UC Davis
UC Davis Previously Published Works

Title
Characterization of pectinase-producing Saccharomyces cerevisiae UCDFST 09-448 and
its effects on cull peach fermentations.

Permalink
https://escholarship.org/uc/item/7d23p49H

Authors

Gutierrez-Cano, Aaliyah
Jones, Bryce
Macario, Jordan

Publication Date
2024-01-09

DOI
10.1093/jimb/kuae037

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/7d23p49h
https://escholarship.org/uc/item/7d23p49h#author
https://escholarship.org
http://www.cdlib.org/

Advance access publication date: 16 October 2024

Society for Industrial Microbiology
and Biotechnology

Journal of Industrial Microbiology and Biotechnology, 2024, 51, kuae037
https://doi.org/10.1093/jimb/kuae037
OXFORD

Fermentation, Cell Culture and Bioengineering - Original Paper

Characterization of pectinase-producing Saccharomyces
cerevisiae UCDFST 09-448 and its effects on cull peach
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Abstract: Fermentation of pectin-rich biomass by Saccharomyces cerevisiae can produce bioethanol as a fuel replacement to combat
carbon dioxide emissions from the combustion of fossil fuels. Saccharomyces cerevisiae UCDFST 09-448 produces its own pectinase
enzymes potentially eliminating the need for commercial pectinases during fermentation. This research assessed growth, pectinase
activity, and fermentative activity of S. cerevisiae UCDFST 09-448 and compared its performance to an industrial yeast strain, S. cere-
visiae XR122N. Saccharomyces cerevisiae UCDFST 09-448’s growth was inhibited by osmotic stress (xylose concentrations above 1 M),
ethanol concentrations greater than 5% v/v, and temperatures outside of 30°C-37°C. However, S. cerevisiae UCDFST 09-448 was able to
consistently grow in an industrial pH range (3-6). It was able to metabolize glucose, sucrose, and fructose but was unable to metabo-
lize arabinose, xylose, and galacturonic acid. The pectinase enzyme produced by S. cerevisiae UCDFST 09-448 was active under typical
fermentation conditions (35°C-37°C, pH 5.0). Regardless of S. cerevisiae UCDFST 09-448’s limitations when compared to S. cerevisiae
XR122N in 15% w/v peach fermentations, S. cerevisiae UCDFST 09-448 was still able to achieve maximum ethanol yields in the absence
of commercial pectinases (44.7 + 3.1 g/L). Under the same conditions, S. cerevisiae XR122N produced 39.5 + 3.1 g/L ethanol. While S.
cerevisiae UCDFST 09-448 may not currently be optimized for industrial fermentations, it is a step toward a consolidated bioprocessing
approach to fermentation of pectin-rich biomass.

One-Sentence Summary: Saccharomyces cerevisiae UCDFST 09-448 demonstrates the potential to ferment pectin-rich biomass as part
of a consolidated bioprocess, but is sensitive to industrial stressors.
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Introduction 2021, over 20% of carbon dioxide emissions in the United States

Global warming has driven regional and seasonal temperature ex- were the result of petroleum-based transportation fuels (August

tremes, led to a reduction in snow cover and sea ice, more in-
tense heavy rainfall, and changes in habitat ranges for plants
and animals (Grimm et al., 2013). The amount of warming the
Earth will experience depends on how much carbon dioxide and
other greenhouse gasses are released into the atmosphere. In

2024 Monthly Energy Review, 2024). Biofuels, in contrast, may con-
tribute fewer greenhouse gasses into the atmosphere (Jeswani
et al., 2020).

This research focuses on bioethanol from second-generation
wastes, indicated in previous studies to have a lower global
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warming potential than first-generation biofuels or fossil fuels
(Jeswani et al., 2020). In addition, the use of food waste does not
require any land-use change. Overall, the ethanol produced from
plant biomass has the potential to cut greenhouse gas emissions
by up to 86%, making it a promising replacement for gasoline
(Wang et al., 2007).

Pectin-rich biomass is generated as waste products from in-
dustrial processing of fruits and vegetables like apples, lemons,
limes, peaches, nectarines, grapes, and almonds, of which 7.75
million metric tons were produced in the United States in
2023 alone (2023/2024 Almonds Production, n.d.; 2023/2024
Apples Production, n.d.; 2023/2024 Lemons & Limes Produc-
tion, n.d,; 2023/2024 Peaches & Nectarines Production, n.d.;
2023/2024 Table Grapes, n.d.). Pectin-rich biomass is not cur-
rently used as a source for biofuel because, like other second-
generation biomass, its cell wall structure is more complex
than that of corn kernels (Robak & Balcerek, 2018). This re-
quires that the biomass undergo pretreatment and the ad-
dition of commercial enzymes to digest cellulose, hemicellu-
lose, and pectin. The addition of commercial enzymes increases
the cost of ethanol production compared to first-generation
biomass, where pretreatment is unnecessary (Robak & Balcerek,
2018).

Consolidated bioprocessing, where a single organism produces
saccharification enzymes as well as ferments the free sugars, is
the preferred platform for commercial ethanol production as it
would remove the need for commercial enzymes. Saccharomyces
cerevisiae UCDFST 09-448 from the Phaff Yeast Culture Collection
is of particular interest for pectin-rich biomass fermentation as it
produces pectinase. It was originally isolated from Sicilian-style
fermented olives that were spoiled by its excessive production of
pectinase (Golomb et al., 2013).

Generally, the performance of S. cerevisiae strains during fer-
mentation is compromised by increased osmotic pressures, tem-
peratures, acidic conditions, and ethanol accumulation. Saccha-
romyces cerevisiae UCDFST 09-448's potential as an ethanologen
was assessed through growth analysis under industrially rele-
vant conditions (0-2 M xylose, 30°C-45°C, pH 3-6, and 0%-20%
v/v ethanol) and on various carbohydrates (sucrose, glucose, fruc-
tose, arabinose, xylose, and galacturonic acid). Its pectinase ac-
tivity was also quantified in industrial conditions, and 15% dw/v
cull peach fermentations were performed with and without com-
mercial pectinases and compared to an industrial yeast strain, S.
cerevisiae XR122N.

Methods

Saccharomyces cerevisiae UCDFST 09-448 Growth
Phenotyping Assays

Saccharomyces cerevisiae UCDFST 09-448 was obtained from the
Phaff Yeast Culture Collection, University of California Davis (http
s://phaffcollection.ucdavis.edu). Single colonies were inoculated
into 5 mL of tryptic soy broth (TSB; tryptone 17 g/L, soy pep-
tone 3 g/L, K,HPO,4 2.5 g/L, NaCl 5 g/L) containing 2% w/v glu-
cose and incubated at 37°C with shaking at 225 rpm, in alignment
with typical fermentation conditions (Doran-Peterson et al., 2009).
Overnight cultures were inoculated at a 600 nm optical density
of 0.01 into a final volume of 200 ul stressor media in a 96-well
plate and incubated at 37°C without shaking in a BioTek Syn-
ergy H1 multimode plate reader (Santa Clara, CA). Stressor me-
dia contained TSB supplemented with 2% w/v glucose and one
of the following stressors: ethanol (0%, 5%, 10%, 15%, and 20%
v/v), acidity (pH 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, and 6.0 using 3 M HCI),

osmotic pressures (0.0, 0.5, 1.0, 1.5, and 2.0 M xylose), or no addi-
tional stressor but varying temperatures (30°C, 34°C, 37°C, 40°C,
43°C, and 45°C). Aside from temperature control, the stressors
were not monitored or maintained during the course of the ex-
periment. Growth was monitored spectrophotometrically at 600
nm every 15 min for up to 36 hr. All conditions were tested in
triplicate.

Similarly, S. cerevisiae UCDFST 09-448’s capability to grow on
carbon sources associated with the plant cell wall (sucrose, glu-
cose, fructose, arabinose, xylose, and galacturonic acid) was tested
by replacing the 2% w/v glucose in the TSB media with 2% w/v of
the respective sugar.

Saccharomyces cerevisiae UCDFST 09-448
Pectinase Assay

Polygalacturonic acid (PGA) plates were made as described pre-
viously (Starr et al., 1977) using 0.5% synthetic PGA. PGA plates
were spotted with 10 uL of overnight culture grown in yeast malt
extract broth (glucose 10 g/L, peptone 5 g/L, yeast extract 3 g/L,
malt extract 3 g/L, pH 5.0) supplemented with 1.5% w/v citrus
pectin. The pH of the PGA plates was adjusted to 7.0, 5.5, and 5.0
by adding 5 M NaOH to the plate medium. Escherichia coli LY40A
(Edwards et al., 2011) and E. coli LY40A containing pWEB (Boland
et al., 2010) were used as negative and positive controls, respec-
tively. The plates were incubated at 30°C or 37°C overnight. PGA
activity was detected as visual zones of clearing around the spot
after flooding the PGA plates with 2 M HCl (Starr et al., 1977).

Saccharomyces cerevisiae UCDFST 09-448 culture supernatant
was screened for pectate lyase activity and polygalacturonase
activity over 72 hr. Saccharomyces cerevisiae UCDFST 09-448 was
grown in YPD broth (peptone 20 g/L, yeast extract 10 g/L, 40% w/v
glucose 50 mL/L) with or without 1% w/v synthetic PGA supple-
mentation. Saccharomyces cerevisiaze XR122N (North American Bio-
products Corp., now part of Lallemand Biofuels and Distilled Spir-
its) was used as a negative control grown under the same condi-
tions with 1% w/v synthetic PGA supplementation. Growth was
monitored spectrophotometrically at 600 nm. Supernatant was
collected via centrifugation at 19280 x g for 5 min and tested
for reducing sugars, glucose, galacturonic acid, pectate lyase, and
polygalacturonase activity. Reducing sugars were measured using
the dinitrosalicylic acid method (Miller, 1959). Glucose and galac-
turonic acid were measured as described in the “sample analysis”
section.

Pectate lyase activity was monitored as previously described
(Edwards et al., 2011), with the noted changes. Supernatant and
substrate (50 mM sodium acetate buffer [pH 5.0], 1.5 mM CaCl,,
0.24% w/v synthetic PGA) were equilibrated to 35°C and then
rapidly mixed. The formation of 4,5-unsaturated products was
monitored at 235 nm every 5 s for 3 min with a linear rate of re-
action for at least 30 s. Units were umol products formed per min
per mL.

Polygalacturonase activity was measured using a colorimetric
method (Kashyap et al., 2000). Briefly, 200 uL supernatant and 200
pL substrate (50 mM sodium acetate buffer [pH 5.0], 1% w/v syn-
thetic PGA) were incubated for 3 hr at 35°C. The mixture was
boiled with 400 pL dinitrosalicylic acid for 15 min and diluted
to 5 mL. Absorption of reducing sugars (galacturonic acid) was
measured at 530 nm. Polygalacturonase units (PGU) were pmol
products formed per minute per mL. Protein concentration in
the supernatant was measured using the Bradford method (Brad-
ford, 1976). Final enzyme activity was reported as specific activity
(PGU/mg protein).
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Fig. 1. Average generation times of Saccharomyces cerevisiae UCDFST 09-448 when exposed to increasing (A) osmotic pressures (B) ethanol
concentrations, (C) temperatures, and (D) acidic conditions. The error bars represent the standard deviation from the mean, n = 3.

15% dw/v Cull Peach Fermentation

Fermentations were conducted essentially as described previ-
ously (Doran-Peterson et al., 2009; Edwards et al., 2014), with the
basic conditions noted below. Cull peach (15% dw/v) fermenta-
tions were conducted in 500 mL bioreactors at a final volume of
200 mL and a final concentration of 1 x TSB. At least three biolog-
ical replicates were completed for each fermentation. Cull peach
dw was determined using a Denver Instrument IR 35 moisture an-
alyzer (Denver, CO). Cull peach (30 g dw) and any additional water
needed were autoclaved at 121°C and 1 atm for 20 min. After au-
toclaving, the pH was adjusted to 5.0 using 10 M KOH and 5 M
HCI, and commercial enzymes were added (cellulase [Novozymes
5013, Novozymes [now called Novonesis], Franklin, NC] measured
in filter paper units [FPU]/g dw biomass, pectinase [Pectinex P2736,
Novozymes] from Aspergillus niger measured in PGU/g dw biomass,
and cellobiase [Novozymes 188; Novozymes| measured in cellobi-
ase units [CBU]/g dw biomass). Saccharomyces cerevisiae XR122N
fermentations were inoculated with 2 g/L lyophilized active dry
yeast (approximately 2.0 x 107 cells/mL). Saccharomyces cerevisiae
UCDFST 09-448 fermentations were inoculated with 2.0 x 107
cells/mL from TSB supplemented with 5% w/v glucose and grown
overnight at 35°C without shaking.

After inoculation, the fermentations were placed in water
baths at 37°C and mixed with magnetic stir bars. The pH was
maintained at 5.0 throughout the fermentation. Samples were
taken at the time of inoculation and at 24, 48, and 72 hr. Sam-
ples were centrifuged at 19280 x g for 7 min. The supernatant
was collected and centrifuged again in a 0.22 um filter (Corning
Inc., Corning, NY) and stored at —20°C for further analysis.

Fermentation Sample Analysis

Ethanol concentrations were measured using gas chromatog-
raphy (GC) performed on a Shimadzu (Columbia, MD) GC-8A

instrument as previously described (Doran-Peterson et al., 2009).
Sugar analysis was conducted using high-performance liquid
chromatography with refractive index detection (HPLC-RID).
Chromatographic separation was achieved on a Shimadzu Promi-
nence LC-20AT liquid chromatographic system (Shimadzu Scien-
tific Instruments, Columbia, MD) using a Bio-Rad (Hercules, CA)
Aminex HPX-87H 300 mm by 7.8 mm column with a Bio-Rad
Cation H guard column. H,SO4 (5 mM) was used as the mobile
phase to perform an isocratic run at 0.6 mL/min with the column
temperature at 60°C.

Results and Discussion

Saccharomyces cerevisiae UCDFST 09-448 Growth
Phenotyping Assays

Phenotypic analysis of S. cerevisiae using a plate reader is a quan-
titative and high-throughput technique for assessing the sensi-
tivity of yeast strains to stressors. When performed without ag-
itation, cells form a uniform and reproducible lawn at the bot-
tom of the well that can be measured to assess growth (Hung
et al.,, 2018). The small volume (200 pl) precludes the ability to
monitor or maintain stressors (like ethanol and pH), but never-
theless is commonly used to evaluate yeast physiology (Toussaint
& Conconi, 2006; Olsen et al., 2010; Hung et al., 2018; Monteiro de
Oliveira et al., 2021).

Saccharomyces cerevisiae UCDFST 09-448 was negatively affected
by all stressors tested except pH. The minimum generation time
of S. cerevisiae UCDFST 09-448 increased with increasing osmotic
pressures (Fig. 1A) and ethanol concentrations (Fig. 1B). Growth
was inhibited above 1 M xylose, and no growth was observed above
10% w/v ethanol. Saccharomyces cerevisiae UCDFST 09-448 grew
most rapidly at 34°C-37°C, and no growth was observed above
43°C (Fig. 1C). However, S. cerevisiae UCDFST 09-448 grew at a rel-
atively consistent rate at pH values between 3 and 6 (Fig. 1D).
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Fig. 2. Average growth curves of Saccharomyces cerevisiae UCDFST 09-448
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The ability of S. cerevisiae UCDFST 09-448 to metabolize sug-
ars commonly found in pectin-rich biomass was also examined.
During fermentation, enzymes including cellulases, hemicellu-
lases, and pectinases are added to release monomeric sugars from
the biomass. Common sugars found in pectin-rich cell walls in-
clude sucrose, glucose, fructose, xylose, arabinose, and galactur-
onic acid. Compared to all other carbon sources tested, S. cerevisiae
UCDFST 09-448 grew most rapidly when sucrose was available as
a sole carbon source. Like most S. cerevisiae strains, it was capa-
ble of metabolizing six-carbon sugars, but could not metabolize
five-carbon sugars or galacturonic acid (Fig. 2).

Saccharomyces cerevisiae UCDFST 09-448
Pectinase Activity

Pectinase activity was observed on plates with a pH of 5.0 in-
cubated at 37°C, indicating that S. cerevisiae UCDFST 09-448 pro-
duced pectinase under these conditions. No pectinase activity was
observed on PGA plates at pH 7.0, 5.5, or those incubated at 30°C
at pH 5.0, 5.5, or 7.0. This is in contrast to previous reports that S.
cerevisiae UCDFST 09-448 has pectinase activity at room tempera-
ture using an agarose diffusion assay (Golomb et al., 2013).

To further characterize the pectinase activity, the supernatants
of S. cerevisiae UCDFST 09-448 grown with and without additional
PGA were tested for polygalacturonase and pectate lyase activity
over 72 hr. Saccharomyces cerevisiae XR122N was used as a negative
control. The growth of S. cerevisiae UCDFST 09-448 and S. cerevisiae
XR122N were comparable (Fig. 3A). The degradation of PGA in the
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growth medium was observed over time through the measure-
ment of reducing sugar equivalents (Fig. 3B). Saccharomyces cere-
visiaze UCDFST 09-448 without any PGA had the lowest amount
of reducing sugars, followed by S. cerevisiae XR122N. Saccharomyces
cerevisiae UCDFST 09-448 with PGA had higher concentrations of
reducing equivalents, indicating that S. cerevisiae UCDFST 09-448
was degrading the PGA present in the growth medium. Residual
glucose did not contribute to the concentration of the reducing
equivalents as glucose was not detected in the media using HPLC
after 24 hr (data not shown).

Pectate lyase activity was not observed (data not shown). How-
ever, there was significant polygalacturonase activity in S. cere-
visiaze UCDFST 09-448 cultures grown with and without PGA. Su-
pernatant from S. cerevisiae UCDFST 09-448 cultures grown with
PGA reached maximum activity (138.8 + 15.2 PGU/mg protein)
within 48 hr of inoculation (Fig. 3C). No galacturonic acid was de-
tected in the media at any time (data not shown).

15% dw/v Cull Peach Fermentation

Previous work has shown that pectinase was required for maxi-
mum ethanol production from cull peaches, but the entire suite of
commercial pectinases could be replaced by a single pectate lyase,
PelB (Edwards et al., 2014). However, it might prove advantageous
to have the fermenting organism also produce the pectinase, re-
sulting in a type of consolidated bioprocessing. Fermentations of
pectin-rich biomass (15% dw/v cull peaches) performed with S.
cerevisiae UCDFST 09-448 produced ethanol at comparable levels
to S. cerevisize XR122N when both received a full complement of
commercial cellulases, cellobiase, and pectinases (1.88 FPU/g dw,
6.25 CBU/g dw, and 7.5 PGU/g dw, respectively). When pectinase
was removed from the fermentation, ethanol production from S.
cerevisiae XR122N dropped from 45.9 + 5.5 g/L to 39.5 + 3.1 g/L.
However, the ethanol yield from S. cerevisiae UCDFST 09-448 was
not affected by the removal of pectinase, and the percent of max-
imum theoretical ethanol yield remained above 95%. The ethanol
concentration with pectinase, cellulase, and cellobiase in S. cere-
visiae UCDFST 09-448 fermentations was 45 + 0.8 g/L, when pecti-
nase was removed, the ethanol concentration was 44.7 + 3.1 g/L.
Therefore, the native pectinase expressed by S. cerevisiae UCDFST
09-448 was as effective as an entire suite of commercial pectinase
enzymes (Fig. 4).

Conclusion

Saccharomyces cerevisiae UCDFST 09-448 produces a polygalactur-
onase enzyme that is active at typical fermentation conditions
(pH 5.0 and 35°C-37°C) and can be used to degrade PGA. Although
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gray).

S. cerevisiae UCDFST 09-448 itself cannot yet withstand indus-
trial fermentation conditions (specifically osmotic pressure over
1 M xylose, ethanol concentrations over 5% v/v, and tempera-
tures over 37°C), we have determined that S. cerevisiae UCDFST
09-448 fermentations can produce maximum ethanol production
even when no commercial pectinase is added. This is an improve-
ment from S. cerevisiae XR122N, which requires the addition of het-
erologous pectinases to achieve maximum ethanol production,
which increases the cost of fermentation. Like all known wild-
type strains of S. cerevisiae, S. cerevisiae UCDFST 09-448 cannot me-
tabolize galacturonic acid or five-carbon sugars, but strains have
been genetically engineered in the past to utilize xylose, arabi-
nose, and galacturonic acid (Moysés et al., 2016; Ye et al., 2019;
Jeong et al.,, 2020). The full genome of S. cerevisiae UCDFST 09-448
was published in 2018 (Peter et al., 2018) and could support fu-
ture experiments to produce stress tolerant S. cerevisiae UCDFST
09-448 mutants, and engineering of five-carbon and galacturonic
acid metabolism pathways could make progress toward a consoli-
dated bioprocessing strain for bioethanol production from pectin-
rich biomass.
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