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Abstract

Interactions between cell surface glycans and glycan binding proteins (GBPs) have

a central role in immune response, pathogen-host recognition, cell-cell communication,

and myriad other biological processes. Because of the weak association between GBPs

and glycans in solution, multivalent and cooperative interactions in the dense glycocalyx

have an outsized role in directing binding affinity and selectivity. However, a major

challenge in glycobiology is that few experimental approaches exist for examining and

understanding quantitatively how glycan density affects avidity with GBPs, and there is a

need for new tools that can fabricate glycan arrays with the ability to vary their density

controllably and systematically in each feature. Here we use thiol-ene reactions to

fabricate glycan arrays using a recently developed photochemical printer that leverages

a digital micromirror device and microfluidics to create multiplexed patterns of immobilized

mannosides, where the density of mannosides at each feature was varied by dilution with

the inert spacer allyl alcohol. Association between these immobilized glycans and FITC-
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labelled concanavalin A (ConA) - a tetrameric GBP that binds to mannosides

multivalently — was measured by fluorescence microscopy. We observed that

fluorescence decreased nonlinearly with increasing spacer concentration in the features,

and we present a model that relates average mannoside-mannoside spacing to the abrupt

drop-off in ConA binding. Applying these recent advances in microscale photolithography

to the challenge of mimicking the architecture of the glycocalyx could lead to a rapid

understanding of how information is trafficked on the cell surface.

Introduction

Many biological processes, from immune response to host—pathogen interactions, are
mediated by recognition between glycan binding proteins (GBPs) and glycans within the
glycocalyx — the dense layer of glycolipids, glycoproteins, and glycopolymers on the surface of
every eukaryotic cell.!# In this environment, multivalency, whereby contacts form between a GBP
and multiple glycans simultaneously, plays an outsized role in determining substrate specificity

and binding avidity.> As a result of multivalency, avidity increases up to 10 M-! are commonly
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observed between GBPs and substrates that present multiple glycans in close enough proximity to
allow for multipoint binding, a phenomenon termed the “cluster glycoside effect”.!%-13 Despite its
central role in glycobiology, quantitative measures of multivalency, particularly in substrates that
are designed to mimic the presentation of glycans on the cell surface, remains a significant and
unresolved experimental challenge because of difficulties associated with surface immobilization
chemistry, the paucity of lithographic methods that can print glycans with control over density,

and unsatisfactory models for anticipating the impact of multivalent interactions on the surface.

Creating substrates that can systematically vary glycan presentation requires control over
surface immobilization chemistry, while employing printing technologies that are compatible with
delicate organic materials, like glycans. As such, strategies for controlling glycan surface
presentation must consider both the printing method and the immobilization chemistry. The
surface chemistry used to prepare the Consortium for Functional Glycomics glycan array, for
example, involves pin-printing amino-functionalized glycans onto NHS-activated surfaces.' 15

Other common immobilization chemistries involve functionalizing a substrate with a monolayer

of N-hydroxysuccinimidyl ester to covalently immobilize 3’-amine oligonucleotides

conjugated with glycans,'® epoxy—activated substrates that react with amino-functionalized

glycans,!”> 18 thiol-ene photochemical click reactions,'®->3 patterning fluorous derivatized glycans
onto commercially available Teflon/epoxy coated microscope slides,?* and immobilizing lipid-
linked oligosaccharides onto nitrocellulose substrates.>> 26 Alternatively, the Gildersleeve Group
conjugates glycans to bovine serum albumin (BSA), creating “neoglycoproteins” that are then
themselves immobilized to epoxide coated glass substrates, where the glycan density can be
manipulated by either mixing with non-conjugated BSA or varying the density of glycans within

4
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each neoglycoprotein.?’?° The patterning of glycans into arrays is typically accomplished by
creating spots using an inkjet or pin-printer. '* With these technologies, solutions of the
appropriately functionalized glycans are deposited onto substrates functionalized with the
complementary reactivity, resulting in features of covalently immobilized glycans with typical
diameters of ~500 um. These printing technologies are popular because they are non-destructive
towards delicate glycans and compatible with the common immobilization reactions. However,
other techniques could substantially reduce feature diameter, and thereby increase the number of
spots per array and limit the amount of expensive glycan or GBP needed for microarray analysis.
Some of these next-generation printing techniques that have been explored recently in the context
of glycan microarrays include scanning-probe lithography,?? 3° microcontact printing,?!-3!-32 and
photochemical patterning enabled by a digital micromirror device (DMD).?° Ideally, a glycan
arraying platform — which constitutes immobilization chemistry and the lithography method for
patterning — should be compatible with immobilization chemistry, create features with <100 um

diameters, and possess the ability to control glycan density within each feature.

Varying the density of glycans is particularly important for glycan microarrays because
doing so is necessary for investigating how multipoint binding between GBP and a glycan-coated
surface affects avidity. To this end, diverse approaches have been adopted to vary glycan density
within the features of a microarray. Liang and coworkers, for example, studied the binding of
Concanavalin A (ConA) to mannosides and oligomannosides that were immobilized onto a NHS-
activated glass substrate that was prepared via robotic pin-printing.3? In this study, they varied the
concentration of mannose in the printing solutions from 0.6 to 100 uM, and studied binding to the
fluorophore-labelled lectin. They measured increased ConA avidity to the substrate at spots printed

with higher concentration mannose solutions. The authors concluded that when the printing
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solutions drop to 1 uM and 0.6 pM, the mannosides were too widely spaced for ConA to achieve
multivalent binding, which was necessary to obtain avidity sufficiently high for the GBP to remain
on the surface. Alternatively, Oleyaran and coworkers fabricated variable glycan-density arrays
with BSA-neoglycoproteins to investigate how multivalency affects GBP avidity.?® The binding
of fluorescently labelled ConA to neoglycoproteins with systematically varying glycan
(monomannose and oligomannose) concentration was assessed. The results of this experiment
showed that as the ratio between mannose-conjugated neoglycoprotein and unmodified BSA
changes from 1:0 to 1:7 in the printing solution, the spacing between glycans increased. Increased
spacing between glycans resulted in a decrease of overall multivalent opportunities on the surface,
thus decreasing the overall fluorescence of the feature, which they concluded was a consequence
of the inability of ConA to bind multivalently as the monomannose density was reduced. However,
at low concentrations of the oligomannose, ConA was still able to bind the features since
multivalent opportunities persist. Concerned that the glycan monolayers that are typically used in
glycan arrays bind GBPs weakly as a result of surface roughness, Godula and coworkers prepared
glycopolymer microarrays. Attempting to mimic the natural presentation of mucins, which are
highly glycosylated cell-surface proteins, they created heavily glycosylated synthetic brush
polymers using reversible addition-fragmentation chain-transfer (RAFT) polymerization and
printed them into microarrays.? 3> Aminooxy labelled glycans were grafted at different densities

onto polymer chains of different lengths to examine how density affected avidity. The affinities of

four lectins (Soybean agglutinin (SBA), Wisteria floribunda lectin (WFL), Vicia villosa-B-4

agglutinin (VVA), and Helix pomatia agglutin (HPA)) to the glycosylated brush polymers were

assessed. SBA, WFL, and VVA all displayed multivalent binding, as dissociation constants (K)
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decreased with increasing glycan grafting density. HPA, however, did not show any change in K4
despite the changes in glycan density, thus indicating that it did not associate to the brush polymer
with avidity. Thus, glycan arrays are powerful platforms to assess the impact of multivalency on
GBP binding, but despite these important contributions, there is still a need for techniques that can

reduce the printing areas and systematically vary surface concentration.

Another challenge that arises in understanding these data is scaling changes in avidity to a
molecular level understanding of multivalency, and, to this end, several models have been
proposed. In a review on multivalency, Mammen et al. have suggested3® that the enthalpy of the

system is dominated by strain on the multivalent ligands, while entropic changes are dependent

upon perturbations to lectin conformation. Brewer and coworkers used isothermal titration

calorimetry to investigate the thermodynamics of the binding between ConA and

multivalent mannosides in solution.3” The results showed that as the number of

mannosides on a ligand increases, the avidity to ConA also increases, and that the

enthalpy of the system increased linearly with the number of mannosides. Brewer, also

emphasized the importance of the entropy of the system by showing how the conformation of the
lectin, SBA in this case, affects multivalency on a mucin. Because of the structure of SBA and the
conformation when it binds to mucin galactose, SBA can “bind and jump” from one residue to the
next.’® Houseman and coworkers argue that it is particularly important to study multivalent
interactions on surfaces because of increased control over glycan spacing in monolayers, and

immobilized ligands are in an environment that reduces nonspecific binding.3* Here we build upon
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these investigations to study ConA-mannoside multivalency by employing a new method for
printing glycan microarrays, 2 which allows for the density of glycans within an array to be varied
systematically. This printer combines microfluidics, a digital micromirror device, and a reactive
surface to control the ratio of glycan and spacer within a feature. We use this tool to print features
of variable-density mannosides onto a surface and study their binding to solutions with different
concentrations of FITC-labelled ConA. Reduced feature dimensions provides a route to take
multiple readings at each binding condition to obtain statistically robust data. Finally, we relate
changes in avidity to changes in mannoside spacing and suggest that ditopic binding is necessary
for the protein to achieve sufficient avidity to remain surface bound. This work presents a versatile
new way of studying quantitatively the relationship between surface density and avidity in

situations where multivalency is central.

Materials and Methods

Synthesis. The mannoside, pent-4-enyl a-D-mannopyranoside (a-Man), was prepared

as previously reported and characterized by '"H NMR and mass spectrometry, and all spectroscopic

data were consistent with the literature data.2?

Surface preparation. The thiol-terminated Si/SiOy slides were prepared following
previously reported literature procedures.?® 40 Si/SiO, wafers were purchased from Nova
Electronic Materials (USA), (3-mercaptopropyl)trimethoxysilane was purchased from Gelest
(USA), and all other chemicals were purchased from VWR and used as received. The wafers were

cleaned by submerging them in piranha solution (3:1 H,SO4:H,0,) for 15 min and then taken out
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and rinsed with MilliQ H,O. The substrates were dried under a stream of air. Once dried, the slides
were placed in a 120 mL PhMe solution containing 4.5 mL of (3-
mercaptopropyl)trimethoxysilane, which was heated to 37 °C in a H,O bath for 4 h. The substrates
were then rinsed with PhMe, a mixture of PhMe and EtOH, and then EtOH. Finally, the glass

slides were cured in an oven at 105 °C for 18 h and stored in MeOH at 4 °C until used.

Printer design and microarray fabrication. A TERA Fab E-Series printer was modified to print
glycan microarrays. The system is equipped with an LED (405 nm) light source that reflects off a
DMD that passes through an objective to focus the pattern onto the substrate, which is mounted
on a piezoelectric stage. Patterns were designed on Adobe Illustrator and converted to BMP files

for the DMD software. DMF solutions of the mannoside and allyl alcohol were made at a

concentration of 200 mM and 100 mM of the photoinitiator diphenyl(2,4,6-

trimethylbenzoyl)phosphine oxide (TPO). The solution was charged in a syringe and placed in

a syringe pumps (New Era Pump Systems Inc., USA) with PEEK tubing to flow the solution

through the fluid cell. Eleven different 0.5 mL solutions were prepared for printing, where

the concentration of alkene (glycan + spacer) remained at 200 mM, but the mole fraction,

X, of glycan varied from 1 to 0.01. Syringe pump flow rates were set to 5 pL/min during

exposure time. A syringe with DMF was loaded into the syringe pump and set with a flow

rate of 100 uL/min for 5 min in between each exposure time to wash away the precious

glycan solution in the fluid cell. After immobilization was completed for all prints, the substrate
9
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was rinsed in 200 proof EtOH and then sonicated in DMF for 10 min. The surface of the array was
then passivated by immersing it in a 1% w/v BSA solution in PBS (10 mM PBS, pH= 7.4) for 30

min.

Lectin binding and analysis. A previously described microfluidic incubation chip 2° was

used to introduce the lectin solutions to the glycan microarrays. FITC-labeled ConA was

purchased from Vector Laboratories Inc. and was used as received. DMF solutions were

prepared (PBS buffer, 10 mM, MgCl, 0.9 mM, CacCl, 0.5 mM, pH= 7.4, 0.01% Tween20) with

lectin concentrations of 0.5 — 0.001 mg/mL. The ConA solutions were injected into the

microarray using a custom built microfluidic chip with 250 pym-wide channels that can

introduce 11 different lectin solutions to the microarray simultaneously. The surface was

incubated for 16 hr at room temperature with 8 different ConA solutions (0.5 — 0.001

mg/mL, 4.8 uM - 9.6 nM) and 3 channels containing only PBS buffer as controls. Following

the incubation, the array was washed by immersing the chip into a buffer solution (PBS

buffer, 10 mM, MgCl, 0.9 mM, CaCl, 0.5 mM, pH= 7.4, 0.01% Tween20) for 10 min, and this

washing was repeated with fresh solution 3 times. Binding was analyzed with an Olympus BX60
fluorescence microscope (540-585 nm long pass filter). Images were analyzed with ImageJ *! to

measure the fluorescence of each feature, with fluorescence reported as normalized fluorescence

10
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(NF = feature fluorescence/background fluorescence) from the average measurement of 3 different

features.

Results and Discussion

Here we investigate the multivalent binding of ConA with mannoside-patterned glycan
microarrays (Figure 1). ConA is a plant lectin that has two states: as a homotetramer that exists at
pH > 7, as a homodimer when the pH < 6, and both states exists in equilibria when the pH is 6-7.
The monomeric subunit of ConA consists of 237 amino acids with a mass of 25.5 kDa and has
three binding sites. Of the three sites, two are for metal ions, typically Ca?" and Mn?*, and the third
for the glycan. ConA first binds to the metal ions, which opens up the binding site for the glycan.
ConA preferentially binds mannosides, and also binds glucosides, but with a lower affinity.*> To
study the effect of multivalency on ConA-mannoside avidity, a glycan microarray was prepared
where the glycan density was varied systematically in each feature. This array was prepared with
a new photochemical printer described recently by our group.? Briefly, the printer integrates a
TERA-Fab E Series printer, which consists of a DMD (1024 x 768 mirrors) and an LED (405 nm,
32 mW/cm?), that are coupled with a piezoelectric stage that supports the substrate (Figure 1A).
A CPU coordinates the spatiotemporal delivery of light onto the substrate and the movement of
the stage. Onto the TERA-Fab E Series stage, we have mounted a fluid cell*® where photochemical
reactions occur on the functionalized substrate and in solution, and microfluidics deliver and
remove reagents from the fluid cell (Figure 1B—C). We have demonstrated the capabilities of this
photochemical printer by preparing multiplexed grafted-from brush polymer arrays® and

multiplexed glycan microarrays?’.

11
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Here, the thiol-ene photochemical click reaction was used to immobilize different ratios of

the alkene-labelled mannoside, pent-4-enyl-a-D-mannopyranoside (a-Man), and spacer, allyl

alcohol, in different ratios to form features on the substrate (Figure 1D). The thiol-ene reaction is
a popular reaction for surface immobilization of biological probes because it is biorthogonal,
proceeds rapidly and in high yield, and with few byproducts.*4-46 Previously, ourselves and others
have shown it can be used to immobilize dyes*’, glycans?® and glycopolymers,?? confirming its
compatibility for preparing microarrays, and we have studied the reaction kinetics to determine
the reaction time required to proceed to completion. Here we perform the thiol-ene reaction in the
printer described above to create glycan arrays by mounting a Si/SiO, wafer that is functionalized

with 3-(mercaptopropyl) trimethoxysilane into the fluid cell. Microfluidics introduced solutions

containing different ratios of the alkene-functionalized a-Man and the spacer allyl alcohol

(total concentration a-Man + allyl alcohol = 200 mM) in DMF with the photosensitizer

diphenyl(2,4,6-trimethylbenzoyl)phosphine oxide (TPO, 100 mM). The ratio of a-Man :

allyl alcohol was varied from 1 to 0.01. Features of 45 x 45 uym were prepared by

irradiating the surface in the presence of the printing solution for 20 min at 8 mW/cm?

intensity, and 32 feature of each a-Man : allyl alcohol ratio were printed. Between

solutions, the substrate was washed with DMF for 5 min at a flow rate of 100 yL/min to

minimize contamination. Once the printing was completed, the substrate was washed

12
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with EtOH, sonicated in DMF for 10 min, then unreacted areas of the surface were

passivated by immersing it into a 1% (w/v) bovine serum albumin (BSA) solution. BSA

was selected as a passivating agent because it has been used by us?% 22.30 gnd others'®:

47 to prevent non-specific adsorption of GBPs to surfaces.

The binding of ConA to the variable density glycan microarray was measured using

fluorescence microscopy. These experiments provided fluorescence values for 8 different ConA

concentrations to glycans patterned at 11 different a-Man : allyl alcohol ratios. The lectin
concentrations range from 4.8 uM to 9.6 nM. The fluorescence data for the binding of a 240 nM
solution of FITC-ConA onto the different features is presented in Figure 2A. The binding data
were assembled into a heat map to represent changes in fluorescence with changes in both glycan

density and lectin concentration (Figure 2B), which illustrates that fluorescence intensity

decreases with decreasing ConA concentration and with mannoside Y in the printed feature.

Finally, plotting of these fluorescence data show (Figure 2C) a non-linear decrease with

decreasing a-Man mole fraction (¥ = [glycan] / ([glycan] + [spacer])), with a drop-off to

background at y = 0.2. This nonlinear decrease in binding, with decreasing y, is consistent with

other studes of the multivalent binding of ConA in microarrays.2”- 33 No fluorescence above

the background was observed in the control channels that contained only buffer solution.

13
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The a-Man-ConA fluorescence data was used to determine the avidity (Ky) at each

different ConA concentration and each x by applying a Langmuir isotherm model (Eq. 1), which

is commonly used to quantify binding in microarrays.?’- 3348

e [L]Fmax
T [L] + Kqg Eq. 1

In this model, [L] is the concentration of the lectin, F'is the observed fluorescence counts, and Fi,x

1s the maximum fluorescence observed when ConA binds to a-Man (F,,. was observed at [ConA]

=4.8 uM and y = 1). The binding data for all 88 different conditions (8 ConA concentrations x 11
X) are presented in Table 1, and K, values range from 2700 to 43 nM. The following trends are
seen when calculating the Ky for each binding event. The observed Ky is dependent upon both y

and ConA concentration. For all ConA concentrations, fluorescence measurements for y

< 0.2 were identical to background, and no features were observed, indicating that no specific

binding was occurring or that fluorescence signal was too low to measure by our analytical

methods. At the lowest ConA concentration (9.6 nM), the difference between y=1to y=0.01 in

K is only 5 nM, which became statistically similar to the background, although patterns were still

observable at ¥=0.3, and so we conclude that binding cannot be measured accurately with our

fluorescence method at this concentration. We observed that as glycan concentration decreased,

Kg increased. For example, at 4.8 uM ConA (highest [ConAl]), K, increases 10-fold from 270 nM

(x=1) to 2200 nM () = 0.3). Similarly, in the study done by Wong ef a/.,33 as the printing

14
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concentrations of monomannose decreases, the Kj increases, concluding that the

spacing is too large for ConA to bind multivalently, which is in good agreement with our

results. Alternatively, if yis held constant, K, increases with increasing [ConA]. For example,

at ¥ = 0.8 the K3 range from 710 nM ([ConA] = 4.8 uM) to 28 nM ([ConA] = 48 nM). At

high [ConA], the Aj values are higher than previously reported, however, as the

concentration of [ConA] decreases the Kj values begin to resemble what is reported by

Gildersleeve?’ (69 nM) and Wong33 (80 nM). There is an aberrant data point when [ConA] is

2400 nM at xy = 0.9 that does not seem to follow the binding trends. We believe that the

unexpectedly low fluorescence readout in this area was the result of improper immobilization of
a-Man during the printing of the features, which could have been caused by poor thiol monolayer

formation or contamination in that area during printing.

The changes in avidity can be explained by considering the differing ability of ConA to
participate in multivalent binding as glycan density is modulated. Here we modify a simple model
for surface density developed by Oyelaran that is based on average glycan spacing to explain the
observed avidity trends. In this model, neoglycoprotein-coated surfaces are assumed to be two-
dimensional arrays of ligands, and that these ligands are evenly spaced across the surface.?® To

estimate average spacing, we must first determine the density of molecules on the surface, which

here we assume to be ~10! molecules-cm™ with a range of 0.1 — 0.6 molecules'nm2, which is

15



Faraday Discussions

based on previous work from our group on immobilizing electroactive probes onto functionalized
substrates.? At this grafting density, there are from 2 x 10® — 1 x 10° bound molecules per 45 x
45 um feature. The estimated average distance is found by dividing the feature area (2.025 x 10°

nm?) by the number of molecules in that feature, and taking the square root to find the distance.

Using the lowest density estimate, we find that at y = 1, the estimated average distance

between mannosides is 1 nm. As x decreases, the spacing between mannosides

increases, such that at x¥ =0.2, the calculated average distance between mannosides is

7.1 nm, which is slightly larger than the distance between binding sites in ConA (7 nm),

rendering multivalent binding nearly impossible, which is in good agreement with our data.

Although this model is only a rough approximation, it does illuminate why binding

decreases so dramatically at this critical threshold of y =0.2. Assuming that at least two

ConA-a-Man contacts are required for ConA to remain bound to the surface, at these low

values of y; this is not possible, and, as such, the protein is easily washed off the surface

(Figure 3A). Calculations were also repeated assuming that there are 0.6 molecules-nm.

Both calculations were plotted (Figure 3B) to show the range of potential spacing between

immobilized glycans at different mole fractions and how they related to changes in Aj.

16
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Conclusions

Here we used a new photochemical printer combined with microfluidics to fabricate glycan

microarrays with systematically varying glycan density. By varying the ratio of a-Man : allyl

alcohol in the printing solution used during the photochemical immobilization, the average

spacing between glycans was controlled. The association between the glycans in this microarray

and FITC-ConA was studied in a microfluidic chip, where solutions of varying [ConA] were

exposed to the features printed at varying X. Fluorescence microscopy analysis of the resulting

array provided Ags for 8 different ConA concentrations and 11 different x. In addition to

increasing Ky with decreasing x, we observed an abrupt decrease in fluorescence at y =

0.2. We explain this phenomenon using a model that considers the average spacing

between glycans, and conclude that at y = 0.2, the glycan spacing is too great for the

ConA to bind the surface multivalently. We believe that this versatile new printing and

analysis strategy could help glycobiologists investigate quantitatively how multivalency

affects association, and thereby understand how infomation is trafficked on the cell

surface and other biointerfaces.

17
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Figure 1. A) The printing platform combines a digital micromirror device, piezoelectric stage, and

microfluidics to perform photochemical surface reactions. B) The surface density is manipulated

by varying mole fraction, y, of a-Man (green circles) to allyl alcohol spacer (blue triangles). C)

The three molecules involved in the surface functionalization. D) Thiol-ene photochemical surface
chemistry is used for immobilization of a-Man and allyl alcohol. E) Image from the RCSB PDB
(rcsb.org) of PDB ID 3QLQ* shows the ribbon structure of ConA in its tetrameric form; each
monomer binds two metal ions and one glycan (mannoside). Spacing between each glycan binding

site is approximately 7 nm. F) The bonding interactions presumed to occur between an

immobilized mannoside and ConA.
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Figure 2. A) Fluorescence image of the printed features of a-Man following exposure to

ConA concentration at 240 nM shows a decrease in MF as mole fraction, ), decreases.

The scale bar is 45 ym. B) Data showing the decrease of NF as the y of glycan decreases in

each feature. The error bars are one standard deviation from the mean. C) A heat map

representing binding at all glycan y and ConA concentrations.
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[ConA] nM
4800 2400 960 480 240 96 48 9.6
X Kd (nM)

1 270 £ 50 180 + 42 240 £ 54 18+2 110+x78 52+5 43+15 NA

0.9 270 + 37 4+1 350 + 66 41 £15 10049 49+11 285 NA
0.8 | 710+150 490+110 40077 88+26 130+6 5614 296 NA
0.7 | 910 £+256 650+190 420 + 91 91+39 140+34 718 373 NA
0.6 380+£68 550+200 460+170 140+57 160+x44 74+31 39+x8 NA
0.5 12100 +426 1100+290 570+120 170+100 170+33 64+14 5111 NA
0.4 | 1800 +370 1100+100 660+140 190+61 180+x7 74+x6 66+3 NA
0.3 12200 +490 1100+340 550+78 190+85 200+37 76+10 70+x5 NA

0.2 NB NB NB NB NB NB NB NB
0.1 NB NB NB NB NB NB NB NB
0.01 NB NB NB NB NB NB NB NB

NB = No binding NA = Features undetectable

Table 1. Dissociation constants, Ky, determined by fluorescence data and Eq. 1 for each binding

event between ConA and immobilized mannose at different mole fractions, . Errors are reported

as one standard deviation from the mean taking from three different features in the array.
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Figure 3. A) Model demonstrating how reducing x decreases ConA recognition. As the number

of glycans on the surface decreases, the average spacing between glycans becomes larger than the
distance between ConA binding sites. This resulting monovalent binding is not sufficiently strong
to survive washing. B) The estimated average spacing between mannosides as a function of y are
represented by the circles. The black circles assume a molecular packing of 0.1 molecules-nm,

and the red circles represent changes in spacing assuming a molecular packing of 0.6

molecules-nm2. The triangles are the log(Ky) values from Table 1 for [ConA] of 960 nM (green)

21



Faraday Discussions Page 22 of 27

and 240 nM (blue). The black line corresponds to an average spacing of 7 nm, which is the distance

between glycan-binding pockets in tetrameric ConA.
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