci S. 2006. Oligosaccharides in
colostrum of Italian and Burkinabe women. J. Pediatr. Gastroenterol. Nutr. 43:372-378.

Nakhla T, Fu D, Zopf D, Brodsky NL, Hurt H. 1999. Neutral oligosaccharide content of preterm
human milk. Br. J. Nutr. 82:361-367.

Newburg DS, Ruiz-Palacios GM, Altaye M, Chaturvedi P, Meinzen-Derr J, Guerrero M de L,
Morrow AL. 2004. Innate protection conferred by fucosylated oligosaccharides of human milk
against diarrhea in breastfed infants. Glycobiology. 14:253-263.

Nijman RM, Liu Y, Bunyatratchata A, Smilowitz JT, Stahl B, Barile D. 2018. Characterization
and quantification of oligosaccharides in human milk and infant formula. J. Agric. Food Chem.
66:6851-6859.

94



Ninonuevo MR, Park Y, Yin H, Zhang J, Ward RE, Clowers BH, German JB, Freeman SL,
Killeen K, Grimm R, Lebrilla CB. 2006. A strategy for annotating the human milk glycome. J.
Agric. Food Chem. 54:7471-7480.

Olivares M, Albrecht S, De Palma G, Ferrer MD, Castillejo G, Schols HA, Sanz Y. 2015.
Human milk composition differs in healthy mothers and mothers with celiac disease. Eur. J.
Nutr. 54:119-128.

Oliveros E, Vazquez E, Barranco A, Ramirez M, Gruart A, Delgado-Garcia J, Buck R, Rueda R,
Martin M. 2018. Sialic acid and sialylated oligosaccharide supplementation during lactation
improves learning and memory in rats. Nutrients. 10:15109.

Pacheco AR, Barile D, Underwood MA, Mills DA. 2015. The impact of the milk glycobiome on
the neonate gut microbiota. Annu. Rev. Anim. Biosci. 3:419-445.

Pang H, Koda Y, Soejima M, Fujitani N, Ogaki T, Saito A, Kawasaki T, Kimura H. 2001.
Polymorphism of the human ABO-Secretor locus (FUT2) in four populations in Asia: Indication
of distinct Asian subpopulations. Ann. Hum. Genet. 65:429-437.

Pang H, Fujitani N, Soejima M, Koda Y, Islam MN, Islam MS, Kimura H. 2000. Two distinct
alu-mediated deletions of the human ABO-secretor (FUT2) locus in Samoan and Bangladeshi
populations. Human Mutation.

Park H-D, Park KU, Song J, Ki C-S, Han KS, Kim JQ. 2010. The relationship between
Lewis/Secretor genotypes and serum carbohydrate Antigen 19-9 levels in a Korean population.
Korean J. Lab. Med. 30:51-57.

Parkkinen J, Rogers GN, Korhonen T, Dahr W, Finne J. 1986. Identification of the O-linked
sialyloligosaccharides of glycophorin A as the erythrocyte receptors for S-fimbriated Escherichia
coli. Infect. Immun. 54:37-42.

Perrin MT, Fogleman AD, Newburg DS, Allen JC. 2017. A longitudinal study of human milk
composition in the second year postpartum: implications for human milk banking. Matern. Child
Nutr. 13.

Prentice P, Acerini CL, Eleftheriou A, Hughes 1A, Ong KK, Dunger DB. 2016a. Cohort profile:
the Cambridge Baby Growth Study (CBGS). Int. J. Epidemiol. 45.

Prentice P, Ong KK, Schoemaker MH, van Tol EAF, Vervoort J, Hughes 1A, Acerini CL,
Dunger DB. 2016b. Breast milk nutrient content and infancy growth. Acta Paediatr. 105:641—
647.

Prentice PM, Schoemaker MH, Vervoort J, Hettinga K, Lambers TT, van Tol EAF, Acerini CL,
Olga L, Petry CJ, Hughes IA, Koulman A, Ong KK, Dunger DB. 2019. Human milk short-chain
fatty acid composition is associated with adiposity outcomes in infants. J. Nutr. 149:716-722.

95



Prieto PA. 2012. Profiles of human milk oligosaccharides and production of some human milk
oligosaccharides in transgenic animals. Adv. Nutr. 3:456S-464S.

Robinson RC, Colet E, Tian T, Poulsen NA, Barile D. 2018. An improved method for the
purification of milk oligosaccharides by graphitised carbon-solid phase extraction. Int. Dairy J.
80:62-68.

Rudloff S, Pohlentz G, Diekmann L, Egge H, Kunz C. 1996. Urinary excretion of lactose and
oligosaccharides in preterm infants fed human milk or infant formula. Acta Paediatr. 85:598—
603.

Ruiz-Moyano S, Totten SM, Garrido DA, Smilowitz JT, German JB, Lebrilla CB, Mills DA.
2013. Variation in consumption of human milk oligosaccharides by infant gut-associated strains
of Bifidobacterium breve. Appl. Environ. Microbiol. 79:6040-6049.

Ruiz-Palacios GM, Cervantes LE, Ramos P, Chavez-Munguia B, Newburg DS. 2003.
Campylobacter jejuni binds intestinal H(O) antigen (Fucal, 2Galf1, 4GIcNAc), and
fucosyloligosaccharides of human milk inhibit its binding and infection. J. Biol. Chem.
278:14112-14120.

Saben JL, Abraham A, Bode L, Sims CR, Andres A. 2020. Third-trimester glucose homeostasis
in healthy women is differentially associated with human milk oligosaccharide composition at 2
months postpartum by secretor phenotype. Nutrients. 12:2209.

Sakai F, Ikeuchi Y, Urashima T, Fujihara M, Ohtsuki K, Yanahira S. 2006. Effects of feeding
sialyllactose and galactosylated N-acetylneuraminic acid on swimming learning ability and brain
lipid composition in adult rats. J. Appl. Glycosci. 53:249-254.

Samuel TM, Binia A, de Castro CA, Thakkar SK, Billeaud C, Agosti M, Al-Jashi I, Costeira MJ,
Marchini G, Martinez-Costa C, Picaud J-C, Stiris T, Stoicescu S-M, Vanpeé M, Domell6f M,
Austin S, Sprenger N. 2019. Impact of maternal characteristics on human milk oligosaccharide
composition over the first 4 months of lactation in a cohort of healthy European mothers. Sci.
Rep. 9:11767.

Scott KP, Martin JC, Duncan SH, Flint HJ. 2014. Prebiotic stimulation of human colonic
butyrate-producing bacteria and bifidobacteria, in vitro. FEMS Microbiol. Ecol. 87:30-40.

Sela DA, Li Y, Lerno L, Wu S, Marcobal AM, German JB, Chen X, Lebrilla CB, Mills DA.
2011. An infant-associated bacterial commensal utilizes breast milk sialyloligosaccharides. J.
Biol. Chem. 286:11909-11918.

Sjogren YM, Duchén K, Lindh F, Bjorkstén B, Sverremark-Ekstrom E. 2007. Neutral
oligosaccharides in colostrum in relation to maternal allergy and allergy development in children
up to 18 months of age: Breast milk, gut flora and allergy. Pediatr. Allergy Immunol. 18:20-26.

96



Smilowitz JT, O’Sullivan A, Barile D, German JB, Lonnerdal B, Slupsky CM. 2013. The human
milk metabolome reveals diverse oligosaccharide profiles. J. Nutr. 143:1709-1718.

Spevacek AR, Smilowitz JT, Chin EL, Underwood MA, German JB, Slupsky CM. 2015. Infant
maturity at birth reveals minor differences in the maternal milk metabolome in the first month of
lactation. J. Nutr. 145:1698-1708.

Sprenger N, Lee LY, de Castro CA, Steenhout P, Thakkar SK. 2017. Longitudinal change of
selected human milk oligosaccharides and association to infants’ growth, an observatory, single
center, longitudinal cohort study. PLoS ONE. 12:e0171814.

Srivastava, A., Tripathi, R., Verma, S., Srivastava, N., Rawat, A.K.S., Deepak, D., 2014. A novel
method for quantification of lactose in mammalian milk through HPTLC and determination by a
mass spectrometric technique. Anal. Methods. 6, 7268—7276.

Stepans MBF, Wilhelm SL, Hertzog M, Rodehorst TKC, Blaney S, Clemens B, Polak JJ,
Newburg DS. 2006. Early consumption of human milk oligosaccharides is inversely related to
subsequent risk of respiratory and enteric disease in infants. Breastfeed. Med. 1:207-215.

Sumiyoshi W, Urashima T, Nakamura T, Arai |, Nagasawa T, Saito T, Tsumura N, Wang B,
Brand-Miller J, Watanabe Y, Kimura K. 2003. Sialyl oligosaccharides in the milk of Japanese
women: Changes in concentration during the course of lactation. J. Appl. Glycosci. 50:461-467.

Sundekilde U, Downey E, O’Mahony J, O’Shea C-A, Ryan C, Kelly A, Bertram H. 2016. The
effect of gestational and lactational age on the human milk metabolome. Nutrients. 8:304-318.

Tan J, Chai F, Zhang C. 2015. Determination of human milk oligosaccharides in human breast
milk by HPAE-PAD with on-line sample cleanup. ThermoFisher Customer Application Note
119.

Tarr AJ, Galley JD, Fisher SE, Chichlowski M, Berg BM, Bailey MT. 2015. The prebiotics 3'-
sialyllactose and 6'-sialyllactose diminish stressor-induced anxiety-like behavior and colonic
microbiota alterations: Evidence for effects on the gut-brain axis. Brain Behav. Immun. 50:166—
177.

Terrazas LI, Walsh KL, Piskorska D, McGuire E, Harn DA. 2001. The Schistosome
oligosaccharide lacto- N -neotetraose expands Grl * cells that secrete anti-inflammatory
cytokines and inhibit proliferation of naive CD4 * cells: A potential mechanism for immune
polarization in Helminth Infections. J. Immunol. 167:5294-5303.

Thurl S, Munzert M, Henker J, Boehm G, Miller-Werner B, Jelinek J, Stahl B. 2010. Variation
of human milk oligosaccharides in relation to milk groups and lactational periods. Br. J. Nutr.
104:1261-1271.

97



Thurl S, Mller-Werner B, Sawatzki G. 1996. Quantification of individual oligosaccharide
compounds from human milk using high-pH anion-exchange chromatography. Anal. Biochem.
235:202-206.

Tonon KM, de Morais, MB, Abrdo ACFV, Miranda A, Morais TB. 2019a. Maternal and infant
factors associated with human milk oligosaccharides concentrations according to secretor and
Lewis phenotypes. Nutrients. 11:1358.

Tonon KM, Miranda A, Abrdo ACFV, de Morais MB, Morais TB. 2019b. Validation and
application of a method for the simultaneous absolute quantification of 16 neutral and acidic
human milk oligosaccharides by graphitized carbon liquid chromatography — electrospray
ionization — mass spectrometry. Food Chem. 274:691-697.

Underwood MA, Gaerlan S, de Leoz MLA, Dimapasoc L, Kalanetra KM, Lemay DG, German
JB, Mills DA, Lebrilla CB. 2015. Human milk oligosaccharides in premature infants: absorption,
excretion, and influence on the intestinal microbiota. Pediatr. Res. 78:670-677.

Urashima T, Hirabayashi J, Sato S, Kobata A. 2018. Human milk oligosaccharides as essential
tools for basic and application studies on galectins. Trends Gycosc. Glycotech. 30:SE51-SEG65.

van Leeuwen SS. 2019. Challenges and pitfalls in human milk oligosaccharide analysis.
Nutrients. 11:2684.

van Leeuwen SS, Stoutjesdijk E, ten Kate GA, Schaafsma A, Dijck-Brouwer J, Muskiet FAJ,
Dijkhuizen L. 2018. Regional variations in human milk oligosaccharides in Vietnam suggest
FucTx activity besides FucT2 and FucT3. Sci. Rep. 8:16790.

van Leeuwen SS, Schoemaker RJW, Gerwig GJ, van Leusen-van Kan EJM, Dijkhuizen L,
Kamerling JP. 2014. Rapid milk group classification by tHNMR analysis of Le and H epitopes
in human milk oligosaccharide donor samples. Glycobiology. 24:728-739.

Van Niekerk E, Autran CA, Nel DG, Kirsten GF, Blaauw R, Bode L. 2014. Human milk
oligosaccharides differ between HIV-infected and HIV-uninfected mothers and are related to
necrotizing enterocolitis incidence in their preterm very-low-birth-weight infants. J. Nutr.
144:1227-1233.

Viverge D, Grimmonprez L, Cassanas G, Bardet L, Bonnet H, Solere M. 1985. Variations of
lactose and oligosaccharides in milk from women of blood types Secretor A or H, Secretor
Lewis, and Secretor H/Nonsecretor Lewis during the course of lactation. Ann. Nutr. Metab.
29:1-11.

Viverge D, Grimmonprez L, Cassanas G, Bardet L, Solere M. 1986. Diurnal variations and
within the feed in lactose and oligosaccharides of human milk. Ann. Nutr. Metab. 30:196-209.

98



Wang M, Zhao Z, Zhao A, Zhang J, Wu W, Ren Z, Wang P, Zhang Y. 2020. Neutral human
milk oligosaccharides are associated with multiple fixed and modifiable maternal and infant
characteristics. Nutrients. 12:826.

Ward RE, Nifionuevo M, Mills DA, Lebrilla CB, German JB. 2007. In vitro fermentability of
human milk oligosaccharides by several strains of bifidobacteria. Mol. Nutr. Food Res. 51:1398-
1405.

Wong JMW, de Souza R, Kendall CWC, Emam A, Jenkins DJ. 2006. Colonic health:
Fermentation and short chain fatty acids. J. Clin. Gastroenterol. 40:235-243.

World Health Organization Health Topics - Breastfeeding. 2018. www.who.int/health-
topics/breastfeeding.

Wu S, Grimm R, German JB, Lebrilla CB. 2011. Annotation and structural analysis of sialylated
human milk oligosaccharides. J. Proteome Res. 10:856-868.

Wu S, Tao N, German JB, Grimm R, Lebrilla CB. 2010. Development of an annotated library of
neutral human milk oligosaccharides. J. Proteome Res. 9:4138-4151.

Xu G, Davis JC, Goonatilleke E, Smilowitz JT, German JB, Lebrilla CB. 2017. Absolute
quantitation of human milk oligosaccharides reveals phenotypic variations during lactation. J.
Nutr. 147:117-124.

Yip SP, Lai SK, Wong ML. 2007. Systematic sequence analysis of the human fucosyltransferase
2 (FUT2) gene identifies novel sequence variations and alleles. Transfusion (Paris). 47:1369—
1380.

Yu Z-T, Chen C, Kling DE, Liu B, McCoy JM, Merighi M, Heidtman M, Newburg DS. 2013.
The principal fucosylated oligosaccharides of human milk exhibit prebiotic properties on
cultured infant microbiota. Glycobiology. 23:169-177.

Zhang W, Wang T, Chen X, Pang X, Zhang S, Ujiroghe OJ, Shilong J, Lu J, Lv J. 2019.
Absolute quantification of twelve oligosaccharides in human milk using a targeted mass
spectrometry-based approach. Carbohydr. Polym. 219:328-333.

99



CHAPTER III:

Dietary fiber to starch ratios affect bovine milk oligosaccharide profiles

Published as:
Durham, S.D., Lemay, D.G.; Wei, Z.; Kalcheur, K.F.; Finley, J.W.; Fukagawa, N.; Barile, D.

Dietary fiber to starch ratios affect bovine milk oligosaccharide profiles. Current Developments
in Nutrition. 2022.

100



ABSTRACT

Bovine milk oligosaccharides (BMOs) have several demonstrated and hypothesized benefits
including roles in cognitive development and anti-pathogenic activities, making them promising
ingredients for infant formulas and nutraceutical applications. BMO extraction from bovine milk
is challenged by low concentrations relative to non-bioactive simple sugars like lactose. BMO
abundances are known to vary with a cow’s lactation stage, breed, and parity, but these
characteristics are difficult to modify in existing dairy herds. In contrast, diet modification is an
accessible target, and is already known to influence milk yield, lipid content, protein levels, and
monosaccharide compositions. The objective of this study was to determine the impact of a low
starch high fiber versus a high starch low fiber diet on overall BMO profiles and individual BMO
abundances in Holstein dairy cattle. Milk samples were collected from 59 mid-lactation
Holsteins in a crossover study featuring dietary modification with either a low starch high fiber
or high starch low fiber feed. BMO profiles were evaluated by nano-liquid chromatography
quadrupole time-of-flight tandem mass spectrometry, and differences in BMO abundances
between diets were evaluated using linear mixed-effects modeling. 19 BMOs were identified
across the sample set, including four large fucosylated compounds. 7 BMOs were found to have
significantly more positive percent changes in yield-adjusted abundance from the pre-experiment
baseline period for milk samples collected during feeding with the low starch high fiber diet
compared to the high starch low fiber diet. Consuming the low starch high fiber diet promoted
greater overall BMO production than the high starch low fiber diet in a population of mid-
lactation Holsteins. Additionally, this study afforded the opportunity to investigate the impact of

other factors potentially influencing BMO abundances, furthering understanding of how dairy
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herd management practices can positively impact milk composition and support the potential use

of BMOs as functional ingredients.

INTRODUCTION

Bovine milk oligosaccharides (BMOs) are a class of carbohydrates found in cows’ milk
composed of between 3 and 11 monosaccharide subunits connected by glycosidic linkages. The
core of a BMO structure is either a lactose (galactose(p1-4)glucose) or lactosamine
(galactose(1-4)N-acetylglucosamine) reducing end. These core structures may then be expanded
through the addition of further galactose (Gal), N-acetylglucosamine (GIcNACc), or N-
acetylgalactosamine (GalNAc) units and decorated with 02-3- or 02-6-linked N-
acetylneuraminic acid (Neu5Ac) or N-glycolylneuraminic acid (Neu5Gc) or, less commonly, al-
2- or a1-3-linked fucose (Fuc) (1). BMOs may be classified as either acidic or neutral based on
the presence of absence of sialic acid (NeuSAc or Neu5Gc) in their structures. Neutral BMOs
can be further designated as either neutral fucosylated or neutral unfucosylated based on whether
or not they contain fucose monomers. BMOs discussed herein are referred to by their
monosaccharide composition as the number of Hex_HexNAc_Fuc_Neu5Ac_Neu5Gc, followed
by an isomer designation when applicable. Following this nomenclature, acidic BMOs can be
identified by the presence of a non-zero number in either the fourth or fifth positon of the 5-digit
numerical code, while neutral fucosylated BMOs can be distinguished by the presence of a non-
zero number as the third digit of the compositional code, as shown in Supplemental Table 1 and

Supplemental Figure 1.
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BMOs have numerous demonstrated health and development benefits which are particularly
relevant for human infants. BMOs exhibit anti-adhesive and anti-pathogen activity against major
enteric pathogens including Campylobacter jejuni (2) and enterotoxigenic Escherichia coli
(ETEC) (3). The two most abundant acidic BMOs, 3’-sialyllactose (3’-SL) and 6’-sialyllactose
(6°-SL) have also been shown to exhibit anti-pathogenic effects against enteropathogenic E. coli
(EPEC) (4), S fimbriated E. coli (5), Salmonella enterica ssp. enterica ser. Fyris (4), and
Pseudomonas aeruginosa (6). In addition, BMOs have demonstrated improved gut barrier
function in vitro (7), as well as decreased gut permeability, increased lean body mass, and
healthy organ growth in animal models of infant undernutrition (8-9). Sialylated milk
oligosaccharides including 3’-SL and 6’-SL have also been linked with increased sialylation of
cerebellum gangliosides, upregulated genes for myelination and ganglioside synthesis in the

hippocampus, and improved learning outcomes in animal models (10-12).

Due to their structural similarities with human milk oligosaccharides, BMOs are also
hypothesized to have prebiotic activity. Recent in vitro studies featuring BMOs support this
hypothesis. Isolated BMOs or sialyllactose have been shown to promote the in vitro growth of
the beneficial infant gut microbes Parabacteroides distasonis, Bifidobacterium breve, and B.
longum ssp. longum (13) as well as the probiotic B. animalis ssp. lactis (14). In addition, BMOs
have been shown to promote the colonization of B. longum ssp. infantis when co-administered in

mouse models (15).

Despite the clear benefits, isolating BMOs for use in products like infant formulas and

nutraceuticals is challenging due to their low concentrations both in milk and dairy processing
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streams like whey permeate. Unlike human milk oligosaccharides which are present in
concentrations of around 12-16 g/L in colostrum and 5 to 11 g/L in milk (16-19), BMOs are only
found at around 1 g/L in bovine colostrum and fall to 80 to 100 mg/L in mature milk (20-21).
Increasing the concentrations of BMOs in milk would facilitate their isolation. In addition,
modifying BMO profiles to be more similar to human milk oligosaccharides with greater
abundances of larger and more fucosylated structures would improve the bioactivity of the

resultant BMO isolate.

BMO abundances have been previously shown to vary with lactation time point (20-21), cow
breed (22-26), and parity (20, 23). However, these factors are difficult to modify in existing dairy
herds. Cow diet has been well documented to influence the yield (27-30), lipid profiles (28, 29,
31-36), nitrogen content (27, 29, 32-34, 36), and monosaccharide composition (37) of cows’
milk. Dietary supplementation with chitooligosaccharides in sows has also been previously
linked with increased abundances of some pig milk oligosaccharides (38). Although a connection
between diet and milk oligosaccharides has not yet been shown in ruminants, cow diet is an
easily modified factor that has the potential to favorably impact BMO profiles and

concentrations.

The impact of the ratio of dietary fiber to starch on BMO content is of particular interest because
the balance of these components in feed influences both the ruminal buffering capacity and the
digesta passage rate in the cow. These factors, in turn, affect the balance between the breakdown
of feed components in the rumen and the absorption of breakdown products in the rumen and

small intestine. Although the biochemical pathways for BMO synthesis and the precursors
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involved have not yet been fully elucidated, the absorption of more energetically favorable
building blocks, as influenced by the composition of digestion breakdown products absorbed in
the small intestine, may favor BMO production. In this study BMO profiles were evaluated in a
herd of Holstein dairy cattle across a 3-period cross-over study design with the objectives of
identifying significant variations in BMO profiles and abundances based on dietary fiber to

starch ratio, cow parity, and lactation time point.

MATERIALS AND METHODS

Study Design

Milk samples were collected from 76 mid-lactation Holstein dairy cattle in a crossover study
design that included sampling during a 4-week pre-experimental baseline period and two
subsequent 70-day treatment periods in which cows were fed either a low starch high fiber diet
(LSHF; 37% neutral detergent fiber (NDF), 13% starch) or a high starch low fiber diet (HSLF;
29% NDF, 27% starch). At the end of each period, cows were assigned to the opposite diet, as
shown in Figure 1, such that each cow acted as its own control. There was an 11-day transition
period between each period. Milk samples were collected across the three dietary periods, with a
sample collected from each cow during two consecutive morning milkings in the final week of

the pre-experimental baseline period and week 5 of each experimental period (39).
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Figure 3.1. Crossover design of this study featuring a baseline period followed by two 70-day
treatment periods, with milk samples collected for oligosaccharide profiling on two consecutive
days in the final week of the baseline period and during the fifth week of each dietary period.

Both treatment diets and the baseline diet were composed of a combination of beet pulp, alfalfa
silage, corn silage, canola meal, high moisture corn, corn distillers’ grains, roasted soybeans and
soy hulls, mixed at different proportions such that the diets differed in fiber and starch levels but
were balanced for protein availability and other key nutrients (Supplemental Table 2). The
baseline diet fed in the pre-experiment period was formulated to have starch and fiber contents
halfway between those of the LSHF and HSLF diets. Cows were assigned to the two groups in a
balanced manner based on evaluation of their parity, dry matter intake, milk production, and
body weight during the pre-experimental baseline period. Cows were housed in indoor tie-stalls
throughout the duration of the study. Feed was provided ad libitum once a day, with feed
amounts adjusted daily to allow a maximum of 10% refusals individually, determined based on
the refusals measured 2 days prior. Cows were milked three times per day (0400 h, 1030 h, and
1800 h). All milk for BMO analysis was collected during the first morning milking after teats
were stripped (3 streams of milk), treated and disinfected with Gladiator Barrier (BouMatic,
Wisconsin, USA) and towel dried. Raw milk was collected for BMO analysis on two consecutive

days after five weeks of consumption of each experimental diet in portions of approximately 48
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mL each. Aliquots were stored at -10 °C immediately after collection and shipped on dry ice to
the USDA-ARS Western Human Nutrition Research Center. Here the samples were thawed,

portioned into smaller 2 mL aliquots and stored at -20 °C until later analysis.

All feeding and milk collection portions of this study were conducted at the USDA-ARS Dairy
Forage Research Center Dairy Farm (Prairie du Sac, WI) under protocols approved by the
University of Wisconsin-Madison Institutional Animal Care and Use Committee (Protocol

#A005945).

Sample Subset Selection

From the full set of 456 available milk samples, 338 (from 59 cows) were selected for BMO
analysis. 38 total samples from 9 cows were excluded because the cows received antibiotic
treatment during the corresponding or prior study period. 4 samples were removed because at
least one sample was missing in a given period or collected outside of the morning milking. 4
samples were removed because they were collected after 300 days of lactation and had
particularly low milk yields. 54 total samples from 9 cows were removed due to technical issues
related to accurately estimating their feed intake. In addition, 18 total samples from 5 cows were
removed because they were outliers for a given period for either the lactose concentration or

BMO abundances, as evaluated by the standard error with a cut-off of 3 (39).

Oligosaccharide Extraction and Multiplexing
Oligosaccharides were extracted, labeled, and analyzed from milk samples as described

previously (40-41) with some modifications. Samples were skimmed to remove lipids, and for
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each cow, skimmed milk samples collected on consecutive days within the same period were
pooled to minimize the influence of day-to-day variations in milk composition. Pooled samples
then underwent ethanol precipitation to remove proteins, followed by C18 microplate solid phase
extraction (SPE) to remove peptides, and graphitized carbon microplate SPE to remove lactose
and salts. A 4% acetonitrile/0.1% trifluoroacetic acid solution was used for solid phase
equilibration and sample washing during graphitized carbon microplate SPE to maximize lactose

removal while minimizing BMO loss.

Extracted oligosaccharides from samples were then isobarically labeled with aminoxy tandem
mass tags (TMTSs) with reporter ions of 127, 128, 129, 130, or 131 Da, and a previously
characterized bovine milk oligosaccharide mixture (42) labeled with the aminoxy TMT 126 Da
reporter ion was used for as an internal standard. Labeled samples were multiplexed such that
each set of six aminoxy TMTs contained the labeled internal standard and five unique samples,
each labeled with a different one of the five remaining TMTs. Multiplexed samples underwent
an additional SPE clean-up employing Oasis Hydrophilic-Lipophilic Balance cartridges to

remove excess labeling reagents prior to LC-MS analysis.

LC-MS/MS Analysis

Glycoprofiling of oligosaccharides in the collected samples was conducted using nano-liquid
chromatography chip quadrupole time-of-flight mass spectrometry (nano-LC-chip-Q-ToF MS)
using our previously published LC-MS method (41) with slight modifications. Briefly, samples
were dissolved in 3% acetonitrile, and passed through 0.2 pm polyethersulfone filters, and

loaded onto the nano-LC chip with a 40 nL enrichment column and a 75 um x 43 mm analytical
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column, packed with 5 pm particles of 250A pore size. Flow rates were operated at 4 pL/min
(enrichment column) and 0.3 pl/min (analytical column). Mobile phase solvents were 3%
acetonitrile/0.1% formic acid (A), and 89.9% acetonitrile/0.1% formic acid (B). After
equilibrating both the analytical and enrichment columns with 100% A, and a 65-minute gradient
was used for chromatographic separation. The gradient was ramped from 4 to 20.6% B from 0 to
23 min, 20.6 to 50% B from 23 to 30 min, 50 to 100% B from 30 to 35 min, held at 100% B

from 35 to 50 min, then lowered from 100 to 0% B from 50 to 50.1 min.

Mass spectra were collected in positive mode over a scan range of 400 to 2500 m/z at a rate of
two spectra/s for MS scans and 100 to 2500 m/z at a rate of one spectra/s for MS/MS. The drying
gas was held at 350 °C with a flow of 5 L/min. An in-house library of BMO masses assembled
from the literature (1, 23, 43-45) was entered in the acquisition software as a list for targeted
fragmentation. The five most abundant precursors in each MS scan matching to the targeted list
were fragmented, with a quadrupole isolation window of ~4 m/z. A minimum precursor
threshold of 5,000 ion counts/spectrum was set to ensure substantial reporter ion abundance in
the MS/MS scans. Capillary voltage was varied from 1900 to 1975 V as needed to maintain a
stable spray. In-run mass calibration was performed with infused calibrant ions of m/z

922.009798 and 1221.990637.

BMOs were identified using a customized bioinformatics library of bovine milk oligosaccharide
compounds assembled from prior publications (1, 23, 43-45) and their identities were confirmed
by the examination of MS/MS spectra using Agilent MassHunter B.07.00 (Agilent Technologies,

Santa Clara, CA). For relative quantification, raw data was exported in .mzData format with
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MassHunter and then imported into SimGlycan Enterprise Edition 5.61 (PREMIER Biosoft, Palo
Alto, CA) (46). BMOs with confirmed identities were added to a custom library on the
SimGlycan server, which was used by the software to identify those BMOs in the data files
through matching retention time and precursor mass using the “High Throughput Search and
Score” feature. Precursor ion and reporter ion m/z tolerances were set to 10 ppm and 0.025 Da,
respectively. For each BMO, the reporter ion abundances from all the MS/MS spectra were
summed, and the ratios of these sums were calculated. The reporter ion abundances for each
sample were normalized to the signal for the TMT 126-labeled BMO internal standard to give

the BMO relative abundances (Supplemental Table 3).

Statistical Analysis

Glycoprofiling relative abundances were log transformed to improve normality as evaluated by
the Shapiro-Wilks test prior to comparative statistical analysis, with the exception of the results
for the BMOs with compositions2_ 1 0 0 Oisomer2and4 4 1 0_0, which were transformed
viaa cube root,and3 6 1 0 Oand5 4 1 0 0, which did not require a transformation to
achieve a normal distribution (Shapiro-Wilks test, p > 0.05). Relative abundances were also
multiplied by the average morning milk weight (lbs) for the corresponding period to give yield-

adjusted relative abundances.

Yield-adjusted relative abundance results were log transformed to improve normality as
evaluated by the Shapiro-Wilks test prior to comparative statistical analysis, with the exception
of BMO with composition 3_6_1 0 0, which did not require a transformation to achieve a

normal distribution (Shapiro-Wilks test, p > 0.05). Transformed relative abundances and yield-
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adjusted relative abundances were evaluated with 2-sided student’s t-tests to compare the two
post-diet arms and 1-way ANOVA with post hoc evaluation using Tukey’s Test to compare the
three diet time points. Linear mixed effects modeling was used to determine the significance (0. =
0.05) of the effects of diet, cow ID, treatment period, dietary sequence, parity, milk yield, and
lactation timepoint on the oligosaccharide profiles. In addition, the percent change in
transformed relative abundances and percent change in transformed yield-adjusted relative

abundances were calculated as

transformed relative abundancey — transformed relative abundanceyre_exp
transformed relative abundanceyre_exp

% change =

where X is a dietary treatment period. Percent change in relative abundances from the pre-
experimental baseline period were evaluated similarly using 2-sided Student’s t-test, 1-way
ANOVA with post-hoc evaluation using Tukey’s Test, and linear mixed effects modeling.
Calculation of Pearson’s correlations were conducted on transformed data, with all Pearson
correlation figures and their significances were generated using the R package corrplot (47).
Principal component analysis was conducted on untransformed data. All statistical analyses were

conducted using R version 4.0.2.

RESULTS
Identification of Bovine Milk Oligosaccharides and their Abundance in Milk
Milk samples from all of the cows in the study showed a high degree of similarity in BMO

composition. Abundances of 19 major BMOs were measured in all samples, including 5 acidic
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structures and 4 neutral fucosylated compounds. Identified BMOs ranged in size from degrees of

polymerization of 3 to 10.

112



3 3 _
2 a 23
o °s ¢ - 2e 3
oo BN 2 3
anogE ol o388
SRy ~oood
— ]
2001 06, [l ~ ° o = 2.0.0.1.06-sy L < ol ot i
20020 NS 20020 Seorels
2_1_0_0_0 isomer 1 o —: p z| 2_1_0_0_0isomer 1 o o: oo
2_1_0_0_0 isomer 2 ~ o: o :x 2_1.0_0_Oisomer2 |ms]« | N o o: oo
3.0.0.1.0 ol 30010 [« Siriéiat., -
31000 R ] o 3.1.0.00 [=]s = ) T
32000 [+]m ~ b ::2‘ D, B 32000 |« Joalen = e €S
33000 7ol gl £ 33000 [ | | Bl col28 &
36100 7 oo 2 36100 C SR
41 0 S 41,000 [ [s]- - | ¥ - o
4 41,010 [wjmls Sl c ~ o D
4.2.0_0_Oisomer 1 [WRlsse] + esalae|se] - | « o~ - =]
4200 Oisomer2 [+ ]+ - 5 I
441,00 [ = - 1 ol =)
45100 . . o AR
54000 [ @ <:
54100 - - =~ w
80000 [ [=]-]= - I FIE
060504-0302010 010203040506070809 1 0605040302010 010203040506070809 1
4_1_0_0_0 Transformed
c Relative Abundance D
40 08 06 04 02 00 8 67
L 1 1 1 1 0.0 c
' 3%
] IS % 5 '
o 02 4 S 2 RN
> Q= T - . o B
odt o I° - 4 P
", 21 T2 5. X
A - < R . %3
o Ny -0.4°|° ;% . 1 ot
. ,}J’&. = 4 .1&
s o Wy § 2 °l-g ¥ ]
v 08 23 3£ “
~ -
% . 3 3 -8 r=0.9385
o v -.08 © 3 <2
3 a ©
. r=0.9435 (=) . . |
~--1.0 0 2 4 6
4_1_0_0_0 Yield-Adjusted
Transformed Relative Abundance
E F
4_1_0_0_0 Transformed 6
Relative Abundance §
o~
'1|‘° -0I.8 —q.G '01'4 -OI.Z 0 00 8 g -g
’ g 3 . N
[ Fﬁ 4 H .-“f .8
L 0.2 4! <o o 22
- “ AN T2 . " )
. @l = R .Y
9 op o = -
L v, =1 >3 .
L e --0.4 51 o, & 'S b
& oo . 1 .
I 3 P ©,8 2
"A";}" 5 }? . e °|E
I b --06 3 2 ~ S r=0.8878
oo A= g- 3 n' g
a ! 33 8
Lty --08 © 8 Fo T T 1
r=0.9159 0 2 4 6
L 10 4_1_0_0_0 Yield-Adjusted
Transformed Relative Abundance

Figure 3.2. Pearson’s correlations among oligosaccharide pairs for non-yield corrected (left) and
yield-corrected (right) relative abundance data organized as heat maps for all oligosaccharide
pairs (A & B), as well as individual plots for the strongest correlations between4 1 0 0 0 and
4 1010(C,r=0.9504 & D, r=0.9400), and between4 1 0 0 0Oand3_2 0 0 O (E, r=0.8651
& F, r=0.8553). BMOs are described by their monosaccharide compositions as the number of
Hex_HexNAc_Fuc_Neu5Ac_Neu5Gc, followed by the isomer number, as appropriate. * 0.01 <
p <0.05, **0.001 <p <0.01, *** p<0.001
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Diet effects on BMO Profiles

Correlations in abundance between BMOs were identified for transformed data, both without and
with adjustment for milk yield. In both cases the strongest correlations were observed between
the BMOs4 1 0 0 Oand4 1 0 1 O (Figure 2C & D) and between4 1 0 0 0and3 2 0 0 0
(Figure 2E & F). Significant positive correlations were also observed among the four identified

fucosylated BMOs, as well as between the two sialyllactose isomers (Figure 2A & B).

Sources of variation in BMO profiles

A wide spread of BMO abundances was observed both within and across treatment groups.
Principal component analysis was conducted to evaluate which, if any, of the main recorded
study variables contributed to the observed variation. Although some clustering was present
(Figure 3B), very little separation based on cow diet, dietary treatment period, or diet sequence
was observed (Figure 3C, D & E). Some separation did occur based on parity, particularly
between parity 1 and parities 5 and 6 along the second principal component (Figure 3F). Thus,
the largest source of variance in BMO profiles remains as one or more unrecorded factors.

The percent change in the transformed relative abundance from the pre-experiment baseline diet
differed significantly (p < 0.001) between the LSHF and HSLF dietary treatments for four BMOs
(with compositions3 0 0 1 0,32 000,41 000,and4 1 0 1 0)based on initial t-test
comparisons (Figure 1A). For all 4 of these oligosaccharides the abundance was significantly
higher (p < 0.05) in samples from cows fed the LSHF diet compared to both the HSLF diet and

the pre-experimental diet (Supplemental Figure 2).
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Figure 3.3. (A) Scree plot, (B) cluster plot, and principal component analysis of BMO relative
abundance data organized by (C) diet, (D) study period, (E) diet sequence, and (F) parity.
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Figure 3.4. BMO % change in relative abundance data organized by (A) diet, (B) study period,
and (C) diet sequence with BMOs described by monosaccharide composition as the number of
Hex_HexNAc_Fuc_Neu5Ac_Neu5Gc, followed by the isomer number, as appropriate. Statistics
are from parametric analyses of transformed data, while graphs present untransformed data. *
0.01 <p<0.05, **¥0.001 <p<0.01, *** p<0.001
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Dietary treatment period significantly influenced (p < 0.05) the percent change in relative
abundance from the pre-experiment baseline period for 8 BMOs (Figure 4B). Similarly, t-test
comparisons showed that the percent change in the transformed relative abundances from the
pre-experimental baseline period significantly differed (p < 0.05) for 7 BMOs based on the
sequence of dietary treatments (Figure 4C). All four of the BMOs for which the percent change
in their transformed relative abundances from the pre-experiment baseline period differed
significantly by diet also differed significantly by treatment period and dietary treatment
sequence. An interaction between diet and period was observed for3 1 0 0 0,3 2 0 0 0,

4 1000,and4_1 0 1 0with more negative percent changes in transformed relative
abundances (corresponding with smaller percent changes from the pre-experiment baseline
period in the untransformed abundance data) for both the second dietary treatment period and the

LSHF diet for all 4 BMOs, as shown in Supplemental Figure 3.

Linear mixed effects modeling was conducted to determine whether the effects of diet on the
percent change in the transformed relative abundances from the pre-experiment baseline diet
remained significant after adjustment for other study parameters including treatment period, diet
sequence, parity, days in milk, cow ID, and milk yield. The influence of diet was not significant
(p > 0.05) for nearly all linear mixed effects models constructed for3 0 0 1 Oand4 1 0 1 O;
however, the effect of diet remained significant (p < 0.05) across all models for3 2 0 0 0 and
4 1 0 _0_0. In addition, the effect of diet emerged as significant for 3 1 0 0 0 in all linear
mixed effect models including cow ID as a variable. In summary, the LSHF diet increased the
abundanceof3 2 0 0 0,4 1 0 0 0, and possiblyalso 3 1 0 0 0. No BMOs were decreased

in abundance on the LSHF diet relative to the HSLF diet.
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FIGURE 3.5. BMO relative abundance data organized by parity with BMOs described by
monosaccharide composition as the number of Hex_HexNAc_Fuc_Neu5Ac_Neu5Gc, followed
by the isomer number, as appropriate. Statistics are from parametric analyses of transformed
data, while graph present untransformed data. Parities that share a letter are not significantly
different (a = 0.05). Arrows indicate the direction of average relative abundance changes across
the first three parties.

Parity Affects BMO Profiles

Significant differences (p < 0.05) were observed between milk samples from cows of different
parities for 6 BMOs, with most significant differences in BMO abundances being observed
between parities 1 and 3 (Figure 5). 6>-SL, 4 2 0 0 Oisomer 1,and 5 4 0 0 0 increase with

increasing parity while3 6 1 0 0,4 5 1 0 0,and5 4 1 0 0 decrease with increasing parity.

Differences in BMO Abundances are Not Merely Due to Changes in Yield
BMO abundances were also adjusted for milk yield by multiplying BMO abundance by the
average milk weight collected during the morning milkings on the days of each sample collection

during the corresponding study period.
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Figure 3.6. BMO % change in yield-adjusted relative abundance data organized by (A) diet, (B)
study period, and (C) diet sequence with BMOs described by monosaccharide composition as the
number of Hex_HexNAc_Fuc_Neu5Ac_Neu5Gc, followed by the isomer number, as
appropriate. Statistics are from parametric analyses of transformed data, while graphs present
untransformed data. * 0.01 <p <0.05, **0.001 <p <0.01, *** p <0.001
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Similar to the non-yield-adjusted data, the yield-adjusted relative abundancesof 3 0 0 1 0,
32000,41000,and4 1 0 1 0were all highest with the LSHF diet (Supplemental
Figure 4A). Adjusting for yield, however, also revealed differences in BMO abundances between
dietary treatments for the additional BMOs 3’-SL and 2_1 0 _0_0 isomer 2, which had
significantly lower abundances (p < 0.05) with the HSLF diet compared to the pre-experiment

baseline diet (Supplemental Figure 4A).

As with the non-yield-adjusted data, t-test comparisons showed that the percent change in the
transformed yield-adjusted relative abundances from the pre-experimental baseline period
significantly differed (p < 0.05) based on study period and/or the sequence of dietary treatments

for most of the same BMOs that showed significant differences between diets (Figure 6B & C).

Linear mixed effects modeling was conducted to determine whether the effects of diet on the
percent change in the transformed yield-adjusted relative abundances from the pre-experiment
baseline diet remained significant when other study parameters including treatment period, diet
sequence, parity, days in milk, and cow ID were also accounted for. The influence of diet
became non-significant (p > 0.05) for all linear mixed effects models constructed for 3°-SL and
2 1 0 _0_0isomer 2; however, the effect of diet remained significant (p < 0.05) across all
modelsfor3 0 0 1 0,32 000,41000,and4 1 0 1 0. In addition, the effect of diet
emerged as significantfor3.1 0 0 0,4 2 0 0 Oisomer2,and5 4 0 0 0in all linear mixed
effect models including cow ID as a variable. In summary, when the influence of differences in
milk yield are accounted for, no BMOs decreased in abundance with the LSHF diet compared to

the HSLF diet. In addition, the LSHF diet increased the abundance of 3 0 0 1 0,3 2 0 0 0,
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4 1000,and4 1 0 1 0and may have also increased the abundance of 3 1 0 0 0,

4 200 0isomer2,and5 4 0 0 0.

DISCUSSION

Diet

Two acidicBMOs (3 0 0 1 0Oand4_1 0 1 0) and two neutral unfucosylated BMOs
(3200 0and4 1 0 0 0)exhibited significantly more positive percent changes of the
transformed abundances from the pre-experiment baseline diet for the LSHF diet compared to

the HSLF diet, based on initial t-test comparisons (p < 0.001).

Interestingly, the relative abundances of 3 2 0 0 Oand 4 1 0 _0_0 were found to correlate with
each other in the present study (Figure 2), as well as in a recent analysis of milk from 634 Danish
Jerseys and Holstein-Friesians (23). Given these correlations across differences in both breed and
feeding, the changes in abundance of these compounds with diet in the present study suggest that
dietary fiber levels may impact a key enzyme or reaction involved in the synthesis of both of
these oligosaccharides. Further, the fact that BMO abundances only increase with the LSHF diet

suggests that substrate increases the shared synthesis of these correlated BMOs.

Two previous studies have also investigated the influence of diet on BMO profiles. Vicaretti et
al. compared milk samples from cows that were either exclusively grass fed or consumed a feed
composed of alfalfa and corn silage, earlage, and grain (48). No significant differences in BMO

profiles were observed between cows in the two dietary groups; however, only six cows were
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included per dietary group, likely causing the study to be too underpowered to observe any
meaningful differences between diets, if such a difference existed. In addition, differences in
breed composition and farm between the two dietary groups may have had a confounding

influence on the data.

Liu et al. compared BMO profiles between 32 Holstein-Friesian dairy cows with diets
supplemented with either almond hulls or citrus peels to a base total mixed ration of corn grain,
canola meal, and alfalfa cubes (49). As a result of BMO measurements only being taken at one
time point during the study, the identified BMOs were found to have greater inter-cow variation
within dietary treatment groups than inter-group variation, preventing any conclusions from

being made about the influence of the diets on BMO production.

Although the present study also showed minimal effects of diet on non-yield-adjusted BMO
profiles, our results are more meaningful and conclusive as a result of the greater study power
and the use of a cross-over study design, which accounted for both the inherent cow-to-cow
variation through the inclusion of pre-experimental baseline BMO profiling as well as many
potential confounding factors that may have impacted the results of prior studies. The design of
the present study is also advantageous in the inclusion of cows from a single breed, all located on
the same farm, and all without access to an alternative feed source (i.e. pasture) outside of the
study diets. In addition, in the present study, cows in the two groups were balanced by parity and

pre-experimental average milk yields.
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Beyond the influence of diet, this study also affords the opportunity to investigate the impact of

other BMO-influencing factors in a large set of milk samples from mid-lactation dairy cattle.

Parity

Similar to the differences in BMO abundances between cows of different parities observed in
previous studies (20, 23), primiparous cows were found to have significantly lower abundances
of 6>-SL,4 2 0 0 Oisomer1,and5 4 0 0 0 in their milk compared to cows in either their
second or third parity (Figure 5). Unlike prior studies however, cows in the present study were
also shown to have significantly higher abundances of the large neutral fucosylated BMOs
36100,45100,and5 4 1 0 0in the first parity compared to those in the third parity
(Figure 5), a direct contrast to the previously observed trend. This pattern of some BMOs
increasing in abundance with increasing parity while other BMOs decrease, suggests that trade-
offs may occur in BMO synthesis pathways as the mammary gland is remodeled with each
lactation cycle through epigenetics (50-51). The higher abundances of larger fucosylated
oligosaccharides, which have greater demonstrated bioactivities (52), in earlier parities may also
be evidence of the corresponding fucosylation genes being naturally activated prior to the first

lactation and silenced during subsequent lactations.

Lactation Time Point

Nearly all previous BMO studies with samples collected at more than one time point have
focused on detecting BMO in early lactation, with samples collected only through the end of
second week postpartum (20-21, 48, 53). However, most milk used for commercial purposes is

collected outside of this timeframe, and very little is known about if and how BMO profiles
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change over time in mature cows’ milk. McJarrow and van Amelsfort-Schoonbeek followed the
concentrations of 5 BMOs in bulk milk samples across a milking season in grass-fed New
Zealand Jersey and Friesian dairy cattle and noted a seasonal variation (26); however, no parallel
study has been conducted with non-grass-fed cows or cows from other breeds or regions to

determine whether similar patterns in BMO variations occur.

The number of days in milk at the time of milk sample collection significantly influenced BMO
abundances for several BMOs, including2 1 0 0 Oisomer1,3 0 0 1 0,32 000,
3610041000,41010,44100,and5 4 1 0 0.Although the correlation
coefficients for the abundances of these oligosaccharides over time are not particularly strong -
likely due in part to the wide degree of natural variation in BMO abundances between cows -
general increasing trends can be observed for these 6 BMOs across lactation (Figure 7). This
trend disappears when looking at the yield-adjusted relative abundance data, suggesting that the
apparent increase in abundances for these BMOs in later lactation may be due, at least in part, to
a concentrating effect caused by similar levels of total BMO production despite decreasing total
milk volumes. Although this concentrating effect has been previously hypothesized (54), this is
the first report, to our knowledge, of yield-adjusted BMO concentrations across the lactation

cycle.
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Figure 3.7. Increasing trends of BMO relative abundance across lactation for (A) 3 0 0 1 0,
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Unmeasured Factors

The principal component analyses suggest that the largest source of variance in BMO abundance
is due to one or more factors that were not measured in the study. Prior work demonstrating
differences in BMO concentration between breeds (23, 55) suggests that genetics is an important
determinant of BMO production and is therefore likely to be at least one source of variance.

Future studies involving both breed and feeding will be needed to increase BMO production.

Correlations in BMO Abundances

Significant correlations in abundance between several BMOs were identified both without and
with adjustment for milk yield (Figure 2), providing insight into their co-occurrences in milk
from a milk consumption and milk synthesis perspectives, respectively. The strongest
correlations were observed between the BMOs4 1 0 0 Oand4 1 0 1 0 (non-yield-adjusted
r=0.94, yield-adjusted r=0.94) and between4 1 0 0 Oand 3 2 0 0 0 (non-yield-adjusted
r=0.92, yield-adjusted r=0.89), suggesting that these three BMOs may share a common core
structure or key glycosyltransferase enzyme. Significant positive correlations were also observed
among the four identified fucosylated BMOs, which may indicate a shared fucosyltransferase
enzyme utilized in their synthesis. In addition, the negative correlation of 5 4 0 0 0 with
54 1 0 0maysuggestthat5 4 0 0 0 isa precursor structure for its larger, fucosylated BMO,
causing its abundance to decrease as it is used to create its fucosylated counterpart. Overall, the
correlations among BMO abundances provide tantalizing clues regarding BMO synthesis that

should be investigated in future studies.
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Yield-adjusted BMO Abundances

Although most previous BMO studies have focused more on a consumer perspective and
therefore have not accounted for milk yield in their analyses, adjusting for milk yield is
important for understanding whether milk oligosaccharide production is truly increasing,
decreasing, or remaining unchanged from a biological and mechanistic perspective on milk

production.

Analysis of the transformed yield-adjusted percent change in relative abundance from the pre-
experiment baseline diet in the present data with linear mixed effects modeling including cow 1D
as a variable revealed 7 BMOs that differed significantly by diet, with all 7 BMOs featuring a
more positive percent change from the pre-experiment baseline diet for the LSHF diet compared

to the HSLF diet.

The observed significant changes in transformed yield-adjusted relative abundances from the
baseline period for 7 out of the 19 measured BMOs suggests that there is indeed a relation
between cows’ dietary fiber and starch intake levels and their production of milk
oligosaccharides. Among these 7 BMOs are 2 acidic (3.0 0 1 Oand4 1 0 1 0)and 5 neutral
unfucosylated compounds (3.1 0 0 0,32 000,41 000,42 0 0 0isomer2,and

5 4 0_0_0). The significant impact of dietary fiber levels on the yield-adjusted abundances of
these BMOs but not the 4 identified neutral fucosylated BMOs may indicate that these
fucosylated compounds do not share the same core structures as the 7 impacted unfucosylated

BMOs or that the availability of fucose or the occurrence of the fucosylation reaction is a
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limiting factor in the synthesis of these fucosylated BMOs under the conditions of the present

study.

Additional investigation into the biological mechanisms of milk oligosaccharide synthesis and
the absorption of carbohydrates and potential carbohydrate precursors from the digestive track in
cows are needed to better understand the observed relationship between bovine dietary fiber
intake and yield-adjusted BMO abundances. The inclusion of more detailed analysis of the
dietary fiber consumed by the cows (i.e. monosaccharide compositions and linkage analysis) as
well as linkage analysis of the produced BMOs in future studies will aid in the further
investigation of the observed link between cow dietary fiber to starch intake ratio and BMO

production.

Conclusions

In this study we have implemented a three-period cross-over design paired with high-throughput
nano-LC-chip-Q-ToF MS analysis to evaluate the impact of dietary fiber and starch ratios on
BMO abundances. 19 BMOs were identified across 338 samples from 59 cows, including 7
BMOs with a more positive percent change in yield-adjusted abundance from the pre-
experimental baseline period with a LSHF diet compared to a HSLF diet. In addition, significant
differences were observed for six BMOs based on parity, including three for which abundances
were greater in primiparous cows compared to their secundiparous or triparous herd mates.
While parity had a mixed effect on BMO abundances with some increasing and others
decreasing with increasing parity, the LSHF diet only increased BMOs, suggesting the utility of

this diet regardless of other cow-specific factors.
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SUPPLEMENTARY MATERIAL

No N-Acetylneuraminic acid

l 1_ No N-glycolylneuraminic acid

0

4 Hexoses 4_5_1

5 N-Acetylhexosamine _t ‘

1 Fucose

Supplementary Figure 3.1. Example interpretation of the 5-digit numerical code for milk
oligosaccharide identification.
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Supplementary Figure 3.4. BMO yield-adjusted relative abundance (yield-adjusted signal
intensity) data organized by (A) diet, (B) study period, and (C) diet sequence with BMOs
described by monosaccharide composition as the number of
Hex_HexNAc_Fuc_Neu5Ac_Neu5Gc, followed by the isomer number, as appropriate. Statistics
are from parametric analyses of transformed data, while graphs present untransformed data. *

0.01 <p <0.05, **0.001 < p < 0.01, *** p < 0.001
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Supplementary Table 3.1. Identified BMOs and their classifications

Constituent Monosaccharides
BMO Hex HexNAc Fuc Neub5Ac NeubGce Classification DP
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Hex = hexose; HexNAc = N-acetylhexosamine; Fuc = fucose; Neu5Ac = N-acetylneuraminic
acid; Neu5Gc = N-glycolylneuraminic acid; DP = degree of polymerization; 3’-SL = 3°-
sialyllactose; 6’-SL = 6’-sialyllactose
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Supplementary Table 3.2. Ingredient and chemical composition of experimental diets

LSHF! HSLF
Ingredients (% of diet DM)
Alfalfa silage 33.9 24.2
Corn silage 32.4 23.2
High moisture corn 0 24.5
Beet pulp pelleted 8.9 2.8
Canola meal 2.7 9.7
Corn distillers’ grain 9.2 2.7
Roasted soybean 4.1 4.1
Soybean hulls 6.1 6.1
Mineral and vitamin mix? 2.7 2.7
Chemical composition (% of diet DM)
Dry matter (DM), % of diet 45.9 50.1
Crude protein 16.5 16.2
Neutral detergent fiber (NDF) 36.9 29.0
Forage NDF 24.9 17.7
Acid detergent fiber (ADF) 27.4 21.1
Lignin 3.9 3.0
Ether extract 5.1 4.9
Ash 7.4 5.7
Starch 13.0 26.7

!LSHF = low starch high fiber diet; HSLF = high starch low fiber diet.

2The mineral and vitamin mix contained (on a DM basis): 16.0% Ca, 5.85%
Mg, 0.54% K, 14.8% Na, 6.67% ClI, 0.73% S, 42.5 mg of Co/kg, 519 mg of
Cu/kg, 60.2 mg of I/kg, 778 mg of Fe/kg, 2,601 mg of Mn/kg,14.6 mg of Se/kg,
2,808 mg of Zn/kg, 292 kIU of vitamin A/kg, 58.5 kIU of vitamin D/kg, 1.36
kIU of vitamin E/kg, and 0.494 g of monensin/kg (Vita Plus Corporation,
Madison, W1).
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Supplementary Table 3.3. Abundances of bovine milk oligosaccharides normalized to the

multiplexed internal standard

Days in milk at Milk Wweight at sample collection

Cow ID  Period Diet Sequence Parity start of study sample collection (lbs, average of 2 pooled samples)

4221 First Treatment period High Starch Low Fiber HSLF then LSHF 6 91 155 37.0f
4403 First Treatment period Low Starch High Fiber LSHF then HSLF i 110 174 36.9
4668 First Treatment period Low Starch High Fiber LSHF then HSLF 5 87 151 49.9
4389 First Treatment period Low Starch High Fiber LSHF then HSLF 4 106 170 36.7]
5002 First Treatment period Low Starch High Fiber LSHF then HSLF 4 138 202 38.4f
5007 First Treatment period High Starch Low Fiber HSLF then LSHF 4 143 207 311
5034 First Treatment period Low Starch High Fiber LSHF then HSLF 4 197 261 26.9
5046 First Treatment period High Starch Low Fiber HSLF then LSHF a4 145 209 47.4
5249 First Treatment period Low Starch High Fiber LSHF then HSLF 3 110 174 39.44
5282 First Treatment period Low Starch High Fiber LSHF then HSLF 3 137 201 27.5
5298 First Treatment period Low Starch High Fiber LSHF then HSLF 3 108 172 41.6)
5409 First Treatment period High Starch Low Fiber HSLF then LSHF 3 194 258 21.3
5417 First Treatment period Low Starch High Fiber LSHF then HSLF 3 92 156 44.7
5439 First Treatment period High Starch Low Fiber HSLF then LSHF 3 100 164 29.9
5455 First Treatment period High Starch Low Fiber HSLF then LSHF 3 113 177 38.8]
5472 First Treatment period High Starch Low Fiber HSLF then LSHF 3 111 175 39.1
5473 First Treatment period Low Starch High Fiber LSHF then HSLF 3 129 193 40.2]
5658 First Treatment period Low Starch High Fiber LSHF then HSLF 2 149 213 30.3
5663 First Treatment period High Starch Low Fiber HSLF then LSHF 2 101 165 42.1]
5676 First Treatment period Low Starch High Fiber LSHF then HSLF 2 121 185 31.0f
5694 First Treatment period Low Starch High Fiber LSHF then HSLF 2 120 184 35.0|
5696 First Treatment period High Starch Low Fiber HSLF then LSHF 2 151 215 37.3
5808 First Treatment period High Starch Low Fiber HSLF then LSHF 2 150 214 31.4
5823 First Treatment period Low Starch High Fiber LSHF then HSLF 2 131 195 25.7]
5828 First Treatment period High Starch Low Fiber HSLF then LSHF 2 94 158 25.4]
5834 First Treatment period High Starch Low Fiber HSLF then LSHF 2 125 189 41.4
5838 First Treatment period High Starch Low Fiber HSLF then LSHF 2 140 204 33.5
5840 First Treatment period High Starch Low Fiber HSLF then LSHF 2 137 201 49.3)
5844 First Treatment period High Starch Low Fiber HSLF then LSHF 2 128 192 32.6]
5849 First Treatment period High Starch Low Fiber HSLF then LSHF 2 128 192 41.2)
5858 First Treatment period Low Starch High Fiber LSHF then HSLF 2 107 171 30.44
5862 First Treatment period Low Starch High Fiber LSHF then HSLF 2 91 155 36.0|
6058 First Treatment period Low Starch High Fiber LSHF then HSLF 1 129 193 315
6076 First Treatment period High Starch Low Fiber HSLF then LSHF 1 130 194 35.2
6030 First Treatment period Low Starch High Fiber LSHF then HSLF 1 142 200 33.2
6091 First Treatment period Low Starch High Fiber LSHF then HSLF 1 113 177 34.9
6098 First Treatment period Low Starch High Fiber LSHF then HSLF 1 156 220 27.1
6201 First Treatment period Low Starch High Fiber LSHF then HSLF 1 141 205 36.8]
6205 First Treatment period Low Starch High Fiber LSHF then HSLF 1 107 171 30.44
6213 First Treatment period High Starch Low Fiber HSLF then LSHF 1 140 204 41.7]
6218 First Treatment period High Starch Low Fiber HSLF then LSHF 1 126 190 31.6|
6219 First Treatment period Low Starch High Fiber LSHF then HSLF 1 134 198 29.1
6221 First Treatment period High Starch Low Fiber HSLF then LSHF 1 91 155 44.9
6222 First Treatment period Low Starch High Fiber LSHF then HSLF 1 115 179 27.5
6226 First Treatment period Low Starch High Fiber LSHF then HSLF 1 117 181 29.8]
6230 First Treatment period High Starch Low Fiber HSLF then LSHF 1 116 130 28.1
6231 First Treatment period High Starch Low Fiber HSLF then LSHF 1 107 171 29.3
6232 First Treatment period High Starch Low Fiber HSLF then LSHF 1 116 130 34.2
6234 First Treatment period Low Starch High Fiber LSHF then HSLF 1 110 174 34.9
6235 First Treatment period Low Starch High Fiber LSHF then HSLF 1 103 167 29.5
6236 First Treatment period High Starch Low Fiber HSLF then LSHF 1 119 183 22.7]
6238 First Treatment period High Starch Low Fiber HSLF then LSHF 1 97 161 28.14
6239 First Treatment period Low Starch High Fiber LSHF then HSLF 1 127 191 27.14
6240 First Treatment period High Starch Low Fiber HSLF then LSHF 1 100 164 31.2
6242 First Treatment period Low Starch High Fiber LSHF then HSLF 1 93 157 35.1]
6243 First Treatment period High Starch Low Fiber HSLF then LSHF 1 100 164 32.6|
6245 First Treatment period Low Starch High Fiber LSHF then HSLF 1 106 170 32.2
6247 First Treatment period High Starch Low Fiber HSLF then LSHF 1 95 159 33.85
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Cow ID  Period Diet 3'-sialyllactose 6'-sialyllactose 2 0 0 2 0 2.1 00 Oisomerl 2 1 0 0 Oisomer2
4221 First Treatment period High Starch Low Fiber 0.959958824 1.710594875 1.173786399 1.561376774 1.908355204
4403 First Treatment period Low Starch High Fiber 0.460627549 0.729920662 0.861055146 1.222486853 1.789280492
4668 First Treatment period Low Starch High Fiber 0.449731147 0.675613191 1.159706200 1049765667 1.388565186
4889 First Treatment period Low Starch High Fiber 0.628001666 0.750024571 0.761030709 1.422258671 1.501301639
5002 First Treatment period Low Starch High Fiber 0.483805607 0.700752206 0.856537302 1.531757115 0.536734943
5007 First Treatment period High Starch Low Fiber 0.586706268 0.921825052 1.547461285 2.435393693 1.143728432
5034 First Treatment period Low Starch High Fiber 0.360204359 1.178840817 1.817736101 3.630343472 3.714058911
5046 First Treatment period High Starch Low Fiber 0.540475707 0.736093572 0.732023832 1.725918407 1.745012654
5249 First Treatment period Low Starch High Fiber 0.585624277 0.809935631 1.211971076 1.895898294 2.170131791
5282 First Treatment period Low Starch High Fiber 0.961526092 1.357378887 0.881927719 2.365960341 1.97247368]
5298 First Treatment period Low Starch High Fiber 0.627117919 0.994366969 1.564466507 1.703210968 0.808505051
5409 First Treatment period High Starch Low Fiber 0.68338527 1.356835701 1.496285981 2.716331695 1.906613602
5417 First Treatment period Low Starch High Fiber 0.567768941 1.158280321 0.664337853 1.655599815 0.66830255
3439 First Treatment period High Starch Low Fiber 0.662759094 1.214983018 0.76758723 1.269475321 0.530710651
5455 First Treatment period High Starch Low Fiber 0.504114617 0.89340527 1.352166155 1.336543038 1.870531375
5472 First Treatment period High Starch Low Fiber 0.720002523 1.312801442 1.265975223 1.944177632 1.860922317
5473 First Treatment period Low Starch High Fiber 0.850364418 1.408408803 1.072331207 1.968781037 5.292493254
5658 First Treatment period Low Starch High Fiber 0.850467428 1.110720639 1.331057819 2.878214522 2.823150666
5663 First Treatment period High Starch Low Fiber 0.918956193 1.146134047 2.190971537 1.423934653 0.460422436
5676 First Treatment period Low Starch High Fiber 0.898953936 1.295581949 0.7389975096 1.980795903 2.247134824
5694 First Treatment period Low Starch High Fiber 0.519066002 0.509464103 1.10127499 1.409648996 0.643755722
5696 First Treatment period High Starch Low Fiber 1.06042576 1.75003883 0.97183552 1.835046556 0.251810961
5808 First Treatment period High Starch Low Fiber 0.687759485 0.850900197 0.968091947 0.719944295 0.933470571
5823 First Treatment period Low Starch High Fiber 1.007632455 1.200897747 0.871155525 2.134569771 2.771779411
5828 First Treatment period High Starch Low Fiber 0.960545854 1.101244503 2.109219565 2.017528259 2.66843535
5834 First Treatment period High Starch Low Fiber 0.732535053 0.984202079 1.43486929 1.78495096 2.397878402
5838 First Treatment period High Starch Low Fiber 0.9459470602 1.193948827 1.180357091 1.959746404 0.81130263
5840 First Treatment period High Starch Low Fiber 0.494171322 0.970307586 0.716457458 1.933988607 0.641472132
5844 First Treatment period High Starch Low Fiber 0.441645595 0.516014285 0.876339711 1.421283582 0.381138119
5849 First Treatment period High Starch Low Fiber 1.077201927 1.686704558 1.15311079 1.781939226 2.808967843
5858 First Treatment period Low Starch High Fiber 0.657067617 0.591598939 1.608555793 1.13544843 0.662454612
5862 First Treatment period Low Starch High Fiber 0.569858007 0.741452246 0.801576338 1.282912855 2.974663001
6058 First Treatment period Low Starch High Fiber 0.627717328 0.262330601 0.5387086293 1.306831038 4.620556713
6076 First Treatment period High Starch Low Fiber 0.799877718 0.782792964 0.703344693 1.608082975 0.601977843
6090 First Treatment period Low Starch High Fiber 0.600793191 0.521475492 0.741650344 1.214065763 0.420737559
6091 First Treatment period Low Starch High Fiber 0.556913439 0.678296853 0.72065532 1.450522677 2.,005287053
6098 First Treatment period Low Starch High Fiber 0.852430853 0.875718296 0.98671743 1.452614771 0.708287876
6201 First Treatment period Low Starch High Fiber 0.627874308 0.728776332 0.639162863 0.924937448 1.06844275
6205 First Treatment period Low Starch High Fiber 0.447761939 0.509504725 0.603396005 1.009394792 0.746803289
6213 First Treatment period High Starch Low Fiber 0.455206817 0.589204398 0.691148036 1.326297598 1.438247809
6218 First Treatment period High Starch Low Fiber 0.805690892 1.267020856 1.06725826 1.680782825 1.578900861
6219 First Treatment period Low Starch High Fiber 0.79634293 0.727105252 0.926671112 1.883166549 0.481299186
6221 First Treatment period High Starch Low Fiber 0.710514289 0.580899015 1.129428652 1.879522608 1.520515576
6222 First Treatment period Low Starch High Fiber 0.710431438 0.653272775 0.942331543 1.799675354 1.028168481
6226 First Treatment period Low Starch High Fiber 1.176101976 0.658924054 1.020176143 1.582459718 0.845401482
6230 First Treatment period High Starch Low Fiber 0.773193732 1.561251288 1.640674326 1.540463329 0.436074733
6231 First Treatment period High Starch Low Fiber 0.777477754 1.056720518 1.382812203 1934312934 3.403174233
6232 First Treatment period High Starch Low Fiber 0.744987248 0.87062435 1.583510685 2.346134769 0.640218931
6234 First Treatment period Low Starch High Fiber 0.812090147 0.737541301 2.135260938 2.255765011 3.585101281
6235 First Treatment period Low Starch High Fiber 0.421717076 0.632296056 1.013668201 1.557847427 1.513043161
6236 First Treatment period High Starch Low Fiber 0.727812633 0.93490976 1.081125386 1112295633 0.622211933
6238 First Treatment period High Starch Low Fiber 0.600761098 0.88885915 2.153494428 1.703091431 0.306765702
6239 First Treatment period Low Starch High Fiber 0.527788632 0.480271988 0.926035257 1.320644041 1.227063255
6240 First Treatment period High Starch Low Fiber 0.597671996 0.785764292 0.884567292 1.496884394 1.087272376
6242 First Treatment period Low Starch High Fiber 0.453690306 0.6379557 0.667843015 1.214402215 2.106771779
6243 First Treatment period High Starch Low Fiber 0.735502513 0.875515548 1.125849734 1.775112082 1.488655805
6245 First Treatment period Low Starch High Fiber 0.81108759 1.021218591 1.709082348 2.063946103 0.368612475
6247 First Treatment period High Starch Low Fiber 0.698007365 0.803322647 1.2218813385 1.862667798 1.363590334
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CowID  Period Diet 30010 31000 32000 33000 36100

4221 First Treatment period High Starch Low Fiber 0.643538985 0.574147662 0.344346067 0.146800945 0.189808688|
4403 First Treatment period Low Starch High Fiber 0.519958409 0.772113869 0.257880617 0.516553394 0.377560743
4668 First Treatment period Low Starch High Fiber 0.361815842 0.476397467 0.176434521 0.200070955 0.191855383
4839 First Treatment period Low Starch High Fiber 0.666399377 0.734890916 0.193393208 0.330036792 0.391380062
5002 First Treatment period Low Starch High Fiber 0.511352235 0.415738664 0.157702114 0.259209587 0.205421867
5007 First Treatment period High Starch Low Fiber 0.677887982 0.618516158 0.420010521 0.509062041 0.412143912|
5034 First Treatment period Low Starch High Fiber 1.129541894 0.512857831 0.492933748 0.24392714 0.341079799
5046 First Treatment period High Starch Low Fiber 0.608352766 0.521564257 0.323730063 0.279231032 0.45415542]
5249 First Treatment period Low Starch High Fiber 0.639138208 0.513253105 0.179772835 0.209617159 0.375262327|
5282 First Treatment period Low Starch High Fiber 0.836783167 1.054840389 0.39869525 0.440046692 0.41668278|
5298 First Treatment period Low Starch High Fiber 0.552235269 0.556006179 0.231602144 0.402894807 0.172291748|
5409 First Treatment period High Starch Low Fiber 1.111164654 0.645899082 0.909773678 0.259483115 0.266471532]
2417 First Treatment period Low Starch High Fiber 0.363360213 0.772276102 0.309356365 0.397084391 0.175191258|
5439 First Treatment period High Starch Low Fiber 0.649862923 0.5014128358 0.30153662 0.263190617 0.278803426|
5455 First Treatment period High Starch Low Fiber 0.56898314 0.67245982 0.337206859 0.530278395 0.29058578|
5472 First Treatment period High Starch Low Fiber 0.797337873 0.551565886 0.429407372 0.24219537 0.204335906|
5473 First Treatment period Low Starch High Fiber 0.549071045 0.785189872 0.147552534 0.165201992 0.210757645
5658 First Treatment period Low Starch High Fiber 0.531026537 0.58803673 0.309567431 0.32108738 0.207080897|
56603 First Treatment period High Starch Low Fiber 0.767068536 0.630171341 0.608218631 0.413821855 0.297243628|
3676 First Treatment period Low Starch High Fiber 0.435362788 0.750013949 0.254049602 0.257530139 0.300682709
5654 First Treatment period Low Starch High Fiber 0.513545949 0.217959241 0.24777871% 0.306853938 0.355791233
2696 First Treatment period High Starch Low Fiber 0.711573779 0.33951731 0.171338672 0.172475565 0.183483731
5808 First Treatment period High Starch Low Fiber 0.785185038 0.412877173 0.350578116 0.335821075 0.387707795
5823 First Treatment period Low Starch High Fiber 0.574803197 0.713396474 0.345831695 0.206152995 0.335580519
5828 First Treatment period High Starch Low Fiber 0.415162905 0.47352203 0.356147621 0.342534216 0.265307625
5834 First Treatment period High Starch Low Fiber 1.104588915 0.725698151 0.291308024 0.221212706 0.283474852|
5838 First Treatment period High Starch Low Fiber 0.956016522 1.207357851 0.373621393 0.435475009 0.287451826|
5840 First Treatment period High Starch Low Fiber 0.794755139 0.473844457 0.264785504 0.220016617 0.372777969
5844 First Treatment period High Starch Low Fiber 0.607564331 0.2495552122 0.447803787 0.262638146 0.31188058|
5849 First Treatment period High Starch Low Fiber 0.879660319 0.524575912 0.382611647 0.230343673 0.28141791)
2858 First Treatment period Low Starch High Fiber 0.725767561 0.480698152 0.3092594376 0.314466764 0.1816235548|
5862 First Treatment period Low Starch High Fiber 0.577921911 0.694816205 0.168480166 0.301973367 0.282591306|
6058 First Treatment period Low Starch High Fiber 0.7096126594 0.926781686 0.166736166 0.268086615 0.330064859
6076 First Treatment period High Starch Low Fiber 0.410040621 0.406320883 0.322884224 0.222447225 0.343479304
6050 First Treatment period Low Starch High Fiber 0.55469701 0.334867738 0.244635918 0.352566360 0.304810073
6091 First Treatment period Low Starch High Fiber 0.598643343 0.343234961 0.171369032 0.280113974 0.315612942
60598 First Treatment period Low Starch High Fiber 0.619731608 0.434678751 0.204433358 0.350095421 0.372683954|
6201 First Treatment period Low Starch High Fiber 0.486492517 0.255819084 0.234541997 0.290897773 0.362090463
6205 First Treatment period Low Starch High Fiber 0.545272926 0.275099212 0.159350851 0.353442879 0.112034703
6213 First Treatment period High Starch Low Fiber 0.603067757 0.631906341 0.2859780699 0.383020561 0.122639383
6218 First Treatment period High Starch Low Fiber 0.965191433 0.660424315 0.554760122 0.247696187 0.50373523
6219 First Treatment period Low Starch High Fiber 0.779824517 0.231602947 0.408503462 0.335656698 0.591646216|
6221 First Treatment period High Starch Low Fiber 0.744362844 0.445560293 0.331173328 0.429712702 0.273496715
6222 First Treatment period Low Starch High Fiber 0.737124552 0.340882348 0.501998128 0.714522513 0.425133609
6226 First Treatment period Low Starch High Fiber 1.111482949 0.423838575 0.353132311 0.299393934 0.312170605
6230 First Treatment period High Starch Low Fiber 0.975070084 0.390215045 0.285576832 0.298622326 0.261468198|
6231 First Treatment period High Starch Low Fiber 0.633132703 0.345100222 0.228380616 0.353677133 0.319138525
6232 First Treatment period High Starch Low Fiber 0.648128569 0.454278387 0.324036505 0.318258404 0.213660109
6234 First Treatment period Low Starch High Fiber 0.600734628 0.413529244 0.220730326 0.212339881 0.435442103
6235 First Treatment period Low Starch High Fiber 0.607182049 0.450982519 0.16275033 0.427792608 0.392076008|
6236 First Treatment period High Starch Low Fiber 0.847645584 0.781733658 0.309457818 0.275533715 0.435345722
6238 First Treatment period High Starch Low Fiber 0.752399231 0.424808203 0.347969362 0.370925318 0.504109197|
6239 First Treatment period Low Starch High Fiber 0.409434623 0.407553323 0.202225752 0.324684016 0.283854516|
6240 First Treatment period High Starch Low Fiber 1.018028 0.744793104 0.611253813 0.220022887 0.2724852
6242 First Treatment period Low Starch High Fiber 0.309436829 0.3127943%47 0.156351206 0.140315215 0.176882097
6243 First Treatment period High Starch Low Fiber 0.745728379 0.593174215 0.275328306 0.262137464 0.461154882
6245 First Treatment period Low Starch High Fiber 0.744585089 0.292914358 0.202658311 0.611380354 0.371903829
6247 First Treatment period High Starch Low Fiber 1.077604331 1.038764004 0.274044216 0.222913302 0.316703546|
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CowlID  Period Diet 41000 41010 42000isomerl 4200 0isomer2 44100

4221 First Treatment period High Starch Low Fiber 0.479673248 0.392555327 0.5330612375 0.212654122 0.341595726|
4403 First Treatment period Low Starch High Fiber 0.361564127 0.264402844 0.345661081 0.399252981 0.290355723
4668 First Treatment period Low Starch High Fiber 0.233923653 0.218500808 0.243585886 0.214672468  0.27602544
4889 First Treatment period Low Starch High Fiber 0.240006434 0.216802768 0.424463204 0.33389311 0.381192567
5002 First Treatment period Low Starch High Fiber 0.209282578 0.198737207 0.254607563 0.205579345 0.204799138]
5007 First Treatment period High Starch Low Fiber 0.418397365 0.275715297 0.472395012 0.301034628 0.386186630)
5034 First Treatment period Low Starch High Fiber 0.475186642 0.473619335 0.833790377 0.190540819 0.322030261
3046 First Treatment period High Starch Low Fiber 0.406311266 0.326228685 0.334613752 0.2859245094 0.395301851]
5249 First Treatment period Low Starch High Fiber 0.198070888 0.207357458 0.462978934 0.207613724 0.431105538]
5282 First Treatment period Low Starch High Fiber 0.434286517 0.374323162 0.569576734 0.405554409 0.506181249
5298 First Treatment period Low Starch High Fiber 0.236664874 0.214023359 0.446248933 0.161137282 0.136590745
5409 First Treatment period High Starch Low Fiber 0.980566574 0.7783954369 0.359496194 0.19953528 0.376685556|
5417 First Treatment period Low Starch High Fiber 0.36156181 0.326279634 0.399239071 0.267406285 0.307591266)
3439 First Treatment period High Starch Low Fiber 0.377367035 0.319974384 0.287848731 0.226181287 0.300854800|
3435 First Treatment period High Starch Low Fiber 0.371993571 0.267409584 0.381026853 0.32058526 0.304665724
5472 First Treatment period High Starch Low Fiber 0.545244637 0.410650869 0.554394993 0.260858679 0.404095744)
3473 First Treatment period Low Starch High Fiber 0.128295465 0.15203119 0.661698933 0.183472491 0.315867267
5658 First Treatment period Low Starch High Fiber 0.340730174 0.298559054 0.629943676 0.204086029 0.233639044
5663 First Treatment period High Starch Low Fiber 0.695382966 0.57082704 0.633952174 0.277416049 0.4059245363
5676 First Treatment period Low Starch High Fiber 0.276334166 0.244474366 0.790120978 0.255488613 0.355454056|
56594 First Treatment period Low Starch High Fiber 0.284105746 0.258077176 0.454046355 0.191173556 0.369877003
36596 First Treatment period High Starch Low Fiber 0.138907053 0.210345251 0.61374587 0.246432214 0.277219381]]
5808 First Treatment period High Starch Low Fiber 0.458653762 0.447092632 0.288058586 0.245114222 0.403471828)
3823 First Treatment period Low Starch High Fiber 0.335762582 0.300253674 0.627042295 0.277997898 0.388854664
5828 First Treatment period High Starch Low Fiber 0.40712627 0.346282051 0.682126566 0.265678299 0.38978327q|
3834 First Treatment period High Starch Low Fiber 0.287197473 0.258364707 0.385556936 0.163233668 0.347326847
5838 First Treatment period High Starch Low Fiber 0.308356249 0.363289881 0.618629247 0.462304586 0.253449485
5840 First Treatment period High Starch Low Fiber 0.239974196 0.217610287 0.552900802 0.223245806 0.393658643
5844 First Treatment period High Starch Low Fiber 0.457687652 0.354128755 0.394468533 0.153578089 0.317539763)
5849 First Treatment period High Starch Low Fiber 0.339608654 0.364565704 0.542296841 0.295934055 0.366049171]
3838 First Treatment period Low Starch High Fiber 0.26966641 0.345113544 0.528705146 0.214657407 0.270105134]
3862 First Treatment period Low Starch High Fiber 0.151612538 0.166025401 0.409035905 0.218803847 0.318401531]
6058 First Treatment period Low Starch High Fiber 0.221699389 0.191054072 0.529113932 0.210075797 0.478380911]
6076 First Treatment period High Starch Low Fiber 0.43689132 0.314514641 0.303812427 0.248554029 0.351386348)
6090 First Treatment period Low Starch High Fiber 0.30899058 0.262680374 0.274651303 0.219433211 0.392867044
6091 First Treatment period Low Starch High Fiber 0.181900254 0.151470488 0.325541659 0.155068579 0.3571538395
6098 First Treatment period Low Starch High Fiber 0.265840758 0.214560782 0.527648572 0.13571815 0.404611869
6201 First Treatment period Low Starch High Fiber 0.276674761 0.285020134 0.534894565 0.278833509 0.408633491]
6205 First Treatment period Low Starch High Fiber 0.137038065 0.135353007 0.473594111 0.226085845 0.146638549
6213 First Treatment period High Starch Low Fiber 0.3611659406 0.201702791 0.417175333 0.224834642 0.234573219
6218 First Treatment period High Starch Low Fiber 0.739388544 0.530159215 0.328990803 0.28786029 0.435524817
6219 First Treatment period Low Starch High Fiber 0.34902591 0.327564783 0.858514073 0.294993805 0.446077545
6221 First Treatment period High Starch Low Fiber 0.310685381 0.27003862 0.710774537 0.21071598  0.385943958)
6222 First Treatment period Low Starch High Fiber 0.374055968 0.291313456 0.260606118 0.134493832 0.446050785
6226 First Treatment period Low Starch High Fiber 0.414542033  0.48324036 0.549680242 0.329308083 0.434223458|
6230 First Treatment period High Starch Low Fiber 0.412002842 0.345018036 0.365663541 0.161131759 0.278559098|
6231 First Treatment period High Starch Low Fiber 0.265611238 0.227303153 0.357673973 0.1886596794 0.312125514
6232 First Treatment period High Starch Low Fiber 0.448065357  0.4068317 0.241773249 0.16774514 0.211317443
6234 First Treatment period Low Starch High Fiber 0.234735125 0.19557541 0.424720915 0.173056139 0.432616507
6235 First Treatment period Low Starch High Fiber 0.175781308 0.156320245 0.427914485 0.231230465 0.341835377
6236 First Treatment period High Starch Low Fiber 0.442134191 0.338637922 0.393811082 0.228938102 0.388961328)
6238 First Treatment period High Starch Low Fiber 0.449849848 0.316936344 0.299681666 0.33845356 0.399092403
6239 First Treatment period Low Starch High Fiber 0.184085045 0.171784575 0.571292582 0.158361271 0.298538406|
6240 First Treatment period High Starch Low Fiber 0.671113454 0.527815773 0.406055735 0.266251193  0.45562014
6242 First Treatment period Low Starch High Fiber 0.148979322 0.145173082 0.151096882 0.111038681 0.206434517
6243 First Treatment period High Starch Low Fiber 0.297133529 0.227225697 0.355318148 0.278330882 0.320404341]
6245 First Treatment period Low Starch High Fiber 0.221392684 0.208744522 0.530659607 0.294641929 0.403771586|
6247 First Treatment period High Starch Low Fiber 0.398282512 0.404713601 0.600571513 0.3152659181 0.411044033
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CowlID Period Diet 45100 54000 54100 380000

4221 First Treatment period High Starch Low Fiber 0.282530145 0.587108246 0.182751003 0.29464224
4403 First Treatment period Low Starch High Fiber 0.534666684 0.275495006 0.310436869 0.032916499
4668 First Treatment period Low Starch High Fiber 0.285152572 0.427819226 0.212837145 0.118832847
4889 First Treatment period Low Starch High Fiber 0.348477467 0.326315915 0.374963084 0.104380516
5002 First Treatment period Low Starch High Fiber 0.200294455 0.264647462 0.224467277 0.040455314
5007 First Treatment period High Starch Low Fiber 0.348620725 0.313264075 0.398283959 0.111603466
5034 First Treatment period Low Starch High Fiber 0.292997857 0.333044529 0.35542857 0.073438709
2046 First Treatment period High Starch Low Fiber 0.508115031 0.196653816 0.418260158 0.061116667
5249 First Treatment period Low Starch High Fiber 0.339405901 0.188819046 0.429926355 0.054441277
5282 First Treatment period Low Starch High Fiber 0.283495206 0.229820186 0.442468868 0.066123939
5298 First Treatment period Low Starch High Fiber 0.198595359 0.363554407 0.187024578 0.040175675
3409 First Treatment period High Starch Low Fiber 0.284195454 0.187677373 0.364750718 0.055732655
5417 First Treatment period Low Starch High Fiber 0.228054931 0.415400546 0.215935577 0.027001681
2439 First Treatment period High Starch Low Fiber 0.245715785 0.262602832 0.27739275 0.138565238
5455 First Treatment period High Starch Low Fiber 0.319590167 0.242338053 0.344668702 0.077825876
2472 First Treatment period High Starch Low Fiber 0.32352279 0.27899902 0.26201432 0.03548439
5473 First Treatment period Low Starch High Fiber 0.281202556 0.400758546 0.244288586 0.042953017
2658 First Treatment period Low Starch High Fiber 0.2844659452 0.320013173 0.288231195 0.057794106
5663 First Treatment period High Starch Low Fiber 0.367531307 0.364986133 0.309108616 0.109176758
5676 First Treatment period Low Starch High Fiber 0.336262909 0.223482671 0.454770867 0.020995809
5654 First Treatment period Low Starch High Fiber 0.393881031 0.19634355 0.433613116 0.0327664
5696 First Treatment period High Starch Low Fiber 0.324400801 0.55012438 0.238508327 0.047406587
5808 First Treatment period High Starch Low Fiber 0.636392841 0.203780595 0.469114741 0.049348391
5823 First Treatment period Low Starch High Fiber 0.413026105 0.3263545914 0.349167207 0.085394633
5828 First Treatment period High Starch Low Fiber 0.561565468 0.310408111 0.486781442 0.113862843
5834 First Treatment period High Starch Low Fiber 0.262154835 0.245615268 0.3547829521 0.033655863
5838 First Treatment period High Starch Low Fiber 0.318028733 0.498923798 0.311902795 0.180778968
5840 First Treatment period High Starch Low Fiber 0.297761983  0.34477996 0.471882735 0.103218655
5844 First Treatment period High Starch Low Fiber 0.390381844 0.233310616 0.350991644 0.034825406
5849 First Treatment period High Starch Low Fiber 0.333186431 0.245728325 0.344715703 0.032518588
5858 First Treatment period Low Starch High Fiber 0.345561706 0.202163513 0.325394125 0.081601997
5862 First Treatment period Low Starch High Fiber 0.477390055 0.25720418 0.420510983 0.103722959
6058 First Treatment period Low Starch High Fiber 0.355022086 0.195685109 0.521038514 0.045542683
6076 First Treatment period High Starch Low Fiber 0.341020963 0.234880409 0.422820687 0.061538174
60590 First Treatment period Low Starch High Fiber 0.415032997 0.188028267 0.327727534 0.021034233
6051 First Treatment period Low Starch High Fiber 0.392731451 0.203954375 0.428155165 0.018218388
6098 First Treatment period Low Starch High Fiber 0.598417563 0.190367835 0.334743107 0.028142703
6201 First Treatment period Low Starch High Fiber 0.663722349 0.253793112 0.55971597 0.05475476
6205 First Treatment period Low Starch High Fiber 0.181215493 0.296189588 0.135649687 0.034098045
6213 First Treatment period High Starch Low Fiber 0.122488902 0.515450164 0.187411708 0.062823149
6218 First Treatment period High Starch Low Fiber 0.458351971 0.145433597 0.318095613 0.053433091
6219 First Treatment period Low Starch High Fiber 0.443648688 0.274441144 0.546245568 0.051304538
6221 First Treatment period High Starch Low Fiber 0.237955425 0.4694598596 0.312372267 0.130403963
6222 First Treatment period Low Starch High Fiber 0.47078926 0.144128059 0.395250306 0.039620749
6226 First Treatment period Low Starch High Fiber 0.516675764 0.308738709 0.563370434 0.080191239
6230 First Treatment period High Starch Low Fiber 0.37487423 0.182192279 0.330417976 0.035880101]
6231 First Treatment period High Starch Low Fiber 0.397672453 0.263151954 0.29644882 0.047534738
6232 First Treatment period High Starch Low Fiber 0.298295207 0.246036235 0.245572148 0.031794474
6234 First Treatment period Low Starch High Fiber 0.47259482 0.337429801 0.417852378 0.056181092
6235 First Treatment period Low Starch High Fiber 0.491882198 0.197733699 0.28426084 0.022436145
6236 First Treatment period High Starch Low Fiber 0.643708533 0.234456745 0.452426326 0.123271408
6238 First Treatment period High Starch Low Fiber 0.41976646 0.204600281 0.444697268 0.031682152)
6239 First Treatment period Low Starch High Fiber 0.330456934 0.218351736 0.3839557205 0.02516471
6240 First Treatment period High Starch Low Fiber 0.343336546 0.23631968 0.335526256 0.052926011
6242 First Treatment period Low Starch High Fiber 0.213163042 0.176144116 0.263703007 0.036483322
6243 First Treatment period High Starch Low Fiber 0.463308535 0.263215603 0.30153857 0.07092279
6245 First Treatment period Low Starch High Fiber 0.548275601 0.266386242 0.442819885 0.133241544
6247 First Treatment period High Starch Low Fiber 0.441880993 0.279074249 0.403348846 0.076484005
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Days inmilk at

sample collection

Milk Weight at sample collection

Cow ID  Period Diet Sequence Parity start of study (firstday of 2 (Ibs, average of 2 pooled samples)
4221 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF i 91 116 33
4403 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 6 110 135 38
4668 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 5 87 112 59
4389 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF a4 106 131 47
5002 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 4 138 163 46
5007 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 4 143 168 38|
5034 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 3 197 222 38
5046 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF a4 145 170 52
5249 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 3 110 135 43
5282 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 3 137 162 26|
5298 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 3 108 133 45|
5405 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 3 115 140

5409 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 3 194 219 25
5417 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 3 92 117 51
5439 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 3 100 125 37
5455 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 3 113 138 43
5472 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 3 111 136 33
3473 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 3 129 154 43
5658 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 2 149 174 40
5663 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 2 101 126 43
5676 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 2 121 146 38
5694 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 2 120 145 41
5696 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 2 151 176 40
5808 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 2 150 175 37
5823 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 2 131 156 31
5828 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 2 94 119 35
5834 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 2 125 150 45
5838 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 2 140 165 34
5840 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 2 137 162 52
5344 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 2 128 153 43
3838 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 2 107 132 44
5862 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 2 91 116 38
6058 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 1 129 154 35
6076 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 1 130 155 37|
6090 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 1 142 167 42
6091 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 1 113 138 33
6098 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 1 156 181 35
6201 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 1 141 166 42
6205 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 1 107 132 45
6213 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 1 140 165 33
6218 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 1 126 151 35
6219 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 1 134 159 32
6221 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 1 91 116 41
6222 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 1 115 140 25
6226 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 1 117 142 30
6230 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 1 116 141 30
6231 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 1 107 132 32
6232 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 1 116 141 35
6234 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 1 110 135 38
6235 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 1 103 128 36
6236 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 1 119 144 24
6238 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 1 97 122 23
6239 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 1 127 152 35
6240 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 1 100 125 34
6242 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 1 93 118 44
6243 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 1 100 125 32
6245 Pre-experiment baseline Pre-experiment baseline LSHF then HSLF 1 106 131 36
6247 Pre-experiment baseline Pre-experiment baseline HSLF then LSHF 1 95 120 34
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Cow ID  Period Diet 3"-sialyllactose 6'-sialyllactose 2 0 020 2100 Oisomerl 2.1 0 0 Oisomer2
4221 Pre-experiment baseline Pre-experiment baseline 0.818979509 1.11994385 1.380036731 1.836715985 2.464938384
4403 Pre-experiment baseline Pre-experiment baseline 0.897305613 0.589733161 0.86283814 1.231892987 2.816360471
4668 Pre-experiment baseline Pre-experiment baseline 0.990755043 1.128233552 0.783659972 1.179386826 2.192187036
4889 Pre-experiment baseline Pre-experiment baseline 0.566583139 0.905997618 0.699944854 1.488721871 1.874182745
5002 Pre-experiment baseline Pre-experiment baseline 1.482747034 1.520533565 1.33010084 2.87387155 1.847558125
5007 Pre-experiment baseline Pre-experiment baseline 0.783031671 1.179434151 0.939473342 2.20135191 1.539063112
5034 Pre-experiment baseline Pre-experiment baseline 0.917578809 1.288976984 (0.883907059 1.750976863 2.76229686)|
5046 Pre-experiment baseline Pre-experiment baseline 0.826497696 0.823241067 1.941452606 2.042320411 1.551740035
5249 Pre-experiment baseline Pre-experiment baseline 1.076781184 1.087997412 0.798204233 1.67034732 2.779018166
5282 Pre-experiment baseline Pre-experiment baseline 0.752253501 0.984809656  1.20905388 3.036632439 2.309438002
5298 Pre-experiment baseline Pre-experiment baseline 0.526496614 0.872457343 0.802973806 0.797240421 0.478600331
5405 Pre-experiment baseline Pre-experiment baseline 0.933642199 0.916555137 1.702275708 2.611080832 0.53654998|
5409 Pre-experiment baseline Pre-experiment baseline 0.757247207 1.564546102 1.12863333 1937911811 1.609011722
5417 Pre-experiment baseline Pre-experiment baseline 1.334808963 1.60162147 0.910911709 1.776187344 0.729685836
5439 Pre-experiment baseline Pre-experiment baseline 0.73232553 1.234035066 0.89719616 1.755809594 0.657648927
3435 Pre-experiment baseline Pre-experiment baseline 0.564902888 0.687996183 1.218882747 0.743097089 1.255927841
5472 Pre-experiment baseline Pre-experiment baseline 0.787062984 1.111647502 1.438302599 2056397593 1.80400203
5473 Pre-experiment baseline Pre-experiment baseline 0.575856999 0.93774529 1.392055624 0.713226585 3.154417796
5658 Pre-experiment baseline Pre-experiment baseline 1.006061195 1.39749772 1.14546141 2.304381239 3.044406843
5663 Pre-experiment baseline Pre-experiment baseline 0.477030684 0.664593404 0.865564926 1.310656876 0.3839689
5676 Pre-experiment baseline Pre-experiment baseline 0.431015812 0.642805459 0.821478684 1.475946885 0.720976913
5694 Pre-experiment baseline Pre-experiment baseline 0.462199845 0.373953281 0.65461957 0.828981521 0.848754646
5696 Pre-experiment baseline Pre-experiment baseline 0.762396865 0.790513528 0.727851706 1.321971435 0.171838317
5808 Pre-experiment baseline Pre-experiment baseline 0.829363811 0.754094028 1.106461332 1.306820817 0.381082951
5823 Pre-experiment baseline Pre-experiment baseline 0.88519151 1.236730651 1.048722615 1.878711735 2.397034824
5828 Pre-experiment baseline Pre-experiment baseline 0.884472821 0.824238977 1.061463339 1101261163 1.884535752
5834 Pre-experiment baseline Pre-experiment baseline 0.695678679 1.039422981 0.851775997 2.038239901 4.841679552
5838 Pre-experiment baseline Pre-experiment baseline 0.792350983 0.86751121 1.20361626 1.566545307 0.609282806
5840 Pre-experiment baseline Pre-experiment baseline 0.673843697 1.178184635 0.728128282 2.181032702 0.820377387
5844 Pre-experiment baseline Pre-experiment baseline 0.898354456 0.559083295 0.983573853 0.462876875 0.809823297
5858 Pre-experiment baseline Pre-experiment baseline 1.045468554 0.945366023 1.106007428 1.811724779 2.670611949
5862 Pre-experiment baseline Pre-experiment baseline 0.634273654 0.682813285 1.012432318 1.591024045 2.523556429
6058 Pre-experiment baseline Pre-experiment baseline 0.43451139 0.526491693 0.52738838 1.440073527 3.054875108
6076 Pre-experiment baseline Pre-experiment baseline 0.578861345 0.569597559 0.363186453 1.531843708 0.75145373
6090 Pre-experiment baseline Pre-experiment baseline 0.577231708 0.644691987  1.15452709 1.331297283 1.656203231
6091 Pre-experiment baseline Pre-experiment baseline 0.608406698 0.553694862 0.815270255 1.734610725 1.210191681
6098 Pre-experiment baseline Pre-experiment baseline 0.625937467 0.805220352 0.791164406 1.466616053 0.779506513
6201 Pre-experiment baseline Pre-experiment baseline 0.830616847 0.681770116 0.303596851 1.025491246 1.6776381668
6205 Pre-experiment baseline Pre-experiment baseline 0.507665571 0.843695614 1.084222365 1.569949621 1.192901265
6213 Pre-experiment baseline Pre-experiment baseline 0.714500172 0.524110711 0.548417738 1.218960839 1.586011523
6218 Pre-experiment baseline Pre-experiment baseline 0.750280133 1.116730538 0.831452766 1.993585984 2.263080733
6219 Pre-experiment baseline Pre-experiment baseline 0.341800015 0.890464861 0.979876752 2.216688151 0.403935198
6221 Pre-experiment baseline Pre-experiment baseline 0.446246672 0.880500921 0.770199778 1774119108 1.045608959
6222 Pre-experiment baseline Pre-experiment baseline 0.754090275 0.827321425 0.729544677 1.871423741 1.133804582
6226 Pre-experiment baseline Pre-experiment baseline 0.850757693 0.926992335 1.622847319 2.73324278 2.233361498
6230 Pre-experiment baseline Pre-experiment baseline 0.66343321 1.041482953 1.259120018 1.69570037 0.828020707
6231 Pre-experiment baseline Pre-experiment baseline 0.91689858 1.303996356 1.090980985 1.288722777 2.76887311
6232 Pre-experiment baseline Pre-experiment baseline 0.781187565 0.302325409 0.920547382 1.459701625 0.638961676
6234 Pre-experiment baseline Pre-experiment baseline 0.801227161 0.709548893 1.046003064 1.250020108 1.812520122
6235 Pre-experiment baseline Pre-experiment baseline 0.542445825 0.691174545 0.76960047 0.983464063 1.127263425
6236 Pre-experiment baseline Pre-experiment baseline 1.090218455 1.358113215 1.238517504 1.8285361738 1.467072431
6238 Pre-experiment baseline Pre-experiment baseline 0.68957418 0.641051748 1.87306807 1.926571436 0.370850484
6239 Pre-experiment baseline Pre-experiment baseline 0.79108321 0.756057076 0.642621988 1.669298116 3.206810452
6240 Pre-experiment baseline Pre-experiment baseline 0.575147669 0.400665872 0.74437302 2.128688097 0.676201472
6242 Pre-experiment baseline Pre-experiment baseline 0.654108119 0.730104831 0.984245096 1.185223999 2.309920533
6243 Pre-experiment baseline Pre-experiment baseline 1.069569774 0.968566599 2.18247041 3.521589383 3.177019852
6245 Pre-experiment baseline Pre-experiment baseline 0.705520029 0.871567021 1.328176956 1.256469341 0.231075737
6247 Pre-experiment baseline Pre-experiment baseline 1.309174752 1.047828296 0.88076909 1.63515484 1.780337473
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Cow D  Period Diet 30010 31000 32000 33000 36100

4221 Pre-experiment baseline Pre-experiment baseline 0.626319102 0.3992317 0.285436438 0.427605948 0.1957330699
4403 Pre-experiment baseline Pre-experiment baseline  0.494417267 0.670036565 0.201349243 0.249982369 0.164329683
4668 Pre-experiment baseline Pre-experiment baseline  0.301015619 0.730415546 0.194034583 0.187240532 0.214707073
4389 Pre-experiment baseline Pre-experiment baseline  0.592335791 0.868098751 0.177852562 0.39411741 0.287067021
5002 Pre-experiment baseline Pre-experiment baseline  0.722928196 0.843434435 0.193411444  (.2400151 0.207302734
5007 Pre-experiment baseline Pre-experiment baseline 0.758486968 0.616164412 0.466184664 0.357045318 0.508585653
5024 Pre-experiment baseline Pre-experiment baseline 0.891106874 0.444261484 0.31661081 0.152124935 (0.296562339
5046 Pre-experiment baseline Pre-experiment baseline  0.67899476 0.576978678 0.190832831 0.386818129 0.353808474
5249 Pre-experiment baseline Pre-experiment baseline 0.404282137 0.600802313 0.134230128 0.139740338 0.264497973
5282 Pre-experiment baseline Pre-experiment baseline 0.961439875 1.271516368 0.450222017 0.486127707 0.309373082
5298 Pre-experiment baseline Pre-experiment baseline  0.453776433 0.522034006 0.222620858 0.215369496 0.116237374
5405 Pre-experiment baseline Pre-experiment baseline 0.506671045 0.745936523 0.2265981 0.345311521 0.295564723
5409 Pre-experiment baseline Pre-experiment baseline  1.042398463 0.534530094 0.468525635 0.24562982 0.277250518
5417 Pre-experiment baseline Pre-experiment baseline 0.529468553 0.956464965 0.289953918 0.271086524 0.111453201
5439 Pre-experiment baseline Pre-experiment baseline  0.41744404 0.393352701 0.229330212 0.248361558 0.24183235
5455 Pre-experiment baseline Pre-experiment baseline 0.625269286 0.782411598 0.27111436 0.392666973 0.305350356
5472 Pre-experiment baseline Pre-experiment baseline 0.869643168 0.641318403 0.377565776 0.293401585 0.263431091
5473 Pre-experiment baseline Pre-experiment baseline 0.608430793 0.209613002 0.166606591 0.363350506 (0.157297657
5658 Pre-experiment baseline Pre-experiment baseline  0.62066175 0.28439774 0.292398689 0.93483426 0.276375828
5663 Pre-experiment baseline Pre-experiment baseline  0.468792999 0.571177347 0.263338338 0.325296878 0.19181634
5676 Pre-experiment baseline Pre-experiment baseline 0.624467458 0.516093162 0.246717728 0.283568645 0.279363323
5654 Pre-experiment baseline Pre-experiment baseline  0.603426157 0.320214522 0.228811153 0.224266999 0.140999452
5696 Pre-experiment baseline Pre-experiment baseline 0.535080196 0.452536255 0.117506675 0.243377333 0.135404028
5808 Pre-experiment baseline Pre-experiment baseline 0.8113419 0.385879939 0.329103136 0.374185124 0.364883571
5823 Pre-experiment baseline Pre-experiment baseline 0.602729776  0.7467258 0.283221912 0.193821266 (0.257298654
5828 Pre-experiment baseline Pre-experiment baseline 0.4295026254 0.201282855 0.223106187 1.001375899 0.310141366
5834 Pre-experiment baseline Pre-experiment baseline  0.61913893 0.811498567 0.240345086 0.259854121 (.294090808
5838 Pre-experiment baseline Pre-experiment baseline  1.23766599 0.651360721 0.27151817 0.37638184 0.142196885
5840 Pre-experiment baseline Pre-experiment baseline  0.763774537 0.590480782 0.20812291 0.310228598 0.256961529
5844 Pre-experiment baseline Pre-experiment baseline 0.627085738 0.3438269934 0.229901643 0.333039779 0.337443448
5858 Pre-experiment baseline Pre-experiment baseline  0.690789851 0.777592714 0.322234839 0.276040792 0.315739976
5862 Pre-experiment baseline Pre-experiment baseline 0.739933279 0.536772163 0.137748236 0.192437779 0.219373432
6058 Pre-experiment baseline Pre-experiment baseline  0.64969114 0.934480153 0.186053984 0.287476469 0.372550367
6076 Pre-experiment baseline Pre-experiment baseline 0.439020833 0.38148524 0.247538107 0.272124251 (.330201541
6050 Pre-experiment baseline Pre-experiment baseline 0.850739731 0.347796766 0.28155262 0.200783877 0.211457391
6091 Pre-experiment baseline Pre-experiment baseline 0.407765528 0.369697697 0.115353763 0.260463571 0.32875244
60598 Pre-experiment baseline Pre-experiment baseline 0.566485456 0.450698868 0.288215781 0.247314888 0.314789196
6201 Pre-experiment baseline Pre-experiment baseline 0.464917873 0.612290639 0.161362516 0.204495819 0.261627725
6205 Pre-experiment baseline Pre-experiment baseline  0.75016803 0.474751665 0.15671667 0.25981484 0.146593095
6213 Pre-experiment baseline Pre-experiment baseline  0.429680676 0.81458713 0.287919338 0.290986484 0.239507055
6218 Pre-experiment baseline Pre-experiment baseline 0.884849814 0.738730471 0.440663336 0.321019915 0.489550072
6219 Pre-experiment baseline Pre-experiment baseline  0.853697174 0.548528211 0.24821976 0.219394988 0.387101736
6221 Pre-experiment baseline Pre-experiment baseline 0.350240347 0.501611569 0.263752698 0.467002242 0.41567684
6222 Pre-experiment baseline Pre-experiment baseline 0.701143173 0.432010278 0.310063223 0.158553316 0.442572694
6226 Pre-experiment baseline Pre-experiment baseline 0.696963598 0.395528786 0.250172832 0.330765117 (0.387332634
6230 Pre-experiment baseline Pre-experiment baseline 0.777445776 0.347751254 0.301838473 0.246410049 0.301294573
6231 Pre-experiment baseline Pre-experiment baseline 0.432555826 0.43012898 0.232149747 0.226955229 0.327655659
6232 Pre-experiment baseline Pre-experiment baseline 0.674658455 0.569364986 0.269250039 0.222297737 0.301505553
6234 Pre-experiment baseline Pre-experiment baseline  0.521827829 0.514020954 0.289446783 0.202949947 0.455397789
6235 Pre-experiment baseline Pre-experiment baseline 0.435178639 0.457094668 0.1709740597 0.24495718 0.259201966
6236 Pre-experiment baseline Pre-experiment baseline  0.674951888 0.71245045 0.262584674 0.259896922 0.475245437
6238 Pre-experiment baseline Pre-experiment baseline  0.46734516 0.376568588 0.277482226 0.558072088 0.375028003
6239 Pre-experiment baseline Pre-experiment baseline 0.485797226 0.548644666 0.29677086 0.227937512 0.352542685
6240 Pre-experiment baseline Pre-experiment baseline 0.679779893 0.854521422 0.352138723 0.39239452 (.288092697
6242 Pre-experiment baseline Pre-experiment baseline 0.420290553 0.593364581 0.222705652 0.184834754 0.319156669
6243 Pre-experiment baseline Pre-experiment baseline 0.833797752 0.466655325 0.310822921 0.509563888 0.428160742
6245 Pre-experiment baseline Pre-experiment baseline 0.571874103 0.5781436 0.178117444 0.425048574 0.416525746)
6247 Pre-experiment baseline Pre-experiment baseline  0.483554102 0.87803057 0.221542274 0.227981686 0.317609776
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Cow ID  Period Diet 41000 41010 42000isomerl 4200 O0Oisomer2 44100

4221 Pre-experiment baseline Pre-experiment baseline 0.325580335 0.299350808 0.360743193 0.180747894 0.392510954
4403 Pre-experiment baseline Pre-experiment baseline 0.266517808 0.21792789 0.50585822 0.399884765 0.328927661
4668 Pre-experiment baseline Pre-experiment baseline  0.22890836 0.185140338 0.402820582 0.269273282 0.339183861)
4339 Pre-experiment baseline Pre-experiment baseline 0.155778083 0.163529463 0.399693828 0.417519016 0.368768338]
5002 Pre-experiment baseline Pre-experiment baseline 0.265172165 0.237867343 0.587382348 0.328136276 0.323135595)
5007 Pre-experiment baseline Pre-experiment baseline 0.471634513 0.297029543 0.516226216 0.375668336 0.327615776|
5034 Pre-experiment baseline Pre-experiment baseline  0.30073272 0.321235151 0.543286374 0.226669576 0.297810734]
3046 Pre-experiment baseline Pre-experiment baseline 0.248703608 0.195896966 0.512105256 0.232117405 0.374495455
5249 Pre-experiment baseline Pre-experiment baseline 0.17022332 0.16605657 0.427428272 0.192408809 0.413454781]
5282 Pre-experiment baseline Pre-experiment baseline 0.481726211 0.407373749 0.947027139 0.512335381 0.478595332
5298 Pre-experiment baseline Pre-experiment baseline 0.211573726 0.22587869 0.413529341 0.211062809 0.230894113
5405 Pre-experiment baseline Pre-experiment baseline 0.307494495 0.246646279 0.791511045 0.16732705 0.279911892|
5409 Pre-experiment baseline Pre-experiment baseline 0.6948392437  0.56745429 0.550648181 0.284720003 0.3202595973
5417 Pre-experiment baseline Pre-experiment baseline 0.335384304 0.246034374 0.51083628 0.394004395 0.445182457|
5439 Pre-experiment baseline Pre-experiment baseline 0.233290093 0.270028489 0.312387386 0.236783357 0.333684138|
5455 Pre-experiment baseline Pre-experiment baseline 0.296601705 0.219373527 0.313803797 0.357745206 0.343975591)
5472 Pre-experiment baseline Pre-experiment baseline 0.412124132 0.353887895 0.603690353 0.274112083 0.532307542]
5473 Pre-experiment baseline Pre-experiment baseline 0.161687033 0.155299849 0.567402254 0.170985376 0.248005296|
5658 Pre-experiment baseline Pre-experiment baseline  0.31148328 0.239757824 0.664359985 0.180231062 0.533315803
5663 Pre-experiment baseline Pre-experiment baseline 0.336432687 0.267623591 0.593499235 0.245277236 0.278946993
3676 Pre-experiment baseline Pre-experiment baseline 0.242012155 0.172454724 0.512021356 0.228115359 0.319461825
5694 Pre-experiment baseline Pre-experiment baseline 0.296411078 0.264072119 0.293916939 0.1244533303 0.170151126
5696 Pre-experiment baseline Pre-experiment baseline 0.134660406 0.134093068 0.442797424 0.175731392 0.300363665
5808 Pre-experiment baseline Pre-experiment baseline 0.2658797 0.322553709 0.657063165 0.448334706 0.495211689
5823 Pre-experiment baseline Pre-experiment baseline 0.342968317 0.249506116 0.642179526 0.17273802 0.35853627|
5828 Pre-experiment baseline Pre-experiment baseline = 0.265828819 0.174609193 0.719444975 0.150035547 0.392722502]
5834 Pre-experiment baseline Pre-experiment baseline 0.265063124 0.22094344 0.461856823 0.19375217 0.42153231
5838 Pre-experiment baseline Pre-experiment baseline 0.351105273 0.266925386 0.532049889 0.381443071 0.328436716|
5840 Pre-experiment baseline Pre-experiment baseline 0.211133825 0.18481462 0.653271935 0.206756935 0.358519084
5844 Pre-experiment baseline Pre-experiment baseline 0.26824939 0.228303406 0.343537363 0.190202147 0.41306797|
5858 Pre-experiment baseline Pre-experiment baseline 0.337918295 0.314978339 0.673612475 0.2585590945 0.388594271
5862 Pre-experiment baseline Pre-experiment baseline 0.136970857 0.125394919 0.362659997 0.139907292 0.325677611)
6058 Pre-experiment baseline Pre-experiment baseline 0.232745767 0.183539437 0.339510414 0.221403248 0.339601481]
6076 Pre-experiment baseline Pre-experiment baseline 0.368854521 0.221035207 0.335855016 0.154189196 0.367382147|
6090 Pre-experiment baseline Pre-experiment baseline 0.457724772 0.339249192 0.433492304 0.171917551 0.302554806|
6091 Pre-experiment baseline Pre-experiment baseline 0.110323957 0.101425836 0.327807797 0.107641198 0.2594289944
6098 Pre-experiment baseline Pre-experiment baseline 0.359619613 0.285126419 0.702526322 0.201514219 0.468592989
6201 Pre-experiment baseline Pre-experiment baseline 0.20829139 0.209126448 0.290626162 0.196227468 0.313571741]
6205 Pre-experiment baseline Pre-experiment baseline  0.134692438 0.141398306 0.631405167 0.246012096 0.206053876|
6213 Pre-experiment baseline Pre-experiment baseline 0.295968296 0.234526338 0.596211044 0.281967394 0.281945377
6218 Pre-experiment baseline Pre-experiment baseline 0.682858659 0.527317272 0.334961409 0.410407204 0.505146195
6219 Pre-experiment baseline Pre-experiment baseline 0.284470163 0.243125364 0.574047677 0.19677255 0.230492554
6221 Pre-experiment baseline Pre-experiment baseline = 0.291773748 0.242171592 0.451507704 0.261729042 0.337433636|
G222 Pre-experiment baseline Pre-experiment baseline  0.28782491 0.257291216 0.201654284 0.152154528 0.370064535
6226 Pre-experiment baseline Pre-experiment baseline 0.241611163 0.224895405 0.408175519 0.16718163 0.432956011
6230 Pre-experiment baseline Pre-experiment baseline 0.413681629 0.332624013 0.615074547 0.233324359 0.442288798|
6231 Pre-experiment baseline Pre-experiment baseline 0.173713969 0.232462089 0.471832742 0.213836741 0.316631544
G232 Pre-experiment baseline Pre-experiment baseline 0.390442488 0.326305315 0.270525223 0.220697455 0.276286043
6234 Pre-experiment baseline Pre-experiment baseline 0.395840337 0.3015259051 0.320523445 0.229643978 0.266142809
6235 Pre-experiment baseline Pre-experiment baseline  0.21173137 0.185623918 0.519053646 0.267762956 0.371448679
6236 Pre-experiment baseline Pre-experiment baseline 0.388551046 0.268046285 0.381281241 0.242306093 0.426551144
6238 Pre-experiment baseline Pre-experiment baseline 0.269163655 0.240436739 0.459553751 0.299227545 0.461035574
6239 Pre-experiment baseline Pre-experiment baseline 0.245211037 0.192384123 0.733532472 0.19872124 0.802215360|
6240 Pre-experiment baseline Pre-experiment baseline 0.493519832 0.465905136 0.406087915 0.207253239 0.263613041
6242 Pre-experiment baseline Pre-experiment baseline  0.239647829 0.260486615 0.276478146 0.256540131 0.212140403
6243 Pre-experiment baseline Pre-experiment baseline 0.246113122 0.255148376 0.434114198 0.245704864 0.514780209
6245 Pre-experiment baseline Pre-experiment baseline 0.203892346 0.199104628 0.275371349 0.296664125 0.415830537
6247 Pre-experiment baseline Pre-experiment baseline  0.332957744  0.31183602 0.452943376 0.239064086 0.510340296|
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CowID  Period Diet 45100 54000 54100 B80000

4221 Pre-experiment baseline Pre-experiment baseline  0.394254486 0.486330024 0.251491463 0.114413111]
4403 Pre-experiment baseline Pre-experiment baseline 0.391697502 0.402138007 0.238367632 0.02335661
4668 Pre-experiment baseline Pre-experiment baseline  0.372247719 0.374666657 0.287814718 0.029684625
4889 Pre-experiment baseline Pre-experiment baseline  0.410908256 0.293707125 0.418246994 0.054970065
5002 Pre-experiment baseline Pre-experiment baseline  0.316736572 0.698004139 0.294832884 0.202005752
5007 Pre-experiment baseline Pre-experiment baseline  0.515925477 0.321654285 0.497711136 0.107279341
5034 Pre-experiment baseline Pre-experiment baseline 0.267607566 0.327901697 0.275303529 0.027975602
5046 Pre-experiment baseline Pre-experiment baseline  0.548833166 0.941534678 0.425198303 0.409875573
5249 Pre-experiment baseline Pre-experiment baseline  0.353590561 0.259943843 0.372604347 0.025724449
5282 Pre-experiment baseline Pre-experiment baseline  0.304858341 0.669325436 0.363714634 0.371760402
5298 Pre-experiment baseline Pre-experiment baseline  0.212101952 0.396580362 0.151764402 0.036903301
5405 Pre-experiment baseline Pre-experiment baseline 0.369703504 0.466901376 0.341514874 0.334186672
5409 Pre-experiment baseline Pre-experiment baseline  0.336879461 0.486266023 0.285261227 0.207131133
5417 Pre-experiment baseline Pre-experiment baseline  0.180975509 0.51905064 0.206928343 0.027016442
5439 Pre-experiment baseline Pre-experiment baseline  0.247574436 0.245075397 0.24185632 0.115015007
5455 Pre-experiment baseline Pre-experiment baseline  0.349284503 0.292885421 0.447818535 0.034730075
5472 Pre-experiment baseline Pre-experiment baseline  0.365372834 0.639405914 0.413202856 0.122600822
5473 Pre-experiment baseline Pre-experiment baseline  0.204875436 0.544954465 0.191586877 0.052410635
5658 Pre-experiment baseline Pre-experiment baseline  0.178844459 0.368088948 0.261716483 0.051176593
5663 Pre-experiment baseline Pre-experiment baseline  0.258158426 0.390855718 0.255099816 0.057508546|
5676 Pre-experiment baseline Pre-experiment baseline  0.361215668 0.31365065 0.436648841 0.056349165
5694 Pre-experiment baseline Pre-experiment baseline  0.256500806 0.214457924 0.240904801 0.018925641
5696 Pre-experiment baseline Pre-experiment baseline  0.261743149 0.457637579 0.222682966 0.017377161
5808 Pre-experiment baseline Pre-experiment baseline 0.303770732 0.443697877 0.534329246  0.0509671
5823 Pre-experiment baseline Pre-experiment baseline  0.226174112 0.51240181 0.322711581 0.099341341
5828 Pre-experiment baseline Pre-experiment baseline  0.492488826 0.21054654 0.462037573 0.043410018|
5834 Pre-experiment baseline Pre-experiment baseline 0.37917007 0.237422496 0.507613731 0.051299816
5838 Pre-experiment baseline Pre-experiment baseline  0.24301789 0.496163664 0.293337049 0.073026472
5840 Pre-experiment baseline Pre-experiment baseline 0.357497531 0.283429235 0.489346347 0.039146783
5844 Pre-experiment baseline Pre-experiment baseline  0.394632605 0.20770317 0.464251757 0.102844841
5858 Pre-experiment baseline Pre-experiment baseline  0.368034597 0.262825113 0.421901314 0.045933304
5862 Pre-experiment baseline Pre-experiment baseline  0.454035778 0.220105324 0.436515738 0.043101435
6058 Pre-experiment baseline Pre-experiment baseline  0.371077064 0.23338959 0.467004208 0.033057522
6076 Pre-experiment baseline Pre-experiment baseline 0.376827049 0.148139788 0.433814687 0.072974632
6050 Pre-experiment baseline Pre-experiment baseline  0.424027622 0.62750207 0.310023171 0.094243968)
6091 Pre-experiment baseline Pre-experiment baseline  0.485044385 0.167303247 0.371685755 0.026825311
6098 Pre-experiment baseline Pre-experiment baseline  0.592483905 0.303655563 0.503071311 0.066124178)
6201 Pre-experiment baseline Pre-experiment baseline  0.497958369 0.052340327  0.3853751 0.032306127
6205 Pre-experiment baseline Pre-experiment baseline  0.268009212 0.498344572 0.173893957 0.121404636
6213 Pre-experiment baseline Pre-experiment baseline  0.192681267 0.562952694 0.285578377 0.066840922
6218 Pre-experiment baseline Pre-experiment baseline 0.705833506 0.23022263 0.505139438 0.133352026
6219 Pre-experiment baseline Pre-experiment baseline = 0.345661161 0.122014608 0.326780936 0.037763245
6221 Pre-experiment baseline Pre-experiment baseline  0.285404463 0.277746518 0.362830201 0.094755329
6222 Pre-experiment baseline Pre-experiment baseline  0.432483534 0.14738516 0.435050406 0.066293305
6226 Pre-experiment baseline Pre-experiment baseline  0.397469093 0.097642835 0.469289462 0.058257707
6230 Pre-experiment baseline Pre-experiment baseline  0.542446219 0.233718057 0.404605684 0.070164336|
6231 Pre-experiment baseline Pre-experiment baseline  0.613201705 0.30265445 0.360384492 0.109811913
6232 Pre-experiment baseline Pre-experiment baseline  0.301961726 0.279790513 0.310482027 0.110363033
6234 Pre-experiment baseline Pre-experiment baseline  0.625518364 0.18902003 0.400678332 0.076358731
6235 Pre-experiment baseline Pre-experiment baseline  0.464835222 0.298387628 0.330395442 0.084377392
6236 Pre-experiment baseline Pre-experiment baseline 0.750073489 0.216135702 0.488107884 0.125727606
6238 Pre-experiment baseline Pre-experiment baseline 0.302886206 0.168225043 0.409735817 0.030068025
6239 Pre-experiment baseline Pre-experiment baseline  0.444884503 0.302710599 0.561929479 0.096569739
6240 Pre-experiment baseline Pre-experiment baseline  0.466748947 0.782521535 0.397877467 0.273704736|
65242 Pre-experiment baseline Pre-experiment baseline  0.437039238 0.24805683 0.302702853 0.069737622
6243 Pre-experiment baseline Pre-experiment baseline 0.431099802 0.234095281 0.414463957 0.051067775
6245 Pre-experiment baseline Pre-experiment baseline  0.534345396 0.219615981 0.451350454 0.064242198)
6247 Pre-experiment baseline Pre-experiment baseline  0.328676198 0.233404025 0.429465611 0.023623023
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Days in milk at

sample collection

Milk Weight at sample collection

CowID  Period Diet Sequence Parity start of study (first day of 2 (lbs, average of 2 pooled samples)

42721 Second Treatment period Low Starch High Fiber HSLF then LSHF 6 91 2325 31.4
4403 Second Treatment period High Starch Low Fiber LSHF then HSLF 6 110 244 37.9
4668 Second Treatment period High Starch Low Fiber LSHF then HSLF 5 87 221 52.2]
4339 Second Treatment period High Starch Low Fiber LSHF then HSLF 4 106 240 35.4
5002 Second Treatment period High Starch Low Fiber LSHF then HSLF 4 138 272 31.2
5007 Second Treatment period Low Starch High Fiber HSLF then LSHF 4 143 277 27.8
5046 Second Treatment period Low Starch High Fiber HSLF then LSHF 4 145 279 37.3
5249 Second Treatment period High Starch Low Fiber LSHF then HSLF 3 110 244 46.8
5282 Second Treatment period High Starch Low Fiber LSHF then HSLF 3 137 271 24.7
5298 Second Treatment period High Starch Low Fiber LSHF then HSLF 3 108 242 42.3
5417 Second Treatment period High Starch Low Fiber LSHF then HSLF 3 92 226 36.8
5439 Second Treatment period Low Starch High Fiber HSLF then LSHF 3 100 234 31.1
5455 Second Treatment period Low Starch High Fiber HSLF then LSHF 3 113 247 33.5
5472 Second Treatment period Low Starch High Fiber HSLF then LSHF 3 111 245 35.4
5473 Second Treatment period High Starch Low Fiber LSHF then HSLF 3 129 263 32.4
5658 Second Treatment period High Starch Low Fiber LSHF then HSLF 2 149 283 31.8
5663 Second Treatment period Low Starch High Fiber HSLF then LSHF 2 101 235 34.1
5676 Second Treatment period High Starch Low Fiber LSHF then HSLF 2 121 255 30.5
5694 Second Treatment period High Starch Low Fiber LSHF then HSLF 2 120 254 39.5
5696 Second Treatment period Low Starch High Fiber HSLF then LSHF 2 151 285 33.4
5808 Second Treatment period Low Starch High Fiber HSLF then LSHF 2 150 284 28.6]
5823 Second Treatment period High Starch Low Fiber LSHF then HSLF 2 131 265 29.4
5828 Second Treatment period Low Starch High Fiber HSLF then LSHF 2 94 228 25.6
5834 Second Treatment period Low Starch High Fiber HSLF then LSHF 2 125 239 32.2
5838 Second Treatment period Low Starch High Fiber HSLF then LSHF 2 140 274 22.3
5840 Second Treatment period Low Starch High Fiber HSLF then LSHF 2 137 271 33.6
5844 Second Treatment period Low Starch High Fiber HSLF then LSHF 2 128 262 26.5
5849 Second Treatment period Low Starch High Fiber HSLF then LSHF 2 128 262 34.0
5838 Second Treatment period High Starch Low Fiber LSHF then HSLF 2 107 241 30.3
5862 Second Treatment period High Starch Low Fiber LSHF then HSLF 2 91 225 36.4
6058 Second Treatment period High Starch Low Fiber LSHF then HSLF 1 129 263 31.9
6090 Second Treatment period High Starch Low Fiber LSHF then HSLF 1 142 276 34.2
6091 Second Treatment period High Starch Low Fiber LSHF then HSLF 1 113 247 37.3
6098 Second Treatment period High Starch Low Fiber LSHF then HSLF 1 156 290 33.7]
6201 Second Treatment period High Starch Low Fiber LSHF then HSLF 1 141 275 38.2
6205 Second Treatment period High Starch Low Fiber LSHF then HSLF 1 107 241 34.4
6213 Second Treatment period Low Starch High Fiber HSLF then LSHF 1 140 274 36.9
6218 Second Treatment period Low Starch High Fiber HSLF then LSHF 1 126 260 30.9
6219 Second Treatment period High Starch Low Fiber LSHF then HSLF 1 134 268 27.9
6221 Second Treatment period Low Starch High Fiber HSLF then LSHF 1 91 2325 36.4
6222 Second Treatment period High Starch Low Fiber LSHF then HSLF 1 115 249 30.9
6226 Second Treatment period High Starch Low Fiber LSHF then HSLF 1 117 251 29.9
6231 Second Treatment period Low Starch High Fiber HSLF then LSHF 1 107 241 26.8
6234 Second Treatment period High Starch Low Fiber LSHF then HSLF 1 110 244 34.1
6235 Second Treatment period High Starch Low Fiber LSHF then HSLF 1 103 237 37.4
6236 Second Treatment period Low Starch High Fiber HSLF then LSHF 1 115 249 30.9
6238 Second Treatment period Low Starch High Fiber HSLF then LSHF 1 97 231 26.2]
65239 Second Treatment period High Starch Low Fiber LSHF then HSLF 1 127 261 33.8
6240 Second Treatment period Low Starch High Fiber HSLF then LSHF 1 100 234 32.0
6242 Second Treatment period High Starch Low Fiber LSHF then HSLF 1 93 227 42.2]
5243 Second Treatment period Low Starch High Fiber HSLF then LSHF 1 100 234 30.1
6245 Second Treatment period High Starch Low Fiber LSHF then HSLF 1 106 240 34.1
6247 Second Treatment period Low Starch High Fiber HSLF then LSHF 1 95 229 31.0
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4221 Second Treatment period Low Starch High Fiber 1.272229344 2.039089253  1.62869797 1.838176097 2.201544317
4403 Second Treatment period High Starch Low Fiber 0.677251807 0.391161377 0.663207809 0.99475302 2.126177469
4668 Second Treatment period High Starch Low Fiber 0.801715982  0.950445048 1.340938525 1.30242117 1.158450552
4389 Second Treatment period High Starch Low Fiber 0.793014763 1.055997238 1.181419917 3.616042524 3.386855258
5002 Second Treatment period High Starch Low Fiber 1.040185305 1.092396147 1.095900726 3.267914387 1.403929175
5007 Second Treatment period Low Starch High Fiber 0.549749783 0.814833168 0.820705657 1.480684146 1.154656898
5046 Second Treatment period Low Starch High Fiber 0.747262911 0.922445367 0.757498243 1.514404938 2.092043707
5249 Second Treatment period High Starch Low Fiber 0.741810858 0.840140136 1.191029542 1.745481399 1.250846496
5282 Second Treatment period High Starch Low Fiber 0.797332272 1.227314716 0.732167002 2.915144008 1.37452081
5298 Second Treatment period High Starch Low Fiber 0.73538448  0.884132873 0.85778858 1.964693847 0.464714433
5417 Second Treatment period High Starch Low Fiber 0.828773961 0.620865722 0.702738985 1.667938787 0.591345357
5439 Second Treatment period Low Starch High Fiber 0.525890053 0.770939717 0.594832134 1.932657367 0.68947233
5455 Second Treatment period Low Starch High Fiber 0.698162817 0.681702614 1.284574493 1.68339732 1.860855777
5472 Second Treatment period Low Starch High Fiber 1.038649552 2.080011217 1.209870772 2.82889995 1.977098599
3473 Second Treatment period High Starch Low Fiber 0.729564777 1.275482476 1.090865817 3.008015328 6.775036045
5658 Second Treatment period High Starch Low Fiber 0.811837379 1.390088154 1.0033066 2.127933749 2.285283722
5663 Second Treatment period Low Starch High Fiber 0.715212392 0.935957409 1.542050926 1.841336388 0.348793607
5676 Second Treatment period High Starch Low Fiber 0.397072832 0.868200027 0.913449174 1.597797684 0.928156309
5694 Second Treatment period High Starch Low Fiber 0.527126615 0.700352007 1.208491116 1.390351431 0.401748942
5696 Second Treatment period Low Starch High Fiber 0.595401846 0.825326524 0.92548791 1.426571714 0.300945026
5808 Second Treatment period Low Starch High Fiber 1.225851965 1.116750806 1.146311839 1.841400376 0.275806595
5823 Second Treatment period High Starch Low Fiber 0.439365571 0.696422857 0.653624033 1.750492311 1.050226557
5828 Second Treatment period Low Starch High Fiber 1.349449843 1.145498669 1.535499987 1.827209474 3.773333701
5834 Second Treatment period Low Starch High Fiber 1.15387625 1.691746054 2.688837638 4.062995451 5.543165612
5838 Second Treatment period Low Starch High Fiber 0.620531252 0.707189489 1.133337073 2.277543631 0.52748315
5840 Second Treatment period Low Starch High Fiber 0.5183098449 0.845727552 0.726107032 1.983600909 0.709501524
5844 Second Treatment period Low Starch High Fiber 0.907311989 0.961056091 1.796668193 3.929616165 0.982444216
5849 Second Treatment period Low Starch High Fiber 0.686798104 0.881946045 1.076829901 1.845725101 2.288856262
5858 Second Treatment period High Starch Low Fiber 0.637208064 0.754432579 0.364600037 1.959221206 1.234457582
5862 Second Treatment period High Starch Low Fiber 1.030173181 0.976929053 1.062438643 1.764235688 3.475841727
6058 Second Treatment period High Starch Low Fiber 1.0373178%4 0.518352318 0.763989049 1.600843187 4.822192558
6090 Second Treatment period High Starch Low Fiber 0.560360887 0.600473036 0.929571779 1515777393 1.43140677
6091 Second Treatment period High Starch Low Fiber 0.794307828 1.08749303 0.872935203 17701177 1.51399243
6098 Second Treatment period High Starch Low Fiber 0.774285421 0.732465 1.253310804 2.236517241 0.685172187
6201 Second Treatment period High Starch Low Fiber 0.85920392 0.935839534 1.7424761 1.114732781 0.359176396
6205 Second Treatment period High Starch Low Fiber 0.653273449 0.821178976 0.999337479 1.430072066 1.32446544
6213 Second Treatment period Low Starch High Fiber 0.822819537 0.680623517 0.664837634 1.568982475 1.964391134
6218 Second Treatment period Low Starch High Fiber 0.960615545 1.173741828 1.49015595 2.932073009 1.500430388
6219 Second Treatment period High Starch Low Fiber 1.070247282 1.0795471408 2.1933549 2.275890054 0.522732905
6221 Second Treatment period Low Starch High Fiber 0.998187845 1.023137138 0.751229118 2.014006065 1.675443116
6222 Second Treatment period High Starch Low Fiber 0.878571189 1.018567051 1.222357947 3.611688226 1.378986836
6226 Second Treatment period High Starch Low Fiber 0.633450444 0.628719879 1.38337874 1.315098361 0.758146505
6231 Second Treatment period Low Starch High Fiber 0.910192655 1.015477321 2.018507041 1.020851085 3.385036275
6234 Second Treatment period High Starch Low Fiber 1.019433852 1.045265266 2.533844132 1.713535622 1.331178074
6235 Second Treatment period High Starch Low Fiber 0.41990666 0.328133893 1.013826435 1.152207553 0.800317049
6236 Second Treatment period Low Starch High Fiber 0.529105539 0.826235958 1.261766628 1.627762439 0.918650929
6238 Second Treatment period Low Starch High Fiber 0.656221507 0.570345247 1.261460127 1.573766549 0.277855274
6239 Second Treatment period High Starch Low Fiber 0.652675633 0.73169066 0.954732441 1.375811274 2.248703387
6240 Second Treatment period Low Starch High Fiber 0.718116477 0.819819778 0.817825855 1.648999069 1.792151433
6242 Second Treatment period High Starch Low Fiber 0.639264536 0.605717089 0.584928336 1.441013187 0.638724547
6243 Second Treatment period Low Starch High Fiber 0.606676181 0.929434877 0.72088911 2.015661296 2.674354572
6245 Second Treatment period High Starch Low Fiber 0.61029118 0.975944494 1.060218781 2.182236199 0.293895279
6247 second Treatment period Low Starch High Fiber 0.913493777 0.779729295 1.958334599 2.867614193 1.725794919
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a2 Second Treatment period Low Starch High Fiber 0.847041099 0.420919864 0.47913243 0.770962893 0.258603984
4403 Second Treatment period  High Starch Low Fiber 0.528405649 0.565299814 0.262038426 0.333922222 0.204358937
4668 Second Treatment period  High Starch Low Fiber 0.765381889 0.487304544 0.39777386 0.365473883 0.199636258
4389 Second Treatment period High Starch Low Fiber 1.294193867 0.840905089 0.31268156 0.406443508 0.379833903
5002 Second Treatment period  High Starch Low Fiber 0.772720153 0.735506956 0.351105972 0.294093376 (.328623489
5007 Second Treatment period  Low Starch High Fiber 0.70960912 0.400820442 0.414996245 0.376369426 (.404710345
5046 Second Treatment period Low Starch High Fiber 0.580866841 0.538939392 0.345326995 0.216020663 0.366500589
5249 Second Treatment period  High Starch Low Fiber 0.710946913 0.273197016 0.194793219 0.288946573 0.273271647
5282 Second Treatment period High Starch Low Fiber 1.028541638 1.094564885 0.611498213 0.494518093 0.366054708
5298 Second Treatment period  High Starch Low Fiber 0.716145604  0.38463865 0.370174325 0.309533169 0.203502655
5417 Second Treatment period  High Starch Low Fiber 0.735940668 0.680738206 0.38694084 0.404387008 0.190320396
5439 Second Treatment period Low Starch High Fiber 0.874939492 0.515422385 0.362172159 0.290580064 0.277109208
5455 Second Treatment period Low Starch High Fiber 0.650316558 0.561642605 0.369738457 0.317303661 0.346245179
5472 Second Treatment period  Low Starch High Fiber 1.193707938 0.543519302 0.497416808 0.327391284 (.272052185
5473 Second Treatment period  High Starch Low Fiber 0.905934707 0.720036182 0.260427733  0.272013  0.16579632
5658 Second Treatment period  High Starch Low Fiber 0.966980003 0.93361335 0.442916194 0.221356103 0.334840026
5663 Second Treatment period Low Starch High Fiber 0.758496619 0.420278861 0.533760362 0.40257198  0.2448776
5676 Second Treatment period High Starch Low Fiber 0.795793773 0.715015806 0.286862216 0.230122275 0.352190688
5694 Second Treatment period  High Starch Low Fiber 0.731226445 0.432099188 0.403370112 0.214025076 0.390273466
5696 Second Treatment period Low Starch High Fiber 0.753865915  0.4498106 0.144031146 0.239103927 0.290099735
5808 Second Treatment period Low Starch High Fiber 0.508127868 0.696685993 0.323507362 0.278849249 0.386873926
5823 Second Treatment period  High Starch Low Fiber 0.798052027 0.695695608 0.42528048 0.204614035 0.38052694
5828 Second Treatment period  Low Starch High Fiber 0.437386698 0.571378085 0.230970398 0.162205038 0.349059996
5834 Second Treatment period Low Starch High Fiber 1.726463768 0.695879011 0.444099246 0.301088701 0.454288713
5838 second Treatment period Low Starch High Fiber 1.091818334 1.072538794 0.405807787 0.345175845 0.316148726
5840 Second Treatment period Low Starch High Fiber 0.808294363 0.505371407 0.312602458 0.235605778 0.359716728
5844 Second Treatment period Low Starch High Fiber 1.078239779 0.548177553 0.493245938 0.221874559 0.479234634
5849 Second Treatment period Low Starch High Fiber 1.015381416 1125815106 0.300705257 0.325406087 0.326161803
5858 Second Treatment period  High Starch Low Fiber 0.758429761 0.708757943 0.600135721 0.300812872 0.418035086
5862 Second Treatment period  High Starch Low Fiber 1.0890149 0.803149499 0.227015089 0.200396145 0.386482417
6058 Second Treatment period  High Starch Low Fiber 0.617681917 0.981253273 0.241788175 0.18371152 0.40170487
6090 Second Treatment period High Starch Low Fiber 0.392439375 0.366880542 0.477542433 0.248067332 0.242349541
6091 Second Treatment period  High Starch Low Fiber 0.662360586 0.504463385 0.278464857 0.169378173 0.401196178
6098 Second Treatment period  High Starch Low Fiber 0.982277525 0.468738333 0.368396463 0.218179541 0.451804404
6201 Second Treatment period  High Starch Low Fiber 0.853003398 0.399385157 0.336437712 0.373258773 0.31401684
6205 Second Treatment period High Starch Low Fiber 0.858969582 0.617867565 0.198260693 0.270939621 0.216603303
6213 Second Treatment period  Low Starch High Fiber 0.495709192 0.653708569 0.236150593 0.253873818 0.177654584
6218 Second Treatment period  Low Starch High Fiber 1.223809546 0.824079818 0.48630732 0.437000728 0.504686806
6219 Second Treatment period  High Starch Low Fiber 1.057769987 0.604420835 0.734776924 0.391715675 0.638592249
6221 Second Treatment period Low Starch High Fiber 0.539601605 0.449336481 0.229614979 0.155297595 0.315281324
6222 Second Treatment period High Starch Low Fiber 1.26150309 0.886091342 2.213954322 0.281908432 0.427713737
6226 Second Treatment period  High Starch Low Fiber 0.88024027 0.514865889 0.314324166 0.236966492 (.384273785
6231 Second Treatment period  Low Starch High Fiber 0.592768669 0.22540033 0.252424376 0.339758317 (.450479985
6234 Second Treatment period  High Starch Low Fiber 0.642195509 0.261638797 0.312810014 0.657363175  0.4553827
6235 Second Treatment period  High Starch Low Fiber 0.759569293 0.446418393 0.164464508 0.383442749 0.421719603
6236 Second Treatment period  Low Starch High Fiber 1.155876076 0.738246511 0.41732153 0.257048268 0.401191941
6238 Second Treatment period Low Starch High Fiber 0.546028311 0.239264668 0.268569724 0.378361068 0.450072677
6239 Second Treatment period  High Starch Low Fiber 0.650223768 0.368379519 0.197038635 0.297889469 (.337430005
6240 Second Treatment period Low Starch High Fiber 0.759411655 0.522862946 0.404053457 0.257746663 0.477570882
6242 Second Treatment period High Starch Low Fiber 0.947813909 0.625597502 0.722694785 0.383484705 0.375728872
6243 Second Treatment period Low Starch High Fiber 0.540541061  0.7444854 0.350995625 0.246403384 (.291089315
6245 Second Treatment period  High Starch Low Fiber 0.697958949 0.444164494 0.266731674 0.354839271 (.45084563
6247 Second Treatment period Low Starch High Fiber 1.043600054 0.452281449 0.27775192 0.423405182 0.544386861
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4221 Second Treatment period Low Starch High Fiber 0.825235708 0.629878991 0.542108705 0.222225189 0.709140234
4403 Second Treatment period High Starch Low Fiber 0.296255666 0.261164689 0.508194716 0.287139433 0.455642776|
4668 Second Treatment period High Starch Low Fiber 0.428620351 0.327105672 0.458906538 0.291225859 0.336569679
4389 Second Treatment period High Starch Low Fiber 0.270701437 0.209030269 0.641140374 0.317522855 0.555535311
5002 Second Treatment period High Starch Low Fiber 0.519045565 0.415336443 0.431173468 0.326055174 0.408547122
5007 Second Treatment period Low Starch High Fiber 0.416036553 0.28839927 0.445645099 0.285638344 0.382809699
5046 Second Treatment period Low Starch High Fiber 0.43749471 0.347477314 0.423978409 0.236981948 0.461053126|
5249 Second Treatment period High Starch Low Fiber 0.161738176 0.149317074 0.366311288 0.151544174 0.337507544]
5282 Second Treatment period High Starch Low Fiber 0.701998031 0.36397549 0.556160708 0.477970131 0.453059838)
5298 Second Treatment period High Starch Low Fiber 0.404650948 0.321882473 0.538640008 0.184187132 0.365582891
5417 Second Treatment period High Starch Low Fiber 0.429244403 0.389130384 0.464153687 0.220292352 0.373751137
5439 Second Treatment period Low Starch High Fiber 0.456558066 0.320814254 0.346900295 0.205258952 0.503695511]
5455 Second Treatment period Low Starch High Fiber 0.382576701 0.301147825 0.426880617 0.296745734 0.383217555
5472 Second Treatment period Low Starch High Fiber 0.606331011 0.524220292 0.770262778 0.198471095 0.393630944
5473 Second Treatment period High Starch Low Fiber 0.24234839 0.208146687 0.726284749 0.173924456  0.34899105
5658 Second Treatment period High Starch Low Fiber 0.519027066 0.359827356 0.505719271 0.238854854 0.341704533
5663 Second Treatment period Low Starch High Fiber 0.628417624 0.507693144 0.551966462 0.262368553  0.34037381
5676 Second Treatment period High Starch Low Fiber 0.364867543 0.327006813 0.437597337 0.236198323 0.385674572
5694 Second Treatment period High Starch Low Fiber 0.652645466 0.513646372 0.266712721 0.197833414 0.391638505
5696 Second Treatment period Low Starch High Fiber 0.165083879 0.161856605 0.398721248 0.149276128 0.2949765912
5808 Second Treatment period Low Starch High Fiber 0.431938896 0.411669215 0.433051156 0.325494428 0.433273976|
5823 Second Treatment period High Starch Low Fiber 0.507714188 0.365716981 0.395804751 0.194796954 0.378675183
5828 Second Treatment period Low Starch High Fiber 0.260891475 0.203768383 1.054434519 0.169129739 0.374140524
5834 Second Treatment period Low Starch High Fiber 0.414771638 0.395433775 0.7234933 0.177850333 0.506163229
5838 Second Treatment period Low Starch High Fiber 0.551460441 0.462520837 0.54087064 0.385573096 0.293143716|
5840 Second Treatment period Low Starch High Fiber 0.355743939 0.309826328 0.594166821 0.254662883 0.531425418)
5844 Second Treatment period Low Starch High Fiber 0.563310987 0.427348766 0.403149452 0.163730294 0.581104085
5849 Second Treatment period Low Starch High Fiber 0.346520754 0.368060915 0.462116011 0.244566647 0.345588464
5858 Second Treatment period High Starch Low Fiber 0.67799986 0.542832545 0.535191275 0.283687554 0.465282004
5862 Second Treatment period High Starch Low Fiber 0.192511081 0.268730048 0.44996386 0.221414588 0.44317384
6058 Second Treatment period High Starch Low Fiber 0.324196034 0.272462522 0.483579422 0.254865196 0.287405676|
6090 Second Treatment period High Starch Low Fiber 0.592903883 0.51599074 0.453738554 0.184847384 0.272959436|
6091 Second Treatment period High Starch Low Fiber 0.307679632 0.253780858 0.514605507 0.162539819 0.287366341]
6098 Second Treatment period High Starch Low Fiber 0.5381682 0.40197792 0.632882906 0.154310737 0.485842076|
6201 Second Treatment period High Starch Low Fiber 0.431391575 0.371575565 0.343824625 0.3591953 0.33228562|
6205 Second Treatment period High Starch Low Fiber 0.230476966 0.232196959 0.565128519 0.364029448 0.229426757
6213 Second Treatment period Low Starch High Fiber 0.203873537 0.232944576 0.478557083 0.264714959 0.324874542)
6218 Second Treatment period Low Starch High Fiber 0.678679227 0.519920161 0.427131607 0.344618666 0.460862928)
6219 Second Treatment period High Starch Low Fiber 0.510140253 0.454011994 0.72560814 0.212568145 0.401870943
6221 Second Treatment period Low Starch High Fiber 0.238242538 0.206743715 0.73272698 0.250562473 0.501789803
6222 Second Treatment period High Starch Low Fiber 1.389805641 0.851983017 0.469627457 0.219703818 0.380050767
6226 Second Treatment period High Starch Low Fiber 0.301514983 0.229831947 0.377385593 0.159434021 0.292321648)
6231 Second Treatment period Low Starch High Fiber 0.242188791 0.24500309 0.320731182 0.198916667 0.393471847
6234 Second Treatment period High Starch Low Fiber 0.469439093 0.324012365 0.5017254 0.176219242 0.519145862
6235 Second Treatment period High Starch Low Fiber 0.184758911 0.15920204 0.537704775 0.175296331 0.324716528)
6236 Second Treatment period Low Starch High Fiber 0.605526544 0.442403054 0.460742637 0.197963092 0.421502833
6238 Second Treatment period Low Starch High Fiber 0.267985641 0.21783671 0.343033872 0.237017179 0.441827021]
6239 Second Treatment period High Starch Low Fiber 0.201594336 0.198050889 0.284857447 0.186514987 0.39919475
6240 Second Treatment period Low Starch High Fiber 0.430571043 0.304938516 0.70681793 0.214838681 0.473596864
6242 Second Treatment period High Starch Low Fiber 0.647756229 0.584550302 0.387673179 0.208726117 0.402215146)
6243 Second Treatment period Low Starch High Fiber 0.497361524 0.355073532 0.398001854 0.234120239 0.300791814
6245 Second Treatment period High Starch Low Fiber 0.331799672 0.26598876 0.265970088 0.349725215 0.396483699
5247 Second Treatment period Low Starch High Fiber 0.252649437 0.207853711 0.561095698 0.299631341 0.492807343
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4221 Second Treatment period Low Starch High Fiber 0.341923194 0.458565075 0.257400615 0.140404039
4403 Second Treatment period High Starch Low Fiber 0.302594802 0.36910862 0.485316825 0.052091805
4668 Second Treatment period High Starch Low Fiber 0.342893888 0.417916536 0.320381442 0.107692032
4389 Second Treatment period High Starch Low Fiber 0.417037373 0.09224607 0.561714124 0.073987258|
5002 Second Treatment period High Starch Low Fiber 0.52489022 0.291637967 0.434212886 0.098345762|
5007 Second Treatment period Low Starch High Fiber 0.396683245 0.212011393 0.411202892 0.025691766|
5046 Second Treatment period Low Starch High Fiber 0.488232246 0.29214405 0.423452533 0.054369035
5249 Second Treatment period High Starch Low Fiber 0.26891163 0.260798683 0.376058964 0.043533187)|
5282 Second Treatment period High Starch Low Fiber 0.507493032 0.276345218 0.547854988 0.106073166)
5298 Second Treatment period High Starch Low Fiber 0.332450783 0.533718507 0.345552221 0.106484514
5417 Second Treatment period High Starch Low Fiber 0.134026013 0.481350805 0.394450342 0.052710199
5439 Second Treatment period Low Starch High Fiber 0.323846273 0.191670481 0.495170457 0.557451233
5455 Second Treatment period Low Starch High Fiber 0.375020405 0.184188662 0.491825249 0.030020045
5472 Second Treatment period Low Starch High Fiber 0.293344763 0.207200578 0.393355325 0.037758409
5473 Second Treatment period High Starch Low Fiber 0.22375955 0.514573975 0.275447191 0.070230218|
5658 Second Treatment period High Starch Low Fiber 0.337109685 0.254479147 0.319836044 0.097521071
5663 Second Treatment period Low Starch High Fiber 0.273645238 0.235396299 0.30070585 0.159070127|
5676 Second Treatment period High Starch Low Fiber 0.46268474 0.261608069 0.423909126 0.060929878|
5694 Second Treatment period High Starch Low Fiber 0.41252052 0.157965329 0.434486185 0.036906475
5696 Second Treatment period Low Starch High Fiber 0.332008127 0.480119831 0.319025078 0.074976705
5808 Second Treatment period Low Starch High Fiber 0.498237185  0.2034186 0.48420446 0.051246239
5823 Second Treatment period High Starch Low Fiber 0.401516461 0.201433506 0.395709814 0.058038026)
5828 Second Treatment period Low Starch High Fiber 0.486441065 0.187279696 0.531725337 0.074887169
5834 Second Treatment period Low Starch High Fiber 0.488087575 0.172835425 0.523510085 0.061969237|
5838 Second Treatment period Low Starch High Fiber 0.411145404 0.602989544 0.385748758 0.138921509
5840 Second Treatment period Low Starch High Fiber 0.422255749 0.223220578 0.488022443 0.101894966)
5844 Second Treatment period Low Starch High Fiber 0.409000152 0.209389342 0.576313089 0.040175587
5849 Second Treatment period Low Starch High Fiber 0.41170025 0.17828987 0.382702183 0.039694701
5858 Second Treatment period High Starch Low Fiber 0.502462664 0.272233397 0.495922526 0.07069597
5862 Second Treatment period High Starch Low Fiber 0.564726642 0.313473328 0.519654409 0.092515191
6058 Second Treatment period High Starch Low Fiber 0.533404422 0.223617652 0.410360296 0.024636106|
6030 Second Treatment period High Starch Low Fiber 0.367709838 0.247086997 0.35672561 0.095581393
6091 Second Treatment period High Starch Low Fiber 0.45668479 0.262198156 0.408295074 0.108965849
6098 Second Treatment period High Starch Low Fiber 0.796129215 1.90333224 0.626011641 0.340746021
6201 Second Treatment period High Starch Low Fiber 0.374540177 0.489321066 0.309962238 0.082593525
6205 Second Treatment period High Starch Low Fiber 0.27279738 0.485750618 0.182048875 0.146634823
6213 Second Treatment period Low Starch High Fiber 0.202459554 0.445082822 0.288831946 0.05407427
6218 Second Treatment period Low Starch High Fiber 0.621924615 0.232910551 0.454912361 0.0695004016)
6219 Second Treatment period High Starch Low Fiber 0.444429563 0.261973173 0.422105071 0.056085583
6221 Second Treatment period Low Starch High Fiber 0.296434198 0.302570395 0.376513191 0.027249832
6222 Second Treatment period High Starch Low Fiber 0.5939083908 0.231703736 0.482741387 0.063774275
6226 Second Treatment period High Starch Low Fiber 0.35790464 0.157653139 0.512357593 0.036346561
6231 Second Treatment period Low Starch High Fiber 0.465163813 0.251709983 0.42851473 0.108607253
6234 Second Treatment period High Starch Low Fiber 0.627717511 0.245019043 0.361452282 0.053601545
6235 Second Treatment period High Starch Low Fiber 0.50356087 0.151707302 0.369708739 0.03639788|
6236 Second Treatment period Low Starch High Fiber 0.673253699 0.052247605 0.43520913 0.118734624
6238 Second Treatment period Low Starch High Fiber 0.368315245 0.123269916 0.445631342 0.021279872
6233 Second Treatment period High Starch Low Fiber 0.369156418 0.146250007 0.3951401912 0.018041819
6240 Second Treatment period Low Starch High Fiber 0.382434736 0.297849174 0.511983086 0.112187387|
6242 Second Treatment period High Starch Low Fiber 0.484352649 0.196845998 0.340338047 0.049142504
6243 Second Treatment period Low Starch High Fiber 0.324046272 0.242452442 0.350482304 0.049330188
6245 Second Treatment period High Starch Low Fiber 0.45130429 0.176382618 0.465572582 0.055207676|
6247 Second Treatment period Low Starch High Fiber 0.466668344 0.21335394 0.492822721 0.040195845
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ABSTRACT

Bovine milk contains an array of naturally-occurring bioactive compounds including
oligosaccharides, peptides, and organic acids; however, isolation of these bioactive compounds
from traditional dairy streams is challenged by their low concentrations. Delactosed permeate,
the dairy side stream resulting from protein isolation by ultrafiltration and lactose crystallization
of the ultrafiltration permeate, is a promising, more concentrated, alternative source of these
bioactive peptides, oligosaccharides, and organic acids. Although these bioactive compounds are
known to be present in delactosed permeate, the specific details of their individual compound
identities and abundances remain largely unknown. In addition, the lack of a standard of
composition for delactosed permeate and the many potential variations in the processing steps
leading to its formation cause the potential for wide variations in the make-up of this stream. In
this study, the composition of 10 commercial delactosed permeate batches from two production
facilities were analyzed and their macronutrient, mineral, B vitamin, and organic acid contents
were determined, in addition to peptidomic and glycomic profiling. Significant variations were
found between delactosed permeates from the two production sites, as well as substantial
variation between batches within a production facility. These findings highlight the extensive
compositional variation resulting from differences in delactosed permeate starting materials and
the cumulative effects of differences in the preceding processing steps, and they underscore the

need for further research into the bioactive potential of delactosed permeate.

INTRODUCTION
Delactosed permeate is the coproduct of lactose production for food and pharmaceutical

applications. Milk permeate or whey permeate remaining from cheese making and whey protein
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isolation is concentrated using a combination of evaporation and membrane filtration to produce
a supersaturated solution with a wet basis total solids content of 60 to 65% and lactose
concentration of 40 to 55%. This solution is then seeded with crystalline lactose to initiate
lactose crystallization. (Wong and Hartel, 2014; Bund and Hartel, 2013) The mother liquor

remaining after recovery of the newly crystallized lactose is known as delactosed permeate.

Lactose production in the United States doubled from 614 million pounds to 1.23 billion pounds
between 2005 and 2019, (USDA, 2019) resulting in a parallel increase in delactosed permeate
production. However, feasible productive applications for delactosed permeate are still lacking.
The main current outlets for delactosed permeate are as animal feed or wastewater, but because
of the high mineral content and biological oxygen demand of delactosed permeate, additional
pre-treatment is still often required. (Slavov, 2017) While simple and reliable outlets for
delactosed permeate are important in the short term, the inherent biological value of this stream
deserves more creative solutions to harness the health benefits of the underutilized bioactive

compounds it contains.

As the final coproduct of multiple product manufacturing ad isolation processes, delactosed
permeate has a highly variable composition. It’s final make-up is dependent on factors including
the type of cheese produced, how the whey was treated, the manufacturing processes
implemented for whey protein and lactose isolation, and the extent of lactose conversion to lactic
acid during storage. Due to its variable nature, there is not yet a standard of identity for
delactosed permeate. While several major delactosed permeate components, including crude

protein, lactose, lactic acid, citric acid, and major minerals have been fairly well documented in
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the literature, (Burrington et al., 2014; Frankowski et al., 2014; Friend et al., 2004; Levin et al.,
2016; Liang et al., 2009; Smith et al., 2016; Wagner et al., 2014) other components like peptides,
additional organic acids, and bovine milk oligosaccharides (BMOs), which are known to be
present in delactosed permeate, have received minimal compositional investigation.

Although most of the protein content from the starting milk or whey is removed during
ultrafiltration, low molecular weight compounds like peptides remain in delactosed permeate.
(Dallas et al., 2014b) Hundreds of naturally occurring peptides have been identified in bovine
milk, (Dallas et al., 2014a; Guerrero et al., 2015) and additional peptide structures resulting from
protein or larger peptide degradation may also be created during the processing treatments
leading up to the production of delactosed permeate. These peptides are generally composed of 2
to 50 amino acid residues, and many are homologous to known anti-hypertensive (Cicero et al.,
2011; Jauhiainen et al., 2012) immunomodulatory, (Gill et al., 2000) antioxidant, (EI- Nawawy
etal., 2012; Sah et al., 2018) and antimicrobial (Sah et al., 2018) peptides. These bioactive
peptides are of interest for potential applications based on their antimicrobial-,
immunomodulatory-, gastrointestinal-, and cardiovascular-related activities. (Auestad and

Layman, 2021; Miralles et al., 2018; Nongonierma and FitzGerald, 2015)

Lactic acid and citric acid have been routinely identified in delactosed permeate, but other
organic acids are relatively uncharacterized in this stream. Uric acid is of particular interest
because of its antioxidant activity, which is believed to promote the oxidative stability of dairy
products, helping prevent peroxidase-induced oxidation of peptides and other oxidation-sensitive

bioactives. (Qstdal et al., 2000)
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Delactosed permeate also contains a substantial quantity of the BMOs originally present in the
starting milk. BMOs are a class of carbohydrates composed of between 3 and 11 monosaccharide
subunits connected by glycosidic linkages, which are present in cows’ milk. BMO structures are
based off of either a lactose (galactose(B1-4)glucose) or lactosamine (galactose(p1-4)N-
acetylglucosamine) reducing end, which is expanded through the addition of further galactose
(Gal), N-acetylglucosamine (GIcNAc), or N-acetylgalactosamine (GalNAc) units and decorated
with 02-3- or a2-6-linked N-acetylneuraminic acid (Neu5Ac) or N-glycolylneuraminic acid
(Neu5Ge) or, less commonly, al-2- or a1-3-linked fucose (Fuc). (Aldredge et al., 2013)

BMOs are of increasing recent interest due to their numerous demonstrated health and
development benefits that bear particular relevance for human infants. BMOs have been shown
to contribute to improved gut barrier function in vitro (Perdijk et al., 2019), as well as decreased
gut permeability, increased lean body mass, and healthy organ growth in animal models of infant
undernutrition. (Boudry et al., 2017; Charbonneau et al., 2016) BMOs also exhibit anti-adhesive
and anti-pathogen activity against major enteric pathogens including enterotoxigenic Escherichia
coli (Martin-Sosa et al., 2002) and Campylobacter jejuni. (Lane et al., 2012) Of particular
interest are 3’-sialyllactose (3°-SL) and 6’-sialyllactose (6°-SL), two of the most abundant
oligosaccharides in bovine milk, which have also been shown to exhibit anti-pathogenic effects
against enteropathogenic and S fimbriated E. coli, (Coppa et al., 2006; Parkkinen et al., 1986)
Salmonella enterica ssp. enterica ser. fyris, (Coppa et al., 2006) and Pseudomonas aeruginosa.
(Marotta et al., 2014) Sialic acid and sialylated milk oligosaccharides including 3°-SL and 6°-SL
have also been linked with upregulated genes for myelination and ganglioside synthesis in the
hippocampus, increased sialylation of cerebellum gangliosides, and improved learning outcomes

in animal models. (Jacobi et al., 2016; Obelitz-Ryom et al., 2019; Oliveros et al., 2018) 25
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BMOs, including six high molecular weight, fucosylated compounds have been identified in
delactosed permeate, (Mehra et al., 2014) but little is known about their concentrations and

whether BMO profiles vary with delactosed permeate production processes.

One of the main challenges limiting the harnessing of bioactive compounds in delactosed
permeate is the high mineral content of this stream, with delactosed permeate often featuring ash
levels of 12 to 26% on a dry basis. (Burrington et al., 2014; Frankowski et al., 2014; Friend et al.,
2004; Levin et al., 2016) Before delactosed permeate can be applied in in vitro or in vivo studies
testing its bioactivity, salt levels must be reduced to prevent the impact of the bioactive
compounds from being overshadowed by the exceptionally high salt concentrations.
Applications of delactosed permeate that require it to be dried are also complicated by the high
mineral content which interferes with drying delactosed permeate as-is to a stable, free-flowing
powder, due to its hygroscopic and syrupy nature, (Bund and Hartel, 2010; Liang et al., 2009)

creating a further need for its demineralization.

In this study, detailed compositional analysis of delactosed permeate samples from multiple
production lots was conducted, including peptidomic, organic acid, and BMO profiling, to gain
insight into the full composition of this stream and to determine the degree of variation in these
components across multiple production sites and batches. In addition, a pilot batch of delactosed
permeate was demineralized to determine the extent of potential mineral removal and the impact

of this additional processing on key bioactive compounds, including BMOs.
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MATERIALS AND METHODS

Delactosed Permeate Sourcing

Delactosed permeate samples were collected from production batches across two manufacturing
sites (5 samples per location) belonging to Milk Specialties Global. All samples were stored at -
20°C until the time of analysis. Thawed samples were heated to 40°C and inverted to redissolve
precipitated solids prior to all extractions. All extractions and analyses were conducted in

duplicate.

Proximate Analyses

Proximate analyses were conducted by Milk Specialties Global (Eden Prairie, MN). Protein
content of the delactosed permeates was evaluated using IDF 185:2002 (LECO). Total lipids
were measured through the Mojonnier method (AOAC 989.05). The concentrations of simple
sugars including lactose, glucose, and galactose were determined using AOAC 977.20 and

AOAC 979.06. Ash content was measured with AOAC 930.30.

Protein content was additionally analyzed using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). Each gel lane was normalized to 25ug of protein and combined
with 0.5 equivalent volumes of 4x Laemmli sample buffer and 0.5 equivalent volumes of 0.2M
dithiothreitol. Sample mixtures were incubated at 95°C for 5 minutes, and then loaded onto a 4-
15% acrylamide gel. The gel was run at 116V for 40 minutes. Precision Plus Protein Standard

(Bio-Rad, Hercules, CA) was used as a positive control.
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Organic Acids

Major organic acids were analyzed by Eurofins (Food Integrity Innovation — Madison, WI). Citric,
lactic, and acetic acid concentrations were determined using AOAC method 986.13.

In addition, uric acid content was determined by ThermoFisher Scientific (Sunnyvale, CA) using
high-performance anion-exchange chromatography with UV detection (HPAEC-UV) at 295nm on
a Dionex ICS 5000+ HPAEC system. Chromatographic separation was achieved using 50mM
KOH with a flow rate of 0.3mL/min with an lonPac AS11-HC4um column (3 x 250mm,

ThermoFischer Scientific, Sunnyvale, CA) at 30°C.

Micronutrients

Vitamins

B vitamin analysis was conducted by Medallion Labs (Minneapolis, MN). Riboflavin (B2) was
quantified using AOAC methods 942.23, 970.65, and 981.15. Pantothenic acid (B5) analysis was
conducted following AOAC methods 945.74, 960.46, and 992.07. Cobalamin (B12)

quantification was carried out through AOAC methods 952.20 and 986.23.

Minerals
The mineral content of the delactosed permeates was analyzed by Milk Specialties Global (Eden
Prairie, MN). Calcium, magnesium, and phosphorous contents were measured using AOAC

985.01. Sodium analysis was conducted using AOAC 985.02.
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Bovine Milk Oligosaccharides

Oligosaccharide Profiling

BMOs in the delactosed permeate samples were purified by microplate C18 solid phase
extraction (SPE; Glygen, Columbia, MD) and microplate graphitized carbon SPE (Glygen) prior
to analysis by mass spectrometry. Each C18 SPE well was activated with acetonitrile and
equilibrated with nanopure water. Samples were loaded, and each C18 well was washed with 3
column volumes (600puL total) nanopure water. All eluate from the sample loading and washing
steps was collected and purified by graphitized carbon SPE. Graphitized carbon SPE wells were
activated with 80% acetonitrile/0.1% trifluoroacetic acid (TFA) and equilibrated with water. The
samples were loaded, and each well was washed with 6 column volumes (1.2mL total) nanopure
water. BMOs were eluted with 3 column volumes (600pL total) 40% acetonitrile/0.1% TFA. The
samples were dried and re-dissolved in nanopure water prior to mass spectrometry analysis.
Samples were analyzed on an Agilent 6520 nano-liquid chromatography chip quadrupole time-
of-flight mass spectrometry (nano-LC-chip-Q-ToF MS) system (Agilent Technologies, Santa
Clara, CA). Chromatographic separation was performed on a porous graphitized carbon nano-LC
chip, consisting of a 40nL enrichment column and a 75um x 43mm analytical column with 5um
particles (Agilent Technologies). Instrumental parameters for chromatographic separation and

BMO analysis by MS have been described previously. (Sunds et al., 2021)

The monosaccharide composition of each BMO was determined by examination of the MS/MS
spectra. Relative abundances of a selection of these BMOs were calculated with Profinder
B.08.00 software (Agilent Technologies). Precursor ions of the BMOs were identified from the

MS-level data with an error tolerance of 15 ppm, and the chromatographic area of each BMO

165



was calculated.

Oligosaccharide Quantification
BMOs in the delactosed permeate samples were purified by microplate C18 SPE, as described
above, prior to analysis by high-performance anion-exchange chromatography with pulsed

amperometric detection (HPAEC-PAD).

3’-SL and 6°-SL were quantified on a Dionex ICS 5000+ HPAEC-PAD system outfitted with
dual pumps and a detector consisting of an electrochemical cell with a disposable gold working
electrode and a pH-Ag/AgCI reference electrode (ThermoFischer Scientific, Sunnyvale, CA).
Chromatographic eluents consisted of nanopure water (A), 200mM sodium hydroxide (B), and
100mM sodium acetate in 100mM sodium hydroxide. Chromatographic separation was carried
out with a CarboPac PA200 guard column (3 x 50mm, ThermoFisher Scientific) and CarboPac
PA200 analytical column (3 x 250mm, ThermoFisher Scientific) with a pump flow rate of
0.5mL/min. The gradient was held constant at 8% B and 9% C for 60min. Column and detector

temperatures were set to 25°C.

Naturally Occurring Peptides

Peptidomic Profiling

Delactosed permeate samples were acidified by mixing 1:1 with 0.2% TFA. Peptides were
purified by column C18 SPE prior to analysis by mass spectrometry. Each C18 SPE cartridge
(Supelco, Bellefonte, PA) was activated with acetonitrile and equilibrated with 0.1% TFA.

Samples were loaded, and each C18 cartridge was washed with 3 column volumes (6mL total)
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0.1% TFA. Peptides were eluted with 3 column volumes (6mL total) 80% acetonitrile/0.1%
TFA. The samples were dried and re-dissolved in 2% acetonitrile for mass spectrometry analysis.
Peptidomics samples were analyzed by nano-LC-chip-Q-ToF MS. Chromatographic separation
was performed on a C18 nano-LC chip, consisting of a 40 nL enrichment column and a 75 pum x
150 mm analytical column, each with 5 um Zorbax C18 particles (Agilent Technologies, Santa
Clara, CA). Mobile phase solvents consisted of 3% acetonitrile/0.1% formic acid (A) and 89.9%
acetonitrile/0.1% formic acid (B). Samples were loaded onto the enrichment column by a
capillary pump operating at a flow rate of 4.0puL/min at 100% A. Separation was performed on
the analytical column by a nanopump operating at 0.3uL/min. The gradient was ramped from 0
to 30% B from 0 to 40min, 30 to 45% B from 40 to 45min, 45 to 100% from 45 to 45.1min, then
held at 100% B from 45.1 to 50min, and re-equilibrated at 100% A from 50.01 to 65min.

Upon eluting from the column, peptides were analyzed in positive ionization mode with scan
ranges of m/z 130-1400 (MS) and 50-1700 (MS/MS), collected at a rate of 8 spectrum/s. Drying
gas flow was 5L/min at 350°C. Capillary voltage was 1875V. In each MS scan, the eight most
abundant ions were selected for MS/MS fragmentation, with a dynamic exclusion of 0.30min
subsequently applied to each fragmented ion. Collision energies were specified with the linear
equation collision energy = ((m/z)/100)*slope + offset, with slope and offset values of 3 and 2,
respectively. In-run calibration was performed with infused calibrant ions of m/z 322.048121 and

922.009798. Data was stored in centroid mode.

PEAKS Studio X Pro (Bioinformatics Solutions Inc., Waterloo, ON, Canada) was used for
analyzing LC-MS/MS data for peptide identification. Peptides containing at least five amino acid

residues were identified through database search using Bos taurus (bovine) protein sequences in
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the Swiss-Prot database. (https://www.uniprot.org/, Accessed 12/19/2020) Enzyme and digestion
mode were set as “none” and “unspecific,” respectively. Variable modifications allowed
included deamidation (+0.98; N and Q), phosphorylation (+79.97; S, T, and Y), and oxidation
(+15.99; M). Mass error tolerance was set at 20 ppm and 0.02 Da for precursors and fragments,
respectively. Peptide-spectrum matches were filtered at 1% false-discovery rate (FDR) to get the

final peptide identifications.

Peptide sequences found in the samples were searched against Milk Bioactive Peptide Database
(http://mbpdb.nws.oregonstate.edu/, Accessed 12/19/2020) after removing modifications for
annotating potential bioactivities. Peptide sequences with 100% match with the bioactive

peptides in the database were reported.

Peptide Measurement

Proteins were removed from diluted samples via ethanol precipitation. Two equivalents of cold
ethanol were added to each sample. Samples were held at -30°C for 1 hour and then centrifuged
at 4000xg for 30min. The resulting supernatants were dried and reconstituted in nanopure water.
The approximate peptide content of each sample was determined using a Qubit Fluorometer
(ThermoFisher Scientific, Waltham, MA). Reconstituted supernatants from ethanol precipitation
were mixed with a buffered solution of Qubit fluorescent dye, incubated, and analyzed according

to the manufacturer’s instructions.
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Demineralization

A 16.65L pilot batch of delactosed permeate produced at plant 1, separate from the 5 un-
demineralized delactosed permeate batches analyzed from this site, was demineralized using
electrodialysis by Ameridia (Napa, CA) in a series of 9 test demineralization batches. The
electrodialysis stack employed ten cationic and anionic membranes with an average production
rate of 1.03L/h at 26°C and a potassium nitrate diluate maintained at approximately 20mS/cm via

the addition of demineralized water.

Statistical Analysis
Within versus between group variation was assessed using 1-way ANOVA with post hoc

evaluation using Tukey’s Test. All statistical analyses were conducted using R version 4.0.2.

RESULTS AND DISCUSSION

Proximate Analyses

Delactosed permeate composition was variable between production batches and processing
plants but comparable to previously reported values. (Burrington et al., 2014; Frankowski et al.,
2014; Friend et al., 2004; Liang et al., 2009; Smith et al., 2016; Wagner et al., 2014) All samples
contained less than 0.5% fat and 5.2% protein (Table 4.1). The significantly higher (p<0.01)
levels of protein in samples from production plant 2 are likely the result of greater incorporation
of milk permeate in the starting material at this site compared to the entirely whey permeate
starting material used at production site 1, and higher protein content in the permeate starting
material due to a protein leak in the permeate supplier’s ultrafiltration process for production

plant 2. The significantly higher (p<0.001) total solids content in the delactosed permeate
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samples from production plant 2 is likely due to a combination of this less precise ultrafiltration

and a lower lactose recovery during crystallization.

Table 4.1. Proximate analyses of delactosed permeate batches from both production plants.
Values are expressed as the mean + standard deviation. Significant differences within a row are
indicated as * 0.01 <p <0.05, **0.001 <p <0.01, *** p <0.001

Production Plant 1 Production Plant 2
Total Solids (g/100g) 25.93 £ 2.04 40.76 +0.48 folekal
Ash (g/100g) 4,82 +£0.19 10.21 £0.17 folekal
Protein (g/100g9) 2.04+£0.12 4,96 £0.12 faiaie
Fat (g/1009) 0.17 £0.04 0.33+£0.11 *

Proteins

Protein profiles of the delactosed permeates, with the gel loadings normalized to 25ug of protein
each, also differed between the two production plants, as shown in Figure 4.1. Delactosed
permeates from both plants contained proteins with masses corresponding to $-lactoglobulin
(18.4kDa) and caseins (19-32kDa). (Zhang et al., 2022) Although the delactosed permeates from
production plant 1 have a lower total protein content, they also appear to have a higher relative
content of proteins with molecular weights greater than 25kDa. Other proteins commonly found
in milk, including a-lactalbumin (14kDa), bovine serum albumin (66.4kDa), and lactoferrin (77-
80kDa) do not appear to contribute substantially to the protein profiles of any of the delactosed
permeates. The darkened portion of the gel below the 10kDa mark for lanes 11 and 12, as seen in
Figure 4.1, is the result of residual stain that was not fully removed during the destaining
process, not very low-mass protein or high-mass peptide content, as confirmed by additional

SDS-PAGE analyses of the two corresponding delactosed permeate samples.
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Figure 4.1. SDS-PAGE analysis of delactosed permeates. Lanes: (1) protein standards, (2)
production plant 1 batch A, (3) production plant 2 batch B, (4) production plant 1 batch C, (5)
production plant 1 batch D, (6) production plant 1 batch E, (7) protein standards, (8) production
plant 2 batch A, (9) production plant 2 batch B, (10) production plant 2 batch C, (11) production
plant 2 batch D, (12) production plant 2 batch E. Each gel lane was normalized to 25ug of

protein.

Vitamins and Minerals

Three B vitamins, riboflavin (B2), pantothenic acid (B5), and cobalamin (B12) were measured in
the delactosed permeates. Vitamins B2 and B5 were present at significantly higher (p<0.001)
concentrations in delactosed permeate batches from production plant 2 (Figure 4.2). There was
no significant difference (p>0.05) in the concentration of vitamin B12 between production

plants, but there was substantially more variation in vitamin B12 concentration between batches

from plant 1 compared to plant 2, as shown in Figure 4.2.
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Figure 4.2. B vitamin concentrations in delactosed permeate batches produced at production
plant 1 (e) and production plant 2 (m). * 0.01 <p < 0.05, **0.001 <p <0.01, *** p <0.001

Sodium was the most abundant mineral, followed by potassium (Figure 4.3). All measured
minerals were present at significantly higher concentrations (p<0.001) in the delactosed permeate
produced at plant 2, as a result of more substantial pH adjustments carried out on the starting

material at this facility.
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Figure 4.3. Mineral concentrations in delactosed permeate batches produced at production plant
1 (e) and production plant 2 (m). * 0.01 <p <0.05, **0.001 <p <0.01, *** p <0.001

Organic Acids
Citric acid was the most abundant organic acid delactosed permeate samples, particularly for
delactosed permeates produced at plant 2 (Figure 4.4), which is consistent with previous reports
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of delactosed permeated organic acid content. (Frankowski et al., 2014; Friend et al., 2004;
Liang et al., 2009) Acetic acid was only present in trace amounts (<400ppm) across all ten
delactosed permeate batches. Lactic acid was one of the only measured compounds that did not
differ significantly (p>0.05) in concentration between production plants (Figure 4.4). The
comparable levels of lactic acid across all analyzed delactosed permeate batches suggest minimal
variability in the degree of microbial degradation of lactose into lactic acid during prior
production processes as well as during storage of the milk and whey permeate starting materials

and delactosed permeate batches during processing.
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Figure 4.4. Organic acid concentrations in delactosed permeate batches produced at production
plant 1 (e) and production plant 2 (m). * 0.01 <p <0.05, **0.001 <p <0.01, *** p<0.001

Carbohydrates

Simple Sugars

The delactosed permeates from production plant 2 had significantly higher (p<0.05)
concentrations of lactose compared to those from production plant 1 (Figure 4.5), which aligns
with the lower lactose crystallization recovery reported by production plant 2. In general, the
yield of lactose crystallization rarely surpasses 65% because of interferences from minerals and

other components. (Paterson, 2009) Following this pattern, the reduced lactose crystallization at
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production plant 2 was likely caused by higher levels of protein, minerals, and other non-lactose

compounds in the concentrated permeate at this site.

Glucose had the greatest variation across all batches, but there was no significant difference

(p>0.05) in glucose concentrations between production plants.
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Figure 4.5. Simple sugar and sialyllactose concentrations in delactosed permeate batches
produced at production plant 1 (e) and production plant 2 (m). * 0.01 <p <0.05, **0.001 <p <
0.01, *** p < 0.001

Bovine Milk Oligosaccharides

21 BMOs, including 12 unique monosaccharide compositions and 9 additional isomers, were
identified across all of the delactosed permeate samples. Three of the identified BMOs were
acidic, including two of the most abundant structures in bovine milk, 3’-SL and 6’-SL. No
fucosylated BMOs were identified in the delactosed permeate samples.

Significantly higher (p<0.001) concentrations of 3’-SL and 6’-SL were measured in the
delactosed permeate batches from production plant 2 (Figure 4.5). This trend may be the result of
more extensive ultrafiltration carried out to maximize protein removal at production plant 1,

which may lead to additional, unintentional retention of oligosaccharides, as an unintended side
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effect. Acidic oligosaccharides like 3°-SL and 6’-SL, which maintain a negative charge under the
mildly acidic conditions of milk and whey permeates, may be more susceptible to this effect
because of their greater interactions with the charged filtration membranes. (Cheryan, 1998;
Cohen et al., 2017; Luo and Wan, 2013) No significant difference in relative abundance (p>0.05)
was observed between the two production plants for any of the other BMOs, but substantially
greater variation in BMO abundances between delactosed permeate batches was observed for
production plant 1 (Table 4.1). Relative abundance data for all BMOs is reported in

Supplementary Table 4.1.
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Table 4.1. Relative abundances of bovine milk oligosaccharides in delactosed permeate from
two production plants. Abundances are expressed as the mean relative abundance per gram of
delactosed permeate * standard deviation.

Bovine Milk Neutral Production Plant 1 Production Plant 2
Oligosaccharide Mass (Da) Relative Abundance  Relative Abundance
2. 001 0(3-SL) 633.2116 1617.8490 + 1134.444  1252.085 + 548.541
2 0010¢(-SL) 633.2116 192.549 + 85.535 224.875 + 70.827
2.1 0 0 Oisomer1l 545.1956 1128.319 + 389.905 1421.359 + 566.052
2.1 0 0 _0Oisomer?2 545.1956 16.315 £ 6.854 12.938 + 2.611
2.1 00 0isomer3 545.1956 20.092 £ 12.074 11.268 + 4.523
22000 748.2750 13.663 £ 8.771 9.460 + 3.236

3 0.0 0 Oisomer1 504.1690 1011.583 + 706.352 449.193 + 161.156
3 0.0 0 Oisomer2 504.1690 166.481 £ 105.960 109.556 + 31.637
30010 795.2645 138.671 + 76.261 79.571 £ 16.035
3100 0Oisomerl 707.2484 18.385 + 9.367 17.637 + 6.836
3.1 0 0 0isomer2 707.2484 20.973 £13.174 16.259 + 3.350
3100 0isomer3 707.2484 62.416 £ 41.641 38.453 £ 7.728
32000 910.3278 27.024 £ 17.630 20.560 £ 4.013
33000 1113.4072 14.132 £8.710 12.288 + 2.685

4 0 0 0 Oisomer1 666.2219 44,752 + 43.261 31.532 £ 8.950

4 0 0 0 _0isomer2 666.2219 13.840 + 11.006 7.533 + 2.667

4 0 0 0 0isomer3 666.2219 29.177 £23.432 17.584 + 4.180
41000 869.3012 84.502 £+ 50.725 57.370 £ 9.758
42000 1072.3806 13.761 + 7.509 12.229 + 2,921

6 0 0 0 Oisomer1 990.3275 78.833 £ 62.487 27.583 £ 9.641

6 0 0 0 Oisomer2 990.3275 16.731 £ 15.341 12.946 + 3.552

Bovine milk oligosaccharides are listed based on their monosaccharide compositions as the
number of Hex_HexNAc_Fuc_Neu5Ac_Neu5Gc.

Naturally Occurring Peptides

A total of 77 to 577 unique peptide sequences were identified in the delactosed permeate
samples, and a comparison across different samples is shown in Table 4.3. Major parent proteins
for the peptides identified in the delactosed permeates included B-casein, a-S1-casein,

glycosylation-dependent cell adhesion molecule 1, a-S2-casein, k-casein, polymeric
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immunoglobulin receptor, and B-lactoglobulin, with the greatest number of sequences originating
from B-casein and a-S1-casein. In addition, several bioactive peptide sequences were identified
by matching with the Milk Bioactive Peptide Database (Figure 4.6).
(http://mbpdb.nws.oregonstate.edu/, Accessed 12/19/2020) Prominent bioactivities of the
identified peptides include Angiotensin-converting enzyme (ACE)-inhibitory, antimicrobial,
antioxidant, anti-inflammatory, and immunomodulatory activities. The complete lists of naturally
occurring peptide sequences identified in all the delactosed permeate batches can be found in
Appendix 1, and the corresponding activity annotations are listed in Supplementary Tables 4.2

through 4.11.

Table 4.3. Number of unique peptide sequences and estimated peptide concentrations in
delactosed permeates. Concentrations are expressed as the mean + standard deviation.

Production Plant 1 Production Plant 2

Number of Peptide Number of Peptide
Peptide Concentration (mg/g Peptide Concentration (mg/g
Sequences  delactosed permeate)  Sequences  delactosed permeate)

Batch A 399 14.69 +5.18 159 1.82+0.08
Batch B 326 14.05+1.11 130 2.12 +0.97
Batch C ST 14.58 + 3.77 77 1.61+0.48
Batch D 264 14.87 +0.41 131 2.07 £0.62
Batch E 457 13.60 + 0.66 77 1.35+0.04
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Figure 4.6. Numbers of bioactivity annotations and unique bioactive peptide sequences in
delactosed permeate batches (A-E) from the two production plants.

In addition, peptide concentrations were estimated for all delactosed permeate samples using a
fluorometric assay (Table 4.3). Peptide contents measured for delactosed permeates from
production plant 1 were significantly higher (p<0.001) than those from production plant 2,
consistent with the higher number of peptide sequences identified in the delactosed permeates
from plant 1. This phenomenon is likely the result of differing composition of the delactosed
permeate starting material between the two plants, with lower incorporation of whey permeate
and greater levels of milk permeate, which has a lower natural peptide content than
cheesemaking byproducts like whey permeate, in the starting material at production plant 2.
Additional influence on the delactosed permeate peptide content may also have arisen from the
higher mineral content in the ultrafiltration starting material at production plant 2, which could
lead to greater formation of salt bridges between peptides and the ultrafiltration membrane,

increasing peptide retention. (Cheryan, 1998)
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Because the fluorometric assay employed to estimate peptide concentrations was designed for
protein quantification and we cannot confirm that all peptides react in the same manner, the
provided peptide concentrations are only estimates. Similarly, it is possible that other, as yet
unidentified components of the delactosed permeates may react with the fluorescent agent in the
assay, contributing to the measured peptide content. These effects may also be contributing to the

differences in peptide content measured between the two production plants.

Demineralization

As a pilot study, 16.65L of delactosed permeate from production plant 1 underwent
demineralization through electrodialysis. An average of 95.8% reduction in conductivity was
achieved after demineralization, with approximately 85% of the reduction in conductivity
occurring within the first hour of electrodialysis. This drop in conductivity corresponds to
substantial reduction in mineral content, including more than 95% removal of sodium and

potassium, and more than 80% removal of calcium and magnesium (Table 4.4).
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Table 4.4. Percent reduction in major solid components of delactosed permeate with
demineralization. Values are expressed as the mean + standard deviation from three
demineralization trials.

Component Reduction in
Concentration (%o)
Total Solids 16.88 £ 6.65
Ash 89.69 + 0.04
Sodium 96.19 £ 0.21
Potassium 97.99+£0.21
Calcium 83.71+6.22
Magnesium 85.09 £ 5.15
Phosphorous 71.20 £ 2.67
Protein 25.51+1.99
Lactose 2.20 £ 0.07

The concentrations of the two most abundant charged BMOs, 3’-SL and 6’-SL, were also
measured in both the diluent and final delactosed permeate product after demineralization (Table
4.5). Because of their charged nature and comparatively low molecular weight, 3°-SL and 6°-SL
were determined to hold the greatest risk of loss during the electrodialytic demineralization, and
thus made good markers for any potential removal of other BMOs from the delactosed permeate
during this process. No loss of sialyllactose to the diluent was detected (limit of detection of 0.1

mg/100g), demonstrating good recovery of BMOs after demineralization.
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Table 4.5. Concentration of sialyllactose in delactosed permeate demineralization fractions.
Values are expressed as the mean + standard deviation from two replicates of the final pooled
delactosed permeate fractions.

Eraction 3’-Sialyllactose 6°-Sialyllactose
(mg/100g) (mg/100g)

Demineralized 16.59 + 1.91 5.44 + 0.45

delactosed permeate

Diluate None detected None detected

In addition to significantly reducing the mineral content without a detectable loss of BMOs,
demineralization of the delactosed permeate pilot batch also allowed the material to be easily
spray dried to a free-flowing powder. This demonstrates that previously reported challenges with
drying this stream (Bund and Hartel, 2010; Liang et al., 2009) can also be overcome through

demineralization.

Conclusions

This study offers an in-depth compositional analysis of delactosed permeate, illustrates its
substantial variance in composition between production sites and between production batches,
and demonstrates the ability of this stream to be successfully desalinated without loss of key
bioactive compounds. In addition, the present study provides the first comparative analysis of the
peptide and bovine milk oligosaccharide profiles of delactosed permeate. The findings from this
study indicate the strong potential for delactosed permeate to be harnessed as a source of
bioactive oligosaccharides, peptides, and organic acids. Further research on this dairy stream will
be needed to determine which variations of the dairy processing procedures leading up to

delactosed permeate production are optimal for bioactive compound isolation.
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Supplementary Table 4.1. Raw abundances of bovine milk oligosaccharides identified in delactosed permeates

Production
Plant 1

Production
Plant 2

Mass of original

Batch Replicate sample (mg)

A

1

N HNKENEBERNRENRERENEBENEBENENRERN

315.6
320.5
325.5
326.6
330.6
3314
323.5
322.4
319.6
322.6
161.7
177.7
191.9
243.4
150.8
147.4
173.6
173.6
176.8
184.2

Mass of original

xylosylcellobiose

isomer 1

3100031000310003200033000400004000040000 410004200060000860000

isomer 2

20010 2001021000 21000210002200030000 30000 30010

sample per injection (internal standard) (3'-SL fragment) (3'-SL)

0.0252
0.0256
0.0260
0.0261
0.0264
0.0265
0.0259
0.0258
0.0256
0.0258
0.0078
0.0085
0.0092
0.0117
0.0072
0.0071
0.0083
0.0083
0.0085
0.0088

2474266.6
1866023.1
1164124.6
1298158.7

643428.7

911150.8
1897277.8
1767592.3
2258035.1
2152818.6
3602897.5
2711934.2
2208892.7
1783166.5
2779748.9
4487604.4
3799958.9
3519928.1
3366060.3
2938364.8

10010 _0_0_1_|
25742312.8 11998213.8
34689068.5 15375614.2
41822954.3 17953371.9
38382769.3 16675959.6
49991598.6 21220119.0
48205201.4 21287883.8
38047936.2 17147836.8
40958523.9 177223114
29251771.7 13409909.5
27691362.4 12374188.5
16037058.5 7135359.7
25619501.6 11310215.0
25848053.2 11486381.0
32111442.3 13857239.7
23486911.6 10397839.8
13938485.0 6463182.9
13924410.1  6175310.8
18915818.1 8580993.4
17689106.7 8127812.9
22520478.5 9996526.4

(6'-sL)
6608868.5
7653682.2
6454837.7
7275372.9
6483603.7
6944065.1
6172453.6
7123889.2
7273922.7
8660460.6
5467761.4
6921730.5
5816975.1
6068763.1
6786214.5
5339515.1
4514975.9
5245950.4
4391664.2
5096528.5

i 1 i 2" 3
49289152.0 580016.7 743219.7
52090457.1 525465.5 715555.6
36094998.9 477944.8 504742.9
34320520.3 526788.8 609567.7
34367166.3 545518.6 798818.7
37760092.7 546953.1 849180.7
48018819.1 553212.6 4844714
47860742.2 553855.3 540935.1
44449726.6 818730.9 682318.6
45699369.3 1071721.9 1322343.9
26798921.2 347530.3 266646.8
37526993.0 335754.1 305289.6
45677046.8 338216.4 383298.1
43625842.7 316877.7 383546.2
43776619.1 308026.0 241860.2
25970778.6 252227.5 153745.2
26438255.2 383294.8 238877.3
32045224.9 295945.8 255986.1
34925258.3 369540.6  310965.7
29881078.5 317472.2 225379.3

413065.3
456210.4
374538.0
420067.5
584602.6
589374.4
440792.4
423489.1
501450.2
557651.6
213338.1
277597.2
2824443
296079.2
234999.5
182220.5
171213.0
216910.3
227507.5
225891.2

isomer 1
23759463.4
25466740.3
38647621.0
37380776.6
44488057.4
42725441.4
29641780.2
28068832.1
36008522.1
33345923.0
10967887.5
15348256.9
12027108.4
12990404.7
12503752.5

7717710.6
7935285.4
9880012.4
10205275.7
10712293.2

isomer 2
4850012.7
5311169.2
5649457.6
5430635.7
7082289.1
6808793.5
5286936.4
5468309.8
5621778.6
5925561.9
2511556.6
2854912.2
3118502.7
3456231.0
2531725.7
2329242.7
2392066.6
2728645.2
2641187.0
2674396.4

3754707.2
3962222.9
5207999.5
4970252.9
5394660.7
4934897.8
5316700.7
4705486.4
5706364.6
5212528.8
1903087.9
2185757.7
2074049.2
2013284.5
1922602.9
1877714.7
1989429.0
1961024.3
2217320.5
1885817.9

183



Supplementary Table 4.2. Bioactive peptide sequences identified in delactosed permeate from
production plant 1, batch A

Search peptide
ALMEIMNGFY Gk

DAQSAPLAWY
ENLLRF
EPYLGPVRGPFP
FPEWFGK
FUAPFPEVFG

INMCFLPPY AEPA

IPICT

KVLPVPO
KVLPVPO

LLHEPWLGPWRGRE POZEEE

MEPWIGIPE
MNIPPLTCITPY
NYPGEIVESL
FFPEVFGE
FYWWYPPFLCIPE

QEPYLGPYRGPFFIY POZEEE

Protein | Peptide
PO26ES  ALMEINCIF Gk,

POZ754
FP13626
POZEEG
POZEEZ
POZEEZ
POZEES

DACISAPLRVY
EMLLRF
EPVLGFWRGFFF
FPENVFGE
FWAFFPEVFG
INNOFLPYPY ARFA
POZEES  IPICHY
POZEEG
POZEEG

KVLPVYFPO
KWLPVYFPQ

POZEES
POZEEE
POZEEE
POZEGZ
P33045

MEPWIGFPE
MIPPLTCITPY
MYPGEIVESL
PFPEVFGE
PYWYPPFLLPE

Protein description Species

Blpha-52-casein

Beta-lactoglobulin
Alpha-51-casein
Beta-casein
Alpha-S1-casein
Alpha-S1-casein
Kappa-casein

Kappa-caszein

Beta-casein
Beta-casein

LLY'QEPYVLGPYRGPF Beta—casein

Alpha-S52-casein
Beta-caszein
Beta-caszein
Blpha-S1-casein
Beta-caszein

QEPYLGPVRGPFPIVY Beta-casein

ROMPICIAF POZEEGE  ROMPICIAF Beta-casein
SOIPMPIGSEMSER.  POZEEZ  SOIPMPIGSENSEK.  Alpha-Sl-casein
SENLPVPO POZEEGE  SEWLPVPO Beta-casein
SOSENVLPVPO POZBEE  SOSKVLPYPO Beta-casein
SOSKVLPYPOKAVPY POZEEE  SOSKVLPVPORKAVFY Beta-casein

TOTPVWWPPFLORPE  POZEEE

WAGTWY
WAGTWY
WAGTWY
WAGTWY
VAGTwWY

VAPFPE

WLMEMNLLR

YLPVPO

VLPVYPOK
VLPVYPOK
VLPYPOK
VLPYPOK
VLPYPOK

VLPWYPLIK,

VLPWVPOR AVFYPLR

WPGENVE
WEWTITAY

WPFPGRIPH
WYPFPGRIPH

YLGYLE
YLGYLE
YLGYLE
YLGYLEQ

WPVYEPF

TATPYWWIFPFLORPE

PO2754
PO2754
PO2754
PO2754
POZ754

VAGT WY
VAGT WY
VAGT WY
VAGT WY
VAGTwY

POZEEZ | WAPFPE

POZEGZ  WLNEMLLR

POZEEE  WLFPWPO
POZGEGEE
POZGEGEE
POZGEGEE
POZGEGEE

VLPVPLIK
VLPVPLIK
VLPVPCK
VLPVPCK
FPOZEG6  WLPVYPOK
POZ666
POZ666
POZ666
POZ665

WVLPYPLIK

VLPYPLK AVPYPLR
WPGENWE
WOMTSTAY

POZEEG
POZEEG

WWRFRGPIPY
WWRFRGPIPN

POZEEZ
POZEEZ
POZEEZ

WLGYLE
WLGYLE
WLGYLE

POZEEZ  YLGYLEQ

POZEEE | YPVEPF

Beta-casein

Beta-lactoglobulin
Beta-lactoglobulin
Beta-lactoglobulin
Eeta-lactoglobulin
Beta-lactoglobulin

Alpha-S1-casein

Blpha-S1-casein

Beta-casein

Beta-casein
Beta-casein
Beta-casein
Beta-casein

Beta-casein
Beta-casein
Beta-casein
Beta-casein

Kappa-casein

Beta-casein
Beta-casein

Alpha-S51-casein
Alpha-S51-casein
Alpha-S51-casein
Alpha-S51-casein

Beta-caszein

Bas taurus

Bas taurus
Capra hircu:
Bos taurus
Bos taurus
Bos taurus
Bos taurus

Bos taurus

Bos taurus
Bos taurus
Bos taurus
Bas taurus
Bas taurus
Bas taurus
Bas taurus
Capra hircu:
Bas taurus
Bos taurus
Bos taurus
Bos taurus
Bos taurus
Bos taurus
Bos taurus

Bos taurus
Bos taurus
Bos taurus
Bos taurus
Bas taurus

Bas taurus

Bas taurus

Bos taurus

Bos taurus
Bos taurus
Bos taurus
Bos taurus

Bos taurus
Bos taurus
Bos taurus
Bos taurus

Bos taurus

Bos taurus
Bos taurus

Bos taurus
Bos taurus
Bos taurus

Bos taurus

Bas taurus

184

Intervals
3E-106

43-55
33-38
Z10-221
43-43
33-45
T2-86

47-51

184-190
184-190
206-224
205-212
8-97
Z2-31
42-49
96-106
209-224
198-205
195-208
183-190
181-190
E1-197
93-106

31-36
31-36
31-36
31-36
31-36

40-45

30-37

165-130

165-11
165-11
165-11
165-11

165-11
185-191
185-135
23-29

183-130

T4-83
T4-83

0E-111
06-111
06-111
06-112

123-134

Function
BCE-inhibitor

BCE-inhibitor
ACE-inhibitory
ACE-inhibitary
ACE-inhibitary
ACE-inhibitary
Antioidant

DOPP-IY Inhibitorg

ACE-inhibitary
Anti-inflammatary
ACE-inhibitory
ACE-inhibitor
ACE-inhibitor
Articxidant
BCE-inhibitor
Artimicrobial
BCE-inhibitor
ACE-inhibitory
Antimicrobial
ACE-inhibitary
ACE-inhibitary
Antioidant
Antioidant
stimulates
proliferation
DOPP-IY Inhibitorg
Antiowidant
Antimicrobial
ACE-inhibitor
Imhibitior of
chaolesteral
solubilivy

Artimicrobial
Imhibition of
cholesteral
solubility

Antioxidant
Antimicrobial
ACE-inhibitor
‘wound healing

Ostecanabalic
anti-apoptotic
effect
Antimicrobial
OPP-I Inkibitary

Antimicrobial

Antioidant
ACE-inhibitary

Opicid
Antiowidant
ACE-inhibitary

Anzialutic

Opicid

Dol
10, 106/50074-57 I3 02)03576-
10, 1076#, peptides. 2071.02.005,
10, 1076#, Foodchem. 2011.09,052
0302(05]73032-0

10, TIZBHAEM. D003E-07

10, 1080/00021363. 1357, 108652
10,102 043510t

10,3390 artiowI0201T7

10. 10764 Foodchem. 2013.08.097
. 10.1039/cBfo0 1411
10.31684ds. 50022~

0302(36] TE487-1,
10,3168 ds. 2013-17976
10.31684ds. S0022-
0302(98)76487-1

0. TIZEMAEM. 56,9, 3595

10, 33900 artiox 020117
10,3168 . 2015-10437

10, 1017IS0007 114511001055

10, 3168/ ds. 2015-3563
0302(34] 77026-0

0. TIZBIAEM. 72.3.2260-
10.31684ds. 50022~

10, TIZBHAEM. D00IE-0F
10,3390 artiowI0201T7

10. 10764 Foodohem. 2010.05.023

10,1096, id airyj. 2010.02. 013
10,1096 ff. 2014, 04,002
10,1096 ff. 2014, 04,002
10.1096150304-4 165011001167
007G 0022029339003 982

10,3168 d=. 2013-17586
10.11280AEM. 72,3, 2260~
2264, 2008, 10711141472
TESR. 2012032710,

10,3168 d=. 2013-17536
10,1016+, id airyj. 2014, 11001,
10,9016, w. 2013. 103576
10,9016, wr. 2015.12.013
10,1016, Foadchem. 2015.05. 121
1010021 k. 25246
10,1007/ 500334 -016-1346-2,
10,1021 ags. jafe. 003385

10,9016 Fhio, 2020, 100566
10,906 e . 201512, 013
10,1016 peptides. 2016.03. 005
(7
0,007/ s00E T7-012-18354 -5,
10,3390 antiond0Z 01T
10,0075 002 T7-012-1534-5
0.0 FIIEZ T,

0,102 Whi00ZE5a03

10,3390 0odsI0E0551
10,3390 0odsI0E0551
0020250,
00204059

10, CE S 0196-S 7B 1830005 -
1, 10 AIS00220255 4000535



Search peptide

VPWVERF POZEEE
YPWVERF POZEEG
YPWVERF POZEEG
TPYERF POZGEG
YOERVL POZGEG
YOERVLGPYR POZGEG
YLEPYLGPYR POZEEE
YLEPYLGPYR POZEEE
YLEPYLGPYR POZEEE
YLEPYLGPYR POZEEE

YOEPVLGPYRGPFPI P33048
YOEPVLGPYRGPFPI POZEEE
YOEPVLGPYRGPFPI POZEEE
YOEPVLGPYRGPFPI POZEEE
YOEPVLGPYRGPFPI POZEEE
YOEPVLGPYRGRFPI POZEEE

Protein | Peptide

YPVEPF Beta-casein
YPVYERF Beta-casein
YPVYERF Beta-casein
WPWEPF Beta-casein
YWOEPWYL Beta-casein
YWOREPYLGPVR Beta-casein
' LEPYLGPWYR Beta-caszein
' LEPYLGPWYR Beta-caszein
' CEPYLGFWYR Beta-caszein
' CEPYLGFWYR Beta-caszein

Y OEPYLGPYRGFFRI Beta-casein
Y EEPVYLGPYRGPFPI Beta-casein
Y OEPVYLGPYRGPFPI Beta-casein
Y OEPVYLGPYRGPFPI Beta-casein
' LEPYLGPYRGPFPI Beta-casein
YOREPYLGPYRGFFPI Eeta-cazein

Protein description Species

Biaos taurus

Bos taurus
Bos taurus
Bos taurus

Bos taurus
Bos taurus
Bz taurus
Bz taurus
Biaos taurus
Biaos taurus

Capra hircu:
Eos taurus
Eos raurus
Eos raurus
Bz taurus
Bos taurus

185

Intervals Function

123-134

123-134
123-134
123-134

205-213
205-217
208-217
208-217
208-217
208-217

206-220
208-224
208-224
208-224
208-224
Z05-224

Increase MUCY
EHpression

OPP-IY Inhibitor
Antioxidant
Antimicrobial

ACE-inhibitary
ACE-inhibitary
Immunomadulatary
Antithrombatic
Antiovidant
Arti-inflammatary

Antimicrobial
immuncmodulatory
antithrombin
Antimicrobial
ALCE-inhibitory
Immunomodulatary

Dol

10.1017I50022023314000533
10,1061 peptides. 2016.03.005,
10,1096, foodehem. 2017.10.033
10.3390/foods3050331

10. 336 mick. 2015, 01148

0. 1016 S0958-5I46(9H00045-
¥, 10,1064 idairyi. 2007.02.003
10. 3166ds. 2015-3559
10.10960074-5 TI3(AE)00207-4
10,1033 cBlo0Z235f
10.1007/510983-015-3708-7
10.1007/510983-015-3708-7
101017450007 114511001085,
10,1111, 1365~

Hid

10,1016, idsiryi. 2012, 05,002

0. 1111, 1365~

10. 316 8Hds. 50022-

Hia



Supplementary Table 4.3. Bioactive peptide sequences identified in delactosed permeate from
production plant 1, batch B

Search peptide

ALNEIMCIF Y CIK POZEGS
AvFYPE POZERZ
AYFYPE POZEGZ
DACSAPLRVY PO2TS
EPYLGPVRGFFFP POZEGE
FALPOY POZEGS
FFWVAPFPEWVFGE POZEGZ
FPEVFGE POZEGZ
FYAPFPEVFG POZEGZ
IHFFALITC POZEGE
IHFFALITC POZEGE
IPICr POZEGS
KMLPVPD POZEGE
KMLPVPO POZEGE

LLvREPWVLGPYRGRF POZEEE
LvREPVLGPYRGFFF POZEEE

MPPLTCITFY POZEGE
NYPGEVESL POZEGE
QEPVLGPYRGPFFIN POZEEE
ROMPIZAF POZEGE
SOIPMPIGSENSER.  POZEEZ
SEVMLPVPD POZEGE
SOSKVLPYPO POZEGE

SCISEYLPYPLIR AYFY POZERE

WVARFPE POZERZ
WLNEMLLR POZEGE
VLPVPD POZEGE
VONTSTAY POZEGE
WRGPFRIN POZEGE
W PFPGRIPN POZEGE
W PFPGRIPN POZEGE
WLEPWL POZERE
W EHEPWLGPWR POZEES
W EHEPWLGPWR POZEES
WEHEPWYLGPWR POZEES
WEHEPWYLGPWR POZEES
WOEPVLGFYR POZEGE

WOEPVLGFYRGPFRI P33048
WOEPWVLGFYRGPFRI POZEEE
WOEPWVLGFYRGPFRI POZEEE
W OEPWLGPYRGPFPI POZEEE
W OEPWLGPYRGPFPI POZEEE
W OEPWLGPYRGPFPI POZEEE
YOKFPOWLGHY POZEES

Protein | Peptide

ALMEINCIF CIK

AvFvPE

AYFYPE

DACSAPLRVY
EFYLGPWVRGRFP
FALPCY

FFYAPFPEUFGK
FPEVFGK
FUAPFPEWFG

IHPFAGTS

IHPFAGTG

IPICH

KMLPYPO
KMLFVYPO

Protein description Species

Alpha-52-casein

Alpha-S1-casein

Alpha-51-casein

Eieta-lactoglabulin
Beta-casein
Alpha-52-caszein

Alpha-S1-cassin
Alpha-S1-cassin
Alpha-S1-cassin

Eieta-casein
Bieta-casein
Kappa-casein

Beta-casein
Beta-casein

LLvOEPYLGPWVRGFF Beta-casein
Ly QEPWVLGPYRGFFF Beta-casein

MIPPLTOTPY
MYPGENVESL

Beta-casein
Beta-casein

QEPYLGPYRGPFPIV Beta-caszein

ROMPICIAF
SOIPMNPIGSENSER,
SEMLPYPO
SOLSEVLPYPO

Eeta-casein
Alpha-S1-cassin
Eeta-casein
Beta-casein

SOSEVLPYPORAVFY Beta-casein

VAPFRE

WVLMNEMLLR

VLPWRO
VOMTSTAY

VRGPFRIY

WRFPGRIPN
WPFPGRIPN

WLEPYL

YLEPYLGPYR
YLEPYLGPYR
WLEPYLGPYR
WLEPYLGPYR
YOEPVLGPYR

Alpha-S1-casein

Alpha-S1-casein

Beta-casein
Kappa-casein

Eeta-casein

Eeta-casein
Beta-casein

Eieta-casein
Bieta-casein
Bieta-casein
Beta-casein
Beta-casein
Beta-casein

YOEPYLGPWVRGFFFI Beta-casein
YOEPYLGPVRGFFFI Beta-casein
YOEPYLGPVRGFFFI Beta-casein
YOEPYLGPVRGFFPI Beta-cassin
YOEPYLGPVRGFFPI Beta-cassin
YOEPVLGPWYRGPFFI Beta-caszsin

YOEFPOYLOY

Alpha-S52-cazein

Bios taurus

Bios taurus

Bos taurus

Bos taurus
Bos taurus
Bos taurus

Bas taurus
Bas taurus
Bas taurus

Bios taurus
Bios taurus

Bios taurus

Bos taurus
Bos taurus
Bos taurus
Bos taurus
Bos taurus
Bos taurus
Bas taurus
Bas taurus
Bas taurus
Bas taurus
Bas taurus
Bios taurus

Bios taurus

Bos taurus

Bos taurus
Bos taurus

Bas taurus

Bas taurus
Bas taurus

Bios taurus
Bios taurus
Bios taurus
Bos taurus
Bos taurus
Bos taurus

Capra hircw:
Bos taurus
Bos taurus
Bas taurus
Bas taurus
Bas taurus
Bas taurus

186

Intervals
36-106

158-163

158-163

43-55
210-221
189-134

35-43
43-43
33-45

B4-71
B4-71

47-51

154-130
18d4-130
206-224
207-224
85-97
22-31
203-224
135-205
195-208
1&3-130
181-130
181197

40-45

30-37

185-130
1&3-130

Z16-224

T4-83
T4-53

208-213
208-217
208-217
208-217
208-217
2058-217

206-220
208-224
208-224
208-224
208-224
208-224
104-113

Function
ACE-inhibitary

Antiowidant

ACE-inhibitory

ACE-inhibitory
ACE-inhibitory
BCE-inhibitory

BCE-inhibitor
BCE-inhibitor
ACE-inhibitor
prolul
endopeptidase-
irhibitary
PEP-inhibitary

OPP-I Irkibitary

ACE-inhibitory
Anti-inflammatory
ACE-inhibitory
Immunomaodulator
BCE-inhibitory
Antioxidant
BCE-inhibitor
BCE-inhibitor
Artimicrobial
ACE-inhibitor
ACE-inhibitor
Antioidant
Imkibitior of
chalesteral
solubility

Antimicrobial
Inhibitior of
cholesteral
solubility
Antimicrobial

BCE-inhibitor

Ariticxidant
ACE-inhibitor

ACE-inhibitary
ACE-inhibitary
Immunomodulatary
Antithrombotic
Antiosidant
Anti-inflammatory

Antimicrobial
immunomaodul atory
antithrombin
Artimicrobial
BCE-inhibitor
Immunemodul stor
ACE-inhibitor

Dol

0. 10765 0014-5 733(02)03576-7
10. 1076} idsiryi. 2071305, 008,

10. 3390 0odsI0G0951

10. 1076 idsiry. 2011305, 008,
10.3165ds. S0022-
0302(94)77026-0,

10. 10764, peptides. 2071.02.005,
10. 1016 foodohem. 201.09.052
0. 112BAEM. D0096-07

0. S 0014-57IF021035T5-T
101076 foodehem. 2014.09. 055,
10.1080M002 1369, 1952, 1086525
5, 10101645 00d-
10.1080/0002 1369, 1957, 1086524
0. 102043510

10.1007EFO2013330
10.127Wbbb. 56976

10,1076 Fondchem. 2013.05.097,
10103 e6fa01d11a
10.3168ds. S0022-
0302(36)75487-1.

10. 3168ds. 2013-17376

10. 3168ds. S0022-

10 0EIOES-24 TRS2130031-2
10.112EBIAEM. 65,3, 3638

10. 33300 antion30E0NTT

10. 3168kds. 2015-3563

10. 3168k ds. S0022-
10.1125/AEM. 72,3, 2260~

10. 3168)ds. S0022-
10.1125/AEM.00036-07
10.3330¢antion30Z0117

10.53168¢ds. 2013-17586
10.MEBAEM. T2, 3. 2260-
22642006, 10.1115.14 72 -
TEDR 22032714,

0. 3166ds. 2013- 17586
Hid

10. 10116, idsinyj. 2005, 12. 011,

0. 3158ds. 50022-
10.10074s00217-012-1334-5,
10.3390! sntiow 3020117
10.10074500217-012-1534-5

10. 1016/50958-6346(35)00045-
¥, 10.10164.idairyi. Z007.02.003
10.3166ds. 2015-3563
10.1016I0014-5 TIHAEI00207-4
10,1039 cBlo0Z235f
10.1007/510983-016-9708-7
10100715 10955-016-9708-7
1010150007 1451001085,
0. 1111, 1365~

Hia
10,016, iddziryi. 2012, 05,002

0. 1111, 1365~

0. 3168d=. 50022-

Bia

10,1016 peprides. 2017.03.021



Supplementary Table 4.4. Bioactive peptide sequences identified in delactosed permeate from
production plant 1, batch C

Search peptide

AMEPWICIPE POZ2EES
APSFSOIPMPIGSENS] POZEEZ

DACSAPLRVY POZT54
EMLLRF P13EZE
EPYLGPVRGPFFP POZEEE
FFWaP PoO2EEZ
FPEWFIGE PoO2EEZ
FPEYPVEPF POZEEE
FYAPFPEVFG PoO2EEZ
IHPFACQITD POZEEE
IHPFACQITD POZEEE
IPICEY POZEES
KHOGLPOEYVLMENLL POZEEZ
KWLPVPD POZEGE
KMLPVPL POZEGE
LHLPLPL POZEGE

LLvREPWLGPWYRGRF POZEEE

LPLFL POZEEE
LPLFLL POZEEE
LPLFLL POZEEE
LPVYPO POZEEE
LYY POZEES
LYY POZEES

LWWPFPGRIPNSLPO  POZEEE
LY QEPVLGPYRGFFF POZEEE

MIPFLTCITPY POZEEE
MLHLFLP POSE14
MLHLPLPLL POZEGE
MNYPGEIVESL POZEGE
PFPEVFGE POZEGZ
PYWWPPFLCPE P33048

QEPYLGPWRGPFFRIN POZEEE

ROMPICIAF POZEEE
ROMPIZAF POZEGE
SOPNPIGSEMSER.  POZEGZ
SEWVLPVPO POZERE
SCLSENLPYPL POZERE
SLSENLPYPCIR AYFY POZERE
TEDELQDKIHPF P33045

TOUTPVWWPPFLORPE  POZEEE

WAPFPE POZEGZ
WLGPWRGPFP POZEEE
WLMEMLLR POZEEZ
WLPVPO) POZEEE
WLPWVPOR, POZEEE
WLPWVPOR POZEGE
WLPWVPOR POZEGE

Protein | Peptide

AME P IGIPE

Protein description Species

Blpha-S52-caszein

APSFSOIPMPIGSEMNS] Alpha-S51-casein

DACISARLRYY
EMLLRF
EPYLGPWVRGPFP

FFuAP
FPEWFGK
FPHYPWERF
FUAPFPEVFG

HPFAGTO
HPFAGTO

IPICEY

Beta-lactoglobulin
Blpha-S1-casein
Beta-caszein

Blpha-S1-casein
Blpha-S1-casein
Beta-caszein

Blpha-S1-casein

Beta-caszein
Beta-caszein

Kappa-casein

KHOGLPREVYLMENLL Alpha-S1-casein

KVLPWVPG
KVLPVPO
LHLFLFL

Beta-cazein
Beta-casein
Beta-casein

LLYvEEPYLGFPWRGPF Beta-casein

LFLFL

LFLFLL
LFLFLL
LFYPO

LP R

LP R

Beta-caszein
Beta-caszein
Beta-caszein
Beta-caszein

Kappa-casein

Kappa-casein

LWPFPGPIPNSLPE EBeta-cazein
L+'QEPWLGPWRGPFF Beta—cazsin

NIPPLTQITPY
MNLHLFLP
MLHLPLPLL
NYPGENMESL
FFPEVFGE
PY\WYWYPPFLOPE

Beta-caszein
Beta-caszein
Beta-cazein
Beta-casein
Alpha-S1-casein
Beta-casein

CIEPVYLGPYRGPFPIY BEeta-—casein

ROMPICIAF
ROMPIZIAF
SOIPNFIGSENSER
SEMLPVPO
SOSKWVLPYPG

Beta-casein
Beta-caszein
Alpha-S1-casein
Beta-casein
Beta-casein

SOSEVLPVYPOKAYFY Beta-casein

TEDELQDKIHPF

Beta-casein

TOATPYWWWYIPPFLOFE Beta-casein

YAPFPE

VYLGPYRGFFP

WLMEMNLLR

YLPVPO

YLPVPOK
VLPVPOK
VLPVYPOIK

Alpha-S1-casein

Beta-caszein

Alpha-S1-casein

Beta-caszein

Beta-caszein
Beta-cazein
Beta-casein

Bos taurus
Bos taurus

Bos taurus
Capra hircus
Bas taurus

Bas taurus
Bas taurus
Bas taurus
Bas taurus

Bas taurus
Bas taurus

Bas taurus
Bas taurus

Bos taurus
Bos taurus
Bos taurus
Bos taurus

Bos taurus
Bos taurus
Bos taurus
Bos taurus

Bas taurus

Bas taurus
Bas taurus
Bas taurus
Bas taurus
Homao sapiens
Bos taurus
Bos taurus
Bos taurus
Capra hircus
Bos taurus
Bos taurus
Bos taurus
Bos taurus
Bos taurus
Bos taurus
Bos taurus
Capra hircus
Bos taurus

Bos taurus

Bas taurus
Bas taurus
Bas taurus
Bas taurus

Bos taurus
Bos taurus

187

Intervals Function

204-212
131-207

43-58
33-38
210-221

38-42
43-43
126-134
33-48

B4-T1
B4-T1

4751
22-35

1541300
154130
145154
206-224

150-154
150-135
150-135
186-130

7761

TT-581
T3-57
207-224
8537
135-1d4
147-155
22-31
42-43
36-106
203-224
138-205
13G-205
195-208
183-130
181-130
181157
S6-67
35-106

40-45

212-221

30-37

185130

185131
185131
185191

ACE-inhibitary
Antioxidant

ALCE-inkibitary
ACE-inhibitar
ACE-inhibitar

ACE-inhibitar
ACE-inhibitar
Antioridant
ACE-inhibitary
pralul
endopeptidaze-
inhibitcry
PEP-inhibitary

OPP-IY Inhibitor
Antioridant

ACE-inhibitary
Anti-inflammatary
ACE-inhibitary
ACE-inhibitary

OPP-1Y Inhibitory
OPP-1Y Inhibitory
ACE-inhibitary

OPP-1Y Inhibitory

OPP-IY Inhibitor

ACE-inhibitary
ACE-inhibitary
Immunemodulatarny
ACE-inhibitary
ACE-inhibitary
ACE-inhibitary
Antioxidant
ACE-inhibitary
Antimicrobial
ACE-inhibitary
ACE-inhibitary
ACE-inhibitary
Antimicrobial
ACE-inhibitary
ALCE-inkibitary
Antioxidant
Antimicrobial
Antioxidant
Inhibition of
cholesteral
solubility

ACE-inhibitary

Antimicrobial
Inhibitior of
chalesteral
solubility

Antioridant
Antimicrobial
ACE-inhibitary

Dol
10. 3166 d=. S0022-
0302[36)7E4E7-1

10. 33900 antiox 3020117

1010164, peptides. 20711.02.005,
1010184 foodchem, 201.09.052
0302(05)73032-0

10. 11ZEB{AEM. 0003607
10.1050/0002 1369, 1985, 1086630
1, 10.FESd=. 201917376
10.1050/00021369. 1967, 1056624
10. 33900 antiow 3020117
10.1021f049510¢

10, 100T/EF 02013330
10,127 bbb, 56. 976

10, 10164 Faodchem. 2013.08.097,
10, 1039 cBfa014 s

10, 33900 artiow 020117

10, 31654 d=. 0022 -
0302(36176487-1.

10. 3168 ids. 2013-17376

10, 1064, idairyi, 2005, 12,071
0302(3417 70Z6-0

10, 10164} Faodchem. 2013, 08,037,
10, 10164, peptides. 2016, 03.005
10, 1064, peptides. 2016, 03.005
10, 1016, jff. 20717.03.008

10, 10164, peptides. 2016, 03.005
10, 10164 Faodchem. 2013.08.097,
10, 1039 cBfa0 14 1s

10, 1002/ elps. 200700324,

10, 3168 ids. 201815901
10.1016IS 014 1-0229(3TI00261-5
10.101BI0ES- 24 TE(32)90091-2
10, TZEAEM, 56,9, 3595

10, 1050/0002 1369, 1953, 1086362
10, 1021043510

10. 33900 antiox 3020117

10. 3168 ds. 201510437

10, 1017500071145 11001085

10. 3168 ds. 2015-3563

10. 3168 d=. 50022 -

0302(3417 70Z6-0

10, TZGAEM, 72.3.2260-

10. 31681 d=. 50022~

10, TIZBHHEM. DODIE-07

10. 33900 antiow30Z0TT7

10, 1017500071145 11001085

10, 1064} Foodohem, 2010.05.023

10. 3168 ds. 2013-17556
10. 3168 d=. 50022~
0302(06)72372-4

10, 11251AEM. 72.3. 2260~
Z26d, 2008, 10111114 v2-
TESR. 20120327 1.,

10, 3168 . 201917556
10, 10164, iddairyi. 2074, 71,001,

A0, 1016, bet, 2019, 105518

10, 10164l 2015, 12,013

10. 10764} foodchem. 2015.05. 121



Search peptide

VLPWVPOE FOZERE
VLPWVPOE, FPOZEEE
VLPWVPOE POZEEE

VLPYPORAYFYPLR POZEGEE

WVPGENME FPOZEES
WOWTSTAY PO266S
VRGFFRIN FPOZEES
WPFPGRIFM PO2G6E
WPFPGRIFM PO2G6E
VPFPGFIPN POZ6EE
wPFPGPIPM POZEEE
WPFPGRIPK POZEEE
VOEPYL FPOZEES
WLEPYLGRYR PO2G6E
WLEPYLGRYR PO2G6E
WLEPYLGFYR POZ6EE
WLEPYLGRYR POZ6EE
YOEPYLGPWR POZEEE

YOEPYLGPWRGPFRI PE3048
YOEPYLGPWVRGPFRI POZEGE
WEEPYLGRYRGRFRI POZEGG
WLEPYLGRYRGPERI POZEGE
WLEPYLGRYRGRFRI POZERR
YOEPYLGPWVRGPFRI POZEGEE

WERFPOY FP33043

WLRFPOY P33043

Protein | Peptide

WLPYPLIK

WLPYPLIK

YLPVPGIK

YLPVYPOKAVFYPOR

WPGEIVE
WENTITAY

WRGPFRIN

WYPFPGRIPY
\WYPFPGRIPH
YPFRGRIPN

VYPFRGRIPN
YPFRGRIPN

OEPWL

W EHEPWLGPYR
W EHEPWYLGPYR
W EHEPWLGPYR
W EHEPWLGPYR
YWOEPWLGPYR

Protein description Species

Beta-casein
Beta-caszein
Beta-cazein

Beta-cazein
Beta-caszein

K.appa-casein

Beta-cazein

Bieta-casein
Beta-casein
Beta-casein

Beta-cazein
Beta-cazein

Beta-caszein
Beta-casein
Beta-casein
Beta-casein
Beta-caszein
Beta-cazein

YOEFYLGPVRGFFFI Beta-casein
YWOEFYLGPWVRGFFPI Beta-casein
Y OEPVYLGPVYRGPFPI Beta-casein
Y OEPYLGPVYRGPFPI Beta-casein
Y OEPYLGPVRGPFPI Beta-casein
YOEFYLGPVRGFFPI Beta-casein

wERFPCN

LR FPCN

Alpha-32-casein

flpha-52-cazein

Bios taurus
Bios taurus

Baos taurus
Bos taurus
Bos taurus
Bos taurus

Bos taurus

Bios taurus
Bios taurus
Bios taurus

Baos taurus
Baos taurus

Bos taurus
Bos taurus
Bos taurus
Bios taurus
Bios taurus
Baos taurus

Capra hircus
Bos taurus
Bos taurus
Bos taurus
Bios taurus
Bos taurus

Capra hircus

Capra hircus

188

Intervals

185131

18513

185131
165-13G
23-23

183-130

216-224

T4-53
T4-83
T5-83

TS-83
TS-83

205-213
206-217
208-217
208-217
208-217
205217

206-220
205-224
206-224
208-224
208-224
205-224

105111

105-111

Function
‘wound healing

Osteasnabalic
Anti-apoptotic
effect
Antimicrobial
OFP-IY Inhkibitary

Antimicrobial
BCE-inhibitary

Antiowidant
ACE-inhibitary
DRPP-IY Inhibitary

ACE-inhibitary
Articxidant

ACE-inhibitary
ACE-inhibitary
Immunomodulatory
Antithrombatic
Antiowidant
Anti-inflammatory

Antimicrobial
immunomodulatary
antithrombin
Antimicrobial
ACE-inhibitary
Immunomodulatary

Antionidant

ACE-inhibitary

Dol

10.1002ljcb. 26246
10100700334 -016-1346-2,
10102V acs jafe. 003355

10, 10164 fhic. 2020. 100566
10,1016 het. 2015. 12,013
10,1064, peptides. 2016.03.005
MG

10.3168d=. S0022-
0302I06IT2372-4
10.100T4s00217-012-1834-5,
10,3390 antiox 020117

10, 10074500217 -012-1834-5
10, 107164} idairyi, 2071.08.002

10, 3168jds. S0022-
0302001750132,
10,3390 oods 3050331
10,1016/ S0955-G346(38)00045-
5, 10,1016 idairyi. 2007.02.009
10. 31651 ds. 2015-3563
10.1016/0014-5793(96)00207 -4
10,1033 eBo0ZZ 356
10.100Tis10953-015-9708-7
10,100 Tis10953-015-9705-7
10.1017/S 0007 1451001055,
10,1114 1365-

MiA
10,1064} idairyj, 2012.05.002
10,1111 1365-

10, 3168jds. S0022-

MiA

10, 3168jds. S0022-

30206 T2370-0,

10, 3168jds. S0022-

030206 T2370-0,



Supplementary Table 4.5. Bioactive peptide sequences identified in delactosed permeate from
production plant 1, batch D

Search peptide

AMEPWIDPE, POZEES
DACSAPLEMY POZT54
EFWLGPWRGPFP POZEEE
FPEVF G POZEEZ
FPEYPYEPF POZEEE
FWAPFPEVFG POZEEZ
HPFAQITO POZEEE
HPFAQITO POZEEE
IPICH POZEES
KNLPYPO POZEEE
KNLPYPO POZEEE
LIVTLITME POZT54

LLvQEPVLGPYRGPF POZEEE
LvQEPWVLGPWRGPFF POZEEE

MIPPLTOTPY POZEEG
MNVPGENVESL POZEEG
PFPEVFGE POZEEZ
QEPVLGPYRGPFRIY POZEEE
ROMPICIAF POZEEG
SENMLPVPO POZEEE
SOSKWLPVPL POZEEE
WAPFPE POZEEZ
WLMEMLLR POZEEZ
WLPWPO POzEEG
VOWTSTAY POZEES
\PFPGRIPN POZEEG
\PFPGRIPN POZEEG
WPFRGRIPN POZEES
WPFRGRIPN POZEES
WPFRGRIPN POZEES
WRERYVL POZEES
WOEPVLGPYR POZEES
WOEPVLGPYR POZEES
WOEPVLGPYR POZEES
WREPVLGPYR POZEES
WREPVLGPYR POZEES

YOEPVLGPYRGPFPI P33043
YREPVLGPYRGPFPI POZEEE
YREPVLGPYRGPFPI POZEEE
YREPVLGPYRGPFPI POZEEE
YREPVLGPYRGPFPI POZEEE
YREPVLGPYRGPFPI POZEEE

Protein | Peptide

AMKPWICPE, Alpha-52-caszein
DAQSAPLRWY Eeta-lactaglobulin
EPVLGPWVRGFFP Eeta-casein
FPEVFGE Alpha-S51-casein
FPENPWEPF Eeta-casein
FWAPFPEVFG Alpha-S51-casein
IHPFACQTZ Beta-cazesin
IHPFACQTZ Beta-cazesin
PG Kappa-cassin
EMVLFWPD Beta-casein
EMVLFWPD Beta-casein
LIWTOITME Beta-lactaglabulin

LLYQEPVLGPYRGPF Beta-casein
LY'QEPVLGPYRGPFF Beta-casein

MIPFLTOTFY Beta-casein
MVPGEIVESL Bieta-casein
PFPEVFGK Alpha-51-caszein

QEPVLGPYRGPFRIY Beta-casein

ROMPICAF Beta-casein
SENVLPVYPG Beta-casein
SOSKVLFYRPO Beta-casein
VARFFE Alpha-S51-casein
VLMEMLLR Alpha-51-casein
VLFVPG Beta-casein
VOMTSTAY Kappa-casein
W PFPGRIPM Beta-casein

W PFPGRIPM Beta-casein
WPFPGRIPM Beta-casein
YWPFPGRIFM Beta-casein
YWPFPGRIFM Beta-casein
WREPWYL Bieta-casein
YOEPYLGPWR Bieta-casein
YOEPYLGPWR Bieta-casein
YOEPYLGPWR Bieta-casein
YREPYLGPWR Bieta-casein
YREPYLGPWR Bieta-casein

YOUEPYLGPWYRGFFF Beta-casein
Y OUEPYLGPWYRGFFFI Beta-casein
Y OUEPYLGPWYRGFFFI Beta-casein
Y OUEPYLGPWYRGFFFI Beta-casein
Y OUEPYLGPWYRGFFFI Beta-casein
YREPYLGPWYRGFFRI Beta-casein

Protein description Species

Eos taurus

Eos taurus
Eos taurus
Eos taurus
Eos taurus
Eos taurus

Eos taurus
Eos taurus

Eos taurus

Bias taurus
Bias taurus
Bias taurus
Bias taurus
Bias taurus
Bias taurus
Bias taurus
Bias taurus
Bias taurus
Bias taurus
Bias taurus
Bias taurus

Bias taurus

Bos taurus

Bos taurus
Bos taurus

Bos taurus
Bos taurus
Bos taurus

Bos taurus
Bos taurus

Bos taurus
Bos taurus
Bos taurus
Bos taurus
Bos taurus
Bos taurus

Capra hircw:
Bos taurus
Bos taurus
Bos taurus
Bos taurus
Bos taurus

189

Intervals
204-212

43-58
210-221
43-43
126-134
33-48

B4-T1
B4-T1

47-51

164-130
164-130
1r-24
Z06-7Z24
207-224
&5-37
Z2-31
d4z2-43
Z03-724
138-205
183-130
181-130

4045

30-37

185-130
183-130

T4-83
T4-83
T9-83

To-83
To-83

Z205-213
Z205-217
Z205-217
Z205-217
Z05-217
Z05-217

Z205-220
Z205-224
Z205-224
Z205-224
Z205-224
Z05-224

Function
BCE-inhibitor

BCE-inhibitor
BCE-inhibitor
ACE-inhibitory
Articxidant
ACE-inhibitory
pralyl
endopeptidase-
inbibitory
PEP-irkikitor

OFP-IY Inkibitcry

ACE-inhibitor
Anti-inflammatorn
Cutatosic
ACE-inhibitor
Immunomodulatary
ACE-inhibitor
Antiowidant
ACE-inhibitor
ACE-inhibitor
ACE-inhibitor
ACE-inhibitor
ACE-inhibitor
Inkibitior of
chalesterol
salubility

Antimicrobial
Inkibition of
chalesteral
salubility
Antimicrobial

Antionidant
ACE-inhibitory
OPP-IY Inkibitary

ACE-inhibitory
Antioxidant

ACE-inhibitory
ACE-inhibitory
Immunomaodulator
Antithrombatic
Antioxidant
Bnti-inflammatory

Antimicrobial
immunomaodulatory
antithrombin
Antimicrobial
BCE-inhibitory
Immunomaodulator

ool
10,3168l d=. SO022-

10,1076, peptides. 2071.02.005,
10,1076 Foadchem. 2011.09,052
10, T1ZEHEM. D0096-07

10, 1050/0002 1363, 1387, 1086524
10, 3390¢ artiow 3020117

10, 102043510

10.1007/EF 02019330
10.12711bbb. 56976

10,1096 Foodchem. 2013.08.097,
10,1039 e B 0014 1a

10. 5168l d=. S0022-
0302(36)76487-1,
10,5168l dz. 2013-17976
10,1096, il airy. 2010.02. 013

10. 3168l d=. S0022-

10, 1016/0165-24 FA(92)30091-2
10, TIZBIAEM, BE. 9. 3695

10, 33900 antiox 020117

10. 5168l dz. 2015-10437

10. 5168l d=. 20159563

10. 3168l d=. S0022-

10. 3168l d=. S0022-

10, TIZEAEM. 00036-07

103768l ds. 2013-17556
0 TZBAEM. 72, 3. 2260~
2264 2008, 01711472
TESX. 2012.0327 14,

10.31681ds. 2013-17586
317

10, 1007/s00217-012-1834-5,
10,3390¢antiox3020117

10, 1007/s00217-012-1894-5
10,1076 iy, 2071, 05, 002
10,3168 ds. 50022~

0302001 75013-2,
10,3390 0ods 3050331

10, 1016/50955- 63463500045
%, 10,1076 idairyj, 2007.02.003
10,3168 ds. 2015- 3563

10, 106004 -5T33(36)00207-4
10, 1033 cBlo0Z2 350

10, 100715 10953-015-9708-7
10, 100715 10953-015-9708-7
10, 1017150007 14511001085,
10,1111, 1365~

(17
10,1076t iy, 2012 05,002
10,1111, 1365-

10, 3168 ds. SO0Z2-

M



Supplementary Table 4.6. Bioactive peptide sequences identified in delactosed permeate from
production plant 1, batch E

Search peptide Protein | Peptide Protein description Species Intervals Function Dol
ANk PWICPE POZEES  AMKPWIGPK Blpha-52-casein Bos tauwrus  204-212  ACE-inhibitary 10,3168l d=. 50022~
1010764 peptides. 2011.02.005,
DALSAPLRWY POZTS4  DAQISAPLEVY Eizta-lactaglobulin Bz raurus  43-58 ACE-inkibitary 101016l faodehem. 2011.09.052
EMLLFF P18626 EMNLLRF Alpha-S1-casein Capra hircw: 33-38 ACE-inhibitary 10.3168(ds. S0022-
EPVLGPYRGPFP POZEEE  EPVLGPVRGFFP Bieta-casein Bios tawrus  210-221  ACE-inhibitary 10.11281AEM.00036-07
FPEVFGK PO2E6Z  FPEMFGHK Alpha-S1-casein Bios tawrus  43-43 ACE-inhibitary 10.1080/00021369. 13571086824
FPEYPVERF PO2666  FPEYPWVERF Bieta-casein Bos taurus  126-134  Antioxidant 10.3330¢ antiox 3020117
FUAPFPEVFG POZEEZ  FWAPFPEVFG Alpha-S1-casein Bios tauruz  33-48 ACE-inkibitory 10. 102110 3510
HKEMPFPEYPWERFTESD) POZE66 HKEMPFPEYPYEPFTESH Beta-casein Bios tawrus  121-138 Antioxidant 10,3390 antiox 302017
101002 mnfr. 200300453,
HPHPHLSF PO2663 HPHPHLSF Kappa-casein Oviz aries  113-126 ACE-inhibitary 1010021 elps. 200700324
HFPHPHLSF POZEGI  HPHPHLSF Kappa-casein Ouis aries  113-126 Osteaanaboalic 10.10071s0035334-016-1346-2
prolul
endopeptidaze-
IHFFASTO POZEEE IHPFACQTO Bieta-cazein Bios tauruz  £4-T1 inhibitary 10.1007IBF 02013330
IHPFaQTD POZEEE HRPFAQTO Beta-casein Bos taurus  Gd4-T1 PEP-inhibitary 10.1271ebb. 56,976
INMCIF LY P Ak P A FOZEGE  INMOFLPY P Bk Pa Kappa-casein Bios taurus  72-56 Antioxidant 0. 3390/ antios 3020117
1010164, feadchem. 2013.08.057,
IFICH POZEGS  IPIGHY Kappa-casein Bos taurus  47-51 DOPP-IY Inkibitory 10,1033/ c6fo01411a
KHOGLPGEVLMEMLL POZEEZ  KHQGLPOEVLMEMLL Alpha-S1-casein Bios taurus 22-36 Artioxidant 10. 33300 antic 3020117
10,3168l d=. 50022~
KMLPYPO POZEEE  KMLPWVPO Bieta-casein Bios tawrus 134-130  ACE-inhkibitary 0302(36]76487-1,
KNLPVPO POZEEE  KVLPWPO Beta-caszein Bos tauwrus  154-130 Anti-inflammatory 10031684 ds. 201317376
LIVTOTME PO2754  LIVTOTME Bieta-lactoglobulin Bos taurus  17-24 Cytoroxic 1010164, idairgj. 2010.02.013
LLYQEPYLGPVRGPFRING POZEEE  LLYQEPWVLGPWRGPFPIY  Beta-casein Bos tauwrus  206-224  ACE-inhibitary 10,3168l d=. 50022~
L\MPFPGPIPNSLPG POZEEE  LAWYPFPGRIPMSLPO Eieta-cazein Bios tawrus  73-87 ACE-inkibitary 10MEIS0M41-0223(37)00261-5
LYQEPYLGPVRGRFPIY - POZEEE  LYQEPWLGPYRGPFRIV  Beta-caszein Bios tauruz  207-224  Immuncmodulatery  101016/0165-2478(32)30031-2
MIPFLTOTRY POZEEE  MIPFLTOTPY Eieta-cazein Bios tawrus  55-37 ACE-inkibitary 10.1125/AEM.66.9. 3595-
MWPGENESL PO2E66  MWVPGEIVESL Eeta-casein Bos taurus  22-31 Anticxidant 10.33930¢ antiox 3020117
PFPEVFGE PO2E6Z  PFPEVFGE Alpha-S1-casein Bios tawrus  42-43 ACE-inhibitary 10,3168l d=. 2015104 37
CEPYLGPYRGRFRIN POZEEE  QEPVLGPYRGRFRIN Bieta-casein Bios tawrus  209-224  ACE-inhibitary 10,3168l ds. 2015-9563
ROMPICIAF POZEEE  ROMPISIAF Bieta-cazein Bios tauwruz 138-205  ACE-inhibitary 10.3168ld=. 50022~
10602 TE-6315(35)100037-5,
FPKHFIKHOGLPOEVLMEMNL POZEEZ  RPKHPIKHOGLPGEYLNENL Alpha-S1-casein Bios tauwrus  16-35 Artimicrobial 1011111365~
RPKHPIKHQGLPOEVLMENL POZEEZ  RPKHPIKHOGLPGEYLNENL Alpha-S1-cazein Bios tawrus 16-35 Immunomedulatory  10L1016/0275-6315(35)00037-6
SOPMPIGSENSER POZEGZ  SOIPMPIGSEMNSER Alpha-S1-casein Bios tauwrus 135-208  Antimicrobial 10.1125/AEM. T2, 3. 2260~
SKVLPYPG POZEEE  SKWLPWPO Bietz-cazein Bios tauwruz 133-130  ACE-inhibitary 10,3168l d=. 50022~
SQSKVLPVPO POZEEE  SOSKVYLPYPO Eieta-cazein Bios tawrus  131-130 ACE-inkibitary 10.1125/AEM.00036-07
SOSEVLPVPOKAYPYPO  POZEEE  SOSKVLPVYPOKAVPYPO  Beta-casein Bios tawrus 131137 Antioxidant 10. 33300 antic: 302017
TEDELQIDKIHPF FP33045 TEDELQOKIHPF Eieta-cazein Capra hircw: 56-67 Antimicrobial 10107 S000 7145001055
TEMIPYWRYL POZEES  TEMIPYWRYL Alpha-52-casein Bios taurus  213-222  Antimicrobial 10.11281AEM.01394-13
TOTPYWWYPPFLGPE PO2666  TQATPWWWPPFLOQPE Eista-cazein Bios tauwrus  33-106 Anticxidant 10,16l foodchem. 2010.05.029
cholesteral
VAPFPE POZEEZ  WARPFPE Alpha-S1-casein Bios tawrus  40-45 zolubility 10,3168 d=. 2013-175586
101076, id=iryj. 2005.12.011,
VLGPYRGPFF POZEEE  VLGPVRGPFP Bieta-cazein Bios tawrus  212-221  ACE-inhibitory 10,3168l d=. 50022~

10TZBIAEM. T2 5. 2260~
2264 2008, 101111472~

WLMEMLLR POZEGZ  WLMEMLLR Alpha-51-cazein Bos taurus  30-37 Antimicrobial TEOX. 2012032711,
cholezterol

VLPWVPL POZEGG  VLPVPO Bieta-casein Bos taurus  185-130 =solubility 10.3168lds. 2013175586

101076, id=iryj. 2074, 11,001,
WLPWVPOE POZEGE  WVLPVPOK Beta-casein Bos taurus  185-131 Antioxidant 0106, Juer. 2013105516
VLPYPOE FOZEGE VLPVPOK EBeta-casein Bios taurus  185-131 Antimicrobial A0 AGAE . lwr. 2015.12.013
WLPYPOE POZEEE  VLPVPOK Beta-casein Bos taurus  1585-191 ACE-inhibitary 1016, Feodehem. 2015.05.121
WLPVPOE POZEEE  WVLPVPOK Eeta-casein Bos taurus  185-131 ‘waund healing 10,1002l jch. 28246

1010071 =00:334-016-1346-2,
VLPVPOE POZEGG  WVLPVPOK Bieta-casein Bos taurus  185-131 Osteoanabolic 10,102 acs. jafe. 005385
VLPWPOE POZEEE WLPVPOK Esta-cazein Bos raurus  185-151 Anti-apoptotic 10,1076l flia. 2020, 100566
WVRSERYL PO4653  WPSERYL Alpha-S1-casein iz aries  101-107 ACE-inkibitary 1001076, idairyj. 2004, 04,007
WOMTSTAY FOZEEE  WVOVTSTAN Kappa-casein Bios taurus  183-130 Antimicrobial M

1010764, idairyg. 2005.12.011,
WVRGFFFIY POZEEE  VRGRFRIN Bieta-casein Bios tauwrus  216-224  ACE-inhibitary 10.31681d=. 50022~

190



Search peptide

W PFPGRIPN
W PFRGRIPN
YPFPGRIFN

YPFPGRIPN
YPFPGRIPH

YIHERWL

YOEPVLGPYR
YOEPVYLGPYR
YOEPVYLGPYR
YOEPVYLGPYR
wOEPYLGPYR

WREPYLGPYRGPFRI

WREPVYLGPVRGPFRINY
WREPVYLGPVRGPFRINY
WREPVYLGPYRGPFRINY
WREPVYLGPVRGPFPIY
YOEPWYLGPVRGPFRINY

WLEFPCY

SOKFPOY

Protein | Peptide

POZGEEE
POZGEEE
POZGEEE

PO2GEE
PO2666

PO26EE
POZEEE
POZEEE
POZEEE
POZEEE
PO2EEE

P3304a
POZGEEE
POZGEEE
PO2GEE
PO2GEE
PO2666

P33043

P33043

WWRPFPGRIFN
WWPFPGRIFN
YPFPGRIFN

¥PFPGRIPN
WPFPGRIPH

W OEPYL

Y QEPWLGPWYR
Y QEPYLGPWYR
Y OEPYLGPWYR
Y OEPYLGPWYR
v OEPYLGPWYR

W OEPYLGPWYRGPFRI

W ROEPYLGPYRGPFRIY
W ROEPYLGPYRGPFRIY
W OEPYLGPYRGPFRIY
W OEPYLGPYRGPFPIY
W OEPYLGPYRGPFRIY

W LKFPOY

S ORFPOY

Protein description Species

Beta-casein
Beta-casein
Beta-casein

Beta-casein
Beta-casein

Beta-casein
Bsta-casein
Beta-casein
Beta-casein
Beta-casein
Beta-casein

Beta-casein
Beta-casein
Beta-casein
Beta-casein
Beta-casein
Eeta-caszein

Alpha-52-caszein

Alpha-52-cazein

191

Bos tauns
Bos tauns
Bos tauns

Bos taunis
Bos taurus

Bos taurus
Bos taunis
Bos taunis
Bos taunis
Bos taunis
Bos taunis

Capra hircw:
Bos tauns
Bos tauns
Bos taunis
Bos taunis
Eos taurus

Capra hircu:

Capra hircw:

Intervals

T4-83
T4-83
To-83

To-83
T5-83

208-213
208-217
208-217
208-217
208-217
208-217

208-220
208-224
208-224
208-224
208-224
208-224

105-1

105-1M1

Function

Antioxidant
BCE-inhibitary
OPP-IY Inhibitar

BCE-inhibitary

Antioxidant

ACE-inhibitory
ACE-inhibitary
Immunamadulatary
Artithrambatic
Artionidant
Anti-inflammatory

Antimicrobial
immunomaodulatary
antithrombin
Antimicrobial
BCE-inhibitary

Immunomadulatary
Antioxidant

ACE-inhibitary

Dol
10, 1007500217 -012-1894-5,
10,3390 antioI02 01T

10,1007 00217 -012-1894-5
10,1096 idairyi. 2071.08.002

10, 3166 ds. S0022-

0302000175 013-2,
10,3390 0ods A050991
10.1016/S0956-6946(38)00048-
%, 10,0164 id airyj. 2007.02.009
10, 316 ds. 2015-3563

10, 1096/0014-5 733 3E00207-4
10,103 HeB a0z 235
1010074510985 -018-9708-7

10, 10074105985 -018-9708-7
10.1017S0007 14511001085,
10,1111, 1365~

[T

10,1096 idairyi, 2012, 05.002
10,1111 1365~

10, 3166Hds. S0022-

7

10, 3168ds. S0022-
0302(08)72370-0,

10, 316 ds. 50022~
0302(08)72370-0,



Supplementary Table 4.7. Bioactive peptide sequences identified in delactosed permeate from
production plant 2, batch A

Search peptide

OkIHFF POZEGE
EFVYLGPYRGFFF POZEGE
FWAPFPEVFG POZEGZ
IHPFACITC] POZEER
IHPFACITC POZEGG
IPICH POZEES
KAMLPVPG POZEER
KMLPVPG POZEGG

LLvQEPVYLGPYRGPF POZEGEE
v QEPVLGPYRGPFF POZEGE

MNIPPLTOTPY POZEGE
MNYPGEIVESL POZEGE
QEPYLGPYRGFFPIY POZEGE
SOLSKEVLPWRD POZEGEE
TOTPYWWWPPFLOPE  POZEGE
WAPFPE POZEGZ
WPSERYL PO4E53
WEMTSTAY POZEGS
YOEPVL POZEGE

YOEPVLGPYRGFPFPI P33048
YOEPVLGPYRGPFPI POZEGE
YOEPWVLGPYRGRFRI POZEGE
YOEPVLGFYRGPFPI POZEEE
YOEPWVLGPYRGRFRI POZEGE
YOEPVLGFYRGPFPI POZEEE

Protein | Peptide

OkIHPF Beta-casein
ERYLGPYRGPFR Beta-casein
FYAPFFEVFG Alpha-51-casein
IHRFACITC Beta-caszein
IHRFACITO Beta-caszein
IPICH Kappa-casein
ENLPWYPC Beta-caszein
ENLPWYPC Beta-caszein

LLvQEFYLGPYRGFF Beta-casein
LY QEPVLGPWRGFFF Beta-casein

MFPLTQTPY Beta-caszein
MNYPGEINVESL Beta-casein
QEPYLGPYRGPFRIY Beta-casein
SOSKNLPYPD Beta-casein
TATPWNYPPFLOPE  EBeta-casein
VAFPFPE Alpha-S51-casein
VPSERYL Alpha-S1-cassin
VOVTSTAY Kappa-casein
WLEFYL Beta-casein

YOEPVYLGPYRGPFP Beta-cassin
YOEPVYLGPYRGPFPI Beta-cassin
Y OEPYLGPYRGPFRI Beta-casein
YOEFPYLGPYRGPFFI Beta-casein
Y OEPYLGPYRGPFRI Beta-casein
YOEFYLGPYRGPFFI Beta-casein

Protein description Species

Bios taurus
Bos taurus
Bos taurus

Bios taurus
Bios taurus

Bos taurus

Bios taurus
Bos taurus
Bos taurus
Bos taurus
Bos taurus
Bios taurus
Bos taurus
Bos taurus
Bos taurus

Bos taurus
Ois aries
Bos taurus

Bos taurus

Capra hircu:
Bos taurus
Bios taurus
Bos taurus
Bios taurus
Bos taurus

192

Intervals
EZ-EB7
210-221
39-45

B4-71
B4-71

47-51

16d4-130
1584-130
Z06-224
207-224
g8-97
22-31
203-224
1&1-130
93106

40-45
A01-107
183-150

208-213

206-220
208-224
208-224
208-224
208-224
205-224

Function
ALCE-inhibitory
ACE-inhibitary
ACE-inhibitory
pralul
endopeptidaze-
inhibitary
PEP-inhibitary

OPP-IY Inhikitory

ALCE-inhibitory
Anti-inflammatory
ACE-inhibitory
Immuremadulatary
ACE-inhibitary
Antiowidant
ACE-inhibitory
ACE-inhibitory
Antioxidant
Inhibition of
chalesterol
ACE-inhikitzry
Antimicrobial

ACE-inhibitory

Antimicrobial
immuromodulatar
antithrambin
Antimicrobial
ACE-inhibitary
Immunomodulatar

Dol
10.MZSMAEM.E6.9. 3538
10.MESAEM.00036-07
1002043510

101007 /EFOZ0193390
10.1271bbb.56.976

10.1076#. foodchem. 2013, 05,037
L 101039 chfo0d 1

10. 3168l d=. S0022-
0302(36)7TE437-1,

10. 3168 ds. 2013-17376

10. 3168l ds. S0022-

10 A01E/0I65-24 78(52)30031-2
10.1128/AEM.B6.3.53555-
10.3330! antion30Z0117

10. 3168 ds. 2015-3563

10, T2GMAEM. 00036-07

1010764 Foadehem. 2010.05.023

10. 3156 ds. 2013-17556
10. 1016 iddsiryi. 2004, 04.007
(T

10. 1016/S0955-E34BIEI00045-
%, 10,1064 idair. 2007.02.009
1010150007 1451001085,

10. 111, 1365-

(T

10,1096 iddairyj. 2012.05. 002

0. 1111, 1365-
0302(34)77026-0

(T



Supplementary Table 4.8. Bioactive peptide sequences identified in delactosed permeate from

production plant 2,

Search peptide

AVPYPLR POZEES
AVPYPOR POZEER
AVPYPOR POZEEG
FFWAPFPEVFGE POZEEZ
FUAPFPEWVFG POZEE2
HPFAOQTO POZEEG
HRFAQTO POZEGEE
KMLPWYPO POZEES
KMLPWPO POZEER

LLYQEPVLGPYRGPF POZEEG
LY QEPYLGPYRGFFRE POZEEG

NIFFLTQTRPY POZEES
NYPGEWESL POZEGEE
PUAPPFLOPE P330dE
CEPVLGPYRGPFRIN POZEEE
SEMLPWPO POZEER
SOSKMLPYPO POZEEG
WESTWATL POZEES
WOWTSTAY POZEGES
WWPFPGPIPN POZEER
WWRFPGPIPN POZEER

YREPVLGPYRGPFRI P33043
YREPVLGPWRGPFPI POZEEE
YWEEPVLGPWRGPFPI POZEEE
YHEPVLGPYRGPFRI POZEEE
YHEPVLGPYRGPFRI POZEES
YHEPVYLGPYRGPFRI POZEEG

Protein | Peptide

batch B

AVPYPOR Beta-casein
AVPYPOR Beta-casein
AVPYPOR Beta-casein
FFWARFPEVFGE Alpha-S51-casein
FYAPFPEVFG Alpha-S51-casein
IHPFAQITR Beta-casein
IHPF&QTD Beta-casein
KWLPYPO EBeta-cazein
KMLPYPO Beta-casein

LY QEFVLGPYRGPF Beta-casein
LYQEPWVLGFYRGFFF Beta-casein

MIPFLTOTRY Beta-casein
MNWPSENESL Beta-caszein
PUYWWPPFLOPE Beta-caszein

QEPYLGPYRGPFRPIV Beta-caszein

SKVLPWYPO Beta-casein
SOSKYLPVPO Beta-casein
WESTWATL K.appa-casein
WENTSTAY K appa-casein
W'PFPGRIFM Beta-cazein
W PFPGRIFM Beta-casein

YUEPYLGPWRGPFFI Beta-casein
Y REPVLGPYRGPFRI Beta-casein
Y REPVLGPYRGPFRI Beta-casein
Y REPYLGPYRGPFPI Beta-zasein
Y OEPYLGPYRGPFPI Beta-zasein
YHEPYLGPWRGPFRI Beta-casein

Protein description Species

Bos taurus
Bios taurus

Bos taurus

Bios taurus
Bios taurus

Bos taurus
Bias taurus

Bios taurus
Bios taurus
Bos taurus
Bos taurus
Bos taurus
Bias taurus
Capra hircu:
Bios taurus
Bios taurus
Bos taurus
Bos taurus
Bias taurus

Bios taurus
Bios taurus

Capra hircu:
Bias taurus
Eiaz taurus
Bios taurus
Bios taurus
Bos taurus

193

Intervals Function

132-133 Antioxidant
132-133 Artimicrobial
192-138  ACE-inhibitory
38-43 ACE-inhibitory
33-45 ACE-inhibitory
prolyl
64-71 endopeptidase-
Gd-T1 PEP-inhibitary
184-130  ACE-inhibitory
134-130 Anti-inflammatary
206-224  ACE-inhibitory
207-224  Immunomodulatory
55-37 ACE-inhibitory
22-31 Antioxidant
JE-106 Antimicrabial
209-224  ACE-inhibitory
183-180  ACE-inhibitory
151-130 ACE-inhibitory
1B0-167 Antimicrobial
183-130  Antimicrobial
T4-83 Artioxidant
T4-83 ACE-inhibitory
206-220  Antimicrobial
208-224  immunomodulatary
2058-224  antithrombin
208-224  Antimicrobisl
208-224  ACE-inhibitory
208-224  Immunomodulatory

Dol

10.0215F0003371,

10,1002 kiaf 1023,
1006000021363, 1355, 0565307,
10UI06MS0355-6346(3F) 0004 5-
1010764 foodehem. 2014.03.035,
10.1050M00021363, 1952, 10865255,
100ES0014-5733(02)03576-7
10.10274F04 35100

10.007FBFO2013330

10127 1bbb.56.976

10. 31680 d=. S0022-0302( 361764571,
1003168k d=s. 2013-17376

10.31684ds. 2013-17376

1003168 ds. S0022-0302(34) 7 026-0
1006016524 75(32)30031-2
10.TZBNAEM. 66,9, 389358-3304. 2000
10,3330 antiox 3020117
1007750007145 1001085
10.3168kd=. 2015-9563

1003168 ks, 30022 -0302(34) 7 V026-0
10.MZSAEM. 00036-07

A

A

101007200217 -012-1554-5,
10,3330 antiox 302017
10,1007 00217 -012-1534-5
1010775000714 5007085,

10T 365-2672, 2008, 03336, 4
A

1010764, idairyj. 2012.05.002

10T 1365-2672. 2008, 03336«
1003168 ks, 30022 -0302(34) 7 V026-0
A



Supplementary Table 4.9. Bioactive peptide sequences identified in delactosed permeate from
production plant 2, batch C

Search peptide

KMLPYPO POZEEE
KMLPYPO POZEEE
LLvREPYLGPWYRGPF POZGEEE
Lv'QEFPVLGPVYRGPFF POZGEEE

MNIPPLTOTPY POZEEE
WLMTSTAY POZEES
WPFPGRIPM POZEEE
WPFPGRIFN POZEEE
WLEPYL POZEEE

WEEPVLGPWRGPFPI PEE048
WEEPWVLGPWRGPFPI POZGEG
WLEPYLGPYRGPFPI POZEEE
YWREPYLGPYRGPFRI POZEEE

WLEPYLGPYRGPFPI POZEEE
WLEPYLGRYRGPFRI POZEEE

Protein | Peptide

FMLPVPG
KMLPYPO Beta-caszein
LLYQEPYLGPWVRGFF Beta-casein
LYQEPWVLGFWRGFFF Beta-casein

Beta-casein

NPPLTQTPY Beta-caszein
VONTSTAY Kappa-casein
WFFPGRIPM Beta-casein
W PFRGPIPMN Beta-casein
YWOEPWYL Beta-casein

Y OEPYLGPYRGPFRPI Beta-casein
Y OEPYLGPYRGPFRI Beta-casein
YOUEPYLGPYRGPFFI Beta-casein
YOREPYLGPYRGPFFI Beta-casein

YOUEPYLGPYRGPFFI Beta-casein
YOREPYLGPYRGPFFI Beta-casein

Protein description Species

Bos taurus
Bas taurus
Bos taurus
Bos taurus
Bas taurus
Baos taurus

Bos taurus
Bos taurus

Bas taurus

Capra hircu:
Bios taurus
Bos taurus
Bos taurus
Bos taurus
Bos taurus

194

Intervals

154-130
184-130
206-224
Z207-224
83-97
183130

T4-53
T4-53

208-213

Z06-220
205-224
205-224
205-224

203-224
205-224

Function

ACE-inhibitory
Arti-inflammatony
ACE-inhibitory
Immuneomodulatory
ACE-inhibitory
Artimicrobizl

Antionidant

ACE-inhibitory
ACE-inhibitory

Antimicrabial
immuromodulatary
antithrombin
Antimicrobial
ACE-inhibitory
Immunomodulatary

Dol
10,3168 ds. S0022-
O30Z(361TEET-1,

10, 3168jd=. 2013-17976
0302(3417 7026-0

10, 1076 01B5-24 TRIZ19005 -2
10, T1ZBIHEM. 66, 3. 3595

(317

10,100 7{=00217-012-1534-5,
10.3390¢ antion3020117

10, 1007/s00217-012-1534-5

10, 1016/50958- 63463500045~
%, 10,1016 idsiryi, 2007, 02,009
10, 101750007 1145 1001085,
10,1114, 1365~

(317

10,1076 idairyi, 2012 05. 002
10,1115, 1365

0302(34]77026-0
TtA



Supplementary Table 4.20. Bioactive peptide sequences identified in delactosed permeate from
production plant 2, batch D

Search peptide  Protein | Peptide Protein description Species Intervals Function Dol
FUAPFPEVFG POZEGEZ  FWARFPEVFG Alpha-S1-casein Bos taurus  33-43 ACE-inhibitary 10.10215f04:3510¢
prolyl
IHRFACITC POZEEE IHPFAQITO Beta—caszein Baos taurus  Gd4-71 endopeptidaze- 10.1007/EFD2013330
IHRFACITC POZEEE IHPFAQITO Beta—caszein Baos taurus  Gd4-71 PEP-inhibitary 10127 1bbk.56.976
10.1076Y Faodchem. 2013.058.097,
IPIC POZEES  IPICH Kappa-casein Bos taurus  47-31 OFPP-IY Inhibitary 10,1035 6fo014 112
10,3168 ds. S0022-
KAVLPYPG POZEEE  KMLPWPO Beta-caszein Bos taurus  184-130  ACE-inhibitory 0302035 TE4ET-1.
KWLPYPE POZEEE  ENVLPWPD Beta-caszein Bos taurus  154-130  Anti-inflammatory 10,3168 d=. 2013-17376
LLYQEPWVLGPYRGRF POZEES  LLYQEPVLGPWYRGFF Beta-casein Bos taurus  206-224  ACE-inhibitary 10,3168 ds. 50022~
LvREPVLGPWYRGFFF POZEES  LvREPWLGPWYRGPFF Beta—casein Bos taurws  207-224  Immunomodulavory  10.1006/0165-24 75(32)90031-2
MIPPLTOTRY POZGEE  MIPPLTQTPY Beta-casein Bos taurus  G5-37 ACE-inhibitary 10.1125M8EM. 6. 3. 3555
CEPVLGPYRGPFRIN POZEES GEPVLGPWRGFFPIY Beta—casein Bos taurus  209-224  ACE-inhibitary 10,3165 ds. 2015-3563
SOSENLPYPO POZEES  SOSKVLPWVRPO Beta-casein Bos taurws  151-130 ACE-inhibitary 10.1125M8EM. 00036-07
TOTPWWWPPFLOPE POZEEE TOTPWWWIRPFLOPE Beta-casein Bos taurus  33-106 Antioxidant 10107164 Faodchem. 2010.05.023
Inhibition of
VARFPE POZEE2  WAPFPE Alpha-51-casein Bos taurus | 40-45 chalesteral solubility  10.31684ds. 2013-17586
WOWTSTAN POZEES  WOWTSTAOW Kappa-casein Bos taurus  183-190 LAntimicrobial [y
10,1007 s00217-012-1334 -5,
W RFPGRIPM POZEEE  WYPFRGPIPN Beta-casein Bos taurus | T4-83 Antiowidant 10,3330 antiox 3020117
WyPFPGRIPM POZEEE  \WWPFPGRIPM Beta-caszein Bos taurus  74-83 ACE-inhibitary 10,1007 s00217-012-1534-5
1010165 0355-6346(33) 0004 5-
YOEPWL POZEEE  Y'OEPWVL Beta-casein Bos tauruz  208-213  ACE-inkibitary . 1006 idairyj. 2007 .02.003
10107750007 14511001055,
YOHEPYLGPYRGPFPI P33048 YOEPVLGPWVRGFFPI Beta-casein Capra hircu: 206-220  Antimicrobial 1011111365
Y OEPWYLGPWRGPFPI POZEEE +OEPYLGPYRGPFPI Beta-casesin Bos taurus  208-224  immuromodulatary RIS
YOHEPYLGPYRGPFPI POZEEE v HEPYLGPWVRGFFPI Beta-casein Bos taurus  205-224  antithrombin 1010764, id airyj. 2012.05.002
YOEPYLGPYRGPFPI POZEEE  +OEPYVLGPWVRGFFPI Beta-casein Bos taurus  205-224  Antimicrobial 1011111365
YOEPYLGPYRGPFPI POZEEE  +OEPVLGPWVRGFFPI Beta-casein Bos taurus  205-224  ACE-inhibitary 10,3168 d=. S0022-
YOEPWYLGPWRGPFRI POZEEE  SOEPWLGPWRGPFPI Beta—cassin Bosz taurus  208-224  Immunomodulatory M

195



Supplementary Table 4.21. Bioactive peptide sequences identified in delactosed permeate from
production plant 2, batch E

Search peptide
FWAPFPEVFG POZEG2
LLY'QEPWYLGPYRGPF POZEGE
L' OEPVLGPYRGRPFF POZEGE
MIPPLTQTRY POZEEE
QEPYLGPWRGPFPIY POZEEE
TATAAAPRFLORPE  POZGGEE
WOWTSTAV POZEGS

YOEPVYLGPYRGRFPI P33045

Protein | Peptide

FWAFFREVFG
LLY'QEPYLGPYRGPF Beta-casein
L' QEPVLGPYRGPFF Beta-casein
MPPLTOTPY Beta-zazein
QEPVLGPYRGPFPINV Beta-cazein
TATFYWWPPFLOFE Beta-caszein
WOVTSTAY

Y OEPVYLGPYRGPFPI Beta-casein

Protein description Species
Alpha-51-caszein

K.appa-casein

Intervals Function

Bos taurus  33-45 ACE-inhibitory
Bos taurus  206-224  ACE-inhibitory
Bos taurus  207-224  Immunomodulatory
Bos taurus  53-37 ALCE-inhibitary
Bz taurus  209-224  ACE-inhibitory
Bos taurus  33-106 Antioxidant

Bos tawrus  183-130  Antimicrobial

Capra hircw: 206-220  Antimicrabial

196

Dol

103004310
10,3168l ds. 50022~

10 I0BMBS-24 7E(32)30031-2
10.1M23MAEM. 66.9.5835-
10,3168 d=s. 2015-3565

10,1016, foodchem. 2010.05.023
Mg

10107750007 114511001055,

10 MW3E5-2672. 2008.03336. 4
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CHAPTER V:
Fifty years of research on milk oligosaccharides: Querying the body of literature for humans and

other mammals

201



ABSTRACT

The carbohydrate fraction of most mammalian milks contains a variety of oligosaccharides that
encompass a range of structures and monosaccharide compositions. Human milk
oligosaccharides have received considerable recent attention due to their biological roles
contributing to the establishment and maintenance of beneficial gut microbiota, prevention of
pathogen binding to the intestinal epithelium, immunomodulation, and brain development in the
neonate. Non-human mammals have varying milk oligosaccharide profiles that are adapted to
their gestational systems and the needs of their offspring. Parity, genotype, breed, and lactation
time point may also contribute to observed variation in milk oligosaccharide profiles. Despite
this, many species have considerable overlap with the oligosaccharides found in human milk.
The milk oligosaccharides of some non-human mammals may also have the potential for
commercial isolation and supplementation in human infant formula and other products for

human health.

In the present study a database was created to compile the existing milk oligosaccharide profile
data across all mammalian species. This database facilitates the comparison of milk
oligosaccharide profiles across species by compiling milk oligosaccharide data across more than
fifty years of publications and translating the often disparate methods for reporting milk
oligosaccharide profiles into a single standardized identification format. Through the
consolidation of all existing milk oligosaccharide profiles, this queryable database promotes
further analysis of the existing milk oligosaccharide literature, revealing patterns and trends not

apparent from the examination of individual publications.
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INTRODUCTION

Mammals are characterized as homeothermic vertebrates with mammary glands. Beings within
the class Mammalia can be divided into placental mammals, marsupials and monotremes, based
on how their young are gestated and born. Placental mammals belong to the clade Eutheria and
are characterized by fetuses which remain in the uterus of the mother and are nourished by the
placenta until a comparatively late stage of neonatal development. In contrast, marsupial
offspring undergo a brief uterine gestation followed by a period of further development in the
mother’s pouch, where they begin nursing. Diverging even farther, the young of monotremes are
laid in eggs and then undergo further development in their mother’s pouch after hatching. While
all types of mammalian mothers produce milk to nourish their young after birth, the composition

of this milk varies between species.'?

In addition to protein and lipids, carbohydrates are one of the main components of mammalian
milk, with oligosaccharides often featuring as the third or fourth most abundant milk component,
depending on the species and lactation time point. Milk oligosaccharides are composed of three
to twenty monosaccharides. Constituent monosaccharides may include D-glucose (Glc), D-
galactose (Gal), D-N-acetylglucosamine (GIcNAc), D-N-acetylgalactosamine (GalNAc), L-
Fucose (Fuc), D-N-acetylneuramic acid (Neu5Ac), or D-N-glycolylneuraminic acid (Neu5Gc).
Milk oligosaccharides feature either a lactose or, less commonly, a lactosamine unit at the
reducing end, and their structures may be extended through the addition of Gal, GIcNAc, or
GalNAc monomers. Milk oligosaccharides composed of more than three monosaccharides are
divided into two basic categories based on their core structures as either type | or type Il. Type |

cores feature the structure of lacto-N-tetraose (LNT, Gal(B1-3)GlcNAc(B1-3)Gal(p1-4)Glc),
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while type 11 cores are based off of lacto-N-neotetraose (LNnT, Gal(B1-4)GIcNAc(B1-3)Gal(B1-
4)Glc), Core structures may also be decorated with Fuc, Neu5Ac, or NeubGc. Neu5Ac and
Neu5Gc are two forms of sialic acid, and oligosaccharides containing either of these
monosaccharides are classified as acidic, while those without any sialic acid are categorized as

neutral.

Milk oligosaccharides are of particular interest because, although they are assembled at
considerable energetic cost to the mother, they are largely undigested by the neonate. Human
milk oligosaccharides have been demonstrated to have prebiotic activity, selectively promoting
the growth of beneficial bacteria in the infant gut.>® These probiotics then occupy space on the
intestinal epithelium, consume human milk oligosaccharides and produce short chain fatty acids,
which lower the pH of the gut, making it difficult for pathogens to colonize the infant gut. In
addition, the structural homology of milk oligosaccharides to cell surface glycans of the
intestinal epithelium allows them to act as receptor decoys to which pathogens may bind in place
of host epithelial cells, resulting in the flushing of pathogens from the gut.® Human milk
oligosaccharides also have anti-inflammatory and immunomodulatory activities and have been
shown to decrease gut permeability associated with obesity.'%* In addition, the sialic acid found
in milk oligosaccharides has been linked to neonatal brain development and learning.*>’

The functions of milk oligosaccharides demonstrated to date are dependent upon their structural
motifs. As such, oligosaccharides that share monosaccharide compositions may have distinctly
different activities depending on their unique isomer structures. Despite the benefits of human
milk oligosaccharides, no equally diverse source of bioactive carbohydrates is currently available

outside of mother’s milk. Some infant formulas are beginning to be supplemented with prebiotic
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oligosaccharides, but in most cases the added compounds are not equivalent to those in human
breast milk. Despite their demonstrated prebiotic activity, homooligomers like
galactooligosaccharies (GOS) and fructooligosaccharides (FOS) lack the structural complexity
and compositional diversity of human milk oligosaccharides.*® The human milk oligosaccharides
commercially produced in quantities sufficient for supplementation to infant formula are
relatively small, simple structures as more complex human milk oligosaccharide structures have
proven to be difficult and expensive to produce through enzymatic synthesis or in genetically

modified microbes.®

However, many oligosaccharide structures have been identified in the milk or colostrum of non-
human mammals with varying degrees of similarity to human milk oligosaccharides. Some non-
human mammalian milks are potential sources of oligosaccharides for commercial isolation for
supplementation in human infant formulas and functional foods, while others represent possible
biomedical models for developing a further understanding of the roles of human milk
oligosaccharides. The biological significance of variations in milk oligosaccharide profiles

among mammalian species is not yet fully understood.

The main challenge in building further understanding of milk oligosaccharides from the existing
literature lies in the scattering of the relevant data across decades of publications in dozens of
academic books and journals. Any cross-publication analysis is additionally hindered by the vast
inconsistencies in how milk oligosaccharides have been historically reported, ranging from
figures depicting oligosaccharide structures to tables of monosaccharide constituents, to full

linkage descriptions in the text. These disparate data reporting methods make it prohibitively
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difficult to make direct comparisons between oligosaccharide profiles reported using different

descriptive methods.

The present study overcomes these challenges through the creation of a database that reconciles
all existing milk oligosaccharide profiles through the use of a standardized form of representing
milk oligosaccharide structures. This database facilitates the comparison of oligosaccharides
between individual species and across groups of species. In addition, the database holds the
potential to contribute to answering questions about the biological significance of specific
oligosaccharide structural variations across mammalian milks. When combined with queries and
visualizations, it will also serve as a generator of hypotheses able to be investigated in future

milk oligosaccharide studies.

METHODS

Literature Selection

To enable comparisons between milk oligosaccharide profiles of different species, a database
was constructed, containing compilations of the existing published milk oligosaccharide profiles
for each species discussed herein. Any studies reporting milk oligosaccharide structures
published in a peer reviewed journal or book between January 1970 and January 2022 were
considered for inclusion in the database. Publications were excluded from consideration if they
had not undergone peer review, were not full articles (i.e. abstract-only publications), did not
report original results (i.e. reviews, meta-analyses, secondary analyses of existing published milk
oligosaccharides data), did not describe the method through which oligosaccharide analysis was

conducted, did not adequately describe the species from which milk was obtained, or were
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published prior to January 1970 or after January 2022. The number of subjects, milk sample
collection method, lactation time point at milk collection, and pooling of milk samples were not
used as selection criteria. In cases where the milk oligosaccharides of a species were reported in
numerous publications meeting the specified criteria, such as with human and cow milk, papers
were selected so as to build an oligosaccharide profile covering the full scope of identified milk
oligosaccharides for the species with minimal redundancy. 210 publications covering the milk

oligosaccharide profiles of 75 species were included in the database (Supplementary Table 5.2).

Database Construction

Oligosaccharide isomers were distinguished in the database based on the compositional
information available in the corresponding literature, with varying degrees of identification based
on the analytical technique applied in the study. When available, the sequence of
monosaccharides, branching, and monosaccharide linkages were specified in the isomer
designation. While this strategy allows for the greatest extent of comparison between milk
oligosaccharide profiles presented in different studies, there are likely some remaining isomer
redundancies. In particular, this may result when comparing data from NMR, enzymatic, or
standard-based chromatographic isomer identifications that contain complete structural
information with less detailed identifications made by mass spectral or chromatographic
techniques. In total, entries for 672 oligosaccharide isomers were included in the database

(Supplementary Table 5.1).

All oligosaccharides are represented by a unique six-digit alphanumeric code where the first five

digits sequentially represent the numbers of hexose_N-acetylhexosamine_fucose N-
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acetylneuraminic acid_N-glycolylneuraminic acid (Hex_HexNAc_Fuc_Neu5Ac_Neu5Gc)
monomers contained in the oligosaccharide structure and the final letter designates the isomer.
For example, 4 2 1 1 0b is composed of 4 hexoses, 2 N-acetylhexosamines, 1 fucose, 1 N-
acetylneuraminic acid, and no N-glycolylneuraminic acids, and has been assigned to the specific
oligosaccharide NeuSAc(a2-3)Gal(B1-3)GlcNAc(B1-3)[Gal(B1-4)[Fuc(al-3)]GIcNAc(B1-
6)]Gal(B1-4)Glc. The full list of oligosaccharide isomers and their respective alphanumeric codes

is provided in Supplementary Table 5.1.

Analysis of Database Queries
The database was queried to compare oligosaccharide profiles for a variety of groups of species,
and the ensuing data was transformed into concept maps using Cmap Tools to visualize the

results.

The resulting concept maps can be read from left to right by following the arrows connecting the
species names, linking phrases, and oligosaccharides, as exemplified in Figure 5.1.
Oligosaccharides color-coded as black, with arrows connecting them to multiple species have
been reported in the milk of each species to which they share a connecting arrow.
Oligosaccharides that are unique to the milk of a single species in a given concept map are color-

coded to match that species and bear only a single connecting arrow.
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Figure 5.1. Sample concept map depicting the shared and unshared oligosaccharides for two
species.

RESULTS AND DISCUSSION

Milk Oligosaccharides of Placental Mammals

Humans

Human milk oligosaccharides are by far the most studied set of milk oligosaccharides of any
mammalian species. They feature five constituent monosaccharides: Glc, Gal, Fuc, GIcNAc and
Neu5Ac, with twelve possible linkages.® To date, more than 200 HMO structures have been
identified through the use of various analytical techniques, of which 215 unique human milk
oligosaccharide structures have been fully elucidated.'®>3*Variation in human milk
oligosaccharide profiles and concentrations due to the secretor and Lewis status of the mother is
well documented.®*°2 The secretor gene codes for al-2-fucosyltransferase, FUT2, and the Lewis
gene codes for the a1-3/4-fucosyltransferase, FUT3. Mothers who are positive for the secretor
gene, known as secretors, express the FUT2 gene and produce milk containing an abundance of

al-2-linked fucose moieties, while non-secretor mothers produce little to no a.1-2-linked fucose-
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containing human milk oligosaccharides. Individuals who are Lewis positive express the FUT3
gene and produce milk containing oligosaccharides with a1-3- and a1-4-linked fucoses.®® The
milk of Lewis negative mothers does not contain al-4-linked fucose moieties but may have
human milk oligosaccharides with a1-3-linked fucose units due to the activity of a secretor- and
Lewis-independent fucosyltransferase.®® Secretor status is known to vary between regional,
racial, or ethnic groups, as shown in Figure 5.2, which contributes to variations in human milk

oligosaccharide profiles between cohorts around the world, >456:60.61.64-77

Figure 5.2. Distribution of secretor status in human mothers around the world based on the
abundance of a1-2-linked fucose in breast milk, where the black sections of the pie charts
represent the percent of mothers in the population who are secretors and the light grey represents
the percentage of non-secretors.

In addition, human milk oligosaccharide concentrations have been shown to vary over the course
of lactation, with typical oligosaccharide concentrations in human colostrum as high as 20 g/L

but falling to as low as 5 g/L in mature milk.%®%6%78.7% The concentration of lactose in human
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milk is comparatively steady across lactation, at around 60 g/L.&° The oligosaccharide profile of
human milk is unique in that it does not contain the Neu5Gc form of sialic acid and contains
almost no structures with al-3-linked galactose. Both Neu5Gc and a1-3-linked galactose may be
recognized as allergens in many people.®-82 For most lactating individuals, neutral fucosylated
milk oligosaccharides predominate. In addition, the majority of human milk oligosaccharides
contain type I, core structures, a unique feature compared to the predominantly type Il

oligosaccharides found in most non-human mammalian milks.

Non-human Primates

As the closest relatives to humans, data on the milk oligosaccharides of non-human primates can
aid the understanding of human milk oligosaccharides and their roles. The milk oligosaccharides
of a number of non-human primates have been investigated, including those of apes (Pongidae
and Hylobatidae), old world monkeys (Cercopithecidae), new world monkeys (Cebidae,
Callitrichidae, and Atelidae), and strepsirrhine primates. Of the primate groups, the great apes,
including chimpanzees, bonobos, gorillas, and orangutans, are the closest phylogenetic relatives
to humans. Chimpanzee and bonobo milks have oligosaccharide profiles that are about 50%
fucosylated with both type | and 11 cores and a 1 to 4 or 1 to 5 ratio of oligosaccharides to
lactose, making them the closest in terms of free carbohydrate composition to human milk.
Unlike human milk however, chimpanzee and bonobo milk oligosaccharides contain Neu5Gc
and have more LNNT- than LNT type core structures (Figure 5.3).83% 2°-FL has been shown to
decrease in concentration in bonobo milk over the course of lactation while 3-FL increases in
concentration, a trend also observed in human milk. "4 In contrast, only al1-2-linked fucose has

been identified in gorilla milk, which also contains oligosaccharides with Neu5Gc monomers
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and both LNT- and LNnT-type cores structures.®3# Orangutans have milk with a substantially
higher ratio of oligosaccharides to lactose (1 to 0.8) than the other great apes, and their milk
oligosaccharide profile contains structures with Neu5Gc and predominantly type 11 cores (Figure

5.3).845

The only lesser ape for which milk oligosaccharides have been analyzed is the siamang.
Although siamang milk’s 1 to 3 ratio of oligosaccharides to lactose is similar to those of the great
apes, siamang milk oligosaccharides are the most sialylated of any primate, with only trace

amounts of fucosylation (Figure 5.4).8384

Three species of old world monkeys, hamadryas baboon, toque macaque and rhesus macaque, all
have milk oligosaccharides with a1-3-linked fucose moieties, but no a.1-2-linked fucose-
containing oligosaccharides have been identified.®® Type | core and Neu5Gc-containing
oligosaccharides have both been identified in milk of the rhesus macaque, but not in toque

macaque or hamadryas baboon milk (Figure 5.4).8388
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Figure 5.3. Concept map comparing the milk oligosaccharide profiles of four great ape species, bonobos, orangutans, gorillas, and
chimpanzees, with human milk oligosaccharides. Oligosaccharides are given as the number of hexose N-acetylhexosamine fucose N-
acetylneuraminic acid_N-glycolylneuraminic acid monomers contained in the structure, followed by the isomer designation. The full
list of oligosaccharide isomers and their respective alphanumeric codes is provided in Supplementary Table 5.1.
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Figure 5.4. Concept map comparing the milk oligosaccharide profiles of four primate species, toque macaque, Hamadryas baboon,
rhesus macaque, and siamang, with human milk oligosaccharides. Oligosaccharides are given as the number of hexose N-
acetylhexosamine fucose N-acetylneuraminic acid_N-glycolylneuraminic acid monomers contained in the structure, followed by the
isomer designation. The full list of oligosaccharide isomers and their respective alphanumeric codes is provided in Supplementary
Table 5.1.
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Milk oligosaccharides from three of the five families of new world monkeys have been profiled,
including samples of mantled howler, brown capuchin, Bolivian squirrel monkey, golden lion
tamarin, and common marmoset milk. With the exception of the common marmoset, which has
the greatest proportion of fucosylated milk oligosaccharides of all non-human primates, the milk
of new world monkeys appears to contain little to no fucosylated or type | oligosaccharides

(Figure 5.5). 838687

Strepsirrhine primates split off from the lineage of other monkeys and apes an estimated 76 to 87
million years ago. Milk oligosaccharides from four species in this suborder have been analyzed

to date, including the greater galago, aye-aye, mongoose lemur, and Coquerel’s sifaka. The milk
of these species has a similar ratio of lactose and free oligosaccharides as humans and great apes,

but LNT-type core structures have only been identified in aye-aye milk (Figure 5.6).%8
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Figure 5.5. Concept map comparing the milk oligosaccharide profiles of four new world monkey species, Bolivian squirrel monkey,
tufted capuchin, golden lion tamarin, and common marmoset, with human milk oligosaccharides. Oligosaccharides are given as the
number of hexose N-acetylhexosamine fucose N-acetylneuraminic acid N-glycolylneuraminic acid monomers contained in the
structure, followed by the isomer designation. The full list of oligosaccharide isomers and their respective alphanumeric codes is
provided in Supplementary Table 5.1.
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Figure 5.6. Concept map comparing the milk oligosaccharide profiles of four Strepsirrhine primate species, greater galago, aye-aye,
mongoose lemur, and coquerels sifaka, with human milk oligosaccharides. Oligosaccharides are given as the number of hexose N-
acetylhexosamine fucose N-acetylneuraminic acid_N-glycolylneuraminic acid monomers contained in the structure, followed by the
isomer designation. The full list of oligosaccharide isomers and their respective alphanumeric codes is provided in Supplementary

Table 5.1.
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Overall, primate milk oligosaccharide profiles are more diverse than those of bovine, caprine, or
porcine milks and contain similar types of structures as human milk oligosaccharides, but in
different proportions (Figures 5.3-5.6).8° With an average degree of polymerization (DP) of 4 to
6, milk oligosaccharide structures of non-human primates tend to be smaller than human milk
oligosaccharides (average DP of 7 to 9).8 Current research shows only minimal evidence of
correlation between milk oligosaccharide profiles of non-human primates and their phylogenetic

relations or social structures.388

Terrestrial Carnivores

The species within the order Carnivora can be divided into two suborders, Feloidea and
Canoidea. A handful of species within Feloidea have been the subject of milk oligosaccharide
investigations. Primarily small neutral oligosaccharides have been identified in the milk of
cheetahs, spotted hyenas, and clouded leopards,®°* but larger structures, including a variety of
fucosylated oligosaccharides have been identified in the milk of house cats and African lions
(Figure 5.7).9%929 Only two acidic oligosaccharides have been identified in Feloidea milk, with
6’-sialyllactose (6°-SL) identified in the milk of house cats and 02-3-Neu5Gc-lactose found in all
profiled milks except cheetah (Figure 5.7).8990.929 [ jons, leopards, and cheetahs all have a milk
oligosaccharide to lactose ratio of 1:1 to 1:2, although lion milk has considerably less lactose

(about 27 g/kg) compared to cheetah milk (40.2 g/kg).%%:9194
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Figure 5.7. Concept map comparing the milk oligosaccharide profiles of four Feloidea species,
domestic cats, spotted hyenas, cheetahs, and lions. Oligosaccharides are given as the number of
hexose_N-acetylhexosamine_fucose_N-acetylneuraminic acid_N-glycolylneuraminic acid
monomers contained in the structure, followed by the isomer designation. The full list of
oligosaccharide isomers and their respective alphanumeric codes is provided in Supplementary
Table 5.1.

Substantially more investigations into the milk oligosaccharide profiles of species within the
Canoidea suborder of Carnivora have been conducted. The milk oligosaccharide profiles of
several species of bears have been studied, including those of the American black bear, Japanese
black bear, Ezo brown bear, grizzly bear, polar bear, and giant panda. Both American and

Japanese black bear milk contains large al-2- and a1-3-linked fucosylated oligosaccharides,
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although only type 1l core structures were identified in Japanese black bear milk, while both
LNT- and LNnT-type core milk oligosaccharides have been identified for the American black
bear.899 No acidic oligosaccharides are present in American black bear milk, but Japanese
black bears were shown to produce several 02-3- and 02-6-linked NeuSAc-containing
oligosaccharides.®® Among the brown bears, milk of the Ezo brown bear is dominated by
trisaccharides, especially 2’-FL, while grizzly bear milk contains more DP 4 and 5 fucosylated
oligosaccharides with both LNT- and LNNnT-type core structures (Figure 5.8).85°" Although the
total carbohydrate concentration of polar bear milk remains relatively constant, the
oligosaccharide profile varies over the course of lactation, with a high 3’-sialyllactose (3’-SL)
concentration in colostrum but an abundance of isoglobotriose in mid to late lactation milk. %%
In contrast, the carbohydrate fraction of giant panda milk increases over the course of lactation,
with isoglobotriose as the main oligosaccharide throughout.!%!%! [_actose concentrations in bear
milk are low at around 1 to 4 g/kg, which makes them a notable exception to the typically high
lactose concentrations in the milk of placental mammals. This low lactose content serves to
protect the hibernating mother during lactation both because lipid content is a more efficient
method of energy transfer from mother to nursing offspring and because lower lactose
concentrations lead to less osmolytic pressure on the milk, lessening the risk of maternal

dehydration. 91,100,102
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Like the larger members of Canoidea, milk oligosaccharides are dominated by a1,3-linked
galactose-containing cores and Neu5Gc-containing structures are absent from raccoon, striped
skunk, mink, dog, and white-nosed coati milk (Figure 5.9).8%92103-108 Ng acidic oligosaccharides
have been reported in mink or white-nosed coati milk, and no LNT-type core structures or al-3-
linked fucose-containing oligosaccharides have been found in the milk of any of the smaller
terrestrial carnivores. Unlike most other Canoidea, the oligosaccharides identified in raccoon
milk include very large structures (DP 13 to 18) in addition to the smaller neutral fucosylated

oligosaccharides (Figure 5.9).1%
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Figure 5.9. Concept map comparing the milk oligosaccharide profiles of five small Canoidea
carnivore species, dogs, white nose coatis, minks, striped skunks, and raccoons.
Oligosaccharides are given as the number of hexose_N-acetylhexosamine_fucose N-
acetylneuraminic acid_N-glycolylneuraminic acid monomers contained in the structure, followed
by the isomer designation. The full list of oligosaccharide isomers and their respective
alphanumeric codes is provided in Supplementary Table 5.1.
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Even-toed Ungulates
Milks from many species within the Artiodactyla order have been analyzed for their
oligosaccharide content. These species include ruminants such as cows, goats, sheep, buffalo,

antelope, and deer, as well as non-ruminants like pigs.

Milk and dairy products from cows, goats and sheep are commonly consumed across much of
the world. Milk oligosaccharides are present in concentrations of around 1.57 g/L in cow
colostrum but fall to between 200 and 300 mg/L in mature cow and goat milk or 2 to 3 mg/L in
mature sheep milk. 1°-1°> Milk oligosaccharides in these species are much less concentrated than
lactose, which is expressed at levels of 49 g/L for cows, 43 g/L for goats, and 48 g/L for
sheep.1%? The oligosaccharide profiles for all three species are dominated by acidic structures, but
while cow milk features predominantly Neu5Ac-containing oligosaccharides, acidic goat and
sheep milk oligosaccharides are largely Neu5Gc-containing compounds (Figure 5.10).109-112.115-
122 Neutral fucosylated oligosaccharides and LNT-type core structures have been observed in
cow and goat milk, but at lower abundances — especially for cow milk — than in the milk of
humans and other primates.'?%123-128 | contrast, most neutral sheep milk oligosaccharides are
small, unfucosylated compounds with no type | core structures reported.10:121:122.129 The
oligosaccharide profiles of cows and goats have been shown to vary over the course of
lactation'7130:131 and between animals of different breeds or parities,'*%%2-134 in addition to
seasonal variation of cow milk oligosaccharides.*4% As in humans, genotype may influence the
oligosaccharide profiles in goats and cows with changes in goat milk oligosaccharide profiles

observed based on the asi-casein production gene CSN1S1,1 and two recent genome-wide
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association studies strongly correlating changes in milk oligosaccharide expression to several

genes in cows, 136137

Yak milk is consumed as a food source in regions of China, India, Mongolia, Nepal, and Tibet.
Yak milk contains similar levels of lactose and oligosaccharides as dairy cattle.1%2% Several
neutral oligosaccharides have been identified in yak milk, including both an al,3- and an al,2-
fucosylated structure (Figure 5.10).1%8140 The yak milk oligosaccharide profile also includes 3°’-
SL and 6’-SL, with substantially more 3’-SL than 6°-SL, similar to the milk of commercial dairy

cows. 138

The oligosaccharide content of buffalo milk has been investigated in several different studies,
although not all studies specify what type of buffalo the milk was collected from. The
carbohydrate composition of buffalo milk varies significantly between species, with a 1 to 5 ratio
of milk oligosaccharides to lactose in water buffalo*! but a lactose concentration 500 times
higher than the oligosaccharide concentration in African buffalo milk.'4> Water buffalo have
predominantly small neutral and acidic oligosaccharide structures (Figure 5.10), and

oligosaccharide profiles that vary over the course of lactation,10:141.143.144
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Figure 5.10. Concept map comparing the milk oligosaccharide profiles of seven routinely milked Artiodactyla species, cows, goats,
water buffalo, sheep, dromedary camels, Bactrian camels, and yaks, with human milk oligosaccharides. Oligosaccharides are given as
the number of hexose N-acetylhexosamine fucose N-acetylneuraminic acid_N-glycolylneuraminic acid monomers contained in the
structure, followed by the isomer designation. The full list of oligosaccharide isomers and their respective alphanumeric codes is
provided in Supplementary Table 5.1.

226



Camel milk is frequently consumed in eastern Europe, north-eastern Africa, and parts of Asia.
The majority of camels are dromedary, but Bactrian camels may also be milked as a food source.
Compared to other commercially milked mammals, very little research has been done on the
oligosaccharide content of camel milk. Dromedary camel milk has low levels of fucose- and
Neu5Gce-containing oligosaccharides and no LNT-type cores (Figure 5.10).12114 In both species,
acidic oligosaccharides are more abundant than neutral oligosaccharides, but in Bactrian camel
milk, acidic oligosaccharide do not contain Neu5Gc and decrease over the course of

lactation 122,145,146

Although milk from okapi as well as a number of antelope and deer species has been analyzed,
the individual milk oligosaccharides of most species have not been profiled. Oligosaccharides
were characterized in Addax milk and found to contain similar concentrations of Neu5Ac and
Neu5Ge, with more a2-3-linked than 02-6-linked sialic acid.**” A few small neutral and
fucosylated oligosaccharides have been identified in giraffe milk, with no type Il structures
reported.®>14! Several neutral and acidic oligosaccharides have been identified in reindeer milk
too, which was found to be unique in both its lack of Neu5Gc- and o2-6-linked Neu5Ac-
containing oligosaccharides and the predominance of phosphorylated oligosaccharides over o2-
3-linked Neu5Ac-containing structures.!* The milk of antelope species contains about 40 to 50
g/kg lactose, while deer milk has lower lactose concentrations of around 26 to 28 g/kg. *°° Many
deer and antelope milk samples were collected after hunting-related deaths of the animals, but

the effects of post-mortem milk sampling on oligosaccharide concentrations is unknown.
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The milk oligosaccharide profiles of several breeds of pigs have been analyzed, and while
minimal variation has been reported between breeds, differences have been observed between
pigs of different parities, as with cows and goats.**° Pig milk contains very low levels of NeuGc-
containing oligosaccharides, making it more similar to human milk than other domesticated large
mammals.*?%%0:151 Unlike human milk oligosaccharides however, pig milk oligosaccharides are
primarily acidic, with 3’-SL as the most abundant oligosaccharides, and less than 4% of pig milk

oligosaccharide structures are fucosylated,>0152153

Odd-toed Ungulates

Within the order Perissodactyla, only black rhinoceros, donkey and horse milks have been
analyzed for their oligosaccharide profiles. Black rhinoceros milk oligosaccharides are
predominantly small, neutral fucosylated structures with both a1-2- and a1-3-linked fucose
moieties (Figure 5.11).2° Donkey milk oligosaccharides are primarily small, Neu5Ac-containing
structures. 52715* In horses, the typical milk oligosaccharide concentration in colostrum is 0.217
to 4.63 g/L but falls to 0.0798 g/L in mature milk, with variation in oligosaccharide profiles
between breeds and over the course of lactation.*®”* The majority of horse milk oligosaccharide
are small neutral or acidic structures, with lower levels of Neu5Gc-containing compounds and

lactose than cows or goats. 121155161
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Figure 5.11. Concept map comparing the milk oligosaccharide profiles of three Perissodactyla
species, black rhinoceroses, horses, and donkeys. Oligosaccharides are given as the number of
hexose_N-acetylhexosamine_fucose_N-acetylneuraminic acid_N-glycolylneuraminic acid
monomers contained in the structure, followed by the isomer designation. The full list of
oligosaccharide isomers and their respective alphanumeric codes is provided in Supplementary
Table 5.1.

Other Terrestrial Placental Mammals

From the order Proboscidea, both Asian and African elephants have undergone milk
oligosaccharide analysis. The concentration of milk oligosaccharide changes over the course of
lactation in both species, decreasing from 53.7 to around 20 g/L from early to middle lactation in
Asian elephants and increasing from 8 to 21.5 g/kg from mid to late lactation in African
elephants.'6271%° |soglobotriose was found to be the most abundant oligosaccharide in the milk of

both species, although a range of fucosylated and Neu5Ac sialylated oligosaccharides, as well as
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structures with type | and 11 cores, have also been reported in Asian elephant milk,62163165
African elephant milk contains about 5 times more lactose than oligosaccharides, while Asian
elephant milk only contains about twice as much lactose as oligosaccharides.162164

In the order Pilosa, milk oligosaccharides have only been analyzed for one species, the giant
anteater. Giant anteater milk has a 3.4 to 1 ratio of lactose to oligosaccharides. No fucosylated or
a2-3-linked Neu5Ac-containing oligosaccharides have been reported in giant anteater milk, but

02-6 sialylated structures were detected.®

The only species from the order Chiroptera for which milk oligosaccharides have been profiled
is the island flying fox, a bat whose milk was found to lack LNT-type core, fucosylated, and
Neu5Ac-containing oligosaccharides, but does feature milk oligosaccharides with Neu5Gc and
al-3-linked galactose, making the oligosaccharide profile of island flying fox milk very

dissimilar to that of human milk.167

Aguatic Placental Mammals

The order Cetacea is divided into marine mammals with and without teeth. Of the toothed
cetaceans, milk of a beluga whale and bottlenose dolphins have been analyzed. 3’-SL was the
only free carbohydrate identified with certainty in beluga milk; however, because the milk
sample was collected at one year postpartum, lactose and additional oligosaccharides may be
present in earlier lactation milk. % Reports on the oligosaccharide profile of bottlenose dolphin
milk vary, with some studies reporting no milk oligosaccharides,'®® and others reporting up to 9
g/L of oligosaccharides.’™ In most baleen whales, lactose has been reported as the most

abundant free carbohydrate. Only NeuSAc-containing oligosaccharides were detected in Bryde’s
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whale and Sei whale milk,*"* whereas fucosylated, unfucosylated neutral, and NeuSAc-
containing oligosaccharides were detected in Minke whale milk.*%® All baleen whale milk
analyzed in these studies was collected in late lactation, and it is unknown if milk collection

post-mortem impacted some oligosaccharide profiles.1817

Within the order Pinnipedia, no milk oligosaccharides or lactose have been detected in species
within the Otariidae family but, a number of oligosaccharides have been identified in the milk of
Phocidae family seals*’>1"3 In crabeater seal milk, sialylated and fucosylated oligosaccharides,
including 2’-FL have been detected.}’*1"> In bearded seal, hooded seal, and arctic harbor seal
milk, only type II core structures, al-2-linked fucosylation, and 02-6-linked Neu5Ac sialylation
of oligosaccharides were detected (Figure 5.12).173176-178 Milk composition in Weddell seals has
been shown to vary over the course of lactation, especially around two weeks postpartum when
the mothers stop fasting and the total carbohydrate concentration of their milk drops. In early
lactation, the carbohydrate fraction of Weddell seal milk is around 90% free oligosaccharides,
which is substantially higher than that of terrestrial carnivores. Similar to bears, the low lactose
concentration in pinniped milk is likely the result of evolutionary pressure toward rapid nutrient
transfer from mother to offspring to more quickly prepare the pup for cold ocean temperatures
and increase the size of offspring to hinder predators, a feat more easily achieved with high milk

fat rather than lactose content.
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Figure 5.12. Concept map comparing the milk oligosaccharide profiles of four pinniped species,
including hooded seals, arctic harbor seals, crabeater seals, and bearded seals. Oligosaccharides
are given as the number of hexose _N-acetylhexosamine_fucose N-acetylneuraminic acid_N-
glycolylneuraminic acid monomers contained in the structure, followed by the isomer
designation. The full list of oligosaccharide isomers and their respective alphanumeric codes is
provided in Supplementary Table 5.1.

The only species for which milk oligosaccharides have been analyzed in the order Sirenia is the
Florida manatee, whose milk contains little to no lactose and low concentrations of
oligosaccharides, are consistent with the milk compositions of other aquatic mammals. The milk
oligosaccharides that are present in Florida manatee milk are largely neutral structures containing

N-acetylglucosamine or fucose residues.®%16°

Milk Oligosaccharides of Marsupials
Unlike most placental mammals, the milk of many marsupials contains little to no lactose,

because they lack intestinal brush border lactase, making lactose largely indigestible as a
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nutrient. In addition, marsupial milk does not contain oligosaccharides with Neu5Gc or LNNnT-
type core structures.!”® Koalas, wombats, and common brushtail possums all have predominantly
linear oligosaccharide structures, including acidic milk oligosaccharides, although no o2,6-linked
Neu5Ac has been reported in Wombat milk.'8-182 Koalas are one of the only marsupials
investigated to date that has milk containing fucosylated oligosaccharides (Figure 5.13).18!
Among macropods, small and medium neutral unfucosylated oligosaccharides have been
routinely identified, and acidic oligosaccharides in a range of sizes have been reported in red
kangaroo and tammar wallaby milk.83-18% |n contrast to their plant-eating relatives, the
carnivorous tiger quoll and eastern quoll have more branched than linear oligosaccharide
structures with DPs of 3 to 11 (Figure 5.13).1°%1% The carbohydrate content of tammar wallaby,
eastern quoll, and common brushtail possum have all been shown to change over the course of
lactation, with tammar wallaby milk showing a distinct shift in composition between milk for
pouch-bound offspring and more independent, plant-eating joeys that have begun to develop a
more ruminant-like digestive system.%2-1% Many marsupial milk oligosaccharide samples were
subjected to long-term freezer storage (25 to 35 years) prior to analysis, but the impact of such

storage on milk oligosaccharide profiles is unknown.
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Figure 5.13. Concept map comparing the milk oligosaccharide profiles of nine marsupial species, including Goodfellow’s tree
kangaroo, red kangaroo, grey kangaroo. tammar wallaby, common brushtail possum, wombat, koala, eastern quoll, and tiger quoll.
Oligosaccharides are given as the number of hexose N-acetylhexosamine fucose N-acetylneuraminic acid N-glycolylneuraminie

acid monomers contained in the structure, followed by the isomer designation. The full list of oligosaccharide isomers and their
respective alphanumeric codes 1s provided in Supplementary Table 5.1.
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Milk Oligosaccharides of Monotremes

Monotremes diverged evolutionarily from the ancestors of eutherians and marsupials an
estimated 200 million years ago. Although monotremes don’t have nipples, they still secrete milk
to nourish their young.'*® Both platypus and echidna milks have levels of sialic acid similar to
those of marsupials, but nearly all monotreme milk sialic acid is diacetylated Neu4,5Ac.%71%
Platypus milk features oligosaccharides with al,2- and al,3-linked fucosylation as well as
LNNT-type core structures, with primarily di- and tri-fucosylated compounds (Figure 14). 19719~

201 In contrast, echidna milk oligosaccharides are primarily small, simple, mono-fucosylated or

mono-sialylated structures (Figure 5.14),200:202.203
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Figure 5.14. Concept map comparing the milk oligosaccharide profiles of two monotreme
species, echidna and platypus, with human milk oligosaccharides. Oligosaccharides are given as
the number of hexose_N-acetylhexosamine_fucose N-acetylneuraminic acid_N-
glycolylneuraminic acid monomers contained in the structure, followed by the isomer
designation. The full list of oligosaccharide isomers and their respective alphanumeric codes is
provided in Supplementary Table 5.1.
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Inter-species Milk Oligosaccharide Comparisons

The unique oligosaccharide profiles of different species are likely the result of evolutionary
pressures adapting milk compositions to the needs of both the mother and the neonate.2%4-2%
Species in which the mothers fast during all or part of lactation appear to produce milk in which
oligosaccharides are more concentrated than other carbohydrates including lactose. This pattern
has been observed in bears,*>° Phocidae seals,’>!"® and baleen whales. %" In these species,
oligosaccharides are likely the main free carbohydrates in milk because energy is transferred
from mother to offspring mainly in the form of lipids, not carbohydrates. In some cases, this may
be due to the need for rapid offspring growth to increase mobility and avoid predations or the
need to increase in neonatal body fat to ensure survival under conditions of extreme cold. In
other cases, the lack of mono- and disaccharides in the mother’s milk may instead be the result of
evolutionary pressures selecting for the preservation for the mother who, with limited energy
stores, must transfer nutrients to her offspring in the manner that results in the least energy and

water loss.

In placental mammal species with less-developed neonates at birth, including bears,%>-°7:100.101
dogs,%* minks,'%" raccoons,'® skunks,'% and primates®*#+8 including humans32%°3.76.7 the milk
oligosaccharide profiles feature more fucosylated structures than those of species with more
precocial offspring. Because the neonates of these species have less-developed immune systems
at birth, they are likely more dependent on prebiotic and immunomodulatory compounds,

including fucosylated oligosaccharides, delivered by their mother’s milk.
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Other species, like elephants and primates including humans, which are phylogenetically distant
but developmentally similar in terms of nervous and immune system maturation, show similar
trends in oligosaccharide composition over lactation.®® This may be related to the long, slow
growth and long lactation periods in these species. Although dolphin and toothed whale milk
oligosaccharide profiles have not been monitored over the course of lactation, it is possible that

similar trends would be observed in these species, given their similarly prolonged lactation.

Sources of Milk Oligosaccharide Variation within Species

In addition to the variation in oligosaccharide profiles that occurs between species, intra-species
variations have also been observed. These differences in reported oligosaccharide profiles or
concentrations may be due to a number of natural causes. Variation in oligosaccharide profiles
between different breeds has been observed in cows,'321342% goats 1! pigs,14°2% horses, > and
dogs.1%* Even within a breed, differences in oligosaccharide abundances have been observed in
cows,**? pigs,'*° goats,*'* and humans®>* based on parity and, in humans, based on whether a birth
is full- or preterm.”®78207.210 Genotypes have also been shown to influence oligosaccharide
profiles, specifically those associated with asi-casein production in goats'® and secretor and
Lewis status in humans.5+%8627278211 |n hymans, variations in oligosaccharide profiles have also
been associated with the presence of immune diseases, including HIV" and celiac disease.?'?
The mother’s diet may also impact the oligosaccharide profile, with a distinct shift observed in
Weddell seal milk when mothers stop fasting'’2 and changes observed in the milk of cows fed

different diets.?13-215
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Oligosaccharide profiles are known to vary over the course of lactation too as the needs of the
neonate change and they shift away from consuming mother’s milk as their sole food source.
Variation in milk oligosaccharides over the course of lactation has been well documented in

117,119,130

COWS, pigs,149:1°0:153.208 ang humans,>'~59:66:74.216-220 \/ariation in milk oligosaccharide

profiles or concentrations of some milk oligosaccharides at multiple lactation points have also

102 polar bears,*® and tammar wallabies.'® This

been noted in elephants,'®® bonobos,® dogs,
variation in milk carbohydrate profile of tammar wallaby milk is especially notable because this
species can co-express milk of different compositions from different teats simultaneously if
nursing both a latched, pouch-bound joey and mobile joey at the same time. With such
widespread variation in milk oligosaccharide profiles over the course of lactation, it is
exceedingly important that future studies report the lactation time point from which milk is being
analyzed. Without this crucial information, studies on the milk oligosaccharides of the same

species may seem to present conflicting data, when in fact they may simply be from disparate

lactation time points.

Approximating Human Milk Oligosaccharides

Despite the wide sources of variation, several mammalian species have milk oligosaccharide
profiles with characteristics quite similar to human milk oligosaccharides, as shown in Figure
5.15. Camels, pigs, and terrestrial carnivores express milk with low levels of Neu5Gc-containing
oligosaccharides. Chimpanzee and common marmoset milks contain relatively high
concentrations of an array of neutral fucosylated oligosaccharides. The milk of giraffes and most
primates has low levels of a1-3-linked galactose and type Il core structures. To most closely

mirror human milk oligosaccharides however, a milk oligosaccharide profile should have low

238



levels of NeubGce- and al,3-linked galactose-containing OS, high concentrations of a diverse
array of fucosylated oligosaccharides, and substantially more type I structures than type 11
oligosaccharides. Based on the currently available research, Asian elephant milk presents the
best balance of all three of these features. Despite their promising similarities to humans in terms
of milk oligosaccharide content, not all of these species are reasonable sources for milk
oligosaccharide isolation. Successful milk oligosaccharide isolation at the pilot scale has been
demonstrated for both cow and goat milk, and similar techniques could be applied to harness the
oligosaccharide available in the milk or dairy streams originating from other commercially
milked mammals.1%221-226 Though not at the same scale as cows, the milk or dairy side streams
from producing butter and cheese from horses, Bactrian camels and goat breeds with relatively
high concentrations of fucosylated oligosaccharides and low abundances of Neu5Gc-containing
oligosaccharides, provide promising dairy streams for isolating milk oligosaccharides that could
be used to create supplements for human infant nutrition or for use as a food ingredient in other
products for human consumption. In addition, other camelid species like llamas and alpacas,
which have the potential to be commercially milked, pose further possibilities for species whose
milk oligosaccharide profiles warrant investigation for these purposes. More studies of the milk
of these species detailing their full milk oligosaccharide profiles and oligosaccharide

concentrations are still needed.
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Figure 5.15. Venn diagram comparing the milk oligosaccharide profiles of non-human mammals
to the 3 key features of human milk oligosaccharides.

Database Advantages and Limitations

The comparisons drawn in this study are inherently limited by the depth and scope of the
published studies reviewed herein. In many cases, the published results are only an indication of
what the overall profile of the milk oligosaccharides for a given species may look like. A number
of studies have been limited by small sample size availability, occasionally with as little as one
individual chosen to represent an entire breed or species. Such sweeping assumptions come with
the known risk that milk oligosaccharide profiles vary, sometimes widely, between individuals
within a group. Factors such as parity, season, location, genotype, captivity status and days in
milk may have inherent influences on milk oligosaccharide profiles. Additional variation in
reported results between studies may be due to the application of a wide range milk collection

methods, sample storage conditions and analytical techniques. The work reviewed here spans
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more than five decades, over which time methodology, instrumentation, and commercially

available standards for milk oligosaccharide analysis have improved greatly.

Additionally, because the concentrations of individual oligosaccharides were not reported in
most of the reviewed literature, no comparisons of the abundance of particular oligosaccharide
classes or structures was made during this analysis. All descriptions of milk oligosaccharide
profiles have “more” or “less” of a specific category of oligosaccharides are based on the number
of reported structures of that type. As such, the analysis of any milks potentially containing a
large number of very low abundant compounds with a given structural feature, or a high

concentration of a single oligosaccharide may be skewed by this analysis.

Despite these limitations, this database and the concept maps derived from it facilitate a
cumulative analysis of all existing published milk oligosaccharide profile data that has not been
previously undertaken at this magnitude. Reconciling the oligosaccharide data from existing
publications into a common format allows for cross-species and cross-publication comparisons
that would otherwise be hindered by the unstandardized multitude of textual, tabular, and visual
formats in which oligosaccharide profiles are reported. In particular, the queryable nature of the
database and visual format of its output facilitate observations of trends, particularly within and
between phylogenetic groups that would not otherwise be readily apparent by examining the
publications individually. In addition, the concept map format reveals areas that have been
comparatively underinvestigated or in which there are substantial gaps or inconsistencies in the
existing literature. At its heart, this platform is not only a way to compile data, but also an

avenue to generate new data-driven hypotheses for future research.
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Conclusions

All mammals produce milk from mammary glands to suckle their young; however, the OS
content of their milk can differ greatly. Although it is unlikely that the milk oligosaccharides of
all mammalian species will be profiled in the near future, targeted investigations of the milk
oligosaccharides of particular mammals could advance the field on several fronts. Minimal to no
research has been done on the milk oligosaccharides of species from nearly half of the 19 orders
within the class Mammalia. Profiling milk oligosaccharides from species in theses relatively
untouched orders, including Dermoptera, Insectivora, and Lagomorpha would provide improved
understanding of how and why milk oligosaccharides developed from an evolutionary
perspective. Further investigation into domestic species that are more commonly milked in non-
western countries, such as yaks, camels, water buffalo, llamas, and alpacas would aid in the
identification of potential dairy streams from which oligosaccharides could be isolated for
supplementation in infant formulas and other nutraceutical products. Additional investigation
into the influence of the impact of milk collection conditions, including the impact of oxytocin
administration to induce milk let-down, collection of milk post-mortem, and milk
oligosaccharide profiles from captive versus wild animals would also provide further context for

the interpretation of existing milk oligosaccharide data.

ACKNOWLEDGEMENTS

The author would like to thank to Ettiene Laborie, Anne-Laure Pacaud, Emeline Colet, and

Chloe Duchenne for their work on preliminary versions of the milk oligosaccharide database.

242



SUPPLEMENTARY MATERIAL

Supplementary Table 5.1. Alphanumeric oligosaccharide codes and corresponding structural
composition for all milk oligosaccharides

Oligosaccharide lsomer Designation Full Oligosaccharide Structural Information

0200 0a GalMAC(bl-4)GIcNAC

0 2010a MeuSAc(a2-6)GalNAC(b1-4)GlIcNAC
100_10a Hex+MeuSAc

10010b Hex+MNeuSAc

11000a Gal(bl-4)HexNAC

11 000b Gal(bl-4)GlcNAC [LacMNAc)

11000c GalMAc(bl-4)GIc

11000d Hex+HexNAC

11001a Meu5Go(a2-3)Gal(bl-4)GIcNAC (3'-GLN)
11001b MNeudGc(a2-6)Gal(bl-4)GIcNAC (B'-GLN)
11001 MNeusGe-Gal(bl-4)GIcNAC

11001d Hex+HexNAc+Neu5Gc

11001e Hex+HexMNAc+Neu5GC

11010a MeuSAc(a2-3)Gal(b1-4)GIcNAC (3'-5LN)
11010b MeuSAc(a2-6)Gal{bl-4)GIcNAC (6'-5LN)
11010 Hex+HexNAc=NeuSAc

110104 Hex+HexNAc+NeuSAc

11010e Hex+HexMAc+Neu5SAc

11020a MeuSAc(a2-B)NeudAc(a2-3)Gal(bl-4)GIcNAC (DSLN)
11020b Hex+sHexNAc+2NeusAC

11020 Hex+HexNAc+=2Neu5SAc

11100a Gal{bl-4)[Fuc{al-3)1GIcNAC

1.1 1 00b Hex+HexMNAc+Fuc

11100 Hex+HexNAc+Fuc

11100d Fuc(al-2)Gal{bl-4)GIcNAC

1.1 20 0a Hex+HexMNAc+Fuc

11110a MeuSAc(a2-6)Gal{bl-3)[Fuc(al-4)]GIcNAC (3'Sle)
11110b Hex+HexNAc+FucsNeuSAc

1.1 20 0a Hex+HexNAc+2Fuc

12000a Hex+2HexMAcC

12000b Hex+2HexNAC

1.2 0.0 0c Hex+2HexMNAC

12 000d Hex+2HexNAC

12000e GlcMNAC(1-6)GalNAC(1-4)Glc (bosiose)
1.2 0.1 0a Hex+2HexMAc+MNeuSAc

12010b Hex+2HexMAcsNeu5Ac

12010 Hex+2HexNAc+NeuSAc

1.3 0.00a HexMNAc-HexNAC-Galibl-2)GIcNAC
20001a Neu5Gc(a2-3)Gal(bk1-4)Glc (3'-NGc-SL/ 3'-GL)
20001b MNeuSGc(a2-6)Gal(bl-4)Glc (6'-GL)
2000 1c MNeusGe-Gal(bl-4)Glc

20001d 2Hex+Neu5Gc

2000 2a MNeuSGc(a2-8)NeusGofa2-3)Gal(bl-4)Glc (DGL)
2.0 0 0_2b MeusGe-NeusGe-Gal(bl-4)Glc
20002 2Hex+2MNeuSGc

2001 0a MeuSAc(a2-3)Gal(bl-4)Glc (3'-5L)
2001 0b MeuSAc(a2-6)Gal(bl-4)Glc (6°-5L)
2001 0c 2Hex+NeuSAc

20011a MeuSAc(a2-B)Neu5Go(a2-3)Gal(bl-4)Glc
2001 1b MNeusGo(a2-B)NeuSAc(a2-3)Gal(bl-4)Glc (G5L)
2001 1 2Hex+NeuSAc+Neu5Gc

20011d MeuSAc(a2-B)NeuSGo(a2-6)Gal(bl-4)Glc
20012 2Hex+NeuSAc+2NeusGe

20020a MeuSAc(a2-B)NeuSAc(a2-3)Gal(bl-4)Gic (DSL)
20020b 2Hex+2NeuSAc

2002 0c 2Hex+2MNeuSAc

20100a Fuc(al-2)Gal|{bl-4)Glc (2'-FL)
20100b Gal{bl-4) [Fuc(al-3)]Glc (3-FL)
2.0.100c 2Hex+Fuc

20101a Hex2+Fuc+Neu5Ge

20110a MeuSAc(a2-3)Gal{bl-4)[Fuc(al-3)]Glc
20110b 2Hex+FucsNeusac

20111a 2Hex+FucsNeusac+Neu5Gc

2020 0a Fuc(al-2)Gal{bl-4)GlcFuc(al-3) (DFL)
2.0_2 0_0b 2Hex+2Fuc
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Oligosaccharide Isomer Designation Full Oligosaccharide Structural Information

2.1 00 0a GalMAc(al-3)Gal(bl-4)Gic (a 3'-GalNAcL)
2.1 0 0_0b GalMAc(bl1-3)Gal{bl-4)Glc (b 3'-GalNAcL)
2.1 00_0c GlcMAc(bl1-3)Gal({bl-4)Glc

2.1 00_0d GlcMAC(bl1-6)Gal(bl-4)Glc (B'-GIcNACL)
2.1000e Gal-Gal(bl1-4)Glc

2.1000f Gal-Gal(bl1-4)Glc

21000 Gal-Gal(bl-4)GlcNac

2.100.0h HexMNAc-Gal(bl-4)Glc

21000 HexMNAc-Gal(bl-4)Glc

2.1 0 0_0j HexMNAc-Gal(bl-4)Glc

21000k 2Hex+HexMA:

2.1 000 2Hex=HexMAC

2.1 00 0m 2ZHex+HexMNAC

2.1 000n 2ZHex+HexMNAC

2100 00 2Hex+HexMAC

2100 0p 2Hex+HexMAC

2.1 00 1a 2Hex+HexMNAc=Neu5GC

2.1010s GalNAc(bl-4)[NeusAc(a2-3)]Gal(bl-4)Glc (GM2 tetrasaccharide/GM2 tetra)
2.1 010b MeuSAc(a2-3) + HexNAc-Gal(bl-3)Glc
2101 0c NeuSAc(a2-3)GIcNAc(b1-3)Gal(b1-4)Gic
2101 0d NeuSAc(a2-6)GIcNAC b1-6)Gal(b1-4)Gic
2101 0e NeuSAc(a2-6)GIcNAc(b1-3)Gal{b1-4)Gic
2101 0f 2Hex+HexMAcsNeuSAc

2101 0e 2HexsHexNAc+NeuSAc

21010h 2Hex+HexMAcsNeuSAc

2101 1a 2Hex+HexMAc+NeuSAcsNeuSGe
21020 2Hex+HexNAc+2NeuSAc

21100a Fuc(al-2)Gal(bl-4)[GalMNAc(a1-3)]Glc
2.1100b GalMac(al-3)[Fuc(al-2)]Gal{bl-4)Glc (A-tetrasaccharide)
21100 2Hex+HexMAc+Fuc

2110.0d Fuc(al-4)GlcNAc(b1-3)Gal({bl-4)Glc

2.1 20 0a GalMAc(al-3)[Fuc(al-2)]Gal{bl-4)[Fuc(al-3)]Glc (A-pentasaccharide)
2.2 0003 Gal-HexNAc-Gal(b1-4)GlcNAC

2.2 00_0b Gal(bl-4)GIcNAC-Gal(1-4)GlIcNAC
22000 2Hex+2HexNAC

2.2000d 2Hex+2HexNAC

2_2 00 0e 2Hex=2HexNAC

2_2 00 0F 2Hex=2HexNAC

2.2 000 2Hex+2HexNAC

2.2 00 1a 2Hex+2HexNAc+NeusG

2.2010a 2Hex=2HexNAc=NeuSAc

2.2100a 2Hex+2HexNAc+Fuc

2.2110a 2Hex+2HexNAc+FucsNeuSAc

2.4 0002 2Hex=4HexNAC

3.0 000a Gal{al-3)Gal(bl-4)Glc (isoglobotriose)/ (a 3'-GL)
50 000b Gal{bl-3)Gal{bl-4)Glc (b 3'-GL)

30 00_0c Gal{bl-4)Gal{bl-4)Glc (4'-GL)

3.0 0 0 0d Gal{al-4)Gal{bl-4)Gic [globotriose)

53 0.00_0e Gal{bl-6)Gal(bl-4)Glc (6'-GL)

3 0_0 D_of 3Hex

3000 0g 3Hex

3_0_0_0_0h 3Hex

3 0000 3Hex

3 0_0_0_0j 3Hex

3 0_0_0_0k 3Hex

300013 Gal(bl-3)[NeusGc(a2-6)]Gal(b1-4)Glc
30 00_1b Neu5Gc(a2-3)Gal{bl-3)Gal{bl-4)Gic
3000 1c 3Hex=Neu3Gc

3000 _2a Neu5Gc(a2-3)Gal(bl-3)[Neu5GEc(a2-6)]Galibl-4)Gic
3.0 00_2b 3Hex+2NeuS5Gc

3001 0a Gal{bl-3)[NeuSAc(a2-6)]Gal(bl-4)Glc
3001 0b Gal{bl-6)[NeuSAc(a2-3)]Gal(bl-4)Glc
3001 0c Gal{bl-6)[MeuSAc(a2-6)]Gal(bl-4)Glc
30010d Gal{bl-6)[MeuSAc(a2-3)]Gal(bl-4)Glc
30010e NeuSAc(a2-3)Gal{bl-3)Gal(bl-2)Glc (sialyl 3'-galactosyllactose)
30010f NeuSAc(a2-3) + Gal-Gal(bl1-3)Glc
3001 0g 3Hex=NeuSAc

30010h 3Hex+NeuSAc

30010 3Hex+NeuSac
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Oligosaccharide lsomer Designation Full Oligosaccharide Structural Information

3001 1a IHex+MNeuSAc+NeusSGo

3 00203 MNeuSAc(a2-3)Gal(bl-3)[NeuSAc(a2-6)]1Gal(bl-4)Glc

3.0.0_2 0Ob 3Hex+2NeuSAC

30020 NeuS&c(a2-3)Gal(bl-6)[NeuSAc(a2-3)]Gal(bl-4)Glc

30020d NeuSac(a2-8)NeuSAc(a2-3)[Gal(bl1-6)]Gal(bl-2)Glc

30100a Gal{al-3)[Fuc(al-2)]Gal{bl-4)Glc (B-tetrasaccharide)

30100b Gal{al-3)Gal({bl-4)[Fuc{al-3)]Gic (fucosyl isoglobotriose)
30100 Fuc + Gal-Gal(bl-4)Glc

30100d Fuc + Gal-Gal({bl-4)Glc

3 0.100e 3Hex+Fuc

30200z Gal{al-3)[Fuc(al-2)]Gal{bl-4)[Fuc(al-3)]Glc (B-pentasaccharide)

3 0201a IHex+2Fuc+Neus5Ge

31000 Gal{bl-3)GlcNAc(b1-3)Gal(bl-2)Glc (LNT)

31000b Gal{bl-4)GlcNAc(bl1-3)Gal(bl-2)Glc (LNnT)

31000 Gal{bl-4)[GlcNAc(bl1-6))Gal(bl-4)Glc (isa-LNnT)

31000d Gal{bl-3)[GIcNAC](b1-6)Gal(bl-4)Glc

3.1000e Gal{bl-6)[GIcNAC(bl1-3)]Gal(bl-4)Glc

3.1 000f IHex+1HexNAC

3.1 000g 3Hex+1HexNAC

3.1000h IHex+1HexNAC

31000 IHex+1HexNAC

3.1.0.0 0 3Hex+HexNAC

31001a NeuSGc{a2-6)Gal(bl-4)GlcNAc{b1-3)Gal{bl-4)Glc (a2-EN-glycolylneuraminyl lacto-N-neotetraose)
31001b MNeuSGc + Gal(bl-2)GlcNAc(b1-3)Gal{bl-4)Glc (GLNNT)

31001 IHex+HexNAc+Neu5Gc

31010 MNeuSac(a2-3)Gal(bl-3)GlcNAc(b1-3)Gal(b1-4)GIc (LST a)
31010b Gal{bl-3)[Neu5Ac(a2-6)]GIcNAC(b1-3)Gal{bl-2)Glc (LST b)
31010 Neu5Ac|a2-6)Gal(bl-4)GIcNAC(bl-3)Galibl-4)Gic (LST ¢/ 6"-SLNNT)
31010d MNeuSac(a2-3)Gal(bl-4)GIcNAC(b1-3)Gal{b1-4)Glc (3'-5LNNT)

3101 0e MNeuSac(a2-3)Gal(bl-4)GlcNAC(b1-3)Galikl-4)Glc

3.1010F IHex+HexNAc+NeuSAC

3.10.10g IHex+HexNAc+MNeuSAc

31010h 3Hex+HexNAc+NeuSAc

31010 3Hex+HexNAc+NeuSAc

31010 3Hex+HexNAc+NeuSAc

3101 0k IHex+HexNAc+NeuSAc

31010 IHex+HexNAc+NeuSAc

31020 NeuSAc(a2-3)Gal(bl-3)[MeuSAc a2-6)]GlcNAC(bl-3)Galib1-4)Glc [DSLNT)
3.1020b IHex+HexNAc+2NeuSAL

3102 0c IHex+HexNAc+2NeuSAL

3.1.100a Fuc{al-2)Gal(b1-3)GIcNAC(b1-3)Gal(bl-4)Glc (LNFP 1)

31100b Gal{bl-3)[Fuc(al-4)]GlcMNAc(b1-3)Gal(bl-4)Glc [LNFP I1)

31100c Gal{bl-4)[Fuc(al-3)]GlcMAc(bl-3)Gal(bl-4)Glc (LMFP 111}

31100d Fuc(al-2)Gal{bl-4)GIcNAC(b1-3)Gal{bl-2)Glc (LNFP IV)

3.1100e Gal{bl-3)GIcNAC(b1-3)Gal(bl-4) [Fuc{al-3)]Glc (LNFP V)

31100f Gal{bl-4)GIcNAc(b1-3)Gal(b1-4) [Fuc(a1-3)]Glc (LMFP VI or LNnFP V)
3.1100g Gal{bl-4)[Fuc(al-3)]GlcMNAc(bl-3)Gal(bl-4)Glc

311 00h SHex+HexMNAc+Fuc

31100 IHex+HexNAc+Fuc

31100 IHex+HexMAc+Fuc

31100k 3Hex+HexNac+Fuc

31101a 3Hex+HexNAc+FucsNeu5Gc

31110a NeuShc(a2-6)Gal(bl-4)GlcNAc(bl1-3)Gal(b1-4)[Fuc(al-3)]Glc (F-L5T)
31110b NeuSac(a2-3)Gal(bl-4)[Fucial-3)]GIcNAC(b1-3)Gal{bl-2)Glc
3111 0c NeuShc(a2-6)Gal(bl-4)GlcNAc(bl1-3)Galibl-4)[Fuc(al-3)]Glc
31110d NeuShc(a2-6)Gal(bl-4)GIcNAc(bl-3)Gal{b2-4)[Fuc(al-3)]Glc (SFLNNT)
31110e MNeuSAc+Gal(bl-3)[Fuc(al-4)]GlcNAC b1-3)Gal[b1-4)Glic (S LNFP 1)
3.1110Ff IHex+HexNAc+Fuc+NeuSAc

3111 0g MNeuSAc(a2-3)Gal(bl-3)[Fuc(al-4)1GIcNAC(b1-3)Gal(bl-4)Glc (F-LSTa)
3.1.1.1 0h Fuc{al-2)Gal(b1-3)[NeuSAcia2-6)]GIcNAC(b1-3)Gal({bl-4)GIc [F-LSTh)
31111a 3Hex+HexMNAc+FucsNeuSAc+Neu5Ge

31120a NeuS&c(a2-3)Gal(bl-3)[Fucfal-2)][NeuSac(a2-6)]GIcNAC(b1-3)Gal(bl-2)Glc (DS-LNF Il or FDS-LNT 1)
31120k NeuShc(a2-3)Gal(bl-3)[NeuSAc(a2-6)]GlcNAC(b1-3)Gal(b1-4)[Fuc(al-3)]Glc (DS-LNF W or FFDE-LNT 11)
31200 Fuc(al-2)Gal{bl-3)GIcNAc(b1-3)[Fuc(al-4)]Gal{bl-4)GIc(LNDFH 1)
31200b Gal{bl-3)GIcNAC[Fuc(al-4)](b1-3)Gal(bl-4)[Fuc{al-3))Glc (LNDFH I1)
31200 Fuc(al-2)Gal{bl-4)[Fuc(al-3)]GlcMNAc(bl-3)Gal(bl-4)Glc

31200d Fuc(al-2)Gal{bl-3)[Fuc(al-4)]GlcMNAc(bl-3)Gal(bl-4)Glc

31200e Gal{bl-4)[Fuc(al-3)]GIcNAC(b1-3)Gal(bl-4)[Fuc(al-3)]1Glc
3.1200f Fuc(al-2)Gal{bl-3)[Fuc(al-4)]GlcNAC(bl-3)Gal(bl-4)Glc

31200g Gal{bl-4)[Fuc(al-3)]GlcMAc(b1-3)Gal(bl-4)[Fuc{al-3)]Glc
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Oligosaccharide Isomer Designation
312 00h
31200
31200
313 00a
313 00b
31300
32 000a
3 200 0b
3.2 000
32 000d
3 2 00 0e
3.2 000F
3 2000g
3.2 0_0 0Oh
3 2000
3.2 000
3.2 0.0 0k
32000
3 2 0.0 Om
3201 0a
3201006
3201 0c
32010d
3 2020a
3202006
32100a
3 2100b
32.100c
32100d
3210 0e
32100f
32101a
32200a
330002
3 3 00 0b
3.3.0.00c
33000d
3.3 0 0 0e
33100a
3 3100b
33200a
34100a
3500 0a
3 600 0a
3 6.100a
4 000 0a
4 0000b
4.0.000c
40000d
4 000 0e
4 000 0F
40000
40001a
4 0010a
40010b
4001 1a
4 002 0a
40100a
40210a
41000a
41000b
41 000
41000d
41000
41 00 0F
4100
41 0 00h
410000
41001a
41 001b
41001

Full Oligosaccharide Structural Information

IHex+HexNAc+2Fuc

3Hex+HexMNAc+2Fuc

IHex+HexMNAC+2Fuc
Fuc(al-2)Gal{bl-4)GlcNac[Fuc(al-3)](b1-3)Gal(bl-4)[Fuc(al-3)]Glc
Fuc(al-2)Gal{bl-4)[Fuc(a1-311GIcNAC(b1-?)Gal(b1-4)[Fuc(al-3)]Glc
3Hex+HexMNAc+3Fuc
Gal({b1-4)GIcNAC(b1-6)[GlcNAC{b1-3)]Gal(b1-4)Glc
GlcNAC(b1-3)Gal(bl1-4)GlcNACb1-3)Gal(b1-4)Glc
Gal-HexNAc-Gal-Gal{bl-4)GIcNAC

GIcNAC + Gal{bl1-3)GIcNAC-Gal({bl1-8)Glc
HexNAc-HexNAc-Gal-Gal{bl-4)Gic

IHex+2HexNAC

IHex+2HexNAC

IHex+2HexNAC

3Hex+2HexMNAC

IHex+2HexNAC

IHex+2HexNAC

Gal{b1-4)GIcNAC(b1-3)[GleNAC{b1-6)]1Gal(b1-4)Glc
Gal{al-3)GlcMAc(bl-6)Gal{bl-4)Gicial-3)GalNAC (grunniose)
NeuSAc(a2-3)Gal(bl-4)GlcNAC b1-6)[GlcNAC(b1-3)1Gal(b1-4)Glc
3Hex+2HexNAC+NeuSAC

IHex+2HexNAc=NeuSAC

3Hex+2HexNAC+NeuSAC

IHex+2HexNAC=2NeuSAC

IHex+2HexNAC=2NeuSAC

HexNAc-HexNAc[Fucl-Gal[Gal]-Glc
Gal{bl-4)[Fuc{al-3)1GIcNAC(b1-3)[GIcNAC(b1-6)]Gal(b1-2)Glc
Gal{bl-4)[Fuc{al-3)]GIcNAC(b1-6)[GlcNAC(b1-3)]Gal(b1-2)Glc
Fuc + Gal(b1-4)GlcNAC{b1-3)[GIcNAC(b1-6)]Gal (b1-4)Glc
IHex+2HexNAC=Fuc

3Hex+2HexNAc+Fuc

IHex+2HexNAC=Fuc+Neu5Gc
GlcNAc(b1-3)[Fuc(al-2)]Gal(b1-3)GlcNAC[Fuc(al-4)](b1-3)Gal(bl-4)Glc
Gal{bl-2)GlcNAc + Gal-GlcNAc-Gal(bl-4)GlcMNAC
Gal{bl-4)HexNAc-HexNAc-Gal-Gal(bl-4)Gic

FHex+3HexNAC

3Hex+3HexNAC

Gal{bl-4)GlcNAC(b1-3)[Gal{bl-4)GlcNAC b1-6)1Gal(b1-4)GIcNAC
Fuc+Gal{bl-2)GIcNAC(b1-6)[Gal(b1-4)GlcNAC(b1-3)]Gal(b1-4)GlcNAC
IHex+3HexNAC+FuC

3Hex+3Hex+2Fuc

3Hex+4HexNAC+Fuc

IHex+SHexNAC

IHex+GHexNAC

3Hex+bHexNAc+Fuc

Gal{bl-3)Gal{bl-3)Gal(bl-4 )Glc | 3",3'-digalactosyllactose)
Gal-Gal-Gal(bl-4)Glc

4Hex

4Hex

4Hex

4Hex

Gal{bl-3)[Gal(bl-6)]Gal(b1l-2)Glc

AHex+Neu5Ge

NeuSAc(a2-3)Gal(bl-3)Galibl-3)Gal(bl-2)Glc

AHex+MNeuSAc

4Hex+NeuSAc+NeusGe

AHex+2NeulAc

AHex+Fuc
NeuSAc+Galibl-4)GIcNAC(b1-6)[Gal(b1-4)GIcNAC(b1-3)]Gal(b1-2)Glc
Gal{bl-4)GlcNAc(b1-6)[Gal(bl-3)]Gal(k1-4)Glc (LNnP 1)
Gal{al-3)Gal{bl-2)GlcNAc(b1-3)Gal(bl-4)Glc (Galili pentasaccharide)
Gal{bl-3)[Gal(bl-6)GIcNAC(bl-6)]Gal(b1-4)Gic
Gal{bl-4)[Gal(bl-3)]GIcNAC(b1-6)Gal(b1-4)Gic
Gal({bl-3)[Gal(b1-4)GIcNAC(b1-6)]Gal|b1-8)Gic

Gal = Gal(bl-4)GlcNAc-Gal(b1-4)Glc

AHex+HexNAC

AHex+HexNAC

AHex+HexNAC

Neu5Ge(a2-3) + Gal(b1-4)GlcNAc|b1-6)(Gal(bl-3))Gal(b1-4)Glc (3GLNNP 1)
NeuSGc(a2-6) + Gal(bl-2)GIcNAC(bl1-6)(Gal(bl-3))Gal(b1-4)Gic (BELNAP 1)
AHex+HexNAc+NeuSGo
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Dligosaccharide Isomer Designation
41010a
41010b
41010
41 010d
41010e
41 010f
41 010g
41010h
41010
41020
41020s
41100
41100b
41100
41100d
41100e
41100f
411008
41100h
41100
411 00
41110a
41110b
41110
41200
41200b
41200
4 2 0.00a
42 000b
42000
4 2 00 0d
4200 0e
4 2 000F
420008
42 000h
43000
420013
42001b
42001
42010a
42010b
42010
42010d
4201 0e
43201 0f
42010
42010h
432010
4.2 010
42010k
420100
4201 0m
42010n
420100
420208
42020b
4202 0c
42020d
4202 0e
4202 0f
4320208
42020h
420308
42100a
42100b
42100c
4 21 00d
42100
4321 00f
421008

421 0_0h

Full Oligosaccharide Structural Information
NeuSAc(a2-3)Gal(bl-3)[Gal(b1-2)GlcNAC(b1-6)]Gal(b1-4)Glc (SLNAP a)
Gal(b1-3)[NeuSAca2-6)Gal(bl-4)GIcNAC[b1-6)]Gal(b1-4)Glc (SLMAP b)
Gal{bl-3)[NeuSAcia2-3)Gal(bl-4)GIcNAC(b1-6)]1Gal(b1-4)Gic (SLNnP ¢}

NeuSAc(a2-3) + Gal(bl-4)GlcNAc(b1-6)[Gal(bl-3)]Gal({b1-4)Glc (3-SLNRP 1)
MNeuSAc(a2-6) + Gal(bl-4)GIcNAc(b1-6)[Gal(bl-3)]Gal(b1-4)Glc (6-5LNnP 1)
NeuSAc(a2-6)Gal(bl-4)GIcNAC(b1-6)-Gal(b1-2)[Gal(b1-3)]Glc

4Hex+HexMAc+NeusAc

AHex+HexNAc+Neulic

AHex+HexNAc+NeuShc

2NeuSAC + Gal(bl-8)GlcNAC(b1-6)(Gal{bl-3))Gal(b1-4)Glc (DSLMNAP 1)
AHex+HexMNAc+2Neushc

Gal{al-3)[Fuc(al-2)]Gal(bl-2)GIcNAC(b1-3)Gal(B1-4)Glc
Gal{al-3)Gal(bl-4)[Fuc(al-3)1GlcNAC(b1-3)1Gal(b1-4)Glc (galactosyl LNFP II1)
Gal(bl-3)[Gal{bl-4)[Fuc(al-3)]GIcNAC(b1-6)]Galibl-24)Glc (F LNnP 1)
Gal-HexMNAc[Fucl-Gal-Gal-Glc

Fuc+Gal{bl-4)GIcNAc(bl-6)[Gal(bl1-3)1Galibl-4)Glc

Gal-[Fuc-]HexNAc-Gal-Gal-Glc

4Hex+HexMAc+Fuc

Gal{bl-4)[Fuc(al-3)]GIcNAC(bl1-6)[Gal{bl-3)]Galibl-2)Glc

AHex+HexNAc+Fuc

4Hex+HexMAc+Fuc
NeuSAc(a2-3)Gal(bl-3)[Gal{b1-4)[Fuc(al-3)]GlcNAC{b1-6)]Gal(b1-4)GIc (FS LNAP a)
Fuc+NeuSAc(a2-6)Gal(bl-4)GIcNAC(b1-6)[Gal(bl-3)]Gal(bl-4)Gic
AHex+HexNAc+Fuc=NeudAc
Gal{al-3)[Fuc(al-2)]Gal(b1-2)[Fuc(al-3)]GlcNAc(b1-3)Gal(b1-4)Glc
Gal(al-3)Gal(b1-4)[Fuc(al-3)]GIcNAC(bl1-3)Gal(bl1-4)[Fuc(al-3)]Glc
4Hex+HexMNAc+2Fuc

Gal{bl-3)GIcNAC(b1-3)[Gal(b1-4)GIcNAC(b1-6)]Gal(b1-2)Glc (LNH)
Gal(b1-4)GIcNAC[b1-6)[Gal[bl-8)GIcNAC(b1-3)]Gal(b1-4)Glc (LNnH)
Gal{bl-3)GIcNAC(bl-3)Gal{bl1-4)GlcNAC(b1-3)Gal{bl-4)Glc (p-LNH)
Gal{bl-4)GIcNAc[bl-3)Gal{bl1-4)GIcNAC(b1-3)Gal{bl-4)Glc (para LNnH)
Gal{bl-4)HexMNAc-HexNAC-Gal-Gal{bl-4)Gic

Gal(bl-4)GIcNAC + Gal({bl-4)GIcNAc-Gal(bl-4)Glc

AHex+2HexMNAC

4Hex+2HexMNAC

Gal{b-13)GlcNAc[b1-6)Gal{b1-3)GlcNAC(b1-3)Gal(bl-4)Glc (bovisose)

NeusGe(a2-3) + Gal(bl-8)GIcNAC(b1-6)(Gal{b1-4)GlcNAC[b1-3))Gal{bl-4)Glc [3-GLNnH)
Neu5Gc(a2-6) + Gal(bl-4)GIcNAC(bl1-6)(Galibl-4)GIcNAC b1-3))Gal(bl-4)Glc (BGLNNH)
AHex+2HexNAc+NeuSGe
MNeuSAc(a2-6)Gal(b1-4)GIcNAC(b1-6)[Gal(b1-3)GIcNAC(k1-3)1Gal(b1-4)Glc
NeuSAc(a2-6)Gal(bl-4)GIcNAC(b1-6)[Gal(b1-3)GlcNAC(b1-3)1Gal(b1-4)Gic (S-LNH)
NeuSAc(a2-6)Gal(bl-4)GIcNAC|b1-6)[Gal(b1-4)GIcNAC(b1-3)1Gal (b1-4)Glc [S-LNAH)
MNeuSAc(a2-6)Gal(bl-4)GIcNAC(b1-3)[Gal(b1-2)GIcNAC(b1-6)1Gal(b1-4)Glc (S-LNnH 11)
NeuSAc(a2-3)Gal(b1-4)GIcNAC(b1-3)Gal|bl-4)GlcNAC b1-3)Gal(b1-4)Glc (S para LNnH)
Gal(b1-4)[NeuSAca2-6)]GlcNACib1-3)[Gal(b1-4)GIcNAC b1-6)]Gal(bl1-8)Glc
Gal{bl-3)[NeuSAcia2-B)]GIcNACbl-3)[Gal({b1-4)GlcNAC b1-6)]Gal(b1-4)Glc (S-LNH 11)
NeuSAc(a2-6)Gal(bl-4)GIcNAC(b1-3)Gal(bl-4)GlcNAC b1-3)Gal(b1-4)Glc
NeuSAc(a2-6)Gal(bl-4)GlcNAC{b1-3)Gal(bl-4)GlcNAC b1-3)Gal[bl-4)Glc
Gal{bl-4)GIcNAc(b1-3)[Gal(bl-4)[NeuSAc(a2-6)] GIcNAC b1-6)]Gal(b1-4)Glc
Gal(b1-4)GIcNAC[b1-3)[Gal[bl-8)GIcNAC(b1-6)] [NeuSAc-]Gal{bl-4)Glc

MNeuSAc(a2-3) + Gal(bl-4)GIcNAC(b1-6)[Gal(bl-4)GIcNAC(b1-3)1Gal(b1-4)GIc (3-5LNnH)
NeuSAc(a2-6) + Gal(bl-4)GIcNAc(b1-6)[Gal(b1-2)GIcNAC(b1-3)1Gal(b1-4)Glc (6-5LNnH)
4Hex+2HexMNAc+NeusAc

AHex+2HexNAc+Neushc
NeuSAc(a2-6)Gal(bl-4)GIcNAC(b1-3)[NeuSAc(a2-6)Gal(b1-4)GlcNAC(b1-6)]Gal(b1-4)Glc (DS LNnH 1)
2NeuSAc+Gal(bl-4)GIcNACbl-6)[Gal(bl-8)GlcNACib1-3)]Gal(b1-4)Glc
2NeuSAC+Gal(bl-4)GIcNAC bl-6)[Gal(bl-4)GIcNAC(b1-3)1Galibl-4)Glc
NeuSAc+Gal{bl-2)GIcNACibl-B)[NeuSAc-Gal(bl-4)GlcNAc(b1-3)]Gal(b1-2)Glc
4Hex+2HexNAc+2NeusAc

AHex+2HexNAc+2NeuSAc
NeuSAc(a2-6)Gal(b1-4)GIcNAC|b1-6)[NeuShc(a2-3)Gal(bl-3)GlcNAC(b1-3)]Gal(b1-4)Glc (DS LNH 1)
Gal{bl-4)GIcNAC(bl-6)[NeuSAc(a2-3)Gal(b1-3)[NeuSAc(2-6)1GIcNAC(b1-3)]Gal(b1-4)Glc (DS LNH 11}
NeuSAc(a2-6)Gal(bl-4)GIcNAC(b1-6)[NeuShc(a2-3)Gal(bl-3)[NeuShc(a2-6)]GIcNAL(b1-3)]Gal (b1-4)Glc (TS-LNH)
Fuc{al-2)Gal({bl-3)GlcNACb1-3)[Gal(bl1-8)GIcNAC(b1-6)]1Gal{b1-4)Glc (MFLNH 1)
Gal{bl-3)GIcNACib1-3)[Gal(bl-4)[Fuc(a1-311GIcNAC(b1-6)]Gal (b1-4)Glc (MFLNH I11)
Gal{bl-4)[Fuc(al-3)]GlcNAC(b1-6)[Gal{bl-3)GIcNAC(b1-3)]Gal(b1-2)Glc (MFLNH I1)
Gal(bl-4)GIcNAC(b1-3)[Gal(bl-4)[Fuc(al-311GIcNAC(b1-6)]Gal(b1-4)Glc (FLMAH &)
Fucjal-2)Gal(bl-4)GlcMAc(b1-3)[Gal{b1-4)GlcNAC b1-6)]Gal{b1-4)Glc (MFLNAH a)
Gal(b1-4)GlcNAC(b1-3)[Fuc(al-2)Gal(bl-4)GIcNAC(b1-6)]Gal(b1-4)Glc (MFLNRH b)
Gal{bl-3)[Fuc(al-4)]GIcNAC(bl-3)Gal(bl-4)GIcMNAC(b1-3)Gal(bl-4)Glc (MF para LNH 1)
Fuc(al-2)Gal(bkl-3)GlcNAc(bl1-3)Gal(b1-4)GIcNAL(b1-3)Gal(b1-4)Glc (MF para LNH 1)
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Oligosaccharide lsomer Designation Full Oligosaccharide Structural Information

4210m Fuc(al-2)Gal(bl-3)GIcNAC(b1-3)[Gal(b1-4)GlcNAC b1-6)]Gal(b1-4)Glc

42100 Gal(b1-3)GIcNAC(b1-3)Gal(b1-4)GIcNAC b1-3)[Fuc(al-3)]Gal(b1-4)Glc (MFpLNH W)

42100k Gal(b1-3)GIcNAC(b1-3)Gal(bl-4)[Fuc(al-3)]GIcNAcb1-3)Gal(b1-4)Glc (MFpLNH IV)

4 210m Gal(b1-3)[Fuc{al-2)]GIcNAC(b1-3)[Gal(bl-4)GlcNAC(b1-6)]Gal{b1-4)Glc

432100m Gal(b1-4)[Fuc(al-3)]GIcNAc(bl-3)[Gal(bl-4)GlcNAC(b1-6)]Gal{b1-4)Glc

42100n Fuc+Gal(bl-4)GlcMNAC(bl1-6)[Gal(bl-4)GlcMNAC(b1-3)1Gal(b1-4)Glc

4 210 0o AHex+2HexNAc+Fuc

4210 0p Gal(b1-4)GlcNAC(b1-4)Gal(bl-6)[Fuc(al-3)]GIcNAc b1-3)Gal(b1-4)Glc

42100g Gal(b1-4)GlcNAC(b1-3)Gal{bl-4)[Fuc(al-3)]GlcNAc(b1-3)Gal(b1-4)Glc (F-para LNnH)

42 100r AHex+2HexMNAc+Fuc

42110a Fuc(al-2)Gal(bl-4)[NeuSAcia2-6)]GIcNAC(b1-3)[Gal(bl-4)GlcNAC(b1-6)]Gal{bl-4)Glc

42110b Fuc(al-2)Gal(bl-4)GlcNAC(b1-3)[Gal(b1-4)[NeuSAc(a2-6)1GIcNAC(b1-6)]Gal(bl-4)Glc

4211 0c NeuSAc(a2-3)Gal{bl-3)GIcMNAc(b1-3)[Gal{bl-4)[Fuc(al-3)]GIcNAC(b1-6)]Gal{bl-4)Glc (FS-LNH 11)

4211 0d NeuSAcd(a2-6)Gal(bl-4)GIcMAC(b1-3)[Fuc(al-2)Gal(bl-2)GIcNAC(b1-6)]Gal(b1-4)Glc

432110e NeuSAcia2-6)Gal{bl-4)GIcMNAC(bl-3)Gal{bl-4)[Fuc(al-3)]GIcNAc bl-3)Gal(b1-4)Glc

4211 0f NeuSAcla2-6)Gal{bl-4)GIcMNAC(bl-3)Gal({b1-2)[Fuc(al-3)]GlcNAc bl-3)Gal(b1-4)Glc (FS-LMNnH 1)
421108 NeuSAcla2-6)Gal(bl-4)GIcMAC(b1-6)[Fuc(al-3)Gal(bl-2)GIcNAC(B1-3)1Gal(b1-4)Glc

42110h NeuSAc a2-6)Gal{bl-3)GIcMAC(b1-3)[Gal{bl-4)[Fuc{al-2)]GIcNAC(b1-6)]Gal{bl-2)Gic

4211 NeuSAc(a2-6)Gal{bl-4)GIcMAC(bl-6)[Gal{bl-3)[Fuc(al-4)]GIcNAC(b1-3)]Galibl-4)Gic (F3-LNH 111)
42110 NeuSAcla2-6)Gal{bl-4)[Fucial-3)]GIcNAC(b1-3)Gal{b1-4)GlcNAC b1-3)Gal(b1-4)Glc (FS-para LNnH 1)
42110k Gal(bl1-3)[NeuSac(a2-6)]GIcNAC(b1-3)[Gal(bl-4)[Fuc(al-3)]GlcNAc b1-6)]Gal(b1-4)Glc (FS-LNH 1)
4211m NeuSAca2-6)Gal(bl-4)GIcMAC(b1-3)[Gal(bl-4)[Fuc(al-3)1GIcNAC(b1-6)]Gal(bl-4)Glc

42110m Fuc+MeusAc(a2-6)Gal(bl-4)GlcNAC(b1-3)[Gal(b1-4)GlcNAC(b1-6)] Gal(b1-4)Glc

42110n AHex+2HexMNAc+Fuc=Neu5Ac

421100 NeuSAc(a2-6)Gal{bl-4)GIcMNAC(bl-6)[Fuc(al-2)Gal{bl-3)GIcNAC(b1-3)]Gal[b1-4)Gic (FS-LNH)

42110p Gal(bl-4)GlcNAc(bl-6)[NeuSac(al-3)Gal(bl-3)[Fuc(al-4)]GlcNAC(b1-3)]Galibl-4)Glc (FS-LNH IV)

4211 0qg Fuc+MeuSAc(a2-6)Gal(bl-4)GlcNAC(b1-6)[Galibl-4)GlcNAC(b1-3)]Galibl-4)Glc (FS-LNnH 11)

4 211 0r AHex+2HexMNAC+Fuc+NeusAc

421203 Gal(b1-4)[Fuc{al-3)]GIcNAC(b1-3)[Neud 5Ac2(a2-6)Gal(bl-4)GlcNAC bl-6)]Gal (b1-4)Glc

42120b NeuSAcd(a2-6)Gal{bl-4)GIcMAC(b1-3)[Gal{bl-4)[Fuc{al-3)]GIcNAC(b1-6)]Gal{bl-4)Glc

4212 0c Fuc(al-2)Gal(bl-4)GlcNAc(b1-6)[NeuSAc(a2-3)Gal(bl-3)[Neu5ic(a2-6)]GINAC(b1-3)]Gal(b1-4)Glc (FDS-LNH 1)
42120d Gal(b1-4)[Fuc(al-3)]1GIcNAC(b1-6)[NeuSAc(a2-3)Gal(bl-3)[NeuSAc(a2-6)]GlcNAC(b1-3)1Gal{b1-4)Glc (FDS-LNH 11)
4212 0e NeuSAcla2-6)Gal(bl-4)GIcMAC(al-6)[NeusAc(a2-3)Gal(bl-3)[Fuc(al-4)1GIcNAC(bl1-3)]Gal(b1-4)Glc (FDS-LNH 111)
4212 0f NeuSAcda2-6)Gal(bl-4)GINAC(bl1-6)[MeuSAc(a2-6)Gal(bl-4)[Fuc(al-3)]GlcNAC b1-3)]Gal(b1-4)Glc
4212 0g NeuSAca2-3)Gal{bl-4)GINAC(b1-6)[MeusAc(a2-3)Gal{bl-4)[Fuc(al-3)]GlcMNAC(b1-3)]Gal(b1-4)Glc
421403 NeuSAcia2-3)Gal{bl-4)[Fucial-3)]GIcMNAC(b1-3)[Neud, 5Ac2(a2-3)Gal(b1-4)GlcNAC(b1-6)]Gal(b1-4)Glc
42140b NeuSAc(a2-3)Gal{bl-4)GlcMAc(b1-3)[Meud, SAc2(a2-3)Gal(b1-4)[Fuc(al-3)]GlcNAc(b1-6)]Gal(k1-4)Glc
422003 Fuc(al-2)Gal(bl-4)GlcNAC(b1-3)[Fuc(al-2)Gal(bl-4)GIcNAC b1-6)]Gal(b1-4)Glc (DFLNnH)

422 00b Gal(b1-3)[Fuc(al-4)]GIcNAC(b1-3)[Galibl-3)GlcNAC[Fucial-3)](b1-6))Gal{b1-2)Glc (DFLNH I1)

4220 0c Gal(b1-4)[Fuc{al-3)]GIcNAC(b1-3)[Gal(bl-4)[Fuc(al-3)]GIcNAC(bl-6))Gal{b1-4)Glc (DFLNRH)

42200d Gal(b1-4)[Fuc{al-3)]GIcNAC(bl-3)Gal(bl-4)[Fuc(al-3)]GIcNAc b 1-3)Gal{b1-4)Glc (DF-paralMnH)

422 00e Fuc(al-2)Gal(bl-3)[Fuc(al-4)]GlcNAc(b1-3)[Gal(bl-4)GlcMNAc(bl1-6)]Gal{b1-4)Glc (DFLMHC)

4 22 00fF Fuc(al-3)Gal(bl-4)GIcNAC(bl-6)Fuc(al-2)Gal(bl-3)GIcNAC(bl-3)Gal(bl-4)GIc (DFLNHa/2,3-DF-LNH)

4.2 2 00g Gal(bk1-3)[Fuc(al-3)]GlcNAC(b1-3)[Gal(bl-4)[Fuc(al-3)]GlcNAC(b1-6))Gal(b1-4)Glc

422 00h Gal(b1-4)[Fuc{al-3)]GIcNAC(b1-6)[Gal(bl-4)[Fuc{al-3)]GlcNAC(b1-3))Gal{b1-4)Glc

42200 AHexs2HexMNAc=2Fuc

42200 Fuc(al-2)Gal(bl-3)GlcNAc(b1-3)[Fuc(al-3)[Gal(bl-4)]GIcMAC(bl-6)]Gal{b1-4)Glc (DFLNH )

42 2 00k Gal(b1-3)[Fuc(al-4)]GIcNAC(b1-3)Gal(b1-4)[Fuc(al-3)1GIcNAcib1-3)Gal(b1-4)Glc (DF-para LNH 1)

422 0M Fuc(al-2)Gal(bl-3)[Fuc(al-4)]GlcNAC(b1-3)Gal(b1-2)GIcNAC(b1-3)Gal(b1-4)Glc (DF-para LNH 11)

4.2 2 0 0m Fuc(al-2)Gal(bl-3)GIcNAc(b1-3)Gal(b1-4)[jFuc(al-3)]GlcNAc b1-3)Gal{b1-4)Glc (DF-para LNH I11)
42200n AHexs2HexMNAc=2Fuc

422103 Fuc(al-2)Gal(bl-4)[NeuSAcia2-6)]GIcMNAC(bl-3)[Fuc(al-2)Gal(bl-2)GlcNAC(b1-6)]Gal{b1-4)Glc
42210b Fuc(al-2)Gal(bl-4)GlcNAc(b1-3)[Fuc(al-2)Gal(bl-4)[Neu5Acia2-6)]GIcNAC(b1-6)1Gal(b1-4)Glc

4221 0c Fuc(al-2)Gal(bl-4)[Fuc(al-3)]GlcNAC(b1-6)[NeuSAc(a2-3)Gal(bl-2)GIcNAC(b1-3)]Gal(b1-4)Glc

4221 0d NeuSAc(a2-3)Gal(bl-4)[Fucial-3)]GIcMNAC(bl-3)Gal{bl1-4)[Fuc(a1-3))GIcNAc(b1-3)Gal(b1-4)Gic

4221 0e NeuSAc(a2-6)Gal{bl-4)GIcMAC(bl-6)[Fuc(al-2)Gal(bl-3)[Fucal-4))GIcNAC(bl1-3)]Gal(b1-4)Glc (DFS-LNH 1)
4221 0f Fuc(al-2)Gal(bl-4)[Fuc(al-3)]GlcNAc(b1-3)[NeuSAc(a2-3)Gal(bl-2)GlcNAC(b1-6)]Gal{b1-4)Glc

43221 0g Fuc(al-2)Gal(bl-4)[Fuc(al-3)]GlcNAc(b1-3)[NeuSAc(a2-6)Gal(bl-2)GlcNAC(b1-6)]Gal(b1-4)Glc
42210h Gal(b1-4)[Fuc(al-3)]GIcNAC(b1-3)[NeuSAc(a2-3)Gal(bl-4)[Fuc(al-311GIcNAC(b1-6)] Gal(bl-4)Glc
4221Mm NeuSAc(a2-3)Gal{bl-4)[Fucial-3)]GIcMNAC(b1-3)Gal{b1-4)[Fuc(a1-3)GIcNAC(b1-6)]Gal{b1-4)Gic

42210 NeuSAc(a2-3)Gal{bl-4)GIcMNAc(bl-3)[Fuc(al-2)Gal{bl-4)[Fuc{al-3)GIcNAC bl1-6)]Gal(b1-4)Glc

42210k NeuSAcda2-6)Gal{bl-4)GIcMAc(b1-3)[Fuc(al-2)Gal(bl-4)[Fucial-3)]GlcNAcC(bl-6)]Gal(b1-4)Glc (DFS-LNnH)
42210 Gal(b1-4)[Fuc{al-3)]GIcNAc(bl-6)[NeuSac(a2-3)Gal(bl-3)[Fuc(al-4)]GlcNAc(b1-3)]Gal(bl1-2)Glc (DFS-LNH 11}
4221 0m NeuSAcla2-3)Gal(bl-4)[Fucial-3)]GIcMAC(b1-6)[Gal(bl-3)[Fuc(al-4)]GIcNAC(B1-3)]Gal{b1-4)Glc [DFS-LNH 111)
4221 0n NeuSAc(a2-3)Gal{bl-4)[Fucial-3)]GIcMAC(b1-6)[Fuc(al-2)Gal(bl-3)GlcMNAC(b1-3)]Gal{b1-4)Glc (DF3-LNH IV)
4221 0o AHex+2HexMNAc+2Fuc+1NeuSAc

42300a Fuc(al-2)Gal(bl-3)[Fuc(al-4)]GlcNAc(b1-3)[Gal(b1-4)[Fuc(al-3)]GlcMNAC(bl1-6)]Gal{b1-4)Glc (TFLNH 1)
4323 00b Fuc(al-2)Gal(bl-4)GlcNAc(bl1-6)[Gal(b1-4)[Fuc(al-3)]GlcMNAc(bl-3)]Gal{bl-4)Glc

4 2 3 00c Fuc(al-2)Gal(bl-4)[Fuc(al-3)]GIcNAC(b1-6)[Gal(b1-3)[Fuc(al-4)GIcNAC(b1-3)1Galib1-4)Glc (TFLMNH 11)
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42300d Fug(al-2)Gal(bl-4)[Fucfal-3)]GIcNACibl1-3)[Gal(b1-4)[Fuc(al-3)]GlcNAC(bl-6)]Gal(b1-4)Gic
42300e AHexs2HexNA+3Fuc
4 23 00f Fuc(al-2)Gal(bl-3)[Fucial-2)]GIcNAcib1-3)Gal{b1-4)[Fuc(al-3)] GlcNAC(b1-3)Gal(b1-4)Glc (TF-para LNH [)
423 00g Gal(b1-3)[Fuc(al-2)]GIcNAC(b1-3)Gal{b1-4)[Fuc(al-3)]GlcNAc(b1-3)Gal(b1-4)[Fuc(al-3))Glc (TF-para LNH I1)
423 00h Gal(b1-4)[Fuc(1-3)]GIcNAc(b1-3)Gal(b1-4)[Fuc(al-3)]GlcMNAc b1-3)Gal(b1-4) [Fuc{al-3)]Glc (TF-para LNnH)
4 2 3 000 AHex=2HexNA+3Fuc
4231 0a Fuc(al-2)Gal(bl-4)[Fucial-3))GIcNAcibl1-3)[NeuSAc(a2-3)Gal(b1-4)[Fucial-3)]GlcNAC(b1-6)]Gal(b1-4)Glc
42310b NeuSAc(a2-3)Gal(bl-4)[Fuc(al-3)]GlcNAC(b1-)[Fuc{al-2)Gal|bl-4)[Fuc(al-3)]GlcNAc(b1-6)] Gal(b1-4)Glc
424 00a Fuc(al-2)Gal(b1-4)[Fucial-3)]FlcNAc(b1-6)[Fucial-3)Gal(bl-4)[Fucial-3)]GlcNAC(b1-3)]Gal(b1-4)Glc
4 30 0_0a AHex+3HexNAC
42100a Gal(b1-4)GIcNAC(bl1-3)Galib1-4)[Fuc(al-3)] GlcNAC b1-6)[GlcNAC(b1-3)]Gal(b1-4)Glc
4 3000a AHex+3HexNAC
43200s Fuc(al-2)Gal(bl-4)[Fuc(al-3)1GIcNAClbl1-6)[Gal(b1-4)[Fuc(al-3)] GlcNAC b1-3)1Gal(b1-4)Gic
432000 Fuc(al-2)Gal(bl-4)[Fuc(al-3)1GIcNAClb1-3)[Gal(b1-4)[Fuc(al-3)] GlcNAC b1-6)1Gal(b1-4)Gic
4 4000a AHex+aHexNAC
44100a AHex+aHexNAC+Fuc
4 5000a AHex+5HexNAC
45100a AHex+5HexNAc+Fuc
5000 0b Gal(bl1-3)Gal(bl-3)Gal{bl-3)Galib1-4)Glc
50000 GHex
5000 1a SHex+NeuS5Gc
5001 0a NeuSAcia2-3)Gal(bl-3)Gal{bl-3)Gal(bl-3)Gal(bl-4)Glc
50010b SHex+1NeuSAc
50100a SHexsFuc
5.1000a Gal(bk1-3)Gal{bl-3)[Gal(bl-4)GlcNAC(B1-6)]Gal(b1-4)Glc (galactosyl LNAP 1)
5.1000b Gal(b1-3)[Gal{bl-4)GlcMAC(b1-6)]Gal(bl-3)Gal(b1-4)Glc (galactosyl LNAP 1)
51000 Gal(b1-4)GlcNAC(b1-6)[Gal(bl-4)Gal(k1-3)]Gal(b1-4)Glc
5.1 000d Gal(b1-3)[Gal{bl-3)Gal(bl-4)GlcNAC(b1-6)]Gal(b1-4)Glc
5100 0e Gal(b1-3)Gal{bl-3)[Gal(bl-4)GlcNAC(b1-6)]Gal(b1-4)Glc
5.1 0 00f Gal(b1-4)GlcNAc(b-16)[Gal(bl-4)Gal(b1-3)]Gal(b1-4)Glc
5.1000g Gal(al-3) =+ Gal(bl-4)GIcNAc(bl-6)[Gal(bl-3)]Gal(b1-4)Glc
5_10_0 0h SHex+HexNAc
5101 0a Gal(bl1-3)Gal{bl-3)[NeuSAc(a2-6)Gal{bl-4)GIcNAC(b1-6)]Gal(b1-2)Gic (galactosyl sialyl LNnP b)
5.1010b NeuSAc(a2-3)Gal(bl-3)Gal({bl-3)[Gal{bl-2)GIcNAC(b1-6)]Gal(b1-4)Gic
5101 0c Gal(bl1-3)Gal{bl-3)[NeuSAc(a2-3)Gal{bl-4)GIcNAC bl1-6)]Gal(b1-4)Gic
51100a SHex+HexMNAc+Fuc
520003 Gal(al-3) = Gal(bk1-4)GlcNAC(bl1-6)(Gal(bl1-2)GlcNAC(B1-3))Gal(b1-4)Glc
5200 0b Gal(b1-3)[Gal(bl-4)GIcNAC(b1-6)]1Gal(bl1-3)[Gal(bl-4)GIcNAC b1-6)]Gal (b 1-4)Glc
52 000c SHex+2HexNAC
5.2000d Gal(b1-4)Gal(bl-4)GIcNAC(b1-3)Gal(b1-4)GIcNAC b1-3)Gal(b1-4)Gic
5.2 000e SHex+2HexNAC
5.2 0 00f Glc{al-3)Gal{bl-3)GlcNAc(b1-6)Gal(bl-3)GlcNAC(b1-3)Gal(bl-4)Gic (vakose)
5.2010a NeuSAc+ Gal{al-3) + Gal(bl-4)GIcNAcibl1-6)(Gal(b1-4)GlcNAc[b1-3))Gal(bl-4)Glc
52010b NeuSAcia2-6)Gal(bl-2)GlcNAgibl-3)[Gal{al-3)Gal(bl-£4)GlcNAL b1-6)]Galib1-4)Glc  (MS monogalactosyl LNnH)
52010 SHexs2HexNAc+NeuSAc
52100a Gal(bl-4)Gal{bl-4)GlcNAc(b1-3)[Gal(b1-4)[Fucial-3)]GIcNAC(b1-6)]Gal(bl-4)Glc
52100b SHexs2HexNAc+Fuc
NeuSAcia2-6)Gal(bl-4)GIcNAcC b1-3)[Gal{al-3)Gal(bl-4)[Fuc(al-3)]GlcNAc(b1-6)]Gal(b1-4)Glc (MSMF
52110a monogalactosyl LNnH)
522 00a Gal(al-3)Gal{bl-4)[Fuc(al-3)]GIcNAC{b1-3)Galibl-4)[Fuc(al-3)]GlctNAC(b1-3)Gal(b1-4)Glc
522 0 0b SHexs2HexNAc+2Fuc
5220 0c SHexs2HexNAc+2Fuc
5221 0a NeuSAca2-6)Gal(bl-4)GIcNAcib1-3)[Gal(al-3)[Fuc(al-2)]Gal(bl-4) [Fuc{al-3)]GlcNAC(b1-6)]Gal(b1-4)Glc
5300 0a Gal(b1-4)GIcMNAc(bl1-3)Galib1-4)GlcNAC(b1-3)[Gal(b1-4)GIcNAC(b1-6)]Gal(1-4)Glc
5300 0b SHex+3HexNAc
5300 0c Gal(b1-4)GIcNAc(b1-3)Gal(b1-4)GIcNAC(bl1-6)[Gal(b1-3)GIcNAC(b1-3)]Gal(bl-4)Glc (LNO)
5.3 000d Gal(b1-3)GIcNAC(b1-3)Gal(b1-4)GIcNAC(bl-6)[Gal(b1-4)GIcNAC(b1-3)]Gal(bl-4)Glc (LNnO)
5.3 00 0e Gal(b1-3)GIcNAc(bl-3)Galibl-4)GlcNAC(b1-6)[Gal{bl-3)GIcNAC(bl1-3)]Gal(bl-4)Glc (iso LNO)
5.3 0 00Of Gal(b1-3)GIcNAC(bl-3)Galibl-4)GlcNAC(b1-3)Gal{bl-4)GIcNAC b1-3)Gal(bl-4)Glc (para LNO)
5300 0g Gal(b1-4)GIcNAC(b1-3)Gal(k1-4)GlcNAC(b1-3)Gal(b1-4)GIcNAC(b1-3)Gal(b1-4)Glc (para LNnd)
5_3 00 0h Gal(b1-4)GIcNAC(b1-6)Gal(b1-4)GlcNAC(b1-6)[Gal(bl-3)GIcNAC(b1-3)]Gal(b1-4)Glc
5_3 0_0_0i Gal(b1-4)GIcNAC(b1-6)[Gal(bl-4)GIcNAC(b1-3)]Gal(bl-2)GlcNAC b1-3)Gal(b1-4) Gl (nova-LNnO)
53000 SHex#3HexNAc
5301 0a MNeuSAca2-6)Gal(bl-4)GIcNACb1-3)Gal(b1-4)GIcN b1-6)[Gal(b1-3)GIcNAC b1-3)1Gal (b 1-4)Glc [5-LNC)
53010b SHex+3HexNAC+1NeusSAC
53100a Gal(b1-3)GlcNAc(bl-3)Gal(b1-4)[Fuc(al-3)]GlcNAC(bl-6)[Gal(bl-2)GIcNAC b1-3)]Galib1-4)Glc (FLNnO 1)
53100b Gal(b1-4)GlcNAc(bl1-3)Gal(b1-4)GlcNAc(b1-6)[Fuc(al-2)Gal(bl-3)GlcNAc(b1-3)]Gal(b1-4)Glc (FLNO 111)
53100 Gal(b1-4)GlcNAc(b1-3)Gal(b1-4)GlcNAc(b1-6)[Gal(b1-3)[Fucial-4))GlcNAC b1-3)]Gal(b1-4)Glc (FLNO 11)
53100d Gal(b1-4)GIcNAc(bl-3)Gal(b1-4)[Fuc(al-3)]GlcNAC(bl-6)[Gal(bl-3)GIcNAC b1-3)]Gal(b1-4)Glc (FLNO 1)
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5310 0e
53100f
53100
53 100h
53 1 00i
53100
53100k
5310m
53 110a
53 110b

5311 0c
5311 0d
53 11 0e
5.3 1.10f
5.3_2 0_0a

5.3 2 0_0b
532 0_0c
5.3_2_0_0d
5_3_2_0_0e
5_3_2_0_0f
5_3_2_0_0g
5_3_2_0_0h
5_3_2_0_0i
5_3_2_0_0j
5.3 2 0_0k
532 001
5.3 2 0_0m
5.3_2_0_0n

5_3_2_0_00
5_3_2_0_0p

5_3_2_0_0g
532 0_0r

5_3_2_0_0s
532 00t
5.3 2 0_0u

5_3_2_0_0v

5_3_2_0_0w
5_3_2_0_0x

5_3_2_0_0y
5.3 2 00z

5321 0a

5321 0b
5321 0c

5_3_2_1_0d
532 1_0e
53210
5.3 21 0g
5.3 2 1 0h

5.3 21 0i

5_3_3_0_0a
5_3_3_0_0b

5_3_3_0_0c

Full Oligosaccharide Structural Information
Fuc+Gal{bl-2)GlcNAC(b-13)Gal(bl-4)GlcNAC b 1-3)[Gal (b1-4)GlcNAC(b1-6)] Gal{ 1-4)Glc
Fuc(al-2)Gal(bl-3)GlcMAC(bl-3)Gal(bl-2)GlcNAC(b1-6)[Gal(b1-4)GlcNAC(B1-3)]Gal (b1-4)Glc (FLNRO 11)
Gal(b1-3)GlcNAC(b1-3)Gal{b1-4)[uclal-3)]GlcNAC(b1-6)[Galib1-3)GIcNAC b1-3)]Gal(b1-4)Glc (F-iso-LNO)
Gal(b1-4)GlcMNAC(b1-3)Gal({b-14)[Fucial-3)]GlcMAC(b1-6)[Galib1-4)GIcNAC b 1-3)]Gal (b1-4)Glc (F-iso-LNnO 1)
Gal(b1-4)GlcMNAC(b1-6)[Gal(bl-4)[Fuc(al-3)]GIcNAc b 1-3)]Gal(bl-2)GlcMNAc(b1-3)Gal (b1-4)Glc (F-nova-LLNnO)
Gal(b1-3)GlcMNAC(R1-3)Gal{b1-4)[Fucial-3)]GlcNAC(b1-3)Gal(bl-4)GlcNAC(b1-3)Gal (b1-4)Glc (F-para-LNO)
SHex+3HexNAC+1Fuc

SHex+3HexNAC+1Fuc
MeuSAca2-3)Galibl1-3)[Fuc(al-4)]GIcNAC(bl1-3)[Gal(b1-4)GlcNAC(b1-3)Gal(b1-4)GlcNAC b1-6)]Gal(b1-4)Glc (FE-LNO
MeuSAcia2-6)Galibl-4)GIcNAcib1-3)Galib1-4)GlcNAC(b1-6)[Fucial-2)Gal{bl-3)GIcNAC b1-3)]Gal (b1-4)Glc (FS-LNO 11)
Gal(b1-3)GIcMNAC(b1-3)Gal({b1-4)GlcNAC bl-6)[NeuSal({a2-3)Gal(bl-3) [Fuc|al-4)]GlcNAc(b1-3)]Galib1-4)Gic (F3-iso
LN

Gal(b1-4)GlcNAC(b1-6)Gal({b1-4)GlcNAC(bl-6)[NeuShc(a2-3)Gal(bl-3) [Fuc(al-4)[]GlcNac{b1-3)Gal(b1-4)Glc
SHexs+3HexNAC+1Fuc+1NeuSAC

SHex+3HexNAC+1Fuc+1NeuSAC
Fuc(al-2)Gal(bl-3)GlcMAc(bl-3)Gal(bl-2)GlcNAc(bl1-6)[Gal(b1-4)[Fuc{al-3)]GlcNAL(b1-3)]1Gal|b1-4)Glc (DFLNnO 111)
Fuc(al-2)Gal(bl-3)GlcMAc(bl-3)Gal(bl-4)[Fuc(al-3)]GlcNAc(b1-6)[Gal(b1-3)GlcNAC[b1-3)]Gal(b1-4)Glc (DF-iso LNO
Wiy

Gal(b1-3)GlcMNAC(b1-3)Gal({bl-4)[Fucial-3)]GlcMAC(bl-6)[Galib1-4)[Fuc(al-3)] GlcNAC b1-3)]Gal(b1-4)Glc (DFLNnO 11)
Gal(b1-4)[Fuc(al-3)]GIcMNAc(b1-3)Gal(bl-4)[Fucial-3)]GlcNAc(b1-6)[Gal{b1-3)GlcNAC(b1-3)]Gal(b1-4)Glc (DFLNO 1)
Gal(b1-4)GIcNAC(b1-6)Gal(b1-4)GlcNAC( b1-6)[Fucial-2)Gal(b1-4)[Fuc(al-311GIcNAC(a1-3)]1Gal(b1-4)Glc
Gal(b1-4)[Fuc(al-3)]GIcNAC(bl-6)Gal(bl-2)GlcNAC(b1-6)[Fuc(al-2)Gal(1-3)GlcNAC(b1-3)]Gal(b1-4)Glc
Gal(b1-4)[Fuc(al-3)]GIcNAC(bl-6)[Gal(bl-3)[Fuc(al-4)]GlcNAC b1-3)1Gal [ b1-4)GIcNAC(b1-6)Gal(b1-4)Gic
Gal(b1-4)[Fuc{al-3)]GIcMNAC(bl-6)[Fucial-2)Gal{bl-3)GIcNAC(b1-3)]Gal(b1-4)GlcNAC(b1-6)Gal(b1-4)Glc
Gal(b1-4)GlcMNAC(b1-6)[Fucial-2)Galib1-3)[Fuc(al-4)] GIcNAC(b1-3)]Gal(b1-4)GlcNAC(b1-6)Gal(b1-4)Glc
Gal(b1-4)GlcMNAC(b1-6)[Fucial-2)Galibl-4)[Fuc(al-3)] GIcNAC{b1-3)]Gal(b1-4)GlcNAC(b1-6)Gal(b1-4)Glc
Gal(b1-4)GlcNAC(b1-6)Gal({b1-4)GlcNAC(bl-B)[Fucial-2)Galik1-3)[Fuc{al-4)]GlcNAL(a1-3)]Gal(b1-4)Glc
2Fuc(al-2)+Gal(bl-4)GIcNAc bl-3)+Gal(bl-24)GlcNAc(b1-6)[Gal(b1-4)GlcNAC(b1-3)]Gal(b1-2)Glc
Gal(b1-4)GlcNAC(b1-3)Gal{bl-4)[Fucial-3)]GlcMAc(bl-6)[Galib1-3)[Fuc(al-4)] GlcNAC b1-3)]Gal(b1-4)Glc (DF-LNO 11)
Gal(b1-3)[Fuc{al-2)]GlcMNAc(bl-3)Gal(bl-4)[Fucial-3)]GlcMNAc(b1-6)[Galibl-2)GlcNAL b1-3)]Gal(b1-4)Glc (DF-LNnO 1)
Gal(bk1-3)[Fuc(al-4)]GIcNAC(bl-3)Gal(bl-4)[Fucial-3)]GIcNAC(b1-6)[Gal(bl-3)GIcNAC b1-3)]Gal(b1-4)Gic (DF-is0 LNO
1)

Gal(b1-3)GlcMAC(b1-3)Gal(b1-4)[Fuc(al1-3)]GlcMNac(bl-6)[Fuc(al-2)Gal(b1-3)GlcNAC(b1-3)]Gal(b1-4)Glc (DF-iso LNO
1)

Gal(b1-4)GlcMNAC(b1-3)Gal{b1-4)[Fuc(al1-3)]GlcMNac(bl-6)[Galib1-4)[Fuc(al-3)] GIcNAC bl-3)]Gal(b1-4)Glc (DF-iso
LNRC)

Gal(b1-4)[Fuc{al-3)]GIcNAC(b1-3)Gal(bl-4)GlcMAC(b1-6) [Fuc(al-2)Gal(b1-3) GlcNAC(b1-3)]Gal{b1-4)Glc (DFLNO 111)
Gal(b1-3)GIcMAC(b1-3)Gal{b1-4)[Fucial1-3)]GlcMAC(b1-6)[Gal{bl-3)[Fuc(al-4)] GIcNAC b1-3)]Gal({b1-4)Glc (DF-iso LNO
1)

Gal(b1-3)GlcNAC(b1-3)Gal({b1-4)GlcNAC(bl-6)[Fucial-2)Galib1-3)[Fuc{al-4)]GlcNAC[b1-3)]Gal(b1-4)Glc (DF-iso LNO
W)

Fuc(al-2)Gal(bl-3)GlcMAC(b1-3)Gal(bl-2)GlcNAC(b1-6)[Fuc(al-2)Gal(bl1-3)GlcNAC(b1-3)]Gal{b1-4)Glc (DF-iso LNO V)
Fuc(al-2)Gal(bl-3)[Fucial-4)]GlcNAC(bl1-3)Gal{b1-4)GIcNaC(bl-6)[Gal{b1-3)GIcNAc( b1-3)]Gal(b1-4)Glc (DF-isc LNO
W)

Gal(b-14)GlcMNAC(b1-3)Gal(b1-4)[Fuc(21-3)]GIcNAC( 1-3)Gal(b1-4)[Guc(bl-3))GlcNAC(bl-3)Gal(bl-4)Glc (DF-para
LNnC)

SHex+3HexNAc+2Fuc

SHex+3HexMAc+2Fuc

SHex+3HexMAc+2Fuc
MeuSAcia2-6)Galibl-4)GIcNAc(b1-3)Gal(b1-4)GlcNAC(B1-6)[Fucial-2)Gal{bl-3)[Fuc(al-4)]GlcNAL b1-3)]Gal({b1-4)Gic
(DFS-LNO 111)
MNeuSAcia2-6)Galibl-4)GlcNAc(b1-3)Gal(b1-4)[Fuc(al-3)]GlcNAC(bl1-6)[Fucial-2)Gal{bl-3)GlcNAL b1-3)]Gal(b1-4)Glc
(DFS-LNO 11}
2Fuc(al-2)+Gal(bl1-4)GIc(bl-3)+NeuSAc(a2-6)+Gal(b1-4)GIcNAC b 1-6)[Gal (b1-4)GIctNAC(b1-3)]Gal{b1-4)Gic
Gal(b1-4)[Fuc(al-3)]GIcNAC(bl-3)Gal(bl-2)GlcNAC(b1-6)[NeusSAc(a2-3)Gal(b1-3)[Fuc(a1-4)]GlcNAC( b1-3)1Gal [ bl-
4)Glc (DFS-LNO 1)
Gal(b1-3)GlcMNAC(b1-3)Gal({b1-4)[Fuc|a1-3)]GlcNAC(b1-6)[NeuSAc(a2-3)Gal(b1-3)[Fuc(a1-4)]GlcNAC|b1-3))Gal|bl-
4)Glc (DFS-iso LNO 1)
Gal(b1-3)[Fuc{al-4)]GIcNAC(bl-3)Gal(bl-2)GlctNAC(b1-6)[MeuSAc(a2-3)Gal(bl-3)[Fuc(al-4)]GlcNAc(b1-3))Gal|{bl-
4)Glc (DFS-iso LNO 11)
Fuc(al-2)Gal(bl-4)GlcMAc(bl-6)Gal(bl-2)GlcNAC(bl-6)[NeuSAcia2-3)Gal{bl-2)[Fuc(al-4)]GlcNAL b1-3)]Gal{b1-4)Gic
SHex+3HexNAC+2Fuc+1NeuSAC

SHexs+3HexNAC+2Fuc+1NeuSAc
Fuc(al-2)Gal(bl-3)GlcMAC(bl-3)Gal(bl-4)GlcNAC(b1-6)[Fuc(al-2)Gal(bl-3)[Fucial-4)]GlcNAC(b1-3)] Gal(bl-4)Glc (TF-
iso LNO 1)
Fuc(al-2)Gal(bl-3)GlcMNAC(bl-3)Gal(bl-4) [Fuc(al-3)]GlcNAC b1-6)[Fuc(al-2)Gal(bl-3)GlcNAC(b1-3)] Gal{bl-4)Glc
Fuc(al-2)Gal(bl-3)GlcMNAC(bl-3)Gal(bl-4)[Fuc(al-3)GIcMNAC(b1-6)[Fuc(al-2)Gal(bl1-3)GIcNAC( b1-3)] Gal(bl-4)Glc
[Tetra-iso-LNO)
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Oligosaccharide Isomer Designation
5.3 3 00c

5.3 3 0 _0d

5_3 3 0 _0Oe

5.3 3 00f

5.3 3 0 0g

5.3 3 0 0h

5.3 300

5.3 3 00§

5.3_3 0 0k
5.3.3. 001
5_3_3 0 Om

3.3 3108a

5.3 310b
5.3 3 10c

3.3 4008

5_3_4_0_0b
5340 0c
5_3_5_0_0a
5_4_0_0_0a
5_4_1 0_0a
5_5_1_0_0a
5_5_2_0_0a
6_0_0_0 0z
6_0_0_0_Ob
6_0_0_0_Cc
6.0_0_0_la
6.1 0_0_0Oa
6_1_0_0_Ob
6_2_0_0_0a
6_2_0_0_Ob
6_2_0_0_Cc
6_2_0_0_0d
6_2_0_0_Oe
6_2_0_1 0a
6_2_0_1_0Ob
6.2 0_1 0c
6_2_2_0_0a
6_2_2_0_0b
6_2_3_0_0a
6_2_3_0_0b
6_4_0_0_0a
6_4_0_0_Ob
6_4_0_0_0c
6_4_0_0_0d
6_4_0_0_0e
6_4_0_0_0f
6.4 0_1_0a
6.4 0_1_Ob
64 100a
64 1 0_0b
6.4 1 0_0c

64 10_0d

Full Oligosaccharide Structural Information

Gal(b1-4)[Fuc{al-3)1GIcNAC(b1-3)Gal(bl-4)[Fuc(al-3)] GIcNAC(b1-6)[Gal(b1-3)[Fuc(al-4)] GIcNAL b1-3)1Gal(b1-4)Glc
(TFLNC 1)

Gal(bk1-3)[Fucial-2)1GIcNAC(b1-3)Gal(bl-4)[Fuc(al-3)] GIcNAC(b1-6)[Gal(b1-4)[Fuc(al-3)] GIcNAL b1-3)1Gal(b1-4)Glc
(TFLNRO 1)
Fug(al-2)Gal(bl-3)GlcMNAC(b1-3)Gal(bl-4)[Fuc(al-31]GIcNAC(b1-6)[Fuc(al-2)Gal(b1-4)GlcNAC(b1-3)] Gal{bl-2)Glc
(TFLNRO 11}

Gal(bk1-3)[Fuc(al-2)1GIcNAC(b1-3)Gal(bl-4)[Fuc(al-4)] GIcNAC(b1-6)[Gal(b1-3)[Fuc(al-4)] GIcNAL b1-3)1Gal(b1-4)Glc
(TF-iso LNO 1)
Gal(b1-4)GIcNAC(b1-3)Gal(bl-4)[Fuc(al-3)1GIcMAC(b1-6)[Fuc(al-2)Gal(bl-3)[Fuc(al-4)]GIcNaCik1-3)]Gal(b1-4)Glc
(TFLNO 1T}
Gal(b1-3)[Fuc(al-2)1GIcNAC(b1-3)Gal{ b 1-4)[Fuc(a1-3)]GIcNAC b1-6) [Gal(b1-3) [Fuc(a1-4) ] GlIcNAC B1-3)1Gal(b1-4)Glc
(TF-iso LNO 1)

Gal(b1-3)GIcNAC(b1-3)Gal(b1-4)[Fuc(al-3)1GIcNAC(b1-6)[Fuc(al-2)Gal(bl-3) [Fuc(al-4)]GIcNAC(b1-3)]Gal(b1-4)Glc
(TF-iso LNO 1)
Fuc(al-2)Gal(bl-3)GIcNAC(b1-3)Gal(bl-4)GlcNAC(b1-6)[Fuc(al-2)Gal(bl-3) [Fuc(a 1-4) | GlcNAC(b1-3)] Gal(bl1-2) Glc (TF-
is0 LNO IV)
Gal(b1-4)[Fuc{al-3)1GIcNAC(b1-3)Gal(bl-4)[Fuc(al-3)]GlcNac(bl-6)[Gal(b1-4)[Fuc(al-3)] GlcNAC al-3)1Gal(b1-4)Glc
(TF-iso LNnO)

SHex+3HexNAc+3Fuc

SHex+3HexNAc+3Fuc
NeuSAca2-6)Gal(bl-4)GIcNAC(b1-3)Galibl1-4)[Fuc(al-3)1GIcNAC bl-6) [Fuc(al-2)Gal(b1-3)[Fuc(a1-4)] GlcNAC bl-
311Gal{bl1-4)GIc (TFE-LNO)
Fuc(al-32)Gal(bl-3)GlcNAC(b1-3)Gal(b1-4)[Fuc{al-3)1GIcNAC b 1-6) [NeuSAc(a2-3)Gal [ bl-3) [Fuc(a1-4)]GlIcMNAC(b1-
311Gal{bl1-4)GIc (TFS-isa LNO)

SHex+3HexNAC+3Fuc+1NeusSAc
Fuc(al-2)Gal(bl-3)GlcMNAC(b1-3)Gal(bl-4)[Fuc(al-31]GIcNAC(b1-6)[Fuc(al-2)Gal(bl-3)[Fucial-4)]GlcNAC(B1-3)] Gal(bl-
4)Glc (TetraF-iso LNO)
Fuc(al-2)Gal(bl-3)GIcMNAC(b1-3)[Fucial-4)]Gal(b1-4)[Fuc(al-3))GIcNAC b1-3)Gal [ b1-4) [Fuc(al-3)]GlcNAC(b1-3)Gal(bl-
4)Glc (TetraF-para LNO)

SHex+3HexNAc+4Fuc
Fuc(al-2)Gal(bl-3)[Fuc(al-4)]GIcNAC(bl1-3)Gal(b1-4)[Fuc(al-3))GIcNAC b1-6) [Fuc(al-2)Gal(bl-3)[Fuc(al-
4)1GIcNACi1-3)1Gal(b1-4)Glc (PentaF-iso LNO)

SHex+4HexMNAC

SHex+4HexMNAC+Fuc
Fuc+Gal(b1-4)GlcNAC(b1-3)[Gal{bl-2)GlcNAC b1-6)1Gal(b1-2)GIcNAC B 1-3)[Gal(b1-2)GlcNAC( b 1-6)1Gal b 1-4) GIcNAC
2Fuc+Gal(bl-4)GlcNAC(b1-3)[Galibl-4)GIcNAC b1-6)]Gal(b1-2)GlcNAC b 1-3)[Gal (b1-4)GlcNAC(B1-6) 1 Gal (b1-4)GIcNAC
Gal(bl1-3)Gal(bl-3)Gal(bl-3)Gal(bl-3)Gal(k1-4)Gic

bHex

bHex

BHex+=NeusGc

Gal(bk1-3)Gal(bl-3)Gal(bl-3)[Gal(b1-2)GlcNAC(b1-6)]Gal(b1-4)Glc

BHex+HexNAC

Gal(al-3)Gal(bl-4)GIcNAC(b1-3)[Gal(al-3)Gal(bl-4)GlcNAC b1-6))Gal{b1-4)Gic

Gal(bl1-3)[Gal{bl-4)GIcNAC bl-6))Galibl-3)[Gal(bl-4)GIcNAC(b1-6)]|Gal(b1-4)Glc

2Gal(al-3) = Gal(bl-4)GIcNAC(b1-6)(Gal(bl-4)GIcNAC b1-3))Galibl-4)Gic

BHex=2HexNAC

Gal(bl-4)Gal(bl-4)GIcNAC(b1-3)[Gal(bl-4)Gal(bl-4)GlcNAC b1-6))Gal{bl1-4)Gic
NeuSAc-Gal(bl-4)GlcNAc(b1-6)+Galib1-3)[Gal(b1-4)GlcMAC(b1-6))Galbl-3)[Gal(b1-2)GIcNAC bl-6)]Galib1-4)Gic
MNeuSAca2-3)Gal(bl-3)[Gal(bl-4)GlcNAC(bl-6)]Gal(bl-3)[Gal{bl-2)GlcNAC b1-6)]Gal(b1-4)Gic
NeuSAca2-3)+Galibl-3)[Gal(bl-4)GIcNAC(bl-6)]Gal({bl-3)[Gal{bl-4)GlcNAC bl1-6)]Gal(b1-4)Gic)
Gal(al-3)Gal(bl-4)[Fuc(al-3)]GIcNAC(bl1-3)[Gal(al-3)Gal(bl-4)[Fuc{al-3)]GIcNAC(bl1-6)]Gal(b1-4)Glc
Gal(al-3)[Fucial-3)]Gal{bl-4)GIcNAC(bl1-6)[Gal(al-3)Gal(bl-4)[Fuc{al-3)]GIcNAC(bl1-3)]Gal(bl-4)Glc
Gal(al-3)[Fucial-2)]Gal{bl-4)[Fuc(al-3))GIcNAc b1-3)[Gal{al1-3)Gal{b1-4)[Fuc(al-3))-GlcNAC(b1-6)]Gal(b1-4)Glc
Gal(al-3)Gal(bl-4)[Fuc(al-3)]GIcNAC(bl1-6)[Gal({al-3)[Fucial-2)]Gal(b1-4)[Fuc{al-3))GIcNAC b1-6)]Gal(b1-4)Gic
Gal(b1-4)GIcNAC(bl-3)[Gal{bl-2)GlcNAC(b1-6)]Gal(b1-4)GIcNAC b1-3)[Gal(b1-4)GIcNAC(b1-6) ]| Gal(b1-4)Glc
Gal(b1-4)GIcNAC(bl-6)[Gal(bl-3)GlcNAC(bl-3)]Gal[b1-4)GIcNAC b1-6)[Gal(b1-3)GIcNACi b1-3)]Gal(b1-4)Glc (LND)
Gal(b1-4)GIcNAC(bl-6)[Galbl-4)GlcNAC(b1-3)]Gal[b1-4)GIcNAC b 1-6)[Gal{b1-3)GIcNAC( b1-3)]Gal(b1-4)Glc (LNnD)
Gal(b1-4)GIcNAC(bl-3)Gal(b1-4)GIcNAC(b1-6)[Gal(b1-3) GIcNAC(b1-3)Gal(bl-4)GlcNAC b1-3))Gal{b1-4)Gic
Gal(b-14)GIcNAC(bl-6)[Gal(bl-4)GlcNAC(b1-3)]Gal [b1-4)GIcNAC(b1-6)[Gal[bl-4)GIcNAC(b1-3)]Gal(b1-4)Gic [iso-LND)
BHex=4HexMNAC
NeuSAca2-6)Gal(bl-4)GIcNAC(b1-6)[Gal(bl-4)GIcNAC(b1-3)]Gal(b1-4)GlcNAC(b1-6)[Gal{bl-3)GlcNAC b1-3)]Gal{bl-
4)E1c (SLNnD)

BHex=4HexNAc+1NeusAc
Gal(bl1-3)GlcNAC(bl1-3)[Gal(bl-2)GlcNAc(b1-3)]Gal(bl-24)GlcNAc b 1-6)[Gal{bl-3)[Fuc(al-4)]GlcNAc(b1-3)]Gal(bl-
4)Glc
Gal(bl1-3)GlcNAC(b1-3)Gal(bl-4)GlcNAc(b1-3)[Gal{bl-4)GlcMAc(bl-3)Gal(bl-4)[Fuc{al-3)]GlcNAC(b1-6)]Gal(bl-4)Glc
Fuc+Gal({bl-4)GlcNAc(b1-3)[Gal{bl-2)GlcNAc b1-6)]Gal(b1-2)GIcNAC b 1-3)[Gal{bl-4)GlcNAC(b1-6)]Gal({b1-4)Glc
Gal(bl1-4)[Fuc{al-3)]GIcNAc(b1-6)[Gal(bl-3)GlcNAC(b1-3)]Gal{bl-2)GlcMAC(bl1-6)[Gal(bl-3)GlcNAc(b1-3)]Gal(bl-
4)Glc (FLND 1)
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Oligosaccharide Isomer Designation

6_4 1 0 0e

6_4 1 0_0f
64100

6.4 1 0_0h
6_4_1_0_0i

6.4 20 0s
642 00b

642 0_0c
6_4 2 0_od

6.4.2 0 e
6_4_2 0 0f
6_4_2 0
6_4_2 0_Oh
6_4.2 0 0i
6_4_2_0_0j
6.4.2 0 0k
6.4.2 001
6_4_2_0_0m
6_4.2 0 0n
6_4_2 0 0o

642 0_0p
6_4_2_0_0g

642 10a
642 1 0b
6_4_2_1_0c
6.4 3.0 0a

6.4 3_0_0b

6_4_3_0_0c
6_4_3_0_0d

6_4.3 0 0
6_4_3_0_0f
6_4.3 0
6_4_3 0 Oh
6_4.3 0_0i
6_4_3_0_0j
6_4.3 0 0k
6_4.3 001
6_4_3_0_0m

6_4_3_0_0n

Full Oligosaccharide Structural Information

Gal(bl-4)[Fuc{al-3)]GIcNAc{bl-6)[Gal(bl-2)GlcNAC(b1-3)]Gal{bl-4) GlcNAC(bl-6)[Gal(bl-3)GlcNAc|bl-3)]Gal (bl-
4)Glc (FLNRD 1
Gal(b1-4)GlcNACb1-6)[Fuc(al-2)Gal(bl-3)GlcNAc(bl-3)] Gal{bl-4)GIcNAC bl-6)[Gal (b1-3)GlcNAC(b1-3)]Gal{bl-4)Glc
Gal(b1-4)GlcNACb1-6)[Gal{bl-4)GlcNAC(bl-3)]Gal{b1-4) GlcMAC bl-6)[Fuc(al-2) Gal (bl-3) GlcNAc(b1-3)1Gal(bl-4)Glc
(FLMNND 1)
Gal({b1-2)GlcNAc(bl1-6)[Gal(bl-3)GIcNAC(b1-3)1Gal (b1-4) GlcNAc b1-6)[Gal(bl-3)[Fuc{al-2)]GlcNAc(b1-3)]Gal (b1-
4)Glc (FLND 11y

GHex+4HexNAc+1Fuc
Gal(b1-3)GlcNACb1-3)[Gal(bl-4)GlcNAC(b1-3)]Gal{b1-4)[Fuc(al-3)]GlcNAc(bl-6)[Gal(bl1-3)[Fuc|al-4)]GlcNAC bl-
3)]1Gal{bl-4)GIc

2Fucjal-2j+2Gal(bl-4)Glc(bl-3)+Gal{bl-4)GIcNAC(bl-6)[Galibl-4)GIcMNAC(bl-3)1Gal(bl-4)Gic
Gal(b1-4)GlcNACib1-3)Gal{bl-4)[Fuc(al-3)]GlcNAC(bl-6)[Gal(bl-3)GlcNAc({bl-3)Gal (b1-4)[Fucial-3)]GlcNAcbl-
3)1Gal{bl-4)Glc

2Fuc+Gal(bl-4)GlcNAc b1-3)[Gal(b1-4)GlcNAC(b1-6)]Gal(bl-4)GlcNAc bl-3)[Gal (b1-4)GlcNAC(b1-6)]Gal{bl-4)Glc
Gal(b1-4)[Fuc{al-3)]GlcNAc{bl-6)[Gal(bl1-3)GlcNAC|b1-3)]Gal(bl-4) GlcNAC(b1-6)[Fucial-2)Gal({bl-3) GlcNAc bl-
3)]Gal{bl-4)Glc (DFLND 1)
Gal(bl-4)[Fuc(al-3)]GlcMNACbl-6)[Gal(bl-4)GIcMAC(b1-3)]Gal(bl-4)GlcNAC(bl-6)[Fuc(al-2)Gal|bl-3)GIcMAC bl-
3)1Gal({bl-4)Glc {DFLNND)

Gal(bl-4)GlcNACb1-6)[Gal{bl-3)[Fucial-4)]GlcNAC(b1-3)]Gal{bl-4) GlcNAC(b1-6)[Gal[bl1-3)[Fuc(al-2)]GlcNAC( bl-
3)1Gal{bl-4)Glc (DFLND 11)

Gal(bl-4)[Fuc{al-3)]GlcNAcbl-6)[Gal(bl-3)GlcNAC(b1-3)]Gal{bl-4) GlcNAc(bl-6)[Gal(bl-3)[Fuc|al-4)] GlcNAC bil-
3)]1Gal{bl-4)Glc (DFLND 111}
Gal(bl-4)[Fuc(al-3)]GlcMNACibl-6)[Gal{bl-3)[Fucial-4)]GlcNACib1-3)]Gal(bl-4)GIcNAC[bl1-6)[Gal|b1-3)GIcNAC bl-
3)1Gal{bl-4)Glc (DFLND IV}

Gal(bl-4)[Fuc{al-3)]GIcNAc{bl-6)[Fuc(al-2)Gal({bl-3)GlcNAc|bl-3)]Gal (b1-4)GlcNAC(b1-6)[Gal({bl-3) GlcNAc| bl-
3)1Gal{bl1-4)Glc (DFLND V)

Gal(b1-4)GlcNACb1-6)[Fuc(al-2)Gal(bl-3)[Fucial-4)] GlcNAc(bl-3]]Gal(bl-4)GlcNAC(b1-6)[Gal{bl-3) GlcNAc bl-
3)]Gal(bl-4)Gic
Gal({b1-2)GlcNac(bl1-6)[Fuc{al-2)Gal(bl-4)[Fucial-3]]GlcNAc(b1-3)1Gal {b1-24)GlcNAC b1-6)[Gal(b1-3) GlcMAC| bl-
3)1Gal{bl-4)Glc
Gal(bl-4)GlcNACb1-6)[Gal{bl-3)[Fucial-4)]GlcNAC b1-3)]Gal(bl-4) GlcNAC(b1-6)[Fucial-2)Gal{bl-3) GlcNAc( bl-
3)1Gal({bl1-4)Glc (DFLND V1)

Gal(b1-4)GlcNAc b1-6)[Gal{bl-3)GlcNAC(bl-3)]Gal(b1-4) G INAC{b1-6)[Fuc(al-2)Gal[bl-3)[Fucal-4)) GlcNAc(bl-
3)]Gal(bl-4)Gic

Gal({b1-3)GlcNAc(bl1-3)Gal({bl-24)[Fuc(al-3)1GlcNAc bl-6)[Gal[bl-3)GlcMAc(b1-3)Gal(bl-4) [Fuc(al-3)] GlcMAC| bl-
3)Galibl-4)Glc (DF-novo LND)

GHex+4HexNAC+2Fuc

tHex+dHexNAc+2Fuc
2Fucjal-2j+2Gal(bl-4)Glc(bl-3)+MNeudAc(a2-6)+Gal{bl-4)GIcNAC(bl-6)[Gal{bl-4)GIcNACib1-3)]Gal(b1-4)Glc
2Fucjal-2j+NeuSAcia-3)+Gal(bl-4)GIcNAC b1-3)[Gal{b1-4)GIcNACibl-3)[Gal{bl-4)GIcMAC(b1-6)1Gal{bl-4)GlcNAC( bl-
6)]Gal(bl-4)Gic

2Fucial-2)+Neu5hc(al-6)+Gal(bl-4)GlcNAc{bl-3)[Galibl-4)GIcNACbl-3)[Gal (b1-4)GlcNAcb1-6)Gal{bl-4)GlcNAC bl-
6)1Gal{bl-4)Glc

Fuc(al-2)Gal(b1-4)[Fuc{al-3)]GlcNAcbl-6)[Gal(bl1-3)GlcNAC(b1-3)]Gal (b1-4)GlcNAC(b1-6)[Fuc(al-2)Gal{bl-
3)GIcNAC(b1-3)1Gal{b1-4)GIc (TriF-LND VII)
Gal(bl-3)GlcMNAC(bl-3)[Gal(bl-4)GIcNAC(bl-6)]Gal(bl1-4)[Fuc(al-3)]GIcNAC(bl-6)[Fuc(al-2)Gal(b1-3)[Fuc(al-
4)1G1cNACb1-3)]Gal(bl-4)Glc
Gal(bl1-3)[Fuc{al-4)]GIcNAc{bl-3)[Gal(bl-4)GlcNAC|b1-6]]Gal(bl-4)[Fuc(al-3)]GlcNAC[b1-6)[Gal(b1-3)[Fucal-
4)1G1cNACb1-3)]1Gal(b1-2)Glc (TriF-LND VI)

3Fuc+Gal(bl-4)GlcNAc bl-3)[Gal(bl-4)GlcNAC(b1-6)]Gal(bl-4)GlcNAc bl-3)[Gal (b1-4)GIcNAC b1-6)]Gal{bl-4)Glc
Gal{bl-4)[Fuc(al-3)]GIcNACibl-6)[Fucial-2)Gal{bl-3)GIcNAcibl1-3)]Gal (bl-4)GIcNAC(bl-6)[Gal({bl1-3)[Fuc(al-
4)1GIcNACib1-3)]Gal(bl-4)GIc (TriF-LND 1)
Gal{b1-4)[Fuc{al-3)]GIcNAc{bl-6)[Fuc(al-2)Gal(bl-3)GlcNAc(bl-3)]Gal {b1-4)GlcNAc(b1-6)[Fucial-2)Gal{bl-
3)GIcNAC(b1-3)]Gal(bl-4)Glc (TriF-LND 11)

Gal(b1-4)[Fuc{al-3)]GIcNAcbl-6)[Gal(bl1-3)[Fucial-4)) GlcNAcbl-3)]Gal(bl-4)GIcNAC(b1-6)[Gal(b1-3)[Fucal-
4)1G1cNAC b1-3)]Gal(bl-4)Glc (TriF-LND 111)

Gal(bl-4)[Fuc(al-3)]GlcMAC bl-6)[Gal{bl-3)[Fucial-4)]GlcNACi b1-3)]Gal(bl-4)GIcNAC(bl1-6)[Fuclal-2)Gal(bl-
31GIcNAC(b1-3)1Gal{b1-4)Glc (TriF-LMND 1V}
Gal{b1-4)GlcNACib1-6)[Fuc{al-2)Gal(bl-3)[Fucial-4)]GlcNAc(b1-3)]Gal {b1-4)GlcNAc(b1-6)[Fucial-2)Gal{bl-
3)GIcNAC(b1-3)]Gal(bl-4)Glc

Gal(b1-4)[Fuc{al-3)]GlcNAc|bl-6)[Fuc(al-2)Gal{bl-4)[Fuc(al-3)] GlcNAcbl-3)]Gal[b1-4)GlcNAC|b1-6)[Gal(bl-
3)GIcNAC(b1-3)]Gal(bl-4)Glc

Gal(bl-4)[Fuc(al-3)]GlcMAC bl-6)[Fuc(al-2)Gal(bl-3)[Fuc(al-4)]GlcNAc(bl-3)]Gal(bl-4)GIcMNAC(bl-6)[Gal(bl-
3)GIcNAC(b1-3)1Gal(b1-2)Glc
Gal{bl-4)[Fuc{al-3)]GIcNAc{bl-6)[Gal(bl-3]GlcNAC(b1-3)]Gal{bl-4)GlcNAcbl-6)[Fucial-2)Gal(bl-3)[Fuc(al-
4)1G1cNAC b1-3)]Gal(bl-4)Glc

Gal(b1-4)GlcNAC b1-6)[Gal({bl-3)GlcNAC(bl1-3)]Gal(b1-4)[Fuc{al-3)]GlcNAcb1-6)[Fucial-2)Gal(bl-3)[Fuc(al-
4)1G1cNACb1-3)]Gal(b1-4)Glc (TriF-LND V)

Gal(bl-4)[Fuc(al-3)]GlcNAC bl-6)[Gal{bl-3)[Fucial-4)]GlcNACib1-6)[Gal(bl-3)[Fuc{al-4)]GlcMAC(b1-3)]Gal(bl-
4)GIcNAC(b1-3)1Gal(b1-4)Glc
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Oligosaccharide Isomer Designation
6 4 3 0 0o
6.4 3 0 0p

6_4_3_0_0q
6_4_4_0_0a
6_4_4_0_0b
6440 0c
6_4_4_0_0d
6_4_4_0_De

6_4 4 0_0f

644 0_0g
7.0_0_0_0a
7_0_0_0_0b
7.0.00_0c
7.2.0.0_0a
7201 0a
7_5_0_0_0a
7.5_1 0 0a
7.5.2 0 0a
7.5_3 0_0a
7.5_3_0_0b
7.5.4 0 0a
7_5_4_0_0b
7.7_2.0_0a
7.7.3 0 0a

8 0000a
8_0_0_0_0b

23000
83.000b

B_3.010a
8.3.0_1_0b
8_6_0_0_0a
861003
B 6.2 00a
8_6_3 0 0a
863 10a
863 10b
8_6_4 0 0a
9_0_0_0_0a
9202 0a
10_2_0_1_0a
10_8 0_0_0a
10_8_1_0_0a
10_8_2_0_0a
10_8_3_0_0a

108 4 0 0a

Full Oligosaccharide Structural Information

fHex+4HexMNAC+3Fuc

GHex+4HexMNACc+3Fuc

GHex+4HexMNAc+3Fuc
Fuc{al-2)Gal(bl-3)[Fucial-4)]GlcNAC(b1-3)[Gal{bl-4)[Fuc(al-3)]GlcNAC{bl-6))Gal(b1-4) GlcNAC(b1-6)[Fucial-
2)Gal(bl-3)GIcNAC(b1-3)]Gal(bl-4)Glc
Gal{bl-4)[Fuc(al-3)]GIcNAC(b1-6)[Fuc(al-2)Gal{bl-3)GIcNAC bl-3)1Gal(b1-4) GlcNAC(b1-6) [Fucial-2)Gal(bl-3)[Fuc{al
4)1GIeNAC(b1-3)]Gal(b1-4)Glc (TetraF-LND 1)
Gal(b1-4)[Fuc(al-3)]GIcNAC(b1-6)[Gal(bl1-3)[Fuc(al-4)]GlctNAC{b1-3)]1Gal|b1-4) GIcNAC(b1-6)[Fuc(al-2)Gal(bl-
3)[Fuc(al-4)]1GIcNAC(b1-3)1Gal(b1-4)Glc (TetraF-LND I1)
Gal{bl-4)[Fuc(al-3)]GIcNAC(b1-6)[Fuc(al-2)Gal|bl-3)[Fuc(al-4)]GlcNAc(b1-3)]Gal(b1-4)GlcNAc(b1-6)[Fucial-
2)Gal(bl-3)GIcNAC(b1-3)]Gal{b1-4)Glc (TetraF-LMD 111)
Gal{bl-4)GIcMNACibl-6)[Fuc(al-2)Gal{bl-3)[Fuc(al-4)]GIcNAC bl1-3)1Gal(b1-4)GlcNAC b1-6) [Fucial-2)Gal(bl-3)[Fuc{al
4)1GIcNAc(b1-3)]Gal{b1-2)Glc
Gal{bl-4)GIcNACib1-6)[Fuc(al-2)Gal{bl-3)[Fuc(al-4)]GIcNAC bl1-3)1Gal(b1-4)GlcNAC(b1-6) [Fucial-2)Gal(bl-4)[Fuc{al
3)1GIcNAC(b1-3)]Gal(b1-4)Glc

GHex+4HexMNAc+4Fuc

THex

THex

Gal(b1-4)Gal(1-4)Gal{bl-4)Gal(b1-4)Gal(b1-4)Gal(b1-4)Glc

THex+2HexNAC
NeuSAc(a2-3)Gal(bl-3)+Gal(bl-3)[Gal(b1-4)GIctNAC(b1-6)1Gal(b1-3)[Gal (b 1-4)GIcNAC(b1-6)]Gal (b1-4)Glc
Gal(bl-4)GIcNAC(b1-3)[Gal(b1-4)GIcNAL(b1-6)]Gal (b 1-4)GIcNAC(b1-3)[Gal (b1-4)GlcNAC b1-3)Gal (b 1-4) GlcNAC b1-
6)1Gal(b1-4)Glc
Fuc+Gal{b1-2)GIcNAC[b1-3)[Gal(b1-2)GIcNAC b 1-6)]Gal(b1-4)GIcNAC b 1-3)[Gal (b1-4)GIcNAC(b1-3)Gal (bl1-
4)E1cNAC(b1-6)1Gal(b1-4)Gic

2Fuc+Gal(bl-4)GlcNAc(b1-3)[Gal(b1-4)GlcNAC(b1-6)]Gal(b1-4)GlcNAL b1-3)[Gal(b1-4)GlcNAC(b1-3)Gal (b1-
4)GIcNAC{b1-6)]Gal(b1-4)Glc

THex+3HexNAc+3Fuc

THex+5HexMNAc+3Fuc

THex+5HexMNAc+4Fuc

THex+5HexNAc+4Fuc
2FucsGal(bl-2)GlcNAL(b1-3)[Gal(bl1-2)GlcNAL(bl1-6)]Gal[(b1-2)GlcNAL(b1-3)[Gal[b1-2)GleNAC(b1-3)[Gal(bl-
4)GE1cNAC(b1-6)1Gal(bl-4)GlcNAC(bl-6)]Gal [ b1-4) GIcNAC
3Fuc+Gal{bl-4)GlcNAL(b1-3)[Gal{b1-4)GlcNAC(b1-6)]Gal(b1-4)GlcNAC b1-3)[Gal(b1-4)GIcNAC(b1-3)[Gal(b1-
4)GIcNAC{b1-6)]Gal(b1-4)GIcNAC(b1-6)1Gal(b1-4)GIcNAC
Gal(bl-4)Gal(1-4)Gal{bl-4)Gal(bl-4)Gal(b1-4)Gal(b1-4)Gal{bl-4)Gic

BHex

Gal(b1-3)[Gal{bl-3)[Gal(bl-4)GlcNAC{ b1-6)]Gal|bl-4)GIcNAC(b1-6)]Gal(bl1-3)[Gal{bl-4)GIcNAC(b1-6)|Gal[b1-4)Glc
Gal{bl-3)[Gal{bl-4)GIcNAc(b1-6)]Galibl-3)[Gal{bl-3)[Galibl-4)GlcNACi bl1-6)1Gal{b1-4)GlcNAC b1-6) | Galib1-2)Glc
NeuSAc(a2-3)+Gal(bl-3)[Gal(bl-3)[Gal({bl-4)GlcNAc(bl-6)]Gal[bl-4)GIcNAC[b1-6)]Gal(b1-3)[Galibl-4)GlcNAC(b1-
6)1Gal(b1-4)Gic
NeuSAc(a2-3)+Gal(bl-3)[Gal(bl-4)GIcNAC(b1-6)]Gal(b1-3)[Gal(bl-3)[Gal({bl-4)GlcNAc(b1-6)]Gal(b1-4)GlcNAC(b1-
6)1Gal(bl-4)Glc
Gal{bl-4)GIcNACib1-3)[Gal(b1-4)GIcNAC(b1-6)]Gal(b1-2)GIcNAC b 1-3)[Gal(b1-4)GlcNAC b1-3)[Gal (b 1-4)GlcMNAC b 1-
6)1Gal(b1-4)GIcNAC(b1-6)]Gal(b1-4)Glc
Fuc+Galibl-2)GIcNAC{b1-3)[Gal(b1-2)GIcNAC b 1-6)]Gal(b1-4)GIcNAC b 1-3)[Gal(b1-4)GIcNAC| b1-3)[Gal(b1-
4)G1cNAC(b1-6)1Gal(b1-4)GlcNAC b1-6)1Gal(b1-4)Glc
2Fuc+Gal{bl-4)GlcNAL(b1-3)[Gal{b1-4)GlcNAC(b1-6)]Gal (b1-4)GlcNAC b1-3)[Gal (b1-4)GIcNAC(b1-3)[Gal(b1-
4)GIcNAC(b1-6)1Gal(b1-4)GIcNAC b1-6)]Gal(k1-4)Glc
3Fuc+Gal{bl-4)GlcNAL(b1-3)[Gal{b1-4)GlcNAC(b1-6)]Gal(b1-4)GlcNAC b1-3)[Gal(b1-4)GIcNAC(b1-3)[Gal(b1-
4)GIcNAC|{b1-6)]Gal{b1-4)GlcNACb1-6)1Gal(b1-8)Gic

3Fuc{al-2)+MNeuSAc(a2-3)+Gal(bl-4)GIcNAC b1-3)[Gal(b1-4)GlcNAC(b1-3)[Gal{bl-4)GlcNAC b1-3)[Gal(b1-4)GlcNAC(b1-
£)1Gal(b1-4)GIcNAC(b1-6)]Gal(b1-4)GlctNAC(b1-6)1Gal(b1-4)Glc
3Fucial-2)+NeusAc(a2-6)+Gal{bl-4)GIcNAC b1-3)[Galibl-2)GIcNAC b1-3)[Gal{bl-4)GIcNAC(b1-3) [Gal{b1-4) GlcNAC(b1-
6)1Gal(b1-4)GIcNAC(b1-6)]Gal(b1-4)GlcNAC(b1-6)1Gal(b1-4)Gic
AFuc+Gal{bl-4)GlcNAL(b1-3)[Gal(b1-4)GlcNAC(b1-6)]Gal (b1-4)GlcNAC b1-3)[Gal(b1-4)GIcNAC(b1-3)[Gal(b1-
4)GIcNAC|{b1-6)]Gal{b1-4)GlcNACb1-6)1Gal(b1-8)Gic

SHex

2[NeuSAC-Gal{bl-4)GIcNAC{b1-6)1+Gal{b1-3)Gal(b-13)Gal(b1-3)Gal{b1-3)Gal{b1-3)Gal (b1-4)Glc
NeuSAc-Gal{bl-4)GIcMNAC(bl-6)+Gal(b1-4)GIcNAC(b1-6)+Gal(bl-3)Gal(bl-3)Gal(bl-3)Gal(bl-3)Gal(b1-3)Gal(bl-
3)Galibl-4)Glc

Gal(b1-4)GIcNAC[b1-3)[Gal[bl-4)GIcNAC(b1-6)]Gal (b1-4)GlcNAC{b1-3)[Gal(b1-4)GIcNAC(b1-6)]Ga (b1-4)GleNAC( b1-
3)[Gal(b1-4)GIcNAC(bl1-3)[Gal{b1-4)GlcNAC(bl-6)1Gal(b1-4) GIcNAC bl-6)]Gal(b1-4)Glc
Fuc+Gal{bl-4)GIcNAL(b1-3)[Gal(b1-4)GlcNAC(b1-6)]Gal (b1-4)GlcNAC(b1-3)[Gal (b1-4)GIcNAC(b1-6)]Gal(b1-
4)GIcNAC{b1-3)[Gal({b1-4)GlcNAClbl1-3)[Gal(bl1-4)GIcNAC b1-6)]Gal(b1-8) GlcNACi b1-6)]Gal{b1-4) Glc
2Fuc+Gal{bl-4)GIcNAc(bl-3)[Gal{b1-4)GlcNAC(b1-6)]Gal (b1-4)GIcNAC b1-3)[Gal(b1-4)GIcNAC(b1-6)]Gal(bl-
4)GIcNAC(b1-3)[Gal(bl-4)GlcNAC(b1-3)[Gal{b1-4)GlcNACl b1-6)]Gal(b1-4) GlcNAC b1-6)]Gal(b1-4)Glc
3Fuc+Gal{bl-4)GIcNAc(bl-3)[Gal{b1-4)GIcNAC(b1-6)]Gal[b1-4)GIcNAC b1-3)[Gal(b1-4)GIcNAC(b1-6)]Gal(bl-
4)GIcNAC(b1-3)[Gal(bl-4)GlcNAC(b1-3)[Gal(b1-4)GlcNAclb1-6)]Gal(b1-4) GlcNAC b1-6)]Gal(b1-4)Glc
4Fuc+Gal{bl-2)GlcNAL(b1-3)[Gal(b1-2)GlcNAL(b1-6)]Gal[(b1-2)GlcNAC(b1-3)[Gal[(b1-2)GleNAC(b1-6)]Gal(bl-
4)E1cNAC(b1-3)[Gal(bl-4)GlcNAC(b1-3)[Gal(bl1-4)GlcNACi b1-6)1Gal(b1-4) GIcNAC b1-6)1Galib1-4)Glc
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Supplementary Table 5.2. Non-human milk oligosaccharide publications included in the

database

Total

Number Number Number of

Common of of Oligosaccharides  Analytical
Genus Species Name Donors Samples Identified Method Publication
Non-human primates
Pan troglodytes Chimpanzee 1 1 =100 LC-MS Tao 2011
Pan troglodytes Chimpanzee 2 2 7 NME Urashima 2009
Pan troglodytes Chimpanzee 1 1 B HPLC Warren 2001
Pan paniscus Bonobo 1 1 11 NME Urashima 2009
Pan paniscus Bonobo 1 4 10 HPLC Warren 2001
Gonlla gorilla Gonlla 1 1 52 LC-MS Tao 2011
Gorilla gorilla Gorilla 2 1 3 NME Urashima 2009
Gorilla gorilla Gorilla 1 1 3 HPLC Warren 2001
Pongo pyZmasus Orangutan 1 1 12 NME Urashima 2009
Papio hamadrvas Hamadryas 3 3 6 NMERE Goto 2010
Baboon
Macaca sifica Toque 2 2 3 NMERE Goto 2010
Macaque
Macaca mulatta Ehesus 9 9 9 NME. Goto 2010
Macaque
Macaca mulatta Ehesus 1 1 69 LC-MS Tao 2011
Macaque
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Total

Number Number Number of

Common of of Oligosaccharides  Analytical

Genus Species Name Donors Samples Identified Method Publication

Non-human primates (continued)

Alouatta palliata Mantled 3 3 2 NMR Goto 2010
Howler

Sapajus apella Brown 3 3 6 NMR Goto 2010
Capuchin

Sapajus apella Brown 1 2 6 NMR Urashima 1999
Capuchin

Saimiri boliviensis Bolivian 3 3 2 NMR Goto 2010
Squirrel
Monkey

Leontopithecus rosalia Golden 1 1 66 LC-MS Tao 2011
Lion
Tamarin

Callithrix jacchus Common 1 4 =100 LC-MS Tao 2011
Marmoset

Symphalangus syndactylus Siamang 1 1 69 LC-MS Tao 2011

Symphalangus syndactylus Siamang 1 1 6 NMR Urashima 2009

Otolemur crassicaudatus Greater 4 pooled 4 NMR Taufik 2012
Galago

Daubentonia madagascariensis Aye-aye 4 pooled 12 NMR Taufik 2012

Propithecus coquereli Coquerel's 4 pooled 8 NMR Taufik 2012

Sifaka

255



Total

Number Number Number of

Common  of of Oligosaccharides Analytical

Genus Species Name Donors  Samples Identified Method Publication

Non-human primates (continued)

Eulemur mongoz Mongoose 3 pooled 13 NMR Taufik 2012

Lemur
Feloidea Carnivores

Felis catus Domestic 6 139 33 LC-MS Wrigglesworth 2020
Cat

Panthera leo African 1 1 3 NMR Senda 2010
Lion

Panthera leo African unknown unknown 63 LC-MS Remoroza 2020
Lion

Neofelis nebulosa Clouded 1 1 3 NMR Senda 2010
Leopard

Acinonyx jubatus Cheetah 3 3 6 NMR, Urashima 2020

MALDI-MS
Crocuta crocuta Hyena 1 1 4 NMR Uemura 2009
Canoidea Carnivores

Canis lupus Domestic 23 230 53 LC-MS Wrigglesworth 2020
Dog

Canis lupus Domestic 4 4 6 HPLC- Rostami 2014
Dog Fluorescence

Canis lupus Domestic 1 1 4 HPLC Warren 2001

Dog
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Number Total Number of
Common of Number of Oligosaccharides Amnalytical
{enus Species Name Donors Samples Identified Method Publication
Canoidea Carnivores (continued)
Canis lupus Domestic 1 1 2 NMR,MS  Bubb 1999
Dog
Procyonidae lotor Racoon 5 5 6 NMR, Urashima 2018
MAIDI-
MS
Nasua nasua Coati 1 1 5 NMR Urashima 1999
Neovison vison Mink 1 1 9 NMR Urashima 2005
Mephitis mephitis Striped 5 7 6 NMR Taufik 2013
Skunk
Ursus americanus Black Bear 5 5 12 NMR, Urashima 2020
MALDI-
MS
Ursus americanus Black Bear 1 1 9 HPLC Warren 2001
Ursus thibetanus Japanese 2 3 4 NMR Urashima 2004
Black Bear
Ursus thibetanus Japanese 4 12 11 NMR, Urashima 1999
Black Bear FAB-MS,
MAIDI-
MS
Ursus arctos Ezo Brown | 1 6 NMR Urashima 1997

Bear
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Total

Number Number of
Common  Number of Oligosaccharides  Analytical

Genus Species Name of Donors Samples Identified Method Publication

Canoidea Carnivores (continued)
Ursus arctos Grizzly 1 1 8 HPLC Warren 2001

Bear
Ursus maritimus Polar Bear 2 2 8 NMR Urashima 2003
Ursus maritimus Polar Bear 7 7 10 NMR Urashima 2000
Ailuropoda melanoleuca Panda 1 1 4 NMR Nakamura 2003
Even-toed Ungulates
Bos Tarus Cow 20 pooled 29 LC-MS Shi 2021
Bos Tarus Cow 20 200 4 LC-MS Fischer 2020
Bos Tarus Cow 18 108 11 HPAEC- Quinn 2020
PAD
Bos Tarus Cow unknown  unknown 35 LC-MS Remoroza 2020
Bos Tarus Cow 634 634 15 LC-MS Robinson 2019
Bos Tarus Cow 6 18 34 LC-MS, Vicaretti 2018
CE-LIF

Bos Tarus Cow unknown 160 11 LC-MS Schwendel 2017

(bulk

milk)
Bos Tarus Cow unknown  pooled 33 LC-MS Albrecht 2014
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Total

Number Number Number of
Common  of of Oligosaccharides  Amnalytical
Genus Species Name Donors Samples Identified Method Publication
Even-toed Ungulates (continued)
Bos Tarus Cow 6 pooled 50 LC-MS, Aldredge 2013
MAILDI-
MS, FT-
ICR MS
Bos Tarus Cow 892 892 52 LC-MS, Sundekilde 2012
MAIDI-
MS
Bos Tarus Cow 2 10 5 HPAEC- McJarrow 2004
PAD
Bos grunniens Yak 5 5 6 HPAEC- Wang 2020
PAD
Bos grunniens Yak 1 1 2 NMR Singh, AK 2016
Bos grunniens Yak 1 1 2 NMR Singh, M 2016
Bubalus bubalis Water unknown unknown 49 LC-MS Remoroza 2020
Buffalo
Bubalus bubalis Water 1 1 3 NMR, Mineguchi 2017
Buffalo MAILDI-
MS
Ovis aires Sheep 20 pooled 32 LC-MS Shi 2021
Ovis aires Sheep unknown pooled 35 LC-MS Albrecht 2014
Ovis aires Sheep unknown pooled 3 NMR Nakamura 1998
Ovis aires Sheep 5 5 3 NMR Urashima 1989
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Even-toed Ungulates (continued)
Capra aggagrus Goat 20 pooled 43 LC-MS Shi 2021
Capra aegagrus Goat unknown unknown 54 LC-MS Remoroza 2020
Capra aegagrus Goat 6 6 9 HPAEC- Wang 2020
PAD
Capra aggagrus Goat unknown pooled 7 HPAEC- Acquino 2017
PAD
Capra aegagrus Goat 78 LC-MS Martin-Ortiz 2016
Capra aegagrus Goat unknown pooled 40 LC-MS Albrecht 2014
Capra aegagrus Goat 20 100 3 HPAEC- Claps 2016
PAD
Capra aegagrus Goat 16 32 29 LC-MS Meyrand 2013
Capra aegagrus Goat 10 10 20 HPAEC- Martinez- 2006
PAD,FAB- Ferez
MS
Capra aegagrus Goat unknown pooled 4 NMR Urashima 1997
Capra aegagrus Goat unknown unknown 2 HPAEC- Viverge 1997
PAD, GC,
FAB-MS,
NMR
Capra aegagrus Goat unknown pooled 4 NMR Urashima 1994
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Even-toed Ungulates (continued)
Capra aegagrus Goat unknown pooled 3 HPLC, Chaturvedi 1990
(bulk NMR
milk)
Capra aegagrus Goat unknown pooled 3 HPLC, Chaturvedi 1988
(bulk NMR
milk)
Addax nasomaculatus Addax 1 1 *] NMR, Ganzorig 2018
MAILDI-
MS
Cervus nippon Yezo Sika  unknown unknown 5 NMR, Mineguchi 2017
Deer MAILDI-
MS
Tragelaphus spekii Sitatunga 1 1 4 NMR, Mineguchi 2018
MALDI-
MS
Rangifer tarandus Reindeer 1 1 4 NMR Taufik 2014
Giraffa camelopardalis Giraffe 1 pooled 2 NMR, Mineguchi 2018
MAIDI-
MS
Giraffa camelopardalis Giraffe 1 1 6 HPLC Warren 2001
Camelus dromedarius Dromedary unknown pooled 33 LC-MS Albrecht 2014

Camel
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Even-toed Ungulates (continued)
Camelus dromedarius Dromedary unknown pooled 12 NMR Alhaj 2013
Camel
Camelus bactrianus Bactrian 20 pooled 34 LC-MS Shi 2021
Camel
Camelus bactrianus Bactrian 2 4 14 NMR Fukuda 2010
Camel
Sus scrofa Pig 17 51 55 LC-MS Wei 2018
Sus scrofa Pig 14 28 61 LC-MS Winkel 2018
Sus scrofa Pig unknown unknown 41 LC-MS Cheng 2016
Sus scrofa Pig 6 8 35 CE-FID- Difilippo 2016
MS
Sus scrofa Pig 7 14 60 HPAEC- Mudd 2016
PAD, LC-
MS
Sus scrofa Pig 3 12 33 LC-MS Salcedo 2016
Sus scrofa Pig unknown pooled 39 LC-MS Albrecht 2014
Sus scrofa Pig 3 12 29 LC-MS Tao 2010
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Flying Fox

Number Total Number of
Common of Number of Oligosaccharides Amnalytical
Genus Species Name Donors  Samples Identified Method Publication
Proboscidea
Elephas maximus Asian 3 3 10 HPAEC- Kunz 1999
Elephant PAD, FAB-
MS, NMR
Elephas maximus Asian 1 1 8 HNMR Uemura 2006
. Elephant
/| Loxodonta africana African 1 1 15 NMR Uemura 2008
Elephant
| Loxodonta africana African 3 3 1 NMR, Osthoff 2007
Elephant HPILC-RI
Pilosa
.| Mymecophaga tridactyla Giant 1 1 5 NMR Urashima 2008
Anteater
Muridae
Ratus Rat 2 pooled 15 LC-MS Li 2021
| Mus Mouse unknown pooled 15 LC-MS LI 2021
Chiroptera
Pteropus hypomelanus Island 7 21 4 NMR Senda 2011
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Cetacea

Delphinapterus leucas Beluga 1 1 1 NMR Urashima 2002

Tursiops truncatus Bottlenose 1 1 4 NMR Uemura 2005
Dolphin

Tursiops truncatus Bottlenose 1 1 4 HPLC Warren 2001
Dolphin

Balaenoptera acutorostrata Minke 2 2 7 NMR Urashima 2002
Whale

Balaenoptera brydei Bryde's 1 1 3 NMR Urashima 2007
Whale

Balaenoptera borealis Sei Whale 1 1 3 NMR Urashima 2007

Pinnipeds

Arctocephalus  pusillus Australian unknown pooled 9 NMR Urashima 2001
Fur Seal

Lobodon carcinophagus  Crabeater unknown 3 1 NMR Urashima 1997
Seal

Phoca vitulina Arctic 1 1 9 NMR Urashima 2003
Harbor Seal

Erignathus barbatus Bearded 1 1 10 NMR Urashima 2004
Seal

Sirenia
Trichechus manafus Florida 1 1 3 HPLC Warren 2001

Manatee
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Marsupials

Macropus rufus Red 1 pooled 12 NMR, Anraku 2012

Kangaroo MAIDI-
MS

Macropus giganteus Grey 2 2 1 NMR Messer 1980
Kangaroo

Dendrolagus goodfellowi Goodfellows 1 1 6 HPLC Warren 2001
Tree
Kangaroo

Macropus eugenii Tammar unknown pooled 2 GC,NMR  Urashima 1994
Wallaby

Macropus eugenii Tammar unknown unknown 2 NMR Bradbury 1983
Wallaby

Macropus eugenii Tammar unknown unknown 1 NMR Messer 1982
Wallaby

Macropus eugenii Tammar unknown unknown 4 NMR Collins 1981
Wallaby

Macropus eugenii Tammar 6 6 1 NMR Messer 1980
Wallaby

Vombatus ursinus Wombat 1 2 12 NMR Hirayama 2016

Trichosurus vulpecula Brushtail 1 pooled 21 NMR, Urashima 2014
Possum MALDI-

MS
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Marsupials (continued)
Phascolarctos cinereus Koala 6 pooled 10 NMR Urashima 2013
Dasyurus maculatus Tiger 1 pooled 13 NMR, Urashima 2016
Quoll MALDI-
MS
Dasyurus viverrinus Eastern unknown pooled 12 NMR Urashima 2015
Quoll
Monotremes
Ornithorhynchus anatinus Platypus 12 pooled 10 NMR, Urashima 2015
MAILDI-
MS
Ornithorhynchus anatinus Platypus unknown unknown 8 Enzymatic  Amano 1985
Ornithorhynchus anatinus Platypus 2 1 1 NMR Jenkins 1984
Ornithorhynchus anatinus Platypus 12 12 6 Enzymatic  Messer 1983
Ornithorhynchus anatinus Platypus 1 1 2 Enzymatic = Messer 1973
Tachyglossus aculeatus Echidna unknown unknown 1 NMR Jenkins 1984
Tachyglossus aculeatus Echidna unknown unknown 3 NMR, Kamerling 1982
GLC-MS
Tachyglossus aculeatus Echidna unknown unknown 2 Enzymatic = Messer 1974
Tachyglossus aculeatus Echidna 2 3 3 Enzymatic  Messer 1973
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CONCLUSIONS

The preceding chapters have delineated strategies for sourcing, isolating, and analyzing milk
oligosaccharides. This work contributes to the field’s knowledge of naturally occurring free milk
oligosaccharide profiles and concentrations as well as how they are impacted by an array of
inherent and external factors. In particular, the discovery of additional effects of parity on milk
oligosaccharide abundances and the novel demonstration of the impact of dietary fiber levels on
milk oligosaccharide yields in cows, and the challenge to the previously established link between
maternal secretor genotype and levels of a1,2-fucosylated oligosaccharides in human breast milk

are substantial new contributions to the field.

This dissertation also introduces and applies two recently developed methods for milk
oligosaccharide analysis, with focuses on either in-depth milk oligosaccharide profiling with
improved detection of large, low-abundance compounds and multiplexed samples for greater
throughput in the tandem mass tag-labeled nano-chip liquid chromatography quadrupole time-of-
flight tandem mass spectrometry (nano-chip LC Q-ToF MS) method (Durham et al., 2022;
Robinson et al., 2018) applied in Chapter 111, or accurate milk oligosaccharide quantification
with minimized sample preparation to eliminate the loss of milk oligosaccharides prior to
analysis in the “dilute-and-shoot” high-performance anion-exchange chromatography with
pulsed amperometric detection (HPAEC-PAD) method (Durham et al, 2021; Tan et al., 2015)
applied in Chapter I1. These techniques for milk oligosaccharide analysis will both be
particularly useful for future milk oligosaccharide research, depending on the analytical priorities

of forthcoming studies.
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In addition, the meta-analysis of all milk oligosaccharide profiling research from the past 5
decades accomplishes a cumulative review of milk oligosaccharide literature that has never
before been undertaken and which reveals several previously unnoted phylogenetic trends in
oligosaccharide profiles that provide insight into the evolutionary development of milk
oligosaccharide synthesis. In addition, this analysis highlights gaps in the existing milk
oligosaccharide profiling literature and underscores the importance of viewing milk

oligosaccharide data in the greater context of the field.

Although the preceding chapters have addressed separate strategies for improving
oligosaccharide recovery in a milk oligosaccharide isolate, their true application almost certainly
lies in a combined approach. Achieving a milk oligosaccharide functional ingredient that most
closely mirrors the human milk oligosaccharide target will likely require the combined efforts of
optimizing husbandry practices (including but not limited to dietary modifications to naturally
increase oligosaccharide concentrations in milk), as well as employing alternative, non-bovine

dairy sources, and utilizing concentrated dairy streams.

CURRENT LIMITATIONS

The milk oligosaccharide data referenced herein originates across a timespan of over 50 years.
Sample extraction practices and analytical technologies have evolved substantially over this
period and rudimentary methods of analysis like paper chromatography, thin layer
chromatography, subtractive derivations from spectrophotometrically determined total
carbohydrate content and liquid chromatography approaches without sufficient chromatographic

separation of oligosaccharides have been eclipsed by modern techniques with greater precision
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and accuracy. Despite this, much of our knowledge of milk oligosaccharides produced in species
beyond humans and cows hinges on single analyses that are decades old, and the occurrence of
updated, more in-depth studies continue to be limited by the ongoing need for standardized
techniques that allow for routine, cost-effective identification of milk oligosaccharides with full
compositional and linkage information. In addition, data on the concentrations of milk
oligosaccharides from non-human mammals is sorely needed to assess potential alternative
sources of milk oligosaccharides for isolation. While the milks of domesticated, routinely milked
species like goats and camels identified in Chapter IV appear promising based on their
oligosaccharide profiles, little is known about the concentrations or ratios of these compounds or

how they vary with lactation time, feeding, or herd management systems.

In viewing milk oligosaccharides from a more evolutionary or basic research-oriented
perspective additional knowledge gaps in the field warrant future research attention. The
influence of the timing and strategies employed for milk collection and storage on the
composition and oligosaccharide profiles of the milk, including the effect of oxytocin
administration, diurnal variation, the health of nursing offspring, milk collection post-mortem,
multiple freeze-thaw cycles, and prolonged milk sample storage warrant investigation, and future

studies would benefit from documenting such methodological details.

FUTURE DIRECTIONS
Moving forward, the field of milk oligosaccharide research as a whole will benefit from

additional research in several key areas.
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First, the continued optimization of membrane filtration and demineralization techniques for
milk oligosaccharide isolation, particularly as they apply to non-traditional dairy streams, like
delactosed permeate, and non-bovine milk sources will be imperative for the successful
commercial-scale application of the research discussed in the preceding chapters. Without these
techniques, the large-scale production of milk oligosaccharide isolates for applications as

nutraceuticals and supplements for infant formulas will be severely hindered.

As evidenced by the high degree of variation in delactosed permeate composition between
batches and production sites in Chapter IV, investigation into the factors driving compositional
variation in concentrated dairy streams will also be an important step toward product
standardization and, consequently, the development of appropriate isolation protocols. Key
considerations will be in assessing the impact of different cheese-making processes (i.e.
mozzarella versus Hispanic-style cheeses) on the composition of the resulting whey and
determining the effects of different ultrafiltration parameters on ultrafiltration permeate
compositions, because the ultrafiltration permeates from milk and cheese whey become the

starting materials from which concentrated dairy streams like delactosed permeates are produced.

In addition, development of a method for the enzymatic modification of existing
oligosaccharides through the addition of fucose would help boost the bioactive potential of less-
decorated milk oligosaccharide isolates. A small-scale in-vitro study of externally fucosylated
bovine milk oligosaccharides demonstrated increased prebiotic activity of the newly fucosylated
oligosaccharides compared to their unmodified precursors. (Weinborn et al., 2020) ldentifying a

large-scale source of fucose and developing a method for applying this technique at commercial
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scale could allow for the fucosylation of less-bioactive milk oligosaccharide streams, like those
originating form bovine milk, to increase their structural similarity to human milk

oligosaccharides and create a milk oligosaccharide isolate with improved bioactivity.

Finally, further investigation into the milk oligosaccharide profiles and concentrations of
mammalian species milked for human consumption outside of North America and Western
Europe are needed to identify better sources of milk oligosaccharides for isolation. Based on
current research, camels and some breeds of goats appear to have milk oligosaccharide profiles
with promising similarities to human milk oligosaccharides, (Shi et al., 2021; Lu et al., 2020;
Remoroza et al., 2020; Albrecht et al., 2014; Alhaj et al., 2013; Meyrand et al., 2013; Fukuda et
al., 2010) but additional research will be needed to confirm these findings and look into the milk
oligosaccharide profiles of other camelid species, including llamas and alpacas. Investigations of
how these milk oligosaccharide profiles are impacted by lactational and environmental factors,
including lactation time point, parity, diet, and herd management style will also been needed to

fully understand the potential of milks from these species as oligosaccharide sources.

Through the combination of strategic sourcing of non-bovine and non-traditional milk and dairy
streams as well as applying techniques to increase milk oligosaccharide concentrations and their
resemblance to human milk oligosaccharide profiles, this milk oligosaccharide profiling,
isolation, and bioactivity research can enable the creation of an extremely beneficial value-added
product from existing dairy waste streams, in the form of a human-like milk oligosaccharide

isolate with applications in infant formula and nutraceuticals.
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Peptide
WREPYLGPYRGRFPRIN
YWOEPVLGPYRGPFFI
YOERVYLGPYRGRFRI
EPYLGPYRGPFPIN
QEPVLGPYRGPFRIN
LLvQERYLGPYRGPFFINY
KMLPWPO
VAPFPEVFGKEK
ACPTDASAGFIR
YOERVLGPYRGRFP

DAAGGPGAPADPGRPT
EPVLGPYRGRFRI
TWOUTSTAY
LPOEWVLMENLLR
APFPEVFGRER
GLPOEVYLMEMLLR
SSSEESITRIM
TPYWWPPFLOPEVM(+15.33)
OTIAQAASTTTISDAVSH
PULGPYRGPFRINY
TIRSGEPTSTRTTE
FWAPFPEWFGRER
EVIESPPEINTYOVTSTAY
ESRNPDEEGLFTWR

AAGGPGAPADPGRPT
GLPOEWLMEMLL
GPIVLNPWOG
SSROPOSOMPELPL
MPPLTCTPY
SLAYPFRGRIPN
SOMPELPLSIL
APFPEVFGHE
ILMKPEDETHLEACPTDASAGFIR
LWwPFPGPIPN
DASAGFIRML
EELMVPGEIVESL
LPOEWVLMENLLRF
WAPFPEWVFGH
FWAPFPEVF GR
GLPOEVLMENLLRF
DACQSAPLRWY
ILNKFPECETHLE
AQPTDASAQF
VEOHIAEGSWAVR
WVAPFPEVFG
AQPTOASAGFIRMNL
VAPFPEVFGRE
DOLISKECIVIR

TEMIFY YRy
SOIPMPIGSENSE
VLPVYROKAYPYPO
GLPOEWLMEML
WPFPGRIFN
SONPELPL
SHAFEVWET
SSEESITRIM
FWAPFPEVFG
HOGLPOEYLMENLLR
WOMESTEWFTE
APFPEVFGRERY
ILMKPEDETHLEAQPTOASAGFIRML
WPPFLOPEYM(+15.33)
SOMPELFLS
WRMPGLENMPN
ILMKFEDETHL
ERVLGPYRGFFF
MAYPITPTLM
SOSKVLPYPOR
GPYRGPFRINY
WVOWTSTAY
TEMIFYWYRYL
EVLMNENMLLRF
TWOM+15. 93)ESTEVF T
SYLSLSOS
APFPEVFG

-10lg Mass

a4
GE.6
66.6
657
Gd.6
G616

&0
53.3

53
56.3

46.5
46.5
467
46.6
46,5
46.5
46.4
46.4
48,3
462
46.1
45.3
45.5
45.5
457

185801
1667.9
&
1588.3
1
2106.2
77343
1346.7
13037
1554.8

1405.7
14839
0443
1436.8
12477
14338
12216
1567.8
17783
1453.3
1330.6

g6z 42

Length ppm miz
v 4.2 34104
15 -4.5 83496
16 =14 89315
15 28 TI5.45
16 16 85351
13 0.7 10541
T 31 39075
12 8.1 443932
12 -2.6 43556
1d =32 Tradz
16 -2.9 T03.84
14 -32 74594
3 -06 3055
12 -01 718
il 06 41653
13 -33 Td47.92
il a 1.8
14 39 To4.93
13 -2.2  §30.4%
1d =33 73095
14 -15 B36.33
13 6.4 43534
13 12 1007
14 33 55027
15 -13 B46.32
12 35 BE3.ET
12 -1.7 68335
14 46 527.29
10 -5.9 10736
12 -2.2 EB50.85
il -28 GB0S.36
3 46 43627
24 2T 631G
il 29 BO7.34
10 -39 5678
13 -T2 TIEE
13 -6.2 528.96
10 13 5458
il 36 61334
14 -14 82145
10 -15 560.29
12 27 473592
10 -0 1035.%
13 0.6 46125
3 -25 9625
14 -24  TBG.4
il -6.6 61032
il 81 4386
3 4.5 38023
13 -43 67381
13 3 TiEdz
il B3 B1333
10 -2.5 55073
3 -5.1 44576
3 6.2 33385
10 17 56823
10 03 1036
15 27 587.32
il 04 64331
12 16 44932
26 4.1 73835
10 21 58651
3 -28 43225
il -35 EB50.37
il 23 43849
12 5.1 63286
10 47 5203
il 9.4 40425
1 39 SVE3%
3 =TT G04.44
10 03 41792
10 5.9 EBZ38%
12 =14 V0183
3 -8.7 G20.44
3 -0 86343

RT

44.2

3
426
432
431
45,4
176
273
13.6
335

2.4
4.8
6.7
30.6

25
338

1
338
2.6
43.2
4.7
341
3
233

o

1.3
36.5
325
20.3

27
36.8
5.8
8.6

251
35.8
28.4
3/
33.3

3
375

4.7
20.4

6.2

&

5.2
35.7
30.8

1Ny

251
227

221
25.7

e

32

218

5.5

4.5

4.8
304
224
28.7
324
30.5

13.4
30.5

7.2

32
24.3

151

T

5.3
237
8.3

15
20.6
332

Area Accession
5.43E+05 PO2E666ICASE_BOVIN
4.15E+0d4 POZEEEICASE_BOVIM
T.03E+04 POZE666|CASE_BOVIM
1.97E+05 POZEEE|ICASE_BOVIN
4 67E+04 PO2EAEEICASE_BOVIN
Z.GBE+03 POZEGEEICASE_BOVIN
1.23E+04 POZEEE|ICASE_BOVIN
142E+05 POZE6Z|ICASAT_BOVI
4. 39E+04 PEMSSIGLCMI_BOWI
1.04E+05 POZEEE|CASE_BOVIM
PE1265PIGR_BOVIN:
2.72E+04 PE1265-
3.24E+04 POZEEEICASE_BOVIM
2.B0E+05 POZ2665|CASK_BOVIM
4. 02E+03 PO2EG6ZICASAT_BOVI
T.3E+0d POZEEZ|ICASAT_BOVI
3.35E+04 POZGG6Z|CASAT_BOVI
2ATE+0d4 POZEEE|ICASE_BOVIM
1.05E+04 POZEEE|ICASE_BOVIN
5.37E+03 PE00ESIPERL_BOWIN
§.54E+03 POZE666|CASE_BOVIM
8.43E+03 PO2665ICASK_BOVIN
5.79E+04 POZEEZICASAT_BOWVI
ZE1E+0d PO2GETICASK_BOVIM
113E+04 P13532|BT1A1T_BOVIN
PE1265PIGR_BOMIN:
1 7IE+0d PE12ES-
146E+05 POZEEZ|CASATL_BOVI
3.73E+03 PO2E63ICASAZ_BOWVI
1.30E+05 PEOTSSIGLCMLEOVI
T.13E+0d4 POZEEEICASE_BOVIM
8.73E+03 POZ666|CASE_BOVIM
J.41E+0d PEOTSSIGLCMTEOWI
1.0ZE+05 POZEEZ|ICASA1T_BOVI
4.04E+04 PS35I GLCMI_BOW
1.0SE+04 POZEEE|ICASE_BOVIN
1.54E+04 PEOTSSIGLCMTEOVI
1.32E+0d POZEEE|CASE_BOVIN
1OE+0d POZEEZ|CASA_BOVI
2.50E+05 PO2E6G6ZICASAT_BOVI
17TE+DS POZEEZ|ICASAT_BOVI
3.8TE+04 POZEEZICASAT_BOVI
8.38E+03 POZ754|LACE_BOVIN
6.45E+05 PSOISIGLCMI_BOWI
1.38E+05 PE0SSIGLCMTEDWI
140E+0d P153532|BT1ATBOVIN
6.51E+0d4 POZE6Z|CASAT_BOVI
1.04E+04 PEOTSSIGLCMTEOVI
ZE65E+04 PO2EEZICASAT_BOWVI
2.22E+04 PE0135|GLCMI_BON
3.83E+03 PO2E63ICASAZ_BOWVI
163E+0d POZEEZ|ICASAT_BOVI
3.63E+04 POZEGEEICASE_BOVIN
2.25E+04 POZ2662Z|CASAT_BOVI
6.83E+03 PO2G666ICASE_BOVIN
1ME+0S PEM3SGLCMTEOYI
4.54E+04 PE0135|GLCMI_BONI
G.0ME+03 POZEEE|ICASE_BOVIN
1EE+14 POZEEZICASAT_BOWVI
0 POZEEZICASAT_BOVI
8.47E+03 POZ663|CASAZ_BOWI
6.23E+04 PO2E662ICASAT_BOVI
3.34E+04 PSISIGLCMI_BOWI
1.21E+05 POZEE6|CASE_BOVIM
213E+04 PEOTSSIGLCMLBOVI
2.53E+04 PO2EGZICASAT_BOVI
2. TE+05 PEMISIGLCMI_BOWI
T.53E+04 POZE66|CASE_BOVIM
6.34E+03 PO2E63CASAZ_BOWVI
2.45E+04 PO2E666ICASE_BOVIN
3.3TE+05 POZEEEICASE_BOVIM
8.60E+03 POZ2665|CASK_BOVIM
2. 3E+03 POZEE3|ICASAZ_BOWI
3.08E+04 PO2EEZICASAT_BOWVI
1.38E+0d POZEE3|CASAZ_BOWI
1.28E+04 POZEEE|ICASE_BOVIN
213E+04 POZEEZ|ICASAT_BOVI

Table Al.1. Peptide sequences identified in delactosed permeate from production plant 1, batch
A (Chapter 1V)

PTH

Okidation (M)

Oidation (M)

Oidation (M)



Peptide -10lg Mass Length ppm miz RT Area Accession PTM
AZVOREWwaASFZ_BO

APFPRPPPPP 45,7 5ES.4T 3 -39 43374 15 1LOE+Dd IN:Q3ZLPZ|RADL_BOWI
QEPYLGPYRGPFRI 45,6 16179 15 3.7 803.37 416 B.00E+03 POZGEEICASE_BOWIM
VWYPRFLOPEVMI+12.93) 45,6 12707 1 0 §36.34 33.4 3.55E+04 POZEGEICASE_BOMIN Owidation (M)
HOIGLPOEWL 455 10185 3 3.2 5078 232 3.03E+04 POZEEZICASATL_BEOVI
GLPOEWYLMEN 45.4 1.6 10 -0.8 S556.75 234 154E+0d4 POZEGZICASATBOVI
LNKPEDETHLE 451 13236 m 10 44222 138 105E+05 PSOESIGLCMLBON
LIWTRTMESGL 451  TI0Z.6 10 =37 55233 27.5 G.66E+03 PO2TS4ILACE_BOVIN
SLAWPFPGRIPMNSLPG 45 1r2d4.3 16 18 86347 333 113E+0d4 POZEEEICASE_BOWIN
POZEEIICASAZ_BOVY] Phosphorylation
WOMES[+73. 97 TEVFTE 45 1364.6 1 E.E B8323 227 8.31E+03 M [STY)
HIGKEDWPSERYL 4d.5 16125 13 26 935.62 15.7 1.23E+03 PO2G6z|CASAT_BOVI
VAPFPEVFGRERY 44,7 14455 13 0.4 45234 31 S0E+04 PO2EEZ[CASAT_BOVI
PEVIESPPEINTWVONTSTAY 44,7 21031 20 -2.6 10556 323 Z.8BE+03 POZEGSICASK_BOWIN
LFYPOEAVFYPO 446 13358 12 -0.4 EBE8.83 236 2 B0E+04 POZEGEICASE_BOWIN
SOMPRLPLSILE 4d.6 13365 12 -S54 dd6.61 236 T.63E+03 PS013SIGLCMLBOM
TOTPWYPRFLAPEVMI+1S.93) 44.5 17369 16 16 83345 40 B.55E+0d4 POZEEEICASE_BOWIN Cwsidation (M)
VPOLENWPNSAEERLH 44.5 1830 16 -0.7 E11 28 S.65SE+03 POZEEZ|CASATL_BOVI
GLOGKMAGT 44.3  TEE.6 1 -3 534.32 315 1.23E+03 POZ7Sd|LACE_BOWIM
AzWOKEWASFZ_BON
PPFFPPFPFPP 441 53143 3 14 44675 156 5.24E+04 IN:ASPELTILETSZ_EO
FPEVFGKER 441 10736 3 3.7 36087 213 9.24E+03 POZEEZ|CASATL_EBOVI
ILMKPEDETHLEAQIPTOASALF d4d 24532 22 -03 81873 233 141E+05 PS013S|GLCMLEON
WVIESPPEINTWC 439  1324.7 12 -0.1 66339 23.2 152E+04 POZEESICASK_BOWVIN
IESPPEIN 439 537.44 g -4.9 83545 7.5 11TE+03 POZEESICASK_BOWVIN
PE12E5IPIGR_BCWIM:
AAGGEPGAPADPGRPTSY 435 15107 17 -10.6 75636 15.6 S5.50E+03 P31265-
SROPQSOMNPELFL 437 1315 13 -26 438258 20 17EE+0Dd4 PSO3SIGLCM1LEBON
MNAVFITPTL 43,2 924.53 3 -6.5 92553 27.9 0 PO2EE3ICASAZ_BOWI
VPPFLGPEWM 431  TI55.6 10 -0.4 573.81 355 2.50E+04 POZEEEICASE_BOWVIN
Oridation [M];
POZEE3ICASAZ_BOVI Phosphorylation
WVOM+H1S IHES+ 7. ITITEVF TR 431 1350.6 1 37 63123 164 3.04E+04 M [STY]
LMKPECETHL 43 1134.6 10 33 399.21 144 EBISE+D4 PEOIIS|GLCMI_BOVI
SRMPDEEGLFTVR 43 1518.7 13 -13 S07.26 23 6.03E+03 P13S3Z|BT1AT_BOVIN
VPPFLOPEWVMI+12.33)5Y 43 13277 12 2.2 B64.85 34.5 1.05E+04 POZEEEICASE_BOWIMN Oridation (M)
FSHAFEVWET 425 1636 10 11 3688.87 212 1.33E+0d4 PSOISSIGLCMLBOWVI
FuYAPFPEVFGRERY 427 15329 1) 12 53136 363 4.77E+0d PO2EEZ|CASAT_BOVI
VAFPFPEVF 426 3904.47 i -3 7 90545 366 T.1SE+0d4 POZEGZICASATBOVI
SLSOSKMLPYPO 426 12817 12 -2.1 B4187 233 188E+04 POZEGEICASE_BOWVIN
A2WOKEwWASFZ_BON
IMN:ASPELTILETSZ_EO
WVIN:Q32LPZIRADI_EO
FPPFFFRFPF 426 T34.43 i) -5 73544 143 4.35E+04 VIN:QZKJES|GIPT_E
SOSKENLPYPD 425 10516 10 4.2 54182 131 S.40E+04 POZGEEICASE_BOWIN
HIGKEDWPSERY 425 W38T 12 1.8 500.92 133 B.93E+03 PO2EEZ|CASAT_BOVI
AASTTTISOAVSK 425 12506 13 -8.8 B2ZE6.32 155 0 PEO0ZS|IPERL_BOVIN
RELEELMN\PSEIVE 424 16245 1 21 81343 23.7 8.55E+0d POZEEEICASE_BOWIN
WVOMI+15. 3HESTEVFTE 423 13006 1 0.3 G513 165 174E+04 POZEESICASA:_BOM Oridation (M)
SEMLPVPO 42,2 56652 g -16 43427 156 3.50E+0d4 POZEEEICASE_BOWVIN
\W'SREGOQEQEGEEMAEYR 42 20253 17 0.4 EVE.31 155 18E+03 P13S3ZBT1AT_BOVIN
FuWAPFFEWVF 413 0515 3 19 52678 425 Z38E+0d POZEEZ|CASAT_EBOVI
MNaVFITPT 413 §1.d44 g -0.2 81245 7.4 3.93E+04 POZEE3ICASAZ_BOVI
FALPVPORAVPY PO 415  1562.9 1) -2 52138 231 1.04E+0d4 POZEEEICASE_BOWVIN
VIESFPEIN 415 93651 3 -0.8 93752 20 8.06E+04 POZEESICASK_BOWIN
HIQKEDWVPSER 418 13367 1 -5.3 44656 363 133E+02 POZEGZICASATBOVI
FWAPFFEVFGKE 414 13657 12 =15 B83.86 37.7 122E+04 POZEBZICASATBOVI
KEDOWPSERYL 414 12346 10 36 41255 15.4 2.04E+04 PO2G62|CASAT_BOVI
Ly QGPINVLNPWOGWER 414 13251 16 0.3 B42.63 34.2 145E+04 POZEEZ[CASAZ_BOWI
GLPOEWVLN 414  BE5.47 i -3.2 86347 225 Z1ZE+05 POZEGZICASATBOVI
PE1265IPIGR_BOWIN:
ALLOPSFFAKESVEDAAGGPGAPA 413 2335.5 30 4.5 T35.63 332 Z215E+04 P31265-
VLPYPOKAVPY PLOROMPICAF 413 23933 21 -7.5 TISTT 346 G.03E+03 POZEEEICASE_BOWVIN
RELEELMNVPGEIVESL 413 1524.9 16 0.5 931348 333 G.0ZE+13 POZEEE|CASE_EOWIM
A WOKEwWASFZ_BON
FPFAFFFFF 413 GE5.47 3 16 43374 15 4.T7GE+03 IN:AGQIRO0IZMNS2E_BO
MLHLPLPLLC 412 TS T 10 31 57336 423 1.21E+0d4 POZEEEICASE_BOWIN
Phosphorulation
S55(+73.97IEESITRIN 412 13016 m -0.5 EB5173 19.9 3.63E+03 POZEGEICASE_BOVIN (ST
ELEELMWPIGE 411 1275 10 16 5S64.76 24.5 2.63E+03 POZGEGICASE_BOWVIN
KHOGLPOEWLMEMLLRF 405 20341 N E.1 503.54 362 2E1E+03 PO2EEZ|CASATBOVI
SLSOLSKVLPYPLK 40,7 W039.5 13 4.1 47035 135 140E+04 POZEEEICASE_BOWIN
SPPRPPPPP 40,7 88146 3 0.7 44174 146 Z218E+03 ASPELTILZTSZ_BOWI
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Peptide
GvLEQLLR
WVAWPPFLGPEWVM

FPFRPFPFER
HOGLPOEWLMENLL
FLPY P AKPA
FUAFFPE

TRVIPWR

DM(+15. 99IESTEWFTK
FPEVFGK
LvGEPYLGPYRGFFRIY
OKTEIRTIN
SSROPOSONPKLPLSILK

WOM+15. 3IESTI+ T ITIEVFTH
SOSKVLPYPORAWPYPE
QEPVLGPWVRGFFP
CEPVLGPYRGRFRI

ARFPEVF

SOPNFIGSE
SCMPELFPLSILKER
SLPUMIPPLTOTPY

ALLOPSFFARK
TOWEMLHLPLPLLG
OHAEGSYAVR
WLGPWRGFFF
WLEGLLRL
LIVTCITM(+15. 931k 5L

TWOM+12. 3EST+ 7. I7IEVF T
MWPGENWESL

GLPOEYL
SLPOMIPPLTOTPWWAYPRFLGRPEYTY
WOKFPOY

SOPNPIGSENSER

GYLECILLALK

AAGGPGAPADPGRPTGYS
ROMPICAFLL

DOM(+15. 3TIFIDAF
LFYPYYAKPA
IGWNGEL
DKHPFAQTO
VEEPWL

DASAGFIR
GPURGPFP

GFFFI

IPPLTQTPY

BUPYPO
WVUWPPFLOPEVM(+1S.93)
TOTPYWWPPFLEPEYM
MENLLFF

ASADFIRNL
HAFEWWKT

MNUPGEIE
EMPFPKYPYERF
EWLMERLLR:
HOGLPGEYLN
TLTOWERL
TTLSSEAPTTO
PPAPPPPPP

OMFIGA

AGEICMEALLD
ELEELMNWPGEIVE

TWOM+12. 3ES(+ 7. ITITEVF TR
WLMEMLLRA
WRGPIVYLMNPWDOVER
EACIPTOASACIF

OMPICIAF

-10lg Mas=

40.3
40.3

337
337
33.6
335
33.4
33.4
33.4
33.3

33.3
33.2
33.2
331
331
331

3839
38.8
38.8
38.8
38.8
38.6
38.6

38.6
38.5
38.5
38.4
38.4
38.3
38.3
38.2
38.2

379
37.8
ITE
376
376
376
375
374
37.3
37.3
373
373
372
371

3T

3T
3T

3T
36.9
36.9
36.9
36.9

330,55
1254.7

355.54
16025
13287

505.4
374.53
12015
82243
13531
10235
20201

1380.6
1865
13518
1504.5
§05.4
1075
19339
1503.8

076
1600.9
1526
10357.6
1046.6

a6

4516
1055.5
T9d.42
2756.5
37247
4857

12517

1=a7T
12026
§36.37

1516

7714

1836
4735
306,46
825.45
74144
J64.56
673,34
1383.7
17809
304.45

1018.6

323.5
§95.43
YN
10558.6

1336
303.45

1345
865.47
673.31

1706
146587

4516
963.56
1512
163.5
§20.35

Length ppm miz
g 5.9 43623
il 0.9 EB25.3d
10 -3.7 435.23
1 -17 80243
il 5.8 EB5.35
T -3.7  &06.d41
g 4.9 32587
10 4.2 BOLTT
T 17 4122z
15 -3.2 937.53
3 -0.1 51573
15 -0.6 506.04
il 2.2 B9129
17 3.5 EBZ2.63
13 13 E96.53
1 -2.3 TH3.43
T -z2.4  806.d41
10 -31 514.75
14 136 3935
1) -0.5 T52.92
10 1 55481
i) 46 80145
il 61 38521
10 1 51381
i) 5.3 52d4.32
10 6.2 S60.33
12 -4.2  T4E
10 -2.5 10566
T 35 75543
25 48 91384
T Z 48725
1) 27 74386
10 74159
15 -4.2  T99.55
10 14 E02.33
T -0.86 837.33
10 -23 5313
T -4.7 TT2.42
10 258 59281
-] 0.4 74533
g 3.7 d45d.2d
i 04 41373
T -0.4 T42.45
3 -6.8 9G65.56
5] -0.4 B74.35
12 11 685.55
16 01 89145
T 4.7 45325
3 -4.5  50.25
i) 76 d4B5.TE
i) -0.6 ©556.44
12 34 74087
3 11 55031
10 -3.4  SET.S
g -3 90446
il 2.5 56325
3 -39 43374
5] 34 EB74.32
il -14  586.32
13 34 73535
12 -4.2  T4E
g -4.5 485.79
15 313 G605
il -0.3 58276
T -61 82135

RT Area

34
385

6.5
339
28.5
285

LI

121

24.7
45.4

13.5
27.6

6.3

33
376
3.2
22.8
26.3

321

3.2
432
13.6
28.5
375

211

175

Accession
4. 22E+03 POZEEZICASATBOVI
1.93E+04 POZEEEICASE_BOVIN
AZVOKE]WASFZ_BOV
1E1E+04 IN:ASPELTILETSZ_BO
126E+04 POZ2E6Z|CASATBOVI
1.86E+03 POZGES|CASK_BOWIN
3 T3E+Dd POZEEZICASATBOVI
335E+03 POZEE3ICASAZ_BOVI
3.B3E+03 POZEE3ICASAZ_BOVI
23E+04 POZEEZICASATBOVI
2.43E+03 POZEEE|ICASE_BOVIN
3 10E+04 POZGES|CASK_BOWIN
1.4dE+04 PSO1SS|GLCM_BOWVI

POZEEZICATAZ_BOVI
3.04E+04 1
Z.TAE+0d POZEEEICASE BOVIN
4. TE+03 POZEEEICASE_BOWIN
2. 23E+03 POZEEEICASE_BOVIN
203E+0d4 POZEEZ|CASATBOVI
S.4TEHDS POZEGZCASATBOV
SNE+DS PEOTISIGLCMI_BOVI
Z.00E+0d POZEEEICASE BOVIN

PE1ZESIPIGR_BOVIN:
187E+03 PE12E5-
4. TZEHOS POZEEE|CASE_BOVIN
2.03E+03 PISE32IBT1A_BOVIN
FEZEH0S POZGEEICASE_BOVIN
2. 34E+03 POZEEZ|CASATBOMI
Z.7ZE+0d POZTS4|LACE_BOWVIN

POZEEZICATAZ_BOVI
1.EBE+04 [
156E+05 POZERE|ICASE_BOVIN
313E+05 POZEEZ|CASAT_BONYI
150E+04 POZEEE|CASE_BOWIN
B.O3E+0S POZEE3ICASAZ_BOVI
1.56E+04 POZEEZ|CASAT_BOI
1.05E+03 POZEEZ|ICASAT_BOI

PE12E5IPIGR_BONVIN:
Z.TRE+03 PE12E5-
T.9TE+IS POZEEEICASE_BOVIN
T.96E+03 POZGEE|CASE_BOVIN
180E+04 POZEES|CASK_BOWIN
10ZE+03 POZEEZ|CASAT_BOWI
G BTE+0S POZEEEICASE BOVIN
3.E3E+0d POZEEEICASE BOVIN
3.03E+0d PEM3SIGLEM_EOW
3.5dE+0d POZEEER|CASE_BOVIN
T.BIE+03 POZEEE|CASE_BOWIN
4. FE+04 POZEEE|CASE_BOWIN
T.43E+03 POZEEEICASE_BOVIN
Z.2TE+03 POZEEEICASE_BOWIN
1.25E+04 POZEEE|ICASE _BOVIN
1.82E+05 POZEEZICASAT_BOI
3.35E+03 PEM3SIGLEMI_EOW
J.0GE+03 PE0ESIGLEMI_EOW
&.06E+0d POZEEE|CASE_BOVIN
143E+04 POZEEE|CASE_BOWIN
4 EE+04 POZEEZ|CASAT_BONYI
Z.95E+0d POZEEZCASAT BOVI
118E+04 POZEEEICASE_BOWIN
Z.B0E+03 PE00Z5|PERL_BOMVIN
1E+04 AZVDKEWASFZ_BOW
5.04E+03 POZEEEICASE_BOVIN

PE12E5| PIGR_BOVIN:
166E+04 PE1265-
156E+04 POZEEE|CASE_BOWIN

POZEEZICATAZ_BOVI
1.EBE+04 [
B.3TE+03 POZEEZ CASATBOVI
1I6E+04 POZEESICASAZ_BOWI
B.32E+04 PE013S|IGLCMI_EOW
6.0E+03 POZEEE|CASE_BOVIN

PTH

O=idation (1]

Cridation (M];
Phospharylation
[STv]

Oidaticn (M)
O=idation [M];
Phospharylation
[STv]

Oridation (M)

Oridation (M)

Oidaticn (M)

O=idation [M];
Phospharylation
[STv]



Peptide
FPEVFGKE
PWERFTESD

SLSOSKYLPVPLKAVFYPO

FPKYPYERF

WSREGLELEGEEM+15. 33]AEYR

MAIPPEENG
PFPEWVFGE
AFPFPEVFGKE
AVPITPT
GHLEALIMN
GOUWWEESLE
VLGPWRGFFFIW
SWLSLSOSK

WOMEST(+T9.9TIEVFTK
LPOEVLMERLL

STLVPLA
IHPFALITO
MOIFLPY Py kP,
GFYRGPFFI
OMPICIAFLL
SWLSLSO

SOPNPIGSEMSERTTM{+13. 331PL'

IFvWEYL
ASTTTISOAWSEK
MAIFPEEN

ALLOPSFFAKE
ENPMSAEERLH
GLPOEVLNE
WWPPFLCGIPE
RPEHPIKHOGLPOEYL
G+ LEGL
L\PFPGRIPMSLPG
TELTEEEKMNRAL
ROMPICIAF
AFEVWVET
EAGQFTOASACFIR
WPGEIWESL
EFVLGFWR
ARHPHPHLSF
LPErLKT
MEMLLRFF
KHOGLPOEWLM
AFPFPEV
FSOKIARY
WARFPE
KMPOLENPN
SLPOQMIPPLT
LPCHL

IPCIv

LPREWVL

IPGQEWL

WLPWVFO

HLFLFLLO

SPPENTYO
TOTPWWWRPFLOPE
WPOLENMPNSAEER
ALPOLE

MAIFPEENGD
EM+15. 33 PFPEYPYEPF

HOAGLPOEYLMN+ 35)ENLLR

ALMEIMNGF

MNIPPLTLTPYWYPPFLOPEVMI+12.2

WROLEMPN
ELMVPGEVESL
PWEFPF
HIQKEDWPSERYLG

ALLOPSFFAKES

S(+73.97IPEVIESPRPEINTWYONTSTA!

MLHLPLFL

-10lg Mass

36.8
36.8
36.5
36.5
36.4
36.4
36.3
36.3
36.3
36.2
36.1

36

36

359
359

35.8
35.8
35.7
35.7
3.7
35.6
35.6
35.5
35.5
39.5

35.5
35.5
35.4
35.4
382
351
351
351

35

35

35
34.3
3439
34.8
34.5
34.5
34.3
4.2
4.2
33.8
337
338
33.6
336

338
336
336
335
335
334
33.4
33.4
333
332

331

33
323
329
329
32.8
32.8

32.8

32.8
327

35147
10325
2065.2

1226
2041.9
1025.6
315.48

a6

537.4
378.56
1074.5
1362.8
347.53

1364.6
1280.7

533.42
340.48
1570.8
1051.6
1046.5
7324
223
322,53
173.6
§37.51

1236.6
1352.7
337.51
1024.6
18761
T21.36
16357.9
13538.7
976.48
73244
43527
341.51
§65.5
137.6
8615
1051.5
12617
558.33
370.51
658.33
1357
1078.6
G32.35
§32.35

537.4
537.4
5514
923.57
353.49
1550.8
1573.8
33143
140.6
1455.7

1753.9
347.47
2333
1007.6
1257.7

587.3
16E3.8

1323.7

22761
315.55

Length ppm miz
] 5.5 47E.TS
3 5.3 E517.25
13 4z 6334
3 45 5623
17 -14  E51.63
3 0.4 34286
i) 0.6 460.75
10 0.6 560.73
T -4.1 E35.41
3 =137 430.25
3 25 538.28
13 4.4 G52.43
3 =12 47477
il 6.6 65323
il 4.7  Bd41.36
T -5.3 TOo0.42
g 12 47125
13 13 7864
10 14 52682
3 -3 524.25
7 -135 7334
20 08  1MES
T -0.9 462.27
12 -13 53081
5] 8.2 30013
il 3 B19.33
12 -0.6 dB5.24
3 5.8 43377
3 -2.6 513.23
16 135 3V6.23
5] -z2.4  T22.37
15 0.5 §&13.85
il 0.9 454.25
i -5.3 483.25
T -0.6 337.23
13 -2.5  TIT.36
3 3T 4TLTE
i) 4 43376
10 7.5 J00.41
T -6 43175
i 17 5ZB.78
il 0.3 EB3185
-] -3 E59.34
g 6.5 324.51
5] 05 £53.34
10 5.1 565.84
10 7.5 54031
5 -3.2 B33.36
5 -3.2 B33.36
-] 27 B354
5] 27 B354
-] -1 6524
g 5 d4B5.5
3 T 43276
14 -3.3 TT6.42
14 -89 TI0.91
T -0.2 416,75
10 -3.3 352
12 -0.9 T4&.86
15 1 587.66
i) 3 47475
21 -0.6 TEG.E
3 -E.2 10D&.6
12 -4.4 E43.54
=1 -3.7 5883
14 3.2 55T.62
12 41 E62.85
21 -3.2 1133
i 35 453.73

301

RT Area

251
153
Z6.5
313
nT
ns3
313
292
1L
211
214
413
17.6

227
333

26.4
4.3
30.7
34.6
44.3
209
326
29.3
4.5

.4

34.6
1.6
2d.4
34
6.6
24.7
3z
13.5

25
L
202
278
7.3
°.7
202
361
16.2
24.9
5.8

26.4
286
2d.4
2d.4

227
227

355
26.2
201

329

309
24.7
45.3

28
383
202
175

34

-

323
334

10ZE+03
3.530E+03
4 B1E+03
113E+04
1.7IE+03
1.30E+04
5.63E+03
1.03E+04
4. 16E+03
3.65E+03

[=

2.32E+04
3.20E+03

8.531E+03
2.52E+04

3.96E+03
5.50E+03
2.91E+03
3.41E+04
2.90E+03

TTE+03
2.20E+04
3.TSE+03
1.24E+03
TATE+O4

5.23E+03
4.536E+03
G.31E+04
1.24E+04d
3.47E+03
T.OTE+0S
4. 51E+03
T.OTE+03
6.98E+03
5.94E+03
4.05E+03
Z2.2TE+03
1.06E+04
1.7E+03
4. 38E+03
2.05E+04
3.68E+04
8.15E+03
147E+03
2.58E+04
3.T2E+04
B.12E+03
2.53E+03
2.53E+03

T.EEE+03
T.EEE+03
2.17E+04
3.24E+03

=

1.03E+04
2.38E+03
3.50E+04
1.34E+04
2.03E+04

G.65E+03
3.05E+03
1.30E+04
5.15E+04d
1.20E+03
S.44E+03
Z.45E+03

4.5TE+03

4 4E+03
2.38E+03

Accession
PO2E6ZICASAT_BOVI
PO2EEEICASE_BOVIMN
PO2E666] CASE_BOVIMN
POZ2666]CASE_BOVIMN
P18832IET1IAT_BOVIN
POZEES|CASK_BOWIN
PO2662|CASAT_BOVI
PO2EEZICASAT_BOVI
PO2EE3ICASAZ_BOWVI
CATTRAILYST_BOVIMN
Pa00Z5IPERL_BOMIN
PO2EEEICASE_BOVIN
POZEEE|CASE_BOWIN
PO2663|CASAZ_BOWVI
M
PO2EEZICASAT_BONVI
PE1265|PIGR_BOMIN:
Pa1265-
PO2EEEICASE_BOVIN
POZEES| CASK_BOWIN
PO2E666] CASE_BOVIMN
PO2EEEICASE_BOVIN
POZEEE|CASE_BOWIN
PO2662|CASAT_BOVI
PO26631CASAZ_BOWVI
PE00ZSIPERL_EBOWIN
POZEES| CASK_BOWIN
PE1265|PIGR_BOMIN:
PE1265-
POZEEZ|ICASAT_BOV
PO2662|CASAT_BOVI
PO2EEEI CASE_BOWIMN
PO2EEZICASAT_BOVI
PO2662|CASAT_BOVI
PO2E666] CASE_BOVIMN
PO2EE3ICASAZ_BOWVI
POZEEE|CASE_BOWIM
Pa0135|GLEMLBOWI
PE013SIGLEML_BOVI
PO2EEEICASE_BOVIMN
PO2E666] CASE_BOVIMN
POZE68]CASK_BOVIN
PO2EE3ICASAZ_BOWVI
POZEEZ|CASAT_BOV|
PO2662|CASAT_BOVI
PO2EEZICASAT_BOVI
POZEES CASK_BOWIN
PO2662|CASAT_BOVI
PO2662ICASAT_BOVI
PO2EEEICASE_BOVIN
POZEE3|ICASAZ_BOV

POZEEZICASAT_BOMI
MECIATTR A L ST_BOW

POZEEEICASE_BOVIN
POZEEBICASE_BOVIN
POZEES] CASK_BOVIN
PO2EE6| CASE_BOVIN
POZEEZICASAT_BOVI
POZEE3ICASAZ_BOV|
POZEES] CASK_BOVIN
POZEEEICASE_BOVIN
POZEEZICASAT_BOMI
&l

PO2EE3 CASAZ_BOVI
POZEEBICASE_BOVIN
POZEEZICASAT_BOV|
PO2EE6| CASE_BOVIN
POZEEEICASE_BOVIN
POZEEZICASAT_BOVI
PE1ZE5] PIGR_BOVIN:
PE1265-

POZEES] CASK_BOVIN
PO2EE6 CASE_BOVIN

PTH

Clsidation (M)

Phosphorylation
[ST¥)

Ciridation (M)

Ozidation (M)
Deamidation

MO

Clsidation (M)

Phaspharulation
[5T]



Peptide

PFPGRIPTH
TWOMESTEMFTH
OkIHPFaLTES
AVESTWATL
SEVLPVPOKAVFYPO
LPCYLE

OMi+15. 33IPICAFLL
IGWNGELAY
OWPSERYL
RPKHPIFHOGLPOEYLN

ALLOPSF

Mi+15. 39)PFPEYPWYERF
WRFFL

MPFPEYPWVERF

MI+15.33)ES(+ T3 97FITEVFTE
SSROPCISOMNPELPLS
HOGLPLEVYLMEMLLRF

TWOMES(+73.37ITEVFTE
LEGLLRLE
AM+15. 33K PWICIPE
ALPOYLET

DOLIS+73.57IKEQIVIR
MNAYPITFTLMRE
SEESITRIN

LPOEVLN

IERFQS+73.97IEEQD
IPICH

LPLOY

IPLEH

ENTWEETIEY

S(+T3.37ISSEESITRIN

PGRPTGYSESSKAL
AYPYPLRDMPICA

ALLOPSFFAKESYED
IHRPFAQTOSL

LPLSILKEK
SPPEINTWLMTSTAY

WIFYWRNL
RPKHPIKHCOGLPLEWLMENLLRF
EIPTINTIAS

WPCILEWPNSI+T9.9TIAEER
LW PFPGRIPNSLPGQMNIFPLT
LECILLRL

WLMEMNLL

FWEPFTESQSL

CFLPYPYY AKPA
TESOQSLTL

OWPSERYLGYL

ALPCHL

LHLFLPLLO
HEEMPFPEYPYEPFTESO
IHPFAQTOIS

LPOEYLMEML
FYAPFPEVFGRERNWN
GLPOEY

WIESPREIM(+. 35]

EMLLRFF

OWVEMLHLPLPLLO

AFFPE

MYPGENES

EVLMEMLL
SSRCIPLISCLMPELPLSILKER

-10lg Mass

32T
326
326
325
325
325
324
323
322
32.2

321
321
321

32

32

32

33
33
38
3.8

T
3T
3T
T

T
316
316
6
6

35
35

315
314
3

305

302
301
30

1000.5
1385.6
12706
553.48
1650
TE0.45
0525
0055
37748
13301

TE1d
13667
57134
1350.7

TE6.S
16ES.9
1306

14ES.6
1016
3.6
332,53

3927
13237
047.5
G144

13d44.6
532,35
G32.35
§32.35
12238

1301.6

13767
1454.7

16ES.9
T40.6
0337
15418
10216
27625
0a7.6

B59.8
22752
553.55

513,96

2328

1456.7
87744

1307
T03.33
o427
2130
0275
TE7.6
1706.3
G134

3375
35375
1433.58
553.26
342,47
3425
22773

Length ppm miz
3 2 Toon.a
1 0.6 59383
1 31 42455
3 6.4 44575
15 17 55093
G 22 323
3 24 10836
3 0.5 10085
g 5 483.75
17 5.9 49554
T -T3 0 TEZd
il 3T ESd.3d
5 -25 57254
1 0.6 E76.34
3 16 554.24
15 -5 5563
=] -2.7 B36.34
12 4.7 Ta3se
g -2.3 33822
3 13 372
g =21 48T.ET
1 5 46526
12 -101 BEZ.EE
3 -4.6 52477
T -3 81245
o -4.2 B73Z23
5 -12 63336
5 -12 63336
3 -2 §33.36
o -T.6  Blz.Gz
1 -17  B5178
1d 21 45391
13 -153.d4 T4EET
15 4 556.3
10 -2 573
3 -0.1  347.56
15 -07 7T
g -3z 5MA
23 8.7 55352
o -28 52373
1d T3z 554.25
21 34 TEETY
T 0.7 44275
T -3.1 81447
1 148 §ir.3
12 -B.&  T23.37
g -0.1 87545
1 -0.5 B56.33
G 18 35T
3 0 52234
15 4.6 7303
3 06 51476
10 -5.3 55451
15 33 96338
G -6.5 64234
3 35 43376
T 6.8 d4E63.75
13 -3 Ta093
5 -0.8 SB0.27
3 -03 47224
g 05 34351
20 6.4 d456.47

RT

23.8
233
.7

21
237
1.3
333
233

Z
153

]

30.4
324
30
36

.7
154
336

23
241
B2
221

281
222
1.5
6.8

126
211
211
211
BT

159

3.5
24

331
223
251
26.4
326
322
26.8

26.4

45
313
26.3
Z6.5
307
0.5
316
26.2
432
235
4.8
20T
4.3
1r.a

211
3
437
161
11
Z8.6
2d4.8

[=x]

Area Accession
4.33E+03 POZEGEE|ICASE_BOVIN
4. 13E+03 POZE63CASAZ_BOVI
3.36E+03 POZEGE|CASE_BOWVIN
T.33E+03 POZEBSICASK_BOWIN
T.77E+03 POZEBEICASE_BOWIN
1.5TE+04 POZEE3CASAZ_BOVI
T.03E+03 POZEGGICASE_BOWVIN
1.50E+04 POZEEZ|CASAT_BOVI
3. 78E+04 POZEEZ|ICASAT_BOVI
5.53E+04 PO2EEZICASAT_BOVI
PE1Z6SIPIGR_BCWIN:
4.54E+03 PE1265-
1.1dE+04 POZEEEICASE_BOVIM
0 POZEEEICASE_BOWIM
1.30E+04 POZE6E|CASE_BOWIN

POZEE3ICASAZ_BOVI
313E+03 N
3.33E+03 P05 GLCMTBOMI
1.93E+03 POZEEZICASAT_BOVI
POZEE3ICASAZ_BOVI
144E+03 I
13E+03 PO2EEZICASATBOVI
3.8ZE+03 POZEE3ICASAZ_BOWI
B.53E+03 POZGE3ICASAZ_BOVI
Fa0TasIGLCM_BOVI
2. T3E+0d 1
4 BZE+03 POZEE3ICASAZ_BOVI
1.36E+03 POZBER|CASE_BOWIN
Z2.98E+03 POZEEZICASATBOVI

312E+03 POZEEE|ICASE_BOWIN
T.05E+03 POZEEZICASK_BOWIN
T.0SE+05
T.05E+03
Z.TEE+03 PEOTSSIGLCMLBOV

4 BEE+03 POZEREICASE_BOWIN
PE1265|PIGR_BOMIN:
§.68E+03 PE1Z65-
2.15E+03 POZEEEICASE_BOWIN
PE12ES|PIGR_BOVIN:
5.84E+03 PE1265-
4. B4E+03 POZGEEICASE_BOWIN
4. 2TE+D2 PEOTISIGLCMLEOV
1.07E+04 POZEESICASK_BOWIN
Z.0BE+03 POZBE3ICASAZ_BOVI
3.E5E+03 POZEEZICASATBOVI
Z.88E+03 POZGE3ICASK_BOVIN
FPOZEEZICASAT_BOVI
1.36E+03 M
3.B3E+03 POZGEEICASE_BOVIN
4. 594E+03 POZEEZICASATBOVI
2. T4E+03 POZEEZICASATBOVI
§.52E+03 POZGEGICASE_BOVIN
1.70E+03 POZEESICASK_BOWIN
4. 34E+03 POZGEEICASE_BOWVIN
Z.BEE+D3 POZEEZICASATBOVI
T.92E+03 POZEE3ICASAZ_BOVI
4.03E+0d POZGEGICASE_BOVIN
2. TIE+03 POZEEEICASE_BOWIN
3.30E+03 POZEREICASE_BOWIN
Z.24E+03 POZEEZICASATBOVI
4. 4E+03 POZEEZICASAT_BOVI
§.3TE+D3 POZGEZICASATBOVI

2. 3ZE+03 POZERZICASK_BOWIN
1.85E+03 POZGEZ|CASAT_BCWI
2. 92E+03 POZGEGICASE_BOVIN
2.54E+03 POZEEZICASATBOVI
4. 40E+D3 POZEEEICASE_BOVIN
4. 33E+0d POZERZICASATBOWI
3. FIEHD3 PEMAS|IGLEMI_BOM

PTH

Owidation (M)

O-idation (M)

Owidation (M);
Phosphomlation
[ST+]

Phosphorulation
ST+
Oridation (M)

Phosphorulation
[ST+]

Phosphorulation
[ST+]

Phosphomlation
[ST+]

Phosphorulation
[ST+]

Deamidation

[Ly1[e)]



Peptide
EOVPSERYL
IMMOFLFY P AP A

M+ 331AWPITPT

HOGLPO+ IFEVLMENLLRA
FPEVF

TENMIFY

SEMLPYROR

IWTOTMEGL

HEEMI(+15. 33)PFPENYPVYERF
ILMEFEDETHLEATPT
IMTYOVTSTAY

ROM(+15. 35)PICIAFLL
LENMTWEETIKY
SPEVIESPPENTWONTSTAY

LWSTLVFLA
FWPOLENVPRNSAEER

VSTLMPLA

KTEIPTIN

EESL
SOIPMPIGSENSERTTMPLY
LIVTOTME
DWVENLHLFLPL
MMNCGFLFY P Ak A
VAPFP
SSRUPLSOMNPELPLSIL
SWLSL

SWLSI

SVISL

SWISI
EPVLGPYRGRFRI
WFYPORDMPIQA
KHOGLPOEWVLMENLL
GLOIGKWA
SLPCMNPPL

LPLSILE

LPLSLLE

VLPWPGE
KEPTMI+15 331G WHGEL

WLEGL
FPEVFGRERY
ILFEDWPSERYL
GvLEGLL

TWOMESTI+79.37IEVFTH
LGPVRGFFPIN
KEEVPPPFF
LENWPN
WRFPGPIPNSLPG
WVPSERYL

FFPPYI

FRPPYL

LPLSIL

IFISLL

LPLSLL

LPISIL

LPLSI

IPLSI

IPLSLL

WSTLMPL
IPICH"L
VRGFFPIN
PFPLFPY
TEDELQOKIHPF
FALPO
ELEEL
EIEEL

EIEEI

ELEEI
KAMPPLPA

-10lg Mass

30
30

30

30

30
289
£33
233
28.8
238
Z28.8
29.8
287
287

287
287

287
287
235
294
283
283
283
283
282
231
231
231
231
231
231
283
289
283
283
283
Z8.8
288

288
Z8.7
287
287

287
Z8.6
285
Z8.5
284
284
284
2.4
283
283
28.3
283
283
28.3
283

283
283
283
282
282
8.2
281
281
281
281
281

T06.5
1rava

312,43

1733.3
B37.31
§15.49
334.62
353.56
1760.9
15333

MN36

1215.6
1336.7

2136.1

INET
17079

73543
314.51
555,36
2215
332.54
1258.7
1654.5
52929
1832
51731
31731
51731
51731
T376.5
14137
1730.9
gdz.43
377.55
TH2.53
T82.53
77343
12726

GEd. 34
a6
4755
§34.45

1465.6
1263.5
358.52
653.33
1524.5
86245
51537
515,37
65d.43
554.45
55d4.43
65d.43
554.45
55d4.43
B54.435

TZ7.45
G44.51
336.61
51537
14707
37431
631.31
63131
63131
631.31
T20.45

Length ppm miz
3 -5 554.27
15 0.2 5393.96
g -56 51343
15 14 SET.EE
S -2.6 63832
7 -3.8 410.25
3 -2 7 33259
3 -15 43573
14 4 5A7.36
16 5.3 B12.32
1 -5.3 5B6.81
10 -2.2  B10.33
il 2.8 44655
21 2 TF33.05
3 -E.5 45673
15 8.6 57032
g -4.2 73343
8 -2.5 458.26
5 -T.9 B89.37
20 -3.4 1085
8 -3.2 4B7.27
il 13 E30.36
14 -7 84342
5 06 5303
17 -19 G363
5 -E5 518.32
2 -6.5 51332
S -B.5 5158.32
5 -6.5 518.32
13 TS5 EB53.d41
12 -6.3 TFO7.56
15 22 57743
g 4.6 42225
3 3.8 48373
7 -5.2 33227
7 -5.2 33227
7 3.2 390.75
1 -84 B37.32
5 -15 66535
0 248 33383
12 3.2 492.93
7 136 415.24
12 137 73382
12 -3.5 £32.83
3 3.6 4395.27
53 -3.7 B84.33
14 36 7634
7 3 43224
B 3 B13.33
G 3 61333
5 -11 E55.44
5} -11 EB55.44
5 -11 E55.44
5 -11 E55.44
5} -11 EB55.44
5 -11 E55.44
53 -11 E55.44
7 -T1 T25.45
7 06 42326
3 .2 43332
5 8.5 E613.39
12 Ta 43125
3 .8 575.33
S 0.3 E32.32
5 0.3 E32.32
S 0.3 B32.32
S 0.3 E32.32
7 -6 72145

RT Area Accession

208
32

185

0.3
307

24
1.7
205
261
178
217
353

13
323

33.5
zd.4

283
5.9
213

36.4
176
416

305

211

335

25.2

5.2

252

5.2

TR

237
314

20.2

306

2687

287

151

223

21
231
204
34.5

303
341
36.3

25.4
5.4
15.4
15.4
154
15.4
341

5.33E+03 POZEEZICASAT BOVI
2 0BE+03 POZEES|CASK_BOWIN
POZEEZICASAZ_BOWY|
T0E+03 M
POZEEZ|CASAT_BOVI
3.TOE+03 M
A.0E+03 POZEEZ|ICASAT BOVI
1HE+TS PORGEZICASAZ_BOWI
1.35E+03 POZGEEICASE_BOWIN
JTE+03 POZTSdILACE BN
155E+04 POZGGE|CASE_BOVIN
5.43E+0d | PEISSIGLCML_BOVI
3.3TE+03 POZEES|CASK_BOWIN
115E+04 PORGES|CASE_BCWIN
4. 13E+03 PE0T3S|GLCMLBOWI
B.TME+03 POZGERES|CASK_BOWIN
PE1265|FIGR_BOWIN:
1.35E+03 PE1265-
2 03E+03 POZEEZ|CASAT_BOVI
FE1ZE5IFIGR_BOWIN:
5.55E+03 PE1265-
1E1E+04 POZGESCASK_BOWIN
4.53E+03 POZEEEICASE_BOVIN
4. 05E+03 POZEEZ|CASAT_BOVI
150E+03 POZTS|LACE_BOMVIN
1.58E+03 POZEEEICASE_BOWIN
2. TOE+03 POZEES|CASK_BOWIN
0 POZEGZ|CASAT_BOW
4. S0E+0d P0T3S|GLCM_BOVI
144E+03 POZBREICASE_BOVIN
144E+03
144E+03
144E+03
0 POZEEEICASE_BOWIN
Z.0dE+03 POZEEE|ICASE_BOWIN
123E+04 POZEGZ|CASATBOMI
3.49E+03 POZTSHLACE_BOMIN
4. 7TE+03 POZEEE|ICASE_BOWIN
14E+TE PEOES|GLCMI_EOWI
114E+T3
3.50E+0Z2 POZEEE|CASE_BOWIN
G.20E+03 POZEEZ|CASAT_BOVI
POZEEZ|ICASAT BOVI
2. 33E+03 M:PEIG3S|ISTATI_BO
T.G9E+03 POZEEZICASAT_BOMI
3. 14E+03 POZEEZ|ICASATBOVI
5. TIE+03 POZGGZ|CASAT_BOW
POZEE3ICASAZ_BOMI
0N
2 B5E+03 POZEEE|ICASE_BOWIN
1.61E+0d QIEKJESIGIPT_BOWIN
3.32E+03 POZEEZ|CASAT_BOVI
4. 23E+03 POZEEE|CASE_BOWIN
1.36E+04 POZEEZ|ICASAT BOVI
167E+04 QIS3ELPZ|RA0_BOWVIM
167E+04
5.01E+03 PE013S|GLCMLBOWI
5.01E+03
S.01E+03
5.01E+03
5.01E+03
5.01E+03
5.01E+03
PE1265|FIGR_BOWIN:
4. TEE+03 PE1265-
2 B2E+03 POZEES|CASK_BOWVIN
3.73E+03 POZEEE|CASE_BOWIN
3.4TE+03 ABCIROOIZMSZE_BON
145E+04 POZGGE|CASE_BOVIN
1ETE+04 POZEE3ICASAZ_BOMI
5.17E+0d POZEEEICASE_BOWIN
S.17E+04
S.17E+04
5.17E+04
122E+04 FIMUGZ|CEP41_BOWI

PTH

Deamidation
(MG
Deamidation
[ME

Ciridation (M)

Ciridation (M)

Ciridation (M)

Phosphorylation
5T



Peptide

KTTLSS(+T3.9TIEAPTTO

ALRTR

28

28

ALLOPSFFAKESYHKDAAGGRGARPS 27.3

EVIESPPEIMNTWYO
AAGHEI

AAGHRL
FyAPFPEVFGKERMWMEL
SWLSLS

RGFFPIY

LIS+ 73. 37 IKEQIVIR

TLVPLA
ROMPIGA

T CIEKPYAL
EVLMEML

TLRAT
TIPAT
TAACK

MES(+73.97ITEVFTE
RELEELMNWPGE
HLPLFLLOS
EMLLRF
KEDVPSERYLG
TPFPGRIPMNSLPO

WEDAAGGPGAPSOPGRPT
GTiw'SL

LTEEERMRLMFLE
EOHIAEGSWAVR

Gv'SGESSKALVSTLYPLA
[EKFRS+7I.97IEEQEG
LPOQMNIFFLTATPY
KHOGLPGEWL

ALPCH
AlPCH

TRPGA
IVPMSAEERLH

HCPYL

ISKIF

278
278

27.8
27.8
277
277

217

27.6
27.6
27.6
275

275
275
274

274
27.4
27.3
212
212
271

271

27
27

27
27
26.5
26.5

6.7
6.7

26.6
Z6.6

Z6.6

26.6

-10lg Mass

13426

514.25

24302
14557
456.239

486,23

1343
604,34
§37.54

27T

61236
F29.41

105.6
g23.42

S01.25
501.25
432,24

1150.5
12583.6
1016.6
TI0.43
12316
25T

E32.5
TZ25.34
16323

12816

16453
WrEE
1416.5
147.6

530.31
530.31

S00.27
1263.7

o626

B05.37

12

25
13

= - W

o

11l

il

13

15

13
12

17

Length ppm miz

-0.5 67231

15 5153

0 8105
-8.7 TLTET
184 45731

164 48731
7.8 B50.63
-12.4 60534
3.3 44975

0.5 42631

-1 61333
0.5 4157
-23 9953
-2.4 83043

5.1 50223
31 50223
-13 49324

B.E6 576.24
-3.1 Bd2.82
-0.8 50831

1 396.23
45 43156
-0.4  TI13ET

3 54528
-T.1 T26.34
-0.1 403.23
-0.8 42622

4.4 52547
-4.1 3732
5.4 70941
24 35355

-39 5913
-35 591

138 50123
21 42223

07 5683

03 3042

304

RT

28.4

34.3
24.7
26.2

26.2
38.6
214
3.4

2d.4

25.6
15.2
19.5

20.9

251
251
13.7

1r.4
22.8
341
274
16.3
34.6

123
28.2

22
1d.4

36.2
12.8
2

20.7

16.5
16.5

24.3
14.5

215

23.6

Area Accession
5.88E+03 PE0025|PEFL_BOVIN
Q05327 SMTO_BOWIN:
P4283ECET_BOVIM:
QSE07ZIATLAT_BOVI
M:EZIRKOIENSTd_BO
Z2.00E+0d WIN: QSIS THZ_BOW
PE1265|PIGR_BOWIN:
1.04E+04 PE12E65-
2. 22E+03 POZEES| CASK_BOWVIN
5.18E+03 O8WMSSPTEP1_BOWI
M:Q35vEIMEDd_BO
VIMN:QE3TOBZ[PSMOG_
BOVIN:ETBTWw S| LUEP4
Z_BOWIN:PTIZ3NATS
Z_BOVIN: A5QMOEISC
AP_BONVIMN: GZKISEICP
5.18E+03 O71_BOWIN
5.51E+03 POZEEZICASAT_EOW
0 PO2EG66|CASE_BOVIN
2. TTFE+03 POZ2E6G|CASE_BOWVIN
PE0135|GLCMI_BOW
oM
PE1265IPIGR_BOVIN:
3.17E+03 PE12E5-
2. TTE+035 POZEEE|CASE_BOWVIN
2.02E+03 POZ2E6S|CASKE_BOWVIN
1.67E+03 PO2GEZ|ICASAT_BOWV
O133964] S+ MI_BOWIMN
(HIGK LA TRAMI_EON
I EATATZIMTUSL_ED
4. 30E+03 WIN:Q3ZPHOI TPPCA_
4. 30E+03 Q5J3BIGTRIZ_BOWVIN
1.43E+03 POSTEIMPRLECVIMN
POZEE3ICASAZ_BOVI
Z43E+03 W
T.TEE+05 POZEEEICASE_BOWVIN
1.68E+03 POZGEE|ICASE_BOVIM
1.74E+05 POZEEZICASAT_BOWV
3.35E+02 POZEEZ| CASAT_BOM
5.85E+03 PO2E66|CASE_BOWVIN
PE1265|PIGR_BOWIMN:
3.TBE+03 PE12E5-
3.42E+05 POZ75d4|LACE_BOVIN
4.55E+05 POZEESICASAZ_BOVI
Z.3E+03 P1S532IBT1ATBOVIN
PE1265|PIGR_BOWIN:
4. 0E+03 PE1265-

3.14E+03 PO2EBERICASE_BOWIN
3. T3E+03 POZEEEICASE_BOVIN
T.BEE+05 POZEGZICASAT_BOVI
3.93E+03 POZEESCASAZ_BOWI
3.93E+03
FZLSI TMCSE_BOWIN:
52505 ACPM_BOVIN
:PSEI65|00AHT_BOWI
M:ATWLSIINSYLBO
VIN:O0ZTSNCFOPZ_E
OWIN: QZKISTRENEP_
BOVIN: QI3ZBABI DB
0 _BOwvIM
134E+03 PO266Z|CASATBOVI
QI3MHJTIEEPDT_BOVI
§.45E+03 M:Q2T3W1SME20_B0
PEZ285|ASPM_BOWIN
(QOPSEGISMTATBOWI
M:P4EE1E ACADY_BO
5.56E+03 MIN:ABOPE3ICOHAT

PTM
Phozpharylation
[STY)

Phozpharylation
[STY)

Phozpharylation
[STY)

Phozpharylation
[STY)



Peptide -10lg Mass Length ppm miz RT Area Accession PTM
BAIFETIGNPAT_BOWI

LSKIF 26.6 BOB.37 5 0.9 3042 236 5.56E+03 M:POZESTIMEP_BOVI
P4SE1TIEPC_BOWVIN.C)
LSKLF ZE.6  BO6.3T 5 03 3042 236 S5.56E+03 SEJZSIEIF3H_BOVIN
ISKLF ZE.E  BOB.3T 5 0.3 3042 236 S5.56E+03 ASOTESIXPOZ_BOVIN
HKEMPFPE:PWYEPF ZE.E 17443 14 -0.3 58263 30.3 T.3VE+03 POZEEEICASE_BOWIN
TIASGEPTSTPT ZE.E  TBOE 12 1 58129 133 3.47E+03 POZEES|ICASK_BOWIM
HFHPHLSF 26.6 370,48 g 42 3245 193 106E+03 PO266SICASK_BOMIN
PO26EZ|CASAT_BOVI Phosphorylation
VPOLENPMS[+ 73, 97IAEERLH 266 13039 15 0.3 E37.ES 283 T41E+D3 N [STv]
KaVPYPEROMPIGHRF 265 17539 = -2 S8T.64 289 2.06E+03 POZEGE|ICASE_BOWIN
EELNVPISEIVE 265 12266 1 25 B3 271 3.87VE+03 POZEGE|CASE_BOWIN
YEVPELENPRMSAEERLH 265 21211 13 -1 53123 234 204E+03 PO2EEZ|CASAT_BOVI

P23T03|NOUSE_BOWI
M:ATA4MA| TATDS_BO

GRPSWY 265 514.23 5 15 5153 254 Z00E+04 WIN

YOEPVLGPVR 265 TISE6 10 -84 5TA32 22 3.28E+03 POZEEEICASE_BOWIN
PE1Z265I PIGR_BOWIN:

ALVMSTLVPLA 26.5 33261 10 -41 43231 36.8 148E+03 PE1265-

SSEESISQETY 265 13716 12 35 BB6.E1 223 121E+03 POZEE3ICASAZ_BOV

POZEEZICASATBOVI

POEWL 264 584.32 E -4.3 SE0.3Z 256 3TIE+03 N:OATTK4LYST_BOW

PLEW 264 584.32 =] -4.3 58532 256 3TIE+03

IQEEDVPSERY 264 13627 n -3.5 45523 W.3 Z26E+03 POZ2E6Z|CASAT_BOVI

ROM+15. 33)PICIAFL 264 1056 3 -01 553.79 29.8 260E+03 PO2EEEICASE_BOMIN Oxidation (M)
PHOKK 264 B36.37 5 -17 637353 463 5.TIE+03 O550ES|ITEG_BOVIN

EPGMNLAG 263 B56.31 7 -2.8 B5T.32 163 4.7SE+03 QEIMHYEINUBRZ_BOW

m/z = mass to charge ratio; RT = retention time; PTM = post-translational modification
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Table Al.2. Peptide sequences identified in delactosed permeate from production plant 1, batch
B (Chapter V)

Peptide -10igP Mass Length ppm miz RT Area Accession PTHM
YWREPYLGPYRGRFPIY T3.52 1880.06 17 0 5410353 4d4.02 5.20E+05 POZEEEICASE_BOVIN
PULGPYRGPFRIY E3.16 1453.59 1) 11 T30.9562 42,35 9.86E+03 PO2GEEICASE_BOVIN
CEPYLGPYRGPFRIN E2.03 17168.93 16 16 8935076 4273 3.25E+04 POZEGEICASE_BOVIN
YHEPVLGPYRGRFRI E0.23 178093 16 -7 8914976 4233 6.63E+04 PO2GEEICASE_BOWIN
HOGLPLEVLMENLLR 5556 1758.94 15 34 SET.323T 3082 2.18E+0d POZEEZICASAT_BOVIN
KALPWVPD 5772 77949 T 2.3 3307947 1057 T.5TE+03 POZEEE|CASE_BOWIN
LLYREPVLGPYRGRFPIV SE.E1 2108.22 18 -34 1094191 46.31 2 TIE+0d4 POZEGEICASE_BOVIN
GLPCEVLMEMLLR 54,97 43382 13 4.3 747923 3363 T.S1E+04 POZEEZICASAT_BOVIN
YHEPYLGPYRGRPFPI 5466 166T.3 15 0.3 §34.962  35.84 4.65E+04 POZEGEICASE_BOWVIN
FWAPFPEVFGREK 5d.22 145379 13 4.2 4359416  33.95 T.93E+04 POZEEZICASAT_BOWIN
LPOEVLMEMLLRF 53.32 1583.87 13 7 5289683  39.02 127E+04 POZEGZICASAT_BOMIN
LYOERVLGPYRGRFRIN 53.26 135314 B\ -25 337578 4528 2. TOE+03 POZEGEICASE_BOVIN
VLPWVPOKAVFYPO 5276 1434.82 13 25 7184231 2547 2.35E+04 POZEEE|CASE_BOWIM
Pa1265-
Z|RIGR_BEOVMIN:PE12E5]
DAAGGPGAPADPGRPT 5275 140566 16 08 7038334 1248 164E+04 PIGR_BOVIM
Pa1265-
Z|RIGR_BEOVMIN:PE12E5]
AAGGPGAPADPGRPT 5242 125063 15 11 6463253 1.53 6.45E+03 PIGR_BOVIN
WSREGLEGEGEEMAEYR 52.38 2025.87 17 8.7 6763052  15.43 1.50E+03 P13332IBTIALBOVIN
ILMKPEDETHLEACGIPTOASADFIR S22 272236 24 3.2 EBB16045 24.96 3.73E+04 PEOIESIGLEMLEOWVIN
WVAPFPEWVFIGK 5206 1053.59 10 -11 9458013 3132 2.0BE+05 POZEEZ|ICASATBOVIN
ACPTOASACFIR 5137 130385 12 4.1 435,561 19.43 35.33E+04 PSEO1IS|GLCMI_EOVIN
ACPTDASAQF 5133 1034.47 0 -05 10354763 16.03 1.48E+05 PEO19SIGLCMLEOWIN
QEPYLGPVRGPFRI 5081 E1T.32 15 2.5 803.974 4126 1.41E+04 POZEGEICASE_BOVIN
SLW'PFPGRIPM S0.65 1259.69 12 -4.1  EB50.8433 3671 7.97E+03 PO2GEEICASE_BOVIN
SOSEMLPVPLK S0E1T 120371 il 2.7 404.2457 15,11 7.91E+03 POZEEEICASE_BOVIN
EPVLGPWRGPFRI 50.53 1453.57 1) 21 7459441 4155 Z.83E+04 POZEEEICASE_BOVIN
FWAPFPEWVFGK 5015 123665 il 0.5  B13.3367 37.3 140E+05 POZEEZICASATBOVIM
EPVLGPVRGRFRIY 5014 15858.95 15 -0.1 7I5.47ES 43 125E+05 PO2EEEICASE_BOVIN
APFPEVFGK 4375 330517 3 08 4362673 2545 5.TIE+0d POZEEZ|CASAT_BOMIN
SOMPELPLSIL 43,72 120871 il 15 6053666 3553 7.34E+04 PS013S|GLCMLEOVIN
SSROPLSCENPELPL 45,43 1573.85 1 B.5 527235 2027 8.16E+04 PA013SIGLEMLBOVIN
WVIESFPEIM 4346 336513 3 57  937517S 13.33 5.53E+04 POZEES|CASK_BOWIM
ILMEPEDETHL 4342 130767 il 4 436.30M 17.2 1.83E+05 PS0135|GLCM_EOWVIM
WVIESFPEINTYO) 47.82 1324.63 12 -15  B63.3521 231 122E+04 PO2GE3ICASK_BOMIN
SSEESITRIM 4774 1134.55 10 0.3 5682551 14.31 3.7IE+03 POZEEE|CASE_BOWIM
SCMNPELPLS 47.73 352545 3 -T2 4322777 13.3 3.70E+03 PEO13S|GLCM_EBOWVIM
PPPFPFPFPFPP 47.4 831485 3  -55 4467483 15.6 4. 28E+04 AZVOKE|'\WASFZ_BOVI
HOGLPOEVLMENLLRF 47.34  1306.01 16 -36 B36.3386 380.46 6.33E+03 POZEGZ|CASAT_BOMIN
OLISKEQIVIR 46,33 131277 1 2.3 4386002 2503 1.55E+04 PS0IESIGLEMLEOWVIN
GLPCEVLMEMLLRF 46,7 1540.83 1) -31 9479702 414 5. 7IE+04 POZEEZICASATBOVIM
APFPEVFG 46,69 862.423 g 37 BE3.4357 33.02 1.7IE+04 POZEEZICASAT_BOWIN
YHEPVLGPYRGPFP 46,52 1554.82 1) 24 784213 33.536 5.50E+0d POZEEE|CASE_BOWIM
EACQIPTOASARF 46,46 116351 il -1 1B4.5133  16.95 5.36E+04 PSO13S|GLCMI_EOVIN
DASALFIRML 46,22 1133.58 o -54  SET.TIVS 28.3 153E+04 PS013SIGLCMLEOWIN
SHAFEWVWET 4553 1016.55 3 -33  509.2718 15.74 Z.84E+04 PSO1IS|GLCMI_EOVIN
EVLMEMLLRF 45,55 124567 0 -38 6238425 3512 2.58E+04 POZEEZICASAT_BOVIN
TWOMTSTAY 45,53 3044587 3 -36 9054335 1675 1.TOE+0S POZEES|CASK_BOWIM
SSSEESITRIM 45.43 122155 il 0 118011 15.06 1.0BE+04 POZEGEEICASE_BOWIN
ILMKFPEDETHLE 4526 1436.71 12 28 4733151 16.23 4.60E+0S PSO13S|GLCMI_EOVIN
EPVLGPWRGRFRP 4523 12637 12 65 6328622 31582 163E+04 POZEEE|CASE_BOWIM
LPWVPOKAVFYPO 451 1335.76 2 -T4d 668.882  23.44 1TOE+04 POZEGEICASE_BOVIN
VPOLEWPM 45.04 100757 3 -02 10085755 27.36 3.T4E+04 POZEEZ|CASATEBOVIN
FWAPFREVFG 44,35 1108.56 0 -47 1035643 4165 3.84E+03 POZEGZ|CASAT_BOMIN
FWAPFPEVFGKE 44 86 13657 12 -5 65838524 37.6 B.72E+03 POZEGZICASATBOVIM
FPEVFGK 44 65 822.428 T 33 422238 24.62 148E+04 POZEGZ|CASAT_BOMIN
VAPFPEVFG 44,55 561431 3 -28 59624336 35.6 5.63E+04 POZEGZICASATBOVIM
VLGRYRGFFPIY 44 55 1362.54 13 -23 B824268 4155 187E+04 POZEGEICASE_BOVIN
MEMLLRFF 4d.54 105155 8 -2d4 5267802  37.31 Z1TE+04 POZEEZ|CASATBOVIN
WVPPFLOPEWVM+12.33) 44,27 117153 10 5.5 586.6033 3035 §.63E+0d4 POZEEEICASE_BOVIN  Owxidation (M)
MYPGENME 4d. 22 §55.434 g 2.7 B56.ddE1  15.53 3.77E+0d POZEEE|ICASE_BOWIM
SOMPELPLSILE 4,22 1336581 12 3.6 4466156 2916 2.25E+03 PEO1ESIGLCMLEOWVIN
VOMESTEWVFTE 44,14 1254.59 il 1 B43.3053 2226 §.24E+03 POZEE3ICASAZ_BOVIN
OAQSAPLRVY 44,05  1118.57 0 -43  560.2324 2033 B.23E+03 POZTS4ILACE_BEOVIN
VOWTSTAY 44 503433 g5 -2z G04.447 15,3 8.3E+03 PO2GESICASK_BOMIN
ACPTOASACQFIRML 4393 153078 1) 33 512703 3074 11E+04 PSO19S|GLCMI_EOVIN
SOMPELPL 4377 895513 g 33 4487663 2171 5.28E+04 PEOT1ISIGLEMLEOWVIN
SROPCQSOMPELPL 4365 143182 13 -15 438,25 201 7.24E+03 PE013S|GLCM1T_EOWVIM
TWOM+15. 99IESTEMFTE 436 140163 12 39 7018283 15.03 1.07E+04 POZEE3IICASAZ_BOVIN Owxidation (M)
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Peptide

ARGGPGARPADPGRPTGYS
SWLSLSOS

FyAPFPEVF

LIMTOTMEIGL
SANPOEEGLFTVYR
MIFPLTOTRY

ARFRPRPRP
KHEGLPOEULMENLLRF
PUEPFTESESL
HOGLPEEYLHENLL
APFPEVFGKEK
WWPFRGFIPH
VHWPOLENPN
MAVPITRTL

Y OGPIVLNPWOGYKR
VAFFREVF
LPOEWLMENLL
GLPOEVLMENLL
SOEKVLPYPD
ILMKPEDETHLEAGPTOASAGFIRML
SKVLPVPO
YOEPYLGPVRA
WWPPFLOPEWMI+15.99)
MLHLPLFLLE
VAPFPEVFGREK
MPFEKYPWVEPF
RELEELNVPGEIVE
VPOLEWPNSAEERLH
LP P r KPR
ENTVKETIKY
APFPEVFGKE
HOGLPOEYL
MAVPITRT
VWPPFLOPEWM
AFEVWKT

OMPICIAF

FPEYPYERF
DASACQFIR
GPIVLMPWOOWK
VOMI+15. 3IESTEWFTK
OM(+15 SHIPIGAFLL
ESPNFOEEGLFTVR
GLPGEVLME
SLSQSKWLPYRD
QEPYLGPYRGPFR
PRPEFPPERP
VPPFLEPEUM
VPPFLEPEYM+15 3305y
TEMIFYYR

ARFPEVF

ASACFIRHL
PRAPFRPRP
TLTOVEML

GFFFIY
SOIPNPIGSENSE
APFPEVFCKERY
HIGKEDWPSERYL
GLPOEVLN

DM[+15. SHPIZAF
SPEVIESPPEINTWVONTSTAW

FPFPPFPR
SSROPOSONPKLPLSIL
SLSGESKWLPWYPGK
HOGLPOEWLH
KVPOLENPH
FUAPFPEVFGRERY

43,44
43.33
43.33
43.35
43.13
42,34

42,63
42 67
4266
42 66
42,37
42,36
4233
42,26
4222
4212
41.83
41.53
4143
41.44
4143
41.43
4133
41.36
41.3
41.07
40.78
40.73
40.73
40.53
40.55
40.15
40.12
40.08
40.03
33.61
3355
33.52
3347
3345
39.4
33.33
3326
3325
33.12
33.03
35.93
35893
35.68
35.8
3873
35.62
33.5
35.47
35.36
38.31
35825
38.14
3811
36N

35.06
35.03
3774
3768
37.64
37.64

-10IgP Mass

15597.75
13.434
1051.54
10z 64
1513.74

10756

g65.47
20541
1232.53
160254
1247.65
053,57
1235.72
324525
181.av
304463
1280.7
133772
1051.61
234348
d66.523
T56.62
127066
1567
1346, 72
135067
162453
162336
13161
122364
M3.56
1013.54
G11.444
1254 67
732,435
20,373
TZz.58
306,456
136475
1300.53
1062.54
1647.73
337.505
128173
1504, 54
986,538
1556
1327 68
374.591
H05.401
1013.56
g65.47
303455
To1dd3
1357.6
1346.72
612,52
068,465
36,374
2136.12

7344353
165205
1403.562
133.58
13566
1532.66

Length ppm

0.z
-2.8
3T
-2.4
3.2
-3.3

33
4
-4.5
=31
4.3
-2.2
=21
-5
-0.6
-3.3
0.7
17
12
3.3
2.6
-E.E
3.4
-0.8
31
0.8
-5.9
15
-2
-1.7
-4.1
1.8
-0.3
q.4
-1.3
3.8
5.3
31
-16.4
23
13
E.8
16
13
-0.4
-3.6
-1.7
13
-5
-2.7
-2.3
3.3
-E.8
-6.3
-0.6
25
g6
4.3
-1.2
-1.3

-15.9
14
2.4
Z2.4
-2
6.3

miz

T33.6542
G20.4414
1052.5524
552.3287
S07. 2581
10736055

433,745
509.5562
B17.3027
8024257
415.58354
550.733
5503637
325.53248
B0d. 3553
05,4761
Ed41. 3586
BE3.8701
5415163
T38.36833
4342711
STAE1TS
536,343
573.3571
4433173
G676, 3441
Sd2 6144
B10.3352
531.514
403.5873
560, TEEE
SI0.7FIE
124532
B28.3462
337227
21332
oBZ. 2335
454 2351
583.3703
651.3041
1063.5541
550.27d5
43597637
G41.5745
93,4234
4952762
575605
BEd. 8526
325.8701
B0E. 4057
10,2857
433,745
04,4553
Tdz.4471
5798053
443 3177
5386206
0969.4732
37,3625
1033.0675

TI5.4233
B31.6325
4703514
SET.8013
563.8376

931.3661

307

RT

1d.74
20.55

423
27.56
2287
26.62

1B
36.01
26.65
3375
24.33
i1
30.4
27.85
]
36.44
3375
36.74
13.05
3231
18.57
21.54
33.33
4202
278
35.78
23.42
27685
2291
5.6
28.91
23
17.35
38.4
17.63
23.03
332
16.32
3234
16.67
38.82
23.27
24.354
23.28
37.47
16.71
35.64
34.36
1.7
4.1
24.96
1]
23.98
378
2207
28.53
18.59
2235
22.23
3221

1.3
33.33
13.46
20.28
26.23
36.2

Accession
PE1265-
ZIFIGR_BOVIN:PE1Z65]
110E+03 RPIGR_BOVIN
3.43E+03 POZEEE|CASE_EOWVIN
Z45E+04 POZEEZICASATBOVIN
3.53E+03 POZ2T54|LACE_BEOWVIN
Z.80E+03 PI83SZIBETIAT_BOVIM
5.31E+0d POZEEE|CASE_BECOVIN
A2VOKE|WASF2_BOVI
B TEE+03 M:Q32LPZIRADLECV
2 NE+03 POZEEZ| CASAT_BOVIN
5. .31E+03 PO2666|CASE_BOWIN
1.530E+04 POZEEZ| CASAT_BOVIN
Z.B0E+04 PO2GE2| CASATBOVIN
5. TSE+03 POZEESICASE_BOVIN
1.94E+04 POZEGZ| CASAT_BOVIN
4.559E+03 POZEESICASAZ_BONVIN
5. 20E+03 POZBESICASAZ_BONWIN
5.36E+04 POZEEZ|CASATBOVIN
2.32E+04 POZBEZ| CASATBOVIN
10ZE+05 POZEGZ| CASAT_BOVIN
4. 35E+04 POZEESICASE_BOVIN
2.B2E+04 PEOMSSIGLEMLBOWIN
2. 03E+04 POZEESICASE_BOVIN
3.53E+03 POZEEE|CASE_EOWVIN
5.00E+04 POZGES|CASB_BOVIN
142E+04 POZEEE|CASE_BECOVIN
T.ME+04 POZESZ| CASAT_BOVIN
4. 21E+03 POZEEE|CASE_BECOVIN
3.9Z2E+03 POZEEE|CASE_BOWVIN
2.5TE+03 POZEEZICASATBOVIN
1.28E+04 POZEES| CASk_EBEOVIN
S.64E+03 PE013SIGLCMLBOVIN
5.59E+03 POZBEZ|CASATBOVIN
Z.29E+04 PO2GE2| CASATBOVIN
3ETE+04 POZEESICASAZ_BONVIN
1.24E+04 POZEEE|CASE_BEOVIN
5.34E+03 PE0TSIGLCMLEOWIN
5.31E+03 POZEEE|CASE_ECOVIN
2.86E+03 POZEEE|CASE_BOWVIN
2.53E+04 PE0T3SIGLCMLEOVIN
1. 27E+03 POZEE3| CASAZ_BOWVIN
117E+0d POZEE3ICASAZ_BOVIN
4 23E+03 POZEEE|CASE_EOWVIN
5. 74E+03 PISE3ZIETIALBOVIN
1.55E+04 POZEEZ| CASAT_BOVIN
3.5TE+03 POZEEG|CASE_BOWVIN
T.85E+03 POZEBESICASE_BOVIN
12TE+0d AZVWORE] W ASFZ_BOVI
2.35E+04 POZEES|CASE_BOVIN
3.53E+03 POZEEE|CASE_EOWVIN
1.35E+03 PO2EE3ICASAZ_BOVIN
2.55E+04 POZBEZ|CASATBOVIN
1. 73E+03 PEMIISGLCMI_BOWIN
B TEE+03 AZVWOKE|\WASFZ_BOVI
T.23E+03 POZEEG|CASE_BOWVIN
3.05E+03 POZEESICASE_BOVIN
5. 29E+03 POZBEZ|CASATBOVIN
16SE+0d POZEEZ| CASAT_BOVIN
5.45E+04 POZBEZ|CASATBOVIN
3.39E+04 PO2GEZ| CASATBOVIN
3.55E+03 POZEEEICASE_BOVIN
2. ME+03 POZEGE| CASk_BOVIN
AZNOREWASFZ_BOV
2.85E+04 MN:Q3z2LPZ|RADLBOV!
2.6ZE+04 PE013SIGLCMLEOWIN
Z.81E+03 POZEEE|CASE_ECVIN
2.55E+04 PO2GE2| CASATBOVIN
2.4353E+04 POZEEZ|CASATBOVIN
1.TE+04 POZEGZ|CASAT_BOVIM

Area

PTH

Cuidation (M)

Ouidaticon (M)
Oxidation [M]

Cridation [M]

Ouidaticon (M)



Peptide

PGRPTGYSGESSKAL
DTIACIAASTTTISOAWSE
GLPCEWLMEN
L\WWPFPGRIPN
TOTPYVWWPRFLOPEVM(+15.33]
GLPOEVL
AYPYPLROMPIZAF
QEPVLGPVRGPFP
MEMLLRF

TOEPYVL

RELEELMVPG

S+73.97IPEVIESPPENTVEVTSTA'
MNWYPGENMESL

GLDICIK WA,

KEDVPSERYL

MAIFFRERMNG

EVLNEMLLR

MAIPFERMN
ILMEPEOETHLEACFTOASALIF

STLWFLA
FYAPFPE
EPYLGPVRA
PWYEPFTESO
GYLEGLLR
OMPIGAFLL
MHCGPHCGPLPPT
TYDMESTEWVFTE
OMPICIA
OFFPOWLCY
*FFPGFIPN
LPCEVLI
LvRGPIMLNPWDOVER
AVPITPT
GPYRGPFPI
GPYRGPFF
ROMPICIAF
LPOEVLMEMNLLR
WLMEMLL
LNKPEDETHLE
LPCHL

IPCHI

AFFPEV
WVIESPPEINTY
EM(+15. 99)PFPEYPVERF
AYPYPO
SEYPSYGLN
RMPCILE

TYOMI+1S. SIEST(+ 73 ITIEVFTE

alLLOPSF
WAGET W SL

MI+15.33)ES(+ 3. STITEVFTE
WAPFPE

IHPFAQTISL

WTATMI+1S. 93KGLOIG
MAYPITPTLM

WLMEMNLLR

GLPCIEWLMENL
FSHAFEVWET

rLEGLLRL

wEVPOLENMPNSI+73, 9TIAEERLH
WVLPVPO

3753
37.53
3735
3726

37
36.93
36.53
36.57
36.56

36T
36,68

36.68
36.66
36.64
36,57
36,56
36.56
36.38
36.38

36,25
36,25
36.24
36.22
36.14
36,05
378
3575
35.57
35.24
3018
357
350
34,93
34.52

34.8

347
3462
34.53
34.55
34,46
34.46
3442
3442
34.33
3413
3413
33.98

33.83

33.78
F3.78

3377
33.63
33.68
3361
33.59
33.46
3341
33.38
33.36

33.3%
332

-10igP Mass

13767
1778.59
1111.55
121265
1736.34
54423
163151
1391.76
304.477
747,38
1154.53

Z2TE.05
1055.55
542 456
1234.62
1025.57

10595.6
837.51
245317

633,417
&05.407
G65.502
1032.45
330,55
1046.55
128163
1385.64
B73.351
1213.61
10005
a1l.4d4
1925.05
E37.407
1051.62
§25.45
7645
1436.8
13,46
1323.63
632,353
532.353
655,333
96,63
495,711
673544
1055.5
875.475

14516

TE1.3596
35,444

TI66. 46
G55.333
140,53
136172
1038.57
963,561
1224.64

TE5.6
1046.61

220109
651336

1
B
0
1
%

;
1
13

S

3
0

|
Lt
g
Lt
3
3
i
2

w00 W 00 = =

—
—y
=

—y
=l @ - W W m

==L

=l w m

Length ppm

-0.7
-6.6
23

-5.2
17

27
13
-11
5.7
2.1
z.4
3
B2
A

-1.3
-33

miz

453.91
H30.4432
556, TE55
BO7.3373

533,473
T55.4304
16,9121
B36.551
453.2473
T48.3853
78,3021

753,703
528, 7524
4222521
e, 5485
3426643
550.3083

300,151
15,7375

TO0.4216
S06.4104
433.7535
517.2435
436.2533
S2d.zadz
428.2133
£33.831
E74.3225
BO7.5146
10074377
12,4534
Bd2 6365
E35.4031
SZE6.51585
13,7332
433.2436
13,4123
14,4702
4z 22
£33.3533
533.3533
553.3334
593.3176
T48.8607
E74.3433
528, 7623
438, 7a44

418051

TEZ.3954
36,4556

S8d.23931
£53.541
5713043
51,6514
520.2955
435, 7304
E13. 3286
388.8775
D24.3132

5512804
BSZ.4027

308

RT

13.56
Z4.53
23.52
3070
39.63
25.54
365
3163
Z7.45
2152
2216

32,23
3104
2017
18.36

3.36
24.35

.36
Z3.56

£6.23
23.m
17.55
18.56
52
d4d. 51
14.51
23.22
17.55
Z6.5
23.58
18,81
33.93
15.96
5445
Z0.57
24.33
30.54
26,17
13.53
24.31
24.31
4.8
25,13
32.78
1441

176
20.96

17.43

3018
30.56

14.74
13.594
22,83
133
2417
2183
3113
21.05
3733

3013
18.97

Accession PTHM
Pa1265-
ZIPIGR_BOWIMN: PE12E5]
4 15E+03 PIGF_BOVIM
5.32E+03 PS0O0Z5|PERL_BOWIMN
3.0ZE+035 POZESZ|CASAT_BOVIN
3.66E+03 POZEEEICASE_BOVIN
Z.BIE+04 POZEEGICASE_BOVIM | Oxidation (M)
2 12E+05 POZEGZICASAT_BOVIN
134E+04 POZGEE|CASE_BOWVIN
5.45E+035 POZEGSEICASE_BOVIM
2.03E+05 POZESZ|CASAT_BOVIN
1.44E+04 POZEEE|ICASE_BOVIN
3.20E+03 POZEEGE|CASE_BOVIN

Area

Phosphorylation
120E+04 POZGES|ICASK_BOWVIN (ST
1.21E+05 POZEEE|ICASE_BOVIN
2. 25E+03 POZT54|LACE_BOVIN
G.862E+03 POZEEZ|ICASATBONIN
FTE+03 POZEESICASK_BOVIN
3.5TE+04 POZEEZICASAT_BOVIN
2.28E+04 POZEESICASK_BOVIN
1.34E+05 PEO13S|GLCMI_BOVIM

Pa1265-
ZIPIGR_BOWIM: PE1265]

5.00E+03 PIGF_BOMIN
2.04E+04 POZEEZ|CASAT BOVIN
6.30E+05 POZEEEICASE_BOVIN
8.41E+03 POZGEE|CASE_BOWIN
2. 20E+03 POZEEZICASATBOVIN
312E+03 POZEEG|CASE_BOVIN
3.02E+03 POZEEE|ICASE_BOVIN
B.1E+03 POZEE3CASAZ_BOVIM
4. TIE+035 POZEEEICASE_BOVIM
1E4E+03 POZGE3|CASAZ_BOVIM
S 10E+03 POZEEE|ICASE_BOVIN
J.00E+03 POZEEZICASATBOMIN
10ZE+04 POZGE3ICASAZ_BOVIM
4.50E+035 POZEESICASAZ_BOWIN
2.55E+04 POZESEICASE_BOVIM
130E+04 POZGEE|CASE_BOWIN
5. 7oE+03 POZEEEICASE_BOVIN
4. 8G6E+03 POZEEZICASATBOMIN
5.95E+03 POZEEZICASATEOVIN
4. B1E+04 PEO13S|IGLCMI_BOVIM
4.03E+035 POZEESICASAZ_BOWIN
4 03E+03
3.44E+035 POZEEZICASATBONIN
T.TOE+02 POZEESICASK_BOVIN
3.39E+03 POZEEE|ICASE_BOVIN  Owidation (M)
3.54E+035 POZEEEICASE_BOVIM
2.GZE+035 POZEGSSICASK_BOVIN

0 POZGEZ|CASAT_BOVIN

Oimidation (M);

Phospharylation
4 1ZE+03 POZBE3|CASAZ_BOVIN (ST

Pa12e5-
ZIPIGR_BOWIMN: PE1ZES]
4 03E+03 PIGF_BOMIN
T.OIE+03 POZTS4|LACE_BOVIN

Oiwidation (M);

Phosphorylation
114E+03 POZEEICASAZ_BOVIM [STY)
ZTZE+04 POZESZICASAT_BOVIN
4. 51E+03 POZEEE|ICASE_BOVIN
1.31E+03 POZTS4LACE_BOVIN - Cwidation (M)
185E+03 POZGE3ICASAZ_BOVIN
2.82E+03 POZEEZ|CASAT_BOVIN
1.75E+04 POZGEZ|CASA1_BOVIN
4. GEE+05 PE0135IGLCMLEOVIN
3.98E+03 POZEGZICASATBOVIN

Phospharylation
Z.0TE+03 POZEEZICASATEOVIN (STY)
163E+04 POZGEE|CASE_BOWVIN



Peptide

GTWH'SL

G+LEQL

IFICH WL
VAPFPEVWFGKE
RELEELMVYPGEVESL
VAPFPEY

M+ 3ZAMPITPT
GRFFI
TIRSGEPTSTPT
TOVEMLHLPLPLLO
EELMWPGEIMESL
HOKEDWPSERY
GPYRGPFPIM

AGEICNEALLD
TTLSSEARPTTO
IHFFAQITC
AMEPWICPE
FPEWVF

PPPEYI
PPPPYL

IPICH

LPLCSY

IPLCHY

AAGGPGAPADPGRPTGYSGS
SLTLTOWVEN

CEMLPLLE
LPOEWL
IPOEVL
AVESTWATL

VOMESTI+TI.37TIEVFTE
TOTHMEGLOIG
IPPLTQITPY

EMESL
EVIESPPEINTWOWVTSTAY

VGEFMP
LIVTCITME
GPYRGFFRI
PWEPF
FPEVFG

SSS(+73.9TIEESITRIN

WLEQLL

WLEGLI
SLPGNIPPLTOTPYYPPFLGIPENT

VSTLVPLA

MAWPITPTLMRE
DICKAWVAGT W SL
VSREGOECEGEEM(+15.33)AEvR
EVLMEML

LMKPEDETHL

GLPOEWY

LPCI LK

LECILLRL

MAVPITPTLMREGL

-10lgP Mass

32.97
3277
3271
32.66
32.65
3257

3257
3256
32,48
3246
3236
32.33

322

32.08

32
3193
a7
a2
382
gz
T3
373
T3

3166
3164

3155
3145
3145
3141

ild
3133
.26
25
3124

iz
3113
3115
KINT
.06

.04
30.93
30.93
30.94

30.93
30.64
30.76
30.72
30.64
30.63
30.62
30.62
30,38
30.33

725.338
T21.365
ddd. 506
1215.63
1624.35
T57.401

12,428
Bd2. 374
TI60.56
600,55
T4EB. T2
145374
150,63

r0Ez
1134.54
340,477
1037.51
G37.31
615.374
515.374
B32.353
632,353
632,353

1rd1.8
330.457

937.632
G37.401
637.401
§53.476

1364.56
1133.58
964.553
6. 364
2012.03

433.247
332,537
335.534
587.236
534,333

1301.55
TTT.427
TTT.427
279648

735.485

13231

13731
2041.86
§23.415

1134.53
641,338
TEO.445
§53.543
1564.56

Length ppm
B -3
B -149
T -2B
1 8.5
16 =17
7T -d3
g -4
E -25
12 12
4 -B3
13 -0.1
12 5.4
n -33
1 23
n -&57
g 4.6
3 4.3
5 43
B 14
B 14
5 0.6
5 0.6
5 0.6
z20 03
3 0.1
g5 -9z
B -0.1
B -01
3 23
1 3.4
10 4.9
9 -4z
B =10
13 4.6
5 105
& -dd
3 51
5 -E&
[ -3
1 0.1
E -0.3
E -03
25 2z
8 -B2
12 0.2
12 4.7
17 358
Too-Tz2
o -2E6
[ 1
E -0.7
7T o-d3
4 -08

miz
T26.3455
T22.3729
423 2604
£10.3287
313.4821
T55.407

513.4346
5433818
S51.25375
G01.4456

T14.3631
500.9233
576.3503

586.3231
563.2761
471.2493
3666735
G38.3177
613.332
613.332
533,363
633,363
533,363

871915
436.2524

453.6207
G33.4105
633.4105

30,4535

63,2303
S67.7334
43,2865
63, 3663
10070305

500. 2606
467,275
470.2781
553.3012
535,34

G51.7345
TTH.4363
TTE.4363

313.56399

733.43
G52, G665
530,367
651.6334
G30.4221
533.3017
G2, 3ddd
3612324
447 7a13
TH3.4373

309

RT
23.06
24.55
4.0
F1.63
33.77
27.63

185
34.54
13.36
42395

386
13.36
37.06

16,44

13.81
14.97

1313
30.51
28.96
28.96
20.97
20.97
20.97

14.51
22.24

40.31
22,81
22,61
20.91

22.64
20.23
26.1
212
321

24.43
17.58
28.62
20.21
28.684

15.83
30.5
305
45.6

28.85
2212
32,76

.82
20.74
14.52
.IT

15.21

309
2767

Area Accession

4 GEE+03 PO2T54|LACE_BOWVIM
5. 25E+03 POZEEZ|CASAT_BOWIN
3.04E+03 POZEES|CASk_BOWIM
1.44E+0d POZEEZICASAT_BOWIM
1.39E+04 POZ2666|CASE_BOWVIN
3. T3E+03 POZEEZ|CASAT_BOWIN

T.45E+03 PO2BEZICASAZ_BOVIN
1.80E+03 POZEGEG|CASE_BOVIN
113E+03 POZEES|ICASK_BOWVIN
1.74E+03 POZEEE|CASE_BOVIN
T.27E+03 POZEEG|CASE_BOVIN
4. 12E+03 POZEEZ| CASATBOVIN
§.03E+04 PO2GEEICASE_BOVIN
PE1265-
ZIPIGR_BOWIM:PE1265]
5.03E+03 PIGR_BOWIN
0 PEO0ZS|PERL_BOVIN
2. 10E+03 POZEEGE|CASE_BOVIN
2. TEE+03 POZBE3|CASAZ_BOVIN
115E+04  POZEGZ|CASATBOVIM
3.13E+04 Q32LPZIRADL_BOVIN
3.15E+04d
T.05E+03 PO2GESICASK_BOVIM
T.05E+03
T.05E+03
Pa1265-
ZIFIGF_BOWIN: PE1265]
1.58E+03 PIGR_BOWIN
1.30E+03 POZGEE|CASE_BOVIN
Alnd.IT-
Z1SMGE_BOVIN: A184.
2. TTE+04 TISMGE_BOVIN
3.d44E+03 PO2GEZ CASAT BOWVIN
5.44E+03
217E+03 POZEES| CASK_BOVIN

3.TSE+03 PO2GE3ICASAZ_BOVIN
1.23E+04 POZTS4|LACE_BOWIN
1.57E+0d4 POZEEE|CASE_BOVIN
0 POZEEGICASE_BOWIN
166E+04 POZEES|CASK_BOVIN
P 22600/ HEMH_BOWIN:
0 Q3ZEMEIGPAMT_BOWVI
143E+03 POETS4ILACE_BOVIN
4. 03E+03 POZE6EG|CASE_BOVIN
3.64E+03 PO26EEICASE_BOVIN
0 POZEGEZ| CASAT_BOWVIN

G.6TE+03 PO26GGICASE_BOVIN
14Z2E+03 PO2GEZICASAT BOVIN
142E+03
1.30E+04 POZEEE|CASE_BOVIN
Pa1265-
ZIPIGR_BOWIM:PE1265]
146E+04 PIGR_BOWIN
2. 98E+03 POZBE3CASAZ_BOVIN
3. ME+0F POETS4ILACE_BOVIN
136E+03 P13332|BT1A1T_BOVIN
1.39E+03 PO2EEZ| CASAT_BOVIN
&.18E+03 PE01AS| GLCMI_BOVIN
315E+03 PO2GEZICASAT BOWVIN
13E+D4 POZEEI|ICASAZ_BOVIN
3.80E+03 POZEEZ|CASATBOVIN
3.45E+03 PO2GE3ICASAZ_BOVIN

PTHM

Oeamidation (MO

Phosphorulation
[STv]

Phasphorulation
(ST

Oridation [M)

Olridation (M)



Pepride -10lgP Mass Length ppm miz RT Area Accession PTM
CHRMSEIMTT_BOVIN.P

AaHGY 30.32 453.234 5 -45  454.2403 16.51 0 1783 MNOUSE_BOWVIN
LPLPLLE J03 0 TI25M T =183 735057 3691 3.85E+02 POZGEGICASE_BOWVIN
VARFR 3028 52929 S 51 5303016 2102 0 PO2EEZICASAT_BOVIN
PFPEWVFGE 302 313.45 g -4 4B0.747 3125 2.60E+03 POZEEZICASAT_BOVIN
TIMRX18_BOVIN: Q=51
-
GINRHTA_BOVIN: Q2514
B-
BIMNRE1A_BOVIMN: Q2514
B-
4MRX18_BOVIN: Gz
B-
SINRET1A_BOVIN: Q2814
-
ZIMNRE1A_BOVIN:Q2514
B-
LPELWVHA 3013 TTE.491 7136 TIT.EM2  45.83 B.EIE+03 NRF14_BOVIMN:O2514
MOATAGAF 30013 §36.5367 g 8.4 413.1954 2224 6.33E+03 QOVBZOICSK_BOVIN
WHEPYLGPY 30015 1000.52 3 154 501275 2667 0 POZGE6ICASE_BOWIN
VARFPEVFGKERN 305 144573 13 5.6 4823421 3033 1.31E+0d POZGEZICASATBOVIM
PE1265-
ZIPIGR_BOWVIN: PE12E65]
TLVPLA 3013 B12.385 E  -10.3  E13.3876 2546 152E+03 RIGF_BOWIM
SPREINTYC 30.03 933.432 3 -41 4927531 16.08 4.57E+03 POZEESICASE_BOWVIN
Phosphorylation
VPOLENPMS(+7I. 3TIAEERLH 30002 1309.33 16 17  B37ES537 2876 5.58E+03 POZEE2ICASAT_BOVIMN (ST
OKTEIPTIN 3001 102353 3 7.8 21573 13.52 3.7TE+03 POZGESICASE_BOVIN
ALPCHY 29,95 530,306 S -1 291315 B.77 S.21E+03 PO2GEIICASAZ_BOVIN
APCH 23,93 530,306 B -1 251315 87T S.Z1E+03
SLPOMNFFLTOTPY 2991 150383 4 53  T523206 3193 B.SEE+03 POZEEE|ICASE_BOWIN
Pa12E5-
ZIPIGR_BOWVIN: PS1265|
AAGGPGAPADPGRRPTGY 233 151072 17 -16 TS6.3667 1557 1.54E+03 PIGR_BOWVIM
EIPTINTIA 29.84 970.534 3 0.6 3715445 2811 1.74E+03 POZEESICASK_BOWVIN
EOVPSERY 29.62 933344 8 -57 4977262 1356 2.65E+03 PO2GEZICASATBOVIM

m/z = mass to charge ratio; RT = retention time; PTM = post-translational modification
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Table A1.3. Peptide sequences identified in delactosed permeate from production plant 1, batch
C (Chapter 1V)

Peptide -10IgP Mass Length ppm miz RT Area Accession PTHM
QEPVLGPYRGRFPIY 53.26 1717 16 5.2 85351 42392 2.32E+05 POZEGEICASE_BOWVIN
YHEPYLGPWRGPFRIN E1.77 15501 17 0.5 34104  44.03 7.353E+05 POZEEEICASE_BOWVIN
YLEPYLGPWRGRFRI 5416 17 16 -41 8915 4255 1E68E+05 POZEEEICASE_BOWIN
Y HEPYLGPWRGRFRI 523.91 18ET.3 15 0.6 83496 35892 8.37E+04 POZEEEICASE_BOVIN
VLPYPORAYFYPO 53.05 14545 13 18 7842 2543 4.53E+04 POZEEG|CASE_BOWIN
PVLGPWRGPFPIN 50.95 14599 14 -5.2 73035  43.01 4.56E+03 POZEEE|CASE_BOWIM
EPVLGPYRGPFRIV G064 15889 15 22 79548 4321 2.34E+05 POZEGEICASE_BOWVIN
YHEPVLGPWRGRFF 43,75  1554.5 14 13 7842 3343 3.23E+04 POZEEE|ICASE_BOWIN
ACPTOASAGFIRML 43,25 15505 14 17 TEEd4 3072 4. ME+04 PE013S|GLCMI_BOWI
KAVLPVPO 4583 77943 7 21 33075  17.34 Z251E+04 POZEEG|CASE_BOVIN
LLYBEPYLGPVRGRFRIN 487  2106.2 13 -2.4 10541 46,358 2.93E+04 POZEEE|CASE_BOWIM
ILMNEPEQOETHLEAQIPTOASADFIRML  47.83 23435 26 23 73838 3236 B.33E+04 PE0135|GLCMLBOWI
GLPOEVLMEMLLR 47.7 14355 13 14 74792 3368 1.22E+05 POZEEZICASAT_BOWI
QEPVLGPYRGRFRI 4726 16173 15 -2.8 80337 4145 4.72E+04 POZEEE|CASE_BOWIM
ILMKPEDETHLEACIPTOASACIFIR 4555 27224 2d 81 B816  24.91 5.56E+04 PEO195|GLCMI_BOWI
TATPYWWWPPFLGPEVYM+152.33) 4613 173613 16 0.2 89348 3394 4.47E+04 POZEEEICASE_BOWVIN Ouidation [1M)
LPLPLLES 45.05 10656 3 2 53382 4564 116E+04 POZEEGICASE_BOWIN
P312E65-
ZIPIGF_BOVIN:PE126
DAAGGPGAPADPGRPT 4566 14057 16 -04 T03.84 12.31 3.33E+04 SIPIGF_BOWIN
SLPFPGRIFM 45,53 12997 12 0.9 E5085 3682 1.73E+04 POZEEEICASE_BOWVIN
FWAPFPEVFGRERK 453 14338 13 4.1 43334 34.05 1.25E+05 POZEEZICASAT_BOWI
LPOEVYLMENLLF 45,21 14365 12 -3 7 71341 3052 1.33E+04 POZEEZ|CASAT_BOWI
OASACFIRML 4515 11336 10 1 B5B7.8 2831 3.78E+04 PAO19S|GLCMTBOWI
APFPEVFGRER d4d.43 12477 1 BF 41643 2432 8.75E+04 POZEEZICASATBOWI
GPINLNPWDOVE 44,43 13647 12 2.3 B83.38 3242 4.55E+03 POZEE3ICASAZ_BOWI
WOM+12. 33 ESTEVFTE 44,25 13006 1 -2.7  E513 16.61 1.56E+04 POZEE3|ICASAZ_BON| Ouidation (M)
GLPOEVLMEMLLRF d44.03 16409 14 -4.6 82145 41558 6.33E+04 POZEEZICASAT_BOWI
ACPTOASACFIR 44 07 13037 12 77 43556 1347 5.91E+04 PE0135|GLCMLBOWI
HEGLPEEYLMNEMLLRF 44.02 1306 16 -2.8 EB36.34  38.55 T.53E+03 POZEEZICASAT_BOWI
ILMKFPEQETHLE 438 TM36T 12 15 71337 1592 112E+06 PE0135|GLCMI_BOWI
OACSAPLEW 4373 11586 10 -4.7 5S60.23 2034 5.40E+03 POZ7SdILACE_EOWIM
LMKPEDETHLE 43,77 13236 1 2 44222 1367 1.90E+05 PEO135|GLCMT_BOWI
PE1265-
ZIPIGF_BOWVIN:PE126
AAGGPSAPADPGRPT 43.72 12306 15 16 BdE.35 1.5 1.7E+0d S|PIGE_BOWVIM
FWAPFPEVFGE 436 12367 1 -12 61334 37.dd 1.20E+05 POZEGZICASATBOWI
LPWVPOKAYFYPO 4345 13355 12 -18 BES.583 2342 5.65E+04 POZEEEICASE_BOWVIN
TWONTSTAY 4544 504.43 3 -15 39055 1667 3.43E+04 POZEEEICASK_BOWIN
VOMESTEWFTE 43.34 125846 1 0.2  B43.3 2225 1.37E+0d POZEE3ICASAZ_BOWI
QEPVLGPYRGRFR 4325 1504.3 14 -S54 75343 37.58 2.30E+04 POZEEE|CASE_BOWIM
EGPIWLNPWDOVER 4306 1312 15 T EOS 31396 2.87E+04 POZEE3ICASAZ_BOWI
APFPEVFG 42,898 B862.42 g 5.2 86344 3312 3.35E+04 POZEEZICASATBOWI
FALPVPOREAVPY PO 4237 15623 14 3.9 52198  23.02 4.23E+04 POZEEEICASE_BOVIN
LPOEYLMENLLRF 4235 15533 13 -5.8 79234 3918 3.09E+04 POZEEZICASAT_BOWI
EACIPTOASALF 4282 1635 1 12 SB82.76 16.9 1.34E+05 PBO135|GLCMLBOMI
SEMPELPLSIL 4277 12087 1 12 E05.37 3566 1TEE+0S PS0135|GLCMI_BOWI
MAVPITPTLRN 4261 1038.6 10 -7.8 52023 2406 102E+04 POZEEIICASAZ_BOWVI
SSEESITRIN 426 11346 10 -0.3 56528 14.71 6.56E+03 POZEEE|CASE_BOWIN
WWRPFLOPEYM 4256 12547 1 -2 7 B28.34 38344 140E+04 POZEEE|CASE_BOWIM
ALPTOASAQF 4246  1054.5 10 26 10355 1586 3.54E+05 PS0135|GLCMBOWI
WVAPFPEVFGREE 4212 13467 12 8.8 44392 2776 153E+05 POZEGZ|CASAT_BOWI
SSSEESITRIN 42,03 12216 1 -2.8 E1.8  14.37 Z15E+04 POZEES|CASE_BOWIN
TRWYPPFLOPEWM 4203 15518 14 -0.5 TV633 4348 3.20E+03 POZEEEICASE_BOWIM
POZEE3ICASAZ_BOWI  Oxidation [M);
WOMI+12. 33IES[+ 7. ITITEVF TE 4137 13506 1 E  B3123 6.4 2.8dE+0d4 N Phospharylation
SHAFEVWET 4153 10165 3 E1 33385  15.55 4.45E+04 PE0135|GLCMI_BOWI
VAPFPEVFGE 4181 1089.6 10 2.4 5453 31.31 2.65E+05 POZEEZ|ICASAT_BOWVI
APFPEVFGE 4178 930.52 3 04 43627 2844 193E+05 POZEEZICASATBOWI
TPYWWPPFLOPENMMI+15.93) 4177 156T.5 14 01 78433 33.73 6.96E+03 POZEEG|ICASE_BOWIMN Oxidation (M)
WPPFLGFEYM(+15.39] HET TG 10 3.6 58651 30.36 1.42E+05 POZEEEICASE_BOWVIN Ouidation (M)
OWEMLHLPL 4141 10456 3 21 52523 3307 116E+03 POZEEG|CASE_BOVIN
SROPLSGMPRLPL 4133 14913 13 38 49828 Z20.04 Z48E+0D4 PE013S|GLCMLBOWI
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Peptide

MIFFLTOTFY
APFPEVFGKE
GLPOEWVLMEMLL
DOLISKEQIMIR
VAPFPEVFG
VOMES[+73. 37ITEVFTE

AGEICMKALLOPSF
SSROPASLMPELPL
SRMPOEEGLFTWVR
FHOGLPOQEVLMERLLRF
VIESPPEINTWVCVTSTAVY
DETHLEACIPTOASACIFIR
ESRMPOEEGLFTWVR
Wr'PFPGRIPH

OMPICIAF

SCMPKLPLS
RELEELMWPGEIVESL
GLOGENAGT
EPVLGPYRGPFP
L\W'PFPGPIPN
ILMKPEDETHL
VIESFREIM
EPVLGPYRGPFPI
HOGLPOEWLMENLLR
OHIAEGSWAWVR
SOSKVLPVPOR
FuAPFPEMFGKERN
MEMLLRFF

DPSFFAKE
SLPOMPPLTOTPYWWPRFLOPE
SESKWLPYPG

PWEPFTESOISL

MWPGEWESL SSSEESITRIN
LPGYLET

FFFRPREFPFPF
WLGPYRGPFPIN

ALLOPSFFAKESWVE
SCMPELPL
EELMNVPGEIVESL
GFFPIV
GFIVLMPWOCAMKR
VAPFPEVF
MAVPITPTL
RELEELMWPGEIVE
EVLMEMLLRF

FPPPEFPRP

OPSFFARESWE
FWAPFPE
MAIPPEEND
FyWAPFPEMF
KEOVPSERYL
MAVPITPT
LIMTQITMEGL

0aAGGPGAPADOPGRPTGYS
GLPOQEVLM
DETHLEALPTOASACFIRML
CFTDASACGFIR

-10lgP Mass

4128
4113
4117
41.06
40.3
40.74

40.74
40.63

40.5
40.43
40.45
40.34
40.31
40.23
40.25
4017
40.07
40.02
40.02
33.91
33.78
33.76
33.65
33.56
33.41
3322
33.04
33.02

38.87
3877
38.48
38.46
35.46
38.43
38.37
38.23

38.23
38.24

38.2

|
38.07
38.06
37.98
3792
37.91

37.83

37.68
3767
37.54
3747
3745
3744
3743

3741
3737
3737

3731

10756

3.6
13377
1312.8
36143
1364.6

1501.5
15755
1515.7
20341
1683
2026
1647.5
10336
§20.35
352,54
15249
T36.6
12637
12127
13077
336.51
1453.9
17569
152.6
1208.7
15529
0515

33943
25104
10516
12326
22531
g61.5
356,54
1362.5

155005
§35.51
4267
Td1.d4d
15206
304.47
324.53
1624.5
12457

33143

12536

§05.4
10256
10515
1234.6
1144
102.6

2.8
g66.47
22551
12326

Length ppm
10 5.3
10 0.6
1z 4.5
il -3
3 -0.7
il 4.5
1d -4.8
14 -0.3
13 37
17 51
18 12
18 E.1
14 g7
10 4
7 0.8
3 -4.5
1 0.9
1 -10
1z 23
il 0.8
il 35
3 -5.5
14 -5.2
15 -5.3
il 4
il 5.3
1d 1
g -0.2
g -0.5
3 -14
10 0
il -18
21 -84
7 -0.2
10 -4.5
13 34
14 -3.2
g -0.3
13 -2.2
7 0.7
13 4.5
g -2.6
3 -14
14 -4.2
10 11
3 -2.2
il 3.8
7 -4
3 T3
3 -4
10 3.8
g -15
10 31
13 -4.5
g 2.2
20 22
il -15

miz
1073.6
560,73
EE3.87
438.6
962.5
E83.23

7919
52729
507,26
505,54
342,51
B7T
550.25
550.8
§21.33
49226
31345
594,32
632,86
12137
436.3
3597.52
T45.94
587.32
385.21
404,25
53196
526. 75

470.73

F37.8
541582

G173
794,04
43176
495,25
65243

51795
445,76
AT
T42.45
507.96
305.45
325.54
31342
62385

446,75

415,53
G06.41
34287
10525
41255
1245
552.33

g57.33
435,24
732,71
B17.32

312

RT Area
Z2E.95 T.47E+0d
29 1B6zE+04
3E6.74 1.42E+05
2d4.96 2.99E+04
35.62 5.30E+04
22,63 1.53E+04

23.4
20.14
22T
36.07
30.39
23.68
2316

ey
23.09
13.22
33.85
3144
3183
35.75
16.33
13.34

4161
30.83
13.44
14.34
36.27
38.06

3.TOE+03
1.33E+05
3.TEE+03
§.36E+03
1.43E+04
3.34E+03
1.62E+04
2.03E+04
3.31E+04
2.G9E+04
1.31E+04
3 TIE+03
T.25E+0d
1.57E+04
4 ATE+0S
T.T4E+0d
B.35E+04
1.45E+04
3.24E+03
1.23E+04
4. JZE+0d
2. 35E+04

2113
45.47
13.02
26.63
35.45
20.03
16.72
4173

S.0E+03
2 13E+04
B.33E+04
2. 25E+0d
S13E+03
1.05E+04
1.25E+04
3 12E+04

3309

217
38.66
37.87
23.62
36.59
27.82
23.56
35.13

B A0E+03
1.05E+05
3.28E+04
1.13E+04
4. 45E+03
3.53E+04
G.65E+03
B.25E+04
2.05E+0d

1537 4.25E+04

20.95
28.85
10.36
4247

16831

1713
27.58

1.BOE+03
S.13E+04
. O5E+04
1.35E+04
T.PE+D4
T.34E+04
4. 43E+03

5.1 1.34E+03
2231 2.56E+05
3278 1.20E+04
1614 6.34E+03

Accession
POZEBE|CASE_BOVIN
POZEEZ|CASAT_BOMI
POZEGZ|CASAT_BOWI
PE0135| GLEM_BOWI
POZEBZICASAT_BOWI
POZEESICASAZ_BOWI
PE12E5-
ZIPIGFR_BOVIN.PE126
SIPIGR_BOVIN
PE0135|GLEMT_EOWI
P13532| BET1AL_BOVIN
POZEEZ|CASAT_BOMI
POZEEEICASK_BOWIN
PE0135| GLEM_BOWI
P13532 | BET1AL_BOVIN
POZEBE|CASE_BOVIN
POZEEEICASE_BOVIN
PE0135| GLEM_EOWI
POZEGE[CASE_BOVIN
POZYSdLACE_BOVIM
POZEBE|CASE_BOVIN
POZEEEICASE_BOVIN
PE0135| GLEM_EOWI
POZEEEICASK_BOWIN
POZEBEICASE_BOVIN
POZEEZ|CASAT_BOWI
P13532 BT1AL_BOWVIN
POZEBE|CASE_BOVIN
POZEEZ|CASAT_BOWI
POZEBZICASAT_BOWI
PE1ZES-
ZIPIGFR_BOVIN.PE126
SIPFIGR_BOWIN
POZEBE|CASE_BOVIN
POZEBEICASE_BOVIN
POZEBE|CASE_BOVIN
POZEEEICASE_BOVIN
POZEGS|CASAZ_BOWI
A2NORE|WASFZ_BOW
POZEBEICASE_BOVIN
PE1ZES-
ZIPIGFR_BOVIN.PE126
SIPFIGR_BOWIN
PE0135| GLEM_EOWI
POZEBEICASE_BOVIN
POZEBE|CASE_BOVIN
POZEESICASAZ_BOWI
POZEGZ|CASAT_BOWI
POZEESICASAZ_BOWI
POZEBEICASE_BOVIN
POZEEZ|CASAT_BOWI
AAVOKEWASFZ_BOW
IN:AT=vHIISOBP_BO
PE1ZES-
ZIPIGR_BOVIN.FE126
SIPIGR_BOVIN
POZEEZ|CASAT_BOMI
POZEEEICASK_BOWIN
POZEEZ|CASAT_BOWI
POZEBZICASAT_BOWI
POZEES|CASAZ_BOWI
POZ27SdILACE_BOVIM
PE12E5-
ZIPIGF_BOVIN.PE12E6
SIPIGR_BOWIMN
POZEEZICASAT_BOWI
PE0135| GLEML_BOWI
PE0135| GLEM_EOWI

PTH

Phaspharylation



Peptide

MAIPPEEM
GRVSLYEDHIBESSWYAWVE
ELMWPGEIVESL
WFFRFLGREWM
EAQFTDASACFIRML
DOETHLEACGPTOASACF
SOIPMPIGSENSE
MWPGEIVMESL
SOIPMPIGSE
HAGLPLEWVL
MLHLPLPLL

HLPLPLLOS
WSREGLECEGEEMI+15.93)AEvR
LPF AKPA
VLGPYRGPFRI
QERPVLGPVRGFFR
IWTOTMEGL
SOMPHLPLSILKER

AGEIGNEALLD
HICIKEDWYPSERY

FPFPRPRP
SOIPMPIGSENSER
MPICIAF

LOPSFFAKESWVE
FPEWFGE
GvLEGLLR
FWERFTESO
WFrPORDMPICAR
PWWWPPFLOPE
MAIFPERENGDO
LMKPEOETHL

APFPPPRPR
MLHLPLPLLOS
GLPOEVLMENL
WPYPORDMPIDA
YPPFLOPEYM+15. 391GY
WPOLEIFN

OM(+15. 33)PIGAFLL
SKYLPYPOKAWPYPD
HOGLPEEWLN

IPPLTOTPY

QGLPGEWLN
WSFEGOEQEGEEMAEYR
GLOGKA

RNAVPITPT
SPPEINTYCMTSTAY
APFPEVF

DASADFIR

QHPKLPLSIL

WLNENLLRF

LPGEVLMERLL

SKYLPYPO
WLPWYPOKAWVFYPOR
MVPGENE
WPOLEWPNSAEERLH
HEIGLPOELMERL L
ILMKPEDETHLEAQPTDASAGFIRN
LGPWRGFFRIY
ILHKPEDETHLEAGPTOASAGE

LLOPSFF
VPPFLOGFENMMGY

-10lgP Mass

37.23
37.28
37.26
37.25
37.25
3718
371N
371
37.05
370
36.96
36.95
36.87
36.85
36.84
36.83
36.51
36.681

36.7
36.67

36.6
36.53
36.57

36.57

36.5
36.45
36.35
36.35
36.28
36.24
36.24

36.2
36.16
36.13
36.13
36.03
35.74
35.61
35.61
35.59
35.58
35.43
35.42
35.34
35.33
35,31
35.27
35.27
3521
35.13
33.13
35,15
357
35.02
35.01
34.93
34.95
34.96
34.96

34.93
34.92

337.51
1833
12377
1155.6
1655.5
1756.5
1357.6
1055.5
1027.5
1013.5
10256
1016.6
2041.9
1516
1507
13318
333.56
195939

706
14597

T34.43
857
T05.35

1366.7
22,43
330.55
1052.5
1560.5
12207

1406

1134.6

§65.47
12437
122d.6
14137
153277
1007.6
1062.5
1650
1133.6
36456
336.52
2025.3
ddz.43
367.55
1541.8
d05.4
306,46
217
6.6
12607
866,52
15509
d55.43
1830
1602.5
2i336.4
12635.5
2453.2

§37.43
1317

Length ppm
g 5.6
13 10.6
12 -7.3
10 -1.8
15 -1.7
16 -4
13 -1
0 6.3
10 51
3 0.a
3 3.8
3 -6.3
1 5
10 -1.7
1 5.4
13 g
3 4.6
19 28
1 0.3
1z -11
g -4.4
14 -2.8
B -0.2
12 8.4
7 -1.8
g -0.6
3 -1.8
13 0.9
1 0.4
10 5.5
10 a
9 12
1 -8
1 2.3
1z -12.2
12 -0.3
9 -3.2
3 -4.3
15 -1.2
10 0.3
3 -4.3
9 0.a
17 -15
g 11
3 13
15 5.6
7 -1.4
g s
10 0.a
3 T4
1 18
g 2.3
14 -5.6
g -19
16 -5.3
19 4.9
25 0.1
12 -2.4
22 5.3
7 3.3
12 17

miz
300,13
474 .27
543.84
57881
830.92
830.33
BET3.581
528.79
51475
510,73
515.33
50331
E51.64
59181
57E.36
£36.53
435.73
532.33

586.32
500.92

735.44
T43.85
T06.36

435655
412,22
436.25
51725
T4
611.35
35121
333.21

433.74
62287
613.33
T07.85
G64.85
1005.6
1063.5
550.33

S6T.8
355.57
433.27

G76.3
422,25
434.75

7719
d06.41
45424
561.85
553.33
G41.36
434.27

5313
G36.44
610.33
G0z2.43

70N
G32.83
d18.74

G35.44
656,56

313

RT
.06
22.95
3527
35.759
F116
2136
22.06
1
2277
23.07
44,23
34.05
1.6
22.89
35.01
a1
20.46
26.1

13.38
13.22

1422
20.14
26.23

25.83
24.58

35
15.78
30.97
35.06
10.53
14.23

14.33
4143

F16
23.52
34.43
27.95
35,92
23.58
20.27
26.07
22.64
15.26
20.07
15.53
26.36
3d.14

16.01
35.95
33.41

3348
15.46
23.03
13.54
27.87
33.88

24.3
40,1
23.81

36.2
33

Area Accession
1.00E+05 POZEESICASK_BOVIN
1.05E+03 P18832|BT1ATBOVIN
5.43E+03 POZEEEICASE_BOWIMN
5.62E+0d4 POZEEE|ICASE_BOWVIM
1.85E+05 PSOSS|GLCMLBOW
1.60E+04  PE013S|GLCMLBOW
182E+04 POZEEZ|CASATBOWI
2.51E+05 POZGEEICASE_BOVIN
4. 43E+03 POZEEZ|CASAT_BOMI
E.04E+04 POZESZ|CASAT_BEOWI
1.50E+04 POZEEE[CASE_BOMVIN
3.TEE+03 POZEEEICASE_BOWVIM
3.7EE+03 P18832|BT1AT_BOVIN
3.26E+04 POZEE3ICASK_BOWVIM
1.85E+05 POZEEEICASE_BOWVIN
1.55E+04 POZEEE[CASE_BOVIN
1.05E+04 POZ27S4|LACE_BOWVIN
2 05E+04 PE0135|GLCMLBOM
P81265-
ZIPIGF_EOVIMN:PE126
117E+04 SIPIGF_ECWIN
T.35E+03 POZEEZ|ICASAT_BOMI
AZVOKE'WASFZ_BOW
M AT HIISOBP_BO
3 15E+04 VIN:QD3ZLPEZIRADL_ED
1.73E+04 POZEEZICASATBOWI
E.39E+03 POZEEEICASE_BOWVIM
P81265-
2|PIGF_BOVIN.PE126
G.66E+02 SIFIGR_BOWVIM
345E+04 POZEEZ|ICASAT_EOWI
4 1TE+03 POZEEZ|CASATBOVI
8.56E+03 POZEEEICASE_BOWIMN
1.54E+04  POZGEE[CASE_BOVIN
3.86E+03 POZEEEICASE_BOWVIM
3.56E+04 POZEESICASK_BOWIMN
1.01E+05 PEO13S|GLCMT_BOW
AZVOKE'WASFZ_BOW
T.P4E+D3 INGEZLPZ2|RADLBOY
3.83E+03 POZEEEICASE_BOWVIM
3.02E+04 POZEEZ|ICASAT_BEOWI
3.30E+03 POZEEEICASE_BOWVIM
1.03E+04  POZGEEICASE_BOVIN
5.35E+04 POZEEZ|ICASAT_BOMI
1.25E+04  POZEEE[CASE_BOWVIN
1.50E+04 POZEEE[CASE_BOMVIN
E.03E+04 POZEEZ|CASAT_BOMI
4 2TE+0d4 POZESEICASE_BOWIMN
151E+0d POZGEZ[CASATBOMI
38ZE+03 P18332IBT1ATBOVIMN
1.534E+04 POZT5d|LACE_EOVIM
1.18E+03 POZEE3ICASAZ_BOWI
T.ATE+03 POZEEBICASK_BOWVIM
4.03E+0d POZESZ|ICASATBEOWI
3.8353E+04 PE0135|IGLCMLEOW
1.63E+04 PE013S|GLCMLBOW
119E+04 POZEEZICASAT_BOWI
5.05E+04 POZESZ|CASAT_BOWI
3.84E+04 POZEEEICASE_BOWVIM
4 15E+05 POZEEEICASE_BOWVIN
1.20E+05 POZEEEICASE_BOVIN
5.45E+03 POZEEZ|CASAT_BOMI
24TE+0d POZESZ|CASAT_BOMI
JAGE+03 PEOTIS|GLCMTBOM
T.24E+03 POZEEE|ICASE_BOWVIM
2.13E+05 PE0135|GLCMLBOW
P&1265-
2|PIGF_BOVYIN:PE126
3.04E+03 SIFIGR_BOVIN
4. 45E+03 POZEEE|ICASE_BOWVIM

PTH

Cidation (M)

Cidation (M)

Cidatian (M)



Peptide

PPPAPFFFPF
VLGPWVRGRFRI
TATPWWWPPFLEIPEYM
YEAMPGLE
VIESPREIMTWC
YEGPIWVLMPWOGE,
FPPOSWVL
SLTLTOWEML
VOWTSTAY

TLTOWERL

LY OEPWLGPWRGRFRIY
MLHLPLPLLO
LIWTOTM{+15, 33KGL
OMPIGIAFL
MLHLPLPLLOIS
EVLMEMLLR
OM(+15.330ESTEVFTE
YREPVLGPVR
AVPYPOROMPIGIAF
GLPOEVLME

TEIPTIM

HAFEWET
APFPEVFGRERY
GPWRGFFRI
ELMVPGENE
GHLKALIMM
TWOMES(+73. 37ITEVFTE
EELMVPGEIVE
SONFRLPLSILE

AACCPCAPADPGRPTCYS
WWPPFLOPEVMI+IE,53)

AFEVKT

MPFPKPYVERF

KEOWPSERYLG
YOGPIVLNPWOG VKRN
VAGTWYSL

SPPENTUD

TPYWWPPFLOPE
MIPPLTOTPYYPPFLOPEYM+15.S
DICKYAGTW

FUAPFPEWF

YOKFPOY

AP PORDME+ 1S, SIPIDAF
LPOEYLMENL

PRAFPPRPR

TOTMKELOIG

FOMPICAF

FUAPFPEWFGKERYM

PUEPFTE

TWVOMI+15.33)ES+73. ITITEVF TH
TKLTEEEKNRL

wLEPYL

EMPFPENYPWEPF
SLPOMIPPLTOTRY
YEVPOLENVPNS+73.3TIAEERLH

STLVPLA

WSTLVPLA
ORTEIPTIM

LOPSFFAKE
OM(+15.33)PICIAF
CIGPIVLNPWDOGE
MNEMLLRF
MNLHLPLPL
AVPYPORDMPICA

-10IgP Mass

3491
34,91
3454
3476
3466
3465
3463
3455
3456
3455
34.53
34.45
3423
3424
.24
3421

34
3403
34,04
33.97
33.93
33.91

333
33.58
33.87
33.85
33.85
33.64
3382

3351
33.74
33.68
33.63

336
33.58

335
33.48
33.48
33.48
3347
J342

)
33.38
3337
33.34
33.33
33.23
33.27
33.21

3307
33.76
33.14
33.14
Fad
Fad

3313

F3.05
33.02

32.95
32.95

323
32.86
32,78
]

065.47
126348
1780.9

875.45
1324.7
16553

T8E.43
056

80344

303.45
13331
567

ma.6

333,46
14238
0356
12015
TISE.6
16318
337.51
Ta6.41

323.5
1346.7
10516
0376

378.56
1465.6
1226.6
1336.8

5377
1270.7
TIZ.44
13507
12916
1326
95,44
353.49
13217
23313
10165
TI0G.6
ITZ4T
1647.8
TET.E
86547
1336
976,45
1706.9
517.39

14816
1353.7
T47.38
LN
15055
Z2mA

£93.42

7543
0295

o525
8936.37
145925
304, 45
315.55
1484.7

Length ppm miz
3 -34 43374
12 -2.3 B3283
& 4.5 83143
T -18.7 438.74
12 -3.2 EB3IS
14 0 5283594
T -E.3 TEV.43
o -43 55273
g -4.3 80445
g -5 A04.46
=] 339 93758
o -8 57335
1] 46 56033
g -2.3 46774
12 -0.8  TFIET
3 4.7 530.3
] -2.6 BT
] -3 57332
1d 12 8BSz
3 5.6 433.77
T 44 TETH
g -15 4B5. 76
12 4.5 443732
o -13 5ZE.3Z2
o -11 54373
=} -8.8 4390:z3
12 365 TIog2
1 -2.5 12276
12 6.1 44651
13 3.3 79989
1 14 E36.34
T 11 39723
1 46 ETE3S
1 43 43156
& 03 B43.01
g 058 83645
3 2¥ 43276
12 -13  EBB18T
bl -53 Traog
3 -34 509.:T
1] -5.6 55529
T 5.7 48725
1d -2.4  §24.91
] 3.7 58d.52
3 -34 43374
] T2 GET.E
g -2.4 48325
15 34 G5E3.55
T -32 81333
12 17 A
1 34 34034
E -0.8 T48.39
12 B5 74087
1d -2 Ts2.32
15 32 55128
T -4.5 ToO.d4z2
g -0.6 793.49
=} 35 51ETE
=} 53 5272V
T 06 83738
13 -T.8 Tdrd
T 31 45325
g 11 458.73
13 -6.8 74335

314

RT

1462
368
43.53
21.07
2312
3463
2707
3376
15.13
2392
45.35
42.3
20,35
3395
46,91
24.3
14.33
2182
6T
Z3.68
2077
15.05
Z5.56
34.52
Z6.53
21
22,95
2712
23,25

14.57
3341
1742
3595
16.74
3173
3063
15.52
35.43
45.26
2206
47T
15.66
26,56

276
14.82
2027
2453
3476
13.55

L
13.37
2143
36.74
J2.01
3013

26,23

28.83
13.47

26.24
227
32.6
27.36
3332
24.3

Area Accession
3.93E+03 AZWVOKElWASFZ_BOW
5.13E+03 POZEEEICASE_BOWVIN
1.E3E+04 POZEEEICASE_BOWVIN
8.51E+03 POZEEZICASATBOWI
1.72E+04 POZEESICASK_BOWVIN
S.3TE+03 POZEE3S|CASAZ_BOWVI
5. 18E+04 POZGEEEICASE_BOWIN
3.7T4E+03 POZEEEICASE_BOVIN
1.ETE+04 POZGESICASK_BOWIN
1.7EE+04 POZGEEICASE_BOWIN
3.73E+03 POZEEEICASE_BOVIN
1.63E+04 POZGEEICASE_BONVIN
1.5IE+04 POZTS4ILACE_BOWIN
3. 7oE+035 POZEEGEICASE_BOVIMN
1.21E+03 POZEGEEICASE_BOWVIN
4.5TE+0d POZEEZICASAT_BOWI
3.95E+03 POZEESICASAZ_BOWVI
4. 36E+03 POZEEEICASE_BOVIN
1.26E+04 POZGEEICASE_BOWVIN
4.47E+0d POZEEZ|CASAT_BOWI
0 POZEESICASK_BOVIN
5.38E+03 PE0135IGLCMLEOWVI
4 86E+04 POZEEZ|CASAT_BOWI
4. 15E+04 POZGEEICASE_BOWIN
110E+04 POZEEEICASE_BOWIN
q 13E+03 QATTE4|LYST_BOMIM
0 POZEE3ICASAZ_BOW
2. 35E+04 POZEEGEICASE_BOVIMN
S.29E+035 PE0135IGLCMLBOVI
P&1265-
ZIPIGR_BOVIN: PE126
3.3TE+H0S SIPIGR_BONVIN
4.42E+0d POZEEEICASE_BOVIN
1.50E+04 PEOI3SIGLCMLEON]
2. T8E+0d POZEEEICASE_BOVIN
3.54E+03 POZEEZ|CASAT_BOWI
1.03E+04 POZEEZICASAZ_BOW|
1.0ZE+04 POZ TS LACE_BOWIN
E.48E+03 POZEESICASK_BOWVIN
2. 1E+03 POZGEEICASE_BONVIN
1.83E+04 POZGEEICASE_BONVIN
4.56E+03 POZTo4|LACE_BOWIN
S.62E+035 POZEEZICASAT_BOVI
Z.8TE+03 POZEE3ICASAZ_BOWI
S.09E+03 POZEEEICASE_BOVIN
8.00E+03 POZEEZICASAT_BOWI
3.93E+03 AZVOKEIWASFZ_BOW
B.03E+0d4 POZ7S4|LACE_BOWIM
1.85E+04 POZGEEICASE_BOWVIN
B.30E+03 POZEEZ|CASAT_BOWI
5.63E+03 POZEEEICASE_BOWVIN
POZEE3ICASAZ_BOWI
1.30E+04 M
Z2.83E+03 POZEE3|CASAZ_BOWI
3.14E+04 POZGEBICASE_BONVIN
2. 12E+04 POZGEEICASE_BONVIN
2. TE+04 POZEGEEICASE_BOVIMN
1. TOE+04 POZEGZICASATBOWVI
P&1265-
ZIPIGR_BOVIN: PE126
1.BBE+04 SIPIGR_BCVIN
Pa1265-
ZIPIGR_BOVIN: PE12E
1.32E+04 S|PIGR_ECVIN
5.2TE+04 POZEESICASK_BOWVIN
Pa126E5-
ZIPIGR_BOVIMN: PE1ZE6
1.53E+03 SIPIGR_BOVIN
3.30E+04 POZEEEICASE_BOVIN
2.30E+03 POZEE3CASAZ_BOW
3.99E+05 POZEEZICASAT_BOVI
1.03E+04 POZEEE|CASE_BOWIMN
1.05E+04 POZEEE|CASE_BOWVIN

PTHM

Oisidation (M)

Oisidation (M)

Phospharylation

Oisidation (M)

Olridation (M)

Oisidation (M)

Oxidation [M);
Phaospharylation

Phaospharylation

Olridation (M)



Peptide -10lgP Mass Length ppm miz RT Area Accession PTHM

GLPCEEWL 3267 75442 7 28 78543 2545 3.25E+05 POZEEZ|CASAT_BOWI
OMPICA 3266 E733 g -0.1 67432 1774 6.33E+03 POZ6GEICASE_BOVIN
TTLSSEAPTTO 3261 M35 n Z8 DBBZE  15.66 0 PE00Z5IPERL_BOVIN
EFVLGFWVR 3253 8655 &) -12 43376 1765 8.63E+03 POZEEE|CASE_BOVIN
AVFYPO 3253 B73.34 B -5.4 BvES 1428 102E+04 POZEEE|CASE_BOVIN
PE1265-
ZIFIGR_BOVIN:PE126
ALLDOPSF 3251 TEl4 T 01 7E241 3022 5.93E+03 SIFIGR_EOVIN
EWLMEMLL 3246 3425 &) 0 94351 28.57 3.35E+04 POZEGZ|CASAT_BOWVI
VLPWYPORAVFYPLOROMPICIAF 3244 23333 21 4.7 TISTS 3456 22TE+04 POZEEE|ICASE_EOVIN
GYLEQL 3233 V2136 5 -5.6 TeEST 2458 12ZE+0d POZEGZ|CASAT_BOWVI
PE1265-
ZIFIGF_BOVINPE1Z6
ALLOPSFFAKESWYED 3235 16659 15 5.6 SBE3 3236 4.36E+03 SIPIGR_BOWIN
WVPCEEAVFYPO 3234 1256 10 -5.2 56382 15459 3.35E+03 POZEEE|CASE_BOVIN
KAMPCILEMPM 3234 1357 10 =11 SE8.&d 2624 4.6E6E+04 POZEEZ|ICASAT_BOWI
SLAYPFPGRIPNSLPO 323 1243 15 -6.3 66346 339 124E+04 POZGGEGICASE_BOWIN
FKHOGLFREWVL J2EEZ 1476 LY 0.3 57483 20571 2.38E+04 POZEEZ|ICASAT_BOWI
GLPCIEVLIMEN 3221 16 LY T.B DOETI 2328 2.4z2E+04 POZEGZ|ICASAT_BOWI
HIOKEDWPSERL 322 Bl1ZE 13 5.2 53562 1856 236E+04 POZEEZ|ICASAT_BOWI
LMEMLLRF 3218 0176 i 03 50873 3156 3.98E+03 POZGGZICASATBOVI
TATPYWWPPFLOGPE 3216 15505 14 34 TTE43 38.7 103E+0d POZGGEGICASE_BOWIN
WAPFPEY 3203 TeT4 T 26 37T EZ7.76 T.56E+03 POZEEZ|ICASAT_BOWI
LFLSILKER, 3201 10337 3 23 34756 2436 SOISE+0Z PEOTSSIGLCMI_BOWI
WEMPOLENPN 397 12987 1Ll -2.6 BS0EF 30.33 3.20E+04 POZEGZCASAT_BOWVI
LPOMNIFPLTOTRY 3133 14165 13 -3 7084 3103 3.52E+03 POZGEEICASE_BOVIN
GTWMSL 186 72534 g 16 72635 23.02 Z4ZE+04 POZTS4LACE_BOVIM
WLEPVLGPY .86 1000.5 3 21 SMEZ7 2662 4.00E+03 POZEGEICASE_BOVIN
PUYYPPFLOPEVYM(+15.93) .85 14668 13 18 7344 39.4d4  113E+03 POZEEEICASE_BOVIMN Okidation (M)
QKEOVPSERYL g2 13627 1Ll 3.3 48524 1843 2.86E+03 POZEEZ|ICASAT_BOWI
SLTLTOWEM 3173 93043 3 -25 43625 221 2. TE+D03 POZEEEICASE_BOVIN
AVPITPT 7 6374 T 43 B95.41 1573 §.25E+03 POZ6G3ICASAZ_BOWI
ELEELNVYPGEIVE JLES 14687 13 37338 317 1 TIE+04 POZEGE|CASE_BOVIN
IVPHNSAEERLH FLE3 12637 1Ll -6 42223 .38 BTIEHD3 POZEEZICASATBOVI
WPELENPRSAEER 3155 15738 14 21 73052 2607 193E+03 POZEGZ|CASAT_BOWVI
LPLLOS 3151 85543 T 23 426875 3633 4.15E+03 POZGEEICASE_BOVIN
AT S0 3143 T36.33 T -3 TATEE 2327 Z.8d4E+03 POZTSILACE_BOVIN
DFIHPFAQTO 347 1336 LY 9.3 39554 .73 S45E+03 POZEGE|ICASE_BOVIN
IGVNOIEL Jldd TTA 7 11 TT2dz 1884 4.36E+03 POZEEZ|CASAT_BOWI
PE1265-
ZIFIGR_BOVIN:PE126
SIFIGR_BOVIN:CIATUZ
DPSFF 34 EBNEZ6 5 -2.6  BI227 26.04 S.86E+03 3ICEZ30_BOWIN
WAPFPEVFGRERWMEL 3.4 180z L 38 BOLET 3335 10SE+04 POZEEZ|ICASAT_BOWI
WAFFPE 3138 B58.33 B 21 65334 1385 4.5E+0d POZEGZ|CASAT_BOVI
EVIESPPEIN 3136 1256 10 73 56373 2133 Z210E+03 POEGEEICASK_BOVIN
LTOVEMNL .35 8024 T 12 80342 2033 4.97E+03 POZEEEICASE_BOVIN
EOVPSERY 333 93344 &) 4.8 49773 1346 3.Z0E+03 POZEEZ|ICASAT_BOWI
AMEPWIGIPE 3132 10976 3 7.9 36655 131 312E+03 POZEE3|ICASAZ_BOWVI
ROMPICAFL 1.3 10836 3 Z 54573 3501 155E+03 POZEEE|CASE_BOVIN
WAPFPEVFGRKERY 3123 144585 13 06 48234 3031 5.685E+0d POZEGEZICASATBOVI
MNYPGEVESLS JLES 1426 n W 57231 2365 T.85E+03 POZGEGE|CASE_BOWIN
WPGENMESL FE3 I, 3 -2.6 94252 277 1.TE+D4 POZG66G6|CASE_BOWIN
S55(+73.97EESITRIN 3123 13016 1Ll -4 B51TE 1563 112E+0d4 POZGEGICASE_BOWVIN Phosphorlation
KHOGLPOEVLMN 16 12817 Ll 27 42157 175958 4.28E+04 POZEEZ|ICASAT_BOWI
YPFPGFIPM 3114 10005 3 -33 WS 2967 104E+0d4 POZEGEGEICASE_BOVIN
GRFFRI 3113 64237 3 -4.1 64333 34.87 3.64E+03 POZEEE|CASE_BOVIN
MIFPLTCITAWWWPPFLOPEVYMGY Sk 3 ZBBES 5 0.3 8965 4582 2.56E+03 POZEGE|ICASE_BOVIN
VLGPWVRGFFFP 30.33  1037.6 10 -3.4 51881 28.32 B.TSE+03 POZEEE|CASE_BOVIN
TIRSGERTSTRTTE 30038 13306 14 5.7 BIE3d 1457 T.O0ZE+03 POZEGS|ICASK_EOVIN
KMPOLEMPHMSAEER 3086 17073 15 -6.6  5T03 2428 2. 21E+03 POZ6GZICASATBOVI
TWOM+15. INESTEVFTE 30,83 14016 2 N7 70183 1737 117E+D4 POZGE3ICASAZ_BOWI Okidation (M)
DVPSERMYL 30.85 27748 d 4.2 d483TS 1997 T.36E+04 POZEGZ|ICASAT_BOWI
LPCHL 30.73 B32.35 5 -5.2 633356 2428 4.62E+03 POZEE3|CASAZ_EOWVI
IPCHT 30,73 B335 5 -5.2 B33.36 2428 4.62E+03
KTEIPTIM 3076 31451 i 12 458326  13.7d 2.36E+04 POZEGSICASK_BOVIN
QGLPREVL 30.75 G8Z.48 &) -T.7 BE3AE 2572 ZTZE+03 POZEGZ|CASAT_BOWI
HCIGLPCI+ SEEVLMNERLLR 30.69 17533 15 6.8 SET.ED 30.8 G.8d4E+03 POZGEZICASATBOVI Deamidation (NG
POZEE3ICASAZ_BOW Owridation (M];
Mi+15. 33ES[+ 73 STITEVFTK 3068 11665 3 25 56424 1483 326E+03 N Fhospharylation
CPTDASACF 3067 96343 3 -12.5 96443 1473 108E+04 PSOI3SIGLCMTBOWI

315



Peptide

IPICrWL
KEMPFFEYPWEPF
EMPFPEYPWVEPFTESO
FuWAPFPEVFGRE
FWERPF

FFVAP
FPEHPIKHOGLPGEYLM

SWEDAAGGRPGAPADPGRRPT
LHLPLPLLO

VLPWYPO
WYPOILEIVPNS(+73.97)AEERLH
FPEWVFGRER
EALPTOASAGFIR
HLPLPLLO

FPREWVF

EWLMEML

GPYRGFFP

M+ 3EJEMLLRFF
WAPFPEMFGEERVNE
WLOKPYAL

APFPEY

AAPAGAAICISRAGEILINE
WLMERLL

DA SEAKICIT
EMI+15.93)PFPEY PWERPFTEST
WLECILL

WLEQLI
EVIESPPENTWOWTSTAW
GPVYRGRFRIVY
IHFFACITE)

L UGPNLNPWDOVER
EMLLRFF

FPETPYERPF
HEEMPFPENYPVERF

LLOPSF
MNPPLTOTPYWWPPFLOGRPE
FPEVFGEE

ALLOPSFFAKESYEDAAGGPGARPA
TEMIPYYR

LLOPSFFAKE

HEEMI+15. 33)PFPHYPWERF
MPIGAFLL
MES(+73.97ITEVF T
FSHAFEWWET
WSREGLEGEGEEM(+15. 990AEvRGH
YRSPACILOW

WWPPFLOPE

LEGLLAL

LSEMLPVYPO
FHAQGLPOEYLMEMLL

M+ 33AVPITPT
KEPMIGWVMGEL

LPLPL
LPIPL
IPIFI
LPLFI
IPLPL
IPLPI
LPIPI

30.63
30.55
30.58
30.57
30.55
30.51

30.5

3035
30.32

30.3
30.25
30.24
30.09
30.04
30.03
30.03
30.03
30.0
23.96
23.95
23.9

23.87
23.86
23.85
23.83

23.8

23.8

23.8
29.75
23.74
23.73
23.72
23.72
23.72

29.7
237
23.66

23.63
23.62

23.62
23.57
23.55
23.55
23.52
23.52
23.46
2345
23.44
23.42
23.34
23.31
23.29

23.26
23.26
29.26
23.26
23.26
23.26
29.26

-10lgP Mass

G44.51
1607.5
1524.3
1365.7

587.3
573.31
13301

173.5
10427
6514
13033
10736
9327
323.57
B37.31
§23.42
§25.43
0525
1655.3
345,53
5585.33

17313
§13.45
1337
1540.3
TTT.43
TTT.43
2012
1507
340.43
13251
337.5
1226
1rdd.3

530,35
2085.2
35147

2338.5
374.53

1656
1760.3
33152

1505

1636

2255

1367
024,56
883.55
334.53
17303
1243
1256.6

55137
55137
55137
55137
55137
55137
55137

7

L

—L

-y

L

Length ppm miz

-12 42326
3.4 53635
-7.3 36345
13 EB83.86
06 58331
18 58032
59 43554

-39 574.23
-39 52253
-2.4  B9Z4
-13 B3T.ES
6.7 360.87
-3.8 TIRES
-0.3 48573
2.2 §38.32
-4.6 83042
g4 41374
-2.8 9ETET
5.9 56397
-4 47377
-3.2 65934

-3 584.95
-8.5 G14.46
-3.3 60085
-37 97145
-5.8 TT843
-5 TTE43

-11 1007
-B.8 576.35
-21 47125
-13 BdZE3
-21 46376

6.1 5623

-4.3 58263

-51 EI1.36
4.3 10436
-4 47674

-16 73563
13 32587

-3.6 53381
-21 58756
-3.3 48677
g4 57624
-0.5 38887
4.5 5E4.TE
12 599934
-6.3 51323
23 44278
-0.5 43983
6.6 57733
=14 1344
-13.9 EB23.32

-3.8 595233
-3.8 595238
-3.8 595238
-3.8 959233
-3.8 595238
-3.8 55238
-3.8) 99238

316

RT

34.02
J2TE

3.4
37.73
20.07
36.64

15.16

13.02
43.31
1891
28.76
2177
20139
34.3
30.52
2076
20.59
40.41
23
16.35
24.73

16.16
26.13
7.6
30.8
30.54
30.54
3123
37.12
14.63
3d.14
37.94
313z
30.8

26.53
dd &7
24.32

331
17.47

3161
279
42,6
17.31
2103
.15
F32
3144
3z
15.5
3174
15.47
24.53

32,98
32.98
32,95
32.98
32.98
32.938
32.93

Area Accession

2.43E+03 POZEEIICASK_BOVIN
2.0TE+03 PO266EICASE_BOVIN
4. E+03 POZGEEICASE_BOWVIN
8. 7BE+03 POZEEZICASAT_BOVI
1.84E+0d POZEEE|ICASE_BOVIN
196E+03 POZEEZICASATBOVI
S.I0E+0d POZEEZ|ICASAT_BOVI
PE1265-
Z|PIGR_BOVIN:PE126
1.03E+03 SIPIGR_BOVIN
4.86E+04 POZEEEICASE_BEOMVIN
3IBE+04 POZEEE|ICASE_BOWIN
3.2TE+03 PO2EBE|CASAT_BOVI
3.22E+03 PO26BEICASAT_BOVI
3.93E+03 PE0135IGLCMI_BOWI
6. TE+03 PO2EEE|CASE_BOVIN
160E+04 POZEEZICASATBOVI
4. 33E+03 POZEEZICASAT_BOVI
2.30E+04 POZEEEICASE_BONVIN
§.02E+02 PO2EBZ|CASAT_BOVI
148E+03 POZEEZICASATBOVI
2. 2TE+03 POZEEIICASK_BOVIN
3.04E+03 POZEEZICASAT_BOVI
PE1265-
ZIPIGR_BOWVIN:PE126
1.E4E+03 5 PIGR_BOVIN
1.55E+04 POZGEZICASAT_BOVI
1.36E+03 PEO0ZSIPERL_BOVIN
3.30E+03 POZEEEICASE_BOMVIN
4. 31E+03 POZEEZICASAT_BOVI
4 FIE+03
1.73E+04 POZEESICASK_BOVIN
2 4BE+05 POZEEEICASE_BOMVIN
T.26E+03 PO266EICASE_BOWIN
1.30E+04 POZEE3ICASAZ_BOWI
1.35E+03 POZEEZICASATBOVI
1.7BE+04 POZEEE|ICASE_BOWVIN
3.41E+0d POZBEE|ICASE_BOWIN
PE1265-
ZIPIGR_BOVIN:PE126
8.13E+02 5| PIGR_BOVIN
131E+0d POZEEE|ICASE_BOVIN
11TE+03 POZEEZICASATBOVI
PE1265-
2|PIGR_BOVIN:PE126
4.06E+04 SIPIGR_BOVIN
1.EBSE+03 POZEE3ICASAZ_BOWI
PE1265-
Z|PIGR_BOVIN:PE126
£.03E+03 SIPIGR_BOVIN
1.64E+0d POZEEE|ICASE_BOVIN
Z.NE+03 POZEEE|ICASE_BONIN
T.85E+03 PO26B3ICASAZ_BOWVI
§.96E+03 PE0135IGLEMI_BOWI
G.4ZE+02 PIGE3ZIBT1AT_BOVIN
175E+03 POZEES|ICASK_BOVIN
1.03E+04 POZEEEICASE_BOWVIN
4. 33E+03 POZEEZICASAT_BOVI
Z.4E+0d POZEEE|ICASE_BOVIN
1. 7BE+0d POZEEZICASAT_BOVI
113E+04 POZEE3ICASAZ_BOWVI
313E+03 POZEEZICASAT_BOVI
POZEEE|CASE_BOWIN
JEIE+03 :P423161CL43_BOVIN
SEIE+DS
J.E1E+03 AT=HISOBF_BOVI
JETE+O3
FETE+O3
3.61E+03
3ETE+D3

PTHM

Phosphorulation

D= amidation (NG

Oidation (M)

Oidation (M)
Phosphorulation

Oxidation [M]

Dleamidation (MG



Peptide

LPCHLE
MES[+73.37ITEVFTEE
VPOLEMNPMSAEERLHS+73. 37IME
1P

IPLEY

LPLCH

FRIN

FPLIV

FPLLY
NAVFITPTLNRE

ALLOPSFFAKE
EM(+15.33]PF P PWYEPF
WPOLENPMS[+T3.9TIAEER
wLEGQLLRL

ENESL

SHvPSYGLM
Or+15.33)PIGAFL
PFPEVFGHE

IGVHNOELAY

EDWVPSERYL

LPCEVLN

FSORIAKY
S35+ 7. 97)IEESITRIMNE
FEPMI+15. 33NGYMOIELAY
KTTLS(+73.9TISEAPTTO
[ESFFEIN

LPGEVL

IPQEVL

LPLFLLO
SOPMPIGSEMSERTTM+13. 33)PLW
IQKEDVPSERYL
TEDELQOKIHPF

LMEMLLR

VAPFP

OKIHPFAGTRS
EAYPYPOROMPICIAF
FEVIESPPEINTWVOWTSTAY
GLPCEY

EIFTIMTIA

ENNFPMSAEERLH
PCVEAWVLMN
SSROPLSOMPELPLSILE
APFPE
SCSEVLPYPOKAVPYPO
EINFPMNSAEER

TLVPL

TLVFI

TIVFI

TIWFL

MESTEWFTE

YLECIL
SSROPLSONPELPLS
SOPMPIGSEMSERTTMPL
LTLTOWEML
OWPSERYLG
WAPFPEVFGEE
LENPMS(+73.97IAEERLH
APSFSOIPMPIGSENSE

TLVPLA
WVLPWVPOR

29.26
29.26
29.24
29.23
29.23
29.23
23.2
23.2
23.2
23.2

2313
23.13
23.13
231
29.06
29.06
23.01
23.0
23
28.95
28.96
28.93
28.92
28.86
28.78
28.76

28.73
28.73
28.67
28.65
28.63
28.57
28.56
28.43
28.43
28.41
28.38
28.32
28.23
28.21
28.13
2817
28.16
28.05
28.04

27.97
27.97
27.97
27.97
27.95
27.86
27.86
27.84
2775
27.62
27.62
27.58
27.58

27.54
27.53

-10lgP Mass

TE0.45
1275.6
22561
532,35
532,35
632,35
587.37
S87.37
S987.37
13237

1236.6
14957
1659.5
1046.6
G5, 36
1055.5
343.46
313.45
1005.5
T06.5
§11.44
370.51
4296
1506.7
13426
337.4d4

637.4
B37.4
T32.51
223
9755
70T
§70.43
523.23
12706
1759.59
21031
G41.54
370.53
13827
d65.47
20201
553.26
1865
1426

541.35
54135
54135
541.35
1070.5
BEd4. 34
16659

2215
1016.5
1034.5
1215.6
15855
1759.5

G12.35
77343

g

DN WWnoon o an

[

Length ppm

12
0.4
4.2

-S54
-5.4
-5.4
-T.8
-T.8
-T.8
-2.5

-4.3

4.3
2z
16
-21
-11
37

12
-1z
-1z
-1z

5
23

-4
0.4

3.3
7.9
2.3
133

-3.3

miz

38123
42713
SE5.04
533,36
533,36
533,36
588,37
588.37
588,37
B62.57

613.33
T48.87

3303
524,31
633.37
528.76
475.74
460.75
1006.5
554,27
12.45
324.51
477.56
794,38
67231
443,73

635.41
63541
951

6.5
432,33
491.24
436.25

5303
536,32
537.65
T04.03
642 34
371.54
465,24
d63.47
506.05
S60.27
62263
57223

542,36
542,36
52,36
542,36
536.25
BES.35

556.3

108.5
503.28
515.26
610.33
523.53
G30.92

613.33
330.75

317

RT

17.35
15.33
29.58
20.95
20.95
20.95
3382
3382
3382
2133

34.53
32.81

26.2
37.43
213
17.51
32.62
3133
23.83

20.7
15. 75
15.33
14.23
24.87
13.83
17. 75

22.53
22.593
3T
32.593
20.35

25.2
15.85
21.03
14.67
285.66
32.25
17.64
28.04
17.47
2231
27.36

5.8
23.85
13.62

26.63
26.65
26.65
26.65
16.67
20.9
13.24
6.4
323
LAl
3165
24.28
31.03

25.46
BN

Area

Accession
3.ETE+0d POZEES|CASAZ_BOW
1.47E+03 POZEE3|ICASAZ_BOM
3.91E+03 POZERZ|ICASAT_BOVI
4. 37E+05 POZBESICASK_BOVIN
4 3TE+03
4. 37E+03
2.00E+03 POZGEEICASE_BOVIN
2 .00E+D3
2.00E+03
B.GEE+05 POZEESICASaz_BOW
P31265-
Z|PIGF_BOWIN:PE1ZE
2.4BE+03 5|PIGR_BOMIM
3.271E+04 POZEEE|ICASE_BOVIN
5. 14E+03 POZEEZ|ICASAT_BOVI
S.ddE+02 POZEEZ|ICASAT_BEOVI
T.42E+05 POZEEEICASE_BOVIN
3.28E+03 POZGESICASK_BOVIN
2. T3E+03 POZ6EEICASE_BOVIN
3.15E+03 POZEEZICASAT_BOVI
1.23E+04 POZEEZ|ICASAT_BOVI
2. 30E+04 POZEEZ|ICASAT_BOVI
8.65E+035 POZEEZICASAT_BOVI
1.62E+03 POZ2E63|ICASK_BOVIN
5 EOE+03 POZEEEICASE_BOVIN
T.43E+05 POZEEZICASAT_BEOVI
5.1ZE+03 PS0O02S|PERL_ECONIM
B.36E+05 POZEES|ICASK_BOVIN
POZEEZ[CASAT_BOVI
1.40E+04 M:QATTESLST_BOW
1.40E+04
1.4ZE+04 POZEEE|ICASE_BOVIMN
Z.3TE+0d POZEEZ|ICASAT_BOVI
5.3VE+05 POZEEZ|ICASAT_BOVI
1.02E+04 POZ2E66|CASE_BOVIN
1.40E+03 POZERZ|ICASAT_BOVI
0 POZEEZICASAT_BEOVI
1.05E+04 POZEGE|ICASE_BOVIN
S.GEE+035 POZEEEICASE_BOVIN
3.2VE+03 POZGESICASK_BOVIN
116E+04 POZEGZ|CASAT_BOVI
8.28E+035 POZBESICASK_BOVIN
2. 13E+03 POZEEZICASAT_BOVI
2.5BE+05 AGOL4S[IL34_BOVIN
S.07E+05 PE019S|GLCMLEOWI
5. 24E+03 POZBEZ|CASAT_BOVI
T.B3E+03 POZEEEICASE_BOVIN
2. TEBE+05 POZBEZICASaT_BEOVI
P31265-
Z|PIGF_BOWIN:PE1ZE
SIPIGFR_BOVIN:CTE=K
4 ATEAZ_BOMIN. G123
1.03E+04 4431ATEAT_BOVIN
1.03E+04
1.03E+04
1.03E+04
8.33E+03 POZBE3CASAZ_BOM
T.50E+03 POZEEZ|CASAT_BEOVI
1.06E+04 PE0135|GLCM1LBOWI
8.27E+05 POZEEZ|ICASAT_EOVI
2.83E+03 POZEEEICASE_BOVIN
5. TSE+03 POZEE2ICASAT_BOVI
2. 23E+04 POZEEZ|CASAT_BOVI
3.15E+03 POZEEZICASAT_BOVI
2 0BE+05 POZEEZICASAT_BEOVI
P31265-
Z|PIGF_BOWIN:PE1ZE
1.00E+04 S|PIGF_BOWIN
118E+03 POZEEE|ICASE_BOVIN

PTH

Phaspharylation
Phospharulation

Oxidation [M]
Phospharulation

Oxidation (M)

Phospharulation
Olxidation (M)
Phospharylation

Oxidation (M)

Phospharulation



Peptide -10IgF Mass Length ppm miz RT Area Accession PTHM

PE1265-
ZIPIGR_BOVIN: PE126
LWSTLVPLA 27.52 9157 3 -2.8 45673 3345 120E+03 SIPIGR_BOVIN
HOGLPLEVLMENL 2744 1483.8 13 -0.3 Td45.83 28.5 3.8ZE+03 PO26BZCASATBOVI
P AKP A 2741 37145 g 08 48675 1935 3.55E+03 PO2G6G6S|CASK_BOWIN
KEPMIGWYRCIEL AY 2741 14807 13 -B.7 T4B.38  27.07 4.51E+03 POZEEZ|CASATBOVI
ALPOY 27.35 5303 3 -3.2 59131 1667 103E+0d POZEEIICASAZ_BOWVI
AlPCH 2735 5303 3 -3.2 53131 1667 103E+04
PEOTISIGLEM_BOW
LPLSIL 27.35 654.43 G -2.8 65544 3592 ZE62E+03 MP42316|CL43_BOVI
IPLSLL 27.35 B54.43 g -2.8 65544 3532 2.B2E+03
LFISIL 2735 B54.43 g -2.8 65544 3532 262E+03
CTEXKAATEAZ_BOWVI
IFISLL 2735 654.43 g -2.8 65544 3532 ZE2E+03 MOZ3443|ATIAT_BO
LPLSLL 27.35 654.43 g -2.8 65544 3592 ZEZE+03 QIZKISNPR1SA_BOVIN
IPLSI 27.35 B54.43 g -2.8 65544 3532 2.B2E+03
LPLSI 27.35 EB54.43 g -2.8 B55.44 3532 2B2E+03
PLLLPLE 2733 73251 T -2.4  T39352 3V.06 10TE+0d G3IMECSIAPSET_BOWI
VEOHIAEGSWAWVR 2728 1380.7 13 48 46124 1555 2.6TE+03 P1333Z[BTIAT_BOVIN
OTIALBASTT 2725 9vT.dT 10 -85 97347 1383 B.18E+03 PE00ZSIPERL_BOVIN
EM[+15. 3FIPFREY 2719 92642 T 33 48422 1303 183E+03 PO2GEG|CASE_BOWVIN Oxidation (M)
LGY'LEGL 2716 §34.45 T -2.6 63546 2377 0 POZGEZ|CASATBEOWI
TWOMESTEWFTE 2718 13856 12 24 B9383 2313 3.60E+03 POZEE3ICASAZ_BOWVI
QSKVLPVPOREAVEY PO 2706 1r7d 15 -7.4 53367 2375 9.06E+03 POZGEGICASE_BOWIN
SPACIL 2717 BET.36 g -2.6 62337 1383 0 POZEEZ CASK_BOVIN
SPACLL 2797 B2T.36 g -26 62337 1383 1]
EIPTINTIAS 2717 10576 10 -4.3 10586 26.63 143E+03 POZGEEICASK_BOVIN
HLFLPLL 2712 8051 7 -0.5 40176 37.29 8.90E+0Z POZEEGICASE_BOWIN
SWCIAIN 271 630.33 g 17 B3134 2084 B.FE+03 QATTHAILYST_BOWIN
IEKFQIS[+T3.9TIEEQQ 27.08 13446 10 0.2 67323 1246 B.7TE+03 PO2GEG|ICASE_BOWVIN Phospharylation
EIPTINT 2705 TE6.4 T 4.3 39422 2021 133E+03 PO2G63|CASK_BOWIN
SSRGPLISLNPRLPLSILKER 27.05 22773 20 15 456,47 24.63 G.T2E+03 PE0O13SIGLCM_BOW
TOVEMLHLPLPLLO 27.03 1800.3 14 16 80145 43714 174E+03 POZBEGEICASE_BOVIN
LW PFPGPIPNSLPO 27.01 18373 5 -0.5 81395 39.22 B.5ZE+03 POZEEGICASE_BOWIN
ILMNEPEDETHLEAQPT 26.96  1833.9 15 5.3 B1232 1.7 112E+03 PEOTISIGLCMI_BOW
LFLPLL 26,95 6B4.45 g -4.7 665.46 4056 145E+03 POZEEGICASE_BOWVIN
IFLPLI 26.95 6B4.45 g -4.7 66546 4056 145E+03
LFIFLI 26.95 664.45 g -4.7 66546 4056 145E+03
LFIPI 26.95 EB4.45 g -4.7 EB5.46 4056 145E+03
MNOATAGAF 26.3 H36.37 g 36 4182 E2AT 123E+04 QOVEZDICSE_BOWIN
LHLFLFL 26.83  301.51 T -6.6 40176 3544 T.E3E+0Z POZGEGICASE_BOWVIN
EVLPVPORAVRYPOROM+15.33)P 2655 253574 22 06 63536 2866 3.91E+03 PO2666|CASE_BOWIN Ouidation (M)
WLMEMNLLR 26.837 9639.56 g 0.7 48578 2184 4.51E+03 PO2GEZ|ICASAT_BOWVI
WPFPGRIPMSLPC 26.86 1524.8 14 3T TEIH 3623 4.2TE+03 PO2GG6G6|CASE_BOWIN
K GLOIGEN A 26.81 370.55 3 -4 486.3 1731 8.75E+02 POZ2TS4|LACE_BOWVIN
WFTHKT 26.73 T224d3 g -0.6 36222 27.4 B.32E+03 PO2663ICASAZ_BOWI
GvLEGLL 26,73 §34.45 T -5.2 63545 3443 1I0E+03 POZEEZ|CASATBOVI
AZWVEDS]IMAS_BOWIN:
CIEPLCOLLTWYMOS 26,73  1543.8 14 e 7799 2372 123E+04 QOVTMOIMAT_BOWIN
LPvPY 26.77 65133 3 11 65234 2217 0 POZGESICASK_BOWIN
PPy 26.77  B91.33 3 11 65234 2277 1]
EMLLRF 26,73 T30.43 g 17 396,23 2665 Z2dE+05 POZEEZICASATBOVI
ALPCIYLE 26.73 83143 T 13 4675 2004 174E+04 POZEESCASAZ_BOWVI
MNAVPITPTLMNREGL 26,72 1564.3 14 =71 T3343 2762 S.EIE+03 POZEEIICASAZ_BOVI
GLPAPLPLSLL 26.64 1047 il -6.4 1057 336 Z20E+03 QZKISNIPRISA_BOWVIN
MHOPHGPLPPT 26.53 125816 il 2 42822 .37 Z05E+04 POZEEEICASE_BOWIN
SSRAGPLSONPELPLSIL 26.53 1832 17 5.2 B31T 3341 T.23E+04 PEOISIGLCMI_BOW
ROM+15. 33)PIQAF 26.43 95247 g 4.2 49725 1977 133E+04 PO2GEG|CASE_BOWIM Ouidation (M)
LEIPM 26,47 6B53.33 g -3.2 634.33 2105 4.80E+03 POZEEZ|CASATBOVI
PE1265-
ZIPIGR_BOVIN: PE126
STLWPL 26.33 B28.38 g -3.8 62333 2V.02 3.12E+03 SIPIGR_BOVIN
YRYPOROM+15.33)PICIA 26.33 14237 12 31 71586  18.5d 3.05E+03 POZEEEICASE_BOVIN Oxidation (M)
PE1265-
ZIPIGR_BOVIN: PE126
&L LOPSFFAKES 26.38 13237 12 39 66285 3403 203E+03 SIPIGR_BOVIN

318



Peptide

POEVL
POEY

LPVPO

TOASACFIR
GPYRGPFRI
THLTEEEKMRLMFLE
LPLLG

LPIC

IPILG

IPLIZ

LFILO

LPLIG

IPIC

IPLLE

TMEGLOIG
EVPOLENMPNSAEERLH

VK DAAGGPGAPADOPGRPT
ASACFIRML
DLIS(+73. 97 IKEQIVIR
ROMPIGIA

EOLSKEPSISRE

TESQSLTL

ROMPICIAFLL

FPVIFP

FPWLFF

WPFFLCIFE
[EFFLIS(+T3.9TIEEQICIC
LTEEEKMRLNFL
S[+73.9T)ISEESITRIME
OWVPSERYLGYL
CIGLPEEVLMEMLL
WPGEIVE
S[+73.97)AEERLHSM
DASAQFIRM

P ICIPKTEVIFY
GLAVWEESLE

WEESLERL

MLHLFLP
FKMPOLENMPRNS(+T3.97TIAEERLH
KAVPYPORDOM+15. 33)PICIAFLL
GLAWEESLKRL

ELEEL

EIEEL

ELEEI

EIEEI

MI+15.33FF PEYPYERF
CSEVLPYPOR
KT+73.57)TLSSEAPTTO
VPPFLOPEY

ALLOPS
ALIDPS
SSROPOSOMPKLPLSILKEKHL
AVPITPTLMRE
RPKHPIKHOGLPOEVL
VAPFREVFGREKYN
FUAPFREVFGRKERMNEL
LPLPLLOS

ACFIRHL

KAFIFR

N+, SEIENLLRF

ASDISLL

SIS(+79, STICETYK

WPPFL
ILMKFEDETHLEAGFTOASAD

-10igP Mass

Z6.36
26.36

26,35
26.31
26,31

6.3
26.23
26.23
26.23
26.23
26.23
26.23
26.23
26.23
26.23
26.25

Z26.24
26.23
26.23
Z6.13
26,13
Z6.18
Z6.17
Z26.15
Z26.15
26,13
26,12
26.1
26.08
26.07
26.02
26
£5.93
25,97
£5.94
25.91
25.3
25.89
£5.64
25,81
25,77

Z5.76
Z25.76
25,76
25,76
25,75
25.68
Z25.66
25.63

25,62
25,62
25.61

Z5.6

25.6
£5.43
25,33
25,33
Z5.54
25.51
25,31
25.27
£25.24
25,15
25,15

584.32
584.32

5233
10075
338.53
1862
582,37
582,37
SOE.3T
8237
8237
58237
582,37
582,37
a04.47
21211

16325
10156
=827
Gz3.41
13887
7744
12026
G18.37
618,37
325.43
726
1o04.8
13426
1310.7
4ES.G
74133
135.4
10205
4EE.§
1074.5
1053.6
502,47
2038
20021
13437

63131
63131
53131
53131
13667
1227
13426
10=24.6

514,33
614,33
25274
1208.7
18761
15538
1343
&73.54
560.43
808.5
305,46
1733
147.5
o734
Z2306.1

Length ppm
5 -53
5 -53
5 =71
3 -13
3 23
15 T
5 -3
5 -3
5 -3
5 -3
5 -3
5 -5
5 -3
5 -3
g 6.8
18 3.1
1a -25
3 -4.3
il 56
T 4.3
12 11
g 4.8
0 -5E
E 12.3
E 12.3
g 127
il 0.3
12 0.3
il -6.3
il -0.4
13 -4.2
T -4.3
3 5.3
3 -12.5
12 6.6
3 -E.T
i3 -13
T 37
17 8.3
17 -15
il 16
5 14
5 14
5 14
5 14
il -36
0 25
12 21
3 22
B -6.3
E -6.3
2z 21
il -13
16 4.2
14 5.8
17 -3.4
g 15.5
7 -12.3
E 17
T -10.5
T =121
3 -17
5 -7.5
21 0.4

miz

585.32
585.32

553,33
o04.76
470,28
466,52
583,38
553,38
553,38
583,38
083,38
58335
583,38
553,38
453,25
53129

545,28
510025
465,26
415,72

463.9
g73.45
60233
E13.33
E13.33
453,76
TIT.32
S02.61
67231
656,33

T3349

2.4
o024
oM.ES
430.63
538,27

35d.2
402,24
510,52
563,36
445,32

632,32
632,32
G32.32
632,32
Gad.34
3TR.23
E72.31
515.23

515,33
B15.33
506.43
605,54
ITE.23
520,36
G50.68
440,73
43125
405,26
453,73
T153.33
57T
o734
76371

319

RT

25.45
25.45

15.43
16.45
28.57
2188
251
251
£5.1
251
25,1
251
251
251
18.76
23.24

1231
24.54
27.96

15.21
14.76
20,33
40.53
30.42
30.42
Z7.76
1262
26.23
1373
3156
36.45
16.63
1343

15.21
£7.33
2128
2125
3227
ZT.ET
36.M
£8.33

18,16
13.16
15.16
18.16
32,28
4.8
13.73
32.83

16.69
16.63
Z6.17
2146
1633
£8.96
38.51
36.14
22.94
36.92
23.24
26.85
13.72
23.47

15.16

Accession
POZEEZICASAT_BOWI
4 d3E+03 M:OATTRA[LYST_EOW
4 43E+03
POZEEE|CASE_BOVIN
4 13E+03 :ATWDZ|IPO13_BOWI
2I6E+03 PE0135|GLCMLBOVI
1.45E+0d POZEEEICASE_BOVIMN
100E+04 POZEE3ICASAZ_BOVI
0 POZESEICASE_BOWIN
0 QISR A_BOWVIN

Area

oo o oo

1]
3439E+03
4. 32E+03

POZ7S4| LACE_BOWIN
POZEGZICASAT_BOWVI
PE1265-
ZIFIGR_BOVIN:PE1ZE6
SIFIGR_BOVIN
FPE01SSIGLCMI_BOVI
PE013SIGLCMI_BOVI
POZEGE| CASE_BONIN
PE013SIGLEM_BOVI
POZEEEICASE_BOVIN
POZEGE|CASE_BOWIN
O3ZLPZIRAD_BOVIN

2. TEE+03
B.85E+02
4. 2EE+04
T.4T7E+03
1 74E+03
Z.T4E+03
Z.4d4E+03
313E+03
313E+03
8. 7IE+03 POZEGE|ICASE_BOMIN
T.7EE+03 POZEGEICASE_BOVIM
D.0ZE+03 POZEE3ICASAZ_BOVI
4. 92E+03 POZEGEICASE_BOVIN
2.35E+03 POZEGZ|CASAT_BOWI
3.5ZE+03 POZEGZICASATBOWI
4. 3ZE+03 POZEGE|ICASE_BOMIN
B.00E+03 POZEEZICASAT_BOWI
Z.7TE+03 PEMSSIGLCMTBOVI

Z.B5E+03 POZEE3ICASAZ_BOVI
T.08E+03 PEO0ZSIPERL_BOWVIN
3.96E+03 PEO0ZSIPERL_BOWVIN
2. TZE+03 POZEGE|ICASE_BOMIN
3.34E+03 POZEGZICASAT_BOWI
1.86E+03 POZEGEICASE_BOWIN
Z.28E+03 PE00ZSIPERL_BOVIN
POZEGE|CASE_BOWIN
(IETUZSICEZ30_BOWI
PA4ISNUSO_BOWIN

156E+05
156E+05
1.56E+05
156E+05
1.21E+04 POZEEEICASE_BOVIN
3.83E+03 POZEGEICASE_BOVIN
4. 3ZE+03 PEO0ZSIPERL_BEOWVIN
Z40E+03 POZEGE|ICASE_BOWIN
PE1265-
ZIFIGR_BOVIN:PE1ZE6
0.94E+03 SIPIGR_BOVIN
S.34E+03
5. FIE+03
Z.29E+03
5. TIE+03
3.36E+03
5.17E+03
4. 36E+03

FPE013SIGLCMI_BOVI
POZEG3|CASAZ_BOVI
POZEGZICASAT_EOWV
POZEGZICASAT_BOV
POZEGZICASAT_BOWVI
POZEEEICASE_BOVIN
123E+03 PEO1SSIGLCMLEOVI
14ZE+0d ETBGHSIMMS22_BOWI
S.44E+03 M
172E+03 POZTS4ILACE_BOWIN
Z.90E+03 M

0 POZEEGICASE_BOVIN
S.S0E+03 M

PTH

Phiozpharylation

Phozphorylation

Phosphaorulation

Phozpharylation

Phozpharylation
Chiidation (M)

Chsidation (M)

Phaspharylation

Deamidation (NG

[5TY)



Peptide -10lgP Mass Length ppm miz RT Area Bccession PTHM
POZEE3ICASAZ_BOV Oridation (M)

OM+15, 3ES+ T 9TITEVFTEK 2513 14036 n 0.7 47087 1389 1VEE+03 M Phozphorylation
LEYLE 25083 5333 5 3 53432 1812 oM
IG+LE 2503 5333 5 3 53432 1812 0 Q35K IKKA_BOWIN
ALMEINCIF 25,08 24747 g -4 47474 2458 Z23E+03 POZEG3ICASAZ_BOVI
PYRGPFRIN 25,04 10337 Lt 4.6 S47.84  37.06 1E4E+03 POZEEEICASE_BOVIM
PEYPWERFTESD 25,02 4207 12 -7 TN3S 2342 ZTTE+03 POZEEEICASE_BOVIN
PE1Z65-
ZIPIGR_BOVIN:PE126
WETLWPL 25001 72745 7 -0.8 T2846 3016 F.V2E+03 SPIGR_BOVIN
FPEVFGRERY 25001 1786 o -0.3 39383 2437 4.44E+03 POZEEZICASATBOWI
OTIACIARSTTTISOAVSK 24.93 17783 15 =75 83045 2452 4.64E+03 PEO0ZSIPERL_BOVIN
ERYLGYLEQL 24.97 12827 L] -89 B4233 3271 425E+03 N
APSFSOIPNPIGSENSERTTM+12.9 24,93 Z2633.2 24 T7 8876 F7.96 S.83E+03 N Chidation (1)
VOMEST(+73.37IEWFTE 24.92 13646 il 4.5 B33.23 2263 8.83E+03 POZEE3|CASAZ_BOMI Phaspharylation
PO266ZICASA1_BOWI
LEGLL 2491 B14.36 E -6.3 B15.3T 24,2 5. 30E+03 MATWDEIPONE_BD
LEQIL 2491 B14.36 E -6.3 B15.3T 24,2 5. 30E+03
LEGLI 2491 B14.36 E -6.3 B15.37 24,2 5.30E+03
IECILI 2431 B14.36 = -6.3  B15.37 24.2 5.30E+03
[ECILL 2491 B14.36 5 -6.3  B15.37 24.2 5.30E+03
OMPICAFLL 24.85 10485 3 43 52425 4483 3.08E+03 POZEEE|ICASE_BOVIN
PE1265-
2|PIGR_BOVINPE126
LWPLA 2482 SN34 E 12 51235 20,32 3B3E+03 SIPIGR_BOVIN
IWPLA 2482 N34 E 12 51235 20032 3.63E+03
LWPIA 24.82 5134 = 12 5235 20032 3.63E+03
SEVLPVPOK 24.82 93482 3 79 33285 4.6 3.63E+02 POZEEEICASE_BOVIM
IPGMG 245 473Z3 = 44 d4vdz4 1548 0n
RGRFPIY 248 89754 8 =14 44378 3427 240E+03 POZEEEICASE_BOVIM
PE1ZE5-
Z|PIGR_BOVIN:PE126
GSSKALWSTLMPLA 2475 13418 14 04 E713 3473 7.24E+03 SPIGR_BOVIN
CPTOASACFIRML 24 61 14537 13 =17 TI0ES 2373 3E3E+03 M
YPFPGRIFMNSLPO 2461 14257 13 =27 TI38T 3459 6.85E+03 PO266E|CASE_BOVIN
SLPONIFPLTQTPYWVPPFLOPEVY  24.58 Z7T56.5 25 -2.9 384 4572 1IBE+D4 PO2EEEICASE_BOWVIMN Oxidation (1M)
VELLTSLLED 24.54 417 o 77 STEs 46,7 2,93E+04 PHSTUSOBOVIN
C23466-
2IWPP1_BOVIN: Q2346
EESSSLL 24.45 TVE3.36 7 17 TE4ET 18.21 5.31E+03 6|WPP1_BOWIN
MPKLPLSIL 24,46 393362 a 2@ 43782 3674 ZZE+03 N
VRGFPFRIV 24,45 99661 a 5.9 43332 3615 5.34E+03 POZEEEICASE_BOVIM
POZEE3ICASAZ_BOVI Ouidation (M)
VOM+15. 33IEST(+73. 97EVFTE 24.43 13806 n 12 B3123  1B.32 BI3EH03 N Phazpharylation
HFFAQTOISL 24.d42 10275 3 -4.5 51476 1748 34TE+03 PO2EEEICASE_BOVIN

m/z = mass to charge ratio; RT = retention time; PTM = post-translational modification
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Table Al.4. Peptide sequences identified in delactosed permeate from production plant 1, batch
D (Chapter 1V)

Peptide -10lg Mass Length ppm miz RT Area Accession PTHM
YHEPYLGRWYRGPFRIY 751 1580.06 17 51 54104 4404  653E+05 POZEEE|ICASE_BOVIN
Y OEPYLGPWRGPFRI 714 1730.93 & 4.7 831505 4243 1.61E+05 POZEEEICASE_BOWVIN
EPVLGPYRGPFPIV Ed.E 1555.93 15 3 T95.473 4283 1.13E+05 POZGEE|CASE_BOWIN
YHEPYLGRYRGFFRI B34 16679 15 -3.2 834.956 3873  10BE+0S POZEEE|CASE_BEOWVIN
LEPVLGPYRGPFRPIY B2 171693 & 2.8 853503 4282 B.B83E+04 POZEEEICASE_BOVIN
YHEPYLGPWRGFFP BO.F 155452 14 -0.2 TTEdT 333 9.75E+0d POZEEEICASE_BOVIN
KVLPWYPD BO.2 773431 T 2.4 330.755 17.42  T.23E+03 POZEEE|CASE_BOVIN
HOGLPLEVLMNEMLLE 29 1755.34 15 -2.8 587318 3085  126E+04 POZEEZICASATBOVIN
VLPYPOKAYFYPO 556 1454.82 13 3 TiEdz 25.41  3.36E+04 POZEEE|CASE_BOVIN
LLY'QERPYLGPWYRGRFRIY 554 20622 13 34 105412 4632  3.10E+04 POZEEEICASE_BOVIN
PE1265-
ZIPIGR_BO\IM:PE1265F
DAAGGPGAPADPGRPT 581 1405.66 16 -3.3 703.834 1233 1.92E+04 IGF_BOVIN
ALPTOASACFIR 25 15305.65 12 8.7 d435.562 13,38 3.95E+04 P30135|GLCM1_BOVIN
QERPVLGPYRGRFRI 575 BT 15 4.2 803.973 41,33 1ETE+04 POZEEE|CASE_BOVIN
GLPOEWVLMEMLLR 555 149382 13 -15 747913 3345  152E+05 POZBEZICASATBOVIN
FWaPFPEVFGRER 551 1433.73 13 -0.3 438933 3373 1ME+0S POZEEZICASAT_BOVIN
GLPOEVLMEMLLRF 545 1640.539 14 0 821452 4146  6.32E+04 POZEEZICASATBOVIN
SOIPMPIGSENSE 54 13576 13 04 EB73.81 2194  145E+04 POZEEZ|CASAT_BOVIN
SOMPELPLSIL 53.3 120871 1 3.4 B05.363 3553 143E+05 PS013SIGLEMI_BOWVIN
EACIPTOASACF 525 ME33 1 14 164.52 16.86  B.7T1E+04 P30135|GLCMBOVIN
AQPTOASAQF 521 103447 10 -2.2 103548 5.8  210E+05 PE01AS|IGLCMI_BOWIN
LLYQEPYLGPWRGRFR 518 1780.93 16 0.3 891502 3836 6.35E+03 POZEEEICASE_BOVIN
WVAPFPEWFGRERK 518 1346.72 12 £.1 443318 2755  §.25E+0d4 POZEEZICASAT_BOVIN
LYOGPIVLNPWOCNER 517 132505 16 f B42EB37 3383 2 TBE+0d POZEE3ICASAZ_BOWVIN
LY QEPYLGPWRGRFRI 516 1334.07 v -2.9 348.044 4266  9E0E+03 POZEEEICASE_BOWVIN
WVAPFPEWVFGE 512 1083.53 10 13 5453803 1 2.43E+05 POZEEZICASATBOVIN
GPNLNPW OO WE 508 1364.75 12 -5.7 B83.378 3226 2 8TE+03 POZEE3CASAZ_BOWIN
FWAPFPEVFG 0.5  11058.56 10 3.7 E555.283 41,53  154E+04 POZEEZICASATBOVIN
PULGPWYRGRPFPIY E0.5 1453.83 14 -0.7 730955 4286  143E+04 POZEEEICASE_BOWVIN
TWEWTSTAY 501 304 457 3 -2 905.432 16.53 2 BOE+0S POZEES|ICASK_BOVIN
FWAPFPEVFGE 501 1236.65 1 13 EB13.336 37.33  2.10E+05 POZEEZICASAT_BOVIN
APFFPEVFGEK 43,3 330517 3 -0.1 436,266 2835  T.13E+04 POZEEZICASATBOVIN
OASACIFIRML 433 113355 10 28 SET.8 2817  2.30E+04 PA0135|GLCMIBOVIN
ILMKFPEDETHL 43,1 1307.67 1 8.9 436302 17.02  2.62E+05 P30135IGLCM1_BOVIN
LPYPOKAYFYPO 453 1335.76 1z -8.4 EBEE.832 23.3  133E+0d POZEEEICASE_BOVIN
LPCLEYLMEMLLRF 453 1583.87 13 4.1 52897 331 123E+0d POZEEZICASATBOVIN
SOMPELPLS] 45,7 1095.65 10 -3.3 548.822 23.03  126E+04 P30135|GLCMIBOVIM
VOVTSTAY 456 505.439 g -12 804.445 15.13  9.85E+03 POZEES|CASK_BOVIN
TATPYYPPFLAPEYMI+15.93] 486 179694 & 18 833478 39931 336E+04 POZEEEICASE_BOVIMN  Owxidation (M)
VOMESTEVFTE 43,6 12584.53 1 0 B43.303 221 T.9TE+03 POZEE3ICASAZ_BOWVIN
LLY'QERPYLGRWYRGRFRI 456 200716 18 0.2 100453 4554 3.0TE+03 POZEEEICASE_BOVIN
OMPICIAF 484 5200379 T 27 B21388 2898  145E+04 POZEEEICASE_BOVIN
SSSEESITRIM 43,4 122153 1 1 B1.802 14.95  3.85E+03 POZEEE|CASE_BOVIN
L EREPVLGRYRGRFRIM 452 133314 18 4.3 937.582 45.31 4.53E+03 POZEEE|CASE_BOVIN
RELEELMWPGENVMESL 43,2 1324.95 16 13 313.482 397 3.4TE+0d4 POZEEEICASE_BOVIN
SHAFEVWET 47,85  1016.53 3 2.2 503.273 15.53  1.58E+04 P30135|GLCMBOVIN
SLIQISK VLPYPOR, 478 1409.52 13 5.6 470951 13.35  1.24E+04 POZEEE|CASE_BOVIN
SSEESITRIM 477 1134.55 10 7.7 ESB8.288 14.75  2.74E+03 POZEEE|ICASE_BOVIN
VY PPFLGPEVMI+15.93) 476 1270.66 1l 4.2 127168 3335  106E+05 POZEEEICASE_BOVIMN - Ouidation (M)
SVLSLSAS 475 S519.434 g -6.2 820433 2042 6.5BE+03 POZEEEICASE_BOWVIN
WLMEMLLRF 47.4  1116.63 3 5.4 559.33 3397 9.54E+03 POZEEZICASATBOVIN
SLAYPFPGRIPM 47,3 1293.63 12 14 E50.854 36.71 1.13E+04 POZGEE|CASE_BOWIN
ILMKPEDETHLE 47.3 43671 12 0.6 713.368 15.89  6.03E+05 PA0135|GLCMBOVIN
VFPFLOFEWM 473 711556 I -11 578.807 3567  3.10E+04 POZEEEICASE_BOVIN
PPFPFPPPFFP 47,1 358.535 10 37 43528 16.68  132E+04 AZVOKE|'\WASFZ_BOWIM
SSROPLSGOMPRLPL 47 1575.85 14 01 527252 2002  7.43E+04 PE01AS|GLCMI_BOWIN
MWPGENVESL 46,9 1055.55 10 12 105656 30,83 17IE+05 POZEEEICASE_BOVIN
APFPEVFGKEK 46,5 1247.65 1 36 416835 2474 1.13E+04 POZGEEZICASAT_BOVIN
ILMKPEQOETHLEAQPTOASACIFIRNL 465 2343 45 26 7.5 T38.386 3212 372E+04 PA0135|GLCMIBOVIN
PPPFFPFPPFP 46,6 531485 3 -2.5 446,743 15,47 4.d0E+04 AZVOKE|'\WASFZ_BOVIM
ERPVLGPVRGFFPI 46,4  1453.87 14 -19 7455941 4145  4.21E+04 POZEEE|CASE_BOVIN
FWAPFPEWVF 46,2 105154 3 14 105255 4237 3. 70E+04 POZEEZICASAT_BOVIN
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Peptide

HLPLPLLOS
ILNKPEOETHLEAQPTOASALFIR
OLISKEQIVIR

FPENFGK

VAPFPEVFG
ILMKPEDETHLEAQPTOASACF
RELEELMWPGEIVE
MAVPITPTLRN
WPPFLGPEYM(+15.39]
ASALIFIRKL

MEMLLRFF

ALLOPSFF
APPPRPPRP

WVOMES(+73.97ITEVFTE

ALLOPSFF &K
EWVLMNEMLLRF
APFPEVFG
GLPGEVLMEMLL
GEPVLGPWYRGFFRI

AAGGPGAPADPGRPT
SCMNPELPLS
LLYEEPYL
ACPTOASAGFIRMNL
OTIAGAASTTTISOMSK
VAPFPEWF

VIESFPEIN
GPWRGFFPI

WOM+15.33)ES(+73. 37 TEVFTK
APFPEVFGRE
DIGEWYAGTSL
DACISAPLEWY
VLSRYPSYGLM

MWPGENE

WOM+15. 33)ESTEVFTE
HIGKEDWPSERYL
PYWYYPPFLOPEWMI+15.33)
WSREGLEQEGEEM(+15. 3SIAEYR
SKVLPWYPG
WPOLENPHNSAEER
SOSKVLPVYPO
PWLGPVRGFFRI

MNAVPITPT

IMTCITMEIGL

SCMPRLPL

MNAVPITRPTL

MLHLPLPLLZ
WWPPFLOPEWM
APFPEVFGREEREN
SLSOSKVLPVPOKAVFYFO
DASACFIR

TLEPVLGPWVR

WPCILEIVPTM

GLPOQEVLM

TWOM{+15. 33)ESTEVFTHE
EM[+15. 33PFPEYFVERF

ALLOPSFFAKESWE
HOGLPCGEWVL
PPLLLLSA

-10lg Mass

46.1
46.1

45
45.5
45.5
454
452
45.1

45
44.3
445

4d. 5
44 6

4d.4

44 4
443
4d. 2
4d. 2
433

433
438
437
437
436
435
434
434

432
431
431
42,8
42,8
427
42,7
427
42,4
474
424
423
423
422
419
415
415
4.7
415

411

40.5
40.7
40.7
40.7
40.6
40.6
40.5

40.5
40.4
40.2

120268
272236
131277
22426
361.431
245317
1624.83
1035.57
.53
1013.56
1051.55

303,454
865.47

1364.56

107.6
124567
g62.423
133772
1504.54

1230.63
352.545
373.545
153078
1773.83
304.455
336,513

105162

13580.55
Ma.56
13731
m&.s7
1267.66
§55.434
1300.53
1512.82
1466. 7a
2041.56
866.523
1B57a.82
1081.61
1360.52
11.444
353.556
§35.513
324.526

156.7
1254.67
1346.72
2065.76
306.456
1136.62
1007.57
d63.465
1401.63
1435.71

1550.53
1013.54
22,522

Length ppm
10 126
24 4.4
1 4
7 T2
3 4.5
22 21
14 -0.3
10 -8.4
10 5.4
9 -2.4
8 -4
g -3
3 57
1 E.2
10 13
10 -2.4
g -0.6
12 -3
14 0.4
15 0.6
3 =111
8 -9.4
14 4.1
18 =37
g -4.3
9 -1.3
10 3.2
1 53
10 -2.2
12 -0.1
10 17
1 2
g -E.2
1 3.2
13 E.4
13 13.3
17 5.8
8 -3.6
14 17
10 2.3
13 0.3
g -2.3
3 5
g 71
3 4.4
10 3.7
1 0.2
12 71
13 0.4
g 1
10 -1.6
3 -01
g 2.6
12 -3
12 27
14 E.3
3 -12.2
g -5.4

miz

EO0Z2.358
ES1.602
438.6
412,224
9E2.502
818.736
813.425
520.285
58681
510,284
526.78

309,463
433,746

553,23

554.807
B23. 844
g53.423
653,865
793426

Gd6. 324
432274
374.547
51.263
30,452
305,476
337.513
526.815

B31.2587
560,755
630,862
560,234
634,837
§56.433

651.304

535.615
T3d.409

631633
434. 269

730931

541.615

G51.413

§12.452
435,783
448, 76T
4583275
579,355
G265, 344

443,315
633,393
454, 236

579.313

1005.55
63,475

701824
Td5.862

517.357
510,77
412, 266

322

RT
4273
24. 76
2d. 54
2d.44
35.53
23.67

29.3
24.1
0.1
24. 76
37.8

331
14.37

22.93

33.95
34.33
32.96
36.63
37.43

.81
=i
30.862
30.81
24 37
36.43
19.94
34.3

16.32
28.72
32.53
20.26
2153
16.45
16.45
5.4
33.33
152
16.45
25.93
1633
4136
1r.24
20.32
2153
2T.78
4207
38.33
28.23
26.26
16.07
2183
27.87
2223
1r.83
32.61

32.82
2202
38.55

Area

Accession PTH
3.44E+03 POZGGE|CASE_BOWIM
4. 153E+04 PE0135IGLEMT_BOWIM
2.30E+04 PS0T3SIGLCM_BOVIN
1.TSE+0d POZEEZ| CASATBOVIM
4. 3ZE+0d POZEGZ|CASAT_BOVIN
3.65E+04 PS0135IGLCM_BOWVIN
1.34E+05 POZEEE|ICASE_BOWIN
1EIE+03 POZEE3CASAZ_BOVIN
110E+05 POZEGEE| CASE_BOVIN
S.68E+03 PS013SIGLCM_BOWVIN
1.00E+04 POZEEZICASAT_BOWVIM
Pa1265-
ZIPIGR_BOWIN: PE1ZESIP
3HE+D3 IGR_BOVIN
T.20E+03 A2VOKE[\WASFZ_BOWIN
Phazpharylatio
J.3TE+D5 POZEE3ICASAZ_BOVIN  niSTY]
PE1265-
ZIPIGR_BOWIN: PE1ZESIP
3. 7SE+03 IGR_BOWIM
4. 37E+04 POZEEZICASAT_BOWVIN
1.ESE+0d POZEEZ| CASATBOVIM
1.23E+05 POZEEZ|ICASATBOVIN
3.48E+03 POZ666|CASE_BOMIM
PE1265-
ZIPIGR_BOWIN: PEIZESIP
SATE+D3 IGR_BOVIN
Z2.BEBE+0d PS013SIGLCM_BOVIN
4. 23E+03 POZGEEICASE_BOVIM
1.35E+04 PE013SIGLEMT_BOVIM
8. 33E+005 PE00Z25IPERL_BONVIN
TATE+Dd POZEEZ|ICASATBOWIN
5.39E+04 POZGGS|CASK_BOMIM
4.12E+04 POZEEE|CASE_BOWIN

Oxidation (M

Clzidation (M);
Phozphaorylatio
1.259E+0d POZEE3ICASAZ_BOVIN  nlSTY)
3.03E+03 POZE6Z|CASAT_BOWVIN
B.24E+035 POZ 7S LACE_BOWVIM
3.56E+05 POZTSd LACE_BOVIN
4. HE+03 POZEGS CASK_BOVIN
2.02E+04 POZGEEICASE_BOVIN
1.559E+04 POZEE3|CASAZ_BOVIN  Oxidation (M)
T.42E+04 POZBEZICASAT_BOWVIN
1.6TE+03 POZEEEICASE_BONIN  Owidation (M)
292E+03 PIEE3ZIBTIATBOVING - Cxidation (M)

2.33E+04 POZEGEICASE_BOVIN

0 POEEEZICASAT_BOWVIN
5.22E+04 POZEEEICASE_BOWVIN
316E+03 POZEEE|CASE_BOWIN
2.3BE+0d POZEE3ICASAZ_BOVIN
G.35E+03 PO2754|LACE_BOWIN
5.13E+04 PE013SIGLCML_BOVIN
J.TSE+03 POZEE3ICASAZ_BOVIN
141E+0d POZEEE|CASE_BOWIN
3.14E+04 POZGEE| CASE_BOWIN
1.57E+04 POZEEZICASAT_BOWVIN
T.T4E+03 POZEEEICASE_BOWVIN
1.37E+0d PE013S|GLCM_BOVIN
3.594E+03 POZEGEICASE_BOVIN
3.98E+04 POZGGZCASATBOVIN
3.92E+04 POZ6EZICASATBOVIM
1.54E+0d POZEE3|CASAZ_BOVIN  Ouidation (M)
118E+04 POZEEEICASE_BOWVIN - Oxidation (M)

PE1265-
ZIPIGR_BOVIN:PE1265IF

4 3ZE+03 1GR_BOWIM
2.48E+0d POZEEZ CASATBOVIN
2.52E+0d4 ATMEZT|IRHGIE_BOVIN



Peptide
EACGFTOASAGIFIR
EPVLGPYRGFFFI
“LEGILLRAL
TVOMESTEWVFTK
PPAPPPPPP
GrLECLLRLE
LIMTETM+15. 33K GL
PYERFTESO
GvLECILL

GRFFIY
LWTETMEGLOIC
PPPFFFPPP
VPPFLOPEW
LIMTOTMEGL
SONPELPLSILE
ELEELMWPGEINE
VAGTWYSL
LPEEWVLMEMLL
LPLPLLGS W
MIPPLTOTPY
VPPFLOPEVM+15. 33)5GY
FuWAPFPEVFGRERY
TLTOVEML
\W'PFPGRIPM
EELMVYPSENMESL
LMEMLLRF
WHEMPOLENPN
SLSGSKMLPVPO
OMi+15. 33IFICIAF

555(+79.97IEESITRIN
FUAPFPE
TRAIFYARY
SOIPNPIGSENSER
BRFPEVF
SLPOMIPRLTOTRY

SHKALVSTLVFLA

S EIGPIMLMP W DG
LPLALLPK
HLFLPLLOS
FWERPFTE
EPVLGPYRGPFP
GLPAPLPLSLL
FPEVFGEEK
AFEVVET
SROPOSOMNPELPLSIL
GLPOEVLMNEM
OMPICA

GvLEGL
SROPOSGNPKLPL

AAGGRGAPAOPGRPTGYS
LWPFPGFIPN

MEMLLRF

EVLMENLLR
VIESFREINTVO
SRMPOEEGLFTWVR
GLPOEVLMNE
GLPOEVLMENL

ALLOPSF
LIVTETM+15. 33K GLOIG
OM(+15. 33FIQAFLL
GrLECLLRL
GPWRGFFPIN

-10lg Mass

40.2
40.1
40.1

40
40

386

396

385

385

395

384

394

383

3z
331
331
331

363

363

363

36,8

I/T

3BT

36.6

366

364

364

363

362

38
38
35
373
378
37T

376
375
375
371
371

3T
6.8
36.8
6.8
367
6.6
6.6
365
36.5

36.5
365
36.5
6.4
36.3
36.3
36.1

36

353
358
358
358
358

143263
137674
1045.61
13585.64
865.47
123173
116.64
103248
§3d.443
T41.443
145581
T34.433
102456
110z.64
1336.81
1465.73
§95.444
12607
1065.62
107E.6
132768
155256
303.455
1033.57
42672
1017.56
1238.72
1268173
§36.374

1301.55
305.4M
1137.65
14585.63
305,40
1503.83

T37.73
1655.87
863.554
1016.6
§17.366
12637
1104.65
1073.57
TI2.435
1605.02
.55
573.31
T21.365
1431.82

1557.75
1212.65
304.477
10395.6
132463
1515.74
337.505
1224.64

TE1.336
147481
106254
103.63
1130.63

Length ppm
13 1
13 -6.2
g 3
12 -1.3
3 57
10 14
10 B8
3 33
7 -5.1
7 -T2
13 0.3
g 1
3 5.1
10 15
12 18
13 8.3
g -36
1 3
3 -0.6
10 7.3
12 15
14 10.1
g 0.3
10 513
13 2.8
g -4.1
1 0.6
12 =37
7 -0.3
1 -15
7 -16.6
3 5.3
14 14
7 6.5
14 -4.5
12 4.2
14 1
g =111
3 -5
7 -52
12 4.2
1 14
3 -0.6
7 34
16 -16
10 -0.1
[ -15
[ -2.2
13 27
1a =71
1 T
7 3.6
3 -4.6
12 -5 7
13 10.6
3 0.7
1 3
7 -23
13 33
3 0.6
3 4.5
n -2.5

miz

TI7.355
E89.336
524.318
£93.521
433. 746
471,553
560332
517.243
§35.455
Td2 447
730,413
398,225
513.29
552,331
445,612
T35.379
B896.451
Ed1.36
533.82
540,314
BEd.551
531966
304,466
100,58
T14.363
509,757
ES0.372
gd41.872
837.384

§51.7583
306,335
380227
743,858

g06.416

732,921

533.876
326,345
432736
508,307
§16.392
B32.853

105.66
360.863
337.225
602678
556,753
G74.313

T22.37
435,252

733.873
B07.333
453,243
550,308

663,35
507.262
433,763
G13.327

Thz.402
T35.416
1063.55

552,823
576.3531

323

RT

20.04
37.46
ITET
23.03
14.97
35.61
20.82
18.63
34.25
379
3123
14.22

327

27.4
28.92
3168
30.35
F3.65
45.57

26.5
34.35
36.15
23.76
3187
38.57
3135
3013
2312
22.08

=N
28.07
2223
13.94
3315
3135

34.25
3d.41
4143

33.84
13.73

s

33.54
2157
1733
3321
23241
17.65

24.39
13.32

14.62
3573
27.07

24.12

23
22.57

2415

iz

30.05
251
38.76
4143
36.3

Area

Accession PTHM
T.45E+03 PE013SIGLCMI_BOWVIN
1.53E+04 POZ2GE6|CASE_BOVIN
5.56E+03 POZEEZ|ICASAT_BOVIN
36E+03 POZEESCASAZ_BOVIN
3.53E+03 AZVDEEIWASFZ_BOVIN
Z.53E+03 POZEEZ|ICASAT_BONVIN
4 TOE+04 PO2T54|LACE_BOVIN
5.80E+03 POZEEE|ICASE_BOWVIN
1.73E+03 POZG6E2|CASAT_BOVIN
T.8BE+03 POZEEE|ICASE_BOWVIN
B.44E+03 POZTS4|LACE_BOVIN
2.65E+04 AZVDKEIWASFZ_BOVIN
1.46E+03 POZGEE| CASE_BOWIN
1.95E+04 POZ2754|LACE_BOVIM
B.26E+03 PE013SIGLCMI_BOVIN
3.00E+03 POZEEG|ICASE_BOWVIN
1.36E+04 POZ754|LACE_BOVIM
ZI6E+04 POZ6EZ|CASAT_BOVIN
3.97E+03 POZGEGICASE_BOVIN
3.53E+04 POZEEE|ICASE_BOWVIN
1.05E+04 POZEEE| CASE_BOWIN
Z.47E+04 POZEEZ|ICASAT_BOVIN
§.33E+03 POZEEG|ICASE_BOWVIN
5.d8E+03 POZGEG|CASE_BOVIN
5. 13E+03 POZGEE| CASE_BOWIN
3.80E+03 POZEEZ|ICASAT_BOVIN
2.58E+04 POZEEZ|ICASAT_BOVIN
3.d5E+03 POZEEG|ICASE_BOWVIN
1.4E+04 POZGEE| CASE_BOVIN

Clidation (M)

Dwidation (1)

Clidation (M)
Phosphorlatio
3.7TPE+03 POZGEGICASE_BOVIN G (ST
5.03E+04 POZEEZ|ICASAT_BOVIN
2. 0TE+03 POZEE3CASAZ_BOWIN
315E+03 POZEEZ| CASAT_BOWVIN
2. 53E+04 POZEEZ|CASAT_BOVIN
1.56E+04 POZGE6|CASE_BOVIN
P31265-
Z|PIGR_BOVIN: PS1265]F
3.23E+03 IGR_BOWVIMN
2. T4E+03 POZEE3CASAZ_BOWIN
2 TE+04 PSO227|STIAT_BOVIN
2.d3E+03 POZEEG|CASE_BOWVIN
3.93E+03 POZGEGICASE_BOVIN
4.0ZE+04 POZEEE|ICASE_BOWVIN
2 28E+03 Q2KIS1IPRISA_EOVIN
4. TEE+03 POZEEZ|ICASAT_BOVIN
5.37E+03 PE0I3SIGLCMI_BOWIN
2. 75E+03 PB0135|GLCMI_BOVIN
1.03E+04 POZEGZ| CASAT_BOVIN
5.55E+03 POZEEG|ICASE_BOWVIN
3.57E+03 POZEEZ|ICASAT_BOVIN
5. TIE+03 PE013SIGLCMI_BOWIN
P81265-
ZIPIGR_BOVIN: PS1265]F
1.42E+03 IGR_BCWIM
4. 74E+03 POZEER|ICASE_BOWVIN
2. 34E+05 POZEEZ|ICASAT_BOVIN
4. 54E+04 POZEEZ|CASAT_BOVIN
1.84E+04 POZGES| CASK_BOWIN
4. B0E+03 P1583ZIBT1ALEOWVIN
3.8TE+04 POZEEZ|ICASAT_BONIN
1.23E+0d POZ6E2|CASAT_BOVIN
PE1265-
ZIPIGR_BOVIN: PS1265]F
T.59E+03 IGR_BOVIN
1.15E+04 POZTS4|LACE_BOVIN
3.86E+03 POZEEG|ICASE_BOWVIN
1.36E+03 POZEEZ| CASAT_BOWVIN
1HE+DS POZEEE| CASE_BOWVIN

Oridation (4]
Dwidation (1)



Peptide
GPVRGPFP
DWVEMLHLPLPL
TTLSSEAPTTO
GLOGKMAGT

STLYFLA

HLPLPLLO

EFVLGPYR

IGVNGEL

GPVRGFFFI

IGVNOELAY

WAFFPEY

EOVPSERY
FEVIESPPENTWYOWTSTAY
MHOPHGFPLFPT

SVKDAAGGPGAFADPGRPT
THEPWVL
GRWVSLWVEDHIBEGSWAVR
WLGPWRGRFRIY
VLPYPOKAYPYPOEROM+15.33)PIC
IHPFAQTCOSL

OVPSERYL

FWARFPEVFGEE

IHFFAQITC

LPCYL

IPCEYI

SVLSLSOSK
TLRIGPNVLNPWDGVER
GLPOEWL

SOIPMFIGSE

FaLPOyY

ALMEINCIFYCIE
SOSKVLPWPGK

EWLMERNLL

WPOLENPNS+T3.97)AEERLH
LGYLEQLLR

LMKPEDETHLE

VAGTWY'S

EIPTINTI&S
KHOGLPOEVLMEMLLRF
AVFYPO

IPICIWL

APFPEY

ASTTTISDAWVSK

FPEVFG

ESRMNPOEEGLFTWR

ELMERL

HOGLPOEWLMENLL
SLPOMIPPLTOTPYWWYPPFLOPEWN

DLIS(+73.37IKEQIVIR
WAPFPE
LPOEVLMNEMLLR
WAPFPEVFGEE
ALPCYL

VLPVPO

FWEFF
MPFPEYPWEPF
FPEVIESFPEIN
GTwrSL

AGEICIMNEALLD
HOGLPOEWLM
ALMEINGF

WIF R
WLGPWRGRFPI

-10lg Mass

a7
3|7
3|7
356

35
3=5
354
35.3
3.3
DE
351
351

35
3.3

343
3.8
4.8
3.7
346
346
3.6
3.5
3.5
345
345
345
3.4
3.4
343
343
3.3
3.2
3.2

342
341
341
341
4.1

3349

3349

338

338

338

FAT

FAT

33T

3T

336

35
335
335
335
Fid
32
331
331
331

33

Jex]
Jex]
3243
323
323

325.45
1258.63
1134.54
1186.63

533,417
328.57
865,502
T3
338.534
1005.51
7oT.401
333.44
2103.05
1268163

1713.85
4736
183301
136254
2403.23
1140.53
377462
1365.7
340.477
B32.353
632353
347523
18197
Tod.423
102745
TINETS
1366.53
1209.71
342,502

1303.93
103.63
1323.63
7236
105757
20341
673344
944,506
B58.333
1736
634.333
1647.73
§23.418
160254
275645

1332.74
B58.333
1436.5
1215.63
T03.33
B51.336
D8T.296
1350.67
122261
T£5.336

17062
1133.58
347.471
08,512
1263.77

Length ppm
g 5.9
il 9.6
il 2.6
il -18.1
7 -4.2
a 10.6
a -0.5
7 -2.4
3 4.4
| -3.3
7 -4.6
a -d.4
20 -1.1
il 6.9
13 03
B 0.1
18 -0.8
13 13
el -39
10 -2.1
g 2.8
12 1
g 71
5 -12.5
5 -125
3 -12
15 1
7 14
10 -4.2
B 4.6
il =13
il E.1
g 17
16 13
3 14
il 15
7 -3.6
10 -0.7
17 -2.4
B -5.5
7 3.9
B 11
12 32
B -3
14 1.4
7 -2.2
1d -27
25 0
il 1.5
B 3.6
12 3T
il 31
B -3.6
B -0.8
5 2.2
il 01
il -185
B 049
il o0&
10 -13.2
g =17
7 -6.8
12 2.6

miz
413.736
E30.359
EE5.2T3
534 318

TOO. 429
d4E5. 7Y

43376
TTZ.d
470ETE
006,52
ToE.407
437725
TO4.037

428,22

574252
T, 355
474,253
68243
G0d.1
571303
433.75
583853
471.243
B33.355
B335.355
474,71
B04.337
75433
51d4. 76
T35.356
Gifid. 343
0. 247
343.5M

B37.654
552,625

dd2 22
TE3.367

52873
503.531
674347
423 262
553,341
530,508

535.34
550,275
gandey
dle. 423
319535

465,26
659,342
718403
B10.527
04338
Boz.402
588,306
G763
G2 302
T26.343

586,352
SET.TH3
345.47
455,26
532,834

324

RT
2036
4144
1567
53

26,13
3476
1765
13.73
28.47
23.65
2753
1544
3218
14.38

1502
2141
228
41.55
31
22 65
13.87
3743
14.54
2406
2406
17.43
a3
25,32
22,63
2815
24.04
15.04
23,46

28.52
3515
13,79
16.53
26.63
35.95
14.23

3343
24,67

1¢.71
28.67
23m
20.57
3372
45.71

Z7.89
13.54
30.46
ez
25,77

183
13.97

35.8
23.54
28.73

1831
20.05
2d.42
£3.93
39.54

Area

Accession
1.86E+0d POZEGEICASE_BOVIM
2. 2BE+03 POZEGE|CASE_BOWVIN
0 P30025|PERL_EOWIN
110E+03 POZ754|LACE_BOWIN
P&1265-
ZIPIGR_BOWIMN: PE12E5]F
1.13E+04 IGF_BOVIN
1.10E+04 POZEEE|ICASE_BOVIN
5.81E+03 PO2666|CASE_BOVIN
14ZE+03 POZEEZICASAT_BOWVIN
3.87E+05 POZEGEICASE_BOWVIM
J.86E+03 POZEG2|CASAT_BOWIN
4. 13E+03 PO2EEZ|CASAT_BOVIN
155E+03 PO2EEZ|CASAT_BOVIN
1.59E+0d POZEGS|CASK_BOVIM
3.42E+03 POZEGEICASE_BOVIM
P81265-
2|PIGF_BOVIMN: PE12E5|F
4 43E+03 IGR_BOVIN
2 16E+0d POZESEICASE_BOVIM
5. 3dE+02 P1339Z2IET1A1_BOWVIN
2.26E+0d POZEGS|CASE_BOWVIN
1.13E+04 POZEEE|CASE_BOVIN
T.25E+03 POZEEEICASE_BOVIM
2. T3E+0d POZEGZ|CASATBOVIN
3.53E+03 POZEG2|CASAT_BOWIN
2. 16E+03 POZG6G6|CASE_BOVIN
1.0ZE+03 POZEE3ICASAZ_BOWIN
1.0ZE+03
4.33E+05 POZEGEICASE_BOWVIN
10SE+04 POZ6E3|CASAZ_BOWIN
148E+05 POZE6Z| CASAT_BOVIN
2. 1E+03 POZEEZ|CASAT_BOWIN
1EIE+03 POZEE3CASAZ_BOWIM
133E+03 POZEE3ICASAZ_BOWIN
2. FOE+03 POZEGSICASE_BOWVIN
4. T3E+0d POZEG2|CASAT_BOWIN

1.0E+04 POZEGZICASAT_BOWVIN
107E+03 POZEGZICASAT_BOVIN
2. 16E+04 P30135| GLCMT_BOVIN
T.OE+DS POZTS|LACE_BOWIN
3.0ZE+03 POZEGSICASK_BOVIN
2.45E+03 POZEEZICASATBOVIN
1.25E+03 POZE66ICASE_BOVIN
2. 20E+03 POZEGE|CASK_BOVIN
T.o4E+HO3 POZEEZ CASAT_BOVIN
1TE+03 PE0025| PERL_BOWIN

0 POZEGZICASAT_BOVIN
3.56E+03 P1333ZIET1A1_BOWVIN
195E+03 POZEGZ|CASAT_BOVIN
5.58E+03 PO2EEZ|CASATBOWIN
1.35E+0d POZEGEE|CASE_BOWVIN

Z1ZE+04 PE013SIGLCMT_EOVIN
319E+04 POZEGZ|CASAT_BOVIN
2 13E+03 POZEGZ|CASAT_BOWVIN
T.A3E+03 POZEGZ|CASAT_BOWIN
5.33E+03 PO2BEIICASAZ_BOVIN
Z.48E+04 POZEGEICASE_BOVIN
3.51E+03 POZEGEE|CASE_BOWIN
G.4TE+DS POZEGEICASE_BOVIN
17IE+D3 POZEES|CASK_BOVIN
106E+04 POZ734ILACE_BOWIN
P&1265-
ZIFIGR_BOVIN:PE1265IF
6. 41E+03 IGF_BOWIN
12dE+0d4 POZEGZ|CASAT_BOWVIN
4. 32E+03 PO2BEIICASAZ_BOVIN
13E+03 POZEGE3ICASAZ_BOVIN
3.3E+DT POZEGEE|CASE_BOWVIN

PTHM

Clzidation (M)

Phasphorylation
[ST]

Clzidation (M)
Phosphorylation
[STY]



Peptide
EVIESPREINTYOWTSTAY
v EIKFPOY LG
FUAPFPEV

ALLDOPSFFAKES

ALLOPSFFARESVED
IMTOTM+I5. 33 GLOIG
VIESPPEINTYOWTSTAY
WAPFPEVFGRERY
ROMPICAF

SWLSLS0

WLMEMLL

TLWFLA
FGKERK
GLOIGKWAG
FAMPLLENMPH
FSHAFEWWET
FPEWF

IPICH

LPLCY
IPLOY
IFyWYRYL
ALPLILE
AVPITPT
OKTEIPTIM
DMPIGAFLL

WSTLVYPLA
SLVYPFPGRIPNSLPO
WLMEMLLR

VPGLEIVPHS(+73, 37IAEERLHSM+
FFYAPFPEVFGK
EDVPSERYL

ALLOPSFFAKE
FUAPFPEWVFGKEKWM

M+ 33AVPITPT
LPOEWL
IPOEVL

MI+15. 3FEST(+73. ITIEVFTE

WPLLENMPMNS+TI. 3TIAEERLHSME
MNAYPITPTLNRECL
WRGPFRIY

LWSTLWPLA
SSROPOSONPELPLS
PWYREFFRINY
LGPYRGPFRIY

LY REPYLGPYRGPFP
SCNPELPLSILEEK

TVOM+153. 3IESTI+TI. ITIEVFTE

329
32.9
328

328

2.8
32.8
327
327
2.6
jz.4
3z.4

32.3
322
jz.2
321
321
321
321
321
321

32
313
ks
a8
i

38
316
16

5
5
314

4
34

4
4
314

Iz

2
311
31

Kl
il
il
30.9
30.9
30.8

30.8

-10lg Mass

2012.03
1376.65
304463

1323.67

1665.56
136172
1552.93
1445.73
I76.45
T3z2.402
513.465

§12.385
TEZ.486
§33.505
1135.66
T53.6
B37.31
632,353
632,353
632,353
922,528
§31.485
G37.401
1025.53
1045.55

T35.485
172431
359.561

Z1dd
1383.72
1106.52

1236.64
1706.3

12425
637.401
B37.401

1166.46

2256.1
1564.56
336.612

311.563
1665.55
1053.66
1263.77

16E7.3
1553.95

1dE16

Length ppm

13
]
g

15
12
15
13

—_

W = = oo o mm

13
12

1
15

om

1z
g.2
5.6
26
13
-4.3
-3

15
3.1
31
11

-32
-0.3

-0.3
3T

-5.3
-12
7.7

11
14
4.8

-243
L=Xi

32
-5.5

-7.8
-33
-33

167

37
-1
14

7.3
5.4
-G.6
-0.6
6.5
249

16

miz
1007.03
B33, 346
305,473

BE2. 545

556,303
651.874
342,507
482.941

453,25
T33.406
14,467

613393
TE3.503
450, 7hd

5635, 54
355,876
635.313

533,36

533,36

633.36
462 274
416.793
535,407
515776
S2d 287

400,243
63466
455,73

715674
632,873
554.271

513.323
563.974

13432
633,406
635,406

Sid. 247

565.036
73435
439.314

456,735
556,304
547,536
632,834
834 364
333.436

4181

325

RT

23
28
35

3373

32,63

13.15

30.4
30.72
24.71
20.65
25.94

25,37
44.23
1877
26.03
20.91
3027
20.87
20.87
20.87
28.81
19.32
15,54
13.35
4477

28.82
3387
2173

28.33
425
20.54

34.42
3d.47

16.45
2243
2249

14.62

23.48
27.54
35.97

3339

1515
3688
40.56
35.15
25.85

1737

Area

Accession PTHM
4. T3E+04 POZEES|ICASK_BOVIN
S I5E+05 POZGESICASAZ_BOVIN
Z.26E+03 POZEEZ|ICASAT_BOVIN

P&1ZE5-

2|PIGF_BONIMN: PE1265P
2.83E+03 IGR_BOVIN

PE1265-

ZIPIGF_BCONIMN: PE12E85]P
4. BOE+03 IGR_BOVIN
4. 45E+03 POZTS4|LACE_BOWIN
3.23E+03 POZEEB|ICASK_BOVIN
2.95E+04 POZEEZICASAT_BOVIN
1.45E+04  POZGEEICASE_BOVIN
3.41E+03 PO2GEE[CASE_BOVIN
2.33E+03 POZEEZICASAT_BOVIN

P&1265-

ZIPIGF_ECONIMN: PE12E65IP
1.96E+05 IGFR_EOVIN
5. 98E+03 Q1JQ03ILMELZ_BOVIN
1.42E+03 POZTS4|LACE_BOWIN
2. 73E+04 POZEEZICASAT_BOVIN
5.33E+03 PE03S|GLCM_BOVIN
1.34E+0d POZGEZICASAT_BOVIN
T.49E+03 POZEESICASK_BOVIN
T.43E+03
T43E+03
1.39E+03 POZEE3ICASAZ_BOVIN
3.28E+04 POZEE3ICASAZ_BOWVIN
4. 20E+03 PO2EE3ICASAZ_BOWVIN
1.34E+0d  POZBES[CASK_BOVIN
4. FIE+05 POZEEE[CASE_BOVIN

P&1265-

ZIPIGF_ECONVIMN: PE12E85IP
3BE+03 IGF_BOYIM
5.E4E+03 POZEEE|ICASE_BOVIN
2.62E+03 PO2EEZICASAT_BOVIN

Oiuidation (M)

Phosphorylation
[ST); Owidatian
1EIE+0d POZEEZICASATBOVIN (M)
2 09E+03 POZEEZ|ICASAT_BOVIN
5.03E+03 POZEEZICASAT_BOVIN
PE12E5-
2|PIGF_BOWIN. PE1255P
T.T4E+03 IGFR_BOVIM
3.33E+03 POZEEZICASAT_BOVIN

A15E+03 POZEEIICASAZ_BOVIN
3.22E+03 PO2GEZICASATBOVIM

Dzamidation [NO)

9.22E+03
Oidation [M);
Phaozphorulatian
2.56E+03 POZEE3ICASAZ_BOVIN [STY)
Phosphorylation
2.93E+03 POZEEZICASATBOVIMN  (STY)
4. 6ZE+03 POZEE3ICASAZ_BOWVIN
2.61E+03 POZEEEICASE_BOVIN
PE1265-
ZIPIGFR_BOWIMN: PE12E5|P
182E+03 IGR_BOVIN
1.02E+04 PS03 GLEMTBOVIN
3.FE+05 POZBEEICASE_BOVIN
3.51E+05 POZBEEICASE_BOVIN
2.23E+03 PO26E6E|ICASE_BOVIN
1.80E+05 PE0135|GLCMT_BOVIN
Oidation [M);
Phaozphorulatian
B.4BE+03 POZEE3ICASAZ_BOVIN  [STY)



Peptide
HIQKEDOWPSERY
FPEVFGRERWY
EHOGLPEEVLM
LEGLLRL

PGRPTGYSESSKAL
KAWPY PORDMPICAF
SLTLTOVE

TRUIPYY
AVESTWATL
FOMPICAFL

WOM+15.33)E ST+ 7. IVIEVF TR
EIMESL

DMPICIAFL

LPLSIL

IPISLL

LPLSLL

IPLSI

IPLSLL

LRLSI

LRISIL

AP POROM(+15. 33)FIGA
LPOEVLM

ALPCY

APOHY
HEEMPFPEYFYEPF

ALK STRGRALRIL
HIOKEDWFSER

LG+'LEGL
LVEDHIAEGSYAVR

[EKFQS(+79.97IEEQE0
MAPPKKNGD
SESKVLPYPGKAVPYPG
AVFYPE

FFVAPFPE

VAPFP

-10lg Mass=s

307
307
307
306

306
306
305
305
309
309

309
309
303
303
303
303
303
303
303
303
302
301

30

30

30
23.3
23.4
23.4
23.4

237
2316
2315
3.4
3.4
3.4

1433.74
N78.63
1261.68

§53.543

137E.T
175331
gr6.dd4
d13.43
G53.476
1053.56

1380.55
G55. 564
3335.463
G54.432
G54.432
G54.432
G54.432
G54.432
G54.432
G54.432
1500.74
11444
590306
230,306
Trdd .86
155202
133667
34443
143375

47z.62
140.6
1565.04
TEE.336
352,463
D323

Length ppm
12 0.5
10 -4.2
1 5.7
T 0z
] -1
15 14
g -5
T 10
3 0.3
3 -0.7
1 (U
E -6.1
g -4.3
E -11
E -11
E -11
E -11
E -11
E -11
E -11
13 -2.8
T -4.7
5 15
=] 15
14 -0.2
14 2.6
1 -11.4
T =27
14 35
1 -0.5
10 -3.1
17 -2.6
5] 7.3
g 6.2
5 g.2

mi'z
500.325
393.884
421563
442 783

453.305
587646
a7v.ddy
410.258
330.483
545.731

B91.286
B53.367
457 73T
B55.438
B55.438
B55.438
B55.438
B55.438
B55.438
B55.438
791378

§12.45
591317
231377
S 523
28,347

445,56
35457
435,333

TITI3
3E1.208
B2z 656
335173

47725
530,302

RT
153.27
24.76
16.05
30.72

15.44
Z58.4
2336
Z3.68
20.82
3.7

16.27

21M
39.82
39.79
39.79
39.79
39.79
39.79
39.79
39.79
19.56
18.73
16.52
16.52
30.73
45.97

3.31
23.43

13.3

12.58

1.4
23.73
2221
36,13
20,93

Area

Accession PTHM
3.67E+03 POZBEZICASAT_BOVIN
1.80E+03 POZEEZ|CASAT_BOVIN
1.72E+04 POZEEZ|CASAT_BOVIN
3.28E+03 POZBEZ|CASAT_BOVIN
PE12E5-
Z2IPIGR_BOVIN:PE1ZESIP

4. 51E+03 IGR_BOVIM
3.24E+03 POZBEG|CASE_BOVIN
1.23E+03 POZEGE|CASE_BOVIN

0 POZEE3ICASAZ_BOWIN
2. 7T9E+03 POZBES|CASK_BOVIN
3. 1ME+03 POZEGE|CASE_BOVIN

Cltidation [M);
Phiazpharglation

3.82E+03 POZEESICASAZ_BOVIN  [STY)
2.52E+03 POZBEG|CASE_BOVIN
1.40E+03 POZEGE|CASE_BOVIN
3.82E+03 PSOMSSIGLCMI_BOVIMN
3.82E+03
3.82E+03 Q2KISTPRISA_BOWVIN
3.82E+03
3.82E+03
3.82E+03
3.82E+03
G.03E+03 POZEEG|CASE_BOVIN

0 POZEEZICASAT_BOVIN
5.60E+03 POZBE3CASAZ_BOWIM
S.6G0E+03
5.22E+03 POZGEEICASE_BOVIN

0 Q53CWd NMURZ_BOWIM
1TE+02 POZEGZICASAT_BOVIN

0 POZEGZICASAT_BOWVIN
4. GEE+05 PIGS3ZIETIALGOVIN

Clridation [

Phospharylation
1HE+03 POZEGEICASE_BOWVIMN - (STY)
1.35E+03 POZEGSICASK_BOMIN
3. 13E+03 POZEEG|CASE_BOVIN
G.63E+02 PO2GG2ICASAT_BONVIMN

0 POZEGZICASAT_BOWVIN

JITE+DG POZEGZICASATBOVIN

m/z = mass to charge ratio; RT = retention time; PTM = post-translational modification
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Table A1.5. Peptide sequences identified in delactosed permeate from production plant 1, batch

E (Chapter 1V)

Peptide

Y OEPVLGPVRGRFFI
Y OEPVLGPYRGRFRI
CEPYLGPYRGFFRIY
SHAFEWWET
VLPVPOEAVFYPO

Y UEPVLGPYRGFPFFIY
EPVLGPYRGRFRI
KVLPYPO

DAAGGPGAPADPGRPT
PVLGPVYRGFFRIY
PYUYPPFLOPEYMI+15.33)
PVLGPYRGRFRI
WHEPVLGPVYRGFFP
ACPTOASACFIR
OTIARASSTTTISOAVSHE
GLPGEVLMEMLLRF
FWAPFPEVFGREK
SOMPELPLSIL
GLPCGEVLMEMLLRA
APFPEVFGRER
EPVLGPYRGFFRIY
SOSKVLPWYPCK
SSSEESITRIN
EVIESPPENTWVOWTSTAY
FWAPFPEVFG
SSACPOSGNPKLPL
GEPYLGPYRGFFRI
EPVLGPYRGFFRI
APFPEMFGE
WVOWTSTAY

DA SACFIRML
LPGEVLMEMLLRF
SLSOSEVLPVPGR
A0PTOASACGF
VAPFPEWVFGE
TWONTSTAN
VAPFPEVFGRER
GEPVLGPYRGPFP
LPGEVLMENLLR
TWOMESTEWFTE
SLWWPFRGFIPM
LPYPy Y akPaA
ELEELMWVPGENE
SSEESITRIN
FWAPFPEVFGH
WVIESPPEIN

ASALIFIRML
QEPYLGPYRGRFERI
SOMPELPLSI
DICENAGT WY S0
WPPFLCPEWVM+15.33]
MPPLTOTRY

LMK PEDETHLEACIPTDASALFIR
SWLSLSOS
ILMNEPEDETHLE
PUYPPFLOPEYMI+15. 931GV

-10igP Mass

7415
§3.05
5534
6175
50.54
50.54
60.33
§0.02

533.08
53
58.08
55.03
56.97
56.81
56.63
96.32
56.07
55.83
5562
5466
54.63
54.52
33.66
33.35
533
53.0
52.91
52.25
5193
171
5157
5146
112
50.95
50.42
5027
5024
30.23
43.393
43.02
43.86
43.65
43.62
43.42
45.38
43.24
48.17
43.13
45.03
47.93
47.87
47.2
47,14
45,72
4657
45.56

1667.3
T3
17

1076.5

1434.8

1880.1

13766

773.43

1405.7
1453.3
1466.5
1360.5
1554.8
1303.7
1733
1640.3
14538
1208.7
14338
12477
15585.3
1209.7
12216
2z
M03.6
1573.8
1504.5
1453.3
330.52
g03.44
M33.6
1553.9
1403.5
1034.5
1053.6
304.43
1346.7
13918
1436.5
1385.6
1233.7
1316
1465.7
M34.6
1236.7
336.51
1073.6
1173
1055.6
1373.7
6
10756
27224
19.43
14367
1703.3

Length ppm

15 12
15 2.2
15 16

3 813
13 -0.5
17 -2.3
13 03

7 -5
16 -16
14 =37
13 2
13 13
14 14
12 3T
15 -15
14 -53
13 28
il -2.5
13 -2.3
il 4.8
15 -4
il 7
il E.E
13 -3.2
10 71
14 -2.2
14 -26
14 21

3 5

g -7
10 0.3
13 -5.1
13 7.4
10 -13
10 z

3 18
12 33
13 =37
12 T3
12 4.3
12 -5.2
10 -5.3
13 13
10 =17
il 41

3 23

3 -0.2
15 0
10 -3.4
12 1
10 4.1
10 -2.4
24 3.8

g -85
12 4.1
1B 1

miz

834,96

89151
§53.51
33385
T15.42
341.04

E83.4
390,75

T03.54
TI0.95
T3d.d
G142
7642
435.56
330,45
54797
435,94
B05.36
T47.92
418.5
TI5.47
404,25
G118
1007
555.29
52729
79343
74594
436,27
g0d. 44
567.5
73294
470.95
1035.5
545.5
305.5
443,92
636.55
47394
B33.83
650.55
531681
TIBAT
568,258
513.34
43327
510,23
g03.97
546,52
630,56
586.81
1073.6
G31.6
20,44
473.92
§55.96

327

RT
3877
41,78
43.35
15.76
25.51
44,26
37.63
1r.53

12.43
4342
33.52
4135
3342
15.55
24.63
41.65
34.05
35.85
3362
25.06
4331
15.07
15.03
3
41,76
20.34
3742
417
28.51
19,3
28.42
iy
15.52
15.594
4
16.74
2797
.52
30.63
23.21
36.89
22.94
.73
.87
3745
20.05
24.396
4132
23.41
328
30.54
27.0
250
20.55
16.21
40.64

Area Accession
1. TIE+0S POZEGE|CASE_BOWIN
1.BIE+05 POZEEE|ICASE_BOWIN
S.18E+04 POZEEE|ICASE_BOMIN
153E+0d PE0135[GLCM_EOWIN
4. I0E+0d POZEEE|CASE_BOWIN
1.BIE+0S POZEEEICASE_BOVIMN
E.GIE+0d POZEEE|CASE_BOMIN
2 20E+03 POZEBEG|ICASE_BEOWVIN
PE1265-
ZIPIGF_BOVIM: PE12E5I
153E+04 PIGF_EOWIM
B.5§3E+03 POZEBEE|ICASE_EOWVIN
5.93E+03 POZBEE|ICASE_EOWVIN
4 GIE+03 PO2666|CASE_BOWVIN
§.06E+0d4 POZEBEE|ICASE_BEOWVIN
Z.83E+04 PEOT3SIGLEMI_BOWIN
1.25E+04 PE0025FERL_BOVIN
2 07E+04 PO266Z|CASAT_BOVIN
T.EJE+Dd POZEEZ|CASAT_BOVIN
S43E+04 PEOT3SIGLEMI_BONWIN
5.95E+04 POZEEZ|CASAT_BOVIN
2 00E+04 POZEEZ|CASAT_BOVIN
B.96E+04 POZEBEE|CASE_BEOWVIN
5.98E+03 POZBEE|ICASE_EOWVIN
T.13E+03 POZEEE|ICASE_BOMIN
3.56E+0d4 POZEBES|ICASK_BOWVIN
342ZE+03 POZEEZ| CASAT_BOVIN
B.BTE+04 PEOT3SIGLEMI_BOWIN
3.93E+04 POZBEE|ICASE_BOWVIN
S.6TE+0d4 POZEBEE|ICASE_EOWVIN
3.25E+04 POZEEZ|CASAT_BOVIN
5.25E+04 POZ665ICASE_BOWVIN
1.04E+0d PE013SIGLCM_EOWIN
1.34E+0d POZEEZ|CASAT_BOVIN
4. 57E+03 POZBEE|ICASE_EOWVIN
1.27E+05 PE0135[GLCM_BOWIN
16ZE+0S POZEGZ|ICASAT_BOVIN
1. TIE+0S POZEGS|CASK_BOWVIN
5. T2E+04 POZEEZ|CASAT_BOVIN
1.05E+0d POZEGE|CASE_BOWIN
T.99E+03 POZEEZ|CASAT_BOVIN
4. IEE+03 POZEES CASAZ_BOWIN
5.93E+03 POZBEE|ICASE_BOVIN
§.535E+03 POZEES|ICASK_BOWVIN
3.33E+04 POZBEE|ICASE_BEOWVIN
Z2.08E+03 POZBEE|ICASE_EOWVIN
130E+05 POZEEZ|CASAT_BOWVIN
4. 55E+0d4 POZEBES|ICASK_BOWVIN
3ABE+D3 PEOT3SIGLEMI_BONWIN
4. 06E+04 PO2666|CASE_BOWVIN
143E+0d PE0135IGLCM_EOWIN
2.0ZE+03 POZTS4|LACE_BOVIM
1.21E+05 POZEEEICASE_BOVIMN
2 55E+04 POZBER|ICASE_BOVIN
4. TIE+04 PEOT3SIGLEM_BOWIN
T.BIE+03 POZBEE|ICASE_BEOWVIN
3.33E+05 PE013SIGLCM_BOWIM
E.30E+03 POZBEER|ICASE_BOVIN

PTH

Oxidation (1]

Chidaticr (M)

Clidation (M)



Peptide

SOMFELPL
ILMKPEDETHL
SKAVLPYPO
APFFEWFG
LGYLECGLLR
Gv'LEGLLR

S OGPIVLMPY DGR R
DAQSAFLRVY
VAPFFPEVFG
EVLMEMLLFF
FWAFFPE
SPEVIESPREINTVOMTSTAY
PPFPFFPRFPFP
SONPELPLS
TIASGEFTSTPTTE
WPPFLGPEWM
TATPYWWPPFLOPEWM
EPVLGPYRGFFF
AQPTOASACFIRML
APPPFFPRP
LMKPEDETHLE
OMPICAF
SOMPELPLSILE
WSREGQEQEGEEM(+15. 33)AEYR
PVLGFYRGPFPI
MVPGENESL

FRPRPPFPR
HICKEDWPSERYL
DM[+15.99)FIDAF

GFFFIV

WAPFREVF
SLPONIPPLTETPYYWPPFLOREVY
GLPOEVLI

EAQFTDASACF

NAWFITPTLN

HICKEOWPSER
SOSKULPYPGKAUPYPG
LPUPCGKAWPYPO

HOGLPOEYL

FPEWFK

W PFPGRIPN

W TETMKGLOIG

FWAPFREVFGKE

MPIQAF
ILMKPEDETHLEAGPTOASAGF IFML

VOM(+12.33ES+TA.ITITEVFTE
DASAGFIR
MNAYPITPT
wLGYLECL
WWPPFLOPEVM(+15.33]
DASAGFIRMN
GLPLEVLMEMLL
SROPLSGNPELPL
MTOTMEGL
GLPCGEVLMEM
VLPWPLEAYFYPOR
HOGLPOEYLE
WAFFPEY
SLPCNIPPLTOTRY
VLGPWYRGPFRI
RELEELMVPGENESL
WOMESTEWFTH
HOGLPOEYLMNENLL
APFPEWF

GLPOEWL
LPOEWVLMEMLL
YLEGLLRL
FVERFTESOISL
INTVOIWTSTAY

46,47
4546
46,33
46.05

45.8
45.55
45.42
45,13
44,33
4455
4475
44,74
44,66

44.3
dd. 26
44,25
44,25
44,23
4416
4407
43,33
43,78
43.53
43.43
43,46
43.33

43.25
43,22
43.08
43
42,85
42,73
42,53
42,43
424
42 26
42,22
42,08
42,02
4136
4136
41.76
41.68
4155
4133

4133
4132
413
41.28
.28
4118
4115
4115
40.3
40.86
40.8
40,66
40.57
40.55
40.43
40.3
40.26
40,22
40,12
401
40
33.73
33.73
39.73

-10igP Mass

535.51
13077
866,52
52,42
T03.6
330.55
1312
ma.g
361,43
12457
054
21961
358,54
352,54
13306
1556
Tre0.9
12637
15308
65,47
13236
520,38
13368
20413
1247.7
1055.5

531.43
TE1z.8
836,37
444
304.47
27565
065,47
TE3.5
10356
14357
1865
1335.8
1073.5
22,43
10356
13457
13657
T05.35
23485

13806
J06. 46
1144
337.51
12707
10205
13377
4318
353,56

M6
15303
1336
a4
15038
12658
1524.3
1284.6
16028
805.4
Tod.42
12807
1046.6
12326
1316

Length ppm

8 4z
o zd
g z
8 -51
a -7
& 17
5 Az
0 -z
a  -38
0 -AA
7 -4
21 33
10 31
a  -38
¥ -RZ
0 08
6 -34
1z 18
A
a 77
1l 16
7 -8z
1 25
707
Y
0 -33
a o0&
B zz
7 13
7 -45
& -48

= 4z
g8 -03
1 19

0 36
12 15
74T
2 -z
a 33
7 17
n 52
1z 13
1z 13
B -0d

/43
123
& af
g 07
8 -53
49
a 04
7 23
13 19
a 2z
10 12
¥ 03
0 45
7 AT
¥ -B3
7 -0
B zd
1 -25
36
7 s
7 14
-1
g 0.1
1 0&
1 45

miz

443,77
£54.85
434,27
063,43
552,82
436,25
EO0S
560.23
J62.5
623584
H06.41
10331
435,28
432,28
B36.33
o7a.81
991,48
532,86
TEE.4
43375
ddz 22
892138
446,61
E5163
62d4.58
1056.6

445,75
538,62

G374
74245
305,47
319.54
063,47

TI64.5

5203
500.32
62263
G63.53
210,78
222
550.73
B73.87
653,86
706,36
T35.38

B31.23
45d. 24
12,45
333,52
636,34
S1.E6
BE3.57
433,28
435,73
556,75
53132
SET.6
o841
7932
63283
313,43
Gd3.3
02,43
H06.41
755,43
541,36
524.31
E17.31
S66.52

328

RT

218
v
1862
3303
385
3153
3136
20,33
39,73
35.25
Z28.8
32,32
16.73
13.34
14.65
35.81
43.65
ez
50.84
15.03
13.84
23.77
73.34
.64
373
1

15.53
1857
213
37.96
36.67
45.7
22,37
16.36
2427
132
23.98
23.55
2314
24.62
3136
24.73
37.66
Z6.35
2.4

16.85
15.84
17.35
336
33.47
15.33
36.74
20,07
20,43
23.34
2314
20,34
2773
3202
33.59
3977
2227
33.8
S
Z5.65
33.66
3746
Z6.75
2171

Area Accession
4.03E+04 P0NISIGLEM1L_BOVIM
1.42E+05 PEOTISIGLCMTEOVIN
1.45E+04 POZBEE|ICASE_BOWVIN
2.B6E+04 POZEGEZ|ICASAT_BOWIN
1.45E+03 POZBEZ | CASAT_BOVIN
3.51E+05 POZEEZ|CASAT_BOVIN
3.44E+03 POZEE3] CASAZ_BOWVIM
S.44E+03 POZTS4|LACE_BOWIN
3.33E+04 POZEEZ|ICASAT_BOWIN
2. 4ZE+04 POZEEZ| CASAT BEOWVIN
3.3TE+03 POZEEZ| CASAT_BOWVIN
E.GTE+03 POZEES|CASK_BOVIN
11Z2E+04 AZWVDKGWASF2_BOVI
1.44E+04 PEOTISIGLCMT_BOVIN
4. 03E+03 POZEES|CASK_BOVIN
2.06E+04 POZEEE|CASE_BOVIN
1.53E+03 POZEE6|CASE_BOVIN
3.47E+04 POZEGEE|ICASE_BOVIN
3.33E+03 PE0135|GLEM_EOVIM
5.36E+03 A2WDKE|WASFZ_BOWI
3.35E+04 PEIIIS|GLEML_BOVIN
T.42E+03 POZEGEE|ICASE_BOVIN
1.82E+05 PEOT3SIGLCMTLBOVIN
8.23E+02 P15832|BT1AT_BOVIN
3.38E+03 POZEEE|CASE_BOVIN
8.31E+04 POZEE6|CASE_BOVIN
AZWOKE W ASFZ_BOW]
4 0ZE+0d M:AT="HISOBF_BOWI
Z.8TE+04 POZEEZ| CASAT_BOWVIN
1.TEE+04 PO2GEG|ICASE_BOWVIN
5.14E+03 POZEEG|CASE_BOWIMN
2.24E+04 POZEEZ| CASAT BEOWVIN
T.44E+03 POZEEE|CASE_BOVIN
3.3TE+04 POZEGZ| CASAT_BOWVIN
2.37E+04 PEIISIGLEML_BOVIM
1.38E+03 POZEE3|CASAZ_BOVIN
T.T0E+03 POZEEZ| CASAT_BOWVIN
1.24E+04 POZBEE|CASE_BOWVIN
1.13E+04  POZEGEICASE_BOVIN
1.33E+04  POZBEZ | CASAT_BOVIN
1.86E+04 POZEBEZ|CASAT_BOVIN
4. T4E+03 POZEEE|CASE_BOVIN
§.40E+03 POZT54|LACE_BOWIN
2.07E+03 POZEGEZ|ICASAT_BOWIN
3.32E+03 POZEEE|CASE_BOVIN
1.83E+04 PEOTSSIGLCMTBOVIN

3.0TE+03 POZEE3ICASAZ_BOVIN
3.55E+03 PEO13S|IGLCMTBOVIN
2.3TE+04 POZEE3|CASAZ_BOVIN
1.73E+03 POZEEZ|CASATBOWVIN
1.86E+04 POZEEE|CASE_BOVIN
4 2E+03 PEOMSSIGLCM_BOVIN
5.43E+04 POZEEZ|CASATEOWIN
5.36E+03 PE013S| GLCMTBOVIN
1.08E+04 POZTS4|LACE_BOWVIN
T.A5E+03 POZEEZ|CASATBOWIN
1.84E+03 POZEEE|CASE_BOWIN
1.95E+0d PO2EEZ|CASAT_BOWIN
1.30E+04  POZEEZ|CASAT_BEDWVIN
113E+04 POZEEE|ICASE_BOVIN
T.43E+03 POZBEE|ICASE_BOVIN
S.20E+03 POZEEE|ICASE_BOVIN
1.23E+03 POZEE3|ICASAZ_BOVIN
5. 21E+03 POZEEZ|ICASATEDVIN
Z2.50E+04  POZEEZ|CASATEOWIN
114E+05 PO2EE2| CASAT_BOWIN
ZTIE+0d PO2EE2|CASAT_BOWIN
1.22E+03 POZEEZ|CASAT_BOVIN
B.36E+03 POZEEE|ICASE_BOVIN
1.40E+03 POZEES| CASK_BOWIN

PTHM

Cidation (M)

Cidation [M)

Clidation (M)

Cridation (M];
Phosphorylation
[ST+]

Clidation (M)



Peptide
SLIQSKVLPYPORAVFYPO
SSRGPESENPELPLS
VPPFLOPEWMI+15.3915W
HLPLPLLOS

AAGGPGAPADPGRRT
YR VPOLENPN
LPGEWLM

TLTOWENL
HOGLPOEWLHENLLR:

ALLOPSFFAK
SOQSKVLPVPO

ALLOPSF
SLTLTOMEML

STLWVPLA

TEVIPYWR
PEVIESPPEINTWEWTSTAN
AASTTTISDAWVSK
MEMLLRF

GPYRGPFPI

SS55(+79.97IEESITRIN
APFPEVFGHE
PVLGPVRGFPFP
VIESPRPEINTWVO
YLGYLEQ
SOIPNPIGSEMSER
GPFRI

EVLMEMLLR
FSHAFEVWET
SOIPNPIGSEMSE
WOEPWL
WOM(+15.99)ESTEVF TE
OMPISA
APFPEVFGRERN
SSRGPESENPELPLSILKER
WVPCILENPH
MAVPITRTL
WPGEMESL
GPYRGPFRI

VAFFPE
MPFPEYPWVERF
SLSOSKVLPYPG
PYWWPPFLGPE
SSROPQSOMNPRELPLSIL
PFPEWVFGE

PRRPRFER
TUOM(+15.35ESTEWFTK
GLPGEWLNENL
SLAVYPFPGPIPHSLPD
YLGYLE
IGKECWPSERHL
VLGPYRGPFR
TIBSGEPTSTRT
GPVRGFFP
HPFAGITOSL

GvLEGL

FUAFFPEY

POGHFRLI

ALPCIYL

IPIGH Y

-10lgP Mass

39.72
39.54

335
39.44

33.38
3347
3312
3.0

38.76

35.43
38.47

38.45
38.34

38.33
38.28
38.05
38.03
37.86
37.84

37.8
37.66
37.65

37.5
37.46
3732
3TET
37.26

3718
372

371
37.05
37.03
36.96
36.86
36.63
36.64
36.49
36.48
36.42
36.37
36.24

36.15
36.14

35.94

5.6
35.52
35.23
35.22

35.2
35,16
35.06
35.03
35.03
34.85
34.57
34.43
34.46
34.33

20652
16659
13277
10166

12306
12567

1.44
303545
17569

107.6
1051.6

TE1.4
103.6

533,42
374.53
2103.1
12506
304.45
1051.6

1301.6
mae
1347
1324.7
G54.43
4857
G2 37
1056.6
T63.6
13576
T4T. 36
13006
67331
13d6.7
22773
ooT.6
324.53
341.51
938.53
655,33
13507
126817
12207
1832
319,45

T34.43

14016
12246
7245
96,37
14756

150.7

1160.6
325,45
0275
72136
304.47
330,43
70339
T4

Length ppm
13 B
15 -4.9
12 -2.6
3 121
15 -3.5
il -2.8
T 12
g -3.3
15 3.3
10 =21
10 3.4
T -4.3
10 -4.3
T -2.4
8 12
20 -7.3
13 17
7 8.2
10 -0.7
il 4.4
10 -G
! 2.3
12 3.2
T -15
14 -01
B -7
3 -4.1
10 11
13 0.3
B -3.6
kil 12
[ 0.5
12 4.1
20 16
3 3.2
3 -3
9 -19
3 2.2
[ 2.7
il 0.3
12 -2.8
! 13
17 -0.3
g -4.7
g -4.1
12 -0.5
kil 4.8
16 -0.7
B -31
12 11
1 0
12 -13
g 21
3 B
[ -5.5
g =12
8 =17
B -1.6
B 1

miz
5594
556.3
EE4.55
5039.32

646,32
650,37
§12.45
304.46
587.32

5354.51
54182

TEZ.4
55273

TO0.42
325.87
1055.5
626,33
453,25
526.82

§51.79
560,73
568,34
653,35
g85.42
T43.86
643,35

350.31
386,87

573.81
745,39

B51.3
674.32

443,32
456.47

1005.6
325.53

342.51
470,25
653,34
676,34

G41.87

611.35

G369

450.75

33622
TO01.83
§13.33

53,47

TST.36

43233

576.35
58129
413.73
51477

T22.37

305.47

456.25

T04.339

366,72

329

RT
26.47
158.31
34.42
342

137
0.6
16.83
24.02
30.96

341
13.07

3042
33.26

26.43
17.65
32.23
15.45
27.93
34.56

1287
23
1N
2316
2327
2014
3d4.86
24 36
211
2212
2156
16.65
17.91
28.61
24.75
28.03
27.83
27.66
28.67
20.02
35.88
23.34
3E1
33.37
3136

1423
16.04
3113
33.98
24.51
20.37
35
1389
20.65
1r.62
2463
35.22
313
26.06
25,715

Area Accession
110E+0d POZEEEICASE_BOVIN
1.20E+04 PBOAISIGLEMI_BOVIN
3.57E+05 POZBEE|ICASE_BOVIMN
1.84E+03 POZEEEICASE_BOVIN
PE1265-
ZIFIGR_BOWIM: PE1265]
3.28E+03 PIGF_BOWVIN
115E+0d POZEEZ|ICASAT_BOVIN
1.84E+03 POZE62Z|CASAT_BOVIN
1.47E+04 POZEEEICASE_BOWVIMN
0 POZEEZ|CASAT_BOVIM
PE1265-
ZIFIGR_BOWIM: PE1265]
3.28E+03 PIGF_BOWVIN
3.2VE+0d POZ6EE|CASE_BEOVIN
PE1265-
ZIPIGR_BOWIM: PE1265]
5.73E+03 PIGF_BOWIM
0 PO2666|CASE_BOVIN
PE1265-
ZIPIGR_BOWIM: PE1265]
5.08E+03 PIGF_BOWIN
1.44E+03 POZEE3|CASAZ_BOMIM
1.82E+04 POZEES|CASK_BOVIN
0 PE00ZSPERL_EOWIN
1.55E+05 PO2662|CASAT_BOVIN
3.4TE+04 POZBEE|ICASE_BEOVIMN

3.81E+03 POZEEE|CASE_BOWVIN
3.33E+03 POZ66EZCASATBOVIN
2.53E+03 POZE6G|CASE_BOWIN
§.23E+03 POZG6S CASK_BOWIN
4 B0E+03 POZGEZ| CASAT_BOVIN
2.2TE+0d POZ266Z CASATBOVIN
3. T1E+03 POZEEE|CASE_BOWIN
4. 37E+0d POZGEZ CASAT_BOVIN
3.52E+03 PEM3SIGLEMT_BOVIM
3. TE+03 POZEEZ|CASATBOVIN
1.3E+0d POZEEE|CASE_BOVIN
1.02E+04 POZEE3|ICASAZ_BOVIN
5. 73E+03 POZE6GICASE_BOWIN
T.55E+03 POZEEZ CASAT_BOVIN
4 390E+03 PEOISSIGLCMI_BOVIM
4.03E+04 POZEEZ CASAT_BOVIN
3.8EE+03 POZGE3CASAZ_BONVIN
5.86E+03 PO2GGEGEICASE_BOVIN
4.23E+04 POZEGEEICASE_BOVIN
&.8dE+0d POZEEZ CASAT_BOVIN
§.63E+03 POZG6G|CASE_BOWIN
146E+04 POZEEG|ICASE_BOWVIN
1.30E+03 POZGEG|ICASE_BOVIN
1.43E+0d PE0I3S|GLCML_BONMIN
2 BEE+03 POZGEZ CASAT_BOVIN
AZVOKENWASFZ_BOWVI
2.66E+0d M:ATHYHIISOEP_BOWI
113E+0d POZEESCASAZ_BCIN
2. ME+04 POZEEZ|CASAT_BOVIN
3.33E+03 PO2GEGICASE_BOWIN
0 POZEEZ|CASAT_BOVIN
4 50E+03 POZGEZ| CASAT_BOVIN
3.44E+03 POZEEGICASE_BOWIN
4. 0TE+03 POZEES CASK_BOWIN
1.3dE+0d POZEEE|CASE_BOWIN
4.04E+03 POZEGE|CASE_BOVIN
1.08E+04 PO2GEZ|ICASAT_BOVIN
5.83E+03 POZEEZ CASAT_BOVIN
2.64E+03 24k T APIM_BOVIN
B.31E+03 POZEE3ICASAZ_BOVIN
1.00E+03 POZEES|CASK_BOVIN

PTH

Clidation (M)

Phozphorulation
[STv]

Oxidation (M)

Oxidation ()



Peptide
WLMEMLL

LPGL

IPCH
QKEDOVPSERYL
OMI(+15.33IFIQAFL
ETHLEACPTOASADF
CILENPM
ROMPICIAF
VLPYPO
IGWYNOELAY
EVLMEMLL
AFEVWET
AVPITPT

IGWMOIEL

WVPOLENPMNSI+TI. ST)IAEERLHSMI+
VFPFLOPE

IBSGEFTSTRTTE
TLTPYWWPPFLGPEWM(+15.33)
OLISKEQIVIR

M+15. 33IPFPEYPYERF

TWOM+15. 33ES(+ T3 3TITEVFTE
TTMPL

IPPLTQTRV

FPEVF

LPGEVL

IPGQEWVL
ALMEINGF

LLLLA

LLLIA

LILA

LILLA

34.23
3.2
3421
3417

.M
34.03
34.05
33
F3.84

338
F3TT
3373
33.53
3357

3352
3348
3345
3343
33.33
33.36

3334

332
F34
33.03
33.03

33.03
33.03

J2.358

32.98

32.98

32.98

-10lgP Mass

§13.46
63235
532,33
13627
343.45
16437
31.44
376.458
651.4
1005.5
3425
79244
637.4

T4

2144
325.45
1269.6
17365
1312.8
1366.7

1316
a61.28
364.56
§37.31
637.4

637.4
34747

24133

341.38

341.38

341.38

Length ppm

miz
7 -18  814.47
5 -15.8 633.35
3 -12.8 633.35
il 7.3 45524
g -3.8 95046
15 27 §zza3
7 -13 81245
a 81 48325
g -0.6 G524
3 -5.7 100ES
g 16 943.51
7 2.3 39723
7 -01 E38.41
7 13 Ti242
1B -0.8 TI5E7
g 5.8 d4E3TE
13 54  B45.81
1 4.2 839343
1 -5.5 4386
il -15 684.34
1z 48  T4.E1
5 -4.5 5B2.29
3 3.9 48323
3 -17 63832
g -2.7 E93.41
g -2.7 E33.41
g -9.3 945847
3 -4 54233
5 -4 54233
5 -4 54233
5 -4 54233

330

RT

26.16
24,33
2433
16.46
32.63
2103
22,46
24,36
1693
23.86
28.55
1r.6d
1595
1383

28.66
27.86
12.95
40
251
32.23

17.5
19.26
Z26.13
30.53
22.63

22,63
24.56

3133

333

333

N33

Area

Accession

1.0E+0d POZEEZ|CASATBOVIN
2.51E+03 POZEE3ICASAZ_BOVIN
2.51E+03

3. TEE+D3 POZ6G2ICASAT_BOVIN
3.TIE+03 POZEEEICASE_BOWIN
1 FOE+03 PEOTISIGLCM_BOWIN
3.78E+03 POZEGZICASAT_BOVIM
31TE+03 POZ666|CASE_BOVIN
3.06E+04 POZEGEICASE_BOWIN
3.42E+03 POZ662|CASAT_BOMIN
2 35E+04 POZ6G2ICASAT_BOVIM
4. I2E+03 PEO13SIGLCML_BOVIN
3.92E+03 POZGE3ICASAZ_BOVIN
3.96E+02 POZEGZICASAT_BOVIM

T.OBE+03 POZGE2|CASATBOVIN
6. 7TE+03 POZEEEICASE_BOWIN
§.50E+02 PO2GEEICASE_BOWIN
136E+04 POZEEE|CASE_BOWIN
3.56E+03 P30135IGLEM1_BOVIN
T.34E+03 POZEEEICASE_BOWIN

4 G3E+03 POZEE3SICASAZ_BOVIN
2 34E+03 POZGE2|CASATBOVIN
5.05E+04 POZEEE|CASE_BOMIN
1.55E+04 POZEGZICASATBOVIN
POZEEZ|CASAT_BOWIN:
1.25E+04 QITTRHLYST_BOWIN
1.25E+04
T.04E+03 POZEE3ICASAZ_BOVIN
POZ485]COTaz_BOWIN:
PO0E36ICORT_BOWIN:
QITSIBZICO481_BOWIN:
PIIMIPPEL_BOVIN. Q3
ZCE0(LPARS_BOVIN.CG
OEDENCCELBOVIN QS
MHZAMAT14_BOVIN: P11
1SILIPL_BOWIN: ABQICIS
SIUPEIL_BOWINQ3Y'S
23l A0IPO_BOWVIN.Q35
S 3ILMBEDT_BOVIN: P13
236 COS_BOWIN: AT
MIGGETE_BOWIN: G135
S6|0JC14_BOVINPOTS
FIFINC_BOVIN: Q3520
SIOCA1S_BOWVIN.P3253
ZIITEZ_BOWIN: PE0TEl
TAV_BOVINPSETI0NTA
Z_BOWIN: Cl2l e =d| CO3
_BOVIN:AEQR40[ELMO
F_BOVIN:ATYSTIRHG
23_BOMIN:ASDTMT T
MEE_BOVIN:AS0TREIP
DzZR_BOVIN:CQ0SESE|T
T.A43E+03 MIIE_B0VIN.Q0Z204]L
O37583INDSTZ_BOVIN
:PES3TEIF SHR_BOWIM:
QI3ZEPA TSMIT_BOWIN:
PE1EZSITAL_BOMIN.QZ
T.A43E+03 TATIPCP_BOWIN
AZKMd|CTLA_BOVIN:
T.43E+03 QETIEILT4R1_BOVIN
CHRMG LY M= B0V
:PONZILOLR_BOWIN:Q
03537 UPkE_BOVIN:C)
T.A3E+03 864Z3SZ2A6_BOVIM

PTH

Chsidaticn (M)

Phasphaorylation
[STYY; Cwidation
(L)

Oxidation (M)

Oxidation (M)
Chsidation (M);
Phiosphorylation
[5Tv]



Peptide

LLILA
L1

L&
LA
LILIA

lna
ILLLA
ILLI&
Lill&
ILIL&

LLOPSFFAK

ALLOPSFFAKE

PGRPTGYSESSKAL
VLGPWYRGFFRIN
SSROPCSONPRELPLS]
GPWVRGFFFIN

PWEPF

IPICH

LPLCH

IPLCH

VPGENE
YREGPIVLNPWDGVE
IPMPIGSENSERK

MWPGENVE
FyWAPFPEWVFGEEKNY
PyYAYPPFLGPEVMI+15. 33IGWSK
ILMNEPEDETHLEAQIPTDASACIF
TOTPWYPPFLOPE
ALPOIYLET

LPGEVLMEMNL
SPPEMTWYLMTSTAY

GLPOEY

LLOPSF
OKTEIFTIN
MLHLPLPLLCG
VAGTWY
VLPWPCK
LGYLECQL
WPPFLOFEY
M+15. 33IPICIAF
VAPFP
APFPEW
HLPLPLLE

TLWPLA

AP RLROMPICIA

EVLMEML

ALPLCI

AIPCH
MIPPLTOTAWAYPPFLOPEVMI+15.2

-10igP Maszs

32.98
32.98

32.98

32.98

32.98

32.98
32.98
3295
32.98
32.98

32.93

329

328
3277
3275
3268
32.65
32.65
32.65
3265
32.58
32.58
32.52
3238
3236
3236
32.33
32.24
32.05
Jz2.02
by s

I

.83
.85
3175
F157
31.55
31.55
31.55
.52
3143
.48
.45

31.36
31.54
3113
3118
3118
g

54138
54138

541.35

541.35

541,35

541.33
54138
5136
541.35
541.35

1036.6

1236.6

1376.7
1362.8
173
50,7
5873
B32.35
B32.35
G32.35
74133
1655.3
1283.6
355.43
1532.3
1833
2453.2
15505
332.53
T67.6
15418
Gd1.34

630,36
10235

1567
535.33
T79.43
34.45
1024.6
72135
529.23
B55.33
323.57

G12.35
d54.7
g29.42
530,31
530,31
23313

Length ppm
5 -14
5 -14
5 -14
5 -14
5 -14
5 -14
5 -14
3 -14
5 -14
5 -14
3 -2.3
1 E.7
14 6.1
13 24
16 7.9
T -8.3
5 -5.1
5 4.3
5 4.3
3 4.3
7 -3.2
14 17
12 -2 7
g -14
14 -0.2
17 -4.6
22 T4
14 T3
g -5.1
10 -26
15 71
[ -22
[ -2.8
3 -4.4
10 2.3
G -4.1
7 05
7 4.z
3 35
[ 7.5
5 3.3
[ =37
g -4.2
i3 0
13 -3.6
7 -0.1
5 -2.5
5 -2.8
21 0.z

miz

542,33
542,33

542,33

542,33

542,33

54233
542,33
42,33
542,33
54233

513.23

£13.33

453.91
63243
594
576.35
5883
B33.36
B33.36
§33.36
7424
§26.94
Gdz.53
d56.44
531.96
B13.67
313.74
TrE.43
457.27
554.51
T
Gdz2.35

BI1.37
915,77
57336
G36.33
F30.75
35.46
513.23
T22.37

5303
653.34
455.73

613.33
74338
33043
53131
53131
TT5.03

331

RT

3133
3133

31.33

3133

.33

.33
3133
133
31.33
31.33

.25

3463

13.54
41,78

273

32
2017
20,93
20.93
20.33
16.72
347
17.73
16.63
36.38
38.07
23.83
3874
zz.m
27.66
26.47

7.9

26.65
15
42,26
213
1517
24.83
328
20.58
21.03
24.58
4.9

25.53
24.63
20.75
16.67
16.67
4527

Accession
Q2004 533AE_BOWI
M: Q35w ETIANXAS_BO
WIM:PODISTICYBE_BOWI
TA3E+03 N:QEMHMEICTHNATEOD
TAIE+03 QIJPAZI TMMET_BOVIN
ATEZYEIMROHT_BOVIN
T43E+03 :Q8HA05MRP1L_BOVIN
Q277 FITAS_BOWIMN:C)
T.43E+03 ILZEG|ICHPTLEOWIN
PEES30|COXZ_BOVIN:
T.43E+03 QIBGI0GAET_BOVIN
QZHJEBIRTCA_BOVIN:
T.43E+03 Q3ZLNEIFZ0SC_BOVIN
T43E+03
T.43E+03
T43E+03
T.43E+03
P312E65-
ZIPIGR_EOWIN: PE12E65]
2. 34E+03 PIGF_EOVIM
P31265-
ZIFIGR_EOWIN: PE12E65I
182E+03 FIGR_EOWVIN
P&1265-
ZIPIGR_BOVIN: PE1265I
E.T1E+03 FIGF_EOWIN
5. 73E+03 POZGEEICASE_BOWIN
1.31E+0d PEIISIGLCM_BOVIN
S.00E+04 POZGEEICASE_BOWVIN
B.2ZE+03 POZEEEICASE_BOWVIN
3.58E+03 POZEES|ICASK_BOVIN
3.58E+03
3.58E+03
2.13E+03 POZEEE|CASE_BOWIN
21ZE+035 POZEESICASAZ_BOWIN
5. ZBE+03 POZEEZ|ICASATBOVIN
3.06E+0d POZGEE|CASE_BOWIN
2 BTE+03 POZEEZ|ICASAT_BOVIN
4.56E+03 POZEEEICASE_BOVIN
5. 24E+04 PEM3SIGLCMI_BONIMN
4. 55E+03 POZEEE|ICASE_BOVIN
2.83E+03 POZEE3ICASAZ_BOWIN
5. TE+03 PO2E62|CASAT_BOVIN
T.20E+03 POZEES|ICASK_BOWIN
0 POZEEZ|ICASAT_BOWIN
P&12E65-
ZIPIGR_EOWIN: PE12E65I
164E+03 FIGF_BEOWIN
3.18E+033 POZEESICASK_BOWVIN
3.86E+03 POZEEE|ICASE_BOWVIN
1.36E+04 POZ754|LACE_BOWIN
1.33E+03 POZEEE|CASE_BOWIN
0 POZEEZ|ICASATBOWIN
1.23E+0d POZEEEICASE_BOWIN
0 POZEEE|CASE_BOWVIN
0 POZEEZ|ICASAT_BOVIMN
1.23E+04 POZEEZICASAT_BOWVIN
2. 90E+03 POZEEEICASE_BOVIN
P31265-
ZIPIGF_BOVIN: PS1265]
FIGR_BOVIN
6. 24E+03 POZEEE|CASE_BOWIN
5. 35E+03 POZEEZ|ICASATBOVIN
0 POZEE3CASAZ_BOWVIM
0
4. 2dE+03

Area

114E+03

FPOZ2E66| CASE_BOWIN

PTH

Oxidation (M)

Oxidation (M)

Oxidation (M)



Pepride

WSTLWPLA
IPICHL
FAPOILENPM
T

TiLI

TILIL

TLIL

TLLLL

TILN

TLLIL

TLLLI

TILLI

TILL

TILLL

TLILL

T

TLLA

TLII

TLILI
IMMEFLFY Py ARKP &
AVESTWATL
FWERFTESO
KTEIPTIMN
WLMEMLLR
PWRGFFFIY
ALMEINGFY Gk
TTLSSEAPTTO
TLEPVLGPYR

ALLOPSFFARESWE
ALPCILE

TLWPL

TIWPL

TINFI

TLWRI
VAPFPEVFGRE

WOM+15.93ESTI+7I.97IEVFTK

MNAVPITPTLMRE
RELEELMWPGEINVE
VIESPPEINTWONTSTAY

SOIPMPIGSENSERTTM+15.33IFL

SWLSLSOSK
FPEWVFG
LEQLLRL

M+ 38)AVPITPT
LPCILE

LEPPS
[EFF3S
HOGLPCEWLMERL

ESWVKDAAGGPGAPAD

-10lgP Mass

IRk
i2
oy
oz
0z
noz
oz

oz
0z
oz
oz
oz
oz
0z
noz
oz
oz
oz
oz
30.54
30.74
3071
30.62
30.62
30.47
30.47
30.37
30.28

30.25
0.2z

0.2
302
0.2
0.2
3007

3015
3015
3013
3003
23.67
2377
23.73
23.58
23.54
2£3.53

235
235
23.37

23.34

T35.43
ddd.51

135.7
57133
571.33
571.33
57135

571.33
571.39
57135
57135
57133
57133
571.33
571.33
57135
57135
57133
571.33
17979
353,45
10325

314.51
363.56
10537
1366.7

134.5

1136.6

155058
3143

541.35
541.35
541.35
541.35
1218.6

13580.6
13237
162458

15583

2045
347.53
534.33
§53.595
312,43
TEO.45

54127
54127
14539.5

1340.6

Length ppm miz
g -T.2 73343
T 5.4 42326
10 25 565884
5 =171 57233
5 =171 57233
5 =171 57233
5 =171 57233
5 =171 57233
5 -171 57239
5 =171 57233
5 =171 57233
5 =171 57239
5 =171 57233
5 =171 57233
5 =171 57233
5 =171 57233
5 =171 57233
5 =171 57239
5 =171 57233
15 -15 83396
3 -4 44574
3 85 51725
g 0.2 45826
g 0.3 48579
10 -0.9 547.54
1 -5.7 BB4.35
1 21 5658.28
10 -35 574352
1 06 51795
T 13 41675
5 -3.2 54235
5 -3.2 54235
5 -3.2 54235
5 -3.2 54235
1 35 B10.33
1 31 69123
12 -4.2 BGB2.86
1 17 81342
1B -4 3425
13 3T 10235
3 14 47477
[ -3.4 B35.34
T 6.9 44273
g -4.5 81343
[ 49 38123
5 -39 54228
5 -39 54228
13 -6 74585
= -0.9 EB71.32

332

RT

28.92
34.03

26.4
23.45
23.45
23.48
23.45

23.45
23.48
23.45
23.45
2345
23.45
23.45
23.48
23.45
23.45
2345
23.45
31934
20.97
18.82
18.85
2196
37.08
24.36

<A
22.05

3316
20.07

26.54
26.54
26.54
26.54
3173

16.82

222
23.71
30.48
26.36
17.62
23.02
3136
18.52
18.23

1715
1715
28.7

12.05

Area

4. GAE+O5
1.5E+03
2. 13E+04
3. 30E+03
9.30E+03
3.30E+03
3. 30E+05

9.30E+03
9.30E+03
3. 30E+05
3. 30E+05
3. 30E+05
3. 30E+03
9.30E+03
3.30E+03
3. 30E+05
3. 30E+05
3. 30E+05
9.30E+03
2 19E+03
4. GEE+05
3.3dE+05
. 4E+03
4. GOE+03
1.66E+03
1.84E+03

0
G 17E+03

3.BBE+03
1.G0E+04

4. GSE+05
4. GSE+05
4. 5SE+05
4 865E+03
4. 53E+03

3.36E+05
2. 36E+03
1.95E+04
B.GSE+03
4. TE+03
3.96E+05
0
1.15E+03
4. Z0E+03
G.0dE+05

S.05E+035
S.05E+035
Z2.07E+03

S 39E+02

Accession

P81265-
2IFIGF_BOVIN:P31265]
PIGF_ECWIN
POZEEE|CASK_BOWIM
POZEEZ|CASAT_BOVIN

CI-TI6PSNZ_BOVIM:
PO24651CO14Z_BOWVIN:
GSEIP3ISTPRLBOVIN
E1BMG3|ASCCI_BOWIN

POZEESICASK_BOWIN
POZEESICASE_BOWIM
POZEEEICASE_BOWIM
POZEESICASK_BOWIM
POZEEZCASAT_BOWVIN
POZ6E6ICASE_BOWIN
POZEE3ICASAZ_BOVIN
PE0025IPERL_BOWIN
POZEEEICASE_BOWIM
PE1265-
2|PIGR_BOVIN:PG1265]
PIGR_BOWIM
POZEE3ICASAZ_BOWIN
PE1265-
Z|PIGR_BOVIN:PE1265]
PIGR_BOWIM: FIME =4 P
SME4_BOVIN:CTEXKH
ATEAZ_BOVIN: Q23443
ATIATBOVIN

POZEEZ|CASAT_BOVIN

POZEE3ICASAZ_BOWIN
POZEE3ICASAZ_BOWIN
POZ6E6ICASE_BOWIN
POZEE3ICASK_BOWIM
POZEEZICASAT_BOVIN
POZEEEICASE_BOWIM
POZEEZCASAT_BOWVIN
POZEEZ|CASAT_BOWVIN
POZEE3ICASAZ_BOVIN
POZEE3ICASAZ_BOWIN
CIZTAUS NME_BOVIM: A
BRGTOIMAPTS_BOWIN:
G2IRTE(KIZ0A_BOWIN:
GOVEZS|IPRAT4_BOVIN
(Q2KIP2IHASP_BOVIN
ABCINMZ|RRFZM_BOWI
POZEEZCASAT_BOVIN
PE1265-
2|PIGR_BOMIN:PE1265]
PIGR_BOWIM

PTH

Clidation (M);
Phozspharylation
[STY)

Clidation (M)

Dezmidation (M)



Peptide

RAGSP

EMLLRF

ENMESL

WLMEM(+ 35ILLRF

ATRIL
ATRLL
ATRI
ATRLI

ALVSTLMPLA

SWLSLS

GLPOEVLNE
FUYAPFPEVF
INTOTMI+15. 33K GLOIG

LLLSL
LLLSI
LLISI
ILISI

ILLSI
ILLSL

LLISL
sl
LS

LISL

ILISL
LIS
IILSL
LILSI
LILSL
nsL
KSKGR

STLVPL

VLPYPORAYPYPLROM+13. 33)PIC

FSHPPR
ELEEL
EIEEI
ELEEI

EIEEL
SPPEINTVE
IWTOTMEGLOIGK,
wLEQL

-10igP Mass

23.3
2327
23.25
23.24

2316
2316
2316
2316

2313
231
£3.03
28.95
28.3

28.86
28.86
28.86
28.66

28.86
28.86

28.86
28.86
28.86

28.66

28.86
28.66
28.86
28.66
28.86
28.86
28.66

28.83
28.63

28.81
28.8
28.8
28.9

28.8
28.77
28.74
28.72

436.26
TI0.43
G5, 36

mr.6

372,36
372,36
972,36
372,36

352,61
50434
337.51
1051.5
13617

5357.38
557.38
5357.38
357.38

5357.38
557.38

557.38
5357.38
557.38

357.38

5357.38
5957.38
5357.38
357.38
557.38
5357.38
574.36

§28.35
2409.3

530,31
£31.31
63131
631.31

63131
333,43
14738
G6d. 34

Length ppm
5 1r.2
[ -15
i3 -12
3 14.5
5 71
5 71
5 71
5 71
10 -0.1
[ -10.2
3 -3.2
3 37
12 2.4
5 -1
5 -1
5 -1
5 -1
5 -1
5 -1
5 -1
5 -1
5 -1
5 -1
5 -1
5 -1
5 -1
5 -1
5 -1
5 -1
5 5.3
[ -E.7
21 -2
[ 1.8
5 12
5 12
5 12
5 12
3 -2.2
13 5.2
5 -E.8

miz

43727
F36.22
G33.37
553.82

573.35
573.35
573.38
573.35

43231
B05.35
335.51
526.75
631567

558.39
558.39
558.33
558.39

558.39
558.39

558.33
558.39
558.39

558.39

558.39
558.39
558.33
558.39
558.33
558.39
579.37

623.35
g04.1

531.33
B32.32
632,32
632,32

632,32
43275
432,23
G65.35

333

RT

Accession
AT HISOEP_BECWIN:
QTSIEZICO4A1T_BOWVIN:

231 2.B3E+03 ABLILTZIMTMRZ_BOVI

26,36
2123
33,44

23.52
23.52
23.52
23.52

36.73

2151
2435
4243
1834

26.31
26.31
26.31
26.31

26.31
26.31

26.31
26.31
26.31

26.31

26.31
26.31
26.31
26.31
26.31
26.31
28.65

272
3113

20.65
18.41
13.41
15.41

15.41
16.06
2165
20.87

6.56E+0d4 POZBEZ|CASAT_BOVIN
1 74E+03 POZGEGICASE_BCVIN
Z13E+03 POZEEZICASATBOVIN

PI3TIPPELEOVIN: QS
THJNKRITBOWVIN: AdF
LUB0|ICED3d_BOWINPS3
G20[COPGLEOVIR: QIS

152E+03 SYTTIPSMDE_BOVIM

PE1265-
ZIPIGR_BOVIN: PE1265]

2.31E+03 PIGR_BOWIN

153E+03 POZEEEICASE_BOWIN
1.43E+04 POZEEZ|CASATBOVIN
150E+03 POZGEZ|CASATBOVIN
6. 7OE+03 POZT54|LACE_BOWVIN

CIATTEAILYST_BOWIN:
PO0336| COXT_BOVIMN: &
BLCPT|ONSF_BOVIN.P
A5 USOLBOVIREPE
AETIICUTA_BOVIN.GIO
WCPZIPXTIA_BOWIN: OO0
2B PI4kA_BOMIN A3F
PGEIGPATY_BOVIN:QZ
WOGOIGPCSC_BOWVIM:
CI3ZCE8INUPES_BOWVIN

1.06E+04 :QEMHHZINOLTLBOVI
1.06E+04 QSEIP3ISTPR1LBOVIN

Pa0457|XDH_BOVIMN:P

1.06E+04  S51S6|MTP_EOWIN

CIETHNERIT_BOVIN: &
GOP74CALRL_BOWIN:

1.06E+04 QAZTFEICOR1A_BOVIN

ASPEIH LSMET_BOWIN:

1.06E+04 QSJFBIGTRIZ_BOVIN

CAGUSAIGLRE_BOWIN:

1.06E+04 P2T322|SCEAS_BOVIN

1.06E+04 QASL4E|IF4GZ_BOVIN

2.63E+04 O37SE3IN0STZ_BOWIN

PE1265-
2|PIGR_BOMIN:PE1265]
PIGR_BOWIN: FIMEAP

3. 11E+03 SME4_BOVIN
4. 3TE+03 POZGEG|CASE_BOWIN

AZVDKE\WASFZ_BOVI

T.0ZE+03 h:ASQOPT OYSF_BOVI
3.43E+04 POZ666|CASE_BOWVIN

ETEMG3IASCCI_BOVIN

3.48E+04 PHSHIUSO_BOVIN
3.BIE+03 POZEEEICASK_BOWIN
1. 7BE+03 POZTSd|LACE_BCONIN
5.82E+03 POZBEZ|CASAT_BCVIN

PTH

Deamidation (MO

Diidation (M)

Oxidation ()



Peptide -10lgP Mass Length ppm miz RT Area Accession PTM
PE0135| GLEMA_BOWIM:
P42316|CL43_BOVIN: Q)

LPLSI 2863 54135 5 -T2 54235 2863 3.9VE+03 OILZICLOMZ_BOWVIN
LPISI 28063 54135 5 -T2 54235 2863 3.37E+03 QI<TIEIPSMZ_BOVIN
LPLSL 28.63 54135 5 -T2 54235 2563 337E+03 QEKISIPRISA_ECVIN
CTEXKATIAZ_BOWVIN
IFISL 2863 54135 5 -T2 54235 2863 3.97E+03 Q23443 ATSAT_BOWIN
LPISL 28063 54135 5 -T2 54235 2863 397E+03
IPLSL 28.63 54135 5 -T2 54235 2563 337VE+03
IPLSI 2863 54135 5 -T2 54235 2863 3.97E+03
IGQKEDVPSERY 2854 13627 il -2.8 458523 14.32 2. 50E+03 POZEEZ|CASAT_BOVIN
GHLEALIMMN 28.53 37556 3 =127 43025 2105 1.EBBE+03 QITTRALYST_BOWIN
PE0135| GLEM1BOWIN:
P42316| CL45_BOWIN:C)
LPLSIL 285 EB54.43 g 0.8 65544 3604 17SE+03 QILZ|ICLOTZ_BOVIM
LPLSI 28.5 E54.43 G 0.8 B5544 36504 1.7SE+03
LPLSLL 285 EG54.43 =3 03 B5544 3604 17SE+03 QZKISIPRISA_BOWVIN
CTE=Kd|ATSAZ_BOVIN
IFISLL 28.5 E54.43 G 0.8 65544 36504 17SE+03 Q23443 ATSAT_BOVIM
IPLSI 285 EG54.43 =3 03 B5544 3604 17SE+03
IPLSLL 285 EG54.43 =3 03 B5544 3604 17SE+03
LPISIL 285 EB54.43 g 0.8 B65544 3604 17SE+03
PYERF 28.47 75036 G 3.7 75138 2573 1BO0E+03 POZGEE|CASE_BOWIN
SONPELPLSILKER 2847 15339 14 06 33343 2E6.15 19EE+03 PBO0135|GLCM_BOWVIMN
OWVPSERYLG 2545 1034.5 3 -2.2 51526 15.22 S.EVE+03 POZEEZICASATBOVIN
MEPWIGPE 28.43 266 g 33 3432 18.63 151E+03 POZEEZICASAZ_BOWVIM
FPGPE 284 Bdd 3 5 85 54531 268 1B4E+0d PO24ES|CO182_BOWIM
FiME 4| PSMEd_BONVIN
(EIMZCT APSET_BOWI
LSLLL 28.33 E57.38 5 -52 G58B38 2628 11:E+04 N:ONJPGIRSI0E_BOWVI
ISILL 258.33 55735 5 =52 55535 2625 115E+0d4
LSILL 2839 55735 5 -5.2 55835 2625 115E+04 P42916|CL43_BOVIN
15ILI 28.33 E57.38 5 -52 G5RB38 2628 11:E+04
ISLIL 2833 55735 5 =52 55535 2625 115E+0d QSEIPIISIPRI_BOVIM
LSILI 258.33 55735 5 =52 55535 2625 115E+0d QOILZICLOAZ_BOWIN
POO39EICOX1_BOVIN:
LSLLI 28.33 E57.38 5 -52 G58B.38 2628 113E+04 QzKISIFRIS&_EOVIM
LSLI 258.33 55735 5 =52 55835 2625 115E+0d QiLZAQIRIGE_BOWVIM
LSLIL 2839 55735 5 -5.2 558358 2625 11-E+04
ISLLL 28.33 E57.38 5 -52 G5RB38 2628 11:E+04
15IL 258.33 55735 5 =52 55535 2625 115E+0d4
15 2839 55735 5 -5.2 558358 2625 11-E+04
LSl 28.33 E57.38 5 -52 G5BB38 2628 115E+04 PTII10Z2|CR3AS_BOVIN
ISLI 258.33 55735 5 =52 55535 2625 115E+0d4
Phosphorlation
[EKFOS[+T3.3TIEEQOO 2835 WTZE il 17 737.32 12,64 134E+03 POZBEEICASE_BOWIN (ST
ELEELMNWPGE 2834 11275 10 7.6 56473 24.5 4.00E+03 POZEEEICASE_BOWVIM
MAIPPEEMN 28.28 89751 g 174 30015 3.63 0 POZGESICASE_BOWIN
LN+ S5IEMLLRF 28.23  MT.6 3 145 55382  33.dd 219E+03 POZEEZ|CASAT_BOVIN | Deamidation (MO
TEMIF R 2813 11377 ] 13 38023 2267 154E+03 POZEE3ICASAZ_BOWVIMN
PE1265-
ZIFIGR_BOWIN: PE1265]
ALVWSTLVWPL 2816 91157 ] -48 591257 3772 183E+03 FIGF_BOVIN
PPYWLILE 2803 8776 g -6.1  433.81 4411 152E+0d Q32PJ5I0RCI_BOVIN
LIMTOTM+15. 99K GL 28.08 1Ma6 10 0.3 56033 21.03 4. 79E+03 POZTS4ILACE_BOVIN - Oxidation (M)
LLYQEPYLGPWVRGPFRIY 28.05 21062 13 0.7 70303 4523 28BE+03 POZEEE|CASE_BOWIMN
LGYLE 28.03 5333 5 -6.1 534.3 19.24 0 POZEEZICASAT_BOVIN
I5Y'LE 28.03 5333 5 -6.1 534.31 19.24 0

m/z = mass to charge ratio; RT = retention time; PTM = post-translational modification

334



Table Al.6. Peptide sequences identified in delactosed permeate from production plant 2, batch

A (Chapter 1V)

Peptide
YOEPVLGPVRGPFPIY
YHEPYLGPYRGRFRI
KMLPWPO
ACPTOASACF
EPYLGPVRGPFRIN

LY QERVLGPYRGFFRINY

DAAGGPGAPADPGRPT
ILMKPEDETHLEAQPTODASACIFIR
v HEPVLGPYRGPFP
AQTOSLWPFPGRIPN

AAGGPGAPADPGRRT
WVIESPPEIN
FYWPYHFDASY

L QEPYLGPYRGPFPIY
WUPPFLOPEWM

Y CIGEKPYALINN
SLWYFFPGPIPN
SHAFEVWWKT

WY OEKPYAL
FPPRPRRPR
WOMTSTAY
GLPOEWLMENLLR:
WAPFPEVFGKE
NAYPITPTLN
VIESPREINTYO
NIPPLTQTPY
WARFPEVFG
TATPYWWPPFLEPEVMI+15.33)
SLSESKYLPYPD
TWOUTSTAY

[ESPPEIN
GLPOEVLNENL
PEVIESPPENTVOVTSTAY
NAVPITRT
QEPYLGPYRGPFRIY
WARFPEVF
SPPEINTWOWTSTAY
LWPFPGRIPN
SOMPKLPL
MEMLLFFF
LHLPLPLLO
PYLGPYRGPFPIY
TETPYWWRPFLOPE
TIASGEFTSTRTTE
FWAPFREVF
INTVONTSTAY
APFPEVF

APFPEVFG
GLPOEVLMENLL
WUPPFLOPEWM+1S.39)
SSROPOSGNPKLPL

-10IgP Mass

1.0
62.13
61.25
56.55
56.05
5571

54.63

4.3
52.36
5212

321
5133
5163
51.38

213

3112
50.34
43.02
45.63
45.55
45,13
45,13
47.43
47.33
4716
45.65
45,51
45.45
45,17
45.03
45.85
45,45
45,37

45.3
4456
44 36
44.03
43.62
43.56
4342
43.05
42,32
4231
4216
41.92

419

4181
41.33

4.2
40.91
40.87

15501
1ral
77943
1034.5
158583
2106.2

19057
arez.d
1554.8
1rera

1230.6
336.51
1223.6
13331
1254.7
14435
1233.7
1016.5
1056
§31.43
803,44
14338
1213.6
1035.6
13247
10736
351.43
1r36.3
126817
304.43
g37.44
1224.6
21031
G11.44
™7
304.47
15418
12127
335.51
10515
0427
1453.3
15504
1330.6
10515
N6
g05.4
862,42
13377
1207
15788

Length ppm
17 0.8
16 55
T 12
10 5.2
15 4.3
13 -55
16 8.1
24 8.3
14 -12
16 4.3
15 0.3
3 -4.3
1 g
13 3.2
1 12.8
12 -0.3
12 5.4
3 3.6
3 5.8
3 4.6
g 0.7
13 6.5
1 -4.1
10 23
12 5.3
10 3.3
3 -0.4
16 2.4
12 13
3 26
g -16
1 4.1
20 5.8
g -01
16 3.6
g -3
15 5.6
1 -4
g 8.3
g 35
3 4.3
14 0.4
14 8.6
14 0.3
3 5.2
1 1E
7 -55
g -7
12 4.2
1 -2.5
14 3.2

miz
341.04
331.51
390.75
0355
Ta5.43
1054.1

T03.54

GE1.6
TT6.42
d6d. 96

G45.32
357.52
§15.52
337.58
525,35
T25.83
B50.56
333.85
535.31
445.75
d04.45
T47.52
510.32
22023
B63.35
540,31
352.5
g33.45
G41.87
305.5
39545
£13.33
1053.56
12,45
359.51
305.47
G-l
G07.33
44577
526. 78
522,54
73095
TT6.43
596.33
526. 78
566.51
g06.4
d63.42
B63.57
B36.54
52723

335

RT
4427
427 66

15
6.3
4324
45,35

12.37
25,43
33T
36.23

.52
20.24
23.95
45.35
33.57

216
36.93
16.27
13.583

159
15.54
3
.93
24.53
2339
27.32
35.83
40.02
2372
16.597
15.02
2T
32,33

1r.6
43.24
36.76
26.63
35.92
22.23
35.22
43.41

433
3681
14.55
42,57
21.94
34.39
3326
36.86
33.64
20.87

Area Accession
2.23E+05 PO2666ICASE_BOVIN
2 0BE+0d POZEEE|ICASE_BOVIN
3.B0E+03 POZBEE|ICASE_BOVIN
4.58E+04 PE0195|GLCMT_EOWI
1.55E+04 POZEEEICASE_BOVIN
S.47E+03 POZEEE|ICASE_BOVIN
PE1265-
ZIPIGR_BOWIN: PE126
5. 50E+03 SIPIGR_BOVIN
T.OE+03 PE013S[GLCMBOWVI
E.SEE+03 POZEEE|ICASE_BOVIN
1. 26E+0d POZEEE|CASE_BOWIN
PE1265-
ZIPIGR_BOVIN: PE126
4. TIE+03 SIPIGF_BOMIN
T.9TE+04 POZEES|ICASK_BOVIN
0 PEISZ3RNAST_ECOVI
2. TOE+03 POZBEE|ICASE_BOVIM
5.353E+03 PO2666ICASE_BOVIN
5.ddE+03 POZEGES|ICASK_BOVIN
1IFE+0d | POZEGEICASE_BONIN
5.56E+03 PE0195|GLCM1_EOW!
2. 38E+03 POZEESICASK_BOVIM
188E+04  AZVDKE|WASFZ_BOW
T.HIE+DS POZEES|ICASK_BOWVIN
5.83E+03 POZBEZ|ICASAT_BOW!
135E+05 POZEEZICASAT_BOVI
2 T7E+03 POZEE3ICASAZ_BOVI
1.08E+0d POZEES|ICASK_BOWVIN
4. 55E+0d4 POZEEE|CASE_BOVIN
T.48E+03 POZBEZ|ICASAT_BOW]
2.52E+04 POZBEEICASE_BOVIM
T.A5E+03 POZEEE|ICASE_BOVIN
3.536E+04 POZEES|ICASK_BOVIN
4. 18E+0:5 POZEES|ICASK_BONWIN
2.98E+03 POZBEZ|ICASAT_BOW]
2.13E+0d POZEESICASK_BOVIN
3.36E+03 POZEEI|ICASAZ_BOW|
2 dBE+03 POZEEE|ICASE_BOVIN
150E+04 POZEEZ[CASAT_BOVI
1.36E+04 POZEESICASK_BOWVIN
4. FE+03 POZEEEICASE_BOVIN
S.0FE+03 PE0195|GLCM_EOWI
127E+0d POZEEZ[CASAT_BOVI
3.5E+04 POZEEE|ICASE_BOWIN
3.62E+03 POZEEEICASE_BOVIM
2 T2E+03 POZEEE|ICASE_BOVIN
B.O3E+03 POZEES|ICASK_BOVIN
2. 2TE+03 POZBEZ|ICASAT_BOW]
103E+04 POZEESICASK_BOWVIN
5. 2TE+03 POZEEZ|ICASAT_BOWVI
5.05E+03 POZEEZ|ICASAT_BOW
2. 50E+04 POZEEZ|ICASAT_BOW
2. ToE+04 POZEEE|ICASE_BOVIM
1.4E+0d  PE013S|GLCMBOWV

PTM

Clsidation (M)

Oxidation (M)



Peptide

HIQKEDWPSERYL
YOHEPVLGPWRGPFPI
SLPONMIPPLTQTPWW W PPFLOPEWY

FFFFPRFR
PPEINTWEMTSTAY
EWLMNERLLR
DWPSERYL
FUYAPFPEWFGK
SOIPNFIGSENSE
EWLNEMLLRF
EVIESPPEINTWONTSTAY
GLPOEWL
GLPOEVLMENLLFF
VLS PSY LN
FELEELNVPGENE
TOTPWYPPFLOREWM
FUAPFPEMFGKEK
FUAPFPEWFGRERY
SLPOMIPPLTETRY
AVRSPAGILGWENL
ACPTOASACFIRN
SWLSLSES
SCMPKLPLSIL
MLHLPLFLL
WPELENFN
WPRFLOPEWM(+15 33
VAPFPEWFGKEK
VAPFREVFGK
MWPGEIVE
DKIHPFAGTC
SLPOMIPPL
EVPYPO
ROMPICAFLL
KauPYPO
PYRGPFRIN
MEMLLFF
APFPEWFGKERY
SOSKULPYPE
MVPGEIVESL
AVRSPACIL
IPPLTRITRY
PR L
FUYAPFPEVFG
YOEPYL

AWPITRT
WPPFLGPEWM
VLPYPGKAWRY PR
GHLKALINM
SILKEKHL
VIESPREMTYONTSTAY
HPFAGTE
YAKPABVRSPA

ALLOPSF
VAPFRE

IPIG

LPLGY

IPLCH

PASTGA

APFPEY
EWLNERLL
VAPFREVFGKEKY
AVESTWATL
GLPOEYLN
ILMKPEDETHL
SSSEESITRIN
EPVLGPVRGFFP
HIOKEOWPSER
FPPRPRPRPR

40.52
40.52
40.8

40.47
40,23
40.14
33.33
39.74
39.63
39.66
39.44
39.02

383

387
38,33
38.19
38.05
38.02
37.85
EIR=1
3747
3725
3713
3715
3704
36.97
36,94
36,32
36.739
36,72
36,56
36,46
36,41
36.34
35,99
35,95

35.8
35,74

3T
35.67
35,56
35.43
35.42
35,28
35.12
35.09
35,07
3466
34.74
3472

4.7
34,46

34,33
34.37
34,36
34,36
3436
3476
33.83
33.83
3372

337
33,62
3332
333
3313
32.91
32,58

-10igP Mass

1E1Z5
1BET.3
27065

T34.43
1454.5
1035.6

37748
12367
1357.6
12457

2012

Tod.42
16403
1267.7
1624.8
17803
14338
15329
15038
1607.3
L
13,43
12087
567
1007.6

1716
1346.7
0836

855,43
1836

I77.55

E73.34
12026
50144
0937

30448
1346.7
10816
055.5

353557

J64.56

32253
T05.6

T47.38

B37.4
1556
1434.8
375.56
J66.53
1883

340,45
T23.6

7614
B55.33
532,35
B32.35
B32.35
o0Z.24
B55.33

3425

1445.8
383,45
065.47

13077

12216

12637

1336.7
958.54

Length ppm

13 31
L= -0.4
25 -0.3
g 4.3
14 23
3 0.3
g 12
il -2.2
13 &)
10 =32
13 n.s
T 5.5
14 3
il -2.1
14 2.2
L] 32
13 6.3
14 3T
14 0s
14 Al
13 -1z
g na
1l 4.3
10 5.5
3 17
10 11
12 B.1
o 26
g Z4
10 -4.1
3 g.g
G 5.5
10 5.7
7 -5.1
10 14
T 26
12 LN
10 6.2
o 7.3
3 G.9
3 35
7 4.7
10 4.5
g ]
7 0.3
10 -0.5
13 17
3 -5.1
g 6.5
L -5.5
g 4.5
m 6.1
T -4.4
G -15
3 -8.9
] -3.5
5 -8.5
G -03
G .6
g 4.1
13 a6
3 -4.7
g -2.1
1l 5.5
il -11
12 S8
1 6.5
10 5.7

miz

538.62
53d.36
313.83

398,23
T28.39
550.31
433,75
£13.33
G73.87
523,54
ooy
o543
547.37
534.63
13,42
531.45
433,34
531,96
o292
g04.37
T09.65
410.72
G059, 37
573.36
S04.73
58651
443,32
5450.8
556, 44
5328
433.73
G74.35
602,33
401.72
547,54
453,25
443,32
Sd1.82
228,73
47773
433,23
462 27
555.23
743,33
£35.41
578.81
a4z
430. 25
s
25
471.25
ELER==]

TEZ.4
£539.54
533,36
533,36
533,36
o03.24
£539.54
343,51
432,34
530,45
563,47
436.3
611.8
532,66
446,57
435,23

336

RT

13.05
39.06
45,73

14.36
26.31
2485
20,34
IT6T
223
35.43
34z
26.02
4174
226
£3.84
43.61
34.47
36.51
3223
40.62
1632
20,81
36.07
4231
28,28
30.56
28.44
357
16.85
14.38
30.7
1d.44
40.55
12.63
3Tdz
28.13

Z31
13.54
1 ]
2381
Z6.44
Z9.67
4176
2181
16.33
35.93
25,93
2127
13.55
30.54

151
12.63

30.53
2031
2128
2128
2128
14.47
2513
28.87
1 ]
2113
22,74
17.56
1527
2T
9.5
16.95

Area

1.36E+04
5.03E+03
2. 12E+04d

1.44E+04
140E+03
1. 4E+04
3.9d4E+HD3
Z.22E+04
5.68E+03
1.05E+04
Z.0FE+04
3.03E+04
8. 7IE+03
§.3TE+H]Z
1.33E+04
3EZEH03
T.BIEHDG
2.53E+03
T.IIEHDG
145E+03

1]
3 I6E+02
2.83E+03
1E3E+03
5.54E+03
1.Z21E+04
5.96E+03
2. TE+04
2.38E+04
§.40E+0Z
5.94E+03
318E+03
1.TIE+03
B.45E+02
Z.22E+03
3.30E+04
1.0E+05
4. 5IE+03
1.22E+04
4 1ZE+03
. 30E+03
3.20E+02
3.53E+03
3TTE+03
2.34E+03
3ETEHDS

0
5.45E+03
Z.E+DZ
14dE+03
1.25E+03
5. TRE+DZ

147E+03
4. 35E+03
Z.GBE+D3
Z.88E+03
Z.BEBE+03
1.35E+03
3ETE+DS
3.B5E+03
2. TIE+HD3
5.B3E+03
4. I0E+D3
3.30E+03
B.ZBE+02

0
1.4dE+02
Z.83E+03

Accession
POZEBZ|CASAT_BOVI
POZEEE|ICASE_EOWIMN
POZEEEICASE_BOWIMN
A2VORE\WASFZ_BOW
IN: Q2K JES|G3PT_BO
WIN:QEELFZIRaDl_BO
POZEE3ICASK_BOVIN
POZEEZ|CASAT_BOVI
POZBEZ|ICASAT_BOVI
POZEEZ|CASAT_BOVI
POZEEZ|CASAT_BOVI
POZEEZ|CASAT_BOVI
POZEEZ|CASK_BOVIN
POZEEZ|CASAT_BOVI
POZEEZ|CASAT_BOVI
PO2E663|CASK_BOVIN
POZBEEICASE_BOWIM
POZEEE|ICASE_EOWIMN
POZEEZ|CASAT_BOVI
POZEEZ|CASAT_BOVI
POZEEE|ICASE_BEOWIMN
POZE63|CASK_BOVIN
PE013SIGLEM_EDN!
POZGEG|CASE_BOWIN
PE0133IGLEM1_BON!
POZEEE|ICASE_EOWIMN
POZEEZ|ICASAT_BOVI
POZEEE|ICASE_EOWIM
POZEEZ|CASAT_BOVI
POZEEZ|CASAT_BOVI
POZEEE|ICASE_EOWIN
POZGEG|CASE_BOWIN
POZBEEICASE_BOWIM
POZEEE|ICASE_EOWIN
POZGEGICASE_BOWIN
POZEEE|ICASE_EOWIM
POZEEE|ICASE_BEOWIMN
POZEEZ|CASAT_BOVI
POZEEZ|CASAT_BOVI
POZEEE|ICASE_BEOWIMN
POZEEGICASE_BOWIM
POZEE3ICASK_BOVIN
POZGEGICASE_BOWIN
POZEE3|ICASAZ_BOVI
POZEEZ|CASAT_BOVI
POZEEEICASE_BOWIMN
POZEE3|ICASAZ_BOVI
POZEEE|ICASE_BEOWIMN
POZEEGICASE_BOWIM
QATTRG|LYST_EOWIN
PE013SIGLEM_BON!
POZEE5|CASK_BOVIN
POZEEE|ICASE_EOWIMN
POZ2E63|CASK_BOVIN
P&1265-
ZIPIGR_BOVIN:PE12E
SIPIGR_BOWIN
POZEEZ|CASAT_BOVI
PO2E663|CASK_BOVIN

Q2K JESIGIPT_BOVIM
POZEEZ|ICASAT_BOVI
POZEEZ|ICASAT_BOVI
POZEEZICASAT_BOVI
POZEES|ICASE_BOWVIM
POZEEZ|ICASAT_BOVI
PEMASIGLCMLBON|
POZEEE|ICASE_BOWVIM
POZEEEICASE_BOWIM
POZEEZ|CASAT_BOVI
AZVDKE\WASFZ_BOY

PTH

Oidation (M)

Ouidation (M)



Peptide
RELEELMNYPGE
GPVRGFFPIY
PPPAFF

TVPAK

FPEWF
OLISKECIVIR
W OQGEPYALIN
AFEVWET

SWKDRAGGPGAPADPGRPT
ILMKPEOETHLEACIPTOASACIFIRRL
OKIHPF

APFPEWVFGH

KLKPGEWLFI

ROMPICIAFL

MNAVPITPTLHRE

ARHPHPHLSF

WELLL

WGEILL

[UE]

-10lgP Mass

3207
321
327

32.53
32.8
32.2

3215

32.03

32.08
32.06
9
g
3173
3157
15
337

313

33

313

12636
150.7
574.31

514.31
B37.31
1312.8
13357
73244

1713.3
23435
7554
330,52
1413
10583.6
13237
137.6

513.35

513.35

513.35

Length ppm

miz
1 4.3 B42.83
1 -2.3 576.35
B 4.5 575.33
5 98 51532
5 -3.4 E38.32
1 63 4386
1 -4.6 EG3.86
7 41 33723
13 -4.2 574.29
26 49 T38.38
B 52 3vn
3 E  43B.27
10 3.2 57183
3 -4.6 545,73
12 -8.4 EBGZ2.86
10 a7 30041
5 -6.2 514.36
5 -6.2 514.36
5 -6.2 514.36
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RT

231
37.593
25.35

40.43
30.54
25.58
22,62
16.08

13.09
3267
1553
23.05
45.73
35.28
22,62
14.86

25.33

25.33

25.33

Area

Accession
3.51E+03 POZBEG|CASE_BOWIM
2. 21E+0d POZEGE|CASE_BOWIN
22TE+03 AZVDKE|'WASFZ_B0OW
POZEES|ICASKE_BOVIN
0 :Q080A0|RABLE_EO
1.TEE+03 POZBEZICASATBOWVI
8.97E+0Z PA0SS|IGLEM_EOM
1.538E+03 POZBESICASKE_BOWIM
5.80E+02 PE03SIGLEM_EON
Pa1265-
Z|IPIGF_EOWVIN:PE12E6
5.65E+0z SIPIGR_BOVIN
1.35E+03 PE013S|IGLCMLBOM
T.9E+02 POZEEE|ICASE_BOWVIN
3.40E+D3 POZEEZ|CASAT_BOVI
3.34E+0d QOVCTH TMLH_BOWI
1I0E+03 POZEEE|CASE_BOVIN
1.44E+035 POZEE3ICASAZ_BONVI
112E+03 PO2EES|ICASK_BOVIN
PZ5330|CACR4_BOWI
M:C0SESEI TMIIE_E0
WIN:POIOTAANGT_EC
WM QIEE4TILYSM_EO
WVIN:ETB3ESICTSRO_E
OWAN: AT M2 EMCT0L
BOVIN:POCERZ| ARMC
Z_BOWIN:QIBWED 5=
3IMCP_BEOMIN.CH7aU
TIDHRI3_BOVIN: Q9B
H13ICOMEE_BOWIMN: QIS
VE4SIMCP_BOVIN: Q12
g0z OVGRLBOVIN:
QEEKPI TSNS LEOVI
0 M:Q0PSE3KCNY_ED

CIZMEN S DH=30_B0W
IMN:JSBEGSIS28RZ_E
OWIN:O37527-
3IAGRLS_BOVINO3T
g27-
ZIAGRLI_BOVINOIT
g27-
SIAGRLI_BOWINOIT
g27-
GlAGRLI_BOWVINO3T
g27-
TIAGRLS_BOVINOT
27| AGRLI_BOVIN.O
375=7-
4AGRLI_BOVINOIT
g27-
BlIAGRLI_BOWINO3T
g27-
TAGRLS_BOWINO37
g27-
1ZIAGRLI_BOVIN. O3
TEZT-
IAGRLI_BOVINOIT
g27-
10l AGRLI_BOVIN: CHR
MU PAHAT_BOVIN: G
0 06154 PMEL_BOVIN.Q
CISEIM3-
ZIGPHR_BOWIN:CI3TO
B7ISCPOL_BOMIN.QS
BIM3| GPHP_BOWVINC)
0 32K 05 TM225_BOWIN

PTH



Peptide -10lgP Mass

WGIL 313 915335
WGLI 33 51335
WGLL 313 513.35
WGILI 313 513.35
WGLIL 313 513.35
AVRSFACILE 311 10816
FPPFFPRP 3104 E37.38
PPPPYI 3086  G615.37
PPPPWYL 3086 61537
LFOEVL 3083 B374
IPQEWVL 3083 6974
LPQEVLMENLL 3072 12807
AVPITPTLMNRE 3064 1209.7
AVPITPTLR 3063 324.53
ALPOHY 3054 5303
AIPCHY 3054 5303
ILMKPEDETHLEAQIPT 3047 18339
VPOLENMPNS+TA.97IAEERLHSMi+ 30,46 2144
SLITIFSA 30,3 890,45
SPPEINTVO 3023 353.43
WPSERYL 30 86245

Length ppm miz
] -6.2  514.36
1 -6.2  514.36
5 -6.2 514.36
5 -6.2 514.36
5 -6.2 514.36
10 0z 54182
T 58 34aT
-] 14 E13.39
-] 14 £13.33
5] 04 63341
-] 0.4 63341
1 0.3 64136
il 3.7 EB05.85
3 4.7 4B3.Z2T7
1 4.4 53132
] 4.4 53132
16 ES5  E12.31
15 28 TISES
g 18 426.25
3 5.1 43276
T 4.4 43224

RT

25,33

2533

25.33

25.33

25.33
229

12.36
3106
31.06

23
23
F3.33
2154
2336
17
17
15.06

2877

2929

1641
1774

Area

Accession
P3507CFTR_BOWIN:
0 QSESESIYIPFS_BEOMIN
gza04ACYRTBOVI
M ASPEI4LSMELED
0 WIN:P27535 H=k1_EO
P4E4TIEAAT_BOWIN:
O3ZBGEIUNCS0_BOY
IM: I3ZBI5GE6-
ZIUNES0_BOVINPTE1
19IEFY C_BOMIN:QIETO
0 ¥5PSATBOVIN
P2TETH GTRIL_EOVIM:
QESYUTITNPOL_BOVI
0 M:Q0PSMEMPPA_ED
OzHJ2Z|CLOS_BOVIN
:LZE0|DORGK_BC
VI AZVDPZIPCMOT
0 BOWIN:G58CZ2[PCMO

5.50E+03 POZGERS CASH_BOWIN

AZVDREIWASFZ_BOV
IN: Q2R JESIGIPT_BD

4. BIE+02 WIN:QE32LP2RADL_ED
113E+0d Q3ZLPZIRAD_EOVIMN
113E+04

POZEG:| CASAT_BOWI

2 TRE+03 M:CATTEALwST_BOW
2. TRE+03

Z.56E+03 POZEEZICASAT_BOWI
3.25E+02 PO2GES CASAZ_BOWI
B.ME+0: POZEEZ|CASAZ_BOWI

0 POZEE3ICASAZ_BOW
0

3.33E+03 PEO13S|GLCMT_BOV

POZEEZ|CASAT_BOWI

3.39E+03 N

Pd8452-
Z|PPZEA_BOWIN: P43

153E+03 452|PPZEA_BOVIN
Z.4BE+03 POZEET CASK_BOWIN
136E+03 POZEEZ| CASATBOWY|

PTH

Phaspharylation
[ST+); Oidation

m/z = mass to charge ratio; RT = retention time; PTM = post-translational modification
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Table Al.7. Peptide sequences identified in delactosed permeate from production plant 2, batch
B (Chapter V)

Peptide -10lgP Mass Length ppm miz RT Area Accession PTM
Y HEPVLGPYRGFFRIY T5.8 13501 17 3.5 394104 d4.35 1.56E+05 POZEEGICASE_BOWIM
LLYQEPVLGPVYRGRFPIN E223 21082 13 31 10541  4B.28 1.23E+04 POZEEEICASE_BOWIN
KAVLPYPO 5753 Tv3d3 T 42 39075  18.03 2.23E+03 POZEEG|CASE_BOWIM
PEVIESPRENTWOMNTSTAY 5712 210341 z0 41 1556 3231 2.99E+04 POZEEE|CASK_BOWVIN
YHEPVLGPYRGFFRI 56,38 16GT.9 15 T 83436 3393 6.3dE+03 POZEEE|CASE_BOVIN
YHEPVLGPYRGFFRI 5E.13 17a 16 43 89151 4253 2.84E+04 POZEEG|CASE_BOWIM
TWONTSTAN 5588 30443 3 4 3055 17.02 E6.5IE+04 POZEESICASK_BOVIM
SLAVYPFPGPIPM 5343 12337 12 3.5 E50.85  36.9¢ 7.35E+03 PO2EEGICASE_BOWIM
ILMKPEDETHLEAGPTDASACFIRMNL 5231 23435 Z6 -2.4 73838 3263 4.78E+03 PE01AS|GLCMI_BOWIN
VAPFPEVFGE 5162 10336 0 0 5458 3154 259E+04 POZEEZICASATBOWI
EPVYLGPVRGRFRIN 5156 15889 15 T4 79548 4313 11E+04 PO2EEG|CASE_BOWIM
Pa1265-
Z|PIGF_EOVIN:PE1265
DAAGGPGAFPADPGRPT 5151 14057 16 16 T03.84 1243 Z2.3E+03 |PIGF_BOVIN
GLPOEVLMEMLLREF 511 16408 14 81 547.97 4176 113E+04 POZEGZICASAT_BOWVI
SLIASKVLPYPO 5083 12817 12 0.3 B4187 23.68 5.33E+03 PO2EEGICASE_BOWIM
VOWTSTAV SOE3 80344 8 0.8 80445 1557 2.3TE+04 POZEES|CASK_BOWIM
VIESPPEIN 506 93651 3 =14 99752 20.23 4.6BE+04 POZEGEEICASK_BOWIN
ILMKPEDETHLEAGIPTOASACIFIRM 5025 28364 25 7.5 7012 2476 8.439E+03 PE0135|GLCM_BOWVIN
YOEPVLGPYRGFFP 4936 1554.5 14 -1.5 Tv8.42 3373 S5.60E+03 POZEEEICASE_EOWVIN
VAPFPEVFG 43,5 36143 3 -0.3 9625 3573 116E+04 POZEEZICASAT_EOWVI
PPPPFFPPPP 4313 983.54 10 8.5 43528  16.97 S5.41E+03 AZVDKEIWASFZ_BOW|
TOTPYWWPPFLOPEWYMI+13.33) 4315 1v369 & 45 833458 d40.04 1.86E+04 POZEEGICASE_BOWIN Oxidation (M)
AOPTOASALF 4884 10345 0 -13  1W0355 1638 1.30E+04 PE0135|GLCMI_BOWIN
FWAPFPEVFGREK 48.71 14338 13 34 438934 3442 B.3E+03 POZEEZICASATBOWI
FFFPPFFFPP 48,25 59149 3 4.4 44675 15.95 1.97E+04 AZVDEE|'WASFZ_BOW
SPPEIMTWEMTSTAY 4507 15415 15 01 77139 2663 517E+03 POZEEE|CASK_BOVIN
L\ FFPGRIPM 43,03 12127 1 14 B07.34 3583 3.43E+03 POZEEE|CASE_BOVIN
GLPOEVLMEMLLRE 4763 1355 13 -3.2 TdT.892  33.3d T.24E+03 POZEEZICASAT_EBOWVI
APFPEVFG 4715 86242 g -0.4 863.43  33.25 4.38E+03 POZEEZICASAT_BOWVI
APFFEMFGE 4713 33052 3 0.6 496.27 23.07 2.B0E+03 POZEGZICASAT_BOWI
LPCIELMEMLL 4543 12807 1 -31 B4135  34.01 6.35E+03 POZEEZICASAT_BOWI
FWAPFPEVFG 4566 TI08.6 0 -11 55523 4176 Z13E+03 POZEEZ|ICASATBOWI
PEVIESFPEINT 45,61 13237 12 -8.6 BEZ.83 2502 0 POZEESICASK_BOVIN
WWPPFLOQPEWM 4532 12547 1 6.7 E28.35 38.54 6.7TE+03 POZEEG|CASE_BOWIM
QEPVLGPWRGRFRIV 45 26 1717 16 5 85351 4332 §5.29E+02 POZEEEICASE_BOVIM
SLVYPFPGRIPMNSLPO 452 17243 & 4.1 86347 3393 3.53E+02 POZEEEICASE_BOVIN
AzVOREWASFZ_BOWI
PPPAPFPPPP 4508 B8B5.47 3 4 43374 1523 T.45E+02 MN:ABOQRO0IZMSZ2E_BO
Ly REPYLGPYRGRFFINY dd 55 13331 1B -11 599758 4537 4.18E+03 POZEE6|CASE_BOWIM
MEMNLLRFF 44.81 10515 g 0 52678 3813 113E+04 POZEEZICASATBOMI
SLPOMIPRLTOTRY dd 77 15055 14 5.9 75233 32.23 4.53E+03 POZEEG|CASE_BOWIM
IASGERTSTRTTEA 44,61 1360.6 14 TT O OES133 143 115E+04 POZEES|ICASKE_BOWIM
GLPOEVLMEMLL d4d 46 13377 12 13 B69.87 3691 2.E65E+04 POZEGZICASAT_BOWVI
FVAaPFPEVFGE 44,08 1236.7 1 5.7 E13.3d  37.63 Z.0TE+0d4 POZEEZICASATBOWI
s CIEKPYAL 4382  TO8E 3 -17.3 55523  19.83 1BEBE+03 POZEEEICASK_BOWIN
VAPFPEVF 437 9J04.47 8 -¥.3 90547 3678 3.98E+03 POZEEZICASAT_BOWI
PE1265-
Z|PIGF_EOVIN:PE1265
AAGGPGAPADPGRPT 43.18 12306 15 -11 BdE6.32 .87 3.05E+05 |RIGR_EOVIM
WWPPFLOPEWM(+15.93) 4311 12707 1 3.7 EB36.34  33.53 Z16E+0d4 POZEEGICASE_BOWIM Oxidation (M)
EVLMEMLLRF 43.01 12457 10 15 623.84 3544 122E+04 POZEGZICASAT_BOWVI
PEINTVOMNTSTAY 4233 13577 13 55 B7387 2431 7.33E+02 POZEES|ICASK_BOWIM
SHAFEMWEKT 4283 10ES 3 53 50327 16.41 4. YTE+03 PBO13S| GLCMI_BOWIM
IASGERPTSTRTTE 42 B6 1289.6 13 14 64581  13.04 1.76E+03 POZEEE|CASK_BOWIN
FPRPPFFPP 4234 794.43 g 3.7 39823 14.37 145E+04 AZVDEE|WASFZ_BOW
MAVPITPT 42,33 8144 g 18 81245 1763 2.4ZE+03 POZEE3ICASAZ_BOW
TEIPTINT 42,28 GET.46 g 0.4 83547 2256 4.23E+04 POZEESICASK_BOWIM
VESTWATL 4227 §13.94 g 12 §19.45 13.31 1.33E+04 POZEESICASK_BOVIN
APFPENF 42,07 8054 T 0.2 80641 3441 5.43E+03 POZEEZICASATBOWI
IMTYEWTST AN 4178 11316 1 16 B5BE.81 2183 B.56E+03 POZEEBICASK_BOWIN
ILMKPEDETHLEAGFTOASADIFIR 4172 27224 24 13 68161 2547 5.3T7E+03 PB013S|GLCM_BOWVIN
AVPYPO 4157 EBv¥33d B 0.4 E74.35  14.45 2.02E+03 PO2EEG|CASE_BOWIM
FSHAFEWWET 4156 1636 10 7.5 33888 2147 156E+03 P30135|GLCMLEOWVIN
ILMKPECETHLEAGPTOASACIF 4036 24552 2 3.6 §153.74 24.3 1.84E+04 PB0135|GLCMI_BOWIM
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Peptide

FYAFPFPEWVF
EVIESPPENTYOMTSTAW
AQTOSLVPFPGRIPN
MIFFLTOITPY

GFPFPIY
WPPFLOPEYMI+15.93)
VIESPPEINT

FPFRFRF
MAVPITPTLH
HIOKEDWPSERYL
GLPOEVLNERL
PYWPYHFDASY
MVPGEMESL
SOMPKLFL

KAVPYPO
FOMPIGAFLL
LPGEVLMEMLLRA
IASCERTSTPTT
YPPFLOPEYMI+15 391GV
VIESPPENTVONTSTAY
VIESPPENTYVO
GLPGQEWL

WLNENLL
FFVAPFPEVFGK
LHLFLPLLD)
VAKPABVRSPA
FVAPFRE
ILMKPEDETHL
MEWLLFF
IASGEPTSTPT
AVPYPOR
WPPFLEPEYM
WVPGEVE

S(+79.3TIPEVIESPPEINTV N TS TAY
GLPGEVLN
APFPEV
PYLGPYRGRFRIN
ALPGVLKT
FWAPFPEVFGKEKY
SKWLPVPD)
SSROPGSCNPKLPL
WPGLENPH
WLSRYPSYGLN
EVLHENLLR
PYRGRFRIN
ROMPIGAFL
VYEOKPYALING
GHLKALIN
ARHPHPHLSF
PYWPPFLOPE
ILNKPEDETHLE

S(+73.9TIPEVIESPPEINT
IESPPEIN
IASGEPTSTPTTEAVE
WPFPGPIPM
RELEELMWPGEIVE
PGLLLLLAVLSLGTA
IPMSLPONIPPLT O TP YWY PPFLOPEYT
SOSKVLPVPO
GPYRGFPFFIV

AVESTWATL
SOPMPIGSENSE
TIASGEPTSTPTTE

AVPITPT

FOVEAVYLM

SHYPSYGELN

IHRFALTO
ILMKPECETHLEACIPTOASAC)
FPEVF

ARFPE

40.54
40.76
40.67
40.57
40.43
40.35
33.99

33.31
3312
35.54
38.76
38.71
38.38
38.26
38.25
38.13
37.86
37.58

37.3
3719

37
36.62
36.44

36.4
36.27
36.13
36.12
36.02
35.85
35.84
39.77
35.64
35.59

35.25
35.18
351

34.75
34.56
34.48
34.45

34.2
3d.14

341
34.07
34.08
34.04
33.96
33.73
33.71
33.42

33.37
33.28
33.25
33.05
32.97
32.97

32.9
3z.81
32.51
32.31
32.21
32,15
32
31.35
3165
31.64
31.64
31.58
3154

-10igP Mass

10515
2012
1727.9
1075.6
Td.dd
176
1037.6

G37.35
1038.6
E12.5
1224.6
1223.6
1055.5
§35.51
50144
1202.6
1436.5
TE0.6
1327.7
1883
1324.7
79442
G13.46
13837
10427
T23.6
§05.4
1307.7
304.45
10535
§23.44
T55.6
§55.43

22761
865.47
558.33

1459.9
332.53

1592.9
866.52

15758

1007.6
1267.7
1035.6
1093.7
1083.6
1449.5
378.56

1376
1220.7
1436.7

1430.7
83744
15867
1039.6
1624.5
1443.9
3080.7

10516

1507
§59.45
1357.6
1330.6

537.4
G65.47
1055.5
340.45
2306.1
G637.31
559.26

Length ppm

miz
3 8.2 S26.73
13 -3.4 1007
16 3.9 &64.93
0 8.6 10736
T -39 4245
0 -0.1 5868
0 6.2 543.73
T 48 3437
n -7 52023
13 -3.4 538.61
il 4.5 B13.32
1 -6.4  B15.81
n 24 S28.73
i -13 44876
7 45 40173
10 5.2 B02.33
12 123 7842
12 -0.2 58123
12 3.5 664.85
15 15 9425
12 -4.6 BE3.35
T 6.6 T55.43
T =124 §14.46
12 4.1 B3I2.87
3 31 52234
il 189 37TE6
T -2.4 40371
il 36 4383
T 21 453325
il E 10805
T 6.2 41573
0 -74 ETEE
i 26 856.44
21 -4.3 135
g 0.5 86347
-] 0.4 B53.34
i 12 73095
-] 8.7 46728
i 7.8 53196
-] 4 43427
4 15 527.23
3 -0.6 50473
1 -3.3 63483
3 0.6 55031
10 12 54784
3 -24 54573
12 -3 72583
3 -B.E 43028
10 3 300.41
1 -E7 B34
12 44 473391
13 -0.8 T46.33
g 124 445374
16 0.4 73533
0 -3.5 550.73
14 16  &13.4z2
15 187 72598
28 -18.8 10273
0 8.2 54182
il 17 5VB.35
3 -2.7 83048
13 4.7 E7381
14 0 B36.33
T 23 B354
i -2.8 86347
3 -B.4 52876
i -0.1 47125
el 22 763aM
5 4.2 63332
-1 16 EE0.2T
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RT

42.5
31.34
36.15
27.34
381
30.55
216

1z.41
24.53
19.06
A
23.52
316
222
12.68
40.64
30.66
12.85
34.54
30.51
23.35
26.05
26.57
42,78
42,46
127
23.21
17.61
28.21
12.06
12.73
35.89
15.62

32.26
227
25.3
43.4

22,34

36.55

13.03
20.8

28.27

2212

24.83

37.45

35.24

21.58

2127

15.03

38.21

16.63

24.97
18.07
17.47

32.06

23.8
435.63
45,11
13.5
37.58
2115

22,26
14.55

1E.41

22,66
17.93

1515
15.43

30.54

1E.61

fArea

4. 25E+03
1.84E+04
1.02E+04
1.68E+04
T.3E+0Z
3.62E+03
8. FEE+03

G.52E+02
1.04E+03
4. 57E+03
1T4ZE+03

=

1.25E+04
4.50E+03
5.48E+02
3.8TE+03
4. 51E+02
T.22E+03
163E+03
1.35E+03
3.63E+03
T.5EE+03
5.55E+02
3.64E+02
2.05E+04
2. TBE+02
3.533E+02
T.TSE+03
2.95E+04
5. 7T4E+02
S.21E+02
2.22E+03
1.50E+04

4.54E+03
174E+03
2. TSE+03
1.35E+03
5.05E+02
4. 24E+03
110E+03
4. 5TE+03
5. 77E+03
6.91E+02
118E+04
3.90E+03
9.01E+02
152E+03
3.25E+03
T.54E+02
1T13E+03
2. T3E+04

2.95E+03
1.03E+03
1.86E+03
17ZE+03
3.55E+03
4. 17E+04
1.45E+04
147E+03
TIZE+03
1.35E+03
1.85E+03
168E+03
8.35E+02
1.95E+03

[}

143E+03

121E+03
1.04E+03
2.00E+03

Accession
PO2E62ICASAT_BOWVI
POZE663| CASK_BOVIN
PO2E6E|CASE_BOVIN
POZE666|CASE_BOVIN
POZEEE|CASE_BOVIN
POZ666|CASE_BOVIN
POZEES CASE_BOVIN
A2VOKEWASFZ_BOWVI
M:ETBESZICOKTZ_BOW
IN: QOPSJE STRP_ED
POZEE3ICASAZ_BOWVI
PO2662|CASAT_BOWVI
POZEEZICASAT_BOWVI
PE132ZIIRNAST_BOVIN
POZEEEICASE_BOVIN
PE0135IGLCMT_BOWVIN
POZEEE|ICASE_BOVIN
POZE6E|CASE_BOVIN
POZEEZ|CASAT_BOWVI
PO2E65 CASK_BOVIN
POZE666|CASE_BOVIN
PO2E65 CASK_BOVIN
POZE663| CASK_BOVIN
POZE6ZICASAT_BOWVI
POZ2662|CASAT_BOWI
POZEEZICASAT_BOWVI
POZ666|CASE_BOVIN
POZEES CASE_BOVIN
PO2662|CASAT_BOWVI
PE019SIGLCMT_BOVIN
PO2662|CASAT_BOWVI
POZEES CASE_BOVIN
POZ666|CASE_BOVIN
POZEEE|ICASE_BOVIN
POZ666|CASE_BOVIN

POZEES CASE_BOVIM
POZEEZ|CASATBOVI
POZEEZICASATBOVI
POZEEE| CASE_BOWVIN
POZEE3ICASAZ_BOW|
POZEEZ|CASATBOVI
POZEEEICASE_BOWIN
PE0195IGLCMLBOMIN
POZEEZICASATBOVI
POZE6S CASE_BOWVIM
POZEEZICASATBOVI
PO GER| CASE_BOWIM
POZBEEICASE_BOWIN
POZEES CASE_BOVIM
CIATTRA LY ST_BOWIN
POZEES CASE_BOWVIMN
POZEEE| CASE_BOWVIMN
PE0T9SIGLCMLBOMIN

POZEES CASE_BOVIM
POZEES| CASE_BOWVIMN
POZEES CASE_BOVIM
POZEEE| CASE_BOWVIN
POZEEEICASE_BOWVIM
PO7SEI| FINC_BOWIN
POZEEEICASE_BOWVIM
POZEEE| CASE_BOWVIM
POZEEEICASE_BOWIM
POZE6S CASE_BOWVIM
POZEEZICASATBOVI
POZE6S CASE_BOWVIM
POZEE3ICASAZ_BOW|
AECLAEIL3d_BOWIN
POZEESICASE_BOWVIN
POZGEE|CASE_BOWVIM
PE0195|GLCMLEOMIN
POZEEZICASATBOVI
POZEEZ|CASATBOVI

PTM

Cridation (M)

Cridation (M)

Phiospharylation
[5T]

Phiospharylation
[5T]

Oizidation (M)



m/z = mass to charge ratio; RT = retention time; PTM = post-translational modification
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Table A1.8. Peptide sequences identified in delactosed permeate from production plant 2, batch

C (Chapter 1V)

Peptide

W HEPWVLGFVYRGPFRIY

YW OEPVLGPVRGPFPI
LLYQEPYLGPYRGRFRIN
SHAFEVYET

AAGGPGAPADPGRPT
KMVLPYPO
WLERVYLGPVRGRFRI
SLWVYPFPGRIFN
GLPOEVLMEMLLRF
ACPTOASAGF
YRGKPYALINN
APFPEVFG

WIESPPEIN
EVIESPPEMNTVOWNTSTAY

DARGGPGAPADPGRPT
TOTPYWWYPPFLOPEWVM[+1!
WAPFPEVFGK
EFVLGFVYRGFFRIY
SLSLSKVLPYPO
TIRSGERPTSTRTTE
WWPPFLOPEWVM
WOMTSTAY
PYLGPYRGRFRIV
MEMLLRFF
WPPFLOPEVM(+15.33)
WAPFPEVFG
VIESPPEINTVO
TWCEMTSTAY
SOIPMPIGSENSE
ILMKPEDETHLEACIPTOA S,
SSROPQSCINPELPL
WYPPFLOPEVMI+15.33)
APFPEVFGRERY
SPPENTYCOIMTSTAY
EVLMEMLLRF
FuaPFPEVFGE

L' EPYLGPYRGFFRIY
FEVIESPPEINTWVONTSTAY
WLERVYLGPYRGRFF

LW PFPGPIPN

NYPGENE
ACPTOASACFIR

PFPRPPPRPP

PRPRPPRR
AT PFPGRIPR
NAVPITPTLN
SLPOMIPPLTGETRY
FuAPFPEWF
GLPOEVLNENLL
HICKEDWPSERYL
GLPGEVLN

PFPRPPRERP

G7.35
B3.31

5E6.4
55.04

53.97
53.55
D3.25
52,83

13
5163
0.4
43.52
43,76
43.45

43.42
4,61
45.32
43.07
47.87
47.63

474
46.62
45,73
45,65

45,5
45.02
44,33

4d.5
44,45
dd. 42
44.13
43.35
43.63
43.06
42,53
4217
.57
4153
41.05
40.52
40.63
40.23

40.03

39.68
33.79
3961

331
38.95
38.84
38.65
38.54

38,33

-10IgF Mas=

15E0. 05
1780.33
206,22
10716.53

123063
773431

166T.3
1293.69
640,53
105447
1443.76
g6z 423
936.513
2012.03

1405.66
176,34
1053.53
1586.93
128173
1390.65
1254 .67
803.433
1453.583
05155

17M.53
361431
1324.69
304457

1357.6
272256
1978.85
1270.66
1346, 72
15473
124567
1236.65
1333.14
2103.05
1554.52
1212.65
855.434
1303.65

388.533

734433
172783
103857
1803.583

051.54
133772

81282
065.465

31485

Length ppm

LY

2.4
3.8
32
8.5

-0.8
&1
-0.6
ns
4.4
-2
=31
-2.8
=17
-0.3

Zz

miz

341.0355
531.504

105412
339.554

B46.324
390,757

§34.96
650,551
21457
035.47
725,906
863,423
337.521
007.02

703836
393,455
545,802

T795.48
G41.872
536,335
B25.346
80d4.442
730952

5ZE. 73
586.803
962,435
563,354
305.434
B73.803
651535
D2T.235
B36.333
443,324
Fra07
523.847
£13.336
937.562
1055.55
o
BOT.337
056.445
B52 836

430,275

395224
H64.343
520,233
752922
SZE. 776
B63.863
538.617
063,475

445,731
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RT

44,15
42 54
48,27

16.3

.88
17.98
33.03
36,55
4.7
16.33
216
33.29
Z20.24
31356

12.35

333
57
43,27
Z3.68
14.53
35.46
15.54
43.24
3822
30.54
35,76
23.35
16.35
2227
25.41
20.86
33.55
Z23.03
26.63
35,33

T
45,31
32,34
33.74

353
16.56

13.91

16.38

14.33
36.15
2456
32,14
42,45
36.73
13.05
22,71

5.3

Area

125E+05
1.86E+04
5.63E+03
G.84E+03

4 ITE+D3
3ZE+03
4.30E+03
3.85E+03
3. FOE+03
182E+04
2.04E+03
2.d4E+03
5.63E+04
3.81E+03

3.84E+03

113E+04
2 50E+0d
125E+04
3TE+03
Z13E+03
4. 06E+03
3.50E+03
3.6TE+03

117E+04
1.03E+04
3.84E+03
3.30E+03
5.04E+04
4. 31E+03
B.21E+03
4. FIE+03
2.50E+0d
3. 7TE+OZ
5. 73E+03
4.G3E+03
1.04E+04
2.03E+03
2 15E+04
S.GTE+O3
3.93E+03
3.37E+04
185E+03

JT3E+03

T.23E+03
5.48E+03

1TE+03
6.35E+03
2. 20E+03
134E+04

1. TE+04
2. 22E+03

133E+04

Accession PTHM
POZGEG|CASE_BOWIM
POZEEB|ICASE_BOWIN
POZEEE|ICASE_BOWIM
FE0135| GLCM1_BOWVIN
PE1ZESIPIGR_BOWIMN:PE1
265-Z|PIGR_B0WIN
POZEEE|ICASE_BOWIM
POZEEG|ICASE_BOWIM
POZEEE|ICASE_BOWIM
POZEEZ|ICASAT_BOVIN
PE013S|GLEM_BONVIN
POZEES|CASK_BOWIM
POZEEZ|CASAT_BOWVIN
POZEESICASK_BOWIM
POZEES|ICASK_EOWIM
FPE1ZE3IPIGR_BOWVIN: PE1
ZES-Z|PIGR_BOWIM
POZGEG|ICASE_BOWIM
POZEEZ|ICASAT_BOWVIN
POZGEG|ICASE_BOWIM
POZEEB|ICASE_BOWIN
POZGES|CASk_BOWIM
POZEEB|ICASE_BOWIN
POZEES|ICASK_BOWIM
POZEEB|ICASE_BOWIN
POZEEZ|ICASATBOWVIN
POZEEE|ICASE_BOWIM
POZEEZ|ICASATBOWVIN
POZEES|CASK_BOWIM
POZEES|ICASK_EOWIM
POZEEZ|ICASAT_BOVIN
PE0135|GLEM_BONVIN
PS35I GLEMT_BONVIN
POZEEE|ICASE_EOWIM
POZEEZICASAT_BOWVIN
POZEES|ICASK_EOWIM
POZGEZICASAT_BOWVIN
POZEEZ|CASAT_BOWVIN
POZGEG|ICASE_BOWIM
POZEES|ICASK_EOWIM
POZGEG|ICASE_BOWIM
POZEEB|ICASE_BOWIN
POZGEG|CASE_BOWIM
FE0135| GLCM1_BOWVIN
TE0E3WASHLEOWIN.Q
35107WASL_BOVIN:PSS
106| GOFE_BOWIN: 2% 0K
Bl ASFZ_BOVIN Q050G
SIH=B4_BOWIN
TEOE3WASHLEOWIN. Q)
35107WASL_BOVIN:PSS
106| GOFE_BOWIN: A2\ Ok
Bl'w ASFZ_BOVIN: Q080G
SIH=Ed_BOWIN
POZEEB|ICASE_BOWIN
POZEE3|ICASAZ_BOWIN
POZEEB|ICASE_BOWIN
POZEEZ|ICASATBOWVIN
POZEEZICASAT_BOVIN
POZEEZ|ICASATBOWVIN
POZEEZ|ICASAT_BOVIN
TE0E3WASHLEOWIN.Q
35107WASL_BOVIN:PSS
106| GOFE_BOWIN: A2\ Ok
Bl ASFZ_BOVIN Q050G
SIH=Ed4_BOWIN

Oid ation (M)

Oidation (M)

Oridation [M)



Peptide -10IgF Mass Length ppm miz RT Area Accession PTHM

VAPFPEVF 38.36 304.483 g -13 305476 36.63 3.30E+03 PO2G662|CASAT_BOVIN
SCIMNPHLPL 33.21 399513 g -4.5 448762 2216 133E+03 PEISIGLCMI_BOVIM
ILMKPEDETHL 37.86 130767 il T 436301 1752  3.3E+03 PE0TISIGLCMI_BOWIM
MEMLLRF 37.85 904.477 T -0.3 453.247 2815 153E+04 PO2G6Z|CASAT_BOVIN
APFPEVF 3775 805.4m 7 26 806412 3437 Z8ZE+03 PO2662|CASAT_BOVIN
APFPEVMFGE 37.59 330517 3 6.6 d436.263 268,95 184E+03 PO2E6ZICASAT_BOVIN
RELEELMWPGEINESL 3723 1582455 15 -0.7 313482 3983 197VE+03 PO2G66|CASE_BOWIM
YHEEPVL 3722 T4T.58 G -3.5 748367 2173 135E+03 PO2G66|CASE_BOWVIM
W'PFPGRIPM 37.08 033.57 o -6.8 550.73 3208  17ZE+03 POZGEEICASE_BOWIM
GPWRGFFPIM 3703 150.63 il -2 576351 3745  100E+Dd POZGG6|CASE_BOWVIM
MIFFLTOTPY 36.81 10736 10 4.4 107962 27.3 1E1E+04 PO2EEEICASE_BOVIN
MNAVPITPT 36.75 8711444 g 6.1 406.733 1762  128E+03 POZ6E3|CASAZ_BOVIN
WPOLENPT 36.33 00757 3 34 504.733 28,23 3.30E+03 PO2E66Z|CASAT_BOVIN
AVESTWATL 35.9 333476 3 -16 §90.454 2113 2.23E+03 POZEEEICASK_BOVIN
VPPFLOPEWMM 3582 11556 10 -0.4 575.508 359 143E+03 POZGEGICASE_BOVIM

CIFZKUBI TSMNE_BOVINP
O0ISTICYE_BOWIMN: Q5L
46| IF4G2_BOWVIN.PE5521
GWILL 35.66 513.353 5 -6.8 514.358 2513 TOE+03 |CI6SA_BOWIN
CIEATIEEIMPTH_BOMING
2HJAHPARZ_BOVIN: FIR
SCHENPPE_BOVIN:P3T
G3IC0&A_BOVIN: ASETS
|OHCRT_BOWIM:P41341 U
SOT_BOVIN ASKNY4ICT
Ld_BOVIN: AHFISIRMIT
BOWIN: Q32PESISACAD_
BOWIN: Q25178 TSP1_BO
Wi ABCILIAIZUM3_BOWI
M QSTTIHACOD_BOVIN:
GWLLL 35.66 513.353 3 -6.8 514.358 2513 TIE+03 ABGPFA|MAATE_BOVIN:
CI2IRVIIPDIAY_BOVINP
137S2IHAA_BOVIN. Q03
OME| TSM_BOWIN: Q3ZBE
GWLIL 35.66 513.353 3 -6.8 514.358 2513 TIE+03 0/00x1_BOVIN
GWIIl 35.66 513.353 3 -6.8 514.358 2513 TIE+03 Q23RRG6IVSIGT_BOVIM
Pz00od]| ACON_BOVIN:Q
GWLLI 35.66 513.353 3 -6.8 514.358 2513 TE+03 ITTEHLYST_BOWIN
CATATTICYRIA_BOVIN.CG
GWIL 35.66 513.353 3 -6.8 514.358 2513 TIE+03 2EJECYRIB_BOVIN
QIO TISIL_BOVIN:P
TI136-
ZICAPZE_BOWVIN:PTI136

GWILI 35.66 513.353 3 -6.8 514.358 2513 T.9E+03 [CAPZE_BOWVIN

GWLI 35.66 513.353 3 -6.8 514.358 2513 THE+03 QZKMZIPSON_BOVIN
AVPYPO 35,61 B73.344 g -5.5 674.343 1442  103E+03 PO2GG66|CASE_BOWVIM
PvWPVYHFDASY 39.56 122381 n 32 B15.819 30.04 0 PE1E23IRMASTBOVIN

m/z = mass to charge ratio; RT = retention time; PTM = post-translational modification
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Table A1.9. Peptide sequences identified in delactosed permeate from production plant 2, batch
D (Chapter 1V)

Peptide -10lgP Mass Length ppm miz RT Area Accescion PTM
Y OEPYLGPYRGPFRINY TEO4 15301 17 -1d4 34104 4333 20SE+05 POZEEEICASE_EBOVIN
Y HEPVLGFYRGPFRI 55.65 Tral 16 23 89151 4233 2 7TI9E+0d POZEEGICASE_BOWIN
LLYQEPVLGPYRGFFPIW ST03 2062 13 15 10541 4613 2.26E+0d POZEEE|CASE_BOWVIN
PVLGPWRGRFPIY 5584 14533 1 -4.3 730895 4256 4.47E+03 POZGEE|ICASE_BOWVIN
Wi PPFLOPEWM 5374 12547 1 5.1 62535 3545 103E+0d4 POZGEGE|ICASE_BOWVIN
KWLPYPO 2261 77343 T -1 330.7%  17.93 2 35E+03 POZEEE|CASE_BOVIN
LWPFRGRIPN 5253 12127 1 27 60734 3582 4.65E+03 POZEEGICASE_BOWIN
SLWYPFPGRIPN 5156 12337 12 5.8 65086 3652 1.06E+0d POZEEGICASE_BOWIN
CEPVLGPWYRGPFRIY 2122 ™7 16 -0.3 85851 4253 3.06E+03 POZGGE|CASE_BOWVIN
Y OEPVLGPYRGPFP S026 15545 1 -0.5 Tv6.dZ 3357 G6.61E+03 POZGEE|ICASE_BOWVIN
Ly REPVLGPYRGRFRIY 43,7 13331 15 13 33755 4513 5.83E+03 POZG6E|CASE_BOWVIN
MAVPITPTLN 43.61 10356 10 04 52029 24.53 1583E+03 POZEE3ICASAZ_BOWIM
Y HEPVLGPYRGPFRI 4343 16679 = -0.4 §34.96 3586 3.10E+03 POZGGE|ICASE_BOWVIN
VIESPPEIN 4324 336.51 3 -2.6 33752 2021 T.04E+0d POZEES|ICASK_BOWVIN
SHAFEWWVET 4755 10165 3 3 33385 16.27 d4.d8E+03 PSO13SIGLCMI_BOWIN
ILMKPEDETHLEAGPTOASACFIR 4752 Z7Z24 2d 21 B816 2525 T.5TE+03 P30135|GLCMLBOWVIN
VOMTSTAY 4772 &03.d4 g -5.5 80d.dd 1556 3.22ZE+03 POZGES|ICASK_BOWVIN
AOPTOASACF 4764 10345 10 -4.3 10355  16.3d 3.32E+04 P30135|GLCMLEBCOWIN
GLPOEVLMEMLLRF 4703 15409 1 0.7 82145 4147 1WE+0d POZEEZICASAT_BOWVIN
FUAPFREVFS 4634 11036 10 .4 55523 4162 4.51E+03 POZEEZICASAT_BOWVIN
TWEWTSTAY 4505 904.43 3 -0.2 9055 1633 T.97E+0d POZGES|ICASK_BOWVIN
VIESPPEIMTWO 4551 1324.7 12 0 66335 2327 9.7SE+03 POZEESICASK_BOWIN
P31265-
ZIPIGR_BOWIN: PE1265]
AAGGPGAPADPGRPT 45.81 12306 = 27 Bd46.33 1191 3.25E+03 PIGR_BOWIM
APFPEVFG 4547 86242 g -1 §63.43 33.2 T.SO0E+03 POZEEZICASAT_BOWVIN
FUAPFPEVFGE 4547 12367 1 14 61934 37.51 2.36E+04 POZEEZ|CASATEOVIN
VLSRYPSYGLM 4537 12677 1 =121 63483 22712 9.83E+02 POZEES|ICASK_BOWVIN
PEVIESFPENTVOWTSTAY 4527 21031 20 0.2 T0d4.04 3227 3.96E+0d POZEESICASK_BOVIN
VAPFPEVFGEEK 4513 1346.7 12 0 44332 2516 6.73E+03 POZGEZICASAT_BOWIN
TIASGEPTSTPTTE 4516 13306 1 3.8 63634 14.85 S.03E+03 POZEESICASK_BOWIN
EPVLGPWRGFFRIM 4436 15853 = =37 7547 4285 141E+0d4 POZEEE|ICASE_BOWVIN
VAPFPEVF d4d.5 304.47 g -0.5 30545 3666 156E+04 POZEEZ|CASATEOVIN
INTWEWTSTAY 4d. 75 1316 1 2.3 56652 219 9.TE+03 PO2G663|ICASK_BOWVIN
P31265-
ZIPIGR_BOWIN: PE1265]
OAAGGPGARAOPGRPT 44 77 057 16 =13 70384 1243 d.52E+03 PIGR_BOWIN
ANVOKE] W ASFZ_BO
PPPFFPRFPFPP 44 56 59143 3 24 44675 1554 2 35E+04 MN:0O027SS|CEERPE_EO
PRAFFFFPPP 44,52 56547 3 -12 43374 1515 110E+03 AZWDOKE|'WASFZ_BOWI
GLPOEVLMEMLLE 44,03 1355 13 35 T47.32 33582 B.8VE+03 POZEEZ|CASAT_BOWIN
FAMPOLENPN d4d 11357 10 6.2 56584 2663 101E+03 POZEEZICASAT_BOWVIN
MIPFLTOITFY 4337 10756 10 =32 10736 2723 3.TIE+0d POZGEEE|ICASE_BOWVIN
W PFPGRIPM 4366 10936 10 3 55085 3203 1.7SE+03 POZEEGICASE_BOWIN
APFPEVFGK 4333 939052 3 105 43627 2573 4.TdE+03 PO2662[CASAT_BOMIN
VAPFPEVFGE 4337 10836 10 35 5d55 3153 ZTEE+0d POZEEZICASAT_BOWIN
WY LEIOKPYAL 4313 TI08.6 3 =127 5553 18978 2. 25E+03 POZEES|CASK_EBOVIN
TOTPYWWPPFLAOPEVM{+15.33) 4235 Tr363 16 4 83345 33.83 2. T2E+0d POZGEGICASE_EOMIN  Oxidation (M)
Vi PPFLOPEWMI+15.93) 4291 1270.7 1l -17 63634 3355 2G63E+0d4 POZEEEICASE_EOVIN  Oxidation (M)
VIESPPEMTWOIWTSTAY 42 &7 1853 15 27 94251 3044 1d2E+03 POZEESICASK_BOWIN
Py PYHFDASY 4255 12236 1 0.2 E15.81 2353 0 PETEZ3IRNASTBOVIN
MNAVPITPT 415  §11.dd g -6.6 81245  17.55 3.83E+03 PO2G663|CASAZ_BOVIN
APFPEWVF 4157 8054 T -0.7 80641  3d.2d B.51E+03 POZEEZ|ICASATEOVIN
P31265-
ZIPIGR_BOWIN: PE1265]
AAGGPGAPADOPGRPTGY 414 1510.7 17 -5 7 TS6.36 1597 5.90E+02 PIGF_BOWIN
GLPOEVLMEMLL 4105 13377 12 -T.3 EBE3.86  36.71 3.2TE+0d POZEEZ|CASATBOVIN
SLS0SKVLPVPD 4032 12517 12 -0.7  B41587 2355 B6.TE+03 POZGGE|CASE_BOWVIN
EVLMEMNLLRF 40.3 12457 10 17 B23.55 35.3 118E+0d POZEEZICASAT_BOWIN
TOTPYWWPPFLOPEYM 40,3 17503 16 -0.3 89145 4347 5.43E+03 POZGEE|ICASE_BOWVIN
VPPFLGPEWM 4067 11556 10 16 57881 3573 2.0SE+03 POZGGE|CASE_BOWVIN
VAPFPEVFG 4053 36143 3 -4 9625 3572 3.33E+03 PO2G6EZ|ICASAT_BOMIN
SSROPQSEMPELPL 40.51 1578.8 1 35 52723 20582 1.08E+0d PSO13SIGLCMI_BOWIN
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Peptide

PPPRPPPF
ILMKPEDETHLEAQPTOASAGFIRML
SONPKLPL
ILMKPEDETHLEAGF TOASACF
MEMLLRFF
MUPGENE

AVPYPO
APHPHPHLSF
EVLMEMLLR
VPPFLOPEVMI+15.53
SPPEINTWENTSTAY
HIGKEDWPSERYL
IHPFASTASL

Y OOKPYALINN
YREPYL

AUPITPTLM
GLPOEVYLN
FYAPFPEVFGREKY
PPFPRPPRPR
IPIGHL

VPOLEIPN
MEMLLFF
PEINTWENTSTAY
IPPLTGTPY
VLMENLL
SLPOMIPPLTOTPY
ULPUROKAWFY PO
RELEELMVPGEIVE
VAPFPEVFGKE
FYARFPEVFGREK,
ILMKPECETHL

LPQEYL
IPGEVL
YAKPAAVRSPA
AUPITPT

HPFAGTO)

ICAKKRKTA
LPEEWLMENLL
EWLMERLL
MAWFITPTLMRE
DVPSERYL

FUAPFPE

GLPGEWL

LHLPLPLLO
TOTPUWWPRFLORE
EWIESPPEINTUENTSTAY
AVESTWATL
SRPSYGLA
PURGPEFI
SLPOMIPPLTOTPYWAPPFLEPEWY
GPWRGPFRIN

AFFPEY
AGTESLWYPFPGRIPN
IPICH

LPLGY

IPLGY

ACPTOASACFIR
RELEELNWPGEIVESL
SEEKVLPWPD

40.47
40.41
33.54
3315
33.03
38.34
37.94
|
37.29
37.09
36.97
36.73
36.65
36.53
36.46
3631
36.26
36.25
6.6
3617
35.75
35.68
35.56

35.5
35,39
35.37
35.21
34.85
34.45
34.33
3427

3422
3422
34.21
3406
342
34.09
33.92
33.87
338
33.74

337
33.63
33.58
33.46
333
3323
332z
33
334
32.93
32.83
32.43
32,28
32.28
3228
3212
322
86

-10igPF Mass

T34.43
2343.5
335.51
24532

10515
855.43
673.34

137.6
1055.6

M6

15415

1512.8

1140.6
1443.5
T35
324.53
865.47
15523
358.54
Gd4.51
10076
304.45
13577
364.56
313.46
15038
1434.8
16248

1215.6
14538
13077

637.4
6374
123.6
6374
340,45
1135.7
12807
3425
13237
377.45
g05.4
T9d.42
0427
1550.8
2012
G53.45
1055.5
10537
2796.5
130.7
G58.33
1773
§32.35
G32.35
§32.35
1303.7
16243
10616

Length ppm

miz
g -3.1 T35.44
26 9.4 738.39
g -4.3 448.76
22 1 818.73
g 5.3 526,78
g 0.3 85644
B -39 EV4.35
10 127 300.42
3 0 55031
10 3 5BE.E1
15 -4 7713
13 2.3 53862
10 =31 5713
12 -0.9 72589
B 14 743.33
3 -4.1 463.27
g -4.6 5E63.47
14 -4.1 53196
10 3.3 49528
7 -39 42326
3 5.6 50473
7 3.6 45325
13 -18.1 Ev3.85
3 -d.4 483.23
7 06 514.47
14 12 752.32
13 1 7i8.42
14 28 81343
1 57 BI0.33
13 E.2 49534
1 -0.8 4363
B -d.4  E33.41
B -4.4 B354
1 53 37755
7 -39 B354
g 06 47125
10 4.8 57883
1 34 64136
8 -16 94351
12 -17.1 EBE2.86
g 2.7 483.75
7 -14 8064
7 -0.5 755.43
3 -5.3 52233
14 23 77643
13 -13 1007
3 -5.2 53048
3 0 528.76
10 -16 547.54
25 5.2 91384
1 0.4 57635
B -6 E53.34
16 0.5 864.95
5 -15.3 B33.35
5 -15.3 B33.35
5 -15.3 B33.35
12 249 B52.84
16 -2.3 348
10 8.7 54182

345

RT

144
32.56
2214
2413
38.03
16.82
1444
1487

24.7
30.51
26.593
18.03
23.23
2152
273
23.83
22,65
36.33
16.35
3413
2817
28.03
24.85
26.24
26.46
3215
25.82
23.78

ey i
3d.24
1r.43

22.93
22.93
12.69
16.34
1515
435.65
33.92

28.7
22.596
20.34
23.05

5.3
43.23
38.65
It
2115
1r.66
ITs
45.55
37.35

251
36.03
22T
2127
22T

8.5
= |
19.45

Area

Accession
A2WORE W ASFZ_BOWI
M: Q02755 CEBPE_EO
1E5E+0d WIM:Q3zLP2|RADI_BOY
1.84E+03 PEOTISIGLCM_BOVIN
4. 33E+03 PEMSIGLCMI_BOVIN
1.82E+0d PEO13SIGLCM_BOVIN
T.55E+03 POZEEZICASAT_BOVIN
3.3E+0d POZGEE|CASE_BOWIN
1.22E+03 POZGEG|CASE_BOWIN
1.18E+03 POZBES|ICASK_BOVIN
3. 78E+03 POZEEZICASAT_BOVIN
§.2TE+03 POZEEEICASE_BOVIN
B Z2E+03 POZGESICASE_BOVIN
1I6E+04 POZEEZICASAT_BOVIN
T.5TE+0Z POZEEEICASE_BOVIN
4.15E+03 POZEESICASKE_BOVIMN
1.35E+03 POZGEE|CASE_BOWIN
S.40E+02 POZEE3ICASAZ_BOVIN
1.18E+04 POZEEZ|CASAT_BOVIN
2.55E+03 POZEEZICASAT_BOVIN
B.3ZE+03 AZVOKE|WASFZ_BOWI
2 23E+03 POZEESICASE_BOVIN
4. HE+03F POZGEZ|CASAT_BOVIN
3.40E+0d4 POZEEZICASAT_BOVIN
J.0E+02 POZEESICASKE_BOVIMN
E.7TFE+03 POZEEEICASE_BOVIN
3.63E+02 POZEEZICASAT_BOVIN
1.41E+04 POZEEEICASE_BOVIN
2.0E+03 POZ6EE|CASE_BOWIN
2.B3E+0d POZEEEICASE_BOVIN
1.83E+03 PO2662|CASAT_BOVIN
T.23E+03 POZEEZICASAT_BOVIN
8. 7OE+03 PE0135|GLCMI_BOVIN
POZEEZICASAT_BOVIN
1.58E+03 QATTHA|LYST_BOWIN
1.58E+03
3.E4E+0Z POZEESICASK_BOVIN
5.68E+02 POZEE3ICASAZ_BOVIN
1.23E+03 POZGEE|CASE_BOWIN
4 33E+04 CSEIKTICCMEZ_BOVIN
4. 1ZE+03F POZGEZ|CASAT_BOVIN
2. T3E+03 POZEEZICASAT_BOVIN
118E+03 POZEESICASAZ_BOVIN
G.GOE+03 PO2EEZICASAT_BOVIN
0 POZEEZICASAT_BOVIN
T.TZE+03 POZEGZICASAT_BOVIN
E.ET7E+04 POZEEEICASE_BOVIN
2 7ZE+03 POZEEEICASE_BOVIN
2 T0E+04 POZEESICASE_BOVIN
1.TEE+03 POZGES|CASK_BOWIMN
1.55E+03 POZGES|CASK_BOWIN
2. B4E+03 POZEEEICASE_BOVIN
1.05E+04 POZGEE|CASE_BOWIN
Z.12E+04 POZEEEICASE_BOVIMN
ZNE+D3 POZEEZICASAT_BOVIN
3. 7IE+03 POZEEEICASE_BOVIMN
3E+D3 POZGESICASKE_BOWIN
3.01E+03
3.01E+03
1.94E+03 PEO13SIGLCM_BOVIN
3.34E+03 POZEEEICASE_BOVIN
1.83E+03 POZGE6|CASE_BOWIN

PTH

Oidation (4]

Clidation (M)



Peptide
FYARFPEWVF
ILMKPECETHLE
GHLEALIMNM
FREINTWOMTSTAY
PPAFE

PPPPWI

PPPPWL

ALLOPSF

EKKKE
VAPFPE
WFTRKTK

LLRAA
[[F1:r
LIR&A
ILR&&
IESFFEIN

-10IgP Mass

T
3.07
F
30.74
30.7
30.53
30.53

3057

30.33
30.35
3027

3017
3047
3047
3017
30.03

1051.5
1436.7
378.56
1454.5
558.32
G158.37
B18.37

TE14

B55.435
B58.33
350.53

54235
542,35
542,35
54235
37.44

Length ppm

]
1z
9
14
5
&
£

7

5
5
=

oo anan

4.6
5.1
-18.7
-0.3
12.8
0.9
10.3

-12.8

16
-8.2
18.3

8.3
3.3
3.3
8.3
28

miz

5Z6.78
473.92
430.25
T28.33
553.33
513.33
§13.33

TEZ.4

GE0.45
659.34
426,25

543.37
543.37
543.37
543.37
443,73

RT

Area

Accession

42,34 2 TTE+03 POZEEZICASATBOVIN
16.53 173E+04 PSO13S|GLCMBOMIN
2127 Z3E+03 QOTTRLYST_BOVIN
26.25 14E+03 POZEEEICASK_BOWIN
29,85 Z.T3E+04 O027SS|CEEPE_BOVIN
23,97 Z.99E+04 Q3ZLPe|RADL_BCOVIN

23.97 Z93E+04

PE1265-
2IPIGR_BOVIN:PE1265]

30.44 147E+03 PIGR_BOVIM

CIZMLOG| DO-55_B0VIN
OG0 MMTAZ_BOWI
M:QOEDA0IRABLE_BO
VIN:QI32526|BROZ_BO
YIN:QISEJZTIZCRET_EBD
WIN: Q0034 CNGALED
VIN:QI3ZLPO|URPZ_B0O
WIN:QS30OTARLT_BOWI
M QSECA0ICSTOS_BO
WVIN:QEETLIIKRRTBO
WiN:PEZEEEIRS30_BO
WIN: IRMRSI TILE_BOW
IN: Q24K 12| GPTCLEBOWY
IN:P137E3-
ZITNMTZ_BOVIN:P1375
ATHNTZ_BOWIN: ATZ01
3ISMCAd_BOVIMN Q326
ESISLUT_BOWIN: Q550
CISIRLE_BOWVIN:QIGLT
TISdAd_BOVIN: DEKOR
B-
ZIATZB4_BOVIN: D3K0
REIATZEd_BOVIN.E1BT
LFIUBMNZ_BOWIM: ASDOT
JAKNOPT_BOWVIN ATES
Cd|F157A_BOMIN:CI0IL

323 B.8EE+03 IMICUL_BOWIN: 56551
20.24 2.20E+03 POZEEZ|CASAT_BOVIN
43,72 5.08E+04 POZEEIICASAZ_BOWIN

3765
37.65
3765
3765

0
0
0
0

CIATTR | L ST_BOWIN:

QINVCEOIPURI_BONVIN:
AGLICS4IOMTAZ_BOWI
M: PAE135IF ZM_BOIN:
CISEILTIVPSIE_BOVIN:
CAEETTIGROB_BOWIMN:
C466TEIGROA_BOWIMN:
CEETSIGROG_BOVIN:
CIGEBTZIFE=I_BOWIN:

CIZKIFESYCM_BOWVIN:

168.04 177E+03 PO2GESICASK_BOWVIN

PTH

m/z = mass to charge ratio; RT = retention time; PTM = post-translational modification
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Table A1.10. Peptide sequences identified in delactosed permeate from production plant 2, batch
E (Chapter 1V)

Peptide -10lgPF Mass Length ppm miz RT Area Accession PTM
Y HEPWVLGPYRGRFRIY T242 13801 17 57 3104 d44.253 T.03E+04 POZGEE[CASE_BOVI
Y HEPWVLGPVRGPFRI BO.7 a1 & 38 8915 4266 3.26E+03 POZGEE[CASE_BOVI
FALPVYPO 5832 T73.43 ki B3 33076  17.353 2.73E+03 POZGEE[CASE_BOVI
Y OEPYLGPYRGRFRI 565 BET.S 15 0 83495 3304 2 7T4E+03 POZEEE|ICASE_BOWVI
LY QEPVLGPWYRGPFPINY Sd1 13331 1= T1 99758 4532 223E+03 POZEEEICASE_BOW
LW PFPGPIPM a2 12127 1 4.7 EBO7.34 35.9 2.43E+03 PO2EEE|CASE_BOW
SLSOQSENLPVYRO 2185 12817 12 4.4  Bd4187 2368 3.4TE+03 PO2GEE|CASE_BOVI
VONTSTAY 3172 G034 g -5.1 804.4d 1556 4.23E+03 POZEES|CASK_BOWI
PE1265|PIGR_BOVIN
AAGGPGAPADPGRPT 5161 12306 15 -5.2 BdB.352 MN.32 4.12E+03 :PE1265-
AQPTDASAGF 505 10345 jLul 0.3 10355 1635 1.33E+04 P3O0ISS|GLCMI_BONMI
YOEPYLGPYRGRFP 4357 1554.8 1d 17 TFEd2 3377 318E+03 POZEEEICASE_BOWI
ACTQSLAYPFPGRIPN 4327 17273 & 31 86485 3613 B.95E+03 POZEEEICASE_BOW
PEVIESPPEINTWOMTSTAY 4535 21091 20 24 10556 3234 212E+04 PO2GES|CASK_BOWI
SHAFEMWVET 4333 1165 3 0.5 339.55 16.3 3. 78E+03 PSO0135|GLCMBOVI
PE1265|PIGF_BOVIN
OAAGGPGEAPADPGRERT 47,74 0.7 & 2 T03.8d4 1233 3.38E+03 :PS1265-
MIPFPLTQTRY 47.73 10786 jul =51 54031 2755 218E+04 POZEEE|CASE_BOWI
S GIGERPYALIMMN 47.71 1438 12 06 72583 2162 240E+03 POZG6ES[CASK_BOVI
GLPQEVLMEMLLR 47,71 W358 13 -18 747582 3333 4.00E+03 POZEEZICASAT_EOY
VIESPPEIM 47.64 936.51 3 748927 2022 4. TE+0d4 POZEES|ICASK_BOWVI
QEPYLGPWYRGPFPIY 47.19 177 & 0.2 8535 4315 121E+03 PO2GEEICASE_BOVI
APFPEVFGE 47.04 33052 3 16 43627 2302 1.7SE+03 POZGEZ|CASAT_BOV
TWOMTSTAN 46,36 30443 3 -4.5  305.43 1713 5.25E+04 POZEES|CASK_BOW
KaVFYPO 453  §0144 T 4.7 40173 12.63 3.78E+02 POZGEE|CASE_BOVI
SPPEINTWVOVTSTAY 44,96 15418 15 0 TFF3 2681 7.35E+03 POZEES|ICASK_BOWVI
GLPOEVLMEMLLRF 44,62 1640.3 14 21 82146 4173 238E+03 POZEEZ|CASAT_BOV
EPVLGPYRGPFPIW 44.33 15883 15 4.4 73545 43524 5.56E+03 POZGEEICASE_BOVI
RELEELMYPGEINE 44,29  1624.8 1d 31 51343 2983 1.21E+04 POZEEEICASE_BOW
LLYQEPWVLGPYRGRFRIV 44 12 2106.2 13 -19 10541 4634 T7.75E+03 POZBEE|ICASE_BOWVI
INTWENTSTAY 44058 11316 1 -4 T326 21933 6.85E+03 PO26E3ICASK_BOW
WVPPFLOPEWM 4335 1155.6 10 03 57881 3534 203E+03 POZGEEICASE_BOVI
MEMLLRFF 433 10515 g B 7 S26.753 3528 5.98E+03 POZBEZ|CASAT_BOV
TOTPYWWAPPFLOPEVM+T 4353 17363 & 3 839345 3335 1.61E+0d POZEEE|CASE_BOWI Owidation (M)
AT2063WaSHLED
VIN: QOB0GSHAED_

BOVIN:PSS106IG0FE
_BOVIM:ASPRLTILET
SZ_BOVIR:CIEE07] W

FPPPFPFPFFF 4343 83143 3 3.5 44675 15,91 173E+04 ASL_BOWIMN: AZWDKE
SLWPFPGRIPN 4271 1233.7 12 8.3 65086 3693 S.65E+03 POZGGEE|CASE_BOWI
WAPFPEVFG 4257 36143 3 -54 96243 35.86 Z.62BE+03 PO266:|CASAT_BOV
EVLMEMNLLRF 425 12457 0 15 B23.84 3542 5.35E+03 PO26E:|CASAT_BOV
MAVPITRPT 4246 G144 g 32 81245 1774 4.60E+03 POZEE3ICASA:_BO
EVLMEMLLR 4203 10956 3 26 55031  24.82 B.3TE+03 POZEEZ|CASATBOV
APFREVFS 4135 56242 g 01 86343 3332 3.29E+03 PO266Z|CASAT_BOY
AP PO 419 E73.34 G -39 67435 14.54 2.28E+03 POZGEE|CASE_BOW
FuAPFPEVFGE 4163 12357 1 33 B13.34 3765 1Z0E+04 POZEGEZICASA1TBOV
WPFRGRIPMN 4123 10336 Lt 5.6 5505 J21 2.03E+03 POZEEEICASE_BOVI
FuWAPFPEVE 4114 10515 3 g 52678 4255 ZA4ZE+03 POZEGEZICASA1TBOV
TIASGERPTSTPTTE 4103 13306 14 -5.5 B36.33 149 2.61E+04 POZEESICASK_BOVI
LHLFLPLLE 4083 10427 3 -4.8 52233 4153 0 POZEEEICASE_BOWI

WIN:QOB0GS HAED_

BOVIN:PSS106IG0OFE
_BOVIN: ASPRLTILET
SZ_BOVIM:CES107] W
ASL_BOMWIN: AZVDKE

PPPPFPFPF 40.62 73443 g 4.7 33823 1437 152E+04 [WASFZ_BOVIN
WYPPFLOPEWM(+15.33) 4043 127007 1 8.6 63634 35364 155E+04 POZGEEE|CASE_BOWI Owidation (M)
HIGKEOWPSERYL 4043 16125 13 N 535.62 1346 117E+D3 POZEGEZICASAT1_BOWV
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Peptide -10IgF Mass Length ppm miz RT Area Accession PTHM

WAPFPEVF 4027 304.47 g -16 30543 3676 3.13E+03 POZEGZICASAT_BOW
MWPGENE 4023 35543 g 0.3 &56.44 13.02 6.42E+03 POZ666|CASE_BOWI
FuWAPFRE 40.06  §05.4 T -8 80641 23.05 0 PO2EEZICASATBOWV
APFPEVF 40.04 3054 T 17 G064 344 3.51E+03 POZEEZICASAT_BOV
SOIPMPIGSENSE 3396 13576 13 .5 67362 22E23 2.55E+03 POZEEZ|ICASAT BOV
WIN: QI0S0GSHXE4_
BOWIN:PS5106|GOFG
_BOWIN: ASPELTILET
SZ2_BOVIN: Q35107 W
A3SL_BOVIN: A2\VOKE
FFPPPFFFFFF 3373 33554 1o -6.3 43527 16.93 3.65E+03 |WASFZ_BOWVIM
HICKEDVPSER 3351 13367 n 101 446.57 9.64 232E+02 POZEEZICASAT_BOV
MAVPITFTLM 3333 10386 1o 34 5203 24.53 3.37E+0Z2 POZE63ICASAZ_BO
PVLGPVYRGRFRIV 332 1533 14 02 73035 4321 174E+03 POZ666ICASE_BOWI
WAPFPEVFGE 3304 10336 1o 36 5458 3153 155E+04 POZEGEZICASAT_BOW
EVIESPPEINTWVONTSTAN 33.66 202 13 12 1007 3156 1TIE+03 POZEGEICASK_BOW
ACPTOASACIFIR 3352 13037 12 16 B52.83 13.3 2.34E+03 PE0N3S|GLCM1_BOW
TOTPYWWPPFLOIPEWM 334 17e0.3 =] -54 83147 4353 4.51E+03 POEEEG|ICASE_BOWI
FWAPFPEVFG 3787 T0EE 1o -1 55523 4173 196E+03 POZEGZ|CASAT_BOW
SCOMPELPL 3744 853531 g -6 44576 22,2 2.B1E+03 PS0135|GLCMI_EOV
ILMKPECETHLEAQIPTOAS: 3636 27224 24 123 63161 2563 4.63E+03 PEMISIGLCMTEBOW
WAPFPEVFGRER 36.84 13467 12 3.8 44332 2837 3.64E+03 POZEG6ZICASAT_BOV
WWPPFLOPEWM 3655 12547 n 22 62334 38.55 4.35E+03 POZ666|CASE_BOWI
LPOEVLNENLLRF 36.43 158339 13 34 73234 3327 1L06E+03 POZEEZICASAT_BOV
MEMLLRF 36.01 304.43 T 31 45325 2815 185E+04 POZGEZ|ICASA1TBOV
WAPFPEVFGHERY 36 14458 13 4.1 43234 3124 Z88E+03 POZGEZ|ICASATBOV
GLPOEWVLMN 355 66347 g -2 86347 2273 26ZE+03 POZEGZICASAT_BOW
AVPITPT 347 6374 T -4.6 63541 647 14353E+03 POEGE3ICASAZ_BO
SSROPOSOMPELFL 34.84 15768 14 35 SETE3 20858 B.0SE+03 P3M3SIGLCMI_BOWI
TATPYWWYPPFLOPE 34.56 15505 14 3.3 TiEd43 3876 Z.55E+03 POZ666ICASE_BOWI
AVESTWVATL 34.33 33345 3 4.3 445,75 2121 6.35E+03 POZEES|CASk_BOVI
FuAPFPEVFGRERN 3433 15323 14 04 53136 3651 ZZ25E+03 POZE6ZICASAT_BOV
WVIESPPEINTWC IEE 13247 12 -16 66335 2335 6.25E+03 POZEES|ICASK_BOWI
WLMEMLL 22 B1346 T 23 8146 2655 101E+03 POZEEZ|ICASAT_BOV

m/z = mass to charge ratio; RT = retention time; PTM = post-translational modification
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