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proteins using carbohydrate microarrays and an ellipsometry-
based biosensor
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Abstract

Carbohydrates present on cell surfaces mediate cell behavior through interactions with other
biomolecules. Due to their structural complexity, diversity, and heterogeneity, it is difficult to fully
characterize a variety of carbohydrates and their binding partners. As a result, novel technologies
for glycomics applications have been developed, including carbohydrate microarrays and label-
free detection methods. In this paper, we report using the combination of oligosaccharide
microarrays and the label-free oblique-incidence reflectivity difference (OI-RD) microscopy for
real-time characterization of oligosaccharide binding proteins. Aminated human milk
oligosaccharides were immobilized on epoxy-coated glass substrates as microarrays for reactions
with Family 1 of solute binding proteins from Bifidobacterium longum subsp. infantis (B.
infantis). Binding affinities of these protein-oligosaccharide interactions showed preferences of
Family 1 of solute binding proteins to host glycans, which helps in characterizing the complex
process of human milk oligosaccharides foraging by B. infantis.
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INTRODUCTION

Carbohydrates play important roles in a wide range of biochemical interactions because all
cells are surrounded by layers mostly composed of oligo- and polysaccharides [1, 2]. These
sugars act as part of the protective layers defending cells against harmful physical impact.
Moreover, through interactions with other biomolecules, they regulate cell behaviors,
especially those involving surfaces such as cell-cell interactions [3, 4], cell adhesion [5, 6],
and cell motility [7, 8]. Certain protein-carbohydrate interactions are crucial to biological
processes such as metastasis [9], immune response [10, 11], and pathogen-host infections
[12]. Considering the infectious virus as an example, the virus uses surface glycoprotein
hemagglutinin (HA) to attach itself to a host cell surface and initiate transfer of viral genome

Corresponding author: Yung-Shin Sun, 089957 @mail.fju.edu.tw.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sun and Zhu

Page 2

into infected cell through binding to sialosides on the surface of the cell [13, 14]. Abnormal
expression of carbohydrates is related to several diseases including cancer, and as a result,
they are believed to be important drug candidates [15-17].

In modern glycobiology, it remains a big challenge to fully characterize a variety of
carbohydrates and their binding partners because of several reasons. First, the structures of
carbohydrates are usually complex, diverse, and heterogeneous [18, 19]. Carbohydrate
molecules (monosaccharides, oligosaccharides, and polysaccharides) consist of different
numbers of sugar units, ranging from one to as many as 500,000 monosaccharide units.
Second, unlike nucleic acids and proteins, the synthesis of carbohydrates is not template
driven, meaning that multiple enzymes are required in a complex pathway of biosynthesis.
Thirdly, the interactions between carbohydrates and other biomolecules are usually of low
affinities. For example, due to shallow binding pockets of lectins (carbohydrate-binding
proteins), the affinities of these proteins to carbohydrates vary over a wide range
(equilibrium dissociation constant ~ 1073 to 1076 M) [20, 21] and are relatively weak
compared with antibody-antigen reactions (equilibrium dissociation constant ~ 1078 to 10712
M) [22, 23]. Finally, many important functions and roles of carbohydrates have not been
fully understood. Comparing to genomics and proteomics, the area of glycomics has just
been actively studied in recent years.

To overcome this challenge, modern technologies for glycomics have been proposed and
developed [24, 25], including carbohydrate microarrays and label-free biosensors.
Microarrays are high-throughput platforms for parallel assays of hundreds to thousands of
distinct biomolecular interactions [26, 27]. Following the successful development and
progress in DNA microarrays [28, 29] and protein microarrays [30, 31], carbohydrate
microarrays have also become valuable tools in glycobiology [13, 32-34]. Carbohydrate
microarrays, consisting of distinct glycans immobilized on solid substrates, serve for
simultaneously detecting binding reactions of proteins, viruses, and cells to a large number
of glycans under identical conditions. There are several ways to efficiently immobilize
mono-, di-, oligo-, and polysaccharides on functionalized solid substrates while maintaining
their innate functionalities [35].

For example, unmodified carbohydrates can be directly immobilized on either
hydrazidecoated glass slides [36] or nitrocellulose-coated glass slides [37]. Amine- and
maleimidemodified carbohydrates can be covalently attached on A~hydroxysuccinimide- and
thiolactivated glass slides, respectively [38, 39]. Traditionally, characterization of bindings
between surface-immobilized carbohydrates and solution-phase probes involves some forms
of fluorescence-based methods where probes are labeled with fluorescent tags [38, 40, 41].
However, labeling probes, especially proteins, inevitably changes their binding properties in
uncharacterized ways [42, 43]. Therefore, a number of label-free, optical biosensors based
on surface plasma resonance (SPR) [44, 45] and ellipsometry [46, 47] have been developed
for measurements of carbohydrate-biomolecule interactions in a high-throughput manner.
We recently developed the oblique-incidence reflectivity difference (OI-RD) microscopy for
label-free detection of biomolecular interactions between solution-phase analyte and
surface-immobilized microarrays [48-50]. This ellipsometry-based OI-RD microscope is
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suitable for both real-time measurements of binding curves and end-point imaging of
biomolecular microarrays [51, 52].

Bifidobacterium longum subsp. infantis (B. infantis), one of the earliest colonizers of the
gastrointestinal tract of infants, is characterized by its foraging capacity of human milk
oligosaccharides [53]. The building blocks of human milk oligosaccharides contain
Dglucose, D-galactose, N-acetylglucosamine, L-fucose, and sialic acid [54]. To utilize these
carbon sources, B. infantis have specific glycoside hydrolases to promote the hydrolysis of
glycosidic bondsin complex carbohydrates and the following import of these processed
glycans. The genome sequence of B. infantis showed an overabundance of the Family 1 of
solute binding proteins, a portion of bacterial ATP-binding cassette transporters(the so-called
ABC transporters) and related to the processing of oligosaccharides [53]. Therefore, the
characterization of these solute binding proteins, especially in their interactions with human
milk oligosaccharides, is crucial to understanding the molecular mechanisms involved in the
adaptations of B. /nfantisto the gastrointestinal tract of infants.

In this paper, we report the characterization of these oligosaccharide binding proteins using
the combination of carbohydrate microarrays and OI-RD microscopy. 12 human milk
oligosaccharides with different mass-to-charge (/77/2) ratios were profiled and separated
using the high-performance liquid chromatography — mass spectrometry (HPLC-MS) chip
technology described in the literature [55, 56]. These human milk oligosaccharides, together
with 4 control oligosaccharides, were aminated for immobilization on epoxy-coated glass
substrates as carbohydrate microarrays. These microarrays were further reacted with B.
infantis Family 1 of solute binding proteins for determining the binding affinities of specific
protein-oligosaccharide interactions. The results indicate that Family 1 of solute binding
proteins have different affinities to host oligosaccharides, and these preferences are
important in characterizing the complex process of human milk oligosaccharides foraging by
B. infantis.

EXPERIMENTAL

Aminated Oligosaccharides

8 human milk oligosaccharides (#1 through #8) with different /77/z (mass to charge) ratios
were analyzed and separated from human milk oligosaccharides as described in the literature
[55, 56]. 4 known oligosaccharides were purchased from Sigma-Aldrich (St. Louis, MO)
(#9, #10, and #12) and Dextra Labs (Reading, UK) (#11). All oligosaccharides were
aminated and dissolved in 1x phosphate buffered saline as targets for microarray printing.
The mass (aminated and neutral /7/zratios) and composition (numbers of hexose, N-
acetylhexoseamine, deoxyhexose, and N-acetylneuraminic acid groups) of these aminated
oligosaccharides were analyzed by mass spectrometry and the results are listed in Table 1.

Preparation of Carbohydrate Microarrays and Procedure of Subsequent Reactions

12 aminated oligosaccharides were dissolved in 1x phosphate buffered saline to 100 uM for
microarray printing. Using an OmniGrid 100 contact-printing arrayer (Digilab, Holliston,
MA), 2 copies of each of the 12 oligosaccharides were immobilized on epoxycoated glass
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slides (CEL Associates, Pearland, TX). By contact printing 10 times at each location, a
sufficient volume of target solution was deposited over an area of around 100 pm in
diameter. The microarray-bearing slides were stored as printed in slide boxes for at least 24
hrs before further processing. Subsequently, the slide was assembled into a flow cell and
washed with a flow of 1x phosphate buffered saline for 5 min. To block the remaining free
epoxy groups on the glass surface from non-specific reactions with protein probes, the
printed microarray was treated with a flow of bovine serum albumin solution at 8.3 uM in 1x
phosphate buffered saline for 10 min and then washed with a flow of 1x phosphate buffered
saline for 5 min. The 1x phosphate buffered saline buffer in the flow cell was replaced with
a solution of protein probes at a desired concentration for the association phase, and finally
the solution was switched back to 1x phosphate buffered saline buffer for the dissociation
phase.

Protein Probes

Family 1 of solute binding proteins from B. infantis were cloned and expressed as described
in details in references [53, 57]. 6 glutathione S-transferase-tagged Family 1 of solute
binding proteins with different genome sequences were dissolved in 1x phosphate buffered
saline to desired concentrations and reacted with the human milk oligosaccharide
microarray. The molecular weight of these glutathione S-transferasetagged proteins was
estimated to be around 125 kDa (95 kDa for protein + 30 kDa for glutathione S-transferase

tag).

OI-RD Microscopy for Label-Free Carbohydrate Microarray Detection

The oblique-incidence reflectivity difference scanning microscope used in the present work
was described in earlier publications [42, 51, 52]. It employed a He-Ne laser at a wavelength
of 633 nm for illumination. We measured the OR-RD signal defined as (rp — rpo)/rpo — (rs —
rs0)/rso = Ap — A, where rpg and rgq are the complex reflectivities of the bare glass surface, r,
and r are the reflectivities of the glass surface covered with immobilized carbohydrate layer
[58]. The physical properties of a surface-bound biomolecular layer are related to Ay — As by
[50, 59]

. 4nes(tan d)inC)ZCOS (I)inc (Sd - 8s)(sd - 80)@ {d
Ap— A= —il—7 2
&) (85 - 80)(85/80 - (tan q)inc) )

where ¢jnc i the incidence angle of the illumination laser beam and e, g4, and e are the
respective optical constants of the aqueous ambient, the biomolecular layer (e.g., printed
targets and/or captured probes), and the glass slide at 633 nm. In our present study, ginc =
65°, e = 2.307 for glass slide, eg = 1.788 for aqueous buffer, and e4 = 2.031 for packed
biomolecules in solution [50]. In this work, dis the thickness of the biomolecular layer and
© is the coverage of the layer, defined as the ratio of the area covered by the layer to the total
available area. ©d and thus A, — Ag is proportional to the surface mass density (I') of the
immobilized molecular layer.

Instrum Sci Technol. Author manuscript; available in PMC 2019 March 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sun and Zhu

Page 5

The OI-RD image of a carbohydrate microarray was acquired by moving the sample stage
two-dimensionally with a linear step size of 20 um in both directions. To acquire real-time
binding curves, we measured the OI-RD signals of one pixel from a printed spot (target
pixel) and one pixel from the unprinted region adjacent to the target (reference pixel), and
took the difference as one time point of the binding curve. This was repeated at a time
interval shorter than the characteristic time of the reaction. This procedure reduced the
contribution of the drift in the optical system to the binding curve measurement.

Model for Analysis of Binding Curves

Rate constants and equilibrium dissociation constants for protein-carbohydrate interactions
were deduced by globally fitting a set of binding curves, each of which corresponded to a
concentration [c] of the protein, to the 1-to-1 Langmuir reaction model [45, 60, 61]. In this
model, the surface mass density I'(t) of the captured protein evolves during the association
phase of the binding reaction as follows:

F(l‘)=m 0<t< 1y, (2)

Cyaxkonle] [ e—(kon[c] kg f)t
on of f

during the subsequent dissociation phase, i.e., after the probe solution is replaced with 1x
phosphate buffered saline buffer at t = tg,

Lpraxkonlc]

Ire)=+——-—"-
( ) k()n[c] + k() ff

—e t>t, (3)

_(kon[c] + ko f f)to)e—ko f f(t - to)

where I'yyax 1S the maximum amount of probes that can be captured by the immobilized
carbohydrate targets and Ay, and K¢ are the association and dissociation rate constants,
respectively. The equilibrium dissociation constant of a binding reaction is defined as Kp =
koff/ kon. Since the OI-RD signal (Eq. (1)) is proportional to I'(t), we expect the optical
signal to vary in time as

k [c] —|k_[c]+k t
A —Ag=y% —e ("" Off) Association|0 < t < ty;  (4)
p b Un[C] + Uff
(Association) 0 <t < t;
k [c] =k [el+k co)in] =k o t—1t
A —A =y on l—e (0" off)o e Off( o (Dissociation )t > t,. (5)
P s Tk,,lel+ korr 0

Here, T', one of the fitting parameters, is proportional to I'pax-
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RESULTS AND DISCUSSION

OI-RD Images of Carbohydrate Microarrays

Figure 1 shows the OI-RD image of a carbohydrate microarray after printing. The spot size
is approximately 100 um in diameter, and the center-to-center spacing is about 200 um. The
corresponding layout of the microarray is illustrated to the right. The intensity bar is not
shown because the OI-RD signals of this dry microarray are oversaturated due to surface-
accumulated salts and excess oligosaccharide targets. To remove these precipitates, the
microarray was first washed with 1x phosphate buffered saline. The OIRD image of the
carbohydrate microarray after washing is shown in Figure 2a (with the microarray still in
contact with 1x phosphate buffered saline). After washing, all target spots are visible with
OI-RD signals of 1 x 1073 to 2 x 103, These correspond to surface mass densities I of 1.7 x
1077 t0 3.4 x 1077 g/cm? [51] and the microarray was blocked with a bovine serum albumin
solution of 8.3 uM for 10 min. Figure 2b shows the differential OI-RD image of the
microarray, obtained by subtracting the image taken after washing from the image taken
after blocking and subsequent washing (with the microarray still in contact with 1x
phosphate buffered saline). After blocking, free bovine serum albumin molecules bound to
unprinted regions, and all target spots became darker as a result of an increased background
signal. It has been shown that under this blocking concentration (8.3 uM of bovine serum
albumin), a side-on monolayer of fully packed bovine serum albumin molecules (I' ~ 4 x
1077 g/cm?2) was accumulated on the surface [51]. Therefore, all surface-immobilized
oligosaccharides must have less than a side-on monolayer of fully packed bovine serum
albumin molecules.

Binding Kinetics of Solute Binding Proteins to Oligosaccharides

The carbohydrate microarray containing 12 oligosaccharides was reacted with 6 different
Family 1 of solute binding proteins at desired concentrations. One fresh microarray was used
in each reaction condition (one protein at one concentration). Figure 3 shows the
association-dissociation curves for solute binding protein 2344 reacting with 12
oligosaccharides. The concentrations of proteins are 236 (red), 472 (green), and 944 (blue)
nM. At =0, the aqueous ambient in contact with the microarray was changed from 1x
phosphate buffered saline to a protein solution at a desired concentration. At £= 1800 s, the
ambient was restored back to 1x phosphate buffered saline for dissociation. The binding
curves in each panel were fitted globally to the 1-to-1 Langmuir reaction model (Eg. (4) and
(5)) with &g, ko7 and T being the global fitting parameters. The fits are shown in dotted
lines in the figure and the equilibrium dissociation constants are listed in Table 2.

From Figure 3, it is clear that solute binding protein 2344 reacted with all 12
oligosaccharides, but the OI-RD signals were relatively weak (1 x 1074 to 8 x 107%)
compared with those of printed targets (1 x 1073 to 2 x 1073). These signals correspond to
only about one-tenth of a side-on monolayer of fully packed immunoglobulin G molecules
(an antibody isotype with a molecular weight of 150 kDa) [51]. Also, except for #2, #8, and
#10, the dissociation phase was not obvious so that dissociation rate constants and
equilibrium dissociation constants have no values but only upper limits [51, 62]. For
example, the equilibrium dissociation constant of solute binding protein 2344 binding to #1
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is less than 42 nM. In summary, the equilibrium dissociation constants of solute binding
protein 2344 binding to oligosaccharides range from 6 nM (#6, the strongest binding
affinity) to 79 nM (#10, the weakest binding affinity), and these values are close to what
have been reported in lectin-oligosaccharide reactions [62].

Figure 4, 5, 6, 7, and 8 show the association-dissociation curves of 12 oligosaccharides
reacting with solute binding protein 2352, solute binding protein 2350, solute binding
protein 0343, solute binding protein 2177, and solute binding protein 0883, respectively. The
colors indicate different probe concentrations as reported in the figure captions. After
globally fitting the curves in each panel, the equilibrium dissociation constants of all
reactions are listed in Table 2. Solute binding protein 2352 reacted with #1, #5, #6, #7, #9,
#10, #11, and #12 with small OI-RD signals (1 x 107 to 2 x 1074, corresponding to about
one-thirtieth of a side-on monolayer of fully packed immunoglobulin G molecules). It has
the strongest binding affinity (the smallest equilibrium dissociation constant for 11 nM) to
#1 and the weakest binding affinity (the largest equilibrium dissociation constant of
approximately 150 nM) to #7. Solute binding protein 2350 reacted with #1, #2, #3, #5, #6,
#7,#9, #10, #11, abd #12 with OI-RD signals of 1 x 107 to 8 x 107 (corresponding to
approximately one-tenth of a side-on monolayer of fully packed immunoglobulin G
molecules).

As shown in Figure 5, some dissociation curves were missing due to large drift in this set of
reactions. It has the strongest binding affinity (the smallest equilibrium dissociation constant
of 12 nM) to #7 and the weakest binding affinity (the largest equilibrium dissociation
constant of 173 nM) to #10. Solute binding protein 0343 reacted with all oligosaccharides
except #8 with relatively higher OI-RD signals (up to 2 x 1073, corresponding to about one-
half of a side-on monolayer of fully packed immunoglobulin G molecules). It has the
strongest binding affinity (the smallest equilibrium dissociation constant of 8 nM) to #12
and the weakest binding affinity (the largest equilibrium dissociation constant of 72 nM) to
#6.

Solute binding protein 2177 reacted only with #1, #4, and #10 with OI-RD signals of 1 x
10~ to 4 x 10~ (corresponding to about one-twentieth of a side-on monolayer of fully
packed immunoglobulin G molecules). It has the strongest binding affinity (the smallest
equilibrium dissociation constant of 3 nM) to #4 and #10, and the weakest binding affinity
(the largest equilibrium dissociation constant of 70 nM) to #1. Solute binding protein 0883
reacted with #1, #2, #3, #6, #7, #9, and #10 with weak OI-RD signals (less than 1 x 1074,
corresponding to about one-fortieth of a side-on monolayer of fully packed immunoglobulin
G molecules).). It has the strongest binding affinity (the smallest equilibrium dissociation
constant of 9 nM) to #1 and the weakest binding affinity (the largest equilibrium dissociation
constant of 225 nM) to #2.

From Figures 3, 4, 5, 6, 7, and 8 and Table 2, oligosaccharide binding proteins Family 1 of
solute binding proteins from B. infantis show specific preferences for host glycans. These
protein- oligosaccharide interactions have different binding intensities (different OlI-RD
signals) and affinities (different equilibrium dissociation constants). The next step will be to
study the dependence of these preferences on the structures of surfaceimmobilized
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oligosaccharides. This will help in characterizing the complex process of oligosaccharides,
particularly human milk oligosaccharides, foraging by B. infantis.

CONCLUSIONS

Carbohydrate microarrays are high-throughput assay platforms for characterizing and
profiling protein-carbohydrate interactions that are numerous and complex. Label-free, real-
time, and /n-situ detection of protein binding reactions with carbohydrate microarrays have
advantages over fluorescence-based methods by preserving the innate properties of proteins
and offering the capability of measuring association-dissociation curves and thus directly
yielding reaction kinetics. The latter not only enhances the efficiency and relevance of
carbohydrate microarray platforms, but also makes the platform free of density variation of
immobilized targets. Using the OI-RD scanning microscope as a versatile label-free
biosensor of carbohydrate microarrays, we characterized different oligosaccharide binding
proteins by studying their binding affinities to surface-immobilized glycans including human
milk oligosaccharides. We found that Family 1 of solute binding proteins from B. infantis
reveal preferences for host oligosaccharides, and the structural difference in carbohydrates
can induce large changes in binding affinity constants in terms of equilibrium dissociation
constant. Therefore, the combination of a label-free OI-RD biosensor and carbohydrate
microarrays can be utilized to profile and characterize selected proteins and their interactions
with glycans.
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Figure 1.
OI-RD image and corresponding layout of the dry carbohydrate microarray.
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(a) (b)

Figure2.
(a) OI-RD image of the carbohydrate microarray in contact with 1x phosphate buffered

saline buffer and (b) differential OI-RD image of the microarray after blocking.
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Figure 3.
Association dissociation curves of solute binding protein 2344 reacting with surface-

immobilized oligosaccharides: (a) #1; (b) #2; (c) #3; (d) #4; (e) #5; (f) #6; (g) (h) #8; (i) #9;
(1) #10; (k) #11; and (1) # 12. The colors indicate different probe concentrations: red: 236
nM; green: 472 nM; and blue: 944 nM.
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Figure 4.
Association dissociation curves of solute binding protein 2352 reacting with surface-

immobilized oligosaccharides: (a) #1; (b) #2; (c) #3; (d) #4; (e) #5; (f) #6; (g) (h) #8; (i) #9;
(1) #10; (k) #11; and (1) #12. The colors indicate different probe concentrations: red: 400 nM
and blue: 800 nM.
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immobilized oligosaccharides: (a) #1; (b) #2; (c) #3; (d) #4; (e) #5; (f) #6; (g) (h) #8; (i) #9;
(j) #10; (k) #11; and (I) #12. The colors indicate different probe concentrations: red: 170
nM; green: 340 nM; and blue: 680 nM.
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Figure®6.
Association-dissociation curves of solute binding protein 0343 reacting with surface-

immobilized oligosaccharides: (a) #1; (b) #2; (c) #3; (d) #4; (e) #5; (f) #6; (g) (h) #8; (i) #9;
(3) #10; (k) #11; and (1) #12.)#1; (b)#2; (c)#3; (d)#4; (e)#5; (F#6; (9)#7; (h)#8; (i)#9; (j)#10;
(K)#11; (D#12. The colors indicate different probe concentrations: red: 340 nM; green: 680
nM; and blue: 1360 nM.
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Figure7.
Association-dissociation curves of solute binding protein 2177 reacting with surface-

immobilized oligosaccharides: (a) #1; (b) #2; (c) #3; (d) #4; (e) #5; (f) #6; (g) (h) #8; (i) #9;
(j) #10; (k) #11; and (1) #12. The colors indicate different probe concentrations: red: 29 nM;
green: 57 nM; and blue: 114 nM.
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Figure8.
Association-dissociation curves of solute binding protein 0883 reacting with surface-

immobilized oligosaccharides: (a) #1; (b) #2; (c) #3; (d) #4; (e) #5; (f) #6; (g) (h) #8; (i) #9;
(j) #10; (k) #11; and (1) #12. The colors indicate different probe concentrations: red: 474 nM
and blue: 948 nM.
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Mass and composition of the aminated oligosaccharides.
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Carbohydrate Number | Aminated m/z | Neutral m/z | Number of Hexoses | Number of Number of Deoxydexoses | Number of
N- Nacetylneuraminic
acetylhexose acids
amines

1 774.3203 707.2484 3 1

2 920.3782 853.3063 3 1 1

3 1139.4525 1072.3806 4 2

4 1285.5104 1218.4385 4 2 1

5 1577.6262 1510.5543 4 2

6 1650.6426 1583.5707 5 3 1

7 2161.8327 2094.7608 6 4 2

8 2307.8906 2240.8187 6 4 3

9 694.3206 627.2487 3

10 700.2836 633.2116 1

11 1057.3994 990.3275 6

12 1219.4522 1152.3803 7
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Equilibrium dissociation constants in nM of solute binding proteins binding to carbohydrates. Numbers in the
solute binding proteins represent each Family 1 of the solute binding protein locus tag.

Carbohydrate Number (first column)/ solute 2344 2352 2350 0343 2177 0883
binding protein (first row)/ equilibrium

dissociation constant (nM)

1 <42+2.1 <11.1+0.9 <96.5+5.2 37.4%2.2 69.9+5.1 8.85+1.2

2 22.6%1.5 No reaction | 75.2+6.2 52.4+3.2 No reaction | 225+10.3

3 <57.7#6.1 | Noreaction | 71+5.2 18.7+2.5 No reaction | 62.6+7.1

4 <19.2+1.1 | Noreaction | No reaction | 41.8+3.6 <2.97+0.8 No reaction
5 <15.4+0.9 | <17.5%1.2 64.34+8.2 66.7+7.1 No reaction | No reaction
6 <5.97+1.0 | <24#3.1 <86.4+7.6 72.1%£5.9 No reaction | 35.3+4.1

7 <16.3+2.0 | 148+11.1 12.1+2.0 41.3+£3.8 No reaction | 26.8+3.0

8 68.7+6.2 No reaction | No reaction | No reaction | No reaction | No reaction
9 <66+5.9 <58.5+6.0 <21.5+1.9 28.6+3.0 No reaction | 189+12.9
10 78.7+£8.0 51.6+5.8 173+12.2 11.6x2.0 3.26+0.8 35.5+4.1
11 <22.7+2.2 | <13.742.0 38.4+4.1 19.5+14 No reaction | No reaction
12 <30.5+2.5 | <13.4+2.1 <70.2+6.5 8.18+1.1 No reaction | No reaction
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