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Summary
This laboratory has developed and used a novel histochemical assay using derivatized agarose beads
for over a decade to examine the surface properties of various cell types. Most recently we have used
this assay to examine lectin binding ligands on two human cell types, CCL-220, a colon cancer cell
line, and CRL-1459, a non-cancer colon cell line. We found that CCL-220 cells bound specific lectins
better than CRL-1459, and this information was used to test for possible differential toxicity of these
lectins in culture, as a possible approach in the design of more specific anti-cancer drugs. Although
we have examined the validity of the bead-binding assay in sea urchin cell systems, we have not
validated this technique for mammalian cells. Here the binding results of the bead assay are compared
with conventional fluorescence assays, using lectins from 3 species (Triticum vulgaris, Phaseolus
vulgaris, and Lens culinaris) on the 2 colon cell lines. These lectins were chosen because they seemed
to interact with the two cell lines differently.

Binding results obtained using both assays were compared for frozen, thawed and fixed; cultured
and fixed; and live cells. Both qualitative and quantitative fluorescence results generally correlated
with those using the bead assay. Similar results were also obtained with all of the 3 different cell
preparation protocols. The fluorescence assay was able to detect lower lectin binding ligand levels
than the bead assay, while the bead assay, because it can so rapidly detect cells with large numbers
of lectin binding ligands, is ideal for initial screening studies that seek to identify cells that are rich
in surface binders for specific molecules. The direct use of frozen, thawed, and fixed cells allows
rapid mass screening for surface molecules, without the requirement for costly and time consuming
cell culture.
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Introduction
Over the past decade, this laboratory has developed and used a novel histochemical assay to
examine cell surface properties (Heinrich, et al. 2005; Khurrum, et al. 2002; Navarro et al.
2002; Salbilla et al. 1999; Latham, et al. 1995; 1995a; Latham and Oppenheimer, 1999). This
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technique involves mixing various cell types to be studied separately with agarose beads
derivatized with about 100 different amino acids, sugars, lectins and other proteins, nucleotides
and other molecules. Most histochemical assays use stains to identify the biochemical
components of cells and tissues. The bead assay uses derivatized beads to do the same thing.
If a cell adheres to a bead derivatized with a specific lectin and the adhesion is blocked by the
lectin’s preferential binding sugar, such results would indicate that a ligand for that lectin is
present on the cell surface.

Many past studies have used derivatized beads to examine cell surface properties (Goldstein
et al. 1976; Oketa et al. 1979; Iweg et al. 1980; Takahashi and Tavassoli 1981; Nenci 1983;
Pincus 1984; Johnson and Silver 1989; Matsuoka and Tavassoli 1989; Hayes et al. 1990;
Kijimoto-Ochiai and Uede 1995), but we are unaware of any studies, other than ours, that use
so many different beads to rapidly assay cell surface properties (Khurrum et al. 2002; Navarro
et al. 2002; Salbilla et al. 1999; Roque et al. 1996; Latham and Oppenheimer, 1999; Latham
et al. 1995; 1995a; Heinrich et al. 2005). Previous studies from our laboratory have involved
many unconventional approaches. For example, previously frozen cells that were fixed with
formaldehyde were used instead of freshly cultured cells (Khurrum, et al. 2002). Fixation did
not alter authentic surface properties (Navarro et al. 2002). In some cases we used live cells in
their physiological medium (Latham, et al. 1995; 1995a; Navarro et al. 2002).

Previously experiments were conducted to examine the validity of the bead binding assay using
sea urchin embryos and fluorescent (FITC) labeled lectins (Latham, et al. 1995; 1995a). When
lectin beads bound to the cells, the FITC lectins also bound. When the lectin beads did not
bind, neither did the FITC labeled lectins bind (Latham et al. 1995, 1995a). In both cases,
hapten sugars inhibited lectin binding to the cells. These results led to the conclusion that the
bead assay was a valid approach to examining cell surface properties such as lectin binding
ligands on the cell types tested.

Live sea urchin cells in sea water, however, do not present the same sort of challenge as other
cell types under other conditions. Because of the usefulness and rapidity of the bead assay, it
is important to examine its validity with other cell types under other conditions. In this study,
we examine lectin binding ligands on two human colon cell lines: CCL-220, a colon cancer
cell line and CRL-1459, a non-cancer colon cell line using both the bead and conventional
fluorescence assays. We also examined binding using both assays and 3 cell preparation
protocols: (1) frozen, thawed and fixed cells assayed in distilled water, (2) cultured and fixed
cells assayed in distilled water, and (3) live cells assayed in saline.

The main purpose and novelty of this study, therefore, is to determine if the conventional
fluorescence assay gives similar results as the unconventional bead assay, as a means of
validating the use of the bead assay in mammalian cell systems. In addition, the study explores
which cell preparation procedure is best for the most rapid detection of specific cell surface
molecules.

Material and Methods
Cell lines

Two human cell lines, colon cancer cells tumorigenic in nude mice (CCL-220/Colo320DM)
and non-cancerous colon cells (CRL-1459 /CCD-18Co) were obtained frozen from the
American Type Culture Collection (ATCC, Manassas, VA). In some experiments the frozen
ATCC cells were directly used. In those experiments, cells were thawed in a 37 °C water bath
for 40–60 seconds, washed by centrifugation for 3 minutes at 1000 x g in 1.5 ml Dulbecco’s
phosphate buffered saline with calcium and magnesium chloride (PBS; Sigma, St. Louis,
Missouri, U.S.A.), and fixed in 1% formaldehyde in PBS for at least 30 minutes. Prior to use,
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the fixed cells were washed thrice by centrifugation at 1000 x g for 3 minutes in 1.5 ml of
distilled water. Cell suspensions were then diluted by adding 8.5 ml of distilled water yielding
10 ml aliquots with a final cell concentration of approximately 1 million cells per ml (Khurrum
et al., 2002).

Other cells were cultured in 75 cm2 closed Falcon Flasks (Fisher Scientific, Tustin, CA) using
RPMI 1640 cell culture medium (Fisher Scientific, Hampton, NH) with L-glutamine,
supplemented with 10% heat-inactivated fetal bovine serum and 2.5g/l of glucose at 37°C and
5% CO2 atmosphere (Heinrich et al., 2005). All cell lines were maintained without the use of
antibiotics. All reagents were of tissue culture grade and were obtained from Sigma Chemical
Co (St. Louis, MO) unless otherwise indicated.

Subculturing
CCL-220—CCL-220 cells grew in suspension with a small percentage of adherent cells, and
were subcultured by the following method. Suspended cells and medium were removed from
the flask and added to a 15 ml conical plastic centrifuge tube. Adherent cells were rinsed with
2 ml Dulbecco's phosphate buffered saline (PBS - without CaCl2 and MgCl2) prior to using 1
ml 0.25% trypsin-EDTA solution to detach adherent cells. Adherent cells were incubated at
37°C with trypsin-EDTA for 3 minutes, and the flask rinsed with 2 ml RPMI 1640 medium to
remove cells. This rinse was added to the centrifuge tube. Cells were pelleted at 28 x g for 3
minutes and washed once in 3 ml PBS, resuspended in 1 ml trypsin-EDTA and incubated for
3 minutes to create a single cell suspension. 2 ml of RPMI 1640 medium were added to inhibit
further activity of the trypsin-EDTA solution. Cells were pelleted by 3 minutes centrifugation
at 78 x g, resuspended in 3 ml RPMI 1640 medium for counting and subculturing. Cells were
counted using a hemacytometer (Hausser Scientific, Horsham, PA) and cell viability was
determined using trypan blue exclusion. All cultures used exhibited viability of 90% or higher.
New cultures were seeded at 5 X 105 cells/ml (Heinrich et al. 2005).

CRL-1459—CRL-1459 grew as adherent cells and were harvested from the flask after
removing the medium. The monolayer was then rinsed with 2 ml PBS which was removed and
discarded. 1 ml 0.25% trypsin-EDTA solution was added to the monolayer to detach cells. The
cells were incubated at 37 °C with trypsin-EDTA for 3 minutes. The flask was rinsed with 2
ml RPMI 1640 medium to remove cells and inhibit further activity of the trypsin-EDTA
solution. This rinse was added to a 15 ml conical plastic centrifuge tube. Cells were washed,
resuspended, counted and transferred as above. All cultures used exhibited viability of 90% or
higher. The use of trypsin in this and most studies may alter cell surface molecules. Here,
however, it will be shown that very different cell preparation protocols yield similar results,
suggesting that factors such as trypsinization do not significantly affect lectin binding ligands.

Bead Assay
Fixing Cultured Cells—CCL-220 and CRL-1459 were cultured and removed from flasks
following the subculturing protocol. Upon removal, cells were centrifuged at 113 x g for 3
minutes to remove media and resuspended in 1 ml serum-free RPMI 1640 medium. The cells
were then washed 3 times with PBS (without CaCl2 and MgCl2) and centrifuged for 3 minutes
each time before being fixed in 1% formaldehyde in PBS for 45 minutes at room temperature.
Fixed cells were washed 3 times in distilled water by centrifugation as described previously
and resuspended in 1 ml distilled water. The cells were used within 3 days of fixation.

Lectin Beads—Lectins used in the histochemical bead assay were: wheat germ agglutinin
– (WGA), Phaseolus vulgaris agglutinin – (PHA), and Lens culinaris agglutinin – (LCA).
These lectins were chosen because they appeared to interact differently with the different cell
lines under investigation. We found that the two isolectins of PHA, PHA-E and PHA-L, gave
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similar results (data not shown), so both of these lectins were used here interchangeably
depending upon availability. The lectin bound agarose beads were obtained from Sigma and
were washed 3 times by centrifugation at 1000 x g with distilled water suspended at a
concentration of 3mg/ml and stored at 4 °C before use. All beads were used within 3 days of
preparation.

Sugars—Haptenic sugars are those to which lectins preferentially bind. Non-haptenic sugars
are those to which lectins do not preferentially bind. The haptenic sugars (Sigma, 0.2M in
distilled water)included: N-acetyl-D-glucosamine for Triticum vulgaris agglutinin, D (+)-
glucosamine and N-acetyl-D-glucosamine for Phaseolus vulgaris agglutinin and α-methyl
mannose for Len culinaris agglutinin. L-fucose served as a non-haptenic sugar for the 3 lectins
(Liener, et al., 1986). In the case of PHA, monosaccharides not usually considered effective
happen inhibitors. In this system, however, inhibition of lectin-cell binding was observed using
the monosaccharides cited.

Haptenic Inhibition—Slides were prepared in triplicate containing droplets of 40 μl of
distilled water, distilled water with a haptenic sugar (0.2M) or distilled water with a non-
haptenic sugar (0.2M). Approximately 4 μg of washed lectin beads were added to the droplets
on the slide and gently swirled using a toothpick for 1 minute to give the lectin beads and sugar
time to interact. This was followed by the addition of 4 μl of washed fixed cells suspended in
distilled water. The cell-lectin bead suspension was also gently swirled for 1 minute and
observed using a light microscope at 100 X and 200 X magnification to determine if binding
was present between cells and beads. Positive or negative binding was recorded. Binding was
confirmed by agitating the slides to ascertain if cells touching beads were or were not bound
to the beads.

Fluorometry and Fluorescence Quantification Study
A Turner Designs model 700 laboratory fluorometer equipped with a blue mercury vapor
source, 486/510–700nm excitation/emission filters and minicell adapter (Sunnyvale, CA) was
used to measure fluorescence emission. Lectins from Lens culinaris agglutinin (LCA, Sigma
L-9262), Phaseolus vulgaris agglutinin (PHA, EY Labs F-1802–5) and Triticum vulgaris
agglutinin (WGA, Sigma L-4895), derivatized with fluorescein 5(6)-isothiocyanate (FITC)
were used in fluorescence experiments.

The fluorometer was calibrated using a TD-700 FITC solid standard (Turner Designs,
TD-7000–993) with distilled water as the blank. Fluorescence of samples was determined
relative to the standard set as 80% of maximum sensitivity and expressed as raw fluorescence
units relative to the standard (relative fluorescence in the graphs).

The background autofluorescence emission of each 230 μl sample of cells was measured prior
to the addition of the each lectin conjugated to FITC using cuvettes pre-cleaned with 70%
ethanol. FITC labeled lectin (0.5mg) was resuspended in 50 μl distilled water and mixed with
the fixed cells for 1 minute. An initial fluorescence emission reading was taken and the cells
and FITC labeled lectin were then covered in aluminum foil to prevent any photobleaching
and incubated overnight at 37 °C. A fluorescence emission reading was taken following the
overnight incubation and afterwards the cells were washed with 1 ml of distilled water by
centrifugation for 3 minutes at 1000 x g. The supernatant was removed and cells were
resuspended in 0.75 ml of distilled water for 1 minute prior to taking a fluorescence emission
reading. This washing procedure was repeated 4 times. A fluorescence emission reading and
a digital fluorescence photograph of the cells were taken after each wash. The binding study
was repeated six times for each lectin with the CCL-220 cultured and fixed cells and the
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CCL-220 ATCC frozen thawed and fixed cells. This binding study was also repeated with each
lectin for the cultured and fixed CRL-1459 line.

A control experiment was performed in order to account for any free FITC labeled lectin or
free FITC in excess that may have been carried over in the solution or adhered to the glass
cuvette that could artificially increase the fluorescence emission. This experiment was
conducted in cell-free distilled water with only FITC labeled lectin added. The emission of
free lectin was subtracted from the total emission. This control was carried out for all three
lectins in exactly the same way as with samples containing cells.

Another control experiment was done in order to quantify the autofluorescence of the cells
alone that could artificially increase the fluorescence emission. The autofluorescence control
without FITC labeled lectin was carried out in exactly the same way as the experimental
samples.

FITC Labeled Lectin and Haptenic Inhibition Study
The background autofluorescence emission of each 230 μl sample of cells in distilled water
was measured prior to the addition of each lectin derivatized with FITC suspended in 50 μl
distilled water and equal molar concentrations of either its specific haptenic sugar or a non-
haptenic sugar, as indicated previously. Cells were treated and fluorescence readings taken
with the appropriate controls as cited previously. Final concentration of sugars was 0.2M.

Qualitative fluorescence microscopy was also used to examine cell fluorescence at 1000 X
magnification. Cells were digitally photographed under normal light and UV light. Samples
were washed with 1 ml of distilled water and centrifuged for 3 minutes to obtain a pellet. After
removing the supernatant, the pellet was resuspended in distilled water for 1 minute. A 20 μl
sample was viewed on a slide and photographed at 1000 X magnification. This was repeated
until 4 washes were completed.

Titration Study
Six different concentrations of FITC labeled lectin were used to find the minimum amount of
FITC labeled lectin required to produce visually fluorescent cells at 1000 X magnification.
Samples of FITC labeled LCA, PHA or WGA at 0.5, 1.0, 5.0, 10.0, 50.0, and 100.0 ng per
milliliter were incubated with cells (90 μl) bringing the total volume to 100 μl.

Sodium Azide Live Cell Study
Live cells were incubated with a low concentration (0.05%) of sodium azide to reduce
internalization of labeled lectins, degradation of labeled lectins or other processes that require
cellular energy and may interfere with surface-labeling of live cells (Stackpole et al. 1974).

Cancer Cell Line CCL-220—Live colon cancer cells CCL-220 were grown in the tissue
culture flask and split using the standard trypsinization procedure. The RPMI 1640 medium
was removed and the live cells were washed with 0.05% sodium azide in PBS. The cells were
incubated at 37 °C with 0.05% sodium azide in PBS and 50.0 ng FITC labeled LCA, PHA or
WGA in four trials for 1 hour in separate centrifuge tubes. After incubation, cells were washed
by centrifugation once with PBS. 20 μl of cells were placed on a slide with a coverslip and
viewed at 1000 X magnification. This study was repeated four times with each lectin.

Normal Colon Cell Line CRL-1459—Cells were trypsinized and removed from the tissue
culture flask, and plated on a slide with removable chambers in serum free media. The slides
were incubated for 24 hours to allow the cells to adhere. Cells were then washed with 0.05%
sodium azide in PBS and incubated at 37 °C in 0.05% sodium azide and PBS and 50.0 ng FITC
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labeled lectin (WGA, LCA, and PHA) for 1 hour, each in separate chambers. The chambers
were removed and cells were washed by dipping the slide in a solution of PBS. The plated cells
were viewed with a coverslip at 1000 X magnification. This study was repeated four times with
each labeled lectin.

Photography
Cells in the bead binding and fluorescence study were photographed digitally at 400 X or 1000
X magnification using a Zeiss (Oberkochen, Germany) Axiolab fluorescence microscope. In
the fluorescence experiments photographs were taken in bright field and UV light. An optical
filter XF-100 (Omega Optical, Brattleboro, VT) was used for the FITC fluorescence studies.

Results
Figure 1A shows that cultured and fixed CCL-220 cells adhered to beads derivatized with LCA.
Figure 1B shows that CRL-1459 cells did not bind to LCA beads. Figure 2A shows that cultured
and fixed CCL-220 cells adhered to beads derivatized with PHA. Figure 2B shows that the
CRL-1459 cell did not bind to the PHA beads. Figure 2C shows that cultured and fixed
CCL-220 cells did not bind to PHA beads in the presence of 0.2M D-glucosamine, while they
did bind to PHA beads in the presence of 0.2M L-fucose (Fig. 2D). Cultured and fixed CCL-220
cells adhered to WGA beads. Cultured and fixed CRL-1459 did not bind to WGA beads (data
not shown). In all of these experiments, similar results were obtained in 6 repetitions of each
test.

In all cases where bead binding occurred, the haptenic sugar inhibited binding, while the non-
haptenic sugar (L-fucose) did not. Cultured and fixed CCL-220 cells always bound to the 3
types of lectin beads while cultured and fixed CRL-1459 cells did not (as found for frozen,
thawed and fixed cells in Khurrum et al. 2002).

Figures 3 and 4 illustrate sample fluorescence micrographs of some of the results that are
summarized in Table 1. The purpose of this study is not to examine each and every possible
combination of lectin and preparation method using both assays, but to test a sufficient number
of such combinations to obtain reliable information on the assays and cell preparation
procedures. Bright field images were always examined to confirm that cells were present in
all fluorescence experiments. Where the term ‘data not shown’ is used, it was felt that just
showing countless near identical fluorescence images was inappropriate.

Figure 3 is a fluorescence image showing that FITC labeled PHA bound to a cultured and fixed
CCL-220 cell. Similar results were obtained in 6 repeated experiments. Figure 4 is a
fluorescence image showing that FITC labeled LCA bound to a frozen, thawed and fixed
CCL-220 cell. Similar results were obtained in 6 repeated experiments. FITC conjugated WGA
adhered to the cultured, fixed CCL-220 line and the haptenic sugar (0.2M N-acetyl-D-
glucosamine) inhibited this binding, while 0.2M L-fucose did not (data not shown). Similar
results were obtained in 6 repeated experiments. FITC conjugated WGA bound to live
CCL-220 cells (data not shown). Similar results were obtained in 6 repeated experiments.

Figure 5 is a titration curve that shows substantial increases in fluorescence emission occurring
for the FITC labeled lectins between 50ng and 100ng of FITC conjugated lectin per ml, with
the most dramatic increases occurring with WGA and LCA, with cultured and fixed CCL-220
cells. Preliminary experiments indicated that 2 washes were optimal for removing unattached
fluorescent lectins and maintaining high cell-specific fluorescence (data not shown). Figure 6
shows that under the conditions of the assay, for cultured and fixed CCL-220 cells, the
fluorescence emission of FITC labeled WGA was about twice as great as that for FITC labeled
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PHA, while FITC labeled PHA was greater than FITC labeled LCA, but the error bars were
overlapping.

Table 1 shows that cultured and fixed, frozen-thawed and fixed and live CCL-220 cells
displayed similar percentages of fluorescing cells with the 3 FITC labeled lectins, while
cultured and fixed and live CRL-1459 both displayed reduced percentages of fluorescing cells
with the lectins tested. The CCL-220 cells, no matter what the conditions of the preparation,
showed similar percent fluorescence. The same was true for the CRL-1459 cells. The results
in Table 1 were based on 6 repeated experiments for each of the cultured and frozen-thawed
cell experiments, and 3 repeated experiments for each of the live cell experiments. When
CRL-1459 cells were found to fluoresce, fluorescence was markedly less intense with all lectins
tested than found for the CCL-220 cells. CRL-1459 fluorescence was barely visible under the
microscope and did not register well on any photographs. The results, however, suggest that
the fluorescence assay can detect low quantities of cell surface lectin receptors.

Discussion
Numerous studies have examined the effects of lectins on cancer cells (Minko, 2003; Gabor,
et al. 1998; 2002; 2004; Wirth, et al. 1998;2002; Kiss, et al. 1997; Valentiner, et al. 2002;
2003, Bangchonglikitbul, 2002; Lorea, et al., 1997; Lityńska, et al. 2001; Schwarz, et al.
1999) and some studies report use of lectins in supplemental cancer therapy in humans (Fritz,
et al., 2004; Thies, et al., 2005). Few studies have screened cancer cells and their normal
counterparts for binding compounds such as lectins in order to determine if compounds can be
identified that differentially bind to cancer cells and minimally to their normal counterparts
(Bakalova and Ohba, 2003; Heinrich, et al., 2005). This is important especially in light of the
findings that lectins need to bind to cells so that they can be internalized by the cells to exert
their toxic effects (Gorelick, et al., 2001; Wirth, et al., 2002; Gabor, et al., 1998; 2002; 2004;
Schwarz, et al. 1999; Kim, et al., 1993).

Past studies have shown that human colon cancer cells bind better to specific lectins than do
their normal counterparts, using the bead binding assay (Khurrum, et al., 2002; Heinrich, et
al., 2005) and that lectins that bind better to the cancer cells are more toxic to these cells under
certain culture conditions and incubation times (Heinrich, et al. 2005). Those studies, however,
used only lectin bead binding and cultured cancer cells. Here, we expand the study to ascertain
if conventional fluorescent-lectin binding techniques, which are more time consuming than the
bead assay, validate the bead-binding results. We show that the quickest of all approaches to
screen cells for binding affinity, namely the use of frozen, thawed and fixed cells provides
similar results to using cultured and fixed cells (Khurrum, et al., 2002) with both the bead and
fluorescence assays. This is important because frozen, thawed and fixed cells can be used in
hundreds of binding affinity assays in minutes and do not depend upon continuous cell culture.
This is of benefit for research purposes since thousands of compounds, therefore, can be rapidly
screened for differential binding to cancer and non-cancer cells for possible development of
new anticancer drugs or drug delivery agents based on binding affinities. This result also
supports the possibility that this technique can be used in the future for diagnostic purposes
using frozen thawed cell and tissue samples.

This study therefore shows that cultured and fixed cells; frozen, thawed and fixed cells; and
live cells all display similar lectin binding characteristics, and also helps explain and validate
some important past findings. All previous studies using only the bead assay suggested that
only CCL-220 cells bound the lectins studied, while CRL-1459 did not. Assuming that lectins
need to bind to cells, to be internalized, and exert their toxic effects (Gorelick, et al., 2001;
Wirth, et al., 2002; Gabor, et al., 1998; 2002; Schwarz, et al., 1999; Kim, et al., 1993), bead
binding studies could not explain why CRL-1459 cells were also killed in culture (to a lesser
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extent at some incubation times) by the lectins studied (Heinrich, et al. 2005). This work
illustrates that the bead assay is useful for identifying cells with large numbers of lectin binding
ligands, but may not pick up cells with low ligand numbers. The fluorescence assay is more
sensitive than the bead assay and appears able to pick up cells with fewer ligands, suggesting
that lectin binding ligands on CRL-1459 are reduced not totally absent.

The results of this and past studies combine to provide a detailed picture of the nature of the
bead assay. Many years ago it was found that beads derivatized with the same compound
sometimes behaved very differently (Salbilla, et al. 1999), and depend upon the nature of the
spacers that separate the derivatized compound from the surface of the bead. The number of
spacers can vary widely, leading to different distances that the derivatized compounds are from
the bead surface. This influences the ability of a bead to bind to a cell as would the density of
derivatized compounds on the bead surface (Salbilla, et al., 1999). We have studied the spacer
problem allowing the prediction of possible problems with certain types of beads that can be
excluded from experiments (Salbilla, et al., 1999).

Optimization of experimental parameters is not confined to the bead assay. We, for example,
showed here that the fluorescence assay also must be carefully designed so that there is enough
of the FITC derivatized lectin to provide detectible fluorescence emission, as illustrated by the
titration study. In addition, the fluorescence assay requires numerous controls as in the
experiments described here. The validity of both the bead and the fluorescence assays can be
confirmed by hapten inhibition experiments.

It is clear, therefore, that each assay has distinct advantages and disadvantages. These have
been thoroughly described in this study, improving our understanding of the nuances associated
with these assays and the nuances that must be considered to effectively use them in various
experimental systems. It is this comparative in depth examination of the nuances of both assays
that make this study novel and useful. In addition, this study provides evidence that the use of
frozen, thawed and fixed cells along with the bead assays is the most rapid mass screening
approach to identify various cell surface properties.
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Figure 1.
Figure 1a. Positive binding of cultured and fixed colon cancer cells (CCL-220) to agarose beads
derivatized with Lens culinaris agglutinin (LCA) in distilled water. Larger spheres are the
beads, smaller spheres are the cancer cells. Viewed at magnification 200X.
Figure 1b. Negative binding of cultured and fixed colon non-cancer cells (CRL-1459) to
agarose beads derivatized with Lens culinaris agglutinin (LCA) in distilled water. Larger
spheres are the beads, smaller spheres are the cancer cells. Viewed at magnification 200X.
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Figure 2.
Figure 2a. Positive binding of cultured and fixed colon cancer cell (CCL-220) to an agarose
bead derivatized with Phaseolus vulgaris agglutinin (PHA) in distilled water. Larger sphere is
the bead, smaller spheres are the cancer cells. Viewed at magnification 1000X.
Figure 2b. Negative binding of cultured and fixed colon non-cancer cell (CRL-1459) to an
agarose bead derivatized with Phaseolus vulgaris agglutinin (PHA) in distilled water. Larger
sphere is the bead, smaller sphere is the cancer cell. Viewed at magnification 1000X.
Figure 2c. Negative binding of cultured and fixed colon cancer cells (CCL-220) to agarose
beads derivatized with Phaseolus vulgaris agglutinin (PHA) and 0.2M D-glucosamine in
distilled water. Larger spheres are the beads, smaller spheres are the cancer cells. Viewed at
magnification 200X.
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Figure 2d. Positive binding of cultured and fixed colon cancer cells (CCL-220) to agarose beads
derivatized with Phaseolus vulgaris agglutinin (PHA) and 0.2M L-fucose in distilled water.
Larger spheres are the beads, smaller spheres are the cancer cells. Viewed at magnification
200X.
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Figure 3.
Fluorescence image of cultured and fixed colon cancer cell (CCL-220) stained with FITC
labeled Phaseolus vulgaris agglutinin (PHA). Viewed at magnification 1000X.
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Figure 4.
Fluorescence image of ATCC frozen, thawed and fixed colon cancer cell (CCL-220) stained
with FITC labeled Lens culinaris agglutinin (LCA). Viewed at magnification 1000X.

Welty et al. Page 16

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

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
FITC labeled lectin titration. Shows relative fluorescence emission of cultured and fixed
CCL-220 cells with increasing concentrations of FITC labeled lectins after 2 washes. Results
based on 3 trials. Fluorescence on the Y axis is in relative units
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Figure 6.
Relative fluorescence emission per CCL-220 cell incubated with FITC labeled lectins. Raw
fluorescence was divided by the number of cells per sample to get the relative fluorescence per
cell. Average readings based upon 6 separate samples. Bars indicate standard error of the mean.
Fluorescence on the Y axis is in relative units.
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Table 1
Percent Fluorescing CCL-220 and CRL-1459 cells following various treatments using 3 FITC labeled lectins. A
total of 380 cells were examined. Frozen CRL-1459 cells were unavailable.

% Fluorescing CCL-220 Cells % Fluorescing CRL-1459 Cells
Cultured Frozen Live Cultured Live

FITC Lectin
LCA 96 90 60 36 41
PHA 90 99 80 47 44
WGA 91 96 100 41 NA
CRL-1459 fluorescence was much less intense than CCL-220 fluorescence. Cultured= cultured, fixed. Frozen=frozen, thawed, fixed. Live=unfixed.
NA=Not done, cells unavailable. Details in Material and Methods. % Fluorescing cells= (number of fluorescing cells/total number of cells) x 100.
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