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Summary

Microarray technology is currently used in the development of carbohydrate drugs and diagnostic
tests. Here we model an inexpensive alternative to microarrays using derivatized microbeads. In this
model we examine the binding of mannose-rich yeast to microbeads derivatized with concanavalin
A (Con A), a mannose-binding lectin, in the presence of 30 different sugars and 9 different pH
conditions. We developed a listing of effective saccharide inhibitors of immobilized Con A based
on 3901 replicates. We suggest that this is the most extensive saccharide inhibitor list ever developed
for this lectin and it may be useful to use this listing to replace the less extensive lists that have been
inthe literature for decades. Information is also provided on pH effects on immobilized Con A binding
based on 918 trials. Two assays to study binding, one which qualitatively scores more or less binding
than control in thousands of replicate samples, and another that quantitatively evaluates binding by
counting the number of cells bound to each bead, are also modeled here. We know of no previous
studies that provide such as extensive information on saccharide inhibition and pH effects on the
binding of immobilized Con A. We suggest that this microbead approach, using beads derivatized
with lectins or sugars, and the two simple assays presented here, can in some cases, substitute for
more expensive microarray technology in the development of carbohydrate drugs and diagnostic
tests. If, for example, our model Saccharomyces cerevisiae was a pathogen, these studies show that
it binds via cell surface mannose residues and drugs to prevent binding could be developed using the
inhibitors of binding identified here. The beads could be also used in the development of diagnostic
tests that identify the presence of the organism in blood samples, etc. in much the same way as
microarray technology is being used today.
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Introduction

Lectins are among the most widely used compounds in biomedical research. They are
carbohydrate-binding proteins that are widely used in thousands of studies involving cell

* To whom correspondence should be addressed. E-mail: steven.oppenheimer@csun.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zem et al.

Page 2

surface histochemistry and purification of glycans. They are used in the purification of glycan-
containing molecules and in histochemical studies that have identified important properties
such as differences between cancer and non-cancer cell surfaces (Sharon and Lis, 1989; Sharon
and Lis, 2004). Pathogenic organisms often attach to human cell surfaces via lectin-glycan
interactions and drug companies are developing carbohydrate-based drugs that inhibit these
adhesive interactions (Borman, 2005; Szymanski and Wren, 2005; Mulvey et al., 2001; Xin,
et al. 2005; Dinglasan and Jacobs-Lorena, 2005; Rojo and Delgado, 2004).

Many scores of lectins are commercially available. Lectins bind best to naturally occurring
ligands on cells that are often more complex than monosaccharides commonly quoted as their
binding partners. It is important that lectin-binding partners that possess the greatest avidity
for lectins be identified for use in countless types of experiments that require inhibitors of lectin
binding. This study examines this issue by testing an unusually large number of sugars,
including monosaccharides and oligosaccharides, for their ability to inhibit lectin binding in a
model system. This approach can be used to expand the information on sugar binding avidity
in many other lectin binding systems.

Material and Methods

Results

A suspension of (Saccharomyces cerevsiae ) yeast were washed three times washed in distilled
water then 50ul droplets at a concentration of 0.07 mg per ml-0.7 mg per ml were mixed on
glass microscope slides with 0.7 mg-3.0 mg Con A derivatized agarose beads (Sigma Chemical
Co., St. Louis, Mo) per ml solution. The specific yeast and bead concentrations for each study
are given in the figure legends. Yeast and bead concentrations were varied in some studies to
learn if these factors influenced the results. The droplets contained either pH adjusted distilled
water (pH 2-10) or specific saccharides (Sigma), at 0.05 M concentration in distilled water.
The 0.05 M concentration was chosen after studies were completed using higher concentrations
that did not allow as clear a differentiation of the most effective sugars. The droplets were
mixed for 240 seconds with wooden toothpicks and observed using light microscopes at
100x-400x magnification.

Two different assay procedures were used. For the sugar inhibition studies, each microscope
slide included droplets containing the specific saccharide at 0.05M concentration or no sugar
(controls). Binding of yeast and beads was recorded for each slide as less binding in the sugar
drops than in the control drops, more binding in the sugar drops than in the control drops or
approximately equal binding in the sugar drops and control drops. A total of 3901 samples
were assayed with an average of 130 replicates for each sugar.

The second assay was used in the pH experiments. In these experiments the number of yeast
cells bound per bead was counted and recorded in a total of 918 trials spanning a pH range of
2 through 10. Results were tabulated as the mean number of yeast bound to Con A beads +
standard deviation.

The first assay, used in the sugar studies is less quantitative than the second assay used in the
pH experiments, but it is based on over 100 replicates for each sugar. Several independent
investigators scored the binding results by comparison with control (with no sugar). Both assays
are modeled here and their advantages and disadvantages are discussed.

Table 1 shows the ranking of the most effective saccharide inhibitors of yeast-Con A bead
binding at 0.05M sugar concentration, in order of decreasing inhibition effectiveness. D(+)
melezitose, D(+) trehalose, maltotriose, maltose and D(—) fructose were the most effective
inhibitors. D(+) glucose, D(+) galactosamine, methyla-D- mannopyranoside, D(+) mannose,
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L(-) fucose, D(+) glucosamine and methyla-D-glucopyranoside were somewhat less effective.
D-mannoheptose, B-cyclodextrin, D(+) raffinose, methyl B-D-glucopyranoside,a-Lactose, -
lactose, D-lactose, L-sorbose, a-cyclodextrin, L(—) xylose, L (+) arabinose, D(-) arabinose, D
(+) cellobiose, L-rhamnose, melibiose, D(+) xylose, D(+) galactose (Sigma 6404), and D(+)
galactose (Sigma 0750) were least effective.

Figure 1 shows examples of yeast binding to Con A beads in the presence and absence of
inhibitory sugar.

Figures 2a-2d provide 4 different sets of pH experiments each using different bead and yeast
concentrations. As can be seen, regardless of bead and yeast concentrations, the patterns of the
results were very similar with most yeast-Con A bead binding occurring at pH 4-8. Very little
binding occurred at pH 2 and pH 10, with slightly more binding at pH 3 and 9.

Discussion

Glycobiology is rapidly becoming of major interest worldwide. Carbohydrate microarrays and
lectin microarrays are being used to screen thousands of compounds, cell extracts, and cells to
assess their carbohydrate binding properties (Borman, 2005; Disney and Seeberger, 2004;
Kuno et al., 2005; Nimrichter et al., 2004). The method used here is an inexpensive alternative
to microarrays. It can be used with hundreds of glycan derivatized beads or lectin derivatized
beads (as in this study) to quickly assess glycan-lectin interaction and the factors that influence
it.

Microarray technology, in which sugars or proteins, such as lectins, are bound to small spots
on solid surfaces or microchips is becoming widely used to screen biological compounds, cell
extracts, cells, and other samples to assess the binding of the samples to the compounds bound
to the chips (Borman, 2005; Disney and Seeberger, 2004; Kuno et al., 2005; Nimrichter et al.,
2004). This technology is being used to produce potential anti-HIV vaccines and anti-infection
drugs, to detect bacteria in food and blood, and to develop blood tests for diseases such as
Crohn’s disease (Borman, 2005). Microarray technology, however, can cost hundreds of
thousands of dollars. The microbead technology used here can accomplish some of the same
goals as microarrays at very low cost.

Over the past decade we have used microbeads derivatized with over 100 different compounds
to study cell surface properties (Ngo et al., 2003; Khurrum et al., 2003; Navarro et al., 2002;
Salbilla et al., 1999; Latham and Oppenheimer, 1999; Heinrich et al., 2005; Welty et al.
2005; Latham et al. 1995; 1995a). We are unaware of any studies that have defined the
microbead system as we have done in the present paper. In this study we focus on one
microbead, Con A immobilized on agarose. Concanavalin A has been used in thousands of
studies and is probably the most widely used lectin (Sharon and Lis, 2004; Sharon and Lis,
1989).

In order for microbeads to be correctly and effectively used in binding studies, the parameters
affecting binding and inhibition of binding must be rigorously defined. We are unaware of any
past studies that have examined the parameters and inhibitors in a microbead system in as
comprehensive a manner as we have done here. Past studies have examined many parameters
affecting free Con A binding. One of the most thorough studies was done by Ambrosino, et al.
(1987) using a calorimetric technique. They found that melezitose, a trisaccharide, showed
higher affinity for Con A than other oligosaccharides and monosaccharides tested. That study
was done with free Con A. The findings here using Con A beads, not free Con A, were almost
identical to those of Ambrosino, et al. (1987). This validates our approach to study effective
inhibitors of Con A binding, but what is different in the study reported here is not only the use
of Con A beads but the numbers of sugars tested and numbers of replicates examined. Here
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we tested 30 sugars, not the 5 tested by Ambrosino, et al. (1987). In this study, we were able
to generate a much more comprehensive list of sugar inhibitors of Con A binding than any
previous study (Ambrosino et al., 1987; Al-Arhabi et al., 2002; Tawaki et al., 2005; Wong,
1980; Figlas, et al., 1997; Ooya et al., 2005; Wright and Cooper, 1979). In these previous
studies, the findings also generally matched our results indicating that specific oligosaccharides
are often better lectin inhibitors than monosaccharides.

Here we show that the most inhibitory sugars of yeast binding to immobilized Con A at 0.05M
concentration were the oligosacharrdes D(+) melezitose, D(+) trehalose and maltotriose. The
listing of sugars presented here in order of decreasing inhibition effectiveness is the most
extensive listing of sugar inhibitors of immobilized Con A-cell binding ever developed. This
listing was made possible by the ease and rapidity of the microbead assay. We suggest that this
listing, based on 3901total replicates, replace the less extensive lists for sugar inhibitors of
immobilized Con A/free Con A that have been in the literature for decades.

In this study, we model two assays for determining cell binding to beads. The assay used in
the sugar analysis is based on thousands of replicates using the principle: at a given sugar
concentration, does a sugar sample show more, less, or the same cell binding to beads than
controls without sugar on the same slide? Although this approach is based on thousands of
trials, it does not answer the question: in a single trial for example, how much less cell binding
to beads occurred in the experimental versus control sample? The virtue of this assay, however,
is its great rapidity, facilitating thousands of trials. Its validity is clear because our results, using
this assay, match those of other less inclusive studies, examining a smaller number of sugars,
for example Ambrosino, et al., (1987), quoted above.

For more precise quantification of binding of cells to beads, we developed the second assay,
used here in the pH study. In this method, numbers of cells bound to beads are manually
counted, tabulated and statistically assessed. Here again, we know of no past studies that have
as extensively examined the effects of pH on cell binding to immobilized Con A, generating
the quantitative results in this study. While other studies have shown that free Con A is most
active in the pH range of 4-8 (Liener, 1976), we know of no studies that have examined cell
binding to immobilized Con A over a range of pH in as many trials as performed here, and at
varying cell and bead concentrations. The results indicate that pH 4-8 is most permissive for
facilitating cell binding to immobilized Con A.

Interestingly, we also show that cell binding to immobilized Con A occurs at pH below 4 and
above 8. Minimal binding occurred at pH 2 and 10. These results should be of interest to those
who are using immobilized Con A in many different types of studies. In some cases , due to
experimental constraints, use of a pH in the standard range may not be possible. Our results
make it clear how immaobilized Con A-cell binding is influenced by pH that is not in the standard
range.

In summary, we present two assays to measure cell binding to immobilized Con A. We use
these assays to model the effects of two important factors on immobilized Con A-cell binding:
sugars and pH, using different approaches than those used in the past. Most past studies have
been done using free Con A. Immobilized Con A has not been as thoroughly evaluated but is
used extensively worldwide. And finally, we propose that using lectin derivatized and
saccharide derivatized microbeads offer an inexpensive way of accomplishing many of the
same experiments in the area of carbohydrate drug and diagnostic test development that are
currently being performed using microarray technology that is comparatively much more costly
(Borman, 2005). If, for example, the Saccharomyces cerevisiae model presented here was a
pathogen that bound to human tissue via its cell surface mannose residues, the development of
drugs that prevent binding, based on the inhibitors of binding identified in this study, could be
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facilitated. On the other hand, if it was not known what surface sugars or lectins were present
on the Saccharomyces cerevisiae cell surface, it would be easy to run these cells through
libraries of beads derivatized with different sugars or lectins to see to which beads cell binding
occurs. This would help define the cell surface molecules that could be involved in attachment
of the cells to human tissue. In addition to the development of drugs that could inhibit such
attachment, the beads could be used in the development of diagnostic tests for identifying the
presence of the organism in blood samples, etc. in much the same way as microarray technology
is being used today (Borman, 2005).
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Figure 1.
Top. An example of inhibition of yeast-Con A-bead binding with 0.05M D (+) melezitose.

Bottom. Control with no sugar. Large spheres are beads, tiny spheres are cells. Magnification
300x. Melezitose sample is focused to show small number of cells adhering to bead edges.
Control sample shows cells coating entire bead.
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Figure 2.
Effects of pH on Con A bead-yeast binding under varying bead and yeast concentrations.
Numbers are means of number of yeast bound per bead. Error bars show Standard Deviation.
a. 3 mg beads, 0.7 mg yeast per ml distilled water, 238 trials. b. 1.5 mg beads, 0.07 mg yeast
per ml distilled water, 118 trials. c. 1.5 mg beads, 0.15 mg yeast per ml distilled water, 227
trials. d. 0.7 mg beads, 0.15 mg yeast per ml distilled water, 335 trials.
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Table 1
Saccharide inhibitors, at 0.05M concentration, of yeast binding to Con A beads in order of decreasing
effectiveness. %s given are for % of replicates that showed inhibition, no change or promotion over controls with
no sugar. Based on 3901 replicates for each sugar. Inhibitory means that yeast-Con A bead binding was less than
control in absence of sugar. No Change means that yeast-Con A bead binding was the same as control in absence
of sugar. Promotional means that there was more yeast-Con A bead binding in the sugar sample than in the control
(absence of sugar). The differences in numbers of replicates for each sugar simply reflect numbers of experiments

done over a year-long period by 24 investigators for each sugar.

Saccharide Inhibitory} no changej promotional # reDIicate_sI
D(+)Melezitose 72% 18% 10% 118
D(+)Trehalose 63% 25% 12% 126
Maltotriose 60% 25% 14% 111
Maltose 60% 22% 18% 118
D(-)Fructose 59% 21% 20% 153
D(+)Glucose 54% 33% 13% 132
D(+) Galactosamine 53% 26% 21% 131
Methyl o-D-mannopyranoside 53% 37% 10% 127
D(+)Mannose 52% 271% 21% 157
L(—)Fucose 50% 31% 19% 123
D(+)Glucosamine 49% 36% 15% 162
Methyl -o D- Glucopyranoside 48% 30% 22% 166
D-Mannoheptose 46% 28% 26% 112
B-Cyclodextrin 44% 29% 21% 84
D(+)Raffinose 44% 45% 11% 122
Methyl B-D- Glucopyranoside f8 42% 33% 25% 139
a-Lactose 39% 30% 31% 140
B-Lactose 38% 34% 28% 130
D-Lactose 37% 41% 22% 131
L-Sorbose 36% 43% 21% 132
a-Cyclodextrin 35% 34% 31% 105
L(-)Xylose 35% 41% 24% 118
L(+)Arabinose 32% 30% 38% 114
D(-)Arabinose 31% 38% 31% 129
D(+)Cellobiose 29% 44% 27% 126
L-Rhamnose 28% 48% 24% 124
Melibiose 28% 42% 30% 131
D(+)Xylose 26% 38% 36% 132
D(+)Galactose Sigma (6404) 25% 39% 36% 154
D(+)Galactose Sigma (0750) 14% 42% 44% 154

Acta Histochem. Author manuscript; available in PMC 2007 April 26.



