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SUMMARY 

We have studied the plasma membranes of an SV40-transformed 3T3 cell line 
temperature sensitive for the transformed growth phenotype ( ts  H6-15 cells), and 
have found that they vary little as a function of temperature of cultivation. Analysis 
by polyacrylamide gel electrophoresis was performed on plasma membranes prepared 
from ts H6-15 cells cultured at the permissive (32 °C) and non-permissive (39 °C) 
temperatures and radioactively-labelled in several ways. No significant differences were 
seen when the electrophoretic patterns of polypeptides of the plasma membranes of 
ts H6-15 cells, grown through 3-4 generations in medium containing radioactive 
leucine (32 °C and 39 °C temperatures) were compared. Plasma membranes derived 
from cells similarly grown in medium with radioactive glucosamine indicated that 
extensive alterations in the intrinsic glycopeptides occurred in association with altera- 
tion in growth phenotype. A shift towards decreased synthesis of large molecular 
weight ( ~ 100 000-160 000) glycopeptides occurred in cells grown at the temperature 
of non-transformed growth (39 °C). A decrease in amount of a 120 000 molecular 
weight glycopeptide at 39 °C was the most prominent of these alterations. 

We have studied the surface exposure of polypeptides and glycopeptides of 
intact cells grown at 32 and 39 °C, using lactoperoxidase-catalyzed iodination, 
NaBH4 reduction of galactose oxidase-treated cells, and metabolic-labelling with 
glucosamine of trypsin-sensitive molecules. We found no major qualitative differ- 
ences between whole cell extracts or between plasma membrane preparations of 
cells cultivated at the permissive and non-permissive temperatures. Of special interest 
was the observation that the formation and surface exposure of a trypsin-sensitive, 
240 000 molecular weight polypeptide appeared not to be ts in ts H6-15 cells. The 
significance of these observations will be discussed. 

INTRODUCTION 

Previous studies in several laboratories have indicated that the transformation 
of cells in culture by viruses leads to major changes in the peptide, glycopeptide and 
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glycolipid components of the plasma membrane [1 ]. The significance of these surface 
alterations in respect to neoplasia is not clear since in many of these studies the normal 
and transformed cells being compared have differed considerably in their cell culture 
history. It is questionable, therefore whether these lines can be considered to be 
isogenic, except for the transformation event, a necessary condition if the comparisons 
are to be meaningful. 

An opportunity to study the plasma membranes of normal and transformed 
cells in otherwise genetically identical cells has been provided recently by the isolation 
of  a cell line, called ts H6-15 [2], which is temperature sensitive for the transformed 
phenotype. 

When grown at 32 °C, ts H6-15 cells exhibit the following properties of virus- 
transformed cells [2-4]: they grow to high saturation density; they do not exhibit 
density-dependent inhibition of DNA synthesis; they have a lowered requirement for 
serum; they produce colonies on confluent sheets of normal 3T3 mouse cells and they 
are agglutinated by low concentrations of  concanavalin A and wheat germ agglutinin. 
When grown at 39 °C, ts H6-15 cells behave like normal cells with respect to all these 
properties. We have confirmed the original finding [2] that ts H6-15 cells make no 
infectious SV40 virus and produce significant amounts of SV40-T antigen, whether 
grown at 32 or 39 °C. Because of this, and because only normal SV40 virus is rescued 
from ts H6-15 cells [2, 4], it had been concluded that the ts gene must be of cellular 
origin [2]. 

The genetic information stored in oncogenic viruses is not sufficient to code for 
the many cell surface alterations that appear to be correlated with transformation. 
It therefore seems likely that some of these alterations must result from the inter- 
action of the virus genome (or its product(s)) with the normal cellular reactions of 
synthesis and turnover of the plasma membrane. The isolation of ts H6-15 cells has 
provided a tool for investigating this interaction. In this study we have used this 
cell line to address ourselves to one major question. Are the biochemical components 
of the plasma membrane, previously shown to be different in virus-transformed cells 
as compared with control cells, altered in ts H6-15 cells in association with modifica- 
tion of the growth phenotype by temperature shift? 

MATERIALS AND METHODS 

Cells 

ts H6-15 cells were a gift from Dr. Claudio Basilico. Cells were maintained by 
continuous subculture [5] at low inoculum on a solid surface in medium 1066 [6], 
supplemented with 5~  (v/v) foetal calf serum. Cultures were carried at both 32 and 
39 °C in incubators flushed with 5 O//o CO2/95 ~ air and maintained at 95 X, o relative 
humidity. Where noted, experiments were performed with cells grown in Dulbecco's 
modified Eagle's medium [7], supplemented with 10 ~ foetal calf serum. Cultures 
were found to be free of mycoplasma in a variety of tests [8], including scanning 
electron microscope observations performed by Professor Frances Doane. 

Plasma  membrane  isolation 

Plasma membrane fractions from approximately 2 × 108 cells were prepared by 
two methods. In the first [9, 10] cells grown to confluence in 32 oz. Brockway bottles 
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(Saniglas Co.) were removed from the growth surface by gentle treatment with 
trypsin [5]. Such treatment results in removal of a number of exposed surface glyco- 
peptides and peptides, but leaves the cells fully viable and the plasma membrane 
otherwise intact. The cells were collected, washed in isotonic saline, and swollen in 
the presence of hypotonic zinc chloride solution [10]. The plasma membrane, released 
by Dounce homogenization, was collected and purified by centrifugation in a Dextran- 
polyethylene glycol aqueous two phase system [11 ]. 

In the second procedure [12], membranes were isolated without prior enzyme 
treatment of cells. Cells grown as above were washed twice with isotonic saline 
containing 0.01 ~o (w/v) CaC12 and incubated at room temperature with 15 ml of a 
solution of 1 mM ZnC12 and dimethylsulphoxide (4 : 1 mixture) for about 20 min 
(or that interval required to produce rounding of cells on the glass surface). The 
ZnCI2/dimethylsulphoxide was replaced with an equal volume of a saturated solution 
of fluorescein mercuric acetate in 0.02 M Tris. HC1, pH 8.1. The cultures were 
agitated at room temperature on a gyrotory shaker platform (New Brunswick 
Scientific Co. Model G-10) at 105 rev./min for 20 min to release plasma membrane 
from cell residue. (This rotational speed had to be varied with different cell types, 
to obtain optimal yields of plasma membrane.) The fluid was collected and centrifuged 
at 4000 × g for 10 min. The resulting pellet contained large sheets of plasma membrane 
(readily visible by phase contrast microscopy), nuclei and intact cells. The plasma 
membrane was purified by centrifugation in the two phase system as noted above [11 ]. 
Successful isolation of plasma membrane by this combined Scher and Barland [12] 
and Brunette and Till [11] procedure has already been described [13J. 

Purified plasma membrane preparations were finally collected by centrifuga- 
tion at 6000 × g for 20 min at 2 °C. If not analyzed immediately, they were stored at 
--20 °C. 

Analysis of plasma membrane preparations by polyaerylamide gel electrophoresis 
Plasma membrane fractions were dissolved in either 0.1 M sodium phosphate 

buffer (pH 7.5) or in 62.5 mM Tris. HC1 (pH 6.8), each containing 2 ~ (w/v) sodium 
dodecyl sulphate and 1 ~o (v/v) 2-mercaptoethanol, to give an approximate protein 
concentration of 1.3 mg/ml. To obtain full solubilization these suspensions were 
heated in a boiling water bath for 2 min [14]. The solubilized membrane peptides 
and glycopeptides were analyzed by electrophoresis in polyacrylamide gels. Approx- 
imate molecular weights of membrane polypeptides were calculated by comparing 
their electrophoretic mobilities with those of the following proteins of known mo- 
lecular weight: bovine serum albumin monomer, 67 000, dimer, 134000; lacto- 
peroxidase, 80 000; ovalbumin, 43 000; and the actin and myosin in a rabbit muscle 
homogenate, 45 000 and 200 000 respectively. The position of these markers are 
designated in figures by arrows and numbers (eg. 67 K, where K = 1000 daltons). 

(a) Cylindrical gels. Aliquots of 100-200/zl (containing 10(0400 #g of protein) 
were applied to polyacrylamide gels formed in 0.6-cm tubes to a length of 10-15 cm. 
Gels run in the sodium phosphate-buffered [15] system consisted of resolving gels 
of 5 To w/v polyacrylamide and stacking gels of 3 ~ w/v polyacrylamide. For the 
discontinuous Tris-buffered system of Laemmli [16], 6 ~ polyacrylamide resolving 
gels and 4 ~ polyacrylamide stacking gels were employed. Electrophoresis of samples 
was carried out at 8 mamps per gel, until the tracking dye reached 1 cm from the 
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bottom of the gel. In general, comparative duplicate gels were processed together in 
a 12-place electrophoresis apparatus (Buchler Instruments). 

Coomassie Brilliant Blue [14] was used to stain peptides in gels. For analysis 
of radioactively-labelled material, the gels were frozen and cut into 1.5-2 mm segments 
with a set of fixed parallel razor blades. These slices were incubated overnight at 
37 °C. in scintillation vials, with I ml 90 ~ (v/v) NCS Solubilizer. After the addition 
of 10 ml of scintillation fluid, the radioactivity was measured in a Nuclear Chicago 
Scintillation counter. The data was analysed as previously described [9] by a computer 
program which automatically plotted the results as ~o distribution of cpm of 3H 
and 14 C within each gel. The program also plotted the ~ difference between distribu- 
tions. The y-ordinates here give the actual data in cpm. The recovery of radioactive 
material within gels was 80-100 ~ .  

(b) Slab 9els. Gel slabs 17x15x0 .15  cm with a 4 ~  w/v polyacrylamide 
stacking gel and a 7 ~ w/v polyacrylamide resolving gel were cast in an apparatus 
constructed by CPF Plastics (Port Credit, Ontario). The buffers used are those de- 
scribed by Laemmli [16]. Aliquots of 25-100#1 of material containing 50-200pg of 
protein were applied to the top of the gels. Electrophoresis was at 8 V per cm until 
the Bromphenol Blue tracking dye reached 1 cm from the bottom edge of the gel. 
These gels were dried under vacuum and the location of 125I-labelled material was 
detected by autoradiography on Kodak RP Royal X-Omat X-ray film. 

Preparation of radioactively-labelled plasma membrane 
(a) By metabolic labelling. To obtain plasma membrane generally labelled in 

protein and carbohydrate moieties, cells were grown at 32 or 39 °C for 3-4 generations 
as previously described [9] in medium containing radioactive leucine and glucosamine, 
respectively. Where noted, these media contained 0.1 pCi/ml of [6-3H]GIc-NH2HCI 
(4.10-3/~M; 25 Ci/mmol), 0. I pCi/ml of [1-14C]GIcNHzHCI (0.3 #M; 348 Ci/mmol) 
or 1/5 the usual leucine concentration supplemented with L-[U -j 4C]leucine (0.07 ItCi/ 
ml: 312 Ci/mmol) or L-[4,5-3H]leucine (0.07 ktCi/ml: 51 Ci/mmol). 

A procedure for specific, metabolic labelling of glycoproteins at the extreme 
periphery of cells has been fully described [5]. Briefly, cells were grown to confluence 
and removed from the growing surface with trypsin under conditions which remove 
these glycoproteins but leave the underlying plasma membrane intact. The cells are 
then plated at 4 × l 0  4 cells/cm 2 in medium containing 1/4 the normal glucose concen- 
tration. After 12 or 17 h for cells grown at 39 °C or 32 °C, respectively, this medium 
was decanted and replaced with 10 ml glucose- and serum-free medium containing 
I pCi/ml of [14C]- or [3H]GIcNH2. The cells were incubated l h at the appropriate 
temperature prior to the harvest of plasma membrane. 

(b) By enzymatic labellin9 from without. Externally-exposed peptides at the 
surface of cells were labelled with ~25I essentially as described by Hynes [17]. ts 
H6-15 cells, grown to confluence in 35 mm Petri dishes, were washed 3 times with 
phosphate-buffered saline [18] and then incubated for 10 min at room temperature in 
phosphate-buffered saline containing 400/~Ci/ml of carrier-free Na125I, 20pg/ml 
lactoperoxidase, 5 mM glucose and 1.0 unit/ml glucose oxidase. This reaction mixture 
was decanted, the cells were washed three times with phosphate-buffered iodide 
(phosphate buffered saline in which the NaCI is replaced by Nal), and then scraped 
into this same solution containing 2 mM phenylmethylsulphonyl fluoride [19] to 
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inhibit proteases. Some cultures were treated with l0/~g per ml of trypsin for l0 min 
at room temperature before the cells were scraped. The cells were harvested by 
centrifugation at 800 ×O for l0 min at 4 °C and dissolved in the sample-dissolving 
buffer of Laemmli [16], supplemented with 2 mM protease inhibitor. 

Molecules at the periphery of cells with exposed galactose-containing residues 
were labelled from without using galactose oxidase and [3H]NaBH4 as described by 
Gahmberg and Hakomori [20]. Cells were washed three times with phosphate- 
buffered saline and incubated for 15 min at 37 °C with 5 ml of this solution containing 
10 units of Vibrio eholerae neuraminidase to remove sialic acid residues. The cultures 
were washed and then incubated for 15 min at 37 °C with 5 ml buffered saline contain- 
ing 10 units ofgalactose oxidase. The ceils were treated for 5 min with 5 ml cold phos- 
phate-buffered saline, to which was then added 1 mCi [3H]NaBH4 (0.1 ttmol, 10 000 
Ci/M). After 5 min the cultures were washed twice with saline solution containing 1 <Vo 
(w/v) bovine serum albumin. Plasma membrane fractions were isolated by the second 
procedure described above. 

Chemicals and reayents 
All radioactive isotopes and NCS solubilizer were purchased from Amersham 

Searle. Foetal calf serum and trypsin were purchased from Reheis and Grand Island 
Biological Company, respectively. The fluors and phosphors for liquid scintillation 
counting came from Packard. Fluorescein mercuric acetate was purchased from Nutri- 
tional Biochemicals. Glucose oxidase and galactose oxidase were obtained from 
Worthington Biochemicals, lactoperoxidase from Calbiochem, and neuraminidase 
from Behringwerke. All chemicals were of analytical grade. 

RESULTS 

Previous studies [1, 5, 9, 21-23] in our laboratory had indicated that the plasma 
membranes isolated from normal 3T3 mouse cells differ chemically from those 
obtained from clonal isolates of 3T3 cells transformed by polyoma and SV40 viruses. 
Differences were detected in peptide, glycopeptide and glycolipid components. The 
availability of a ts mutant makes it possible to use genetically identical cells to assess 
the relationship of these alterations to the transformed growth phenotype. 

Since the basic assumption inherent in our comparisons of ts H6-15 cells 
cultured at 32 and 39 °C was that these cells behaved as transformed and as normal 
cells respectively, we first confirmed the original observations of Renger and Basilico 
[2] and showed that ts H6-15 cells are ts for the following features generally considered 
characteristic of transformed cells: high saturation density, lack of density dependent 
inhibition of DNA synthesis, lowered requirement for serum growth factors and 
increased Concanavalin A agglutinability. We then compared the glycopeptide and 
polypeptide components of the plasma membranes of ts H6-15 cells cultured at 32 °C 
as transformed cells, with those of cells grown at 39 °C, in the normal growth pattern. 

A. Comparison of  leucine-labelled plasma membrane of  ts H6-15 cells 9rown at 32 and 
39 °C 

Since comparative studies of the plasma membranes of control 3T3 mouse 
fibroblasts and cells transformed by polyoma and SV40 viruses had revealed differ- 
ences in some of the minor polypeptide components, we examined these components 
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Fig. I. Electrophoretic analysis of plasma membrane polypeptides of ts H6-15 cells grown at 32 and 
39 °C. ts H6-15 cells were grown to confluence at 32 °C and at 39 "C, through 3-4 generations in 
medium containing labelled leu. Plasma membrane preparations, obtained as noted below, were 
analyzed by polyacrylamide gel electrophoresis as described in Materials and Methods, along with 
the molecular weight markers shown. In this and all other such analyses comparative data have been 
aligned with respect to these molecular weight standards. Anode position in this and all other cy- 
lindrical gels is at the right. (a) Plasma membrane obtained from trypsin-released cells grown with 
[14C]leucine at 32 cC ( - - - )  and [3Hlleucine at 39 °C (--) .  Recovery of [3HI and [14C]leucine was 
92 and 86 % respectively. (b) Plasma membrane obtained from cells grown with [14C]leucine at 
32 °C (-  - - )  and [3H]leucine at 39 °C ( - - )  and then fixed with fluorescein mercuric acetate. Recovery 
of isotopes was 84 and 91 ~ respectively. 0 - 0 ,  ~ difference between distribution of 14C- and 3H- 
labelled macromolecules separated within the gel. 

in t s  H 6 - 1 5  cells  a t  32 a n d  39 °C. T h e  cells were  g e n e r a l l y  l abe l l ed  w i t h  [14C] or 
[ 3 H ] l e u c i n e  d u r i n g  l o n g - t e r m  g r o w t h  a t  32 a n d  39 °C, respec t ive ly .  D i f f e r en t i a l l y -  

l a b e l l e d  p l a s m a  m e m b r a n e  p r e p a r a t i o n s  were  o b t a i n e d ,  c o m b i n e d ,  a n d  t h e n  a n a l y z e d  

b y  p o l y a c r y l a m i d e  gel  e l e c t r o p h o r e s i s .  T h e  p r e p a r a t i v e  p r o c e d u r e s  d e s c r i b e d  in Fig.  1 

we re  d e s i g n e d  to  p e r m i t  c o m p a r i s o n  o f  p l a s m a  m e m b r a n e  f r o m  i n t a c t  a n d  t r y p s i n -  
t r e a t e d  cells.  
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TABLE I 

COMPARISON OF ELECTROPI-IORETIC ANALYSES OF LABELLED MACROMOLE- 
CULES IN PLASMA MEMBRANE PREPARATIONS DERIVED FROM ts H6-15 CELLS 
GROWN AT 32 AND 39 °C AND COMBINED 

Where indicated cells were released by trypsin or fixed with fluorescein mercuric acetate prior to iso- 
lation of plasma membrane. ~ difference area is calculated from the ~ distribution of 31-[ and 14C 
label throughout the gels (see Materials and Methods). It is expressed as total ~ difference/2-!:S.E. 
( ) indicates number of experiments. 

Labelling procedure Cells analysed ~o difference Average 
area variance 

3-4 generations [31-1.]-+ [J 4C]leucine 
3 4 generations [31-[]--}- [14C]leucine 

3-4 generations [3H]-+ [14C]GlcNH2 
3-4 generations [3HI-+ [14ClGIcNH2 

2-3 generations [3pI]-+ [14C]GIcNH2 

1 h [3H]-+[14C]GIcNH2 pulse 
labelling of trypsin-sensitive material 

confluent, fixed 7.0--'_1.3 (3) 0.15 
confluent, 7.6--3.4 (2) 0.15 

trypsinized 
confluent, fixed 13.6~1.1 (4) 0.63 
confluent, 12.1 --2.0 (3) 0.36 

trypsinized 
logarithmically 7.5 ~0.4 (2) 0.23 

growing cells 
non-confluent, 13.0 ~-3.4 (3) 0.77 

fixed 

The data shown in Fig. 1A and B suggest that there is very little qualitative 
difference between the leu-containing macromolecules of the plasma membranes iso- 
lated from ts H6-15 cells grown at 32 and 39 °C. A small quantitative difference was 
observed as is indicated in Table I. A comparison of Fig. la with Fig. lb indicates 
that the two methods of plasma membrane preparation yield material with generally 
similar electrophoretic patterns, although the plasma membranes prepared from cells 
fixed with fluorescein mercuric acetate have components of molecular weights greater 
than 134 000 which are lacking in those prepared from trypsinized cells. 

B. Comparison o f  plasma membranes o f  ts H6-15 cells 9enerally labelled with GlcNHz 
at 32 and 39 °C 

Our own studies [1, 5, 9, 23], as well as those of  a number of other investigators 
[24--28], have revealed considerable differences between carbohydrate-containing 
proteins of normal and virus-transformed cells. In studying the glycoproteins of ts 
H6-15 cells grown at 32 and 39 °C, we first performed comparative analyses of 
GlcNH2-containing glycopeptides, generally labelled during several generations of 
growth. 

Plasma membrane preparations were obtained from confluent ts H6-15 cells 
differentially-labelled with [14C]- and [3H]GlcNH2 during growth at 32 and 39 °C 
over extended time periods. These were solubilized and analyzed as described in the 
legend of Fig. 2. The electrophoretic profiles of  the GlcNH2-1abelled macromolecules 
isolated from trypsin-released cells (Fig. 2a) and those fixed with fluorescein mercuric 
acetate (Fig. 2b) revealed marked differences. We consistently observed more exten- 
sive labelling of large molecular weight (100 000-160 000) glycopeptides in the plasma 
membranes of ts H6-15 cells grown at 32 °C. A glycopeptide (peak 4) of approximately 
120 000 molecular weight was present in plasma membranes from cells grown at 
32 °C, but was almost absent from cells grown at 39 °C. In cells grown at 39 °C, 
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Fig. 2. Electrophoretic analysis of plasma membrane preparations from ts 1-1_6-15 cells grown at 32 
and 39 ~C with radioactive glucosamine, ts H6-15 cells were grown to confluence at 32 and at 39 ~'C 
through 3-4 generations in medium containing labelled Glc NH2. Plasma membranes were isolated 
and analyzed as noted in the legend of Fig. 1. (a) Plasma membrane from trypsin-released cells 
grown with [3H]GIc NH_z at 32 °C ( - - )  and with [t4C]G[c NI-[2 at 39 cC ( ). Recovery of iso- 
topes from gel was 86 % and 82 ~,~,. (b) Plasma membrane from cells grown with [14C]Glc NH2 at 
32 °C (- ) and with [3H]GIc NHz at 39 ~C ( ) and fixed with fluorescein mercuric acetate. 
Recovery of isotopes from gel was 82 and 91 o~, respectively. 0 - 0 ,  ~ difference etc. as in Fig. 1. 

the  sma l l e r  m o l e c u l a r  we igh t  c o m p o n e n t s  were  m o r e  heav i ly - labe l led .  A d d i t i o n a l  
v a r i a t i o n s  were  obse rved ,  as seen in Fig.  2b, peaks  13 a n d  16. G lcNH2-1abe l l ed  

m a t e r i a l  o f  a b o u t  30 000 and  15 000 da l tons  respec t ive ly  were  p resen t  in p l a sma  
m e m b r a n e s  f r o m  t s  H6-15  cells cu l t u r ed  at 39 °C bu t  absen t  f r o m  s imilar  mate r ia l  
f r o m  these  cells  cu l tu red  at  32 °C. 

A c o m p a r i s o n  b e t w e e n  Fig.  2a and  2b indica tes  tha t  the  e l e c t ropho re t i c  
p rof i l es  o f  p l a s m a  m e m b r a n e s  o f  G lcNH2-1abe l l ed  cells fixed wi th  f luoresce in  mercu r i c  
a c e t a t e  con t a in s  m a t e r i a l  o f  large m o l e c u l a r  we igh t  ( >  230 000) and  o f  smal l  mo lecu -  
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Fig. 3. Electrophoretic analysis of plasma membrane preparations from ts  H6-15 cells growing 
logarithmically at 32 and 39 °C with radioactive glucosamine, ts H.6-15 cells were grown through 2-3 
generations in medium containing labelled GIcNH2 to approximately mid-logarithmic phase. The 
cells were released from the growing surface with trypsin and plasma membranes were isolated and 
analyzed as noted in the legend of Fig. 1. Cells grown with [~C]GIcNH.2 at 32 °C ( - - - )  and with 
[31-[]GlcNH2 at 39 °C (--). Recovery of isotopes from gels was 88 and 84 % respectively. 0 - 0 ,  as 
in Fig. 1. 

lar weight ( <  18 000) which are not detectable in the profiles of similar material 
obtained from trypsinized cells. These findings are in accord with earlier studies 
[5, 23] which indicated that glycoproteins of very large size are released from cells 
subjected to gentle trypsin treatment. 

Confluent t s  H6-15 cells cultured at 39 °C are in a state of quiesence as a 
result of topoinhibition of growth, while confluent cells at 32 °C are actively growing. 
The differences we observed between the plasma membrane glycopeptides of confluent 
t s  H6-15 cells grown at the two temperatures could be a result of this difference in 
growth state. We have therefore examined the plasma membrane glycopeptides of 
t s  H6-15 cells during logarithmic growth at the two temperatures. Fewer temperature- 
dependent differences were observed (Fig. 3). However the growth-temperature- 
dependent alteration in the 120 000 dalton component (Fig. 2, peak 4), observed 
with confluent cells was also detected in the plasma membranes of exponentially 
growing cells. This suggested that the presence of increased amounts of this material 
at 32 ~C could be closely linked to the t s  phenotype of this cell line. 
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C. Comparison of  plasma membranes of  ts H6-15 cells grown at 32 and 39 ~C and 
specifically-labelled in peripheral surface 91yeoproteins 

It had been demonstrated earlier that the surface glycopeptide fraction of 
3T3 cells transformed by SV40 virus is chemically different from that of normal cells 
[5, 23]. It was therefore of special interest to compare this cell surface fraction in 
ts H6-15 cells grown at 32 and 39 °C. To specifically label the glycopeptides exposed 
at the cell periphery we adapted a procedure developed in previous studies with normal 
and virus-transformed mouse fibroblasts [5, 23]. ts H6-15 cells, grown to confluence 
at 32 and at 39 °C, were subcultured as described under Fig. 4. At hourly intervals 
thereafter cells were pulse labelled for 1 h with [3H]GlcNH2 and then analyzed for 
incorporation of GlcNH2-1abelled macromolecules at the cell periphery. 

The data in Fig. 4 indicated that ts H6-15 cells begin to resynthesize surface 
glycopeptides immediately upon subculture by trypsin treatment. The maximum rate 
of incorporation of  GlcNH2 into acid-insoluble, trypsin-labile, cell-associated material 
was observed about 12-13 and 17-18 h post-plating of cells at 39 and 32 °C, respec- 
tively. 
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Fig. 4. Incorpora t ion  o f  [SH]GIcNH2 by ts  H6-15 cells into trypsin-labile, acid-precipitable material,  
after subcul ture  f rom confluence, ts  H6-15 cells were g rown to confluence at 32 °C ( - - - )  and 39 ~C 
( - - )  and  then subcul tured  with trypsin.  A t  various intervals thereafter triplicate cultures were pulse 
labelled for one hou r  with [3H]GIcNH2 as described under  "metabol ic- label l ing"  in Materials and  
Methods .  The  cells were then  subjected to the  t rypsin  t r ea tment  used  for subcul tur ing  to remove cell 
surface molecules while leaving the remain ing  cells fully viable. The  result ing cell suspens ions  were 
centr i fuged at 800 × g .  T he  superna tan t  conta in ing  the  trypsin labile cell surface componen t s  was 
treated with an equal  vo lume of  10 % trichloroacetic acid. The  insoluble [3H]GlcNHz-label led 
material  was collected on  glass fiber filters and  counted.  
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Fig. 5. Etectrophoretic analysis of plasma membranes of ts H6-15 cells grown at 32 or 39 ~C and 
specificially-labelled in surface glycoproteins, ts H6-15 cells were grown at 32 or 39 °C, subcuhured 
with trypsin and then pulse-labelled in peripheral glycoproteins with radioactive GIcNH2, as de- 
scribed under Materials and Methods (metabolic labelling). Plasma membrane preparations, made 
from cells fixed with fluoresceirt mercuric acetate were combined and analyzed by polyacrylamide gel 
electrophoresis as noted in the legend of Fig. 1. Cells were labelled at 32 °C (- - -)  with [3H]GIcNH2 
and at 39 ~C (--)  with [agC]GlcNH2. Recovery of all- and '4C-labelled macromolecules from the 
gels was about 88 and 81% respectively. 0 - 0 ,  as in Fig. I. 

Hav ing  es tabl ished the condi t ions  for m a x i m u m  specific labell ing o f  surface 
g lycopept ides  for  ts H6-15 cells, at  32 and 39 °C, we then proceeded  to a compara t ive  
analysis  o f  these p l a sma  m e m b r a n e  const i tuents  as descr ibed in the legend of  Fig. 5. 
The e lec t rophore t ic  profiles ob ta ined  with p l a sma  membrane  p repa ra t ions  car ry ing  
surface g lycopept ides  specif ical ly- label led with  [ '4C]-  and  [3H]GlcNH2 at the low 
and  high t empera tu res  respectively,  d id  no t  differ much  qual i tat ively.  However ,  
quant i ta t ive  differences between the extent  o f  label l ing o f  specific macromolecules  
at  the two tempera tures ,  was observed,  par t i cu la r ly  in the case o f  a very large molec-  
ular  weight c o m p o n e n t  which was recovered in the s tacking gel (eg. Fig.  5, slices 3 
and 4). M o r e  extensive label l ing o f  this surface g lycopept ide  was observed  in ts 
H6-15 cells grown at  32 °C than  in cells grown at  39 °C. 

D. Surface exposure o f  9alactose-containing molecules o f  the plasma membranes o f  ts 
H6-15 cells grown at 32 and 39 °C 

It  had  been r epor t ed  that  v i rus - t rans formed hamste r  f ibroblasts  are deficient,  
when c o m p a r e d  with no rma l  cells, in a large molecu la r  weight ( >  200 000), surface-  
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exposed, galactose-containing protein [24, 25]. This was indicated by the different 
susceptibility of neuraminidase-treated cells to oxidation by galactose oxidase. To 
examine the possible relevance of such a phenomenon to the transformed phenotype 
the following experiment was performed. 

t s  H6-15 cells were grown at 32 and 39 °C. These cells were treated with neu- 
raminidase, galactose oxidase and NaB3H4 as described in the legend of Fig. 6. 
Plasma membrane preparations obtained from cells fixed with fluorescein mercuric 
acetate were analyzed, on a 6 ~,, w/v polyacrylamide gel containing sodium dodecyl 
sulphate, using the buffer system of Laemmli to resolve surface material of high- 
molecular weight. As seen in Fig. 6, no significant differences in plasma membrane 
material of molecular weight > 70 000 were detected between the labelled galactose- 
containing molecules at the surface of t s  H6-15 cells grown at 32 or at 39 °C. 
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Fig. 6. Electrophoretic analysis of plasma membranes of ts H6-15 cells grown at 32 and 39 C and 
labelled in surface-exposed galactose residues, ts 1:f6-15 cells were grown at 32 (---) and 39 C ( ) 
and labelled with NaB3H4 and galactose oxidase as described in Materials and Methods. The plasma 
membranes were isolated from cells fixed with fluorescein mercuric acetate and analyzed by poly- 
acrylamide gel electrophoresis using the procedure of Laemmli [16]. 
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E. Surface exposure o f  polypeptides o f  the plasma membranes of  ts H6-15 cells grown 
at 32 and 39 °C 

A n u m b e r  of investigators have reported that  virus- t ransformed fibroblasts 
are deficient in a large molecular  weight, trypsin-labile polypeptide or glycopeptide, 
which in normal  cells is detected by in situ lactoperoxidase-catalyzed iodinat ion 

[17, 28-30]. 
ts H6-15 cells have been examined for their pat tern of  surface iodinat ion as 

follows: cells grown at 32 and  39 °C were treated with lactoperoxidase and 125I 
as described in the legend of Fig. 7. The cells were dissolved and  the labelled poly- 
peptides were analyzed by electrophoresis on slab gels. Fig. 7 presents an autoradio-  

gram of one such analysis. 
There are about  ten 125I-labelled bands visible in this autoradiogram.  Some 

of  them may be serum proteins that  adhere strongly to cell surfaces or to the culture 
dishes [29, 30]. One of them comigrates with lactoperoxidase (80 000 daltons).  
A b o u t  100 polypeptide bands  are seen when these gels of whole cell extracts are 
stained for protein  with Coomassie blue. Gels of p lasma membrane  preparat ions 
generally labelled with leucine (Fig. 1), or stained with Coomassie blue [9], also have 
m a n y  more bands than  the au torad iogram of 125I labelled cells. These results, taken 

,--, 240 k 
2 0 0  k 

I 2 3 4. 

45 

Fig. 7. Autoradiogram of an electrophoretic analysis of ~25I-labelled, surface-exposed proteins of 
ts H6-15 cells grown at 32 and 39 °C. Replicate cultures of ts I-I6-15 cells were grown to confluence 
at 32 or at 39 °C in Dulbecco's Modified Eagle's Medium supplemented with 10 ~ FCS. They were 
then treated in situ to label surface-exposed polypeptides, with lactoperoxidase (mol. wt. ~ 80 000), 
glucose, glucose oxidase and ~2Sl, as described in Materials and Methods. Some cultures were treated 
with trypsin under conditions which remove such surface molecules but leave the underlying plasma 
membrane functionally intact. The cells were solubilized and equal amounts of trichloroacetic acid- 
insoluble, ~25I-labelled macromolecules were analyzed on polyacrylamide slab gels containing 
sodium dodecyl sulphate, using the Laemmli [16] buffer system. The position of molecular weight 
markers are designated by arrows. In lanes 1 and 2 material is extracted from cells grown at 32 'C; 
lanes 3 and 4 from cells grown at 39 "C. The cells in lanes 1 and 4 were treated with trypsin before 
extraction. 
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in conjunction with the trypsin lability of some of  the 125I labelled bands seen in 
Fig. 7, indicate that unexposed cellular polypeptides are not iodinated. 

One polypeptide band with an apparent molecular weight of 240 000 is heavily 
labelled with 1 z51 and is quite sensitive to low levels of  trypsin. Presumably, this is the 
t s  H6-15 equivalent of the "transformation-sensitive" cell-surface component referred 
to above. The amount of this component accessible to lactoperoxidase catalyzed 
iodination is somewhat greater in t s  H6-15 cells cultured at 32 °C than at 39 °C. 
Therefore its loss is not a prerequisite of transformed growth in these cells. 

DISCUSSION 

Many of the physiological properties that distinguish neoplastically-transformed 
cells from their normal counterparts have been attributed to one or more alterations 
in their plasma membrane structure [31, 32]. As a result, the surfaces of normal and 
transformed cells have been compared extensively. A wide variety of cell surface 
changes, including alteration of glycolipid, protein, and glycoprotein composition, 
have been found to accompany neoplastic transformation [5, 9, 21, 22, 33]. To 
determine which if any of these cell surface alterations is directly related to transforma- 
tion we have studied the plasma membranes of a cell line temperature-sensitive for 
the transformed phenotype ( t s  H6-15). 

Earlier studies of ours [9] and of others [28, 34, 35] have reported differences 
between the plasma membrane polypeptides of normal cells and their virally trans- 
formed counterparts, and between various clones of cells transformed by the same 
virus. It was, therefore, of interest to compare the plasma membrane polypeptide 
composition of t s  H6-15 cells at the temperatures of normal and transformed growth. 
Our experiments with these cells failed to reveal any significant alteration in the 
polypeptides of the plasma membrane when material from cells cultured at 32 and 
39 C were compared. Thus it seems that such alterations are not determining features 
of the transformed phenotype. 

Much recent work has focussed on the significance for growth regulation, of a 
large molecular weight, trypsin-labile protein which is present in normal cells, but 
is absent or depleted from virus-transformed cells. The loss of this 200 000-250 000 
dalton, surface-exposed, plasma membrane constituent has been reported in chick 
embryo fibroblasts transformed by Rous sarcoma virus [28], in NIL hamster cells 
transformed by hamster sarcoma virus [17] and in 3T3 mouse fibroblasts transformed 
by SV40, polyoma and murine sarcoma viruses [29]. In chick embryo fibroblasts in- 
fected with the t s  68 mutant of RSV, this protein could be readily detected only in cells 
cultured at the non-permissive temperature [30]. These experiments suggested that 
the loss of the large molecular weight, surface-exposed protein may be a determinant 
of the growth of transformed cells. 

We have shown here that a surface-exposed, trypsin-labile protein of about 
240000 molecular weight, detected by lactoperoxidase-catalyzed iodination, is 
present in roughly equal amounts on t s  H6-15 cells grown either at 32 or 39 °C 
(Fig. 7). A similar observation with ts  H6-15 cells was briefly reported by Hogg [29], 
who also found that LX cells, a cell line derived from mouse L-cells, which are 
chemically transformed, have such a large molecular weight protein on their surfaces. 
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These results suggest that the presence or absence of this protein cannot be an absolute 
determinant for regulation of cell growth. 

A recent report by Hynes and Wyke [36] supports the suggestion that the 
absence of this high molecular weight protein is not a primary feature of cell trans- 
formation. These workers studied chick embryo fibroblasts infected with Rous sar- 
coma viruses temperature sensitive for the maintenance of  transformed growth. 
They found that on a shift from non-permissive to permissive conditions, the reduc- 
tion in amount of this surface protein occurred after the morphological and sugar 
transport rate changes characteristic of transformation. In studies of the effects of 
proteases on resting chick embryo fibroblasts, Teng and Chen [37] could find no 
correlation between the growth properties of these cells and the presence or absence 
of the 250 000-dalton, ceil-surface protein. 

Another cell surface change frequently associated with a shift to transformed 
growth is that of  alterations in glycolipid composition. Specifically, a number of 
reports had indicated that transformed cells have simplified or incomplete glycolipids 
relative to their normal counterparts [22, 38-41]. However, it was demonstrated 
subsequently that some clones of vitally-transformed cells do not exhibit this change 
[21, 42]. Indeed clonal variation with respect to glycosphingolipid biosynthetic 
pattern was found to be extensive. Since then a number of experimental approaches 
have confirmed the conclusion that an alteration in the pattern of glycosphingolipid 
biosynthesis is not a primary expression of the transformed cell growth phenotype. 

Hammarstr6m and Bjfirsell [43], and Gahmberg et al. [44], studied the glyco- 
lipids of cells transformed with polyoma ts 3. These cells are temperature sensitive 
for the maintenance of transformed growth. The levels of some of the glycolipids of 
these cells varied with their temperature of cultivation, but the glycolipid composi- 
tions observed were different from both uninfected normal cells and BHK cells 
transformed with wild type polyoma virus. Den et al. [45] showed that revertants of 
several transformed cell lines, with apparently normal growth behaviour, retained the 
simplified pattern of ganglioside composition characteristic of their transformed 
parents. Sheinin and Murray (1974, unpublished data) found that ts H6-15 cells have 
a glycolipid composition resembling that of normal 3T3 cells whether cultured at 32 
or 39 °C. Similar findings were reported by Mora [46]. Taken together, these various 
experiments indicate that a change in glycosphingolipid metabolism is not essential 
to the altered growth pattern of transformed cells. 

The data discussed above indicates that alterations in the major polypeptides 
and glycolipids of the cell surface are not involved in the conversion to the transformed 
pattern of growth in ts H6-15 cells. Cell surface glycoproteins have been implicated 
in cell : cell interactions in a number of experimental systems and are, therefore, 
possible sites of expression of the ts gene of ts H6-15 cells. Previous work in our 
laboratory [5, 23] had indicated that surface glycoproteins sensitive to trypsin treat- 
ment were altered in virally-transformed cells. However, our studies on the resynthesis 
of  these surface components in trypsin-treated ts H6-15 cells (Fig. 4) indicates that 
they do not vary qualitatively as a function of the temperature of cultivation of these 
cells. 

Another probe for alteration in cell surface glycopeptides is the three-step 
neuraminidase, galactose oxidase, NaB3H4 treatment of intact cells developed by 
Gahmberg and Hakomori [20]. Application of this labelling procedure has suggested 



116 

tha t  there may  be differences in large ga lac topept ides  at  the surface of  no rma l  cells 
and  their  v i rus - t rans formed  derivatives [24, 25, 44]. But as Fig. 6 demons t ra tes  this 
technique did not  reveal  any  temperature-sensi t ive  differences in the surfaces of  
ts H6-15 cells. Thus our  studies o f  the external ly  exposed  glycopept ides  o f  ts H6-15 
cells suggest  tha t  these macromolecu les  are no t  sites of  expression o f  this ts gene. 

The only p l a sma  membrane  componen t s  o f  ts H6-15 cells which d id  exhibi t  
t empera tu re  sensit ivity were the intr insic  g lycoprote ins  label led by cul tur ing the cells 
in the presence o f  rad ioac t ive  GlcNH2.  The mos t  p rominen t  and  consis tent  difference 
observed  was a decrease in the a m o u n t  o f  a 120000 dal ton,  t rypsin- insensi t ive glyco- 
pep t ide  in the p l a sma  membranes  o f  ts H6-15 cells cul tured at  39 °C. 

The techniques used in these exper iments  are not  capable  o f  resolving all 
cell surface polypept ides ,  and  there may  be differences between the surfaces o f  ts H6-15 
cells cul tured at  the two t empera tu res  that  we cannot  detect.  However ,  the ma jo r  
impac t  of  our  studies lies in their  demons t r a t ion  tha t  in ts H6-15 cells, the growth  
pheno type  is not  cor re la ted  with a number  o f  the gross b iochemical  modif icat ions  
previously  impl ica ted  in the mechan i sm of  virus t r ans format ion .  As designed,  they 
can have little to say abou t  the role of  these b iochemical  modif ica t ions  in progress ion 
to, and  expression o f  mal ignancy.  One p la sma  membrane  g lycopept ide  componen t  
(120 000 da l ton )  does exhibi t  t empera tu re  sensit ivity which correlates  with the g rowth  
behav iour  of  ts H6-15 cells. We plan to analyze it fur ther  with respect to s tructure 
and funct ion,  and  examine  other  b iochemical  parameters  of  g rowth  in these cells 
with the hope  of  e lucidat ing  the biochemical  basis of  the ts behaviour  of  ts H6-15 
cells. 
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