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SUMMARY 

The interactions between concanavalin A and chick embryo fibroblasts, 
normal and infected with Rous sarcoma virus (RSV-BH) or its thermosensitive 
mutant RSV-BH-Ta, have been studied. Normal chick embryo cells and RSV-BH 
transformed cells showed at 4 and 25 °C a similar number of concanavalin A recep- 
tors per cell. Analysis of the binding data by the Scatchard relation showed that 
apparent changes in binding as a function of temperature are due to the thermody- 
namic properties of the process and and not to endocytosis The lectin receptors on 
the cell surface of  normal and RSV-BH infected cells showed homogeneity in their 
binding properties. Chick cells infected with RSV-BH-Ta showed a lectin binding 
behavior that was dependent on the temperature at which the cells were grown. At 
the permissive temperature for transformation (37 °C), the binding process was 
similar to that observed for normal and RSV-BH infected cells. At the nonpermissive 
temperature (41 °C), the cells showed at least two sets of concanavalin A receptors. 
The new set of  receptors on the cell surface had a lower lectin affinity than those 
observed in the same cells at 37 °C. 

Chick cells infected with RSV-BH showed an enhanced agglutinability by 
concanavalin A, as compared with normal cells. Cells infected with RSV-BH-Ta 
showed a reversal of the correlation between increased concanavalin A agglutinability 
and the transformed state. At the permissive temperature for transformation, the 
cells were not agglutinable, whereas at the nonpermissive temperature they presented 
agglutinability indexes as high as those observed with RSV-BH infected cells. This 
enhanced agglutinability observed with cells maintained at the nonpermissive tempe- 
rature for transformation may be related to the new set of low affinity receptors 
present at 41 °C. 

INTRODUCTION 

The plant lectin concanavalin A has been used to investigate the architecture 
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of cell surfaces and its changes upon transformation. In general, there is a good 
correlation between the transformed state of the cells and their enhanced agglutina- 
bility by the lectin [1, 2]. The introduction of thermosensitive mutants of oncogenic 
viruses has allowed a further confirmation of the relation between increased agglutina- 
bility of cells and neoplastic transformation [3-5 ] However, recently some exceptions 
have been found. Salzberg and Green [6, 7] have reported that nonvirus-producing 
hamster cells transformed by MSV are nonagglutinable by concanavalin A. Guerin 
et al. [8] have shown that a cell line isolated from a murine plasmacytoma, which is 
susceptible to density inhibition of growth and is not transplantable to mice, presents 
enhanced agglutinability by this lectin. The mechanism of cell agglutination by 
lectins is still unclear. Talmadge et al. [9] have selected two surface alterations as the 
most conspicuous candidates that could influence agglutination. They are small dif- 
ferences in the number of available receptors [10] and differences in their degree of 
mobility in the surface membrane [I 1, 12]. Studies from several laboratories [13--18] 
have shown that there is no difference" in the number of concanavalin A receptors 
present in normal and transformed cells. However, Noonan et al. [19] have presented 
evidence that a temperature-sensitive cellular mutant infected by SV40 virus showed 
an increase in lectin binding which paralleled the process of morphological trans- 
formation. 

In this study, we compare the concanavalin A binding and induced agglutina- 
bility of chick embryo cells transformed by infection with RSV-BH and with a 
mutant RSV-BH-Ta, temperature sensitive for transformation [20]. In cells trans- 
formed with this mutant, the morphological changes can occur within one to two 
hours after shifting from the permissive (37 °C) to the nonpermissive (41 °C) tempera- 
ture and vice versa. The reversibility of these changes is unaffected by inhibition of 
DNA, RNA or protein synthesis, suggesting that a temperature-sensitive molecule 
participates in the morphological transformation [20, 21 ]. The results obtained with 
this system are compared to those observed with. normal and RSV-BH transformed 
chick cells. Some of the thermodynamic properties of the concanavalin A binding are 
discussed and compared to those from previous reports obtained with different cells 
and with some simple sugars and polysaccharides. 

MATERIALS AND METHODS 

Cells and viruses 
Cells of ten-day chick embryos were cultured in Eagle's minimal essential 

medium containing sodium pyruvate (5 raM) and additional glucose to give 2 g/l. 
This medium was supplemented with 5 ~ fetal bovine serum, 10 ~ tryptose phosphate 
broth (Difco), penicillin (50 units/ml), streptomycin (50 #g/ml) and tylosine (50/~g/ 
ml). Secondary chick cell cultures were infected at 37 or 41 °C with RSV-BH or its 
thermosensitive mutant RSV-BH-Ta (0.l focus forming units per cell) within 8 h 
after trypsinization. The efficiency of the infection was not temperature dependent. 
Cultures subsequently were transferred at 2-3 days intervals. Morphological trans- 
formation was apparent within 24 h after infection and virtually all the cells were 
transformed within 10 days after infection. Cultures were maintained at 37 or 41 °C 
in humidified 5 ~ CO2-atmosphere incubators. Cells were used until 6 4  weeks after 
infection and then discarded. 
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The Bryan "high-titer" strain of Rous sarcoma virus (RSV-BH) is mixed with 
Rous-associated virus (RAV1, a subgroup A nontransforming avian leukosis virus), 
and probably a second nontransforming virus, RAVO. A mutant of RSV-BH, RSV- 
BH-Ta [20] also called tdBE1BH [22], transforms infected cells at 37 °C, but when 
placed at 41 °C, these infected cells revert to normal phenotype. RSV-BH-Ta cells 
also contain RAV1 and RAVO, but the presence of these viruses has no effect on the 
transformation process. 

Preparation of 3H-labeled concanavalin A 
Concanavalin A and Sephadex G-50 were obtained from Pharmacia Fine 

Chemicals. Tritiated concanavalin A was prepared by acetylation with [3H]acetic 
anhydride (500 Ci/mol, Amersham/Searle) in benzene at 0-4 °C, following the method 
of Miller and Great [23]. The lyophilized material was dialyzed against water to 
remove free [3H]acetic acid and further purified by affinity chromatography on 
Sephadex G-50 (24). The glucose used to elute the 3H-labelled concanavalin A from 
the Sephadex was removed by extensive dialysis against 0.8 M NaCI/0.025 M sodium 
phosphate (pH 7.4) containing 0.1 mM CaCI 2 and 0.1 mM manganese acetate. The 
metal ions Ca 2 + and Mn 2 + were added in order to avoid demetallization of the lectin, 
which results in heterogeneity with respect to carbohydrate-binding ability [25]. The 
lectin solution was concentrated to 3 mg/ml by ultrafiltration in dialysis tubing and 
stored at -30 °C. Gel chromatography of native and [3H]acetylated concanavalin A 
on 10"//o agarose (Bio Gel A 0.5 m, Bio Rad Lab.) showed similar hydrodynamic 
properties for both preparations. The 3H-labeled lectin was also identical to native 
concanavalin A in its hemagglutinating activity toward sheep erythrocytes. Before 
use, the lectin was diluted to the desired concentrations with phosphate buffered 
saline. 

Cell bindin9 of 3H-labeled concanavalin A 
The binding assays were carried out at 4 and 25 °C. Cells were grown in Falcon 

plastic dishes (35 mm diameter) until they reached near confluency or a cell density 
of about 5 - 105 cells per plate. The cell monolayers were washed twice with phosphate 
buffered saline maintained at 4 or 25 °C For tests of specificity, the 3H-labeled 
concanavalin A was added in the presence of 50 mM methyl-~-o-mannoside (Cal- 
biochem). At the end of the 15-rain incubation period at 4 or 25 °C, the liquid was 
aspirated and the plates were washed four times with cold phosphate buffered saline. 
The washed cells were solubilized for 1 h with 1 ml of 0.1 IV[ NaOH/5 ~o NazCO3. 
Radioactivity measurements were made in a Beckman LS355 liquid scintillation 
counter using a Triton-toluene scintillation solution [26]. Protein determinations were 
made by the procedure of Lowry et al. [27], using bovine serum albumin as a standard. 
The cell number and cell dimensions were calculated from the parameters reported 
by Bader et al. [28] for similar cells in suspension and nearly spherical in shape. 

Ayglutination assays 
Concanavalin A-mediated cell agglutination was assayed using two different 

methods: a microhemadsorption method and direct lectin cell agglutination. The 
modification of the microhemadsorption method of Furmanksi et al. [29], as de- 
scribed by Rittenhouse and Fox [30], was used. The assays were made at 25 °C with 
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ou tda ted  h u m a n  red b l o o d  cells, type O positive.  In  order  to  avoid  a t t achment  o f  red 
b lood  cells to  the plast ic  substra te  due to adso rbed  lectin, the cultures were used at 
high cell density,  abou t  1.5 • 106 cells per  dish  (35 m m  diameter) .  Specificity tests were 
made  by  car ry ing  out  the ent ire  p rocedure  in the presence of  50 rnM rnethyl -a-o-  
mannos ide .  Cells were solubi l ized in 0.1 M N a O H ,  and the solut ions centr i fuged at 
2500 × g for  6 rnin to  remove coarse  insoluble  mater ia l .  Hemog lob in  content  was 
ana lyzed  spec t rophotorne t r ica l ly  at 418 nm. Prote in  content  was de te rmined  in plates 
subjected to all the steps o f  the p rocedure  but  omi t t ing  the red b lood  cells. The results 
are expressed as absorbance  units at  418 n m  per  rng o f  p ro te in  or  per  106 cells. 

Cell  agg lu t ina t ion  was also assayed fol lowing the guidelines o f  the p rocedure  
descr ibed  by Sela et al. [17]. Subconf luent  cells were removed  f rom the plates with 
4 • ! 0 -  4 M E D T A  in phospha te  buffered saline free o f  Ca z + and M g  2 + at 37 or  41 °C. 
The cells were washed twice with the buffered saline solut ion and  suspended in the 
same solut ion.  25 ml o f  cell suspension,  1 • 106 cells/ml, were mixed with equal  
volumes o f  various concent ra t ions  o f  lectin in the cells o f  Mic ro  Test  II  plates 
(Fa lcon) .  The pla te  was kep t  at  r o o m  tempera tu re  in gentle ro ta t ion  for l0  min. 
Agg lu t ina t ion  was observed  using an  inver ted  microscope  and scored on a 0 to 4 +  
scale. Specificity was de te rmined  by carrying out  the whole procedure  in the presence 
of  50 rnM rnethyl-~-D-mannoside.  

RESULTS 

Binding of  3H-labeled concanavalin A to cells 
Under  the condi t ions  used for the b inding  studies, it has been assumed that  

concanava l in  A exists ma in ly  as a t e t r amer  o f  molecular  weight 112000 [1]. The 
m o n o m e r i c  form conta ins  a b ind ing  site which is more  complementa ry  to ~-o- 
rnannopyranosy l  residues but  will also b ind  ~-D-glucopyranosyl  units [31]. In this 
r epo r t  the "concanava l in  A specifically b o u n d  to cells" is defined as the a m o u n t  of  
lectin b o u n d  in absence of  methy l -~-D-mannopyranos ide  minus  the a m o u n t  bound  
in the presence o f  50 rnM methyl -~-D-mannopyranos ide .  Binding o f  the lectin to 

TABLE 1 

EFFECT OF ~-METHYLMANNOSIDE ON 3H-LABELED CONCANAVALIN A BINDING 
TO NORMAL AND RSV-BH INFECTED CHICK EMBRYO CELLS 

Cells T cpm/mg Inhibition 
{ 'c} . . . . . . . .  2, 

Protein* o~-Methylmannoside 

Chick 37 26 738 3 011 89 
cells 41 28 000 3 159 89 

RSV infected 37 25 837 3 656 86 
chick cells 41 26 900 2 713 90 

Medium** 37 I 541 1 536 0 

'~ Measurements of bound 3H-labeled concanavalin A were carried out at 25 'C as described in 
the text. The lectin was used at a concentration of 190/~g/ml. 

** Plastic dishes were incubated for several hours with medium plus 10 ~ calf serum. Dishes were 
washed twice and the binding assays performed as described for cell monolayers. 
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serum pretreated plastic dishes was identical in the absence or presence o f  methyl-a-  
D-mannoside. However,  this carbohydrate  inhibits the lectin binding to cell mono-  
layers by 80-90 ~ (Table I), demonstra t ing that the interactions with the cell surface 
are mediated by the saccharide binding site o f  concanavalin A. 

Chick embryo fibroblasts stick tighlty to the dish, making their removal  as 
single cells for binding assays in suspension very difficult. Therefore, their removal 
was avoided and the assays were performed with cell monolayers,  as recommended 
by N o o n a n  and Burger [32]. The reliability of  the binding assays on cells at tached to 
the culture dish has been shown by several authors [13, 15]. In this report  the binding 
studies were carried out at two temperatures,  4 and 25 °C. 

The binding of  3H-labeled concanavalin A to normal  and RSV-transformed 
chick cells shows a dependence on the lectin concentrat ion (Fig. 1), similar to that de- 
scribed for normal  and t ransformed mammal ian  cells [10, 13, 15, 33]. Compar ison  
of  the binding curves at 4 and 25 °C indicates an apparent  decrease in binding at the 
lower temperature,  4 °C. The binding profiles for chick cells infected with the mutant  
RSV-BH-Ta  are shown in Fig. 2. The cells maintained at 37 °C for 48 h, the permissive 

5 0  - 

A 

4 0 -  

30 
.L:J 

20 

~ 10 E 
< 
.E 0 [ [ I ] I ] f I J I 
~ 20 
r-- 

o 

t.-. 1 6 -  0 
u, 
-1- 
"' 12 C~ 

:::L 

8 

4 

0 J ] ] I [ J r [ J I 
20 40 60 80 100 120 140 160 180 200 

3 
H - C o n c a n a v a h n  A (p .g / rn l )  

of H-labeled concanavalin A to cells grown to near confluency. The binding Fig. 1. Specific binding 3 
assays were performed at 4 °C, ((3) and 25 °C, (0)  as described in the text. (A) Chick ceils grown at a 
density of 4.94 • 105 cells per 35 mm diameter dish; (B) RSV-BI-I infected cells grown at a density 
of 4.23 • 10 s cells per dish. The amount of lectin bound per mg of total protein ~as calculated from 
the 3H-labeled concanavalin A specific acitivity: 1.21/zCi per mg. 
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Fig. 2. Specific binding of 3H-labeled concanavalin A to cells infected with RSV-Btl-Ta grown to near 
confluency. The binding assays were performed at 4 °C, ((2)) and 25 °C, ( 0 )  as described in the text. 
(A) Chick cells infected with RSV-BH-Ta and maintained at the permissive temperature for trans- 
formation, 37 °C. Cells were grown to a density of 4.95 • 10 s cells per 35 mm diameter. (B) Chick 
ceils infected with RSV-BII-Ta and maintained at the nonpermissive temperature, 41 °C. Cells were 
grown to a density of 5.5 • 105 cells per dish. 

t empera tu re  for t r ans fo rma t ion ,  p resented  binding characteris t ics  similar to those 
observed  in no rma l  chick cells (Fig. 2A).  The b inding  curves for  cells ma in ta ined  for  
48 h at  the non-permiss ive  t empera tu re  for  t r ans fo rmat ion ,  41 °C (Fig. 2B), showed a 
pa t t e rn  which  is somewhat  similar  to tha t  observed in RSV- t rans fo rmed  ceils. The 
b ind ing  p rope r t i e s  o f  chick cells, no rma l  and  infected by RSV-BH,  did not  depend  on 
the t empera tu re  at  which the cells were grown (not  shown).  

De ran l eau  [34] has discussed the different types o f  p lots  used for binding da ta  
p re sen ta t ion  and  conc luded  tha t  the direct  plot ,  such as tha t  in Figs. 1 and 2, or  the 
rec iprocal  and  doub le  rec iprocal  plots ,  are general ly  unsat isfactory.  These different 
plots  have open  upper  limits,  and  in the la t ter  two any po r t i on  o f  the b inding  curve 
can be represen ted  as a comple te  plot .  A more  r igorous  me thod  of  analysis will be 
the use o f  a system such as the Sca tchard  p lo t  [35], in which "al l  the theoret ical ly  
ob ta inab le  d a t a  can be plot ted ,  whether  exper imenta l ly  ob ta inab le  or  n o t "  [34]. 

I f  there are one or  more  independen t  sets o f  concanaval in  A binding sites on 
the  cells, and  all sites o f  each set have the same intr insic  affinity for the lectin in the 
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Fig. 3. Binding of  aI-I-labeled concanavalin A represented according to Scatchard. The conditions of  
the assay are the same as described in Fig. 1. The data at 4 °C, (©)  and 25 °C, ( 0 )  are the mean of  
duplicate experiments. The amount  of  specifically bound  all-labeled concanavalin A was determined 
as described in the text. (A) Chick cells grown to a density o f  4.94 • 105 cells per 35 m m  dish. (B) 
RSV-BH infected cells grown to a density of  4.23 - 105 cells per dish. 

TABLE I][ 

CELL SIZE A N D  N U M B E R  OF a l l -LABELED C O N C A N A V A L I N  A MOLECULES B O U N D  
TO N O R M A L  A N D  T R A N S F O R M E D  C H I C K  E M B R Y O  FIBROBLASTS.  

The number  of  bound molecules was determined f rom the extrapolated n values in the Scatchard 
plots. The surface areas were determined f rom the cell dimensions given by Bader et al. [28]. 

Cells Surface T* 
area per CCI 
cell (#m 2) 

Molecules of  lectin bound 

per/~g per cell pe r / tm  z 
protein (. 10 - 6 )  (. l0  - 3 )  
(. 10 -10)  

Chick embryo 1195 4 26.0 66 55.2 
cells 25 28.0 70 58.6 

RSV-BI-[ 2360 4 12.8 55 23.0 
infected cells 25 13.3 57 24.1 

RSV-BH-Ta 2090 4 10.4 36 17.0 
infected cells (37 °C) 25 10.3 36 17.0 

R SV-BI-[-Ta 1244 4** 8.4 13 10.8 
infected cells (41 °C) 25** 9.6 15 12.1 

4*** 50.9 82 65.6 
25*** 51.5 82 66.3 

* Temperature at which the binding assays were carried out. 
** Values corresponding to the high affinity concanavalin A receptors. 

*** Values corresponding to the low affinity concanavalin A receptors. 
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absence of  coopera t iv i ty ,  the Scatchard  re la t ion should  apply.  A.t equi l ibr ium,  each 
single set o f  b ind ing  sites gives a s traight  line fol lowing the equa t ion  r/c - -  Kn -Kr, 
where r, lectin b o u n d  in #g/ml;  c, u n b o u n d  lectin in #g/ml;  n, number  of  binding sites 
per  cell; and  K, intr insic associa t ion  constant ,  which is herein called the " appa ren t  
assoc ia t ion  cons tan t " .  When  there are more  than  one set of  b inding sites, a nonl inear  
re la t ion is obta ined.  The b inding  of  concanaval in  A to normal  and to RSV-BH 
infected chick cells p lo t ted  according  to  Scatchard is shown in Figs. 3A and 3B, 
respectively.  The  s t raight  line plots  indicate no p ronounced  heterogenei ty  in the 
b inding  sites on the cell surfaces and a decrease in K values at  the lower temperature .  
The n u m b e r  o f  lectin receptors  per  cell, 7" 107, is higher  than  that  repor ted  by 
Birdwell  and  Strauss [36] for  no rma l  chick cells, 1.5 • 107, but  still in the same order  
o f  magni tude .  The  d iscrepancy could  arise f rom the differences in exper imental  
condi t ions  and  graphica l  presenta t ion .  Our  da ta  show that  no rma l  and t rans formed  
chick cells have near ly  the same a m o u n t  of  concanava l in  A receptors  at  bo th  temper-  
a tures  (Table II) ,  s imilar  to previous  results ob ta ined  with m a m m a l i a n  cells [l 3-15].  
However ,  it  should  be no ted  tha t  the  number  of  sites per  uni t  of  surface area  in 
normal  chick cells is at least 2.5-times that  present  in the RSV-BH t ransformed cells 
(Table l l ) .  These results are different f rom those ob ta ined  with  m a m m a l i a n  cells, 
where the recep tor  densi ty  in the t r ans fo rmed  cells was equal  to [37] or higher  than 
[10] in the normal  cells. A logical  exp lana t ion  for  the differences in the densi ty of  
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Fig. 4. Binding of 3I-[-labelled concanavalin A represented according to 8catchard. The conditions 
of the assay are the same as those described in Fig. 2. The data at 4 °C, (O) and 25 °C, (@) are the 
mean of duplicate experiments. (A) Chick cells infected with RSV-BH-Ta and maintained at the 
permissive temperature for transformation, 37 °C, grown to a cell density of 4.95 - 105 cells per 
35 mm dish. (B) Chick cells infected with RSV-BH-Ta and maintained at the nonpermissive tempera- 
ture, 41 °C. Cells were grown to a density of 5.5 • 105 cells per dish. The dashed lines (- - -), represent 
the approximated graphic parameter fitting of the Scatchard plot for the data obtained at 25 °C. This 
approximation was made assuming two independent sets of concanavalin A receptors. For clarity 
purposes the graphic parameter fitting of the data at 4 °C is not shown. 
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receptors is the increase of cell dimensions in transformed chick cells. Recently, 
several authors have presented evidence that transformed cells show extensive cover- 
age by microvilli, whereas normal cells present smoother surfaces [38, 39]. This 
surface feature of transformed cells may cause a significant increase in the total 
surface area of the cell. As a consequence, our density values and those reported in 
the literature for concanavalin A receptors in transformed cells are maximal, whereas 
those given for cells with normal phenotype can be considered close to the true values. 

Examination of the binding data obtained with RSV-BH-Ta infected chick 
cells maintained at 37 °C, the permissive temperature for transformation, revealed 
a linear plot (Fig. 4A) similar to that observed with normal and RSV-BH infected 
cells. In contrast, the Scatchard plots obtained with RSV-BH-Ta infected cells main- 
tained at 41 °C showed no linearity (Fig. 4B). From the analysis of the plot it is 
feasible to postulate at least two different sets of binding sites which can or cannot 
interact between themselves. From graphic parameter fitting (Fig. 4B), it has been 
possible to calculate the number of low and high affinity sites (Table I1) and their K 
values (Table III). The total number of receptors on the cell surface of RSV-BH-Ta 

TABLE 111 

T H E R M O D Y N A M I C  F U N C T I O N S  F O R  THE I N T E R A C T I O N S  OF C O N C A N A V A L I N  A 
W I T H  CELL RECEPTORS A N D  SIMPLE SU G A R S 

System T 10- s ~, K - - A G  ° A H  ° : l S  ° 

(°C) (M - ' ) (kcal/mol) (kcal/mol) (cal • deg-  t . mol - l) 

Chick embryo cells 4 18.0 7.93 8.32 58.6 
25 52.0 9.16 

RSV-BH 4 10.0 7.60 5.29 46.5 
infected cells 25 19.5 8.58 

RSV-BI-[-Ta infected 4 15.0 7.83 7.67 55.9 
cells (37 °C) 25 40.0 9.00 

RSV-BH-Ta infected 4 a 36.0 8.30 5.19 48.7 
cells (4l °C) 25 70.0 9.34 

4 b 1.60 7.00 6,10 46.6 
25 3.50 7.56 

Lymphocytes c 0 30.0 8.10 6.30 52.6 
37 120.0 10.00 

Rodopsin a 2 11.0 8.90 2.90 42.8 
27 17.0 9.90 

p-Nitrophenyl 4 0.34 5.74 --27.19 - 77.4 
mannoside e 27 0.15 5.73 -- 71.5 

a Values corresponding to the set of  high affinity lectin receptors. 
b Values corresponding to the set of  low affinity receptors. 
¢ Thermodynamic  functions were calculated f rom the equilibrium constants given by Betel and 

Van den Berg [33]. 
d Thermodynamic functions were calculated from the association constants given by Steinemann 

and Stryer [49]. 
e Thermodynamic functions were calculated f rom the equilibrium constants reported by Bessler 

et al. [43]. 
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Fig. 5. Binding o f  aI-1.-labeled concanaval in  A to cells as a funct ion  o f  t ime after reciprocal tempera-  
ture shifts. Chick embryo  cells infected with RSV-BI-[-Ta were grown at 37 or 41 °C. Cell cultures 
grown to near  confluency were shifted to the desired tempera ture  and  the binding assays per formed at 
selected t ime intervals at 25 °C. 3I-{-labeled concanaval in  A was present  at a concent ra t ion  of  190/~g 
per ml.  Differences in cell density due to growth t ime were avoided by mak ing  the total  o f  t ime before 
shif t ing plus  t ime after shif t ing equal for all the  cells. Binding o f  radioact ive lectin is expressed as 
cpm per nag o f  protein,  a l l - labeled concanaval in  A binding after shift  f rom 41 to 37 "C, ( 0 - - O )  
and  f rom 37 to 41 °C, ( Q - - Q ) .  

infected cells maintained at 41 °C is 9.6 • 107, a number which is approx. 2.5-times 
higher than that observed in the RSV-BH-Ta infected cells maintained at 37 °C, the 
permissive temperature for transformation. 

Binding of concanavalin A. to RSV-BH-Ta infected cells at different times of 
temperature shift is shown in Fig. 5. A temperature shift from 41 to 37 °C resulted 
in a decrease of binding sites at the cell surface, a process that occurred without an 
appreciable lag period. The increase in binding sites observed in cells shifted up, 37 
to 41 °C, occurred after a lag period of about 12 h and was completed in 48 h. Ex- 
amination of the kinetics of changes in binding sites as a function of the shift time 
suggests that the products responsible for the increased number of sites at 41 °C are 
unstable at 37 °C. Their removal or alteration at 37 °C might result in the observed 
decrease of binding sites. The lag period observed in cells shifted up (Fig. 5) seems to 
indicate an absence in the cell at 37 °C of the required products, and that in order to 
observe the changes, DNA or protein synthesis is required. The fact that the alterations 
responsible for changes in binding took place at a slower rate than those conducing 
morphological changes [20] or to hemadsorptive properties (Okazaki, T., Marciani, 
D. J. and Bader, J. P., unpublished), imply that the modifications responsible for 
binding behavior are different from those involved in morphological transformation 
and other properties of these cells. 

Thermodynamics of concanavalin A-cell receptor interactions 
Some thermodynamic functions for the binding process can be calculated from 

the value of the apparent association constant K [40]. The thermodynamic values of 
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standard free energy change (AGo)  were calculated from K by the relation AG ° 
- - R T I n K .  The effect of temperature on the binding process was evaluated from 

the enthalpy change ( A H  °) using the equation 

( ') I n K 2 - - - - A H  ° 1 _~ i ,  
K 1 R T2 

where K 1 and 1(2 are the apparent association constants obtained at 4 and 25 °C. 
The standard entropy change ( A S  °) was calculated from the equation AG ° = A H  ° 

T A S  °. The association constants (Table III) range from 1 • 10 6 t o  5 "  10 6 M - I ,  

with the exception of the low affinity sites in RSV-BH-Ta infected cells at 41 °C, 
which presented K values of one order of magnitude lower, i.e., 105 M-1.  These values 
are close to those reported for concanavalin A binding to lymphocytes [33, 41 ] and 
concanavalin A interactions with glycopeptides from ovalbumin and IglV[ cryo- 
globulin, K = 2.5 • 106 and 9.7 • 105 M -1, respectively [42]. However, these associ- 
ation constants are several orders of magnitude larger than those observed for the 
lectin interactions and monosaccharides [43]. So and Goldstein [44] have shown that 
concanavalin A can accommodate structures as large as trisaccharides, and that the 
affinities increased from the monomer up to the trimer. A comparison of the AG ° for 
the concanavalin A-trisaccharide interactions, --7.43 kcal/mol, with that observed 
for interactions with cell receptors, --8 to --10 kcal/mol, indicates that the manno- 
biose units in the glycopeptide are not sufficient to explain the degree of affinity. 
Other interactions with groups such as N-acetyl-D-glucosamine and/or amino acids 
in the glycoproteins may contribute to the total free energy of binding. For compara- 
tive purposes, our values for the thermodynamic functions are shown in Table IIl 
together with those reported for other concanavalin A binding systems. It is apparent 
from our data and other reports that the interactions of  this lectin with cell surfaces 
have a positive reaction enthalpy, whereas its interactions with small saccharides 
present a negative reaction enthalpy. These results are very different from those 
reported for another lectin, wheat-germ agglutinin, where K slightly decreases when 
the temperature is raised [45], presenting a negative enthalpy similar to that measured 
for the formation of antibody-hapten complex [46]. 

Agglut inat ion o f  cells 
Normal and transformed chick cells were assayed for their ability to be aggluti- 

nated by concanavalin A. Using a modification of the microhemadsorption method 
of Furmanksi et al. [29], RSV-BH infected cells were found to be more agglutinable 
than normal cells (Fig. 6). Treatment of  normal and RSV-BH infected chick cells 
with trypsin caused an enhancement of  the lectin-mediated hemadsorption (not 
shown). The presence of 50 mlV[ methyl-~-o-mannoside inhibited the hemadsorption 
process, indicating the specificity of the test. From Fig. 6 it is possible to note that 
chick cells present some degree of  concanavalin A-mediated hemadsorption. Cells 
infected with the RSV-BH-Ta mutant and maintained at 37 °C showed levels of  the 
lectin-mediated hemadsorption similar to or lower than those observed for normal 
cells (Fig. 6). The same assay gave very different results when cells infected with 
RSV-BH-Ta and maintained at 41 °C were tested. The cells which are not trans- 
formed at this temperature showed an apparent enhancement of the concanavalin 
A-mediated hemadsorption, which, however, could not be significantly inhibited by 
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Fig. 6. Concentration curve for concanavalin A-mediated hemadsorption to chick cells, normal and 
transformed by RSV-BH and its thermosensitive mutant for transformation, RSV-BI-[-Ta. Cells were 
grown to a high density, about 1.5 • 106 cells per 35 mm dish, in order to avoid attachment of red cells 
to the plastic substrate due to adsorbed lectin. Cells were washed twice with Ca 2+- and Mg2+-free 
phosphate buffered saline and incubated for 10 rain with 0.5 ml of concanavalin A in saline. The cells 
were then washed four times with saline solution and incubated for 10 min with 2 % (v/v) washed 
human erythrocytes type O (+). Finally, the cells were washed five times with saline solution and 
solubilized in 1 ml of 0.1 M NaOI-L The hemoglobin content was analyzed spectrophotometrically 
at 418 nm. The cell number was calculated from the protein content and/or from cell counts from 
plates treated in the same form as for hemadsorption but excluding the erythrocytes. (~), RSV-BH 
infected cells; (O), normal chick cells; (O) RSV-BH-Ta infected cells grown at 41 °C; (fq) RSV-BH- 
Ta infected cells grown at 37 "C. Assays in the absence, ( - ) and in the presence, (- - -) of methyl- 
~-D-mannoside. 

methyl-a-D-mannoside (Fig. 6). Fur ther  invest igat ion of this lack of inhib i t ion  by 
the mannos ide  with RSV-BH-Ta infected cells main ta ined  at 41 °C revealed a new 
hernadsorbing surface property,  which is non-media ted  by concanaval in  A and 
disappears u p o n  temperature  shifting to 37 °C (Okazaki, T., Marciani ,  D. J. and 
Bader, J. P., unpubl ished) .  The possibility of a nonspecific temperature effect on the 
cell surface properties was investigated in normal  and RSV-BH infected cells grown 
at 37 or 41 °C. The degree of lectin mediated hemadsorp t ion  was in each case temper-  
ature independent .  These results agree with those of Burger and  Mar t in  [4], and con- 
firm the role of the viral mu ta t ion  in the modu la t ion  of cell surface properties. 

The agglut inat ion by concanaval in  A of suspended normal  and  t ransformed 
cells was also tested using a method  similar to that  described by Sela et al. [17]. 
Normal  cells were no t  significantly agglutinable by the lectin (Fig. 7), in agreement 
with previous reports  [2, 4, 5]. Cells infected with RSV-BH-Ta and  main ta ined  at 
37 °C showed very low agglut inat ion by lectin. At  this temperature  the cells are 
morphological ly t ransformed and  present  physiological properties characteristic of 
the t ransformed state [20, 21]. Assays carried out with RSVS-BH-Ta infected cells 
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Fig. 7. Concanava l in  A-media ted  agglut ina t ion  o f  chick cells, no rma l  and  infected with RSV-BH or 
its thermosens i t ive  mu t an t ,  RSV-BFI-Ta.  The  assays  were per formed as described in the text. ( ), 
no  agglut inat ion;  ( + ) ,  less than  25 ~ o f  cells agglut inated;  ( +  + ) ,  approximate ly  50 ~ agglut inat ion;  
( ÷  + + )  approximate ly  75 ~ o f  cells agglut inated;  ( +  + - ~ - + ) ,  essentially all the cells are agglutin-  
able. The  inhibitor ,  ~-D-methylmannos ide  was used at a concent ra t ion  o f  0.05 M (A) ,  R S V - B H  
infected cells; (@), no rma l  cells; ([])  R S V-B H-T a  infected cells g rown at 37 °C; (C)), RSV-BH-Ta  
infected cells grown at 41 °C. Agglu t ina t ion  in the absence,  ( - - )  and  in the presence o f  inhibitor ,  
( - - - ) .  

maintained at 41 °C, the nonpermissive temperature for transformation, indicated a 
significant increase in agglutinatibily (Fig. 7). Addition of 50 mM methyl-a-D- 
mannoside inhibited the agglutination process, proving the specificity of  the reaction. 
Our results are an exception to the generally accepted correlation between trans- 
formation and concanavalin A-induced agglutinability [1, 2]. 

DI SCUSSION 

There is a general consensus that normal and transformed cells do not differ 
in the number of concanavalin A receptors per cell [13-16, 18]. However, Noonan 
et al. [19] and Noonan and Burger [10] have reported that under certain conditions, 
i.e., short exposure to the lectin at low temperature, transformed cells present a 
higher number of  receptors than normal cells. In order to elucidate this issue, we have 
examined the binding of concanavalin A to chick cells, normal and infected with 
RSV-BH or one of  its mutants thermosensitive for transformation, RSV-BH-Ta 
[20]. 

Examination of the lectin concentration curves for binding with normal or 
RSV-BH infected chick cells at 4 and 25 °C indicates at the lower temperature an 
apparent decrease of  concanavalin A bound per mg of protein. Noonan and Burger 
[10] have proposed that the binding at 0 °C is a measure of the true number of 
receptors on the cell surface, whereas the large binding at 22 °C is the result of non- 
specific interactions and endocytosis. Huet et al. [47] have interpreted the differences 
in binding caused by temperature as a result of  the dimer-tetramer transition in 
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concanavalin A. At low temperatures ( 0 4  °C), the dimeric form of  concanavalin A is 
predominant; therefore most of the cell-bound lectin may be dimers, which have a 
significantly different binding affinity from that of the tetramers [48]. Analysis of  our 
data by the Scatchard plot showed that the differences in binding at 4 and 25 °C are 
neither the result of  new receptors nor of nonspecific adsorption or endocytosis, but 
are caused by a decrease in affinity reflected by a decrease in the apparent association 
constant K (Table III). This positive reaction enthalpy is in agreement with the results 
reported for other concanavalin A binding systems [33, 49]. Our data does not 
exclude the possibility of a differential binding of dimers and tetramers [47]. Nicolson 
[1 ] suggested that Noonan and Burger [10] selectively measured a set of high affinity 
concanavalin A receptors, analogous to those measured by Cuatrecasas [50] in fat 
cells. In the selected range of lectin concentrations used in the present study, no signi- 
ficant heterogeneity of the receptors with respect to their binding capacities was 
observed. However, it is possible that at lower or higher concentrations than those 
reported here, a population of very high affinity receptors analogous to those found 
in some cells [10, 50, 51 ] and perhaps also low affinity receptors can be present on the 
cell surface. 

Studies of 3H-labeled concanavalin A binding to cells infected with the mutant 
RSV-BH-Ta yielded unexpected results, which depended on the state of morphological 
transformation of the cells. The binding properties of RSV-BH-Ta infected cells 
maintained at the permissive temperature for transformation (37 °C) were somewhat 
similar to those observed with normal and RSV-BH infected cells. However, the 
number of  receptors per cell and unit surface area were lower than the corresponding 
values observed in normal and RSV-BH infected cells. Cells infected with RSV-BH-Ta 
and maintained at the nonpermissive temperature (41 °C) showed a higher number 
of  concanavalin A receptors than that observed in normal cells (Table lI). These 
receptors could be separated into two sets having different affinities for the lectin. 
This heterogeneity of the receptors must originate from some membrane alteration 
that is not present in normal or RSV-BH infected cells. 

Kinetic analysis of  the changes in concanavalin A binding after thermal 
shift up or down indicates that the process is completed in about 48 h, suggesting that 
these cell surface alterations involve synthesis of new components. Analysis of the 
polypeptide composition of  cell membranes from chick embryo fibroblasts infected 
by RSV-BH-Ta showed no differences at 37 or 41 °C, with the exception of a large 
glycoprotein(s), tool. wt. 250 000, that was decreased at the permissive temperature 
for transformation [53]. It seems feasible to postulate, in this specific case, that 
changes in the levels of  this glycoprotein may be partially responsible for the alter- 
ations in concanavalin A receptors. 

Evaluation of the capacities of normal and RSV-BH infected cells to be 
agglutinated by concanavalin A gave results similar to those reported previously 
by several authors for different cell systems [1, 2]; i.e., that transformed cells present 
an enhanced concanavalin A-induced agglutinability. In this report, the same results 
were obtained from direct concanavalin A agglutination [17] and from concanavalin 
A-mediated hemadsorption assays [29, 30]. Porter et al. [53] have suggested that the 
presence of microvilli would be favorable for concanavalin A agglutination because 
of the increased contact between neighboring cells [39, 53]. In agreement with that 
proposal, Hale et al. [38] have recently shown that RSV-BH infected chick cells 
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present an extensive coverage by microvilli, whereas density-inhibited cells have 
smooth surfaces. This difference may explain the increased agglutinability by concana- 
valin A of RSV-BH infected cells in spite of their low lectin-bound density. 

Concanavalin A-mediated agglutination of cells infected by RSV-BH-Ta 
revealed that they were not agglutinable at the permissive temperature (37 °C), 
whereas at the nonpermissive temperature (41 °C) the cells showed enhanced lectin 
agglutinability and also a new hemadsorbing surface property (Okazaki, T., Marciani, 
D. j. and Bader, J. P., unpublished). Burger and Martin [4] have reported that in- 
creased hyaluronic acid synthesis in RSV infected chick cells might interfere with lectin 
induced agglutinability, and recommended a preliminary treatment of the cells with 
hyaluronidase. The lack of agglutinability of RSV-BH-Ta infected cells at 37 °C 
could arise from hyaluronic acid interference. However, several groups using RSV 
infected chick cells without hyaluronidase treatment have been able to detect differ- 
ences in concanavalin induced agglutinability [5, 54]. Moreover, in spite of the differ- 
ent agglutinabilities for RSV-BH or RSV-BH-Ta infected cells (37 °C), both cells 
showed similar amounts of hyaluronic acid: 0.86 and 0.90 pg per cell respectively 
[20]. Therefore, the inhibition of agglutination by hyaluronic acid in our system, 
becomes rather questionable. The enhanced concanavalin A-induced agglutinability 
observed in these cells expressing the normal phenotype can be related to a significant 
increase in the total number of the lectin binding sites on the cell surface. It is feasible 
that in this particular case the increase of lectin receptors may play a role in the 
agglutination process. The lack of correlation between concanavalin A agglutinability 
and transformed state, is the opposite of that observed with cells infected with other 
thermosensitive mutants of RSV [4, 5]. As has been suggested by Salzberg and Green 
[6, 7] and Biquard [55], the possibility exists that cell transformation and the surface 
alterations associated with concanavalin A interactions are controlled by the expression 
of different sarcoma virus genes. The manner in which this mutant, RSV-BH-Ta, 
alters the behavior of the cells is not yet understood. It is quite possible that alterations 
of some proteins and/or lipids in the cell membrane may result in changes of mem- 
brane architecture, conducing to the expression of new properties such as those 
presented here. 
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