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ABSTRACT

CONCANAVALIN A DERIVATIVES
AND CELL AGGLUTINATION
by
Loren Walter Knapp
Master of Science in Biology
June, 1974
Agglutination of S-180 ascites tumor cells mediated
by Concanavalin A (ConA) and biologically active succinyl
and acetyl ConA derivatives was quantitatively measured
and compared, using an electronic particle counter assay.
ConA causes agglutination of tumor cells in vitro.

Com-

pared to ConA, succinyl ConA (SConA) and acetyl ConA
(AConA) cause a substantial reduction in agglutination.
Agglutination mediated by ConA, SConA and AConA was
affected by pretreatment of the tumor cells with cytochalasin B (cyto B) and colchicine.

Cyto B causes

inhibition of cellular microfilarnents while colchicine
causes inhibition of microtubules.

ConA mediated aggluti-

nation of cyto B pretreated tumor cells was greater than
ConA mediated agglutination of untreated cells.

Aggluti-

nation mediated by SConA and AConA contrasted sharply
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from the ConA profile.

SConA and AConA mediated

agglut~

nation of cyto B pretreated tumor cells was less than
SConA and AConA mediated agglutination of untreated cells.
ConA mediated agglutination of tumor cells was not
substantially changed by colchicine pretreatment; however,
reduced agglutination of colchicine pretreated tumor cells
with SConA and AConA was observed.

Inhibition of protein

synthesis with cycloheximide does not appear to affect
agglutination, while reduction in temperature decreases
agglutination.

This decrease in agglutination may be

related to reduced ConA receptor site clustering which
is necessary for effective intercellular connections.
These results indicate that derivatized ConA may
have a reduced binding affinity for ConA receptor sites
on the cell surface.

This may reduce the clustering of

ConA receptor sites and therefore reduce agglutination
of these cells.

Although microfilaments and microtubules

have not been shown as fine structural elements in these
cells, the results suggest that ConA receptor sites on
the cell surface may be associated with microfilaments
and microtubules.

viii

INTRODUCTION

The biochemical differences between normal and tumor
cells have been studied in many areas of biology.

An

understanding of these differences is not yet complete.
Tumor cells may reflect slight variations in cellular
development.

These may be all that are required to dis-

rupt normal continuity of cell develo,pment and send the
cell on an aberrant course.

Since each small piece to

this puzzle of differences is important, a variety of
approaches to its solution is justified and necessary.
The plant protein Concanavalin A {ConA) appears to
be an extremely important macromolecule in terms of its
application as a biochemical probe into elucidating certain basic cell surface phenomena {Sharon and Lis, 1972).
ConA is one of a great number of proteins in a class of
macromolecules with cell agglutinating properties.

The

group has been operationally defined as lectins and
includes proteins and glycoproteins extracted from plant
seeds, plant roots and bark, invertebrates and vertebrates
{Sharon and Lis, 1972).
ever is plants.

The main source of lectins how-

ConA is derived from the jack bean,

Canavalia ensirormis, and is a potent hemagglutinating
substance.

It is nonspecific because it does not selec-

tively agglutinate blood-type specific red blood cellse
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It possesses saccharide-specific binding-sites within its
macromolecular structure which determines its affinity
in agglutinating cells that possess specific sugar residues on their cell surfaces.

Alpha-D-mannopyranosides

and alpha-D-glucopyranosides inhibit reversibly the
agglutination of cells with ConA, by interacting with
the ConA molecule and occupying its 4 saccharide bindingsites, (Peretz and Goldstein, 1970).

Activity of the ConA

molecule is also dependent on transition metal ions
(Agrawal and Goldstein, 1968) and calcium ions which must
be bound to sites on the molecule before saccharide
binding can take place.
A great deal of physicochemical work has been done
on the structure of ConA (Cunningham et al, 1972; Hardman et al., 1971; Quiocho et al,., 1971; Edelman et al., 1972;
Waxdal et al., 1971; Poretz and Goldstein, 1970; Agrawal
and Goldstein, 1967; Goldstein and So, 1965; Agrawal and
Goldstein, 1968; Agrawal and Goldstein, 1967a).

The in-

terpretation of the data reveals that ConA is a tetrameric
protein with a molecular weight of approximately 100,000
at a pH over 6.7, and that it forms a dimeric form below
this pH.

The X-ray crystallographic findings at 2-ang-

strom resolution indicate that the asyrrunetric unit (or
protomer} has a molecular weight of approximately 26,000
{Gunther et al., 1973) and forms an elliptical dome with
a base of approximately 42 x 40 angstroms and a height of
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39 angstroms (Edelman et al,, 1972).

The protomers are

paired to form dimers which in turn associate to form
tetramers of roughly tetrahedral shape.

A single site

for saccharide binding is found on each pro.tomer in a
depression located on the molecular surface (Sharon and

Lis, 1972).

Although a tentative amino acid sequence has

been proposed for ConA (Edelman et al4 1972), the precise
molecular structure is as yet unknmvn.
The most important aspect of ConA molecules is their
specific saccharide binding property.

This is a property

of lectins in general and has been useful in demonstrating
the presence and nature of the saccharides incorporated

in cell surface macromolecules.

The importance of carbo-

hydrates on the cell surface has been demonstrated using
mouse ascites teratoma tumor cells in vitro, as well as
other tumor cell lines and embryonic cells (Oppenheimer
et al., 1969; Oppenheimer and Humphreys, 1971; Oppenheimer
and Odencrantz, 1972: and Oppenheimer, 1973}.

Other de-

tailed studies of cell aggregation and cell recognition
have also indicated the importance of sugar containing
macromolecules on, or associated with, the cell surface
(Pessac and Defendi, 1971; Hausman and Moscona, 1973;
Turner and Burger, 1973; Henkart et al., 1973; Rosen et al.=,
1973; Roth et al., 1971; Roth and White, 1972; McGuire,
1972; Hakomori et al., 1972; Roseman, 1968; Chipowsky et aL,
1973; Moscona, 1971; Kleinschuster and Moscona, 1972; and
Krach et al., 1974).
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Hypotheses concerning the nature of the saccharide
containing lectin binding-sites on the cell surfaces have
undergone rapid conceptual changes over the past few
years.

It was initially thought that the difference

between the agglutination of transformed or trypsinized
cells on the one hand and the lack of agglutination of
normal cells of the same type on the other could be
attributed to the masking of lectin binding-sites on the
surface of normal cells.

This "cryptic site" hypothesis

was put forth by Burger (Burger, 1969; and Inbar and
Sachs, 1969), but it was subsequently shown that there
were no differences in the numbers of molecules of
labeled lectin bound to normal, trypsinized or transformed cells (Cline and Livingston, 1971; Ozanne and
Sarnbrook, 1971).

This discovery led the way for the

hypothesis of Nicolson (Nicolson, 1971; Nicolson, 1972)
which accounted for a difference in agglutination even
though the same amount of lectin (in this case, ConA)
was bound by normal,

try~sinized

and transformed cells.

Nicolson proposed that there was a topographical difference in the distribution of the ConA receptor sites
after either trypsinization or viral transfor:mation which
accounted for the agglutination of these cells.

His work

with ferritin-conjugated ConA indicated that there was a
clustering of the ConA receptor sites in the plane of
the membrane following proteolytic enzyme treatment or

5

transformation.
tion of cells.

This clustering may promote the agglutinaThe clustered sites appeared to be in-

volved in the formation of intercellular ConA crossbridges between agglutinating cells.
Several studies have indicated that cell surface
macromolecules, which have been shown to be mobile in
the plane of the membrane (Frye and Edidin, 1970) , are
capable of having their distributions on the membrane
altered by the binding of multivalent ligands such as
ConA (DePetris et al., 1973: and Rosenbli th et al., 1973) •
Rosenblith indicates that only proteolytically pretreated
or transformed cells are capable of undergoing ligand induced ConA receptor site clustering, and that normal cell
ConA receptors are not capable of this clustering.

This

may reflect an increased mobility of lectin binding-sites
on transformed or protease treated cells.

DePetris tested

the hypothesis that clustering of the ConA receptor sites
was a secondary effect induced by the binding of multivalent ConA (DePetris et aL, 1973).

He attempted to

correlate the pattern of induced redistribution and
agglutinability in normal, trypsinized and transformed
cells.

He found that there was no appreciable difference

in the distribu·tion of ConA receptor sites among the three
groups of cells, and that clustering of these receptors,
though perhaps important, was not sufficient to explain
the differences in agglutination.

The fluid mosaic model
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of the cell membrane (Singer and Nicolson, 1972) was
developed to account for mobility of macromolecules in
the plane of the membrane (Frye and Edidin, 1970;
Nicolson, 1971; Branton, 1969; Pinto da Silva and Branton,
1970).

There is some normal clustering of particles or

antigens in the cell surface.

These particles, as well

as ConA receptor sites, may be attached to a peripheral
subcellular interconnecting system of proteins making up
a "cytoskeleton" (Nicolson and Painter, 1973), or they
may interact with cytoplasmic structures such as microfilaments or microtubules (Gunther et aL, 1973; Berlin and
Ukena, 1972).

In either case the linking of membrane

bound macromolecules through intracellular interconnections would make agglutination more than just a cell
surface phenomena.
Lectins may be chemically modified to better understand lectin-cell surface interactions.

This has been

done by Burger and Noonan (1970) and by Steinberg and
Gepner (1973).

Burger and Noonan prepared a "univalent"

form of ConA by digestion of the parent lectin (ConA} with
chymotrypsin.

The purpose of the treatment was to break

do\m the ConA to a form which would have only one saccharide binding-site, and would block the receptor site on
the cell surface without causing cell agglutination.

This

enzyme digest was then added to a cultured tumor cell line
\-lhich had escaped contact inhibition.

The results were
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dramatic:

the cells ceased their uncontrolled growth and

became contact inhibited.

Steinberg, working· with

agglutination of chick embryo neural retina, showed that
pretreatment with chymotrypsinized, "univalent" ConA,
followed by the addition of untreated ConA, caused an
inhibition of the ConA mediated agglutination of these
cells.

Concurrent with these experiments he tested the

possible interference of the chymotrypsinized ConA with
normal cell reaggregation and found that no interference
occurred.

Enzyme digested ConA has been the subject of

some criticism because of the difficulty in reproducing
the results in other laboratories, but this does not
reflect on the general importance of developing modified
lectin compounds.
Another method of modifying lectins which maintain
biological activity was developed in Edelman's laboratory
(Gunther et

al~

1973) •

ConA was subjected to treatment

with succinic or acetic anhydride.

Chemical modification

of the free amine groups, as well as hydroxy phenolic
groups of the constituent amino acids, was carried out.
There was a demonstrable difference in the agglutination
of lymphocytes using untreated ConA and the derivatives.
ConA agglutinated sheep erythrocytes and mouse splenic
lymphocytes to a greater extent than did succinyl ConA.
The authors attribute this activity, as well as other
differences in ConA stimulated phenomena, to the reduction
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of the valence of the derivatized form.
The purpose of this present work is to quantitatively
examine the initial agglutination kinetics of Sarcoma-180
cells, a mouse-bourne ascites tumor cell line, mediated
by ConA and biologically active succinyl and acetyl
derivatives of ConA.

MATERIALS AND METHODS

Procedures for maintenance of the cell lines and
for preparation of these cells for use are described.
Preparation of salts solutions and ConA derivatives, as
well as procedures for electrophoresis and column
chromatography, are also described.
Tumor Cell Line
The ascites tumor line (Sarcoma 180) was obtained
by Dr. Steven Oppenheimer from Dr. Melvin Cohen of the
Salk Institute, and from Mr. Samuel M. Poiley (1963,
SKI line).

The tumor has been maintained in this

laboratory by intraperitoneal passage in male Swiss
Webster mice.

The tumor was passed by preparing a

suspension of cells from the peritoneal cavity, cleaning
and pelleting by centrifugation, and diluting the cells
with Hanks' balanced salts solution immediately before
injection of 1 ml of this preparation into recipient
mice.

This concentrated suspension allows for rapid

development of undifferentiated tumor cells (5-10 days)
for laboratory use.
Preparation of the Tumor Cells for

Experiment~

Cells were extirpated from the peritoneal cavity of
Swiss Webster mice sacrificed by cervical dislocation,
and suspended directly in cold glucose free Hanks'-Hepes
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(GFHH) in plastic petri dishes.

These cells were then

washed twice by gentle centrifugation in 15 ml conical
centrifuge tubes in GFHH at 1/5 speed in an International
Clinical centrifuge.

The cells (1-5 x 10 6 cells/ml) were

suspended in pH 7.5 GF.HH with or without various concentrations of additives to be tested.

Cell suspensions

of 0.2 ml were placed in one dram screw top vials on a
gyratory shaker with a 4 5/8 inch diameter of rotation,
operating at 65 rpm, maintained at 37°C.

At various time

points the vials were placed on ice, diluted with 10 ml
of Isoton and counted with an electronic particle counter
using the assay described by Oppenheimer and Odencrantz
(1972).

Viability of cells was determined by dye ex-

clusion using nigrosin dye (Kaltenbach et al 4 1958).
Ninety-five to one hundred percent viability was maintained in all experiments unless otherwise noted in text.
Other I.ive Materials
Sea urchin:

Strongylocentrotus purpuratus was

collected along the rocky intertidal zone along the
southern California coast (Flat Rock, Palos Verdes, Ca.)
and kept in refrigerated aquaria until used.

Eggs and

sperm were released after intracoelomic injection of
1-2 ml of 0.55M KCl and collected separately.

Eggs were

suspended in filtered sea water buffered to pH 8.0 with
Tris.

Fertilization was carried out using standard

procedures (Oppenheimer and Odencrantz, 1972) and zygotes
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allowed to develop to 24-48 hour embryos.

Dissociation

of embryos was carried out in calcium-magnesium free
sea water (CMFSW)

(Krach, et al., 1974).

Final separation

in CMFSW with 10 micrograms of DNAase was accomplished
by aspiration with a Pasteur pipet.

Cells were used

immediately and experiments run at 17°C.
Chick embryo neural retina:

Fertilized chick eggs

(Kimber Farms, Inc., Pomona, Ca.) were placed in a humidified incubator at 37°C-39°C and rotated once daily.

Cell

suspensions were obtained from 6-8 day chick embryo neural
retinas which were obtained from freshly sacrificed chick
embryos.

Eyes were suspended in Hanks' balanced salts

solution and operations performed to separate the neural
retina from the pigmented retina and other unusable portions of the eye, using watchmakers' forceps.
retinas were dissociated in two ways:

The neural

1) Suspension of

the retinas in calcium-magnesium free Hanks'-Hepes for
20 minutes at 37°C, followed by mild aspiration through
a Pasteur pipet; or 2) Chemical dissociation by preincubation in 0.7% crude trypsin in calcium-magnesium free
solution for 20 minutes at 37°C, followed by the addition
of DNAase and short, gentle aspiration through a Pasteur
pipet.

In both cases cells were used immediately after

dissociation and experiments were carried out at 37°C.
Nigrosin dye exclusion viability tests were run on both
sea urchin and chick embryo neural retina cells.
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Celloscope Settings
Celloscope settings for S-180 tumor cells were:
current

= l/8;

gain

=6

with the window at 100-900.

Settings for sea urchin material were:
gain

= 12

current

with the window set at 100-800.

= 1/2;

Celloscope

parameters for chick embryo material (chemically or
mechanically dissociated neural retina cells) were:

=1;

current

gain

=

8~

with the window set at 200-700.

In all cases the Celloscope debris window which detects
cell lysis was operating to insure counts of viable cells
in the suspensions (Orr and Roseman, 1969; Oppenheimer
~ al~

1969; Oppenheimer and Odencrantz, 1972; Oppen-

heimer et al., 1973).
ReaS[?nt.s
Succinic anhydride and acetic anhydride, Matheson,
Coleman and Bell, Norwood, Ohio; Dimethylsulfoxide, colchicine and cycloheximide, Sigma Chemical Co.,

st.

Louis,

Mo.; Cytochalasin B, Aldrich Chemical Co., Inc., Milwaukee, Wis.; Concanavalin A, Pharmacia, Sweden; Hepes and
Concanavalin A, CalB1oChem, San Diego, Ca.; Isoton,
Coulter Electronics, Hialeah, Fla.; pancreatic trypsin
1:250, Difco Labs, Detroit, Mich.; DNAase, 1 x crystallized and lyophilized, Sigma Chemical Co., St. Louis, Mo.;
methyl-alpha-D-mannopyranoside, Lot 200951, CalBioChem,
Sru1 Diego, Ca.; Nigrosin (water soluble), Phenol red USP
indicator Na 0317, Allied Chemical, Morristown, N. J.
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All additive solutions were freshly prepared and the pH
adjusted before addition of cells.

Cytochalasin B was

dissolved in 100% dimethylsulfoxide (DMSO).

The final

concentration of DMSO in experiments was 1-2%, and all
control experiments which involved cytochalasin B likewise contained 1-2% DMSO.
Electrophoresis:

SDS (sodium dodecyl sulfate)

DX2490 T7003, beta-mercapto ethanol MX310 6377, Acrylamide AX330 7512, Anwonium persulfate AX1340 CB151,
Matheson, Coleman and Bell, Norwood, Ohio; Temed
(N,N,N' ,N'-tetramethyl-ethylenedimnine) 8178, bis
(N,N'-methylenebisacrylamide) 8383, Eastman Organic
Chemicals, Rochester, N. Y.; Bromphenol Blue Sodium Salt,
Allied Chemical, Morristown, N. J.; Coomassie brilliant
blue B0630, Sigma Chemical Co., St. Louis, Mo.
9olumn Chromatography:

Biegel PlSO 81303, BioRad

Laboratories, Richmond, Ca.
Equipment
Model 112 LT Celloscope (Particle Data, Inc.);
Beckman DBG Spectrophotometer; Beckman pH Meter; Sorval
RC2-B Centrifuge; Golden Pup Retriever Model 1100,
Instrument Specialties Co.
Media
Hanks' balanced salts solution plus N-2-hydroxyethyl
piperazine-N'-2-ethanesulfonic acid buffer (Hepes) contained the following:
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Component

Mg/liter

NaCl

8000.0

KCl
Na2 HP0 *2H 2 o
4
Mgso 4 •7H 2 o
KH2P04
Glucose

400.0
60.0
100.0
60.0
1000.0

CaC1 2

140.0

MgCl2•6H20

100.0

NaHC03

350.0

Phenol red

10.0

Hepes buffer was added to give a O.OlM concentration and
the pH of the solution was adjusted to 7.5 with NaOH or
HCl using a Beckman pH meter.
Glucose Free Hanks'-Hepes (GFHH)
This solution was prepared precisely as the complete
balanced salts solution above except that glucose was
omitted.

In all cases in which ConA or either of its

derivatives were used, GFHH was used exclusively because
of the known interaction of glucose with the bindingsites in these lectins.
Preparation of Succinyl and Acetyl Derivatives of ConA
One hundred milligrams of ConA were dissolved in
25 ml of a saturated solution of sodium acetate at room
temperature, centrifuged, and the supernatant transferred into a 50 ml flask containing 30 mg of succinic
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anhydride (Matheson, Coleman and Bell P 2503 SX1055).

This

mixture was stirred magnetically in an ice bath for one
hour and then dialysed overnight against several changes
of water.

This was followed by lyophilization and a

second derivatization as follows:

derivatives were

dissolved in 20 ml of saturated sodium acetate and the
supernatant was collected in a flask containing 30 mg
of succinic anhydride.

This mixture was then stirred

for 90 minutes at room temperature, follmved by exhaustive
dialysis against water, followed by lyophilization to
give the final product (Gunther et al., 1973).
tion was carried out in a similar fashion.

Acetyla-

Twenty-five

mg of ConA were dissolved in 7 ml of a saturated sodium
acetate solution at room temperature, centrifuged, and
the supernatant collected.

Forty microliters of acetic

anhydride (Matheson, Coleman and Bell, AX80 CB102) were
then added to the protein solution and stirred for 60
minutes in an ice bath.

The derivative was dialysed

against several changes of water overnight and lyophilized
to give the final product (Gunther et

al~

1973).

SDS Polyacrylamide Gel Electrophoresis
Preparation of electrophoresis gels and protein
samples followed the procedures of Heber and Osborne
(1969).

Protein samples of ConA, SConA and AConA were

dissolved in 0 .. 1% SDS (recrystallized from ethanol) and
0.1% beta-mercaptoethanol in

O.Oh~

sodium phosphate
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buffer at pH 7.

Ten, 25, 50 and 100 ,u.g samples of each

protein were dissolved in glycerol on top of freshly
prepared 10% polyacrylamide gels and run for 3.75 hours
with 8 milliamps applied current.

Bromphenol blue was

run in 4 tubes to indicate molecular movement in the
gels.

Coornassie brilliant blue solution was applied to

gels after electrophoresis.

Staining was for 4 hours.

Destaining was in acetic acid and rnetha..'1ol.
Column Chromatography
Biogel P-150 acrylarnide beads were used with 0.9 x
45 ern glass columns.

Neither Sephadex (glucose polymer)

nor Sepharose (galactose polymer) were used because of
the interaction or possible interaction between them and
the saccharide-binding ConA and derivatives.

P-150

columns were equilibrated with 0.2 ionic strength salinephosphate buffered solution, pH 7.5 at 4°C, before use.
ConA and SConA protein samples (5 rng/ml) were dissolved
in this buffer before application onto the column.
flow rate was approximately 6 rnl per hour.

The

One-rnl

samples were collected using an automatic sample collector and absorbance profiles of

sa..~ples

were made with

a Beckman DBG spectrophotometer operating at 280 nanometers.

RESULTS

Effect of ConA, Succinyl ConA (SConA) and Acetyl ConA
(AConA) at 10 pg/ml on agglutination of S-180 ascites
tumor cells.

Figure I shows the differential effect of

the three forms of ConA on the initial agglutination
kinetics of the S-180 cells.

ConA has a demonstrably

greater effect than either SConA or AConA on the agglutination of the cells in the first 40 minutes in rotated
cultures.

Time points were at 10 minute intervals so as

to follow as closely as possible the initial cell interaction before the rate decreased and the graph began to
level off.

The 10 minute interval was chosen because in

later experiments the limiting factor was the time needed
to count several samples.

Variations from this pattern

were rare and possible explanations involve the occasional
unpredictable nature of the tumor cells themselves.

Varia-

tions in absolute percent agglutination between experiments
were often large, but relative percentages of single experiments almost always indicated a great difference in
agglutination activity between ConA and its derivatives,
ConA always being more effective than either of the
derivatives by 5-30%.
Effect of preincubation in cytochalasin B (20 pg/ml)
on the agglutination of S-180 ascites tumor cells mediated
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FIGURE I.

Effect of ConA, SConA and AConA upon

agglutination of Sarcoma 180 tumor cells.

Cells were

suspended in GFHH balanced salts solution with 10 pg/ml
concentrations of each of the following:
SConA (2}, and AConA (3}.
in GFHH alone.

ConA {1},

Control {4) was suspended

All cells were rotated at 65 rpm in

one dram screw top vials at 37°C and counted by
electronic particle counter at 10 minute intervals.
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by ConA, SConA and AConA.

Figure II indicates that ConA

agglutination with 10 pg/ml of the lectin is promoted by
pretreatment of the S-180 tumor cells in 20 pg/ml of cytochalasin B.

There is a clear difference however between

the activity of ConA, SConA and AConA.

Both SConA and

AConA show a dramatic decrease in effectiveness in the
promotion of agglutination with cells which have been
pretreated with 20flg/ml of cytochalasin B for 30 minutes
at 37°C.

This effect was reproduced six times with cells

obtained from different mice in which the tumor had been
allowed to develop in vivo for different lengths of time
ranging from 5-10 days.

Increase in the concentrations

of cytochalasin B (100 pg/ml) , ConA, SConA and AConA
(20 pg/ml respectively) caused even greater promotion of
agglutination mediated by ConA but no further decrease in
derivative mediated agglutination.

Similar results were

obtained in six separate experiments.

Cytochalasin B

always reduced SConA agglutination by 31-39%, and AConA
agglutination by 5-17%.

ConA agglutination was promoted

by 21-32%.
Effect of preincubation in colchicine (OoOOlM on the
agglutination of S-180 ascites tumor cells mediated by
ConA, SConA and AConA.

Figure III indicates that, as in

the case with cytochalasin B pretreated S-180 tumor cells,
there was a pronounced reduction in the ability of the
ConA derivatives to mediate agglutination when the cells
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FIGURE II.

Effect of preincubation with cytochala-

sin B on agglutination mediated by ConA, SConA and AConA.
Cells were suspended in GFHH with 20 pg/ml concentration
of cytochalasin B for 30 minutes at 37°C (1-4) or without
cytochalasin B at 37°C (5-8) rotated at 65 rpm.

DMSO

used to solubilize cytochalasin B was added to controls
to equal the 1% DMSO present in cytochalasin B pretreated
cells.

ConA (1), SConA (2), and AConA (3) were added to

give a final concentration of 10 pg/ml in the cytochalasin B treated cells.

Cytochalasin B control (4)

was in GF.HH with 1% DMSO.

ConA (5), SConA {6) and

AConA (7) were also added at 10 pg/ml concentration to
cells without cytochalasin B .present and normal control
(8) was in the presence of GFHH alone.

22

8 .

G

5
6

~

.

2

o~~~---~i:;.~~'1..~~~=--- ...~11~~ .

0

10

20

30

TlrJ:E ( mh=autcs)

40

23

FIGURE III.

Effect of preincubation with colchicine

on agglutination mediated by ConA, SConA and AConA.

Cells

were suspended in GFHH with .OOlM colchicine (1-4) for
30 minutes at 37°C and rotated at 65 rpm or without pretreatment with colchicine (5-8) for 30 minutes at 37°C
and rotated at 65 rpm.

ConA (1), SConA (2) and AConA (3)

were added to give a final concentration of lOjlg/ml and
colchicine control (4) was in GFHH only.

ConA (5),

SConA (6) and AConA (7) were added to cells not preincubated in colchicine and the control (8) for this
group was suspended in GFHH alone.
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were preincubated in O.OOlM colchicine for 30 minutes
at 37°C, with final concentrations of ConA and its derivatives of 10 pg/ml.

Colchicine did not significantly

inhibit agglutination with intact ConA.

The experiments

were repeated four times with similar results.

Colchicine

always reduced SConA agglutination by 9-36% and AConA
agglutination by 11-22%.
Effect of

preincubat~on

in cycloheximide (150 pg/ml)

on the agglutination of S-180 tumor cells mediated by ConA,
SConA ru1d AConA.

Figure IV relates the data on the effect

of this protein synthesis inhibitor on the agglutination
ability of each of the lectins.

Preincubation with cyclo-

heximide was for 60 minutes, and in no case was there a
significant difference between the agglutination profile
with ConA or ConA derivatives of cells with or without
cycloheximide.

Decrease in protein synthesis by cyclo-

heximide was not measured.

The controls show some inherent

aggregating ability but little is understood concerning the
variable interaction of tumor cells from different mice at
different stages in tumor development.

In four separate

experiments the results were similar.
Effect of temperature on the agglutination of S-180
ascites tumor cells mediated by ConA, SConA and AConA.
Figures Va, b and c represent a single experiment showing
the effect of temperature on the Con.A media·ted agglutination using a lectin concentration of 10 )lg/ml.

The
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FIGURE IV.

Effect of preincubation with cyclohexi-

mide in agglutination mediated by ConA, SConA arid AConA.
Cells were suspended in GFHH with 150 pg/ml of cycloheximide (1-4) for 60 minutes at 37°C and rotated at
65 rpm, or without pretreatment with cycloheximide (5-8)
under the same conditions.

ConA (1}, SConA (2} and

AConA (3) were added to suspensions to give a concentration of 10 pg/ml each while the cycloheximide control
was suspended in GFHH only.

ConA (5), SConA (6) and

AConA (7) were also added to cell suspensions not preincubated in cycloheximide at 37°C and rotated at 65 rpm.
The control (8} was suspended in
identical conditions.
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FIGURE V.

The effect of temperature on the agglu-

tination of s-180 tumor cells mediated by ConA, SConA
and AConA.
a.

The cells were maintained at 25°C, rotated at

65 rpm in the presence of 10 pg/ml ConA (1), SConA (2}
and AConA (3).

The control (4) was maintained in the

absence of ConA or derivatives.
b.

The cells were maintained at 15°C, rotated at

65 rpm in the presence of 10 pg/ml ConA (1), SConA (2)
and AConA (3).

The control (4) was maintained in the

absence of ConA or derivatives.
c.

The cells were maintained at 1°C, rotated at

65 rpm in the presence of 10 pg/ml ConA (1), SConA (2)
and AConA (3}.

The control (4) was maintained in the

absence of ConA or derivatives.
Cell suspensions in the presence of 10 pg/ml of ConA (5),
SConA (6) · and AConA (7), as well as a control (8) without ConA or derivatives present, were maintained at
0

37 C, rotated at 65 rpm, and run separately with each
test temperature for comparison.
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temperatures used were near-zero ice bath conditions
{1°C), 15°C, room temperature (25°C), and the standard
37°C.

There was a reduction in agglutination at all

temperatures below the physiological optimum of 37°C.
Reversibility of the agglutination effects of ConA,
SConA and AConA with the lectin binding-site specific
hapten sugar alpha-methyl-D-mannopyranoside.

Figure VI

demonstrates the effective inhibition of ConA agglutination of the tumor cells with the addition of 0.4M
hapten sugar to the GFHH incubation medium.

This effect

is also demonstrated in cases of the ConA derivatives
suggesting that the binding-sites present on the parent
lectin are also present on the derivatives.

The agglutina-

tion in the presence of hapten sugar was below the cont.rol
agglutination in all cases.

ConA and derivatives were

present in the standard 10 pg/ml concentrations and standard temperature of 37°C.

Two experiments showed similar

results.
Effect of ConA, SConP. and AConA on the agglutination.
of embryonic sea urchin cells.

A single experiment using

100 pg/ml of ConA and its derivatives indicated that
agglutination took place with the same general hierarchy
of effectiveness as in the case of the S-180 tumor cells.
ConA was the most effective agglutinator, followed by
SConA and AConA.

Figure VII shows the results.

Viability

in this experiment, as indicated by nigrosin dye exclusion,
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FIGURE VI.

Reversibility of the agglutination

effects of ConA, SConA and AConA with alpha-methyl-D
mannopyranoside.

Cell suspensions were maintained at

37°C, rotated at 65 rpm, in the presence of 0.4M alphamethyl-D-mannopyranoside and 10 )lg/ml each of ConA (1),
SConA (2) and AConA (3), as well as a control (4) which
contained no ConA or derivative.

Cells were also main-

tained in the absence of alpha-methyl-D-mannopyranoside
but with 10 pg/ml each of ConA (5), SConA (6) and
AConA (7), as well as a control (8) with no lectin
present under the same physical conditions.
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FIGURE VII.

Sea urchin:

effect of ConA, SConA and

AConA on agglutination of 40 hour embryonic sea urchin.
Cell suspensions from calcium-magnesium free sea water
dissociation of 40 hour sea urchin embryos were maintained at 17°C and rotated at 65 rpm in the presence
of 10 pg/ml each of ConA (1), SConA (2) and AConA (3},
as well as a control (4) which contained no lectin.
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was low {approximately 50%) but cell lysis was not
apparent microscopically.
Effect of ConA and SConA on the agglutination of
chick embryo neural retina cells.

Figures VIII and IX

show the effects of ConA and SConA on the agglutination
of chemically and mechanically dissociated retinal
cells.

One experiment was run with chemically dis-

sociated cells and one experiment \'1/as run with mechanically dissociated cells.

Since these embryonic cells

normally undergo rapid reaggregation it is impossible,
using an assay which only examines single cell numbers,
to separate the agglutination from the reaggregation
kinetics.
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FIGURE VIII.

Effect of ConA and SConA on agglutina-

tion of mechanically dissociated 7 day chick embryo
neural retina cells.

20

pg/~1

ConA (1), 200 pg/ml

ConA (2) , 20 )lg/ml SConA (3) and 200 pg/ml SConA (4) ,
as well as a control (5) with no lectin present, were
tested on chick embryo neural retina cell suspensions
following treatment with CMFHH and mild, prolonged
aspiration with a Pasteur pipet.
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FIGURE IX.

Effect of ConA and SConA on agglutina-

tion of chemically dissociated 7 day chick embryo neural
retina cells.

20 pg/ml ConA {1), 200 pg/ml ConA (2),

20 p.g/ml SConA {3) and 200 pg/ml SConA (4), as well as
a control (5) with no lectin present, were tested on
chick embryo neural retina cell suspensions following
20 minutes of incubation in 0.7% trypsin in CMFHH at
37°C and mild aspiration with a Pasteur pipet.
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DISCUSSION

Concanavalin A and its biologically active derivatives show differing degrees of agglutinating ability
when incubated with Sarcoma 180 ascites tumor cells freshly
collected from male Swiss Webster white mice.

The mecha-

nism for the promotion of agglutination mediated by ConA
is not clear (Nicolson, 1972; Rosenblith et al., 1973;
DePetris et al., 1973).

Carbohydrates have been shown to

be important in cell aggregation (Oppenheimer et al.,
1969; Oppenheimer and Humphreys, 1971; Oppenheimer and
Odencrantz, 1972; Oppenheimer, 1973; Pessac and Defendi,
1971; Hausman and Moscona, 1973; Turner and Burger, 1973;
Henkart et aL, 1973; Rosen et al., 1973; Kleinschuster
and Moscona, 1972; and Krach et al., 1974).

They have also

proved to be important in studies of intercellular recognition (Roth et al., 1971; Roth and White, 1972; McQuire,
1972; Roseman, 1968; and Chipowsky et aL, 1973).

Tumor

cell agglutination studies with lectins also indicate the
general importance of sugar containing macromolecules such
as glycolipids (Hakomori et al., 1972), and glycoproteins
in the cell membrane (Sharon and Lis, 1972).

ConA binds to

molecules containing alpha-D-mannopyranoside or certain
structural analogs {Peretz and Goldstein, 1970).

The ConA

derivatives appear to retain the specificity for alpha-D-
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mannopyranoside as demonstrated in the hapten inhibition
study in Figure VI.

The addition of this sugar hapten

inhibited the lectin mediated agglutination with all
three forms of ConA, though other sugars at various concentrations were not examined.
Since a great many amine groups and hydroxy phenolic
groups are substituted in the derivatization procedure
(Gunther et al., 1973), it is possible that the binding
affinity of the succinylated and acetylated ConA to
receptor sites on the cell surface may be reduced compared
to native ConA.

This difference in binding affinity may

account for the difference in the ability of the lectins
to promote agglutination under the conditions described
in the experiments.
Cytoplasmic microfilaments and microtubules may be
important in influencing cell function in several systems
(Berlin and Ukena, 1972; Spooner et aL, 1971; Weiss, 1972;
Yamada et aL, 1971; Carter, 1967; Armstrong and Parenti,
1972).

It seems possible that they might play some role

in the process of agglutination of S-180 tumor cells.
Although their function is not clearly understood, it is
thought that they may in some way be involved in peripheral
intracellular interconnections of membrane bound components on the cell surface (Nicolson and Painter, 1972;
Berlin and Ukena, 1972).

The results of pretreatment of

S-180 tumor cells with 20 pg of cytochalasin B or with

42

O.OOlM colchicine for 30 minutes at 37°C (Figures II and
III) indica·te that these compounds had a dramatic inhibitory effect on agglutination mediated by SConA and AConA.
They had no inhibitory effect on ConA agglutination.

In

most cases promotion of agglutination occurred with ConA
after treatment with cytochalasin B.

This phenomena

may be correlated to the reduced binding affinity of the
ConA derivatives in the following way.

Microfilaments

and microtubules normally present in the cell may participate in the ligand-directed clustering of ConA receptor
sites in the plane of the membrane.

ConA may be able to

induce redistribution of receptor sites without the participation of cytoplasmic structures (microtubules or microfilaments).

The ConA deriva·tives, on the other hand, may

require participation of these cytoskeletal components.
Derivatives with decreased binding affinity to receptor
sites or decreased valency may require the participation
of microtubules and microfilaments in order to effectively
aggregate these cell surface siJces.

'l'his argument assumes

that receptor site clustering and agglutination are
directly related (DePetris et aL, 1973; Nicolson, 1972;
Rosenblith et al., 1973), and serves as a possible explanation for the demonstrated effect of microfilament and
microtubule inhibitors on agglutination of S-180 tumor
cells mediated by ConA and its derivatives.

I·t should be

noted that the presence of microtubules and microfilaments,
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inferred by the results, have not been shown in fine
structural studies of S-180 and that cytochalasin B
may produce changes in components of the cell surface
whose function is not solely related to microfilaments
{Sanger and Holtzer, 1972: Kletzien and Perdue, 1973).
Short duration inhibition of pro·t.ein synthesis
appears to have little influence on agglutination of
S-180 tumor cells mediated by ConA and its derivatives
(Figure IV).

Studies of the diffusion of cell surface

antigens have indicated that protein synthesis is not
necessary for mobility of these antigenic sites in the
plane of the membrane (Frye and Edidin, 1970i Edidin,
1972).
Since other studies \'lith ConA have indicated that
translocation of ConA binding-sites may be required for
agglutination of transformed 3T3 cells (Nicolson, 1972),
it is suggested that any reduction in binding affinity
of the derivatized agglu·t.inins may be reflected in a reduction of the site clustering which may be necessary for
agglutination.

Low temperatures (Figures Va, b and c)

decrease ConA mediated agglutination of S-180 tumor cells.
Since i'c has been shown that low temperatures reduce the
mobility of antigens on the cell surface (Frye and Edidin,
1970: Edidin, 1972) it appears that some mobility of the
ConA receptor sites in the membrane may be necessary for
agglutination of S-180 tumor cells.
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The physicochemical natures of ConA, SConA and AConA
have been studied in Edelman•s laboratory by Gunther
(Gunther et aL, 1973) •

They have been able to demonstrate

reduction in the molecular weight of ConA in the formation
of SConA and AConA.

Equilibrium sedimentation and poly-

acrylamide gel electrophoretic analyses of these derivatives indicated that at physiological pH (7.4) the SConA
and AConA

~ere

dimers of molecular weight 52,000.

The

results presented here indicate that there is no apparent
change in molecular size or weight of ConA following
derivatiza·tion.

It could be that the SDS polyacrylamide

gel electrophoresis technique and the column chroma·tography with Biogel P-150 used in this study were not
sensitive enough to detect a reduction in molecular
weight of the derivatives of ConA.

Gunther used freshly

prepared ConA for his derivatizations.

In this present

study ConA was obtained through outside sources (Pharmacia
or CalBioChem) •

It is possible that this difference in

the origin of ConA could account for the inability of the
derivatization procedure to cause a separation of the
parent lectin into subunits.

Conformational changes due

to storage, age or other parameters may account for this
resistance to dimerization.

Further analysis of the

derivatives with different percentages polyacrylamide
gels and \'lith chromatographic beads with lov.Jer exclusion
limits, such as Biogel P-100, may prove to be more useful

'
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in the characterization of differences in molecular sizes
due to derivatization of ConA.
In order to explain the differences in activity of
ConA and its derivatives it is necessary to show that
these differences are not merely a reflection of a low
level of ConA contamination in the derivatives.

This

possibility was especially important since it could not
be shown in this study that there was a molecular size
difference between ConA and its succinyl and acetyl
derivatives.
If low concentrations of ConA were contaminating
the derivative preparations it would be expected that
low concentrations of ConA alone would cause the same
result as higher concentrations of SConA and AConA.

This

hypothesis was tested by comparing the effects of 1 pg/ml
and 2 pg/ml concentrations of ConA on cytochalasin B
pretreated S-180 tumor cell agglutination.

The results

of two experiments give tentative support to the hypothesis that ConA in low concentrations does not mimic
SConA or AConA when used with cytochalasin B pretreated
S-180 tumor cells.
Examination of a variety of parameters on S-180
tumor cell agglutination with ConA and its biologically
active derivatives indicates that more than just the
cell surface may be involved in the agglutination
reaction.
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