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ABSTRACT 

Mitotic, nonmalignant Balb/c 3T3 cells exhibit endogenous, surface galactosyl- 
transferase ~ctivity that does not require intercellular contact throughout the assay 
period. In this respect, mitotic 3T3 cells resemble malignant Balb/c 3T12 cells 
which similarly show no contact requirement for optimum transferase activity in 
any phase of their cell cycle. 

Previously, it was shown that randomly growing populations of 3T3 cells have 
lower galactosyltransferase activity when assayed under conditions which de- 
creased cell contact. This led to the conclusion that these normal (3T3) and 
malignant (3T12) cells differed in that intercellular contact is required for opti- 
mum activity of surface gatactosyltransferases on the normal cell type. 

The present data indicate that mitotic 3T3 cells may be capable of expressing 
enzyme activities exhibited at all times by malignant cells. That is, mitotic 3T3 
cells and randomly growing 3T 12 cells may readily catalyze galactosyltransferase 
reactions between enzymes and acceptors on the same cell. Interphase 3T3 cells, 
on the other hand, might require that enzymes glycosylate acceptors on adjacent 
cells. A model is proposed that suggests that changes in the spatial arrangement 
of surface enzymes and acceptors or variations in the fluidity of the cell membrane 
can account for this contact-related glycosylation. 

Recent reports have suggested the presence of 
glycosyltransferases on the external surfaces of cell 
plasma membranes in five different systems. In the 
chick neural retina (14), these transferases have 
been implicated in the process of cell recognition 
via enzyme-acceptor interactions. Jamieson et al. 
(8) and Bosmann (2) have postulated that, in blood 
platelets, surface transferases may bind to colla- 
gen-linked glycosides and thereby initiate hemo- 
stasis. In early chick embryos (17), Shur and Roth 
have found a spatial and temporal correlation 
between surface glycosylation potential and known 

inductive events. Along the same lines, Weiser (18) 
has reported transferase activities in rat intestine 
that reflect the developmental state of the intesti- 
nal epithelial cells. Finally, a number of glycosyl- 
transferases and their acceptors have been located 
on a variety of cultured cell lines (3, 15). 

The glycosyltransferases catalyze the following 
general reaction: 

nucleotide-X + acceptor --, 

nucleotide + acceptor-X 
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in which a single glycose unit (X) is transferred 
from a glycose donor (nucleotide sugar) to an 
appropriate glycose acceptor (nonreducing ter- 
minus of an oligosaccharide, glycoprotein, or 
glycolipid). Each transfer requires an enzyme 
which recognizes both the donor and the specific 
acceptor (12). 

Roth and White assayed intact, nonmalignant  
Balb/c 3T3 cells (3T3) and malignant Balb/c 
3T 12 cells (3T 12) for endogenous galactosyltrans- 
ferase activity as a function of cell contact (15). 
They found that 3T3 cells incorporated more 
radioactive label from [~C]uridine diphosphate 
galactose ([I~C]UDP-Gal) when the cells were in 
contact than when cell contact was diminished by 
maintaining the cells in suspension. 3T12 cells, on 
the other hand, showed no difference in the 
incorporation of labeled galactose onto surface 
acceptors under conditions allowing greater or 
lesser cell contact. A difference in the average 
distance between surface transferases and accep- 
tors on these ceils could account for these data. On 
a 3T12 cell the enzymes and acceptors might be 
capable of sufficient interaction for glycosylation 
to occur on a single cell (cis-glycosylation). On a 
3T3 cell, if the enzymes and acceptors were not 
equally capable of this proximity, glycosylation 
would require intercellular contact; that is, en- 
zymes would utilize acceptors on adjacent cells 
( trans-glycosylation ). 

Mobility differences between surface compo- 
nents on normal and malignant cells have previ- 
ously been proposed (13). Using hemocyanin as a 
marker for the surface distribution of concanavalin 
A (Con A), Rosenblith et al. (13) showed that the 
inherent distribution of Con A-binding sites was 
dispersed and random on both normal and malig- 
nant  cells. However, these molecules may be 
capable of greater mobility within the membrane 
of malignant cells. This increased mobility has 
been cited to explain the relative ease of agglutina- 
tion of malignant cells by plant lectins and to 
account for the clustering of sites on malignant 
cells reported earlier (9). It has also been demon- 
strated that normal mouse (5, 16) and hamster (16) 
cells, when in mitosis, display lectin agglutinability 
similar to malignant variants. 

In the present study, the contact requirement for 
endogenous surface galactosyltransferase activity 
in normal 3T3 cells was tested at various stages o4" 
the cell cycle. The results suggest that mitotic 3T3 
cells show no difference in the incorporation of 

labeled galactose when assayed under conditions 
allowing either greater or lesser cell contact. 
Interphase 3T3 cells maintain the contact-depend- 
ent incorporation of galactose previously demon- 
strated for randomly growing 3T3 cells. Thus, 
galactosylation of normal,  mitotic cells seems to 
have no contact requirement. This is similar to the 
result for galactosylation of 3T 12 cells at all phases 
of their cell cycle. These data imply, as do others 
(5, 16), that cell transformation may be character- 
ized by permanent cell surface alterations which 
resemble normal cells only in mitosis. 

M A T E R I A L S  AND M E T H O D S  

Cells 

Normal, nonmalignant 3T3 and spontaneously trans- 
formed, highly malignant 3T12 mouse cells were grown 
on 150-ram glass Petri plates in Dulbecco's modified 
Eagle medium supplemented with 10% calf serum 
(DECS) (1). For subculturing, cells were harvested (15) 
with 0.1% trypsin (Difco Laboratories, Detroit, Mich. 
1:250) in Ca++-, Mg++-, and glucose-free Hanks' basic 
salt solution (HBSS). All 3T3 cells were collected from 
cultures containing less than l04 cells/cm 2. All 3T 12 cells 
were collected from cultures containing greater than 5 × 
l0 ~ cells/cm 2. It has previously been shown (15) that both 
of these cell types have highest endogenous galactosyl- 
transferase activities when collected from cultures in the 
stated density ranges. 

Cell Cycle Designation 

The cells were grouped into three categories with 
regard to their position in the cell cycle. 

MITOTIC POPULATIONS; These cells were obtained 
by treating 2-'to 3-day old cell cultures with 0.1 t~g/ml of 
Colcemid (Grand Island Biological Co., Grand Island, 
N. Y.) in DECS for 4 h to increase the number of mitotic 
cells. The cultures were gently rinsed with DECS using a 
Pasteur pipette to dislodge the loosely attached mitotic 
cells. The efficiency of this collection procedure was 
tested by determining the percentage of cells showing 
mitotic figures in stained slide preparations of the cells 
(Table I). Mitotic figure determination is a conservative 
estimate of mitosis, since it fails to detect very early and 
very late stages of mitosis. 

C O L C E M I D - T R E A T E D ,  I N T E R P H A S E  P O P U L A -  

T I O N S :  The cells remaining on the tissue culture plates 
after collection of mitotic cells as described above were 
presumed to be in interphase. They were harvested by 
trypsinization after removal of mitotic cells. The percent- 
age of these cells showing mitotic figures is given in 
Table I. 

R A N D O M L Y  G R O W I N G  P O P U L A T I O N S ;  These 
cells were collected by trypsinizing 2- to 3-day old 
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TABLE 1 

Percentage of Mitotic Figures in Mitotic and 
Colcemid- Treated lnterphase Populations 

Total 
cells Mitotic Mitotic 

Cell type* counted figures figures 

3T3 mitotic population 419 245 
3T3 interphase popula- 500 42 

tion 
3T 12 mitotic population 500 296 
3T12 interphase popula- 506 58 

tion 

% 

58.4 
8.4 

59.2 
11.4 

* After collection, the cells were washed, fixed, smeared 
on slides, and stained with hematoxylin. Cell counts were 
made to determine the percentage of mitotic figures. 

growing cell cultures which had not been Colcemid 
treated. Mitotic cells make up about 5 6% of this 
population. 

All three cell groups were centrifuged at 240 g for 6 
rain and the rinse or trypsin solution was discarded. 

Washes and Preincubation 

After collection, all cells were washed twice and 
diluted to the appropriate cell concentration with me- 
dium "J"  (glucose-, phosphate-, and bicarbonate-free 
HBSS with 10 mM MnCI~ and 10 mM NAN3, buffered 
with 10 mM HEPES [Calbiochem, San Diego, Calif.]). 
To avoid a precipitate, the medium was adjusted to pH 
7.2 before the addition of the MnC12. Before being 
washed and suspended in medium "J" ,  3T3 cells that 
were harvested with trypsin were preincubated by resus- 
pending the cells in 10 ml DECS and incubating them for 
30 min in a 25-ml DeLong flask on a gyratory shaker 
(180 rpm) at 37°C. Cell concentrations during this 
incubation did not exceed 108 cells/ml. These cells were 
then washed and suspended in medium "J"  as described 
above. This treatment increased incorporation of galac- 
tose by 3T3 ceils when assaying surface galactosyl- 
transferase activity (15). Although preincubation en- 
hanced 3T12 cell galactosyltransferase activity towards 
exogenously added N-acetylglucosamine, it did not sig- 
nificantly alter endogenous activity and was therefore 
omitted (15). 

Transferase Assay 

Surface galactosyltransferase activity was determined 
under conditions previously described (15). For these 
assays, 600 #1 of a solution of intact cells in medium "J"  
were added to a 3-ml conical centrifuge tube containing 
[~C]UDP-Gal  (New England Nuclear, Boston, Mass.) 
to give a final concentration of 5.27 tzM at 250 mCi/ 
mmol. The cell suspension was then divided equally be- 

tween another 3-ml conical centrifuge tube and a 2-ml 
fiat-bottomed shell vial with a magnetic stirring bar ex- 
ternally attached to its bottom. The cells in the conical 
centrifuge tube (stationary incubation) fell to the bottom 
of the tube within 5-10 rain. These cells remained in a 
loose pellet throughout the reaction except when they 
were resuspended for sampling. The shell vial, with an 
identical aliquot of the cell suspension (spinning incuba- 
tion), was spun at approximately 200 rpm on an immersi- 
ble magnetic stirrer (15). In this case the cells remained 
in suspension throughout the reaction period. The two 
reaction tubes were incubated in a 37°C water bath for 2 
h. At 30-min intervals, 25-u.1 samples were taken from 
each incubation and the reaction stopped by adding 5 #1 
0.3 M EDTA, pH 6.5, to each aliquot. Incorporation of 
galactose onto endogenous acceptor was determined by 
subjecting 25 #1 of each aliquot to high voltage paper 
electrophoresis in borate buffer (14). The reaction prod- 
ucts remained at the origin and were counted in a liquid 
scintillation spectrometer. 

A utoradiography 

For autoradiographic analysis of the transferase reac- 
tion on 3T3 monolayer cultures, the cells were grown to a 
density of 104 cells/cm 2 on 35-ram Falcon tissue culture 
plates. The cultures were washed with HBSS and 0.5 ml 
of medium "J"  containing [3H]UDP-Gal (2.6 ~M; 1.54 
Ci/mmol)  was added to each plate. The plates were 
incubated at 37°C for 3 h and then washed with HBSS 
and fixed with Bouin's fluid. After several distilled water 
washes, the plates were dipped in Kodak NTB-2 Nuclear 
Track Emulsion, dried, and exposed for 3 wk at 4°C. The 
plates were then developed and stained with hematoxylin. 

Transferase Activity toward 

N-A cetyl-G lucosarnine 

CELLULAR ENZYME ACTIVITY: Incubations were 
carried out as described above except that, along with 
[~4C]UDP-Gal, N-acetyl-D-glucosamine was added to a 
final concentration of I mM in 800 #l of cell suspension. 
The cell suspension was divided equally between spinning 
and stationary incubations. At 30-min intervals, 50-#1 
samples were taken from the stationary and spinning 
incubations, and these were centrifuged at 500 g for l0 
min to pellet the cells. 25-/,1 samples were decanted from 
each supernate, and the reaction was stopped by adding 5 
/~l 0.3 M EDTA, pH 6.5 to each sample. Production of 
N-acetyl-lactosamine was determined by spotting 25 
#l of each sample for borate electrophoresis and scin- 
tillation counting as described above. The pelleted cells 
were washed and resuspended in medium "J"  to deter- 
mine the degree of galactose transfer to endogenous 
acceptors. 

SUPERNATANT CONTROL: TO test for galactosyl- 
transferase activity in the supernate, 800 gl of cell 
suspension, as prepared above, were divided equally 
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between spinning and stationary incubation tubes con- 6o o - 
taining neither sugar nucleotide nor exogenous acceptor. 
Both tubes were incubated at 37°C for 1 h. After this 
incubation period, 50-#1 samples were removed from o, 
each, and the cells were pelleted by centrifugation at 550 ® 

o 

g for 10 min. 25/el of the supernate from spinning and ,, 4 0 0  - 
o stationary assays were added to incubation tubes (Pyrex - 

culture tubes, size 6 × 50 mm) containing [14C]UDP-Gal 
and N-acetyl-o-glucosamine to final concentrations of E O.  

5.27 /~M and 1 mM, respectively. The tubes were '~ 
incubated under stationary conditions for 2 h. At the end ~ 2 0 0 
of this incubation period 5 tzl 0.3 M EDTA, pH 6.5, were 
added to each tube. 25 #1 of each reaction mixture were ~. 
spotted for borate electrophoresis and scintillation count- 
ing. 

VIABILITY: Cell viability was determined on the 
basis of trypan blue exclusion (10). 

R E S U L T S  

Contact Dependence of 
Galactosyltransferase Activity by Intact, 
Random 3T3 Cells 

Randomly  growing 3T3 cells incubated under  
spinning condit ions incorporated two to three 
t imes less galactose onto surface acceptor than 

cells incubated under  s ta t ionary condit ions 
(Fig. 1). 

Contact Dependence of 

Galactosyltransferase Activity by Intact, 
Colcemid-Treated 3T3 Cells 

In direct contras t  to the data  shown in Fig. 1, 
Colcemid-t reated,  mitot ic  3T3 cells (Fig. 2) gave 
similar reaction kinetics when assayed under  spin- 
ning or s ta t ionary conditions.  In order to deter- 
mine whether  this apparen t  lack of contact  de- 

pendence was caused by Colcemid t rea tment  
alone, interphase 3T3 cells which had been treated 
with Colcemid were assayed for galactosyltrans-  
ferase activity. The cells were harvested using 
trypsin and preincubated in DECS containing Col- 
cemid (0.1 ~tg/ml). The data  in Fig. 3 show tha t  
these interphase 3T3 cells had decreased t rans-  
ferase activity when assayed in a spinning reaction 
tube despite the prior 4-h t r ea tmen t  with Colce- 
mid. This would suggest tha t  the data  obtained 
with mitot ic  cells were character is t ic  of cells in tha t  
phase of the cell cycle and not an art ifact  of 
Colcemid t rea tment .  

Ano the r  difference in assay procedure which 
could affect the data  obtained with mitot ic  3T3 

. j "  
S t a t ~  

-~ Spinning 

I I I I 
o V,, I I ,,/'= 2 

Time (hours) 
FIGURE 1 Incorpora t ion  o f  galactose onto (preincu- 
bated) randomly growing 3T3 cells as a function of cell 
contact. • • ,  reaction in stationary 3-ml conical 
centrifuge tube; O----O, reaction in 2-ml shell vial 
spinning at 200 rpm. Both reaction mixtures contained 
aliquots of the same cell suspension at 4 × l0 s cells/ml. 

2400 - -  

® 1 8 0 0  

% 

E 1 2 0 0  
o = 

o 6 0 0  
IX. 

I I I I 
o 'A I l ½  2 

Time (hours) 

FIGURE 2 Incorporation of galactose onto Colcemid- 
treated, mitotic 3T3 cells as a function of cell contact. 
~_ • ,  stationary reaction; O----O, spinning reaction. 
Reaction mixtures were prepared as described in Fig. 1 
and the text except that the cell concentration was 3 x 
l0 s cells/ml. 

"cells was the collection of mitotic cells without  
trypsin t r ea tment  and preincubat ion.  Therefore,  
after their  collection, mitot ic  cells were trypsinized 
for 15 rain at 37°C with 0.1% trypsin containing 
Colcemid (0.1 ~ g / m l )  and then preincubated for 30 
min in DECS containing Colcemid at the same 
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FIGURE 3 Incorporation of galactose onto Colcemid- 
treated, interphase 3T3 cells as a function of cell contact. 
• • ,  stationary reaction; 0 - - - - 0 ,  spinning reaction. 
Reaction mixtures were prepared as described in Fig. 1 
and the text except that the cell concentration was 6 × 
l0 s cells/ml. 

concentra t ion.  Fig. 4 shows that  after  trypsin 
t r ea tmen t  and preincubat ion,  mitot ic  cells were 
still able to catalyze the t ransferase reaction to the 
same extent  whether  incubated under  spinning or 
s ta t ionary  conditions.  

Contact Dependence of 
Galactosyhransferase Activity by Intact 
3T12 Cells 

The data  presented in Fig. 5 show tha t  intact, 
randomly  growing 3TI2  cells exhibited no differ- 
ence in the incorpora t ion of galactose onto surface 
acceptors  when assayed under  spinning and sta- 
t ionary conditions.  Fur ther ,  Figs. 6 and 7 show, 
respectively, tha t  mitot ic  and interphase 3T12 cells 
collected after a 4-h Colcemid t rea tment ,  exhibited 
no difference in the rate or extent of incorporat ion 
under  the above assay conditions.  

Galactosyltransferase Activity by 3T3 Cells 
in Monolayer Cultures 

Fig. 8 shows the result of au torad iographs  of 
3T3 cells in monolayer  cultures labeled with 
[3H]UDP-Gal .  Most  of the cells show no labeling 
above background.  However,  about  5% of them 
are heavily labeled as seen in Fig. 8 a. Some of 
these are paired (Fig. 8 b) and all have the 
condensed nuclei character is t ic  of cells in mitosis. 

Linearity of Transferase Assay 

The t ransfer  of galactose to intact  mitotic,  
interphase,  and random populat ions of both  cell 
types was l inear over all the cell concentra t ions  
used in the experiments  reported. 
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FIGURE 4 Incorporation of galactose onto trypsin- 
treated, mitotic 3T3 cells as a function of cell contact. 
• 0 ,  stationary reaction; O----O, spinning reaction. 
Reaction mixtures were prepared as described in Fig. 1 
and the text except that the cell concentration was 5 × 
l0 s cells/ml. 
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FIGURE 5 Incorporation of galactose onto 3T12 ceils 
as a function of cell contact. • • ,  stationary reac- 
tion; O----O, spinning reaction. Reaction mixtures were 
prepared as described in Fig. 1 and the text except that 
the cell concentration was 1 × 10 7 cells/ml. 
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Cell Viability 

During the 2-h assay period, cell viability was 
determined by trypan blue exclusion by cells taken 
from spinning and stationary incubations. In both 
types of incubations, viability typically decreased 
from 95 to 70% during the assay, while the 
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FIGURE 6 Incorporation of galactose onto Colcemid- 
treated, mitotic 3T12 cells as a function of cell contact. 
• • ,  stationary reaction; O----O, spinning reaction. 
Reaction mixtures were prepared as described in Fig. 1 
and the text except that the cell concentration was 1 x 
106 cells/ml. 
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FIGURE 7 Incorporation of galactose onto Colcemid- 
treated, interphase 3T12 cells as a function of cell 
contact. • • ,  stationary reaction; O----O, spinning 
reaction. Reaction mixtures were prepared as described 
in Fig. I and the text except that the cell concentration 
was 9 x 106 cells/ml. 

detectable decreases in cell concentration were 
small (<10%), and equal, under spinning and 
stationary conditions. 

Galactosyltransferase Activity Released 
into the Medium by Cells 

It is possible that the difference in endogenous 
galactosyltransferase activity in spinning and sta- 
tionary incubations of randomly growing 3T3 cells 
was due to greater leakage of enzymes by cells in 
stationary tubes. Mitotic 3T3 cells may be gen- 
erally "leaky," which would explain their high 
transferase activity under both assay conditions. 
In order to deal with this possibility, various cell 
supernates were assayed for enzyme activity. 
Randomly growing 3T3 cells were prepared for 
transferase assay as described in Materials and 
Methods. Cells were tested for their ability to 
transfer galactose to an exogenous accepter by 
incubating them in the presence o f  [t4C] UDP-Gal 
and N-acetyl-D-glucosamine, a galactose accepter. 
The data in Table I1 show that there was a mini- 
mal difference in the ability of these cells to 
transfer galactose to an exogenous accepter when 
assayed under spinning or stationary conditions. 

TABLE II 

Galactosyltransferase Activity of Intact Cells and 
Cell Supernates toward Exogenous Accepter 

Product cpm/2-h incubation 

Stationary Spinning 
Enzyme source incubation incubation 

Intact 3T3 cells* 14,300 11,290 
Supernate from intact 2,760 2,439 

3T3 cells:t 

* Cells (7 x 105 cells/ml) were incubated at 37°C with 
5.27 #M [~C]UDP-Gal  at 250 m C i / m m o l  and 1 m M  
N-acetyl-D-glucosamine. 50-#1 samples were removed 
from both stationary and spinning incubations and cen- 
trifuged at 550 g to pellet the cells. 25-#1 samples from 
each supernate were tested for incorporation of radioac- 
tivity into N-acetyl-lactosamine as described in Mate- 
rials and Methods. 
:~ Cells (7 × 105 cells/ml) were incubated under station- 
ary and spinning conditions at 37°C for 1 h. Suspensions 
from each were centrifuged at 550 g to pellet the cells. 
25-#1 samples from each supernate were incubated at 
37°C with 5.27 #M [t4C]UDP-Gal at 250 m C i / m m o l  
and 1 m M  N-acetyl-D-glucosamine. Incorporation of 
radioactivity into N-acetyl-lactosamine was determined 
as described in Materials and Methods. 
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FIGURE 8 Autoradiographs of monolayer cultures of 3T3 cells incubated with [3H]UDP-Gal, at 37°C for 
3 h. (Fig. 8 a) The single cell showing strong incorporation of label represents about 5% of the population. 
(Fig. 8 b) The two cells showing label appear to be early daughter cells just after completion of mitosis. Bar 
represents 15 jum. × 1,200. 



However, endogenous acceptor activity exhibited 
the normal spinning and stationary difference 
(data not shown). When supernates taken from 
cell suspensions which had been incubated under 
spinning or stationary conditions for 1 h were 
incubated in the presence of [14C] UDP-Gal and 
N-acetyl-D-glucosamine for 2 h (Materials and 
Methods) they had 10-20% of the cellular activity. 
More importantly, the amount of enzyme leakage 
always appeared to be the same under spinning 
and stationary conditions (Table II). Therefore, 
the difference in transferase activity found between 
spinning and stationary cultures of randomly 
growing 3T3 cells is probably not accounted for by 
differential leakage of cellular enzymes. 

Presently, no native cell surface galactose ac- 
ceptor has been isolated from 3T3 cells; however, 
these cells do show galactosyltransferase activity 
toward N-acetyl-D-glucosamine. Therefore, the 
absence of excess supernatant enzyme activity 
toward this exogenous acceptor in stationary incu- 
bations is taken to be representative of the leakage 
of other galactosyltransferases. The preferential 
release of different transferases cannot be ex- 
excluded. 

Measurement o f  Substrate and 

Product Degradation 

Transferase differences between spinning and 
stationary incubations of randomly growing 3T3 
cells could result from differential degradation of 
[I~C]UDP-Gal or galactoside product by hydro- 
lytic enzymes, yielding galactose-l-phosphate and 
galactose. In order to rule out these possibilities, 
electrophoretograms from spinning and stationary 
assays of these cells were compared. The electro- 
phoretograms were scanned with a Packard Radi- 
ochromatogram Scanner (model 7200, Packard 
Instrument Co., Inc., Downers Grove, I11.) using 
authentic galactose-l-phosphate and galactose as 
standards. After all incubations, radioactivity in 
both of these areas was always less than 5% of 
input counts. More significantly, there was no 
difference in the amount of these two products in 
spinning and stationary incubations. 

DISCUSSION 

The data show that in the presence of UDP-Gal 
and cation, intact, mitotic 3T3 cells transfer galac- 
tose from the nucleotide sugar to cell surface 
acceptors at the same rate, regardless of the degree 
of cell contact. This result implies that, under these 

conditions, prolonged cell contact is not required 
for the endogenous galactosyltransferase reaction 
on these normal cells in mitosis. 

It has been shown (15) that under the same 
conditions galactose transfer in random popula- 
tions of intact 3T3 cells is two- to threefold less 
rapid when cell contact is diminished. However, a 
random population of the highly malignant 3T12 
cells is capable of catalyzing this reaction regard- 
less of the degree of cell contact. This difference in 
contact requirement could be explained on the 
basis of the average spatial distance of enzymes 
and acceptors. On a single 3T3 cell, enzyme and 
acceptor molecules may not come in close enough 
proximity to allow interaction. The endogenous 
reaction would require contact so that enzymes on 
one 3T3 cell could glycosylate acceptors on an 
adjacent cell (trans-glycosylation). On a 3T12 cell, 
these enzymes and acceptors might be able to 
come sufficiently close for completion of the 
reaction (cis-glycosylation). 

The data reported show that, when in mitosis, 
3T3 cells are capable of catalyzing the galactosyl- 
transferase reaction in a manner characteristic of 
transformed 3T12 ceils, i.e., they show no differ- 
ence in reaction kinetics when assayed under 
conditions of varying cell contact. Control experi- 
ments indicate that this result could not be ac- 
counted for by the procedures used for collecting 
the mitotic populations of 3T3 cells. Further 
controls suggest that these data can neither be a 
result of differential cell viability, nor leakage of 
transferases or hydrolases. The simplest interpre- 
tation compatible with these and other observa- 
tions is that, during mitosis, 3T3 cells undergo a 
rearrangement of their surface galactosyltransfer- 
ases and acceptors that results in these molecules 
being close enough so that cis-glycosylation may 
occur. Autoradiographic analysis supports this 
interpretation since about 5% of the cells in a 
random 3T3 monolayer culture are heavily labeled 
and seem to have condensed nuclei characteristic 
of mitotic cells (Fig. 8). Alternatively, membrane 
fluidity (6, 13) may increase upon transformation 
and in mitotic normal cells. This would allow 
enzymes and acceptors on the same cell to ap- 
proach one another more often, resulting in greater 
cis-glycosylation. 

However, greater cis-glycosylation does not nec- 
essarily imply greater transferase activity but, 
rather, indicates increased interaction of existing 
enzymes and acceptors. Although 3T 12 ceils seem 
always capable of cis-glycosylation, they incorpo- 
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rate galactose to a lesser extent than do 3T3 cells. 
One possible explanation is that 3T12 cells have 
smaller amounts of surface acceptors. Other fac- 
tors that would affect the extent of incorporation 
cannot be ruled out. 

Malignant 3TI2 cells may be "defect ive" in that 
they continuously display a cell surface phenome- 
non found only during mitosis in normal 3T3 cells 
(Fig. 9). From the data presented here, enzymes 
and acceptors on a single transformed cell seem to 
have increased ability to interact with each other 
(cis-glycosylation) under the incubation conditions 
described. However, in culture, transformed cells 
apparently do not complete the transferase reac- 
tion as evidenced by high endogenous acceptor 
activity (15) in cells harvested from sparse or 
confluent cultures. On the other hand, normal cells 
show decreased endogenous acceptor activity as 
cultures become more confluent (15). This could 
result from the glycosylation of  acceptors as cells 
come in contact with each other (trans-glycosyla- 

tion). Therefore, the consistently high endogenous 
activity of 3T12 cells implies a second defect that 
results in their inability to carry out the trans- 
ferase reaction in spite of the increased interac- 
tion between enzymes and acceptors. This could 
explain the fact that transformed cells do not 
possess the more complex glycolipids found in 
confluent, normal cell cultures (4, 7, 11). 

The significance of cis-glycosylation is not yet 
apparent. It is possible that it does not occur in 
culture. However, the fact that it can be forced to 
occur indicates a degree of interaction between 
surface components on mitotic normal cells and 
randomly growing malignant cells which does not 
exist between components on interphase normal 
cells. 

cell surfoce cell surfece o/igosocchorides 
m mifos~s Exlensive '~" 

I " cell cen[ocf 
in culfure 

cell sur feee 

FIGURE 9 Model showing cell surface architectural 
changes which can explain glycosylation data for non- 
malignant mitotic cells. 

Analogous to our transferase-acceptor model 
(Fig. 9), the difference in agglutinability of normal 
and transformed cells by plant lectins has been 
attributed to a differential arrangement of surface 
lectin-binding sites due to differential mobility 
(13). Accordingly, mitotic, normal cells show 
lectin-binding patterns and agglutination patterns 
that resemble transformed cells (5, 7). The data are 
indicative of a change in iectin-binding sites on 
mitotic and transformed cells similar to that 
proposed here for transferases and acceptors. 
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