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The basis of this investigation is to characterize

growth property differences in normal versus virally trans-

formed cells. Using a temperature-sensitive mutant of

Rous sarcoma virus, the cells' transformation state is

regulated by the growth temperature; at 33 C the cells

are transformed, while at 39 C the cells have normal char-

acteristics.

The morphology of NRK cells is elongated and fibro-

blastic; when transformed the cells are rounded. Normal

cells grow to a monolayer and stop, while transformed cells

grow to saturation densities greater than just a monolayer

amount. Transformed cells can form foci when grown in

mixture with normal cells. Normal cells must be in contact

with the culture vessel in order to grow, but transformed

cells lack anchorage dependence for growth.
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CHAPTER I

INTRODUCTION

Statement of the Problem

Recent research in viral transformation of host

cells has led to a better understanding of the mechanisms

involved. However, definitive answers have not yet been

attained relative to the modifications of cellular compo-

nents in the transformation processes. It is the intent

of this paper to examine the effects on infected cells of

the viral protein responsible for transformation. Trans-

formed cells exhibit abnormal growth patterns which, in

this study, will be measured through established experi-

mental methods, and results will be evaluated vis-a-vis

growth parameters widely accepted among concurrent research-

ers.

In 1911, Peyton Rous discovered a virus that produced

malignant tumors in chicken. This virus was referred to as

Rous Sarcoma Virus (RSV). RSV has properties of both RNA

and DNA viruses. Virions of RSV contain RNA but their

intracellular state is an integrated DNA. The entering

viral RNA is actually turned into cellular genes that can

be passed from parent cell to progeny cell as stably

integrated DNA molecules. The central issue in RSV
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multiplication is then how they are able to turn themselves

from an RNA virus into DNA genes; this is the process

known as reverse transcription because it reverses the

standard direction of information flow.

The multiplication cycle of RSV has two distinct phases.

Phase I involves synthesis of the pro-virus and its integra-

tion into host cell DNA. Phase II involves the expression

of the pro-virus DNA and the maturation of new virion.

Phase I is initiated in the cytoplasm of the infected cell

and it appears that most of the DNA synthesis process can

go on into the cytoplasm. Integration occurs in the nucleus

and so there must be transport of DNA or an intermediary of

DNA synthesis in the cytoplasm to the nucleus. Virus matu-

ration occurs at the plasma membrane so virion precursor

RNA, after being made in the nucleus, must be transported

back to the cytoplasm (23, pp. 379-389).

After infection of cells by RSV, unintegrated DNA

intermediates are generated by reverse transcription carried

in virion (29). Using quail tumor cells infected with an

RSV Guntaka et al. (15) first characterized two conforma-

tions of unintegrated viral double-stranded DNA, a linear

species and a smaller amount of covalently closed circles.

It has since shown that the linear species is actually

about 300 nucleotides longer than the viral RNA genome

from which it is transcribed. The extra sequence is

located as a direct terminal repeat or large terminal



3

redundancy (LTR). Also, there are actually two size

classes of covalently closed circles: the larger appears

to be of the same length as the linear viral DNA, and the

smaller appears to have only one copy of the LTR and is,

by definition, of unit length. The viral DNA appears to

integrate with significant specificity with respect to

itself, in that the LTR sequences remain as flanking

sequences and the genome order is not permuted (29).

In phase II the virus, having established itself as

part of the chromosome, has its information available for

transcription. There is no indication that it can be

transcribed before integration, since viral RNA is known

to be synthesized from DNA templates (23, pp. 379-389).

RSV growth is tightly coupled to the progression of

cells through the cell cycle; newly infected cells must

pass through mitosis in order for the synthesis of new

viruses to begin (17). Neither transcription of the infect-

ing genome nor synthesis of viral protein can be detected

until mitosis has occurred. Once a cell has RSV integrated

into its genome every progeny cell will inherit the RSV

genome because the virus has effectively turned itself

into a set of cellular genes.

RSV has a genome size of 3.0 - 3.5 X 106 Daltons. This

RNA codes for five to eight virion polypeptides including

one or two glycoproteins of the envelope proteins that

surround the virion core. The RNA of the virus is found
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inside the core. The known virion polypeptides fall into

four classes: envelope polypeptide, structural non-envelope

polypeptide, the reverse transcriptiase and the transforming

protein. The regions of the viral RNA that encode these

classes of polypeptides have been called, respectively,

env, gag, pol, and src.

All RSV's carry in their virions a DNA polymerase

that is necessary for reverse transcription of viral RNA

(30). This reverse transcriptase is sensitive to ribonucle-

ase, indicating that the template for DNA synthesis is RNA,

althoughviralRNA is not infectious. DNA made by disrupted

virions can be infectious, which indicates that reverse

transcription by virions is a physiologically significant

process.

The viral enzyme is not only a DNA polymerase, it is

also a ribonuclease. This ribonuclease degrades the RNA

strand of a DNA-RNA hybrid; the enzyme does not degrade

either free RNA or double-stranded RNA (24). Such an enzyme

is called a ribonuclease H.

The reverse transcriptase is a primer-dependent enzyme

that cannot initiate new chains of DNA "de novo" but can

only extend pre-formed chains (2). The primer for

synthesis of DNA appears to be a cellular transfer-RNA

species tightly bound to the viral RNA. The reverse tran-

scriptase is a highly specialized DNA polymerase which can

start DNA synthesis by binding to a specific primer attached
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at a specific place on the RNA template. The ultimate

product of the reverse transcription process in vitro is

a complete DNA copy of viral RNA.

In RSV genomes the src gene is located near the 3'

end of the genome, has a size of 1.8 KB, and codes for a

transformation-specific protein showing protein kinase

activity (34).

The proper functioning of the product of the src gene

of RSV is essential for the morphological transformation of

cells in tissue culture. This gene is expressed as a

60,000 Dalton (m.w.) phopspho-protein (pp60).

In sarcoma viruses, the transforming genes exhibit

homology close to sequences of the host cell, and a protein

homolog of the src gene product is also detectable in normal

cells (10). RSV's can lose the src gene and, concomitantly,

the ability to transform cells, while retaining their full

ability to replicate. The transforming gene of sarcoma

viruses is thus not needed for viral survival, and these

non-essential genetic sequences may have been acquired from

the cell during recent passage.

Uninfected chick cells contain a polypeptide which is

a cellular homolog of the viral pp60. This polypeptide

is a 60 m.w. phospho-protein which possesses protein kinase

activity. Therefore, it is almost certainly encoded by the

gene present in normal chick cells which has nucleic acid

homology with the viral src gene. The concentration of this
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polypeptide in uninfected chick cells is reported to be

40-100 fold less than that of pp60 in virally transformed

cells (25).

Virus-induced cellular transformation depends on

specific transforming genes, and many phenotypic parameters

of transformation result from the expression of such trans-

forming sequences. Indeed, RSV containing only the genes

essential for viral growth--gag, pol, and env--and lacking

specific oncogenic genetic elements are common as helper

viruses for replication and defective transforming agents,

but they fail to induce cellular changes characteristic of

oncogenic transformation.

It has been previously suggested that the product of

the RSV src gene may be involved in a reversible chemical

modification of components involved in the maintenance of

cell structure (1). Experiments indicated that all the

components necessary for normal cellular architecture were

present, although disaggregated, in transformed cells and

were reassembled upon inactivation of the ts src gene

product, without the necessity of protein synthesis. Thus

one might speculate that components of the cytoskeleton

complex, when phosphorylated, may fail to interact properly

with other proteins, resulting in disaggregation of the

protein networks essential for normal cellular structure

and function.
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Lan et al. (20) have shown that morphological rever-

tants of virally transformed cells contain actin cables

and a normal matrix of fibronectin, yet they produce pp60

and pp60-associated kinase and are even able to induce

tumors. These facts can be considered supporting evidence

for the concept of the pleitropic nature of the src gene

product and for its multiple mechanisms of action. The

same hypothesis has been put forward on the basis of the

variety of transformational phenotypes observed among cells

with src mutants (35).

In vivo the expression of this pp60 initiates a cascade

of events leading to alteration of cellular morphology,

changes in growth properties of the cells, and adjustments

of cellular metabolism (16). Among the earliest events

following pp60 expression is the phosphorylation of tyrosine

in several specific cellular proteins (13). These findings

have thus focused attention on phosphorylation of defined

cellular target proteins as a critical step in cellular

transformation (7).

Temperature-sensitive mutations in the transforming src

gene of RSV have also played a central role in defining the

gene (33, p. 341) and its product (11), and also in studying

the physiology of virus induced transformation (36). The use

of RSV mutants, both conditional and non-conditional, has

provided important information in defining the role of viral

pp60 in cellular transformation (16). However, the lack of
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information regarding the nature of the primary nucleotide

sequence changes in such mutants has made it difficult to

deduce exactly how the mutations have altered the pp60 of

src structure and modulated enzyme function.

Therefore, this research will study the growth effects

of a temperature-sensitive, transformation-defective mutant

RSV on a NRK cell line in order to investigate whether and

how expression of this src gene and the action of its prod-

uct are adjusted in the host cell by both viral and cellular

factors.

Review of Existing Literature

In permissive avian cells that allow progeny to be

produced, studies to examine how expression of the src gene

is controlled and modified by both cellular and viral fac-

tors are hampered by the spread of viruses among the cell

population. However, a rewarding start in resolving this

problem has been made in several labs by examining the

sequelae to infection of non-permissive mammalian cells by

RSV (36).

The B77 strain of RSVreadily penetrates mammalian

cells (5). After penetration, certain mammalian cells

frequently synthesize viral DNA that is integrated in the

host genome (31). In most of these infected cells, the

expression of viral-specific RNA is very low, even though

the pro-virus is not detectably defective, and infectious
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virus can be rescued at a low level by fusion of the

mammalian cells to avian cells permissive for viral repli-

cation (32). However, a small proportion of infected cells

(always less than 10-3) become morphologically transformed

and shows higher levels of both virus-specific RNA and

rescuable infectious virus (9). The products of the viral

genes src, ga, and sometimes env and pol have been detected

in these transforming cells, but the levels of viral RNA

species do not show the pattern typical of infected permis-

sive cells (12). Production of infectious virus is thus

rarely, if ever, detected in most mammalian species.

The actual transformation of these cells, and thus

the transformed properties of the mammalian cells, is due

to the functional expression of the RSV src gene coding

for the transforming protein, pp60.

That pp60 is the product of the RSV src gene has been

determined by Purchio et al. (26) from the following data:

1.) pp60 was detected as a non-structural, transformation

specific antigen in RSV-transformed chicken cells, RSV-

transformed mammalian cells, and RSV-induced mammalian

tumor cells by immunoprecipitation of radiolabeled cell

extracts with serum from RSV tumor-bearing rabbits; 2.)

in vitro cell-free translation of the 3' third of non-

defective RSV viral RNA, the region of the genome which

contains the src gene, resulted in the synthesis of a

polypeptide of (m.w. 60K); 3.) the proteins described in
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1.) and 2.) were found to be identical as determined by

peptide analyses.

With the immunoprecipitation of pp60 it was shown that

a protein kinase activityis associated only with cells, both

avian and mammalian, infected with transforming virus. Also,

expression of this activity is dependent on the growth tem-

perature for cells infected with a src gene ts-mutant virus.

A protein kinase activity which is able to phosphorylate

the heavy chain of bound anti-bodies has been shown to be

associated with pp60 (11). Although it has not been proven

that pp60 is itself a protein-kinase it is clear that a

protein kinase is invariably associated with biologically

active, immunoprecipitable pp60. This has led to the

hypothesis that protein phosphorylation is involved in the

process by which RSV causes the malignant conversion of

cells in culture.

The identification of a protein kinase activity associ-

ated with pp60 also raises the possibility that phosphoryla-

tion of specific cellular targets might account for trans-

formation of the host cell due to the pleitropic effect of

src. Studies with ts-mutant RSV's have demonstrated that

infected cells grown at non-permissive temperatures contain

less immunoprecipitable protein kinase activity than do

cells at the permissive temperatures (3), and that the

protein kinase activity of pp60 encoded by ts-mutant is more

thermolabile than that encoded by wild-type virus (28).
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These observations support the idea that the protein kinase

activity of pp60 is essential for transformation and suggest

that these mutants fail to transform at the non-permissive

temperatures because they fail to produce sufficient active

protein kinase.

Pp60 is probably the only product of src, despite

biological evidence that the gene may be multifunctional

(10). The primary product of translation is apparently

indistinguishable from mature pp60 isolated from infected

cells. There was no evidence for a leader polypeptide (18).

The mRNA for this protein is on free ribosomes as opposed

to env mRNA which is on membrane-bound polyribosomes (21).

Thus, it seems unlikely that pp60 is either a secreted

protein or an integral membrane protein.

Despite the preceding finding, pp60 is affiliated with

plasma membrane, perhaps at the cytoplasmic surface. Vir-

tually all of the recovered kinase activity was found in

fractions derived from the plasma membranes. Very little

kinase was associated with nuclei, and none was found in

the soluble portion of the cytoplasm (4).

A ts-conditional mutation in src had no demonstrable

effect on either the production or stability of pp60 in

the infected cell, but phosphorylation of the protein was

temperature-sensitive. Since the mutant src product is

not active at the restrictive temperature, these findings
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raise the possibility that phosphorylation of pp60 is re-

quired for its function as the putative effector of src (22).

Chick cells infected with one suchmutant produced

similar amounts of immunoprecipitable pp60 labeled with

35S-Methionine at both the permissive and non-permissive

temperatures. The stability of pp60 over periods of time

as long as five hours was also unaffected by the non-

permissive temperature. In contrast, phosphorylation of

the protein was greatly reduced at the non-permissive

temperature (19). The non-permissive temperature had no

appreciable effect on the production of pp60 in cells

infected with wild-type virus, and phosphorylation of the

protein was also unchanged (22).

The first order rate constant for the inactivation of

the kinase from extracts of cells infected with a ts-mutant

virus was two-fold greater than that from cells infected by

wild-type viruses. This result implies that protein kinase

is an enzymatic activity of the src gene product, pp60.

Concomitant with the loss of the kinase activity by heat

inactivation is the viral pp60 loss of 60 to 70 per cent

of its phosphate content. The kinetics of dephosphorylation

exactly parallel those of the kinase inactivation, suggest-

ing that the pp60 kinase is itself dependent on phosphory-

lation for its activity (28).

In NRK cell lines infected with ts-mutant ASV the

src gene product, pp60, was expressed regardless of the
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temperature at which they were grown. However, pp60 became

highly phosphorylated at the permissive temperature but

incorporated much less radioactive phosophorus at the non-

permissive temperature. In the latter condition pp60

remained inactive, owing perhaps to deficient phosphoryla-

tion (27).

Methodology

The goal of this research was to characterize, with

respect to four parameters of growth, a Normal Rat Kidney

(NRK) cell line infected with a Rous Sarcome Virus (RSV)

that is a temperature sensitive (ts), transformation-

defective mutant, designated as LA31 (8). The results

were compared to an uninfected NRK cell line and NRK

infected with a wild-type RSV (B77) grown under similar

conditions.

The parameters and their respective logic structures,

from which experimental methodology was derived, are as

follows:

1.) Morphology: A NRK cell has an elongated, fibro-

blastic shape. When infected by RSV the cell transforms

to a round state. In particular, NRK cells with B77 are

always transformed, but the shape of NRK cells with LA31

is dependent upon the temperature at which they are grown.

When the latter is grown at 33 C the cells are transformed,

but at 39 C normal fibroblastic morphology is observed.
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Ergo, the terms applied to the ts-mutant temperatures are

permissive and non-permissive respectively.

2.) Growth Curves and Saturation Density: NRK cells

will show a steady increase in population until the cells

form a monolayer in the culture vessels, at which time

they will cease to divide, the result of cell-cell contact

inhibition. Transformed cells will have a faster rate of

division and should grow to densities beyond that of a

monolayer. Thus B77-NRK cells should grow to abnormally

high densities at both 330 and 39 C. While LA31-NRK cells

should also grow to high densities at 33*C but at 39 C they

should only grow to a density similar to a monolayer state.

3.) Focus Formation: Transformed cells, having lost

contact-inhibited growth, can form foci (agglomerations

of cells). Therefore, NRK cells are completely incapable

of forming foci; B77-NRK cells should form foci at both

330 and 39 C; and LA31-NRK cells should be able to form

foci at the permissive temperature and should lose this

ability at the non-permissive condition.

4.) Cloning Efficiency in Liquid Medium and Anchorage

Dependence: Normal, non-transformed cells need physical

attachment to a culture vessel in order to grow, while

cells that are transformed should form colonies under these

non-contact conditions. By seeding a series of each cell

type in agar-supplemented media any cells that exhibit

the normal state should fail to grow, and only transformed
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colonies can be counted, thus giving a measure of transfor-

mation.

RSV-infected mammalian cells seem promising tools for

such studies for the following reasons:

1.) Transformation of mammalian cells is maintained

by the action of the viral src gene (14).

2.) Although transformed mammalian cells contain the

src gene product (a phospho-protein of 60,000 Daltons,

thus pp60) and other virus specific proteins, full viral

expression and production of progeny RSV very rarely occur

(12). Thus viral spread is minimized, and since mammalian

cells are readily cloned, it is feasible to study the out-

come of single virus-cell interactions.

3.) The endogenous viruses of mammalian hosts are not

closely related genetically to RSV and so are unlikely to

confuse experimental analyses.

4.) RSV-transformed mammalian cells rarely revert to

a non-transformed phenotype. This reversion could occur by

several different mechanisms involving the functioning of

the src gene and its product and identifying these mechan-

isms should help in understanding viral transformation.
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CHAPTER II

EVIDENCE

Morphology

Materials and Methods

Cell lines:

1. NRK: Normal Rat Kidney cells,

2. B77-NRK: NRK cells transformed by wild-type RSV,

3. LA31-NRK: NRK cells transformed by a ts-mutant

of RSV.

All cell lines were grown in F10 media supplemented

with 8 per cent calf serum. Cell lines used in these experi-

ments were maintained at appropriate temperatures (see

below). All cell lines were maintained in plastic culture

vessels. Cells were seeded into the culture flasks and

allowed to grow for seven days under the following condi-

tions:

NRK cells at 37 C and 39 C,

B77-NRK cells at 33 C and 39*C,

LA31-NRK cells at 33 C and 39 C.

Results

The NRK cells grew with a constant fibroblastic

morphology. They also grew up to a monolayer state only.
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The LA31 cells grown at 39 C showed normal fibroblastic

qualities of shape and contact inhibition once at the mono-

layer state. But when grown at 33 C, the cells become

rounded and agglomerated beyond a monolayer as would occur

with typical transformed cells. Also, the morphology of

a culture could be reversed by reversing its temperature

condition. Cells went from a fibroblast form at 390 to a

round state at 33 C. If the shift was made prior to the

cells becoming confluent the conversion occurred rapidly

(within twenty-four hours). If the shift was made after

the cells had reached the contact-inhibition state there

was a latent period of three to four days before the conver-

sion occurred. The reasons for this unexpectedly long

latent period are unknown. In the shift from 330 to 39 C,

the sparse cultures of these LA31-NRK cells converted within

twenty-four to forty-eight hours from round to fibroblast

shape and continued to grow to confluency. When the cells

had been allowed to grow to confluency at 330 and then

shifted to 39 C growth seemed to stop quickly (in about

twenty-four hours), and the cells became less dense and

looked more like normal fibroblasts during the following

twenty-four to seventy-two hour period. The B77-infected

NRK cells exhibited a transformed morphology at both 330

and 39 C.



22

Growth Curve and Saturation Density

Materials and Methods

Cell lines:

1. NRK,

2. B77-NRK,

3. LA31-NRK.

The growth rates and saturation densities of LA31-NRK

cells were compared at 330 and 39 C. B77-NRK cells which

had been transformed by wild-type RSV and untransformed

NRK cells were used as controls.

After pre-incubation for four days at 330 or 30 C,

cells were suspended by trypsinization, and aliquots of

5.0 X 104 cells (determined by using a hemocytometer) were

seeded into a series of 35 mm. petri dishes and incubated

at temperatures as used for pre-incubation. At twenty-

four hour intervals three dishes cultured at each tempera-

ture were trypsinized, the cells were pooled, and cell

numbers determined on the hemocytometer.

Results

The growth curves of these cell lines at their respec-

tive temperatures are shown in Figure 1 and their final

saturation density is shown in Table I. At 33 C the LA31-

NRK cells were insensitive to contact inhibition like

B77-NRK cells, and showed a final saturation density of

6.2 X 10 5 cells/plate. On the other hand, at 39 C, cell
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Fig. 1--Growth curves for cell lines at 33 C and 39C
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TABLE I

SATURATION DENSITY OF RSV-INFECTED CELLS
AND NRK CELLS AT 330C AND 39 0C

Saturation Density

Cell Line (cells X 10-5 /plate)

330 390 330/390

B77-NRK 9.5 8.8 1.06

LA31-NRK 6.2 1.4 4.4

NRK 1.7 (370) 1.5 1.1

growth was greatly inhibited when cells became confluent.

The saturation density at this point was 1.4 X 105 cells/

plate, similar to that of NRK (1.5 X 105 cells/plate).

By inspection there was no major difference between the

saturation density of B77-NRK cells grown at 330 and 39*C.

Foci Formation

Materials and Methods

Cell lines:

1. NRK,

2. B77-NRK,

3. LA31-NRK.

The ability of the virus-infected cells to form foci

(cells piled up on each other as opposed to contact-

inhibited growth) was compared at 330 and 39 C in normal

growth media. After pre-incubation for four days at 330
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or 39 C cells were suspended by trypsinization, and aliquots

of 102 virus-infected cells and 105 NRK cells were seeded

together in a series of 35 mm. petri plates and reincubated

at the same temperature as that at which cells were prepared.

At twenty-four hour intervals a set of three plates was

scored for the presence of foci.

Results

At 33 C the LA31-NRK cells became rounded and non-

responsive to contact inhibition and thus were able to

form foci within the NRK cells, as were the B77-NRK cells.

At 39 C incubation, the B77-NRK cells still showed

foci-forming ability. LA31-NRK cells however acted more

like non-transforming cells, and no foci were formed when

grown together with NRK cells.

Figure 2 shows the time course of the appearance of

foci in mixed-cell population. The eight-day latency

period before foci formation suggests that the transformed

cells require considerable time to overcome the contact

inhibition of the surrounding NRK cells.

Cloning Efficiency in Liquid Medium and
Anchorage Dependence

Materials and Methods

Cell lines:

1. NRK,

2. B77-NRK,
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3. LA31-NRK.

Media:

1. Nutrient Agar: dish base media,

1 X F10 growth medium with final concentration

of 0.9 per cent agar

2. Cloning Agar: cell suspension,

1 X F10 growth medium with final concentration

of 0.3 per cent agar

To a series of 60 ml. petri dishes, pipette 3 ml./dish

of nutrient agar and swirl to coat sides of dishes and let

harden at room temperature. Next, add 5 x 103 cells/ml.

of each cell type to10ml. of 0.3 per cent agar solution and

mix well. Aliquot 2.5 ml./dish of this mixture to four agar-

bottomed dishes. Leave these plates at room temperature

for several hours to gel agar. Incubate dishes at appropri-

ate temperatures: same temperature as cells of previous

incubation, 37 C for NRK and a set of both LA31-NRK and

B77-NRK at 330 and 30 C. For feeding purposes, the assay

was carried out for two weeks with twice weekly feeding

of 3 ml./dish cloning agar (0.3 per cent agar).

Results

The noninfected cells (NRK) were totally unable to grow

under these conditions, as was expected for non-transformed

cells. The fact that the B77-NRK cells did form colonies

in the agar media after 10 days at both temperatures shows
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that the wild-type virus induced temperature-independent

growth. The LA31-NRK cells were able to form colonies in

suspension at 330, although they were not noticeable until

fourteen days post-setup. At 39 0C with the non-functional

src gene product, the normal-appearing infected cells

exhibited no foci-formation capabilities.



CHAPTER III

CONCLUSIONS

Experiment Indications

The B77-NRK cells are temperature-independent with

regard to morphology; i.e., they always exhibit the rounded

shape of transformed cells. The LA31-NRK cells, having the

ts mutation in the src, or transformation gene, can assume

the normal shape of fibroblasts at the non-permissive

temperature or at the permissive conditions will look trans-

formed. The proposed reason for this morphological change

due to temperature change alone is that at 39 C the src

gene product, the pp60, is heat labile and non-functional

allowing more normal characteristics.

The NRK cells gradually grew to a monolayer after a

few days and held at a plateau density due to the contact

inhibition properties of untransformed cells. LA31-NRK

cells grown at 39 C showed a growth pattern similar to

that of the NRK cells because, at this non-permissive

temperature, the pp60 protein is not functional. Thus

LA31-NRK cells behave with near-normal characteristics of

saturation density and contact inhibition.

The B77-NRK cells exhibited transformation properties

of rapid growth and unusually high saturation density levels

29
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at both 330 and 39 C. The LA31 cells, when incubated at

33 C, also showed transformation growth properties for

saturation density. This fact can be attributed to the

intact pp60 causing the cells to become rounded and lose

their contact inhibition and thus allowing the cells to

agglomerate in the plates.

For the first eight days the mixture of uninfected

and virus-infected cells grew to a monolayer, and there

was little detection of foci, although it was possible to

make a differentiation between normal and transformed cells

based on morphology with the microscope. For the mixture

of B77-NRK and NRK cells, foci were formed at virtually

the same rate and numbers at both 330 and 39 C, as expected

with the wild-type viral infection and the loss of cell-

cell contact inhibition.

The LA31-NRK and NRK cell mixture did show considerable

differences in foci formation when grown at permissive and

non-permissive temperatures. At 33 C the rate and number

of foci was similar to that of the B77 transforming cell.

At 39 C, where the src gene product is not functional,

foci were unable to form, apparently because the more normal

cell characteristics, especially contact inhibition, pre-

vailed. There were few noticeable differences between NRK

and LA31-NRK cells at this non-permissive temperature.

Again, this experiment shows that the transformed state of

LA31-NRK cells is temperature dependent.
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Of all the in vitro assays for transformation, the one

which correlates best with cell transformation is growth

without anchorage. However, the phenomenon of growth with

anchorage or growth in suspension is poorly understood.

This experiment determined the efficiency of growth-in-

suspension of rat kidney cells transformed by RSV. It

seemed obvious that in order for cells to grow in this

non-contact vessel condition, the cells must exhibit the

transformation state. This correlates with the functioning

of the src gene product although this does not give an

adequate explanation for this phenomenon. Perhaps some

of the other pleotypic effects of transformation could

account for this property. It also seems certain that

changes in the transforming cell plasma membrane and cyto-

skeleton have an important effect on suspension growth of

cells.

Summation of Indications

Fibroblasts from NRK have been infected by RSV mutants

which are temperature-sensitive for the maintenance of

transformation. These cells are transformed at 33 C, but

show normal cell characteristics of morphology, colony

formation in agar, and saturation density at 39 C, the

non-permissive temperature.

RSV can transform mammalian cells but in comparison

with avian cell transformation, at a lower frequency (3).
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The presence of a complete RSV genome infected mammalian

cells was demonstrated by the recovery, from these cells,

of infectious DNA capable of producing complete virus in

chicken cells (2).

The factor responsible for transforming the NRK cells

was the expression of the viral src gene product, a phospho-

protein pp60. This pp60 had functional protein kinase

activity at the permissive temperature and thus facilitated

the transformation of the cells. The protein was thermo-

labile at 39 C and therefore non-functional and allowed

the cells to have a more normal range of characteristics

and properties. The switching of temperature also caused

a reversing effect on the functionality of the src gene

product within the same cell culture.

Projections

The indications derived from this study support the

concepts proposed by Chen et al. (1). Accepting these and

other parallel works as adequate establishment of the

factoral cause of virally-induced cell transformations

and the virus effects of those transformations on the cell

itself, further studies need to explore the mechanisms at

work within the cell.

Mammalian cells transformed by RSV ts-mutants of the

transforming class offer excellent material for further

investigations of the physiology of viral transformation.



33

The transformation is fully reversible by temperature

shift, and compared to chicken embryo fibroblast cultures

the ts-mammalian cells can also be grown in large quanti-

ties. The complicating factor of viral production in avian

cell cultures is eliminated by the use of non-permissive

mammalian cells infected with RSV.

The protein kinase activity associated with a product

of src greatly enhances our capacity to analyze the nature

and function of the gene product. In addition, the kinase

assay may provide a parameter of function with which to

evaluate the expression of src. To understand the circuits

involved in oncogenic transformation, direct identification

of the targets of the src protein kinase in infected cells

will be necessary.
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