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Primary avian tendon cells under appropriate conditions in culture 

maintain their in ovo differentiated state by making 20-30% collagen • 
. -- . 

After transformation with Rous sarcoma viruses, they become IIdedifferenti

ated" in terms of co 11 agen synthes is and the 1 eve 1 drops to 2-5%. By us i ng 

a temperature-sensitive system, we were able to study the time course of 

change in collagen synthesiS during the transformation and the reversion 

to normal phenotype. It .was found that the reduction in collagen synthesis 
, 

1 

was an early event during the process of transformation and it was closely 

associated in time with other early events such as increase in sugar uptake. 

The 1 ncrease in co 11 agen synthes is duri ng the process of revers i on to normal 

phenotype, however, 1 agged behind change in sugar uptake. A lterat i on 

in collagen synthesis by tendon cells after transformation did not lead 

to any major change in the type of collagen synthesized by these cells . 

. ,Q 



A variety of cell systems have been used to study the effect of viral 

transformation on the expres'sion of different; ated functions. The ce 11 s 

used are usually able to synthesize a unique molecule which serves as a 

biochemical marker to help define the differentiated state of the cells 

in culture. Transformation of these differentiated cells in some cases 
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leads to either loss or drastic reduction in the synthesis of the marker 

molecule. For example, normal myogenic cells synthesize muscle-specific 

myosin and fuse to form myotubes (1,2). When these cells are transformed 

with oncogenic viruses, they neither initiate the synthesis of myosin nor do 

they fuse (3,4).' The same is true for the synthesis of melanin and formation 

of me1anosomes by me1anob1asts (5,6) and the synthesis of sulfated proteo

glycan by chondrob1asts (7,8). Thus the study of the fate of these marker 

molecules could lead to the understanding of the processes of dedifferentia

tion in transformed cells. To investigate the mechanism of dedeffirentiation 

at the molecular level requires a clear knowledge of the biosynthetic 

pathway of these marker molecules. This would allow one to unveil the 

regulatory step(s) at which the synthesis of these molecules is blocked 

or decreased after transformation. little information, however, is available 

about formation of melanin in me1anoblasts (9,10); and the studies on the 

synthesis and processing of proteoglycan and myosin in chondrocytes and 

myoblasts have only just begun (3,1l-l3). 

We have recently established a differentiated cell system in which 

the marker molecule, collagen, is produced at a very high level for an 

extended period in culture (14). The biosynthesis and secretion of collagen 

have been under intensive investigation for the past ten years (for review 

see 15,16). Detailed information ,is now available on many steps involved 

1n the synthesis and processing of collagen such as the translation of 

col1agen m-RNA (17), the hydroxylation (18,19) and the glycosylation of 

procollagen (20), the conversion of procollagen to collagen (2,22) and 
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collagen fiber fonnation (23). Furthermore, the technology of c-DNA produc,,:, 

tion (24,25) and.!!!. vitro translation (26,27) have been appl ied to collagen 

m-RNA, making it possible to test whether or not the regulation of collagen 

synthesis is at the transcriptional leve1. The existence of this extensive 

knowledge and technology about the structure, function and synthesis of 

collagen coupled with the.!!!. vivo biological significance of this'molecule 

makes it an especially attractive marker in studies of the regulation of 

. t1 ssue-specifi c functi·ons and dedi fferenti at i on after mali gnant transformati on. 

It has been reported previously in several cell systems that collagen 

synthesis is reduced upon transformation by oncogenic viruses (28-30). 

These cells, however, synthesize collagen at low levels and do not have 

any in vivo reference point for their differentiated state.. Furthermore, 

these cells do not respond to modulators such as ascorbate in their collagen 

. synthesis as animals do.i!!. vivo (14,3l,32)~ It;s thus doubtful if the 

regulation of collagen synthesis in these cells in culture can truly reflect 

the in vivo mechanisms. The study of mechanisms by which function is maintained, 

modulated or lost requires a well-defined "functional" cell system, and 

the avian tendon cells fulfill this requirement. This cell system consists 

of homogeneous tendon fibroblasts derived from l6-day old ~hick embryos. 

We are ab1e to culture these cells so that they are capable of synthesizing 

collagen at the in.2Y.2. level for an extended period of time (14). 

In addition, the collagen synthesis in these cells can be modulated 

by agents such as ascorbate in the same way as the collagen synthesis is 

regul ated in vi vo (31,33). 

Recently, we showed that tendon cells can be transformed by oncogenic 

RNA viruses and that collagen syn"thesis drops drastically upon transformation 

(34). To study the mechanism and the time course of this event, we have 

infected primary avi an tendon ce 11 s with a temper ature,..sens it i ve mutant of 
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Rous sarcoma virus. Since the temperature-sensitive virus can replicate 

inside the infected cells at permissive temperature' (35), a synchronized 

process of. transformation in these cells can be induced simply by shifting' 

the cells from non-permissive temperature to permissive temperature. Any 

change in cellular properties observed during the temperature shift would 

thus be strictly due to the transformation process. By following the courses 

of events after the temperature shift, we have studied the association 

between the change in collagen synthesis and other transformation~specific 

events. 

Hata and Peterkofsky (36) reported recently thattrans~ormation of 

BALB3T3 cells by sarcoma viruses led to a specific qualitative change 

in the type of collagen synthesis by these cells. Whether or not this 

is a general phenomenon, however, has not been established. In this paper, 

we have also characterized the type of collagen synthesized by normal, 

transformed, and viral1y infected tendon cells. 

MATERIALS AND METHODS 

Virus and Cells. The wild-type and the temperature-sensitive mutant 

(ts LA 24) of Prague strain Rous sarcoma virus (37) was kindly provided by 
I 

Dr. G. S. Martin and the ts mutant was recloned in our laboratory. 

Tendon cells were prepared according to techniques described previously 

by Schwarzet!!. (38). Briefly, tendons from 16-day old chick embryos 

were dissociated into single cells and 0.8 x 106 cells were allowed to 

attach in each 25 cm2 flask in 5 mls of F12 medium for one hr. The medium 

was then replaced and changed daily. Cells were grown in F12 with 0.2% fetal 

calf serum (Gibco, Grand Island, .NY; deactivated for 30 min at 56°C) supple

mented with freshly prepared ascorbic acid (50 llg/ml). 

Infection and Transformation. After tendon cells had attached, the 

medium was changed to 1.5 mls of F12 with 0.2% serum plus either the wild

type or LA24 mutant of Prague A strain Rous sarcoma virus at a multiplicity 

t 
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of 10. The cells were incubated for another hour before an additional 

9 mls of medium was added. Normal cells and cells transformed with wild

type virus were kept at 39° for 'the next seven days and cells infected 

5 

with LA24 were kept at 39° for the first two days after infection and switched 

to either 35° or 41° on the third day after infection. By the seventh 

day postinfection, more than 90% of the wild-type virus-infected cells 

maintained at 39° and lA24-infected cells at 35° were transformed as judged 

by morphology. The temperature shifts were usually made on the seventh 

day postinfection. 

Assays and Cells Counts. Glucose transport was measured by the use of 

2-deoxy-D-glucose using standard techniques described by Bissell et 2.!.. 
(39). Cells in 25 cm2 flasks were washed with wa~m, glucose-free Hanks 

solution and then incubated for 5 min at the corresponding temperatures 

with the same solution, containing 2 l-!Ci/mMole. The cells were then washed 

three times with! ice-cold Hanks solution, drained, and taken up directly 

into 2 mls of 0.1% SDS-0.01N NaOH solution. 0.2 ml of the samples was 

used for scintillation counting and another 0.2 ml was used for protein 

determination by the method described by lowry et!l. (40). For colla,gen 

assay, the cells were labeled with 3H-proline (New England Nuclear, 20 

Ci/mMole) for 3 hr and were assayed using a purified collagenase as described 

by Schwarz et!l. (38). 

For focus assay, the titer of the infectious viruses was determined 

as described previously (4l). For cell counts, cells were removed from 

the flask with trypsin (0.5%) and gently pipetted to eliminate clumps. 

They were then counted in a Coulter counter. 

Purification of radioactive collasen. Collagen synthesized by the cultured 

cells was purified from the medium of these cells using the procedures 

described by Hata and Peterkofsky (1977). Briefly, normal or infected 

cells were labeled on their seventh day in culture in 3 ml of F12 containing 



50 lJg/ml ascorbic acid and 0.5 B-aminoproprionitri le. After a 15 min pre

incubation at the respective temperatures, 75 Ci of 3H-proline (New England 

Nuclear, 20 Ci/mMole) was added to each dish, which was then incubated 

for another 6 hr. Medium was collected, dialyzed, and lyophilized. Lyo

philized medium was then dissolved in Tris/NaCl buffer and collagenous 

material was precipitated by adding 176 mg/ml of ammonium sulfate. This 

collagenous material was further treated with pepsin for 6 hr at 15° to 

give collagen. Type 1 collagen for reference was purified from chick 

calvaria according to the procedures described by Siegel (42). 

6 

50S-polyacrylamide Gel Electrophoresis. Acrylamide gel electrophoresis 

of collagens was carried out using Bio-phore prepared 4% polyacrylamide 

gels (Bio Rad labs, Richmond, CA) as described by little et 2.l. (43). 

Following electrophoresis, the gels were stained, destained according to 

Fairbanks et 2.l. (44), and sliced into 1 mm slices. Each slice was then 

solubilized in toluene-permafluor-protol mixture (New England Nuclear) 

and counted. 

Carboxymethyl (CM)-cellulose Chromatography. CM-cellulose chromato

graphy under denaturing conditions was used as described by Oohira et 2.l. 

(45). 2 mg of calf skin acid-soluble collagen (Cal Biochem) was used as 

carrier with each sample. 

RESULTS 

Characterization of Tendon Cells Infected by a Temperature-sensitive 

Mutant of Rous Sarcoma Virus. Tendon cells isolated from 16-day old chick 

embryos were infected with a temperature-sensitive mutant of Rous sarcoma 

virus, lA24. Infected cells were maintained first at 39° for two days 

and then switched to either non-permissive (41°) or permissive (35°) tempera-

tures for another five days, and their morphology, sugar uptake and sensi-

tivity to density-dependent growth control were characterized. Change 

• 
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in morphology is the most common criteron for transformation. Fig. 1 shows 

t~e morphology of these ce 11 s kept at either 41 0 or 350 at the end of the 

week. Cells maintained at 41 0 were flat and polygonal. Cells maintained 

7 

at 350 were either spindle-shaped or round, were more refractile, and usually 

piled up into areas resembling foci. The uptake of 2-deoxy-D-glucose is 

another commonly used criterion for transformation. Table 1 shows that 

the rate of uptake of 2-deoxy-D-g1ucose by these cells at 35° is approximately 

3.5 times higher at the end of the week. This magnitude of change was 

comparable to what has been reported for chick embryo fibroblasts and other 

cell systems (46,47). The third common criterion for transformation is 

the sens it i vity to dens ity-dependent growth contro 1. The growth curves 

for these cells at the two tempera~ures are shown in Fig 2. The 

growth of the cultures maintained at 41 0 was sensitive to density, and 

cell division became negligible toward the end of the week when confluency 

was reached. The growth of cells maintained at 35°, however, was not 

sensitive to high density. 

The differences observed were not due to viral replication since these 

cells released roughly the same amount of infectious virus at both tempera

tures (Table 1). Thus, by the criteria of morphology, sugar uptake and 

sensitivity to density-dependent growth control, cells maintained at 41° 

behave in a manner similar to nonnal, uninfected cells whereas cells kept at 

35~.,f)ehave just like cells transformed by a wild-type strain of Rous sarcoma 

virus (34). 

Collagen Synthesis by Tendon Cells Infected with LA24. Table 1 also 
-

'shows the level of collagen synthesis at the end of the week in LA24-infected 

cells kept at either 41 0 or 35°. The level of collagen synthesis by ce11s 

kept at 41 0 is at least five times higher than that by cells kept at 35°. 

Furthermore, the level of collagen synthesis in infected cells kept at 



41 0 is the same as that in normal, uninfected cells, suggesting that the 

viral infection per ~ does not affect the level of.collagen synthesized. 

8 

Time-dependent Changes in Morphology and Sugar Uptake During Temperature-

Shifts. Since synchronized processes of "transformation" or "reversion 

to normal phenotype'll can be achieved by merely shifting the temperature 

from 41 0 to 350 or ~ versa, the kinetic of the cellular events which 

occur during these processes can be studied using temperature shifts. 

Cells infected with LA24 were cultured at either 41 0 or 35° for six days, 

and half of the plates were shifted to the other temperature on the seventh 

day. Changes in morphology and 2-deoxy-D-g1ucose uptake were monitored 

at intervals after the temperature shifts. Morphological changes were 

visible in the shift-down experiment at about 4 hr, in the shift-up at 

about 8 hr. Changes in morphology in either direction were more pronounced 

at 12 hr and were complete at 24 hr. The change, in the sugar uptake occurred 

much faster. In the shift-down it was 75% complete by about 6 hr after 

shift. In the shift-up it was 75% complete at 4 hr after shift (Fig. 3) ~ 

Control experiments indicated no change in morphology or 2-deoxy-D-glucose 

uptake for normal or wild-type virus-transformed cells during either shift 

(data not shown). 

Time-Dependent Change in Collagen Synthesis During Temperature Shifts. 

I 

The time scale required for a change in collagen synthesis after transformation 

has not been studied in detail previously. -Since the change in collagen 

synthesis was tr'ansformation-specific, its kinetics during the process 

of transformation could also be studied by temperature shifts. Temperature 

has no effect on the level of collagen synthesis in normal or wild-type 

virus-transformed cells as shown in Fig. 4. The effect of temperature 

shifts on the level of collagen synthesis by LA24-infected cells is shown in 

Fig. 5. The decrease in collagen synthesis in these cells was almost 50% 

complete as early as 4 hr after shift-down. The increase in collagen synthesis 

• 
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jn shift-up were detectable only by about 12 hr after the shift. From 

these observations, it is reasonable to conclude that the alteration in 

col1 agen synthesis is an early 'ev~nt during the process of transformation 

and it is closely associated in time with other early events such as sugar 
,'. 

uptake. A relatively longer period of time is needed to increase the 

collagen sYnthesis back to its "di'fferentiated" level· during the porcess 

of reversion to normal phenotype. 

Collagen Components .Synthesized by Normal and Virus-Transformed Tendon 

I Cells. We have also examined the collagen components synthesized by normal 

and virus-transformed tendon cells. The collagenous material secreted 

into the medium of normal and Rous sarcoma virus-transformed tendon cells. 

was collected and purified. Since more than 50% of the purified material 

was present as procol1agen (data not shown), the material was further 

9 

treated with pepsin at low temperature to yield collagen which was resistent 

to this enzyme (16,36). The purity of collagen was always tested by the 

purified collagenase (38). The type of collagen was then identified by 

carboxymethyl-cellulose (CMC) chromatography and SOS-polyacrylamide 

gel electrophoresis (PAGE). Fig. 6 shows the CMC chromatograms for collagen 

from 3H-proline-labeled normal and transformed cell culture media corresponding 

to the al (I) and a2 chains of chick calvaria type I collagen. Since only 

70 to 90% of collagen could usually be recovered from a CMC column, minor 

changes in collagen components might not be detected by this method. 

A better recovery (more than 95%) could be obtained from gel electro

phoresis. Fig. 7 shows the SOS-PAGE profiles of collagen from 3H-proline

labeled normal and transformed tendon cell media which were run together 

with type 1 collagen standard purified from chick calvaria. The major 

collagen components from both normal and transformed cell culture media 

again showed mobilities corresponding to the a l (I) and a2 chains of chick 

calvaria type 1 collagen. The SOS-PAGE profile of collageneous material 
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from transfonned cell medium which have run in the absence of dithiothreitol, 

however, showed an additional small peak with a molecular weight about 

three times that of (Xl (I). The peak is also found in the non-reduced 

50S-PAGE profile of collagen purified from LA24-infected cells kept at 

35° but not from cells kept at 41° (Fig. 8). It is possible that this 

material is transformation-specific and similar to the abnormal collagen 

found by other investigators (36,42,48). Further chemical analysis, however, 

is needed to verify this pOint. 

DISCUSSION 

In this paper, we have examined the time scale required for the reduction 

in collagen synthesis and hence the process of dedifferentiation upon tempera

ture shift of tendon cells infected with a temperature-sensitive mutant 

of Rous sarcoma virus. The change in collagen synthesis was found to be 

an early event after transfonnation. The reduction in collagen synthesis 

was 50% complete as early as 4 hrs after shift-down. The early manifestation 

of this decrease strongly suggests that the dedifferentiation process is a 

primary event after transfonnation· and occur as soon as transformation 

gene (49) is activated. 

The mechanism by which collagen synthesis is reduced after transforma

tion has been previously studied by Adams et!!. (26), and Rowe et!!. (25), 

using chick embryo cell culture system. These investigators reported that the 

reduction was. due to a lowered level of translatable collagen m-RNA in 

the transfonned cells. If we assume that the reduction in collagen synthesis 

in tendon cells after transformation is under transcriptional control, 

and that the mean lifetime of collagen m-RNA is about 15 hr (49), we could 

expect a 63% reduction in collagen synthesis about 15 hr after shift, a 

kinetic much slower than the one observed here. This means that even an instant 

change in collagen gene transcription upon the onset of transformation 

process could not account for the rapid decrease in collagen synthesis. 

" 
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Ther,efore, the initial reduction could well, be regulated at the degradation ... 

of m-RNA or other post-transcriptional steps in the biosynthetic pathway 

of collagen, which in turn could lead to the reduction of collagen gene 

transcription by feedback mechanism. 

To study these possibilities, the temperature-sensitive system again 

provides an excellent tool. By following the time course of change at 

each step during a temperature shift, the relationships among the regulatory 

steps could be unveiled. 

Changes in sugar uptake were almost complete at 12 hr after either 

shift when those in morphology were still not evident in many cells. It is 

possible that these two changes actually take place at the same time but that 

the early changes in morphology were not detected under the phase microscope. 

The difference in the uptake of 2-deoxy-O-glucose between normal and trans

fonmed cells, however, has been shown to occur irrespective of the shape of . 

the cell (39). It is thus more likely that the changes in sugar uptake takes 

place at local areas in membrane and occur earlier than do gross changes 

in morpho logy. 

The increase in collagen synthesis with shift-up was not observed 

until 12 hrs after the shift and lagged behind the change in 2-deoxy-D

glucose uptake. Collagen synthesis and sugar uptake therefore, maybe 

modulated by different events during the transformation process. Itis 

. possible that the increase in collagen synthesis during the reversion to 

nonma1 phenotype requires ~~ transcription whereas the regulation 

of 2-deoxy-O-glucose uptake is at post-transcriptional level (51). At 

any event, it s'eems that extra time is needed for the synthesis and processing 

of collagen on a shift-up experiment. It might be hypothesized that the 

,additional time is required by the transfonmed cells to revert back first 

from a transformed to an "un transformed" phenotype characterized by the 

lower level of sugar uptake, etc., and then to a normal "differentiated" 
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state characterized by the high level of collagen synthesis. To test this 

hypothesis, the kinetics of other markers for both differentiated and "untrans

formed" states have to be examined. Nevertheless, this may be a generalized 

phenomenon since in another system in which chick myoblasts were infected 

with LA29, a temperature-sensitive mutant of Prague A Rous sarcoma virus 

similar to LA24, the reversion of myosin synthesis during the shift-up 

also lagged behind changes in sugar uptake (Moss and Martin, personal communi

cations). 

Tissue specificity of collagen synthesis is another useful criterion 

for differentiation (52). Tendon tissue in.Y..!Y2. synthe'sizes type I collagen 

which forms densely packed fibrils responsible for the toughness of the 

tissue. It was therefore necessary to show that tendon cells in culture 

under our conditions synthesized the same type of collagen as cells in 

vivo. 

This was especially important since when human fibroblasts were grown 

in the presence of serum they modulated the type of collagen synthesized 

(53). Studies in this paper have shown that, after one week in culture, 

the tendon cells not only synthesized the same level of collagen as their 

in vivo counterparts but also maintain the same type of collagen. Thus, 

cultured tendon cell system represents quantitatively and qualitatively 

a valid model for the study of expression of differentiated state in culture. 

Transformation by Rous sarcoma virus does not seem to cause any major 

change in collagen synthesis in tendon cells. Although the transformed 

cells might synthesize an additional type of collagen at a very low level, 

mos t ~f the co 11 agen synthes i zed by these ce 11 sis still type 1. Thi s 

observation disagrees with that reported by Hata and Peterkofsky (1977) 

in which over 30% of the collagen synthesized by virally transformed BALB 

3T3 cells belongs to a new type, but agrees with that made by,ll,rbogast 

et!I. (54) in which chick embryo fibroblasts transformed by Rous sarcoma 
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virus might synthesize the same type of collagen as normal cells. These 

different observations. with chick and 3T3 cells may reflect either different 

regulatory mechanisms in collagen synthesis between species or the differ

ential stability of avian cells in primary culture over rodent cell lines (55). 
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TABLE 1 Characterization of LA24-infected primary tendon ce11sa 

Parameter measured 41° 35° 

3 H-2-deoxY-D-glucose 
uptake (dpm/ug protein/5 min) 89.6 296.4 

Collagen synthesis 
(as percentage of total 
protein synthesis) 21% 4.1% 

Production of infectious 
virus (focusing-forming 
units/106 cells) 0.6 x 106 0.5 x 106 

aCells were seeded at 8 x 105 cells per 60 mm plate. After infection 
with LA24, they were switched to either 41° or 35° as described in 
Fig. 1. On the 7th day postinfection, 2-deoxY-D-g1ucose uptake and 
collagen synthesis were measured and the titer of the virus was 
determined by focus assay as described under Experimental Procedures. 
Numbers for each characteristic represent average of 3 determinations. 
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FIGURE LEGENDS 

Fig. 1. Morphology of LA24-infected tendon cells .. Avian tendon cells were 

plated at a density of 8 x 105 cells per flask. One hr after 

plating, cells were infected with LA24 at a multiplicity of 10. 

Infected cells were kept at 39° for the first two days and switched 

to either 41° or 35° on the 3rd day after infection. Cells were 

grown in F12 supplemented with 0.1% fetal calf serum and 50 ~g/ml 

ascorbate and the medium was changed daily. The pictures were taken 

on the lthday post-infection. 

Fig. 2. Growth curves of LA24-infected cells maintained at 41° and 35°. 

Tendon cells were plated, infected, and maintained as described 

in Fig. 1. Cells were counted as described under Experimental 

procedures. 

0, cells maintained at 41°; 

e, cells maintained at 35°. 

Fig. 3. Effects of temperature shifts on 2-deoxy-D-g1ucose uptake by LA24-

infected cells. 8 x 105 cells were seeded on each 60 mm plate. 

Cells were infected with LA24 and switched.to either 41° or 35° 

as described in Fig. 1. On the 7th day post-infection, half of 

19 

the plaste at either temperature were shifted to the other tempera- , 

ture and the rest of the plates remained at the original temperature. 

2-doexy-D-glucose uptake was measured at 4, 8, 12, and 24 hr after 

the temperature shifts as described under Experimental procedures. 

0, cells remained at 35° 

e, cells shifted from 35° to 41° 

A, cells remained at 41° 

Il, cells shifted from 41° to 35°. 



fig. 4. Effect of temperature shift on collagen synthesis in normal and 20 

Prague-A wild-type virus-infected tendon cells. Tendon cells were 

plated, infected, and maintained as described under Experimental 

procedures. On the 7th day post-infection, half of the flasks 

were shifted to 35° a~d the other half remained at 41° as control. 

Collagen synthesis was measured at 4, 8, 12, and 24 hr after shift 

for mock-infected cells and at 4, 8, and 12 hr after shift for 

tr·ansfonned cells as described under Experimental procedures . 

• , Mock-infected cells remained at 41° 

0, Mock-infected cells shifted from 41° to 35° 

~, Prague A-infected cells remained at 41° 

<>, Prague-A-infected cells shifted from 41° to 35°. 

Fig. 5. Effect of temperature shifts on collagen synthesis in LA24-infected 

cells. Tendon cells were plated, infected with LA24, and switched 

to either 41° or 35° as described in Fig. 1. The temperature shifts 

were carried out as described in Fig. 3. Collagen synthesis was 

measured at 4, 8, 12, and 24 hr after the temperature shifts as 

described under Experimental procedures. 

0, cells remained at 35° ., cells shifted from 35° to 41° 

.. , cells remained at 41° 

A, cells shifted from 41° to 35°. 

Fig. 6. Carboxymethyl-cellulose chromatography of collagen from normal 

and wild-type Prague A virus-transformed cells. Cells were plated, 

infected, and grown in culture as described in Fig. 4, except that 

the temperature was kept constant at 39°, Radioactive collagen 

from the medium of normal (3 x 10
4 

cpm) cultures was prepared as 

\.1 



,/ 

described under Experimental procedures and applied to a CMC column 

(1.5 cm x 7.5 cm). The column was washed with 50 ml starting 

buffer (0.03 M sodium acetate/4 M urea at pH 4.8), then developed 

with a NaC1 concentration gradient from 0 to 100 mM with 100 ml 

each of starting and limiting buffer at 43°. 

At normal cells 

B, transformed cells. 

Fig. 7. 50S-polyacrylamide gel electrophoresis of collagen from the media 

of normal and Prague A wild-type virus-transformed cells. Radio

active collagen (13 x 104 and 2.3 x 104 cpm for non-reduced PAGE 

and 10 x 104 and 2. 1 x 104 cpm for reduced PAGE) was prepared ~s 

described in Fig. 6 and analyzed by SOS-PAGE as described under 

Experimental Procedures. 

A, normal cells, reduced 

B, normal cells, non-reduced 

Ct transformed cells, reduced 

0, transformed cells non-reduced. 

Fig. 8. SOS-po1yacry1amide gel electrophoresis of collagen, from the media 

of LA24-infected cells. Radioactive collagen (11 x 104 cpm and 

2.8 x 104 cpm for non-reduced PAGE and 9.5 x 104 cpm and 4.3 x 104 

cpm for reduced PAGE) from media of cells kept at either 41° or 

35° was prepared and analyzed as described in Fig. 7. 

A, cells maintained at 41°, reduced 

B, cells maintained at 41°, non-reduced 

C, cells maintained at 35°, reduced 

0, cells maintained at 35°, non-reduced. 
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