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Surface Properties of Cell Membrane Tested by
Lectin Induced Cytoagglutination (I)

In Kyung Lim and Yoon Soo Kim
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This report describes surface properties of several cell membranes tested by lectin-
induced agglutination reactions which were quantitated using the microquantitative parti-
cle counter agglutination assay of Davis et al. (1976). The quantitétive assays of concan-
avalin A (con A) induced agglutination were performed for rabbit erythrocyte, rat ery-
throcyte, human erythrocyte, and sarcoma 180 mouse ascites cells.

The percent agglutination versus the con A concentration revealed a sigmoid curve
in all cases, but the steepness of the sigmoid curve is variable depending on the cell types.
It varies even with the same cell but in different species.

Optimum cell concentration was (0.92-0.95) x 107 cells/ml final concentration in the
hanging drop, for rabbit erythrocytes, (0.77-1.64) x 10”7 cells/ml for rat erythrocytes,
(1.59-2.7) x 107 cells/ml for human erythrocytes and (0.23-0.39) x 107 cells/ml for
sarcoma 180 mouse ascites cells.

When minimal and maximal agglutination percentages were defined as the concentration
of con A/ml/1 x 10°% cells corresponding to 10% and 95% agglutination, minimal and
maximal agglutination occured at 0.56 ug, 19.98 ug for human erythrocytes at 0.56 ug,
2.24 ug for rat erythrocytes at 0.08 ug, 1.43 ug for rabbit erythrocytes at 0.12 ug, 14.8 ug
for sarcoma 180-mouse ascites cells respectively.

The order of inhibitory activity of a-methyl-D-mannopyranoside (aMM) for each
corresponding cells from the highest inhibition was human erythrocytes, rat erythrocytes,
sarcoma 180 mouse ascites cells and rabbit erythrocytes.' The concentrations of aMM
required for 50% inhibition per ml of the final concentration in the hanging drop per
1 x 107 cells were 0.565 umoles for rabbit erythrocytes, 0.072 umoles for rat erythrocytes,
0.018 umoles for human erythrocytes and 3.677 umoles for sarcoma 180 mouse ascites
cells, respectively.

From our experimental results we conclude that the cytoagglutination activity was
increased with con A, the inhibitory activity with aMM in the presence of con A was
decreased, however the sarcoma 180 mouse ascites cells revealed a ‘conu‘adi'ctory result,
and might be due to the topological distribution of agglutination site changes to a dis-

tribution more favorable for agglutination.
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In recent years, much experimental data
suggested major differences in membrane

structure between normal and malignant cells

plasma membrane alteration (Wallach,
1968; Emmelot, 1973), glycolysis difference
(Warburg, 1930), increased sugar transport
(Hatanaka, 1974) due to lack of proteins in the
cell membrane that function in the active trans-
port, the decreased intracellular communications
(Loewenstein and Kanno, 1967 ; Haeysman,
1973 ; Pollack et al., 1975 ; Goldman et al,
1975) by loss of normal cellular affinity, loss
of contact inhibition of growth (Coman, 1953 ;
Abercrombie and Ambrose, 1962) indicating
that the plasma membrane of cancer cells is very
different from that of normal cells. The selective
precipitation properties by lectin seem to cause
a molecular change at the cell surface during
transformation (Sharon and Lis, 1972, 1975 ;
Nicolson, 1974 ; Annette ef al, 1974 ; Ribinson
and Bellett, 1975; Sharon, 1977),
we are far from understanding exactly how the

however,

surface of the cell changes in the course of
malignant transformation.
Several laboratories have reported that the

lectins are multivalent plant proteins which bind
to a specific cell surface saccharide of the mem-
brane and induce cytoagglutination by cross-
linking receptors on different cells (Burger,
1969 ; Inbar and Sachs, 1969 ; Nicolson, 1972 ;
Rosenblith er al, 1973). As a result of these
properties, lectins have become useful molecular
probes to investigate the structure and biological
function of plasma membrane saccharide-bearing
components (Nicolson, 1974).

Because the molecular mechanisms operative
in lectin-induced cytoagglutination are not fully
understood, and because so many factors in-
fluence lectin induced cytoagglutination (Inbar
et al., 1971 ; Rosenblitz et al, 1973 ; Noonan
and Burger, 1973 ; Nicolson, 1973 ; Inbar
et al, 1973 ; Inbar and Sachs, 1973 ; Gunther
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et al., 1973 ; Vlodavsky et al, 1973 ; Schnebli
and Bachi, 1975 ; Willingham and Pastan, 1975 ;
Bachi and Schnebli, 1975 ; Schnebli et al., 1976 ,
Singer and Morrison, 1976 ; Grieg and Brooks,
1979 ; Gordon and Young, 1979) the assay
system used to assess lectin induced cell agglu-
tination seems to be very important, since many
laboratories studying the same agglutination
reaction have reported dissimiliar, or contra-
dictory results (Vlodavsky et al., 1972 ; Schnebli
and Bachi, 1975 ; Singer and Morrison, 1976 ,
Grieg and Brooks, 1979), however, recently,
Davis et al. (1976) have reported that a micro-
quantitative method, which utilizes an electronic
particle counter, is simple to perform, requires
only ug quantities of lectin and receptor, and
eliminates the subjectivity inherent in some
other assay systems (Oppenheimer and Odencr-
antz, 1972 ; Deman and Bruyneel, 1973 ; Hwang
eral., 1974 ; Rottmann et al., 1974).

The studies with lectin have convinced many
workers that the cell membrane plays a central
role in modulating control of growth, but it is
not known how the control is effected. Much
more investigation of surface properties of
normal cells with lectin induced cell agglutina-
tion are required before it is clear whether the
cell surface alterations detected with lectin are
merely correlated with transformatin or have a
causal role in early malignant processes. We
hope to settle these problems by progress in this
field in our laboratory.

The report describes the surface properties
of several normal cell plasma membranes tested
by concanavalin A (con A) induced agglutination
reactions and cytoagglutination inhibition reac-
tions by a-methyl-D-mannopyranoside and these
were quantified using the microquantitative
particle counter agglutination assay of Davis
et al. (1976) and compared with those of normal
cell agglutination properties of lectin with that

of a transformed cell induced by a chemical
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carcinogen.

MATERIALS

Human erythrocytes were prepared from
blood (group O.Rh+) freshly drawn in a heparin
tube (1,000u/ml, Riker Lab. Inc.). Rabbit
erythrocytes were prepared from blood freshly
obtained by cardiac puncture in the heparin tube.
Rat erythrocytes were prepared from the blood
freshly obtained by puncture of orbital fossa of
rat after ether anesthesis. Sarcoma 180 mouse
ascites cells were collected by syringe using a
17 gauge needle from the ascites of mice in-
oculated 2 weeks previously by sarcoma 180

mouse ascites cells.
The cells were washed 3 times in phosphate

buffered saline (PBS), pH 7.4, at 2000rpm
for 10 minutes (International centrifuge size 2,
Model V), discarding the upper 5% of the cell
mass in each of three successive washings, and
used for experiments within 2 hours of pre-
paration.

A stock solutins of con A (type III, Sigma
Chem. Co.,) containing 0.2 mg/ml, 2.0 mg/ml
in PBS, pH 7.4 were prepared and frozen. Serial
dilutions (1:2, 1:4, 1:8, .......... , 1:128) of this
stock solution were made in PBS, pH 7.4 and
allowed to stand over night at 4°C prior to use.

25 umole/ml a-methyl-D-mannopyranoside
(Grade III, Sigma Chem. Co.,) stock solution
was prepared with PBS, pH 7.4 for cytoagglu-
tination inhibition studies. Serial dilutions
(1:2, 1:4, ... , 1:128) of stock solution
were made in cold PBS, pH 7.4.

A 1% bovine serum albumin (BSA) solution
in PBS, pH 7.4 was made freshly on the day of
the assay. BSA, 1 time crystallized and lyoph-
ilized, was obtained from Sigma Chem. Co.,
St. Louis MO.

Agglutination and inhibition” assays were
performed using the quantitative particle counter

agglutination assay of Davis et al. (1976) as

described for Novikoff hepatoma cells, on a
Model ZBI Coulter counter (Coulter Electronics

Hialeah, FL.).

The counter was equipped with a 100 u
apperture and a 0.5 ml manometer. Erythro-
cytes were counted at settings of 1/amplifica-
tion = 1/2, and 1/aperture current = 1.0 with a
window 14-100.

ascites cells were counted at a setting of 1/am-

While sarcoma 180 mouse

plification = 32, 1/aperture current = 1/8 with
a window 24-100.

METHODS

Agglutination of con A for single type cell
and inhibition studies were carried out at room
temperature (23*1°C) to avoid the temperature
dependent depolymerization of con A (Gordon
and Marquardt, 1974).

Cytoagglutination properties of rabbit, rat,
human erythrocytes, and sarcoma 180 mouse
ascites cells were determined using the method
of Davis et al. (1976). It was performed as
follows; to a 20ml DiLu-Vial® (Elkay products
Inc., Mass, 01545) was added 10 ul of 1%
BSA in PBS, pH 7.4 and 50 ul of a serial dilution
of con A in PBS, pH 7.4 and 50 ul of cell sus-
pension containing (2.03-2.1) x 107 cells/ml
of rabbit erythrocytes, 2.54 X 107 cells/ml of
rat erythrocytes, (3.5-6.23)'x 107 cells/ml of
human erythrocytes,(0.5-0.85) x 107 cells/ml
of the mouse ascites cells in PBS, pH 7.4. The
vial was capped, inverted and allowed to stand
at 37°C in a water bath for 1 hour. After 1
hour, 10ml of cold PBS, pH 7.4 were pipetted
down the side of the vial, the vial was gently
inverted three times and the single cells counted.
The percent agglutination was defined as 100 X
[1.00-(a-b)/(c-b)]: where a, is the number of
single cells present at a serial dilution of lectin;
b, the number of single cells present at maximal
agglutination; and c, the number of single cells

present in absence of lectin.
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Assay for inhibition of con A induced cytoag-
glutination was accomplished in the following

manner; to a 20 ml DiLu-Vial® was added 10 ul
of 1% BSA in PBS, pH 7.4, 25 ul of a serial
dilution of inhibitor in PBS, pH 7.4, 25 ul of
dilution of con A which agglutinated 95% of
the cells as determined by a prior agglutination
assay. The vials were capped and allowed to
stand for 30 minutes at 37 C water bath. After
this incubation time, 50 ul of cell suspensions
were added into the con A-inhibitor solution.
The vials were capped, inverted and allowed to
stand at 37°C in a water bath for 1 hour.

All counting was performed identically to
that of the agglutination assay. The percent
inhibition of agglutination was defined as 100 X
[(d-e)/(f-e)]: where d, is the number of single
cells present at a serial dilution of inhibitor; e,
the number of single cells present in absence
of inhibitor; and f, the number of single cells

present in the absence of lectin and inhibitor.

RESULTS

Agglutination of rabbit, rat, human erythrocy-
tes and sarcoma 180 mouse ascites cells

Plots of % agglutination versus the con A
concentration revealed a sigmoid curve in all
cases, but the steepness of the sigmoid curve
and the optimal concentration are variable
depending on the cell types, and it varies even
with the same cell but in different species.
Optimal cell concentrations used in the assay
were (0.92-0.95) x 107 cells/ml for rabbit,
(0.77-1.64) x 107 cells/ml for rat erythrocytes,
(1.59-2.73) x 107 cells/ml for human erythrocy-
tes and (0.23-0.39) x 107 cells/ml for sarcoma
180 mouse ascites cells expressed as the final

concentration in the hanging drop.
Optimal con A concentrations required to give

maximal agglutination were 90 yg/ml of the

final concentration in the hanging drop tech-
nique employed in this assay except for the
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human erythrocytes which required 10 times
higher than that of con A concentration and
optimal minimal con. A concentrations to give
10% agglutination were variable depending
on the cell types (Fig. 1-4, Table 1). When
minimal and maximal agglutination percentages
were defined as the concentration of con A/ml/]
x 10° cells corresponding to 10% and 95%
agglutination, minimal and maximal agglutina-
tion occurred at 0.08 ug, 1.43 ug, for rabbit
erythrocyte, 0.56 g, 2.24 ug for rat erythrocyte,
0.56 ug, 19.98 ug for human erythrocyte and
0.12 ug, 14.81 ug for sarcoma 180 mouse ascites
cell, respectively. These results indicate another
difficulty in optimizing conditions for the
agglutination assay.

Fig. 4 demonstrates that the degree of
cytoagglutination was dependent on the cell
concentration for sarcoma 180 mouse ascites
cells, in the presence of a low concentration
range below 11.36 ug of con A/ml final con-
centration in the hanging drop, but it was evident

that the agglutination in the presence of high

100
80
€0

40

% Agglutination

20

o7l 142 2B4 568 1136 2273 4545 909
Con. A Concentration(ug/ml)

Fig.1. Con A induced agglutination of rabbit ery-

throcytes

Abscissa: con A concentration is expressed
as ug/ml final concentration in
the hanging drop.

Ordinate: % agglutination

Cell concentration range used in the assay was

(0.92-0.95)x 107 cells/ml final concentration -

in the hanging drop. The data points (O X &)

shown on the Graph are the value of %

agglutination at specific con A concentrations

in each assay. ‘
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Fig.2. Con A induced agglutination of rat eryth-
rocytes
Abscissa: con A concentration is expressed
as ug/ml final concentration in
the hanging drop
Ordinate: % agglutination
Cell concentration range used in the assay was
(0.77-1.64)x 107 cells/ml final concentration
in the hanging drop. The data points (O X &)
shown on the graph are the value of % agglu-
tination at specific con A concentrations in
each assay.
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Fig. 3. Con A induced human erythrocyte (O.Rh+)

agglutination

Abscissa:  con A concentration is expressed
as ug/ml final concentration in
the hanging drop.

Ordinate: % agglutination

Cell concentration range used in the assay was

{1.59-2.73)x 107 cells/ml final concentration

in the hanging drop. The data points (O X

A O @A shown on the graph are the value of

% agglutination at specific con A concentra-

tions in each assay.
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Fig.4. Con A induced agglutination of sarcoma

180 mouse ascites cells

Abscissa: con A concentration is expressed
as ug/ml final concentration in
the hanging drop.

Ordinate: % agglutination

The line ( ) shown on the graph was

derived from the data of(0.23-0.39) x 107

* cells/ml final cell concentation in the hanging
drop, the line (- - - - - )} shown on the graph
was dervied from the data 3 x (0.23-0.39) X
107 cells/ml final cell concentration in the
hanging drop. The data points OX VO A ®
W) shown on the graph are the value of %
agglutination at specific con A concentrations
in each assay.

concentration range above 45.45 ug of con A/ml
final concentration in the hanging drop becomes
progressivly independent of the con A con-
centration, and it seemed to behave differently
and resulted in cell aggregation by formation
of clusters rather than cell agglutination.

Inhibition of con A-induced cytoagglutination

The inhibitory activities of a-methyl-D-
mannopyranoside (&MM) were quantitated as
shown in Fig. 5 and Table 2. The order of %
inhibition in the presence of specific oMM
concentration for each cell type a from the
highest inhibition was human erythrocyte, rat
erythrocyte, sarcoma 180 mouse ascites cell
and rabbit erythrocyte. The concentrations
of oMM required for 50% inhibition per ml

of final concentration in the hanging drop per
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Table 1, Optimal con A concentration required to give maximal and minimal cytoagglutination

*Con A concentration (ug/ml) required for

*QOptimal cell p
Cell concentration cytoagglutination of each cell per 1 X 10 cells
-7
(X107 cells/ml) 95% agglutination 10% agglutination

Rabbit erythrocyte 0.92-0.95 1.43 (100) 0.08
Rat erythrocyte 0.77-1.64 2.24 (170) 0.56
Human erythrocyte 1.59-2.73 19.98 (1390) 0.56
Sarcoma 180 mouse 10.23-0.39 14.81 (1040) <0.12

ascites cell

* means final concentration in the hanging drop.

Parenthesis represents agglutination susceptibility expressed as percentage of the value for the rabbit erythrocyte.

Table 2. Inhibitory activities of a-methyl-D-mannopy-

ranoside
Cell Inhibitory unit
Rabbit erythrocyte 0.565* (100)
Rat erythrocyte 0.072 (13)
Human erythrocyte 0.018 ( 3)
Sarcoma 180 3.677 (651)

mouse ascites cell

* Means MM final concentration in the hanging drop

(umoles/ml) required to yield 50% inhibition in the

presence of the amount of con A required to agglutinate
" 95% of the cells per 1 X 107 cells.

Parenthesis represents inhibitory susceptibility ex-
pressed as percentage of the value for the rabbit ery-
throcyte.

1 x 107 cells were 0.565 umoles for rabbit
erythrocytes, 0.072 umoles for rat erythrocytes,
0.018 umoles for human erythrocytes and 3.677
umoles for sarcoma 180 mouse ascites cells, res-
pectively (Table 2).

The cytoagglutination properties with con
A (Table 1) and the inhibitory properties on
methyl a-D-mannopyanoside suggest that the
difference of agglutination with con A by cell
type and cell species might be due to the total
number of binding site (receptor) on the cell

membrane surface: The increment of agglutin-
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a
00a 003 o018 036 071 142 284 568
Methyi- &- - mannoside (umoles/ml)
Fig. 5. Effect of inhibitor on con A induced cyto-
agglutination
Abscissa: concentration of methyl @D-

— 142 —

mannoside (umoles/ml) final con-

centration in the hanging drop.
Ordinate: % inhibition
The con A concentration used was the con-
centration required to give 95% agglutination
as determined by a prior agglutination assay
(Table I).Cell concentration used in this assay
was 2.2 X 107 cells/ml for rabbit erythrocytes
0), 2.1 x 107 cells/ml for rat erythrocytes
(#),2.3,x 107 cell/ml for human erythrocytes
(& and 0.3 x 107 cells/m} for sarcoma 180
mouse ascites cells (&). The each line shown
on the graph was derived from 5 data points.
*expressed as final concentration in the hang-
ing drop.
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ability with con A and per unit cells indicates the
cell contains more receptors on the cell mem-
brane surface.

DISCUSSION

The research reported in this paper describes
the surface properties of several normal and
sarcoma 180 mouse ascites cell plasma mem-
branes ‘tested by con A induced agglutination
reactions and cytoagglutination inhibition reac-
tions by o-methyl-D-mannopyranoside and these
were quantitated by measuring the disappearance
of single cells from a cell suspension containing
varying amount of con A and its inhibitor.

Because of the complexity and difficulty of
lectin induced agglutination reaction and the
limitations of the instrumentation, the optimal
condition could not always be attained. It
varies even with the same cell but from different
species. Several parameters which had an in-
fluence on lectin induced cytoagglutination
reaction were studied to optimize the assay
condition for normal rabbit erythrocyte, rat
erythrocyte, human erythrocyte and sarcoma
180 mouse ascites cell except other factors,
which have been reported to be involved on BSA
concentration (Davis et al., 1976), incubation
time (Davis ef al, 1976), temperature (Vlo-
davsky et al.,, 1972 ; Schnebli and Bachi, 1975 ;
" Davis et al, 1976), metabolic activity (Yahara
and Edelman, 1972 ; Gunther et al, 1973 ;
Schnebli and Bachi, 1975), receptor mobility
{Yahara and Edelman, 1972 ; Vlodavsky et al.,
1972 ; Gunther ef al.,, 1973 ; Schnebli and Bachi
1975), mechanical shear (Schnebli and Bachi,
1975 ; Davis et al, 1976) in the lectin induced
cytoagglutination reaction.

The data depicting optimal cell concentrations
used in the assay were (0.92-0.95) x 107 cells/ml
final concentrativia for rabbit erythrocytes,
(0.77-1.64) x 10’ cells/ml for rat erythrocytes,
(1.59-2.7) x 107 cells/ml for human erythrocytes

and (0.23-0.39) x 107 cells/ml for sarcoma 180
mouse ascites cells and the optimal cell con-
centration for each cell was measured at the
plateau in the presence of a unique number of
cells by a plot of % agglutination versus the
con A concentration. Fig. 4 illustrates the
effect of cell concentration on cytoagglutination.
For sarcoma 180 ascites cells, the optimal cell
concentration was (0.23-0.39) x 107 cells/ml,
however, when 3 times the optimal cell con-
centration was used, the shape of % agglutination
versus the con A concentration seemed to
behave quite differently and it was hard to
reach a plateau at 45.45 ug and 90.9ug con
A/ml but the agglutination revealed progressive
independence on the con A concentration
and resulted in cell aggregation by formation
of clusters rather than cell agglutination and

it also revealed less than 10% agglutination in
the low concentration of con A (less than 11.36

ug/ml), this indicated that the use of high con-
centrations of the cell would decrease the sen-
sitivity of the assays and may be especially
important in that optimal concentration which
exhibits high sensitivity for determination of
con A induced cytoagglutination for a single
cell type can be determined. Con A concen-
tration required to give maximal and minimal
cytoagglutination of cell per 1 x 10% cells for
a single cell type by using corresponding optimal
cell concentration was varied (Table 1). Our
experiment has shown that the agglutination
activity, which is defined as the con A con-
centration required to give maximal cytoagglu-
tination per 1x10% cells was 1.43 ug for rabbit
erythrocyte, 2.24 ug for rat erythrocyte, 19.98
ug for human erythrocyte, 14.81 ug for sarcoma
180 mouse ascites cell, respectively. This in-
dicates that the susceptibility to agglutination
is much higher in the rabbit erhtyrocyte than
other cells. Previously it has been shown that
the agglutination activity with soybean agglutinin
as determined by the spectrophotometric me-
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thod (Liener, 1955 ; Lis et al., 1970) for rabbit
and human erythrocyte is 40 units and 2 units
respectively, that is, in the rabbit erythrocyte,
the susceptibility to agglutination is higher
by at least 20 fold over that of the human
(Gordon et al, 1972), these results are very
similar to our experimental finding on the
rabbit and human erythrocyte agglutination
of 14:1 tested by the con A, and it may be a
good comparison of the susceptibility difference

to agglutination by a different assay system.
Inhibition of con A induced agglutination

of rabbit, rat, human erythrocytes and sarcoma
180 mouse acites cell was quantitated in a
similar manner by using optimal cell concentra-
tions for corresponding cells in the agglutination.
Inhibitory activities of a-methyl-Dmannopyrano-
side on con A induced cytoagglutination for a
single cell type can be comparable by our agg-
lutination inhibitory unit difined as the amount
of inhibitor required to yield 50% inhibition
in the presence of con A concentration required
to agglutinate 95% of the cells (Table 2), and
this inhibitory activity was campared to the
values of corresponding cell obtained by agglu-

tination susceptibility studies. Agglutination
activities for the rabbit erythrocyte determined

in this assay was 1.43 ug con A/ml, which was
the most sensitive, and 19.98 ug con A/ml],
for human erythrocyte, was the least sensitive.
Our experimental results indicate tﬁat the re-
ciprocal relation between agglutination activities
and inhibitory activities, the higher the aggluti-
nation activity, of a single cell type revealed
the less inhibitory activity was observed in same

assay system,
Our experimental result leads us to con-

clude that the cytoagglutination activity was
increased with con A, the inhibitory activity
with @-MM in the presence of con A was de-
creased however. Sarcoma 180 mouse ascites cell
revealed contradictory results, which might be
due to the topological distribution of agglutina-
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tion site changes without change of the total
number of surface receptor sites and to a dis-
tribution more favorable for agglutination
which was demonstrated in transformed cells
by other investigators (Cline and Livingston,
1971 ; Ozanne and Sambrook, 1971 ; Sela
etal, 1971 ; Singer and Nicolson, 1972).
Experiments are now under way to extend
studies of the agglutination properties of lectin
on transformed liver cells which induced to
chemical carcinogen for comparison to those
of normal liver cells and of the molecular change
of topological distribution of agglutination
sites on the surface receptor sites of the cell

membrane in the neoplastic stage.

REFERENCES

Abercrombie M, Ambrose EJ: The surface properties
of cancer cells: A review. Cancer Res 22:525 , 1962

Annette M, Rapin C, Burger MM: Tumor cell surfaces;
General alterations detected by agglutinins. Ad-
vances in cancer, 1974

Bichi T, Schnebli HP: Reactions of lectins with human
erythrocytes. II Mapping of con A receptors by
freeze-etching electron microscopy. Exp cell Res
91:285-295, 1975

Burger MM: A difference in the architecture of the
surface membrane of normal and virally transformed
cells. Proc Natl Acad Sci 62:994-1001, 1969

Cline MJ, Livingston DC: Binding of 3 H.concanavalin A
by normal and transformed cells. Nature 232:155-

156-1971
Coman DR: Mechanisms responsible for the origin and

distribution of blood-borne tumor metastasis.
A review. Cancer Res 13:397-404, 1953

Davis EM, Starling JJ, Walborg J1. EF: A microquanti-
tative method to characterize lectin-induced cytoag-
glutination. Exp Cell Res 99:37-46, 1976

Deman J, Bruyneel E : A method for the quantitative
measurement of cell aggregation. Exp cell Res 81:
351-359, 1973

Emmelot P: Biochemical properties of normal and

— 144 —



1980 Surface Properties Qf Cell Membrane Tested by Lectin Induced Cytoagglutination (1)

neoplastic cell surfaces; A review. Eur J cancer 9:
319-333, 1973 ‘

Goldman RD, Chang C, Williams JF: Properties and
behavior of hamster embryo cells transformed by
human adenovirus type 5. Cold Spring Harbor
Symp Quant Biol 39 PT 1:601, 1975

Gordon JA, Sharon N, Lis H: Binding of soybean
agglutinin by normal and trypsin treated red blood
cells. Biochem Biophys Acta 264:387-391, 1972

Gordon JA, Marquardt MD: Factors affecting hemag-
glutination by concanavalin A and soybean agglu-
tinin. Biochem Biophys Acta 332:136-144, 1974

Gordon JA, Young RK: The role of concanavalin A
dissociation on positive cooperativity of binding
with native and fixed erythrocytes. J Biol Chem
254:1932-1937, 1979

Grieg RG, Brooks DE: Shear-induced concanavalin A
agglutination of human erythrocytes. Nature
282:738-739, 1979

Gunther GR, Wang JL, Yahara I, Cunningham BA,
Edelman GM: Concanavalin A derivatives with
altered biological activities. Proc Natl Acad Sci
70:1012-1016, 1973

Haeysman J: Locomotion of tissue cells. CIBA Founda-
tion Symp 14 (new series): 190, 1973

Hatanaka M: Transport of sugars in tumor cell mem-
branes. Biochem Biophys Acta 355:77-104, 1974

Hwang KM, Murphree SA, Sartorelli AC: 4 quanti-
taive spectrophotometric method to measure plant
lectin-induced cell agglutination. Cancer Res 34:
3396-3402, 1974

Inbar M, Sachs L: Interaction of the carbohydrate-
binding protein concanavalin A with normal and
transformed cells. Proc Natl Acad Sci 63:1418-1425,
1969

Inbar M, Ben-Bassat H, Sachs L: A4 specific metabolic
activity on the surface membrane in malignant cell
transformation. Proc Natl Acad Sci 68:2748-2751,
1971

Inbar M, Huet C, Oseroff AR, Ben-Bassat H, Sachs L:
Innibition of lection agglutinability by fixation of
the cell surface membrane. Brochem Biophys Acta
311:594-599, 1973

Inbar M, Sachs L: Mobility of carbohydrate containing
sites on the surface membrane in relation to the

control of cell growth. FEBS letters 32:124-128,
1973

Liener IE: The photometric determination of the
hemagglutinating activity of soyin and crude soy-
bean extracts. Arch Biochem Biophys 54:223-231,
1955

Lis H, Sela B-A, Sachs L, Sharon N: Specific inhibition
by N-acetyl D-galactosamine of the interaction
between soybean agglutinin and animal cell surfaces.
Biochem Biophys Acta 211:582-585, 1970

Loewenstein WR, Kanno Y: Intercellular communica-
tion and tissue growth. I Cancerous growth. J cell
Biol 33:225-234, 1967

Nicolson GL: Topography of membrane concanavalin
A sites modified by proteolysis. Nature New Biol
239:193-197, 1972

Nicolson GL: Temperature dependent mobility of con-
canavalin A sites on tumor cell surfaces. Nature New
Biol 243:218-220, 1973

Nicolson GL: The interactions of lectins with animal
cell surfaces. Int Rev Cytol 39:89-190, 1974

Noonan KD, Burger MM: The- relationship of con-
canavalin A binding to lectin initiated cell agglutina-
tion. J Cell Biol 59.:134-142, 1973

Oppenheimer SB, Odencrantz J: A quantitiative assay
for measuring cell agglutination: Agglutination of
sea urchin embryo and mouse teratoma cells by
concanavalin A. Exp cell Res 73:475-480, 1972

Ozanne B, Sambrook J: Binding of radioactively
labelled concanavalin A and wheat germ agglutinin
to normal and virus transformed cells. Nature
232:156-160, 1971

Pollack R, Osborn M, Weber K: Patterns of organization
of actin and myosin in normal and transformed
cultured cells. Proc Natl Acad Sci 72:994-998,
1975

Ribinson AJ, Bellett JD: A circular DNA-protein com-
plex adenovirus and its possible role in DNA replica-
tion. Cold Spring Harbor Symp Quant Biol 39 PT
1:523,1975

Rosenblith TZ, Ukena TE, Yin HN, Berlin RD, Karnov-
sky MJ: A comparative evaluation of the distribution
of concanavalin A. Binding sites on the surface of
normal, virally-transformed and protease-treated
fibroblasts. Proc Natl Acad Sci 70:1625-1629,

— 145 —



In Kyung Lim and Yoon Soo Kim

1973 .

Rottmann WL, Walther BT, Hellerqvist CG, Umbreit
J, Roseman S: A quantitative assay for concanavalin
A-mediated cell agglutination. J Biol Chem 249:373-
380, 1974 :

Schnebli HP, Bichi T: Reaction of lectins with human
erythrocytes. I Factors governing the agglutination
reaction. Exp cell Res 91:175-183, 1975

Schnebli HP, Roeder C, Tarcsay L: Reactions of lectins
with human erythrocytes. III Surface charge density
and agglutination. Exp cell Res 98:273-276, 1976

Sela BA, Lis H, Sharon N, Sachs L: Quantitation of
N-acetyl-D-galactosamine-like sites on the surface
membrane of normal and transformed mammalian

cells. Biochem Biophys Acta 249:564-568, 1971
Sharon N, Lis H: Lectins; Cell-agglutinating and sugar

specific proteins. Science 177:949-959, 1972

Sharon N, Lis H: Use of lectins fo the study of mem-
branes. Methods in membrane of biology vol III,
edited by Korn ED. Plenum press, 1975

Sharon N: Lectins. Scientific American 237:108-119,
1977

Singer SJ, Nicolson GL: The fluid mosaic model of the
structure of cell membranes. Science 175:720-731,

Volume 21

1972

Singer JA, Morrison M: Effect of metabolic state on
agglutination of human erythrocytes by concana-
valin A. Biochem Biophys Acta 426:123-131, 1976

Viodavsky I, Inbar M, Sachs L: Temperature-sensitive
agglutinability of human erythrocytes by lectins.
Biochem Biophys Acta 274:364-369, 1972

Vlodavsky I, Inbar M, Sachs L: Membrane changes and
adenosine triphosphate content in normal and
malignant transformed cells. Proc Natl Acad Sci
70:1780-1784, 1973

Wallach DF: Cellular membranes and tumor behavior.
A new hypothesis. Proc Natl Acad Sci 61:868-874,
1968

Warburg O: The metabolism of tumor (translated in
English by Dickens F). Constable London, 1930

Willingham MC, Pastan I: Cyclic AMP modulates micro-
villus formation and agglutinability in transformed
and normal mouse fibroblasts. Proc Natl Acad Sci
72:1263-1267, 1975

Yahara I, Edelman GM: Restriction of the mobility
of lymphocyte immunoglobulin receptors by con-
canavalin A. Proc Natl Acad Sci 69:608-612, 1972

— 146 —-



