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Abstract:

The biological properties of the Bryan high titer strain of Rous sarcoma virus, RSV(B) , and the
Schmidt-Ruppin strain, RSV(SR) , were compared. RSV(B) was found to be more pathogenic, in vivo
and in-vitro than RSV(SR). RSV(B) carried neutralizable antigens not found on RSV(SR) and was 3
times more heat stable than RSV(SR). Defectiveness was found to be a property of RSV(B) but not of
RSV(SR). Both RSV(SR) and RSV(B) were produced at the same rate by infected cells; however, there
was always 10 to 100 times more RSV(B) produced than RSV(SR). Puromycin had identical effects on
24 hr. RSV(B) and RSV(SR) production; however, the effects of puromycin on 48 hr. RSV(SR)
production appeared to be different from its effects on 48 hr. RSV(B) production. Both viruses were
inhibited by the addition of actinomycin D to cells within the first 35 hrs. after infection. Possible
explanations of the differences between the 2 viruses were discussed.
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- ABSTRACT

-The -biological properties of the'Bryan high titer strain of Rous
sarcema vifrus, RSV(B), and the Schmidt-Ruppin-strain, ,RSV{SR), were -com-
pared. RSV(B) wa's found to be more -pathogenic, in vivo-and in-vitre than
RSV(SR). RSV(B) carried neutralizable antigens not found on RSV(SR) and
was 3 times more -heat; stable than RSV(SR). Defectiveness was ‘found .to be
a-property of RSV(B) but not of RSV(SR). Both RSV(SR) and RSV(B) were
‘produced at the -same-rate by infected cells; however, there was always
.10 to 100{times more ‘RSV(B) produced than. RSV(SR) . .Puromycin had identi-
cal effects on 24 hr. RSV(B) and RSV(SR) production; however, the effects
of puromycin on 48 hr..RSV(SR) production appeared to be different from
its effects on 48 hr. RSV(B) production. Both viruses were inhibited by
the addition of Actinomycin:D to cells within the first 35 hrs. after
infection. Possible explanations of the differences between the 2 viruses

were discussed,’




INTRODUCTION 'TO THE VIRUS

"Rous and -His Virus

The *tumor which was to eventually give -rise ﬁo-yirus was reported by
Rous in 1910, .He deésignated it.Chicken Tumor . It arose on the breast
of a‘15'month’old‘P]ymoufh Rock hen. and was removed 2 months -later. Bits
of ' the -tumor were -inoculated into the"orkéinal hen and into'2 other hens
of ‘the -same -stock. -.0riginally the-tuqor'grew very slowly .and only iﬁ
Plymeuth. Rock birds. .In birds other than -his laberatory stock, ,Rous eb-
‘tained ‘transient growth which eventually regressed;-<During~the first few
transfers of the -tumer, the growths which resulted were encapsulated and
only rarely gave'rise-to\métastases. No attempts were made to -isolate
‘virus ‘frem ithe -original tumor. .Attempts to grow tumor transplant in
pigeons and guinea pigs were -unsuccessful,

A year later -2 reéérté appeared :(Rous, 1911a; 1911b) in which Rous
had successfully induced sarcomas in chickens using a-filterable agent
which was :later to be .referred to as Rous sarcoma virus. .The-filtrate
was prepared-:(Rous, 1911a) by grinding 15gm of transplanted Chicken ‘Tumor
| in a warm mortar with sand and adding Ringer's salt sejution. :The'de-.
bris was removed~by ceﬁtringation and the supernate filtered .through a
number 5 Berkefeld filter. .The entire operation was performed at 3%{5 C,
.the\body temperature -of a chicken.

By this time, the*tumdr had shown a definite increase in virulence
-(Rous, 1911b). .Tumors now appeared within 7 days of inoculation instead
of the-original 30 to-35 days;-‘The-tumors always .gave rise to me@astatic

nodules, whereas, up to-this time, metastases were noted only once-(Rous,
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-1910) . .Finally, tumors.could be induced in chickens of other strains
-(Rous, 1911b) ., However, attempts ‘to induce -tumers in rats, guinea pigs,
rabbits, ducks, and pigeons still failed-(Rous, ]9]ij.
In 1913, Rous and .Murphy discussed some-pathelogical changes that the
‘tumor had .undergone. .0riginally.(Rous, 1910), the tumor was an encapsu-
lated spindle-cell sarcoma which grew rather slowly. By ‘1913, the ‘tumor,
whether induced by cells or a cell-free-filtrate, was a .soft, friable,
.non~encapsulated sarcoma which grew and metastasized ‘rapidly. The ‘typical
cells varied frem spindle-cells to'short, blunt, or rounded cells, with
giant cells frequently being found. .The ‘tumor was hemorrhagic and pro-
duced :large quantities of a mucinous material. .This 1913 form of the
‘tumor resembled the -tumors which were obtained in this.faboratoryfwhen
"Rous sarcoma virus was injected into the wing web ‘of ch}ckens-(Materials
‘ and .Methods) .

-Rous continued working with his filterable agent and characterized it
in a-manner which was not considerable improved upon until extensive in
vitro work with the virus was made possible (Femin and:Rubin, 1958). The
most extensive general physico-chemical characﬁerization of the virus was
published by:Rous and Murphy in 1912, They found that the -virus could be
stored in dried .tissue for up to-7 months or in 50 per cent glycerin for 1
month. ,The agent, as a ground tumor suspension, could survive rapid-freez-
ing and thawing-and:also -heating to 53:C for 15 min, but it could.not sur-
vive heating to'55 C ‘for ‘15 min. These ‘results correlate closely with
those -of  Dougherty -(1961) . .Rous and:Murphy (1912) also demonstrated the

-sensitivity of the-agent to surface-active materials such as bile and
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* Saponin as.well as chloroform, toluol and élcoﬁo]; thereby indicating, as
Friesen and:Rubin-(1961) have, that lipids-prebably play .an important role
in the activity of 'the 'virus.

“In 1911, ‘Rous and ‘Murphy reported that discrete -tumors could be -in-
ddcedion the membraaés of developing chick-embryos with a filtrate -from
Chicken-Tumer I. .it is unfortunate that they did not -continue -this work
past the-pathological characterization of the ‘tumors as they wére working,
evidently -unknowingly; with the first good means of quantitating this
virus., This aspect of Rous .sarcoma virus work had to wait 27 years (Keogh,
1938) for dévelopment. Rous .and -Murphy (1911) insinuated that they miéht
be-able-to induce tumors in utero in mice and rats with their tumor ex-
tracts. .No -further.positive reports .seem. to have been published con-
‘cerning this wérk, but it may well have been a-prelude to 'the origin of
strains of Rous .sarcema viru5~whsse-host ranges extended.beyond thatof
the-chicken-(Buran-Reynolds, 1947; Zilber and:Kryukoma, 1957; :Munroe -and
‘Windle, 1963; Ahlstrom et al., 1962).

-Rous :(1913) was able to show-that birds responded separately to .wiral
and tumor antigens. He-found that birds which had managed to reject their
tumérs could not be .infected with either tumor cellé or filtrates. .He
-also was able-to'obtain birds which ,were resistant to filtrate challenge,

;
but would -develop . tumors if whole cells were implanted in their breasts.,
He, therefore, conc]uded-;ﬁat the virus and cells were.able to act either
separately or together to induce tumors. This work was confirmed and ex-
tended nearly 50 years .later by Hanafusa et al. (19643), Dougherty and

Morgan (1962), and Temin (1962).
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w‘Rous:_E_glJ (l§]9) attenpted to produce neutralizing antibodies
agéinsi'the.filterab&e agent by injecting ground tumor extracts as well as
‘tumor cells into -rabbits. .They succeeded in obtaining only good-anti-
chicken-seruﬁ. .They-finally obtaingd neutralizing antibodies by injecting
.geese intravenously with tumor 'suspensions and blood. .The -sera obtained
would stop tumor production by the-filtrate if the serum and-filtrate were
‘mixed prioer to challenging- the chickens. .After adsorption with chicken
‘tissue, the goose-anti-Chicken Tumor | serum would-still neutralize - -the
infecting agent. Rous and his colleagues concluded that anti-chicken sera
would not neutralize -their infective agent. It is interesting that Gye
-and ‘Purdy -(1933) reported neutralization of ‘the Rous agent with anti-
chicken iserum, _This report has been .successfully repudiated by Rubin
~(1956; '1961) and by Fink.(1964) . .Their evidence against.Gye .and Purdy'’s
data -(1933) was based upon the -fact that anti-chicken sera -could .prevent
tumor development by interacting with the -infected tissue -(Rubin, 1956),
and . the ‘fact that virus neutralizing antibodies persisted even after ex-
‘tensiveuédsorption of rabbit anti-RSV sera with chicken tissue .(Fink, 1964) .
| . .Rous .and his filterable agent helped ‘lay the foundation for a contro-
very whfﬁh‘continues to plague avian leukosis research. While working
‘with cHiéken tumors, .Rous isolated 3 thmors, Chicken Tumors: I, VI, rand
XVIi}, whiéH‘Wefe;transmissable by a filterable agent ‘(Rous and ‘Murphy,
1913b). uThefobvioué question arose. . Were-these 3 different manifestations
-of the-same'aéeht or single manifestations of 3 related agents? The 3
agents weré-alike in that all could be stored within .desiccated tumor tis-

sue, all passed through some Berkefeld :filters but were ‘retained by

TT
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-extreme?ysfine ohes, aﬁd a]l-producedima]ignancies in chickens .(Rous and
~Murphy, 1913b). Therefore,.Rous and -Murphy (1913b) suggested that ‘they
were all 3 of ‘1 class, ""whatever that class may‘be?. However, since
‘Chicken Tumor -l.virus always -gave ‘rise -to a spindle-celled sarcoma- (Rous,
l9lla).and.thicken Tumor VIl virus, to an osteochondrosarcoma - (Rous et -al.,
1912) and:Chicken' Tumor XVIII virus, to a spindle-celled sarcoma with a
pecul iar intraconalicular pattern :(Rous and -Lang, 1913), it was concluded
that 'these 3 agents compoesed a new group :of eﬁtities capable of causing
neoplasms ‘of diverse characters in chickens -(Rous and ‘Murphy, 1913b).
"However ;. Rous and -Murphy pointed out the uncertainties of classifying the
‘agents strictly on the -basis of tumor pathology when -they showed that,
during the 'selection for‘rapidly growing-Chicken: Tumor XVIIIl virus, the
histology of the tumor came to -resemble more closely that of Chicken Tumor
I. In 1914, hewever, they deﬁonstrated that chickens which were resistant
fo‘Chicken Tumor VII| were not resistant to Chicken Tumor | (Rous -and
Murphy, 191h4); thereby, opening new paths for tumor virus classification
and identification and supporting their contention that these were
separate viruses,

Rous was not quick to conclude that he was dealing with a virus. In-
deed, in discussing the filterable -agent (Rous, 1911b), he states that the
-first tendency was to regard it as a self-perpetuating parasitic ‘organism,
but he also felt that it was poss}ble that tumor cells secreted a chemicé]
stimulant which resulted in neoplastic changes in affected cells causing
-them, in turn, to release the chemical. After his work on characteriza-

tion of the agent.(Rous and Murphy, 1912), he concluded that it was a
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living organism and in 1913 (Rous and Murphy, 1913a), referred to the
agent as a 'fcausative virus''. The fact that Peyton Rous, less than 15
years after Beijerinck's introduction of the concept of filterable viruses
(Beijerinck, 1899), was able to isolate a virus, recognize it as such,
characterize it physically, chemically and antigenically, and suggest that
it was only 1 of a group of avian tumor viruses which might serve as a
model for the cause of cancer in man, was a tribute to his scientific

abilities and insight.

Genealogy of Rous Sarcoma Virus

The diversity of conditions and the selection for various charac-
teristics in the many laboratories over the past 50 years have resulted in
several ''strains'' of Rous sarcoma virus (RSV) with differing characteris-
tics. The following genealogy of RSV is a modification of that published

by Simons and Dougherty (1963): P. Rous (1911)

~

= it VY
= ~
5w o (before 192L4) i
A. Claude Wi E. .Gye = ch. Oberling
L 4
(1941) W. J. Purdy— (1929)RSV(29) (1954) 7
High titer and Schmidt=Ruppin
Standard RSV(B) N2
W. R. Bryan (1935) N
C. R. Amies (1960)?
l' C. G. Ahlstrdm
A 4
H. Rubin J. G. Carr——-> Zilber N/
RSV(Carr-Zilber) Huebner RSV(SR)
L 4
(1948)
R IR CiHa rrilis
¥

P. J. Simons——>RSV(H)
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-The -dotted Tines -represent conjecture;'the'dates.in parenthes&s represent
‘approximate ~times ‘of ‘receipt of the virus stocks; the known strain desig-
-natiOES'are-]isted whenever possible-following the name of the individual
using the -designation.

.These -various strains of RSV have ‘their own distinguishing charac-
teristics. .RSV(B) carries high concentrations 'of Rous Associated Virus
-(RAV) (Rubin and :Vogt, .1962) and forms sharp, .distinctive foci in 'tissue
-culture (see below). -RSV(SR) is noet defective, .produces foci which are
quite distinct from those of RSV(B)- and will not react with-RSV(B) neu-
traliziné sera (see below). -RSV(H) is antigenically distinct -from RSV(29),
produces no:foci in tissue-cultures, and producés tumors on ‘the :chorio~
allantoic membrane of chicks which are-distingﬁjshab]e‘from those -of
RSV(29) and RSV(B) (Dougherty-et al., .1963). .RSV.(Carr-Zilber) will
infect mammals,, including primates (Munroe and Windle, 1963) . -RSV(SR)
will.also infect mammals and cause chromosonal breaks in human cells
(Ahlstrdm et al., .1962; Nichols et al., 1964). .Recently, .Rabotti et al.
(1965) have ‘succeeded in inducing tumors in the brains of hamsters with

“RSV(B) .

.Rous Sarcoma Virus Classification

RSV is é.member of the avian leukosis group of viruses (Jungherr et
al., 1941), .This-gfoup‘includes-the viruses of avian lymphomatosis,

erythroblastosis, myeloblastesis, and osteopetrosis, .as well as various
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-solid .tumor ‘viruses:such -as the-Fujinami wvirus (Beard, 1957)-. .All the
‘viruses of this group .se..far examined are-helicaT?kNA'viruses.IHowatson,
1964) -which 'multiply in :the -cytoplasm of infected cells and are-released
at ‘the cell membrane (Haguenau-and Beard, 1962; Vogt -and Rubin, 1961;
Beard, 1963). Structurally, they resemble ‘the myxoeviruses in that tHey
have-an outer envelepe enclesing an inner-membrane which encloses the
nucléoid (Howatson, 1964; Beard, 1963; Dourmashkin and Simons, 1961).. This
group of viruses shares a common soluble antigen which is found in virus
‘particles and in neoplastic cells induced by the virus (Huebner et al.,
1964) . These viruses also share a number of neutralizing antigeng, all of
which are-not reciprocal]ly susceﬁtible to the same antibedies (Beard, 1957;

Simens and.Pougherty, 1963; Friesen and.Rubin? 1961) .-

Assay gf'Rous.Sa%coma Virus

Probably the mest valuable-contribution tO'QAe-study of RSV has been
theAdéVelopment of an in vitre assay system (Temin and Rubin, 1958). .This
system relies on the-fermation of foci of transfermed .cells on a menolayer
of chick fibroblasts. . The number of foci on a petri dish was shewn to be
directly proportional to the-amount of infecting virus. until 1 to 10 per
cent of the-cells were infected :(Temin and:Rubin, 1958) ; therefére, if the
‘number of foci on a plate -were kept within the;limits of statistical
.accuracy, the -titer of a Virus stock could be-expressed in focus forming
-units .(FFU) per ml.of virus.

Direct microscopic comparisoen of the -number of viruses in a culture

.and the number of ‘foci obtained by ‘focus assay showed that there were'-about
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750 virus particles present fer -each focus produced:(Crawford and ‘Crawford,
1961) . However, they -calculated:that there might-actually be .15 particles:
per"FFU if one -assumed - that the "use -of "non-confluent monolayers lowered
the -efficiency of the assay system and:that ornly 10% of the cells were in-
‘fected. Considering the rapid loss of viability of viruses due ‘to heat
inactivation .(Rubin, 1955), the system wqdld'seem to be-rather efficient.

.This.system has been plagued by many -difficulties. .First, focus for-
mat ion may be 'suppressed by ‘having:teo many cells on the plate at the time
-of infection:(Rubin, 1960b). .Second, the use-of fetal calf serum, Fetuin,
or-over 10% célf serum suppresses focus formatien -(Rubin, l960cy. " Third,
.Prince .(1962) found that the -emission of tryptese phosphate broth:(Difcoe)
resulted in the suppression of focus formatien.

' .Besides the influence -of factors in the medium,. Rubin :(1960a) found
‘that the'embryos'from certain eggs carried a virus,.Rous interfering fac-
tor (RIF), which interfered with RSV infection.and thus étopped.focus-for—
-mation. -This .discovery ‘led to the -use -of interfergnce -assay for avian
‘leukosis viruses (Rubin, ]9éOa;;Rubin and -Vogt, 1962) , which in turn led teo
the -discovery of the interfering virus carried in RSV stocks, . .Rous asso-
ciated virus :(RAV). .The-fact that RAV was found to.be present in concen-

t al., 1963) explained why

trations up ‘to-10 times that of'RSVL(Hanafusa
only 1 to 10 per cent of .the cells in a plate could be infected with RSV.
Besides obtaining a reduction df foci due to-viral interference,.Rubin
-(1964) and-Crittenden et -al. (1963) have 'shown that certain strains of
chickens give ‘rise -to genetically resistant embryos. -which cannot be

infected with: RSV.
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".Defectiveness :of "Rous.SarcemaVirus

In-]962;.Rubih‘and Vogt reported finding 2 viruses in‘their stocksof
-thevBryan:highitimer-strain of RSV. .0One-was RSV itself and the-other they
called-Rous.associated virus (RAV). .RAV was always present -in much higher
concentrations than RSV. Subsequently;‘Hanafusa-gg al. (l963)-reportéd'
ithatffociloF‘RSV.transformed‘cells.which'Wete'produced on plates infecteé
‘with high:dilutions of 'RSV weuld not produce 'virus. .They also-ghowéd that

these -non-preducing -(NP) cells would produce -RSV only if superinfected with

‘RAV or rseme -other -avian-leukosis virus :(Hanafusa et-al., 1963; 196ka).

_Thus, it -was -shown that- RSV.depended upen a helper virus for méturation.
JThey concluded that the RSV genome 'lacked ‘the information necessary - for
maturatfon~within-an infecfed,cell and-:RSVY must, therefore, ' be -defective,
:A word of cautien should injected here. -Although ‘Hanafusa gi.gl.,(}963;
196La) report'thé£ RAV was -found in.all.RSV cultures tested, there was no
data Io:f;dicate'that'RSV(H),.RSV (carr-Zilber), or'RSV(29)'weTe'tested.
~0nedshéuld not canclude‘fhat"al] strains of RSV are-defectfve‘since—only
'RSV(B) has .been extensively.studied, and, as will bénshéwn below, . RSV(SR)

‘has .been-found not to .be -defective.

Properties of RSV.Conferred by Helper Viruses

Hanafusa-et-al. (196ka) were able-te show that the RSV, .produced by NP
‘cells:as-a-result of induction, carried the neutralizing anfigen'of the
-helper virus. .That is, if the‘NR cells were induced by an avian-lymph&ma-
tesis .virus, the-resulting RSV co;ldfbe‘neutralized.by specific-anti-aviaﬁ

‘lymphomatosis sera. -Therefore, upon infectjng a cell, .RSY was :shown ‘to
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.cast of f ‘its protein :coat -and :exchange .it for “that “of -any -helper virus
‘which-might be-present. .The -helper that-was mést hahﬂyxwas,:of course,
RAV, but by proper manipulatien, . any aNian'Jeukosis.virus-céu]d"serve=as
the helper and thus -contr.ibute 'the -coat -of the -resulting RSV particles,
.This was -very.much 'l ike phenotypic mixing:(Nevick .and:Szilerd, .1951;
.Streisinger, .1956) - except that only-l of the viruses, i.e., . RAV, contributed
the -coat protein, '

.Hanafusa et -al, (196k4b) ' shewed-that induced -NP ‘cells ‘produced beth
"RSY and "‘RAV at the'Same’timé, and that the rate of virus release was.sim}-
laf to ‘that of RAV alone. .Later,.Rubin:con;luded_(]964) that -the ‘rate
-lfmit}ng step.in:.RSV.productioen.was the :coating of the:virus. This meant
‘that-the ‘rate ‘at -which virus was released ‘From the~cel]:was:determined by
«the helper wvirus,

A secand*pr;perty-oﬁ"RSV which has been 'shewn te be -affected by ‘the
-helper invelves :viral interferencg. .Rubin-{1960a) found that infection of
chick -fibroblasts .with -an -avian leukosis viru5'pridr to '‘exposure of the
-same ~cells .te :RSV would prevent RSV infection. .Interference was :shown also
‘to be -a-property induced.by-RAV (Rubin -and:Vegt, .1962). .Hanafuga,(l965)
and-Vogt -(1965) - isolated.2 ‘strains of-RAV. They were -designated RAV .1 and
"RAV 2, .The-2°RAV's .were-found -to be-antigenically distinct -and -differed in
their-ability -te -infect certain strains of chick fibroblasts. .Fo; cenven=
ience, the RSV gename’that-was.inside'a RAV ‘1 coat-was .designated. RSV(RAV 1),
and ‘that -which.was in.a RAV 2 coat, -RSY(RAV 2). .If chick.-fibreblasts were

-infected with RAV..T, and -superinfected .with RSV(RAV 1), no focus formation
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‘occurred. If, however, the RAV 1 infected cells were-challenged with RSV

- (RAV 2),.focus formation, and therefore .infection, occurred. -Thus, sus-
‘ceptibility to.interference was found to -be a property of the virus coats
and hence»a-Froperty.governed by the helper virus. Interference would
-seem 'to.be, therefore, .a property involving virus adsorption :and penetra=
‘tion into.a cell rather-than a physiological competition between 2 viruses.
Indeed, the:RSV(B) preducing cell supports the growth -of 2 'viruses which
imust-bé‘physjolqgically compatible.

.RAV was :also found to -influence -the .ability of RSV to infect certain
.chick fibroblasts .(Vogt, ..1965; :Hanafusa, .1965). .The-fibroblasts which were
-resistant ‘to ‘RAV 2 were also .resistant to RSV(RAV 2), but not to..RSV(RAV 1).

.Even ‘though properties involving:functions of the -virus coat have been
shown -to ‘be -determined by the -helper virus, the outstanding property of RSV,
its~ability'to~transform‘ﬁorma] cells into -tumor cells, has beeanHown'to
.be -exclusively.a property ‘of the RSV genome -(Hanafusa et al., .196Lka; Rubin,
1964; and ‘Temin, .1962) . .Thus, .non-producer-cells induced in-vitro could
cause -tumor -formation if injected inte the wing webs of chickens.(Hanafuﬁa
et-al., 1964a),.and‘these-tumbfs:sti11 could not produce virus unless they
were ‘infected with 'RAV. .This might.exp]ain the ‘rather common occurrence -of
non-virus yielding fumors_(Shimizu.and Rubin, .1964) . . The .infection of
birds with lTow doses of RSV or the .infection of birds having anti-leukesis
antibodies could result in -such non-producing tﬁmors by_preventiég RAV in-

fection of. RSV cells. However, it.should be kept in .mind that material has

been. found in tumer extracts which will neutralize RSV (Andrews, .1932;




. Dougherty .et al,, 1960). .This could .also explain-why RSV might not -be

~ebtained -from some "tumors.

xThe-Effects “of Inhibitors :on-Rous :Sarcoma Virus Replication

Since 'riboenucleic acid-(RNA) was 'shown to :censtitute -the genetic
-material of ‘RSV-(Bather, 1957; ;Epstein :and Holt, 1958; .Crawford .and
~Crawford, .1961), it was enly‘logical:that attempts would be -made -to .inhi-
bit RSV:replication using antimetabolites which were -knewn ‘to affect "RNA
“synthésis, |

-Goldé€ ‘and-Vigier publ ished work showing-that' RSV replfcation:cou]d ge
'inhibitedrby;S-fluoruracil‘(FU) (Goldé -andVigier, 1961 -and '1963). .They
-'feund: that -the-addition of'ZQ/ug/ml of FU to wirus infected cellis 1 to.10
hrs.,after-infecfion inhibited -virus -production-at 24 hrs. -They-also-found
‘that the addition of the 'same concentrations of FU between '] and 20 hrs.
after ‘infection 'suppressed 48 hr. virus production. ,They discovered, . how-
ever, -that cells infected with RSV for -3 days.Became'cgmpletely refractile
'to-the-effects.of'FU. .The activity of FU could be reversed by the addition
.of uracPl'(ZOQ/Zg/ml) to ‘the-médium, .Thymidine would not reverse these
-effects. .On:the~basis of these -experiments, .they ceoncluded that there was
at -least-1, and~possibly'2,.}FU_sensifive'steps involved in RSV infection.
.The first .occurred between:1.and 10 hrs. after infection and was necessary
vfor‘vjrus production :at 24 hrs. .The ‘second eccurcted between 5 and 20 hrs.
.and was necessary .for ‘virus production at 48 -hrs. . It is possible that up

‘to '3 days were ‘required :for all their infected cells to begin.producing
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‘virus and thatlater additions of FU were merely blocking ‘the 'same earty
“stebs in the cells:which'were'ju5t-beginnrﬁg'to synthesize -virus.

.Follewing ‘this, work .was published on the use of actinomycin D’ (AD),
.amethopterin .,(AM) , .and - mitemycinC (MC) to 'stop-viral replication, Temin
{1963) showed -that: AD at concentrations from 0.1 to lg/mg/m1 would stop RSV
mulfip]ication. .He -found -that the-addition of O.%/xg/m1'ofUAD‘texce]1s
from-8 .hrs. before 'to 24-hrs. after infection irreversibly stopped .RSV
proeduction. |f, however, O.l/wg/ml of the antibiotic was added to cells
that-had been carrying RSV for several .generations .(established Rous icells),
.and :removed 8 .hrs. .later, .the cells recovered their ability to produce virus
Within'12 ‘te-16 hrs, after treatment. JThus,,AB.wduld-reQersjb]y inhibit
‘Viirus productioen 'in established -Rous .celis. .Temin confirmed .and extended
’ﬁhese=results.with-experiments using AM-(Temin, .1964a) . He found that 10”7
‘M AM had no-effect on virus production by established Rous cells, but-like
~AD, it wouﬂa inhibit 'virus productien if it was added :seon after -infection,
iee., 1 to & hrs. Thetear?y inhibition of 'virus production by AM was, how-
ever, .reversible., This was in contrast -to the early effect of AD which was

irreversible, .Since AD acts .by binding to .deoxyribonucleic -acid [(DNA)

-molecules, , thus preventing messenger RNA -synthesis .(Goldberg et al., 1962),
Temin concluded-(1963; :196ka; :1964b) that RSV existed :and functioned .within
‘the -cells in a.provirus state, and that‘the-provirus was composed -of DNA.
“.Accordingly, .upon -infection, the RSV genome which was. RNA, .entered the cell
.and -acted .as a :template for the synthesis-éf its DNA provirus. .The-pro-

-virus then directed virus proeduction by the cell. .Temin added -strength to

vee a2
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his hypothesis by .demonstrating that there-was a larger amount of DNA.in
~virus infected.-cells that would anneal with viral.RNA than there was in non-
infected cells -(Temin, 1964b). Although Temin ‘showed a .consistent differ-
énce -in the -amounts ‘of viral RNA which would . anneal with DNA from infected
:and-non~infected cells, the difference was not -great. Also, in view.of the
-fact "‘that RSV(B), which Temin .used, is défective, the -hybridization de-
-monstrated must have -been between RAVY .RNA and DNA, not RSV RNA and .DNA.

In view-of these facts, -the work wiltl need confirmation, .preferably with a
‘non~defective -strain of RSV, . using more—senéitive-techniques°

Vigier and Goldé (1964) obtained the 'same results with .AD as did Temin
(1963) . They: also used MC and found thaf, as with AD, the addition of-MC
within-24 hrs. after infection resulted in irreversible 'suppression of virus
production. - Hewever, .unlike AD, MC would net significantly .inhibit virus
production -if added te established Rous cells -at concentrations that did
not produce cell death.

.0On the basis of their data, Vigier and-Go]dé_proposed four models to
explain the early 'sensitivity of the virus fo -t-hese'antimetabo‘l'-ites° First,
an gar1y enzyme coded by host DNA could be required to-uhcoat the viral
RNA.  .This model would find precedence ‘in the discovery of such an enzyme
for uncoating pox viruses (Abel, .1963). -Second, a special enzyme ‘coded by
host .DNA might be required .to open a secondary structure of-RSY RNA. .This
mode]l was -based upon the inhibition of replication of rebvirus.B, which is
a double stranded RNA virus (Gomatos-and Tamm, 1963), by AD and MC (Gematos

et al., .1962); however, .Temin (1964b) showed that RAV RNA and RSV RNA were
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'sensitive-to-ribonuclease-indicating ‘that "they are probabty single stranded
RNA's, .Third, .the-RNA dependent RNA polymerase necessary.for viral RNA
-synthesis might ‘be -coded by-cel]u]an'DNA,,or'fouTth,ATemin{s provirus ‘model
- might be used to -explain the -results.

-0f these 4 hypotheses, .the-first -seems most 1ikely since -such aﬁ un-
‘coating enzyme -has been isolated. .The-possibility .exists for a dOQBIe |
‘stranded :RNA“to bé found within the cell, but to‘date,~ADJha5'not-been such
cessfuPiy-combined.wjth double -stranded -RNA" (Goldberg ‘and Re{ch,.l964).
-Therefere, .direct interaction of "AD.with -such RNA would not ‘seem a likely
explanation.-for “viral inhibition. There .has been 'no evidence 'presented
that ‘neninfected cells contain -an.RNA dependent RNA-polymerase. In-fact,
its presence-.has been 'shewn -to be .completely dependent upon the infecting
virds:(Baltimere et al., 1963). It is, .theréfore, difficult to .understand
why the -«cell would carry the -information te code.a melecule ‘that it would
never use-as would be -required by the third model. :However, Wefss-(f963)
haé'repowted‘that'DNA dependent RNA' pelymerase -can transcribe -information
.in -the form of polyribonucleotides directly.off of RNA molecules. There-
fore, it is possible -that RSV RNA could compete with cellular. DNA for the
-useﬂéf RNA ‘polymerase -and ‘thereby require-a cellular enzyme for replication,
.Temin's .hypothesis .and ‘experiments have been based on. the -belief that:AD,
.MC, and AM .interference with RSV replication is unique 'since RSV is an RNA
-virus, .However,  AD has been -found:ite-interfere with influenza virus repli-
cation'early.in the multiplication cycTe:(Barry, t al., 1562; White et al.,

.1965), Influenza :and -RSY obviously .do not behave the-same within the cells.
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?Theréfpre,,Temiﬁ‘s provirus-postulation‘hara]]eling’bysqgeny is justified,
.and if'his)w;Tk can be -confirmed in-another ‘laboratory, there would ‘be
-little ‘doubt that'his'DNA'ptovﬁrus-stateﬁexisteduandfmust-explain‘thése
data. .But-until:that ‘time, . .the-first, or-for that matter any of the other
-medels, cannet be completely excluded.

-Under -any .circumstances, . the "irreversibility of the first AD sensitive
step.is difficult:te explain. .If.the uncoating eﬁzyme,mode] were -adopted,
-one would -have-te assume that the-virus, being rather unstable, .loses its
activity;wﬁthin-the-ceil'due‘t6=inactivation of viral nucleic écid'at
temperatures between 37 and 45-C.(Dougherty, .1961). IffTem}n's:DNA pro-
-virus model were -accepted, .one must -assume -either 'that ﬁhe:nuc]eases.of“thg
cell break down ‘the ‘nen-functioning DNA, which would be contradictery to
~reversible .inhibition occurringiin:esfablishedﬁRous:cells, or ‘that at one
‘time-AD-DNA binding is ‘strenger than;at anether. .Alse, in this .case, .one
-must ‘explain why: MC woula-attagk-the*provirus DNA ‘at one -time 'and -net at
canother. 1THéwMC data could be ‘explained by the-invelvement of different
:sites on the'hoét:genome.in'early and late virus synthesis if one -favors
a hypoethesis invelving the .host genome.

.The -later AD reversible:(MC,\AM,.anduFU insensitive) step is even
more-difficult to explain, as:the sole-adoption of Temin's idea. has ‘the
built in'contradictien -stated previously. .However, if one .includes in
‘Temin's hypothesis the necessity for cellular:DNA integrity for virus
release, .a fairly reasonable explanation of both the early .and late-AD

sensitive steps is-possible.
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' ‘One very ‘important -fact has been'emitted -in.most papers and.discus-
sions -of "the “effect "of inhibiters on:RSV. .That is the -necessity of the
-helper virus,,RAV, for RSV maturatioen. .Sinée»a]]'oflthese studies have
‘relied upoen :the-focus:assay. fer mature -RSV particles, they -have completely
~omitted any 'study of RAV 1nfe£tion'or'release. .Theoretically, one might
-say ‘that the *effect of the-inhib}tors.onnRAV is.beiné determined if one
measures their effect on RSV, as RAV determines whether-or not RSV matures.
Hewever, RSV infection, .unceating, genomic replication -and cellular trans=-
-formatien are ‘independent ‘of 'RAV (Hanafusa et -al., 1964a). Therefore, . the
'only;RAV.eventithdw can be measured in these -experiments is the.final
‘maturatioen of the :virus, Work will have -to be -dene to .determine -the -effect
of ‘inhibitors .on each of these-viruses separately.before virus replication
.can ‘be :understood. .ln .deing this, one .is faced with the problem of -ob-
“taining-virus :stocks, as it is easy to -obtain:RSV-free-cultures of ' RAV
(Hanafusa.et al., .1963), but te study. RAV-free-RSV would ‘require a nen-

‘defective-strain ‘of RSV. Such strains, however, are.available.(Results).




" . INTRODUCTION- TOTHE “PROBLEM

iThere-exists -among-the*various strains-of RSV differences anludingl
hest-range, seroloegical relationships, .and defectiveness .(Genealogy of RSV).
In-order ‘to-obtain 'seme -idea-of "the -extent of these-differences, 2 strains
of‘RSV,.representing:Z:biolégical extremes, ,were chosen for comparative
‘'studies, -The -2 strains selected were ‘the Bryan high-titer. strain, .RSV(B),
.and -theSchmidt-Ruppin:strain, .RSV(SR) . .The-Bryan :strain has -been -the mest
extensively ‘studied .of all the strains of RSV and therefere was ‘used as-a-
-comparative -standard, . The:Schmidt-Ruppin strain has sbeen much‘le55~exten;
‘sively.studied, .and its abflity to.infecttmamméls-ahd mammal ian-tissues,
"including-human,Fibroblasts\(BjBrn and.’Pontén, 1964), suggest that it
possesses biologica].properties-di%ferent from‘thosé‘of RSV(B) .

The purpose -of the following work was, therefore, to compare ‘the bio-
‘logical properties'of these -2-strains of, RSV. .Properties indicative of
‘structur%l and compoesitional ‘differences in the viral particles.:such as
‘serology and'stability-ynder'tissue-culture-conditions-were»studied° :Also
properties which would .reveal differences in the.functioning ef the ‘viral
genome within the -cell .such -as pathogenicity, defectiveness, susceptibility
'to’RAV'interferenée,.norma].virus grewth and release-frem cells, and the
-effect of the.inhibiters puromycinvdihydrochieride and ‘actinomycin D on
Cviral rep]ication;were»examiﬁed. Although there.were definite -similarities
between the :2 viruses, sufficient diversity Was-found to ‘warrant only

]

‘cautious generalizations ‘te other strains of RSV.




. MATERTALS 'AND: METHODS

Preparation of Water

_All water used-in-pfeparing the ‘tissue -culture medium or selutiens
which'were -te ‘come .in :contact with tissue -cells was double-distilled; that
“is, water-obtained from a Barnstead .still was distilled a second time in

~dlass,

-Preparation of Glassware

Immediately -after ‘'use, all glassware was submerged in a weak :Purex
:soJution-unti]tit was te be -washed, :For cleaning, .all glassware was :hoiled
-for 15 minutes in-a-1 .per cent solution of 7X‘(Linbro~ChemicalEcﬁa,vNew
~Haven,.Conn.) and allewed to:stand until-the water was -cool. enough that

the‘gléssware-cou]dlbe-handlea'with bare hands. The_glasswafe“was-then
:brusHed:vigorously, .Each - piece was rinsed.-10 times in running, warm tap
~water -and ‘3 ‘times in.distilled water.,

.After it had .dried, .all glassware was .capped or.covered w&th‘élumﬁnum
“foil 'and .sterilized in-a8 hot-air-even. .Syringes aﬁd‘pipettes were -treated
-as :other -glassware -except that they ‘were -cleaned by-autoclaving.for 30 to

'-60 min, .while -submerged in-a:l .per cent ‘selution of 7X. Syringes were ‘theh -
-rinsedfsy-hand:as,aboye. .Pipettes were -rinsed .overnight In-a~pipett§'rin~
ser gnd.then-rinsed:3 times with distilled water and allowed to dry. After
drying, .pipettes and.syringes were -placed in.Dispo=-wrap pipette -or syringe
-bags.and-autoclaved. After autoclaving, .they were dried at 60 C for at

‘least 6 hrs.
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Preparation-of Tissue Culture-Medium

Medium 199 ‘witheut:purines or-pyrimidines was used -exclusively. .A 10
‘times-concentrated .solution -of 199A (199A 10X) was prepared ‘according to
the procedure -of Vogt (19637) as given in'Table~1. .The soelution was then
" filtered.threugh 'an 02°Selas -filter and-stored at 4 'C. .Prior to filtration,
the-l§9Aﬁ10X appeared sl.ightly turbid due -to the-low solubifﬁty of some -of
"the -constituents,

.A'10 per cent .selutien of.sodium‘bicarbonate'was‘prepared'by~mixing
‘10 gm of sodium bicarboenate .in 100 ml of water -and .autoclaving the-mixture
for-15-min.

-Solutﬂon'DG;was-prepared.in:3;steps'(Vogt,.l963?):

1, .The follewing were -dissotved in-700 ml:of water:

1-Cysteine-HCI '100.0 ‘mg
-Ascorbic.Acid ‘50.0 mg
~Glutathione 50.0 .mg

2, IIOO.mg of vitamin A was-added to:10 ml of 95 -per.cent ethanol.
. After the vitamin A was .dissolved, -the solutien was mixed with
100 .ml of a-5.per cent soelution of Tween 80 in 95 per cent ethanol.
3. .The solutions prepared-in.steps | and:2-were -mixed and water was
.added ‘to..bring -the ‘total volume ‘to 1000 ml. .The:DBG .solution was
-then-filtered through an 02 :Selas filter gnd-stored.ﬁrozen in 10
ml quantities.
Medium 199A 1X (Vogt, .19633 was prepared by mixing:
- 199A 10X ldO.mL
Solution: DG 1.ml

10% Sedium Bicarbonate 7 ml
Penicillin 2 x 105 units
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‘Table*l. .Preparation-.of 199A 10X

-Dissolve .in .200 'mi of boiling water:

" I=Tyros.ine : 0.72 gm
I'-Cystine "0.36 :gm

Add :1.5 ml of IN-HC1, 600 ml water and dissolve:

' NaCl . “144.0 gm
-KC1 “7.2 gm
"Glucose -18.0 gm
~:Pheneol Red , 0.316 :gm

+ Dissolve-in 100 ml .ef water..and add :to '‘the above solution:

KHyPOL - 1.08 -gm
‘NagHPOy, ' 1.08 gm

" Bissolve .in 50 ml of water and add to -the above solution:
"MgS0y,° 7H,0 3.60 gm
“Dissolve .in"150 ml .of ‘water -and -add ‘to 'the -above solution:
caCl, ‘2.52 -gm

‘Weigh inte a-small beaker -and-add to .the above 'selution:

‘Niacin .(Nicetinic Acid) 0.45 mg
“Niacinamide -(Nicotinamide) . 0.45 mg
"Pyridoxine -HCI 0.45 mg
“Pyridoxal HCI 0.45 'mg
‘Thiamine ‘HCI 0.18 mg
-Riboflavin 0.18 mg
i~lnositol 0.90 mg
:p-Aminobenzoic acid 0.90 mg
" Chol ine "HCI . 0,90 mg
Vitamin E .(DL-A -TFacopherol) 0.18 mg
-Vitamin K (Menadione.Sodium '
Bisulfate) 0.18 mg
d-Biotin 0.18 mg
Folic-Acid : 0.18 mg
-d=Ribose 9.00 mg
d-2-deoxyribose 9.00 mg
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Table I, Continued.

. Dissolve in-a solution of 0,36 ril Tween 80 in 75 ml of water ‘and:add:te

‘the -above :selution:

. talciferol 1.80 ‘mg
“Chelesterol ' '3.60 mg

:Bring the :above selution to-.a tetal volume:of 1800 ml by adding 625-ml of
water; .to 'the-final .selution, .add -the -following with constant :stirring:

l-Arginine menehydrechloride 1.26 :gm
~1=Histidine~HEl '0.36 'gm
‘1~Lysine "HCI 1.26 .gm
"d1-Tryptoephane 0,36 gm
‘dt=Phenylalanine 0,90 gm
:d1-Methionine ’ 0.54 gm
-d1-Serine 0.90 gm
‘d1~Threonine -1.08 gm
~dl~-Leucine 2,16 gm
di-lseleucine 0.72 gm
‘d1-Valine 0.90 gm
di=Glutamic.-Acid .2.70 .gm
~di~Aspartic-Acid 1.08 -gm
~dl-eA =Alanine '0.90 gm
‘1=Preline :0.72 gm
‘t~Hydroxypreline 0.18 :gm
“Glycine - 0,90 gm
~1=Glutamine -1.80 "gm
- Sodium Acetate 0.90 gm

*Streptomycin 0.10 gm
‘Peniciltlin .2 x-10° units
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*Mycostatin ‘5 x ¢Ou units
Hy0 .900 mi

- .*Mycostatin was obtained :from' E. .R.. Squibb 'and -Sens, .New York.
<The T99A 'IX was -filtered ‘thfough 'an-02 Selas filter and refrigerated until
‘used, |

Compiefe-Medium'l99-for grewing.cells was composed'of the-follewing
iingredients in the -designated-preportions .(Rubin, .1960) : ‘Medium "T99A '1X. -
80; ‘tryptose -phosphate brothi(Difco) --10;.calf serum -_5;'2.8'per'cent
:NaHC03 -2, .The-calf serum qu.obtained,from'HylandnLaboratories,.Los
. Angeles,:Ca}ifoénia, and ‘was .shipped from -lots of serum tested by Dr. P. K.
.Vaét,:University of"Colorado- Medical " Scheol,.Denver,,for maximum cell
- growth ‘and ‘least interférence with fecus .formation.

.Medium '199A 2¥X Qas prepared by doubling ‘the -ingredients -‘for ‘199A ‘1X
and ‘adding :800 ml .of water.

.Agar everlay-medium was prepared by ‘mixing 40-parts.l99A‘2X,.46 parts
1.8 per.cent-Difco-Bacte agar in water, 10 parts tryptosg'phosphate.broth,
5\parts.caif'serum3_and'2fparts.2q8'per cent sodjumrbicarbonafe. .The -199A
'2X, .calf 'serum, . tryptose ‘phosphate broth and sedium bicarbonate were mixed
:and .placed -in-a 45 C water bath-whife the melted agar cooled to 45 C. .At
the-time-the‘agar"and'199'were-at L5 C the ‘two were mixed. :0OnlyyDifco
‘Bacto -agar-can.be -used successfu]ly,.a;aother more - pure preparations of

agar suppress focus formation.

Preparation of 'Tris-Buffered:Saline
Tris:saline was prepared by dissoelving the .following ingredients in-3

liters -of water -and :adjusting -the sélution to..a pH-of 7.4 with concentrated
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HC1 (Vagt,‘]963®:

NaC1l ) 24,

L.0 gm
Naj HPOy, 0.3 gm
~KC1 6.8 -gm
‘Glucose ‘3.0 'gm
-%Sigma 7-9-or 21 '(tris) 9.0 gm
Penicillin 3 x 10 -units
:Streptomycin 0.166 ‘gm

*Sigma:Chemical. Co.,.St..Louis, . Missouri
‘Tris.saline was .sterilized by-filtration unless the -antibiotics were

‘omitted, iniwhich'case .it was:sterilized by.auteclaving.

-Preparatien of Trypsih'

Trypsinn];ZSO‘was:obtained'from'bifco'Laboratories,,Detroit;‘Michigan.
gAfsolution=of 0.25-per cent.trypsin in tris buffered.saline was prepared by
cadding:2.5.gm of trypsin to:1:liter of tris saline -and siirring‘the.mixture
:constantly at-37-C for 1 hr. .The -solution.'was then . filter. sterilized
“threugh-an :02- Selas filter and:stored frozen. It was observed.that trypsin ,
'thUSaprepared‘was'inactivated when -allowed .te ‘remain at room temperature
for L-te 8 heurs. .Therefore, care was taken to-freeze the trypsin

immediately -after use.

.Preparation-and ‘Testing of Chick-Embrye Fibroblasts

The -eggs used throughout this reséarch were obtained from the-Mentana
:State-College poultry -farm. .They-were incubated.with 'the large-end.up-at
"99,9°F -in a water  saturated .atmosphere. - Primary cultures.of chick ehbryo
.fibreblasts were prepared- following a modification of the ‘procedure -des-

‘cribed byvCunninghém~(l963) from eggs .incubated.9 te-11 days. .Thelarge
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-end:of the-egg-was .sterilized with a1 .per cent-solution of iodine.in :etha-
-nol.'.The*swabbed.endtof‘the egg was -then:cracked and the shell removed
:from ‘over the -air space-with .sterile-forceps. .The underlying membranes
were peeled away -with ‘@ .second -pair of sterile . forceps. The embryo was
removed by grasping it around the neck with a ﬁair of sterile -curved for-
ceps. The embryo\wés then placed in-a -sterile 100 mm petri dish and-its
head and viscera removed. _If the embryo-was hemorrhagic or deformed, it
-was-discarded, :Thelev45cerated embryo-Was then forced through a 10 ml
.syringe .inte .a-125 ml Erlenmeyer flask.containing 25 ml of tris buffered
:saline -and .a"Teflon coated -stirring bar. .The contents of the -flask were
‘stirred rapidly for-about 2 minutes -te Tree-as many blood cells as possible,
.After 2 minutes the :chunks.of embryo were-allowed .to settle-out of suspen-
-siqn,:anditHe-supernate-was‘decaﬁted. . Twenty-five ml of 0.25 per cent
trypsin was ‘then added to -the flask and the -contents digested while being
-stirred rapidly -for 20 min. AThé-large'chunks-were allowed to settle -out
‘after this-time, . and the‘supernate-wés.decédted through a double-layer of
.sterile cheese cloth inte a centrifuge'tube‘cohtaining~10 ml of medium~199,
. The -cells Were-then'centrifuged.at 3200 r.p.m. in an -International clinical
.centrifuge for 15 min. .The -supernate was removed by.aspiration and dis~
carded. .The-cells were ‘suspended by vigorous pipetting in 20 ml of medium
199 and:filtered again through a double -layer of cheese cloth. .Three.ml of
this.Ffinal cell suspension was .then plated into 100 x 20 mm Falcon plastic
tissue -culture-dishes containing:10 ml of ‘medium 199. .The cells were -incu-

bated -at 37-C in.an=atmosphere-of'5-per-cent'002 in air. Whenever handling




27
'chick‘embryos‘ér chick *fibroblasts which were ‘to be used:to .groew RSV, .care
‘was ‘taken not ‘to-mix Or in any way cross coentaminate ‘the cells of one -em-
brye with 'these-of "another because of poessible viral:(Rubin, .1960a) resis—.
-tance, -Therefere, -al'l materials for each -embrye were -handled :separately.
+.After. the-primary chick -fibreblast cultures were incubated for 2 days,
.the-medium was removed and 10 ml of "fresh medium 199 was -added to -each
--plate; ‘24 hours later, .secondary cuTtures-were"prepared in the -fol lowing
manner. .The medium was -aspirated-off the cells, again keeping the materi-
-als used for ‘the «cells from:one embryo separate from those “used. for anether,
Four ml of 0,25 per cent trypsin was placed:in:each*pétri'dish,.and:the
‘plates incubated at 37.C for 15-te 20 min. -After this time, .the cells were
-dispersed by gentle-aspiration through a 5 ml .pipette ‘and the 'suspension
‘ﬁplacedzin-a centrifuge ‘tube containing 8-ml of~hedium'l99. .The cells from
—plates-of . the 'same -embryo were peoled at -this point. .The cells were -cen-
-trifuged :at 3200 ‘r.p.m. in‘an ‘International clinical .centrifuge -for 15 min,
Aftef'the'supeTnateAwas removed the cells were suspended -in 20 ml of medium
199-and counted microscopically -using a hemocytometer.

.For eacH-embryoxa-set of secqndary cultures was prepared which con-
~sisted-of "(a) two 60 mm petri dishés with 5 ml.of medium and -10® chick .em-
bryo-fibreblasts per.plate; (b) two 100 mm petri dishes with 10 ml of ‘medium
.and'4-x<106‘chick\embryo fibreblasts per plate; and (c) two 100 mm petri
-dishes with 10 ml of medium and .6 x'TO6'cHick emEryo fibroblasts per plate.
.The 60 mm plates were -used for testing the embrye for resistance, either

-viral .or genetic, and -the larger.plates were-used either for experimentation
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or-for-viral 'titration, .The-plates with“the 6'x 106‘chick<embryo-fibr9-
~blast-initial‘inoculétion~were'reaﬁy”For'use-or transfer within 4 days;
‘hewever, , theplates with -an inoculum of 4 x'TO6‘chick‘embryo~fibrab]asts
wére*notwready:for'USenbefore'7 days.
,Theﬂprocédure"useddfor'testing-the'resistance gfgembryOS'to’virus

infection 'was ‘that ‘of Rubin-(1960). Immediately after plating, .the 2 small
‘petri:dishes from each ‘embrye were .inoculated with RSV(B). .0One-plate-from
veach'set was ineculated with 1000 to;LSOO'focus forming units «(FFU) of
‘virus, .and :the-remaining plate from each -set ‘was inoculatéd with 100 to
300 FFU of virus., After incubation overnight, .the -supernate was removed
froem -each plate-and :the 'medium replaced with 5 ml of agar overlay medium
'(see'above). After the.medium had selidified, .the plates were again incu=-
bated, -On day 4 after ‘infection, the plates with T000 te 1500 FFU of virus -
were -removed. and ‘the -number of- foci estimated by micrescopically - scanning
:20 per :cent of thefarea-of-therplate. .If there were less .than 1000 ‘foci
-on the plate, ,the-embryo was judged ‘resistant ‘and discarded .after “the num-
-ber' of foci 'had been 'recorded, |f there were -1000 or-mare-foéi on ‘the
plate, the enbryo was -used for: experimentation. .0n day-7 after infection,
.the ‘number of foei.was counted on 'the plate ‘receiving:100 ‘to-300 FFU-of‘RSV

and-this number recorded.

.Preparation of ‘Mouse-Embryo Fibroblasts’

.Mice ‘15 to-18 .days .inte pregnancy were killed by.cervical dislocation,
Al per cent ‘selutienof iedine -in ethanol was ‘then poured over the dead

:animal, ..An incisien was made-aleng the-length of the -abdomen, .being careful
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‘net ‘to-enter -the peritoneal cavity. .The-skin was then:'peeled -away from:the
abdomen:of the.mouse, and theabdominal cavity was opened.with a pair of
"sterfle=scissors_ .The-uterus wés removed and placed in a :sterile -petri
dish, .0ne end«oef each horn of the uterus was then-cut, and the embryos
- forced out of the-cut end. Each embryo was decapitated .and eviscerated.
. The -procedure used for-dispersion, trypsin}zation,and plating of mouse
‘embryo-fibroblasts was the-same as that AescribedfpreviOUSTyrfor chick

‘embryo - fibreblasts.,

Preparation and Source of Virus Stocks

The Bryan high titer strain of Rous sarcoma virus, .RSV(B), was ob-
tained:fromer..WA.R. Bryan at thewNationé] Institutes of ‘Health, .Bethesda,
.Maryland, .The l?ophjlizéd-stock-was-designated by Bryan as €T933. .0One
‘vial was suspended ‘in-1 ml of tris saline and 0.1:'ml injected. into the wing
web 'of each of six 4 week old ;hicks. After. 9 days the tumors were peeled
from the wing of the :chickens. .The gross pathology -of thésevtumors-seemed
to resemble -that described by Rous and-Murphy-(1913a). .They were'so%t,
friable tumors .surrounded and infiltrated with a translucent, viscous fluid
which ‘showed .splotches of green aﬁd brown, .probably due to hemorrhage. .The
tumors were not encapsulated. The weight of the-pooled -tumors was 46.23 gm.

Virus was extracted.from-these -tumors using-a modification of the
‘technique -of Rubin.(1955). .0ne part tumor cells was mixed with 10 parts
..of cold tris .saline containing 10 .per cent calf serum and l/ug/ml of hya-
luronidase. .The -mixture was homogenized in the cold for 1 min. in a Waring

blendér, The-homogenate was centrifuged for 15 min. at 5000 x .g in é
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‘refrigerated .centrifuge. AThe supernate containing the virus was decaﬁted
‘and -stored.in-sealed glass 'vials on Ary ice. Secondary cultures of chick
cembryos were finoculated with0.1 ml of this virus preparation. These cells
were transferred 4 times at'2 day intervals. .At the ‘time-of harvesting,
‘the cells had become -Targe and rounded with -some giant cells appearing as
.described by Temin-and Rubin (1958). |

The virus was harvested according to -the procedure -of Vogt -(1965) .

. The cells were 'scraped from the petri -dishes and pooled with their -super-
-nates...The pooled cells and .supernates were then placed in an ice bath
-and sonicated for 5 minutes in the cold using a Ratheon Model .DFI01 sonic

oscillator. .The-sonicates were -then distributed in 0.1, .1, .5, or 10 ml

' quantitigs infovampules which were -sealed and placed on dry ice.

“The Schmidt-Ruppin strain of Rous sarcoma virus, .RSV(SR), .was supplied
by-Dr, R..J..Huebner of the ‘National Institutes of Health. .The -sample -re-
‘ceived was originally sent to Huebner by:Dr. C. G. Ahlstrdm from-Lund,
.Sweden. .The 'sample received here was Ahlstr8m's tumor pool #16. This
sample ‘was diluted -1:10 and.0.1 ml used to -infect secondary plates of chick
fibroblasts. .The ‘RSV(SR) stocks were prepared .exactly as the RSV(B) stocks
on tissue -cells. No:RSV(SR) stocks were ‘prepared from tumors.

Rous associated virus was isolated from our steck of RSV(B) by the
‘procedure of Rubin and-Vogt (1962). RSV(B) was diluted to 107 FFU/m1.and
:1 ml of ‘this dilution placed on ‘secondary chick embryo fibroblasts. Four
‘days after infection the cells were transferred, . and 4 days later, the

-virus was harvested .foliowing the -above proceaure for harvesting.RSV from .
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“tissue culture, Bftinterference»assayf(Rubin.andJVogt, 1962), the titer
‘of "the Rous associated .virus (RAV) stock .was ‘estimated .to be -about ' x 108

“interference -units/ml.

~.Methods -of Virus Assay
. RSV was asséyed accerding ‘te the -procedure -of “Temin and Rubin:(1958)
as modified by, Rubin:(1960a). .Secondary -cultures -of tested.chick embryo
‘fibroblasts were prepared -as described previousty  (Preparation and Testing
~of. Chick:Embrye Ffbroblasts),,éxcept'that the cells were -suspended .to -a
concentration:of 2 x :10?/ml -and 5 ml of this .suspension added to-each 60 mm
* petri dish that was to be -used, It was found that only:plastic petri
.dishes would givg-satisfactory ce]]-sheets:and.foci-for'the'virué.assay.
_The-desired «dilution of virus was then added in a total volume-of 0.1 ml,
.and .the-plates .allowed ‘to .incubate evernight. .fhe'fo]lowihg.morning the
-medium was removed ‘from each plate ‘and 5 ml of overlay medium 199 ‘was -added
* to .each-plate. .Seven .days after infection 'the ‘number of foci on:each -plate
was counted using.an automatic coeleny ceunter. All virus .titrations were
-run in duplicate with the final titer being.the average of Z.biates. When
‘preparing cells .-for virus .assay, it was found.te be very important to work
.rapidly -so that the cells were ‘not out of the incubator more ‘than:2 hrs.
at-a ‘time,
.The interference .method of assay (Rubin and Vegt,.1962) was used to

titer RAV. .THis method-makes use -of ‘the -fact that a cell which has been
infected with RAV will neither support the-grewth of nor -be-transformed by

RSV -(Rubin and-Voegt, .1962) . .Secondary chick embryo fibroblast;cultures
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were“prgpatéd,as-above?and infected .with-10:feld .dilutions of'RAV in-a
~total volume-of 0,1 ml. .For-each plate infected with RAV,.l.plate remained
.ﬁninfected:to~serve~as-a cantrol. .After 4 days all:plates were-transferred,
the-cells in'one -60 ‘mm plate ‘being divided between 2 new 60 ‘mm plates.
\Four'days tater- the-cells were re-transferred .and-challenged with:RSV.

.For each dilution of RAV, there\were-hiﬁlates,~2'which were -infected with
"RAV ‘and .2 ‘which ‘served as the-uninfected controls. .Each -of the -4 piates
was ‘then challenged .with'100 te 300 F#U of- RSV. After overnight incubation.
overlay medium was added. Seven days later, the-plates were-examined: for
‘foci. ,The‘'plate containing the highest dTlution:of'RAV which reduced the
‘number- of “foci by at'least»QO per cent-of the contwol was cconsidered the
‘end: point. .The titer of RAV.was .then -expressed as the-reciprocal of ‘this

dilution,

.Isolatien -of ' Transformed, Non-Producing-Clones

Transformed, non=producing (NP) clenes .were foci -which centained trans-
formed fibroebtasts that -did net ‘release -any virus. .These-clones .were-se-
Tected by :infecting secendary chick embryo cells with 10 or - fewer FFU of
- RSV(B) - per plate. .The'cel]s‘weée-oveflayed with medium 199 containing a
-*I:SO-diTutioh‘of anti=RSV(B):serum. .0n day 7 after infection, well isolated"
:foci were pickéd following the procedure -of Vogt-(19643. .Pipettes.were -pre-
'paredIferTﬁickingftheafoci by pulling -the-tip of capillary pipettes oﬁt to
-fineﬂﬁoints. .Thenfoci-were‘picked,,whi]e.being»obserVéd under-a 'dissecting
‘microscepe, by tearing a circle.in the Tayer of cells.around the-focus with

a-pipette. .The-focus..was then.sucked -into-the pipette and transferred to .a
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~plate'containingf106-secdndary'mouse'embryo'fibroblasts in medium 199.
Anti-RSY.serum-was then added to the-medium te:a-dilution 'of 1:50. .Since
=the;mouseﬁfibroblasts'will-not suppert the:growth‘of‘RAV,,the use ‘of them
'as-feeder cells helped reduce the-pessibility -of infecting the NP 'cells
-with'RAV=or7RSV'(Temin,.l962). .After 7 to.10 ‘days, .these-foci -were-trans-
férred. It -was .possible te'maintain these cells for-enly '3 or ‘4 transfers
=(20r3b=days). .After- this time, “the-cells were-difficult to transfer -be-
‘cause of the-large-number-ef "giant cells present. .These-cells were tested
ﬁﬁéf‘wirus productioen :after 2. ‘transfers by inocu]atingféecondary cul tures
-of chick‘fibroblasts with‘l-m] of  the -supernate- froem the -clonés., .By :fol-
lewing this .precedure, 85 per cent of the-clones picked proved'fo-be'non-
producers, |

.An‘alternative-methodifor.pi%king,.testing,7aqd inducing foci was de-
veloped .which -had .several advantages. First, a feeder layer was not neces-
'sary;-second,uéffoci-could-be.handled'on.l petri dish;,and third, less than
0.5 -ml offmediuﬁ-was required per-focus., . Small.plastic cylinders were

-prepared which were 6 .mm high and had an internal ‘diameter of 5 mm. After -
“sterilization:in ethylene-dioxide, .5 of these—cyl}nders were placed in-a 60
mmwplastié tissue -culture-petri-dish. Three ml of'2 per-cent agar in-tris
buffered :saline -was -then pipetted. around the cyllinders° . Each cylinder 'was
then-filled -half full.with medium-199 using:a capi]Paryfpipétte..ﬁFoci-Were
‘then picked -and .1:focus placed inside -each'cylinder. -The cylinders were
“then filled the-rest-of the‘way:with'medium-anq incubated -‘at"37.C in-an

. atmosphere -of 5-per cent:C0, in.air. .Successful “growth.was -ebtained.with
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~90per - cent of the-foci.picked. .Foci could be maintained for 2 weeks within
‘the'éy]inderfif“theumedium’wasnchangedxevery”B or Lk.days. They could atlso
be ‘tested.and induced withii..the cylinder. No-virus diffused.betweenltﬁe

“~foci during-this period.of time.

.Preparatioen of Antiserum

. Antiserum against RSV was prepared according-to the procedure -of Rubin
(1960a) ‘with 'the -exception ‘that 10,000 FFU were -uséd as the -initial ifnocu=
fum, ,THe=virus was,placed:in-theiﬁjng web ‘of 4 ‘to 6 ‘week-old -chicks., .Tu-
mors were -evident by 5-to-7 days after infection. After ‘the tumors were
-rejected"erfshowed;mafked:deggneratian, the birds were injected:With’106
"FFU intravenously and bled .to death-3 to 4 weeks-later. . Attempts to pre-
-pare "anti=RSV(SR) ' serum in this manner failed.

“.Excellent anti-RSV .sera may also .be prepared by injecting 0.1 ml of
'RAV,Gor'about:td7'interference'units, intravenously into wéeklold.cﬁicks

and bleeding them 4 to 6 weeks - -later -{Vogt, .1963).

-Preparation -of Fluorescent ‘Labeled ‘Antiserum

The ‘procedure -of Vegtrand-Rubin {{1961) was followed .for the-preparation
«of fluoerescent habeled-antibedy. .Only.antisera which would neutralize.90
per cent of the virus at a .1:100 0r greater.dilution were :used, .Tenml of
saline-was placed in a'125:mllflaskvalqng-with a Teflon-coated stirring bar.
The -sal ine-was placed in an ice-bath-over-a.magnetic-stfrrer and stirred
for 5 min, .Ten ml of antiserum was then added -and -the mixture stirred .for

10 min, .Aftef this time, 10 ml of saturated (NH4)2504-was slowly-added
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dropwise. .The‘mixture-of'saline,.serum:andH(NHg)ZSOA'was.;tirredlfor~3o
"min, .The precipitated ,gamma .globulin was then‘rehovedIby'centrifugation
“at 5000 x:g:for-10 min, in a. refrigerated:centrifuge. .The sediment was
=re5ﬁspended~in-half saturated'(NH¢)2804~and re-centrifuged. .This sediment
was .subsequently dissolved - in 10 ml of 0.05:M-sedium carbenate~bicarbonate
-buffer,  pH 8.5, and dialyzed 24 -hrs. against 4 changes-of 100 ‘velumes of
the carbongte—bicafbonate'buffet. "Fluoresceinisothiocyanate -on celite-10
:per-centr(California'BiochemicaIiCorporation,.Los Angeles) was then added
'tokthe»dialyzed_gamma:glpbulin-£o a concentration of‘25'mgffluoréscein; |
isothicyanate-per 10 ml of gamma~globﬁlinw(Rinderknecht, 1962) . The mix~
ture-was :shakén..at ‘reom ‘temperature-for 10 min..and the-excess.dye removed
-byfcentrifugatién. .The -1abeled .antiserum was .then dialyzed -in the cold
against -100 -volumes of pH 6.5, 0.02'M phosphate -buffered .saline-until ne
+fluorescence -could ‘be -detected in-the dialyzing fluid. .Ten ml of dialyzed
'fluoresceﬁt'antiseruh'was:then adsorbed ‘twice -for -1 -hour. periods .at- roem
temperature ‘with 250 mg of ' liver powder- and once-with'108'normal tésted
.chick ‘fibroblasts. The-labeled:antiserum was stored-frozen .in the "dark
until-used(

.Liver powder was -prepared by.grinding-25 tp\30.gm-of beef Tiver Qith
‘an-equal velume -of saline-in a Waring blender at 4 C. .The contents of ‘the
‘blender were -then.poured inte.a-2-liter beaker-and 4 volumes.of acetone
‘were -added, ‘The'precipitate»waS'thenlcentFifuged and washed with saline
-until Ho hemoglobin was visjble .in the -supernate. .The washed precipitate

was suspended in:an:equal volume -of saline, and 4 volumes .of acetene were
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*added, " After the -suspended-material:had .settled, the -supernate-was.dis-
~carded, .and -4 mere :volumes of acetone were -added. .This acetone -suspension
was then harvested using-a Buchner funnel. .The pretipitate was washed
-with 'several:liters of acetone-and:dried at-37'C. The-liver pewder was

stoered in-a-refrigerater until used.

-Fluorescent Staining of Virus Infected Cells

Virus hn%ected.ce]]sﬂwere-stained,with fluerescentlabeled. antibody
~according to - the procedure -of ' Vogt and Rubin (1961). .Secendary cultures of
chick fibreblasts were ‘prepared and "infected as-previously described .except
that "two 18 2'183mm,.number‘0 covgrslips were placed in the bottom of each
60 .mm -petri dish., .The-coverslips were prepared by wiping them gently with
‘tissue paper and:sterilizing them.in a het air oven. Any. further manipula-
‘tion; i.e., washing, .only reduced the -ability of cells to .adhere-to the sur-
face-of - the coverships. .From:l to 4 days after ‘infection, the coverslips
were ‘removed ‘from 'the ‘petri-dishes -and-the medium drained:frem their sur-
face. They,were‘théh placed in:small stajning.jars.containiné-tris saline
-and soaked far 5 min, After this, .they were removed ;from the jars and.the
‘tris saline -drained from them. .They were-then placed in a.water saturated
:chamber. .The chamber consisted of a-yarge=petri dish with a water soaked
-fpiecefdff%ilter-paper in-the bottoem and .a bar of staples resting-so -that
the coverslips .could be-placed on:the ‘tips of the staples. One drop -of
‘fluerescent labeled -antiserum was .delivered to .each:coverslip from a capil-
lary pipette. The ‘chamber containing the '‘coverslips was rotated .so -that

“the-serum ceated .the-entire surface-of the-coverslips. .The chamber ‘and
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coverslips-were -incubated-at:37.C for-10 min. The -coverslips were removed
‘from the -chamber.and.washed ‘for twe 5 min. intervals in-fresh tris saline.
.THe~covers]ips'were-thenwmountedzon-microscope'slfdes-no greater ‘than 1:mm
thick, using a mountiﬁg*fluid.consisting of 5-per-cent 0.1 M phosphate
-buffer.-(pH:7.0) in:glycerel. .The slides were ‘examined for-fluorescent
staining-under a-Leitz~.SM model microscope-equipped.with-a dark-field con~
denser and:an‘ultra-violet-light source. .The-BGi2 filter plus the ‘Streu-
-scheibe filter were u;ed.between-the']ight source-and the -condenser. ".The
orange:OGl,‘Z.S'mm“barrier~ff]ters:wene‘uséd in the -eye pieces. With the
‘trinocular-head, there was not enoeugh-l1ight allewed through the monocular
-arm for photographs'to-be'taken using.this microscope.

=Thé:f1uoreséent labeled..serum was tested for specificity (1) by
staining-non-infected chick'fibroblasts,.(z)~by‘blocking.the'surface anti=
-gen~§n‘infected:ce]]s by-a 10 min. .pre~treatment of tﬁe-cells:with specifié
nen-F]uorescentrantiseFUm, and-(3) -by atteﬁpting!to-stain infected cells

with; labeled ‘nermal chicken :serum.

Preparation of Puremycin'Stock Solutions

Purémycin.dihydrochloride\was.obtained from the Nutritional :Biochemi~
cals Corperation,,.Cleveland, .0hio. .Stoék soluiions were ‘prepared by-dis;
solving ‘the-puremycin in compléme-]99'to~% coﬁcentration of'iOb/Mg/ml.
.These-solutiens were-stored frozen and were thawed just before use and

‘refrozen .immediately.
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-Prqparat{an<gf Actinoemycin:D Stock “Selutiens

_Actinoemycin’'D was -a gift'oﬁIMerck,.Sharp:and'Dome-Research‘Laboratories,
".West‘Poﬁnt?.Pa. Actinemycin:-D.was disselved in 50 per cent-redistilled
.ethano]‘inLdéQbIe-aistil]ed‘water to .a concentratidn‘of']Oq/ug/mli(Vigier
fandnGoldé,,l964). .The -actinomycin' D was.stored-in the -dark .at -20.C and

.diluted :to -the -desired conicentratien ;just -prier te. use.

:Processing of ‘Cells for Scintillation Ceunting

After'the-ﬁncorporatPon'of‘H3-Leucine, celis were ‘trypsinized and re~
-moved from :suspens.ien by centrifugation. .The resulting pelliet of cells was
:suspended .in tris-saline -and recentrifuged. This pellet of wahsed cells
was.suspgnded in‘l ml of cobd-tris~saline,.anditO‘this-sdspension,.]-ml of
cold 1M tricliloreacetic acid (TCA) was -added. THe-cel]s immediately formed
,a‘white-precipitafe which was washed 3 times with 2 ml of cold:IM-TCA.
.Between each washing, .the ‘precipitated .cells were centrifuged to minimize
-loss of cellular-material, .After the -third:ICA washing, 4 ml of ‘a soelution
of .abselute -ethanel:ether, 3:1, was added .to ‘the precipitate...Following
.centrifugation, ,ether-was .added -to -the precipitate. . After.separating the
'bre?ipitate“fromzether'by'cengrifugation,.the.precipitateﬂwés placed at
56 °C for drying, .The.dried material. was digested in 0.5 ml of IN NaOH in:a
boiling:water bath fer-30 min. .One-tenth nil was :then placed in-a counting
‘vial containing 20 ml of scintillation fluid. A centrol .consisting of 6.1
-ml:of IN:NaOH -in:20 ml.of scintillation fluid:was-usédffer'batkgfound

.counting.
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“The séPnti]]ationnfluid:was.designed.fbr ‘the - suspensian ‘of  aqueous

.'solutions and consisted:of:

“1,4-Dioxane 360 ml 1
'Toluene | ‘ -360 mi |
‘Absolute -Ethanol '216 1 :

'2,5~Piphenyloxazoele «(PPO) ‘5 gm
“Naphthalene " .80 gm




" RESULTS

RSV Tumers iﬂichickens

Virus was .injected into-the wing web ‘of chickens as previously des-
cribed-(Materials and Methods). .Figure l:shows an .intact.RSV(B) tumor ‘14
-days -after injection of the~vir&s. . The -tumor measured 9.5 .by 5-cm. TissQe
within the ‘tumor was discolored. ;The-tumor was 'soft arid:friable as dis-
-chssed previously (Materials and-Methods). .The general condition of the
‘chicken was very poor, .The~bird exhibited .considerable ‘weight loss and
.somnolescence as well as loss of comb color-as described by Rous:(1911b).
Upon'pést:mqrtum‘examination, the -1iver exhibited discoloration and con-
‘tained ‘large ‘yellow blotches charécteristic‘of virus involvement (Rous,
.1911b).

In:contrast to this :marked-pathology, birds challenged .with RSV(SR)
developed tumors much more slowly. .Four weeks was required .far ‘tumors to
‘reach-a size of 2 x 3 cm,.and many remained the:size-of a-hazel nut. .These
“tumors regressed more~frequent]y-than-did‘RSV(B) induced -tumors; however, .
if they did not regress, the bird.eventually became ill, exhibited weight

loss, and :died.

RSV Infections in Tissue-Culture-Cells

Figures 2.and:3 .show typical RSV(B) and RSV(SR) foci respectively.
.The cells were .infected.and overltayed as previously .described (Materialé
and~-Methods) . . After -incubation for 7 days, they were -stained for photo-
graphing by.placing 3 or 4 drops .of an 0.i5 per cent aquegus solution of

neutral red directly on the ‘overlay agar. . After 2 to 2% hrs., .enough of




Figure 1. RSV(B) Tumor 14 Days after Infection.

the stain had been taken up by the cells to allow clear distinction of the
foci from the surrounding monolayer. For routine counting, the foci were
usually not stained. As may be seen in Figure 2, RSV(B) foci were small,
distinct piles of cells on the monolayer; whereas, RSV(SR) foci were large,
diffuse centers of infection which were not always easily distinguished
from the monolayer (Figure 3).

Figure 4 is a picture of an RSV(B) focus magnified 30 times. Note the
clump of rounded cells which have lost contact inhibition (Vogt, 1963).
Frequently these clumps of cells would pull away from the rest of the mono-
layer, as this one has done, and eventually float away under the overlay
medium leaving a plaque, Notice also that around the edge of the focus it
is possible to distinguish the deeply stained, large, rounded, virus in-

fected cells from the uninfected cells of the monolayer. In contrast,




Figure 2.

Figure 3.
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RSV(B) Foci.

RSV(SR) Foci .




Figure 4. RSV(B) Focus Magnified 30X.

Figure 5. RSV(SR) Focus Magnified 30X.
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- *Flgure '5 -shows -an* RSV(SR) focus under the:same-cenditions. |t was impossi~
ble to-distinguish the:cells of the focus from these-of the monelayer. In
-fact, it was impossible-to count RSV(SR)' foci accurately 'using.a microscope
‘because-of the'large,.diffuse nature of the-foci. .Cells withih‘RSV(SR)
-foci .were frequently larger than those -of the-monolayer, . but were-seldom
rounded ‘or 'stacked 1ike the-cells in RSV(B) foci.

.Figure -6, hewever, shows that RSV(SR) cells did.eventually become
‘rounded-and tended to-lese-contact inhibitien., .Figure-6 ié.a']OO-x'maQni-
-fication:of RSV(SR) cells 20 days after -infection. .Here .is seenthe-charac-
tefistic morphelogy of established-RSV(éR) cells, .Very.few giant cells
ever'develéped in:RSV(SR) cultures, Thesé~RSV(SR) cells'éould'bé.maintained
through‘l6:transfers\or about 90 days in tissue -culture. .In.centrast,
.Figure -7 shows .a-picture-of 20 day old established:RSV(B) cells magnified
100 ‘times. .Note -the ‘large -degenerating.giant cell near the center of the
“photograph, .Characteristically, .RSV(B) cells first had the appearance -of
small, granular, rounded.cells, some of which may be ‘seen-.around the edges
of thegiant cell in-Figure-7. ,These-célls.aISQ'réseﬁbled the -establ ished
<RSV(SR) - cel1s of Figure 6. .However, after 2 or-3 fransfers,.a large ‘number
‘of .giant cells were-found in:RSV(B) cultures. By the :seventh te tenth

transfer, giant cells became: thetdominant,cell'type;; and because they did
-not divide,.cell transfer was no longer possible. .Therefore, RSV(B) cells

.could be maintained-in culture only 50 te 60 days.
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Established RSV(SR) Cells Magnified 100X.

Figure 6.

Established RSV(B) Cells Magnified 100X.

Figure 7.
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~*Heat- Inactivation of RSV(B) and RSV(SR)

The-purpose-of these -experiments was to determine -the stability of

each "virus ‘to -tissue -cul ture -conditions. .The viruses were‘dilgted inpre-
-warmed, cohp]ete.medium'199'aﬁd-p]aced in a tissue culture incubator at 37
'C in a'water saturated atmosphere-of 5 per cent €O, in air. .At various
times sampdes were taken-and:stored on dry ice until the number-of surviving
virus particles could be determined. Zero time was the time of addition -of
the 'virus to medium:'199.

-,Figure-8'gives the ‘results from theseAexperiments._.RSV(B) was more
‘stable "to ‘tissue -culture ‘conditions ‘than.RSV(SR). .The 'shoulder’on. the
RSV(B) curve between 0 and 4 hrs. was probably due fo~v{rus aggregation

t al., .1964b) . Heat inactivation constants for the 2 viruses

.(Hanafusa et
could be estimated using an equation derived by-Rubin (1955):

Vt = e‘Kt
VO

number ‘of virus particles .surviving-at time t
number of virus particles at time O

time .in minutes at 37:C

heat inactivation constant

O
o

P o e

Substituting-the-appropriate-data:from'Figure 8 into this equation, the
1heat«inactivation constant for RSV(SR) (Kgr) was found to be.8.85 X 16'3
min.”!. The heat inactivation constant for RSV(B) (Kg) between 4 and 12 hrs.
wr=15'2.‘96'x:10"3 min.'i. .The assumption was made that this portion of the
RSV(B) curve -represented the -inactivation of single RSV(B) particles. .The
Kg ‘of RSV(B) between L and 12 hrs. was found to be nearly 3 times greater
‘than the-Kg between 0 and A hrs., indicating that, initially, the-inactiva+

tion of clusters of 2 to 3 virus particles was being measured.







-Figure 8.

Heat Inactivation of RSV(B) and RSV(SR).

Open circles represent data for RSV(SR); closed circles repre-

‘sent data:for RSV(B). .Each poeint is the average of 2

"experiments.
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Figure 8. Heat Inactivation of RSV(B) and RSV(SR)
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"By -setting 'V, -equal to-2 and V¢ équa] to 1, the half-1l.ife-of each
'virus could'beﬂca]culated"usinq.the-above'equation. JThe.half—lifé‘of
TRSV(B) was'found'to,bev234-min; and .that -of RSV(SR),.78.4 min. .Therefore,
under "these experimental coenditions,.RSV(B) was nearly 3 -times as ‘stable

-as RSV(SR) .

: Antigenic-Relationsh[ppBetween'RSV(B) and- RSV(SR)

A study:was made ~of the antigenic relationship between kSV(B) and
"RSV(SR) using sefum"neutraiization tests-and [fluorescent -antibody staining
-of infected cells. .Since—tﬁe"]oss.of ihfectiVi£y of ‘a.virus due-to -treat-
ment with antiserum preobably results from the interaction of antibodies

with those antigens .on the-vjrus reéponsible3for'adsorption to ‘the cell
and-subsequent're]ease-;f viral nucleic acid (Rubin, .1957;. Granoff, 1965),
.the -serum ‘neutralization test would involve~a~]imited.ﬁumber of antigens.
. The ‘fluorescent amtibody-staining would not be -1imited-to 'these-few.antigens,
~and thus :should have .a-better chance -of detecting whatever common antigens
might exist on the-2 viruses. .However, if the viruses have only a few
.antigens in:common, and these -few are not involved with infectivity, they
wou!d not be -detected by these -experiments because the amount of labeled
-antiserum which could be -adsorbed to-a cluster of viruses would ‘be too
‘limited to be -detected by fluorescent microscopy.
-Serum'neutraljéation-tests.were-performed'following the ‘method of
'Friesen;and-Rubin\(1961). Antiserum heated to 56 C for 30 min. and-prepared
as previously described-(Materials and .Methods), was diluted in medium 199

"and-warmed .to 37.C. .A'known quantity of virus was placed-in -the diluted
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-antiserum and-incubated-for 40 min. .After thiS'time,.tHe-amount'of active
'virus was -determined by focus assay (Materials and Methods). The-control
censisted’af-virus.diluted-in']99';hd-incubated'for'40 min, at-37:C.

".The-results of such'an experiment are-shoewn in Figure .9, where -the
-fraction..of nen-neutralized virus is plotted-against the dilutiens of anti-
‘serum, .There was obviously ne neutralization of RSV(SR): by ‘this :serum,
.even -at-dilutions which inactivate 99 per cent of the RSV(B)- present.
Therefore,  the "RSV(B) antigens:whichtwere'responsible'for-inféctionnwere
-notfthe>same~as:thése~pre$ent-onaRSV(SR).

RSV(B) and-RSV(SR) infected cells were then-étained with-fluerescent
labeled-anti-RSV(B) serum:(Materials .and Methods). Serum which gavegood
fluorescenée-on"RSV(B)‘cells.gave-no fluorescence-oanSV(SR) cells, again
'shewing ne-antigenic relationship between the 2 viruses.

‘Veogt (1964b) has .shown -that RSV(SR) may be -neutral ized by antiserum
‘-against-a-strain of 'RSV(B) other than that used in this laboratory. However,
.Huébﬁersg_él,;(l964) have-found.a soluble -antigen inrRSV(SR)-inHuced tumoers
-froem both hamsters -and -chickens -which stimulates complement -fixing anti=-
-bedies .that cross react with RSV(B) tumer ‘and .viral. antigens. .Thfé antigen
:seems to -be.a group-.specific ‘soluble-antigen, as.it has been found in-all
,aviénwleukosis-viruses-tested. |

»Unfortunqte]y,,due-to\eithef the poor -antigenicity of: RSV(SR) or the
‘1imited amount of antigen available, it was net poessible to test for RSV(B)
néutralizing:antibodies in.anti-RSV(SR) serum. .Such=a»test-Qould'be-highly

desirable ‘since -Andrews .(1933) has .shewn ‘that viruses exist within the
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Figure 9.

Neutralization of "RSV(B) and RSV(SR) with Anti-RSV(B) Serum.

Open circles représent'the'surviving fraction of ‘RSV(SR), and

the .closed circles represent the 'surviving fraction .ef RSV(B) .

.Half filled circles are points where-RSV(B) and RSV(SR) values

are identical,
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Figure 9. Neutralization of RSV(B) and RSV(SR) with Anti-RSV(B) Serum
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ravian ‘leukosis .group-which will induce ‘RSV neutralizing antibodies, but

-

swhich :are ‘not -themselves .neutralized by anti-RSV serum.

~Defectiveness of RSV(B) and:-RSV(SR)

_ Hanafusa.et-al, (1963) showed that RSV(B) was defective. Since many

-of the properties of RSV(B) were shown to be determipéd by the -helper virus

(Hanafusa et-al., 1964; Rubin, 1964; Vogt, 1965; Hanafusa, .1965), .experi-

.ments were 'carriéd out te'test for defectiveness in: RSV(SR). .For RSV(SR)

to be defective, it should.depend .upon the presence -of a helper virus, i.e.,

- RAV, for maturation, and-therefere form non-producing- (NP) foci. .Experi-

‘ments were -designed to ‘test for each of these-properties.

. If the helper virus which might be carried by RSV(SR) were ‘1ike-RAV,

it ‘would .produce: no merphelogical alterations or.cytopathogenic effect on
-infected .cells; hence, the .most sen;jtiVe'test for the -presence of‘a‘helper
‘virus weuld utilize its ability to induce virus production in NP clenes.
-The -infection of even:.1:NP cell .with the -helper virus would lead .to the

-replicatien-and maturation -of both the helper virus and the -defective-virus.

After. several cycles .of replication, the presence-of a very small number of

-helpér'viruses-would result in the-production of a-targe -number of helper

?

~-and .defective viruses. -The ‘presence -of a helper.virus would then be -evi-

denced by the-presence -of focus-producing, mature-RSV in the supernate of
cellsﬂwhichfpreviously'qave rise -to no-RSV.

.An-experiment was .designed to test:.for the presence-of a helper virus
in-RSV(SR) Sy {nduction. .Several NP -foci-were-picked .from RSV(B) infected

cells as described -in Materials and.Methods., After-2 transfers, 0.5 ml of
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fthe*supernate~From-the:NP'cells'were-tested~f0r the-presence -of ' RSV(B) and
“therefore, .indirectly.for the presence-of RAV. .Eight of these NP'clones
‘were ‘selected - for ‘induction as .shown in"Table-11. .Bmmediatelyubefofe in=-
‘duction, . the supernate-from:each -of “these -clones was again ‘tested.for RSV(B),
* and:as .evidenced by’ the-supernate-control ‘(Table-11), no virus was detecfed.

. Inicase-the-RSV(SR) helper virus might beﬂpreéent in cencentrations
‘not -exceedingthat "of RSV(SR) itself, 6 of the-clones were infected.with
‘104~FFU of "RSV(SR): (Table-11). .Seventy-twe -hours .after "infection, the

‘superndte ‘was ‘removed .and ‘tested fer the ‘presence-of 'virus by focus forma-

tion, .0f the 6 clones induced, .6 'produced - virus.,

.Table" Il. . Inductioen ief: Nen-Producers.

-Nen-Producer - Supernate ~RSY(SR) . RSV(SR) - RAV
" Number “Control qu-FFU ' 10'6'dilution 10"3-di]uti®n
I 02 +b NTC ‘NT
12 -0 'NT 0 +
'3 0 + NT NT.
b 0 + NT "NT
-5 0 + 0 ‘NT
6 0 + 0- NT
~7 “NT -NT 0 +
-8 0 + NT NT
"dRsv{'sR) 10~ 0 ‘
‘Control
{a) 0 = -no -virus .found:in 0.5 ml.ef the medium

(b) + = virus -found in 0.5 ml of the medium

{c) NT = not -tested '

~(d) -0.5.ml of 'a:10=0 dilution :of  RSV(SR) was tested:for the presence -of
“ RSV(:SR) '

' The possibility.alse existed that-any.RSV(SR) helper might, .1ike -RAV,

be-present -in very -high concentrations. .Therefore, 4 clones were infected
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with a-1076 dilution of RSV(SR) (Table Il1). None of these clones produced
'Fo;i~when~tested:72 hrs. Tater. "As a-positive control to:show that these
clones were inducible, 2 were infected with a 1073 dilution 'of RAV (Table
IT). Both'of these clones produced virus after induction.

The ‘results in Table Il indicate. that if RSV(SR)- was defective, the
‘helper virus was present at concentrations close -to that of RSV(SR) itself.
',Thgy-also-indicate that RSV(SR) might either multiply in. RSV(B) NP cells,
or serve.as a helper:and thus induce virus production in RSV(B) NP:cells.

.In order to~analyze»for;thegpresence-of a helper virus in low .ditutions
of RSV(SR), and to determine whether or not RSV(SR) could serve -as a helper
“for -RSV(B), the supernate -from some-of the-igduced clones (Tabie 1) was
dilaied'so'as-to\give'various numbers of foci on test plates. ,The foci
were ‘then picked into wells as described earlier (Materials and:-Methods) .
.RSV(B) foci were picked from-areas adjacent to RSV(SR) Foci'whenever possi-
ble “in:order to-incéease the chance of contaminatiné the RSV(B) focus with
helper virus from RSV(SR).

Table |1l shows ‘that both RSV{(B) and RSV(SR) were produced by some of
the RSV(B) non-producers .induced w.ith RSV(SR); that all but 1:RSV(B) focus
from.RSV(SR) induced clones failed to release virus; fhat all RSV(SR) foci
-produced virus even ‘when picked from uncrowded plates; and that all RSV(B)
foci .which arose as .a result of RAVY induction yielded virus. These results
-lTead to ‘the following-conclusions. First, like other -members of the avian
leukosis .group -of viruses. (Rubin, 1964), .RSV{SR) can serve -as a helper for

RSV(B) .- Second, .RSV(SR) is not defective. .The ‘second .conclusion is
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-“Table-111. .Virus :Production by Foci Obtained from Induced NP “Clones.

Number ‘and

Types of Foci .Type of
X pn Plate from Virus

- Focus - Focus NPd Which Focus Produced

-*Number ‘Morphol ogy Number Was Picked by Focus
1 ‘B2 1 6SR T1B .0°¢
2 B 1 ‘22SR  62B 0
3 .B 6 ‘5B 0
Lt ‘B 6 ‘5B 0
5 B -6 8SR 164B 0
6 “B 6 BSR - 164B 0
~7 "B 6 8SR - 164B 0
8 B 6 8SR - 164B 0
9 B 6 8SR-164B 0
‘10 B 6 8SR. 164B 0

11 ‘B - "'22SR -62B SR -&-B
12 JBb 1 22SR  62B 0]
I3 <SR L -6L4SR SR
14 - SR 3 32SR - SR
~15 +SR "1 -22SR -62B “SR
16 - SR 1 6SR T1B -SR
17 <SR 6 ‘8SR 1248 ‘SR
18 -SR -5 27SR SR
19 “SR 5 _27SR ;SR
-20 ‘SR 5 -27SR SR
21 "B 2 '33B ‘B
22 ‘B 2 33B ‘B
23 ‘B 2 “33B ..B
24 B 2 33B ‘B

(a) :B =-Focus morpholoegy corresponding to that of RSV(B)
SRe= Focus ‘morphology corresponding to that of RSV(SR)
-0 =-No virus produced
‘NP -Number refers to'the hon-producer number in Table-l1 of the
.induced ‘cltone whose -supernate was used as a source of 'virus.

()
()
:(d)
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strengthened ‘by the -observations that no. foci with the morphelogy of 'RSV(SR)
were-found-to be nen-producers, and that all -RSV(B) foci derived from RAV~

induced .clones :continued "to: produce ‘virus.

.RAY ‘Interference with RSViReplicatien

_“Sincezaefectiveness was not found to be a property of RSV(SR), . an
:experiment was designed to-test the susceptibiltty of RSV(SR) to RAV inter-
-ference, .Secondary chick fibroblasts were -infected with 2-fold .serial
~dilutions -of 'RAV. —The-infectéd cells were'transferfed L days after ‘infec~-
thon,,and;again-h-dayszlater. At this time -the -cells were challenged with
a knewn amount -ef 'RSV(B)- and:RSV(SR). .Control -uninfected .cultures were
'transfeéred.the'same-asﬂRAV'infected cells and:chalienged with "the same
.quantities of RSV{B) and RSV(SR).

The=re@ultsiof this experiment are -shown in.Figure 10. .The-highest
‘dilution of RAV which induced interference -to ‘RSV(B) was 1078, .Therefore,
.theititer'of‘éAVfused in this experiment was 108-infectious.units/ml. Al-
though‘there-seemed.to.be-some interference with RSV(SR) at-a RAV dilutien
of 0.5 X'IO"8,Ethis-was‘of doubtful ‘significance. .Therefore, it was con-
cluded that RSV(B) and‘ RSV(SR) showed .similar degrees of susceptibility to

RAV interference.,

Growth -of - RSV(B) and .RSV(SR) in.iChick Fibroblasts

Eighteen to:Zh.Hr;.cultures‘éontainingf106'secondary~chick-fibroblasts
-were -exposed to-100-FFU of T RSV(B) or 10° - FFU of RSV(SR)-in.a-fota] volume

-of '1 ml for 1 hr..at37.C. After this time, each plate ‘was washed -once
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“Figure 10. RAV Interference with RSV(B) and RSV{SR) infection.

Open circles represent the data for RSV(B), and X's represent
the data for RSV(SR).. .Each point is the average-of 2 plates.
The results are -plotted as FFU of RSV on RAV infected cells
divided by FFU of RSV on the control cells. .Those points
plotted as £ 0.1 FFU RAV__ are the results from cells com-
FFU Contiol .
pletely resistant to infection with 4,000 FFU of RSV(B) or {

“RSV(SR) .
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RAV Interference with RSV(B) and RSV(SR) Infection
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‘with 2-ml of warm medium 199. .Five ml of warm 199 was then added to :each
‘plate and-the-cultures incubated at 37-C in a water saturated-atmosphere
-of 5 per-cent CO, -in air. .Plates were removed at the-designated times for
‘sampling. .The supernates from duplicate plates were pooled and stored in
isealed -ampules on-dry ice until.they were titered. . The number of cells on
'each ‘plate was determined and .the average -of duplicate ;amples was used ‘to
calculate -focus forming units/cell (FFU/cell).

-Figure -1l gives the results of such an experiment. The .rate-of
virus release -between 12 and 24 hrs. after -infection can be -calculated
-from the-fellowing - -equation:

log Vtp ~ Tog Vty = ¢
t2 - 4y

Vt, =-FFU/cell at time t

Vt, =-FFU/cell at time t,
t = Time in hrs. |
.K = Rate-conbtant for increase in virus
release
‘By substituting-vatues frem Figure 11 into this equation, the value-of K

‘for RSV(B) ipfected.cells‘was calculated -to be 1,08 x 107! FFU/cell/hr.
and K ‘for RSY(SR) infected cells was.1.18 x 1071 FFU/celi/hr. Therefore,
virus .productien by both cultures increased at approximately the 'same rate
between 12 -and-24 hrs: after infectjon.'vAt'Zh hrs., the rate of virus
productien decreased :for both sets of cells and -finally reached a maximum
at 36 hrs, after infection. .RSV(B) infected.cells maintained’this max imum

rate -of virus production-for 48 hrs.; however,. RSV{SR)' production decreased
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Growth Curves of RSV(B) and*RSV(SR).

The—open-circjés represent data-for RSV(SR), and -the closéd
circles represent data for RSV(B). For comparative purposes
the curves were -drawn .on the same graph. The right margin
contains the-ordfnafe'values for ‘RSV(SR) , and ‘the -left margin
these-for RSV(B). Note -the values at any point differ by I

to 2-logs.
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‘between 36 ‘and 48 'hrs, after infection. Indeed, as will be 'seen -below,
,RSV(SR) virus production generally decreased nearly a‘'log between 24 and
‘48 hrs. after infection, wheréeas RSV(B) production was maintained at a

©rmaximumlevel i for up to 96 hrs.

-Note:the -difference in the -amount of total virus produced by RSV{B)

- and :RSV(SR) at any -given time. Total RSV(B) FFU was -always 1-to 2 logs

-greater ‘than ‘that -of "RSV(SR) . This'discrepancy was also true of virus re-

lease-from-established RSV(B) and-RSV(SR) cells (see.below). .There would

:seem ‘to be-something limiting.the amount.and not the rate -of RSV(SR)

preductioen -that kéeps.it below 'that of RSY(B) .

Virus Release 'by: Established-RSV.Cells

‘pared for each sample time. [nitially, .10

Established RSV{B) or RSY(SR) cells were-obtained by infecting-106

‘secondary ‘chick.fibroblasts with '10° FFU of either RSV(B) or“RSV(SR).

After incubation for 4-to<5-day§, the -infected .cells were transferred. In

.order to.maintain established RSY cells, transfers were .made -every 5 to .7
- days, ,The.medfum was .usually changed on the -third or-fourth day -after

‘transfer, .Established RSV cells were -never used for éxperimental.purposes

prier te ‘the-third transfer.
.To.-measure 'virus reTeasefby these cells, . duplicate plates were pre-
6

‘cells were placed in-each 60

mm petri-dish, .After 18 -to 24 -hrs. of incubation, the 'medium was removed

from the plates and .each washed once with 2 ml of warm'199. .After washing,

5 nl of ‘warmmedium-199 was placed-in the plates,. and they were -incubated

in-a water.saturated atmosphere of 5 per cent C0p in air at 37 C (zero
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'time) v At:specified time intervals.-sample plates were:removed -from the
-incubator, supernates from 'duplicate-plates pooled, and ‘the number of cells
?per;p[ateadeterminéd,‘,Poo{éd supernates were stored-in sealed ampules on
xdry.ice'until‘theif'virus content coufd bé-determiﬁed‘by'focus assay.

The results of such an‘experiment are-given in“Figure 12, Both RSV(B)
-.and-RSV(SR) cells displayed a rapid release of virus between ‘0 and 8 hrs. |
RSV(By'ce]ls-appeared»to~reaéh’their-maximumivirus re]ease'point'bétween
8 -and {16-hrs, .The -amount of virus released by RSV(SR) cells centinued :to
increase, but-at-a much:slewer rate, between 8 -and ‘16 hrs. . Maximum RSV{SR)

'release was -obtained:by -16-hrs.
.Both."RSV(B): and. RSV{SR) virus release decreased after 16 -hrs. .with
- “RSV(SR) 'decreasing 'at a greater rate ‘than..RSV(B). .As will be-seen'lafer,
.a-rapid decrease-in wirus production after-reaching a maximum 'level was
characteristic - of 'RSV(SR) infected cells, whereas-RSV(B) virus produ;tion
.:always decreased .at.-a much slewer rate, .The-1 log-or greater. difference
-iﬁ-the”amount:ofﬁRSV produced was also characteristic. .For -any .given time,
.there ‘was always at least 10 times more--RSV(B) produced:per cell than there

was RSV(%R).“

Effect -of - Increasing”Concentration of Puremycin on.Cell:Division-and Virus
Productioen '

When studying the ‘effects of a metabolic inhibitor such as:puremycin
(PU) "en a wvirus replicating-system which requires constant -viability of
"the cell, it is .necessary toﬁdeternmnethe;concentratidnvof~the inhibitor

‘which will .produce the greatest inhibition of virus replication with the







Virus Release by Established RSV(B) and RSV(SR) cCells.

Open circles represent the -data for RSV(B) virus release, and

the closed circles that far RSV(SR). The left hand margin

contains the scale for the RSV(B) ordinate, .and the right

hand margin:contains the-scale .for the RSV(SR) ordinate.

Each point is the average ef 2 plates.
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least'damage o the cells. In order to do this, secondary cultures of
chick ‘fibroblasts were~preparedJ(Materialsland Methods) . .One set of plates
was infected'wiﬁh T06'FFU of RSV(B) in 1 ml of medium 199 ‘for 1 hr. These
‘plates were ‘then washed-once with 2 ml of med fum 199 (zero time). .After
this, .2 ml of 199 containing various coencentrations of PU were added to
each plate. -For each concentration of PU, .2 .plates were prepared. -.The
‘virus titers were -determined ‘24 hrs. after ‘infection bywpééling‘thé super-
nates of'p]ateé containing the -same ‘concentrations -of PU. A series .of non-
infected control plates were treated"gxaétly as above.,

Figure 13 shows that infected and non-infected cells respond similarly
fo increasing concentrations -of "PU. Maximum inhibition of cell division
oeccurred when-g/ug/ml of PU were incorporated into the -medium. At!concen-'
trations of PY greater than L/tg/ml, degemerative changes such-as vacuoli-
zation -and roughening.of "the -.cell surface were noted. .if concentrations
of "PU greater ‘than to‘g/cg/ml were-left in -contact with the cells -longer
than 24 hrs.,,the:cevls died and either sloughed:from the-plates or did
.-not survive trypsinization.

‘In anticipation of extended exposures of infected cells to-PU, cell
-counts were -performed .on :plates .exposed to;}/kg/ml of puromycin .for 0 to

.96 hrs. after'infgction. .As may be 'seen in'Figure 14, cell division was
considerably retarded, .and no decrease in cell numbers was noted ﬁnti1:96
hrs.

.Figure -15 illustrates the effect of increasing concentrations of PU

on virus production 24 -hrs. after idfection. .0§5/4g/m1 of 'PU inhibited







Anhibitien of Cell Growth by Puremycin.

Open circ]eg represent uninfected>cé]l counts, .Open triangles

represent -infected cell counts. .Eachpoint is the -average num-

ber of cells on duplicate plates.
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Inhibition of Cell Growth by Puromycin
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‘Figure -14. Exposure-of "Infected Cells for Extended:Periods of Time to
;/ag/ml of "Puremycin.

Open circles represent cell counts ‘from plates treated with
l/wg/ml of puromycin. Closed circles represent cell counts
from cells not ekposed topuromycin, Each peint represents

the -average number of cells on duplicate plates.
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Figure-15.

inhibition of 24 Hr. Virus Production by Increasing-Concentra-

tions ‘of Puromycin.

Open circles represent the amount of virus produced by RSV(B)
infected cells 24 hrs. after infection when various .concentra-
tions of PU were added at the time of infection. .Each point

is the average -of 2 experimental plates. %
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Figure 15,

Inhibition of 24 Hr. Virus Production by Increasing Concentrations of Puromycin
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‘vi rug ‘production by.§8~per"cent. ‘Maximum‘inhibition:was:obtained with 4
.and~;/og/ml, '
-One/»g/ml'of'PU was -selected-for use in virus inhibition experiments
as this cencentratioen 'reduced -virus :preduction by nearly 2 'logs -(Figure 15)
and:a]]owed4ce]]‘survival‘for extended -periods -of exposure .(Figure -14);

‘whereas, ,cell damage was noted with concentrations of %/ug/ml‘of more -of PU.

Kinetics of the-Suppression of-Twenty-four Hour "Virus Productien by Puromycin,

Cells were infected, treated with PU and sampled as described in the
previous .section with the'exception-that/}/vg/ml of 'PU was used at all
times, and that plates were infecfed with 2 x 10° FFU/ml of RSV(SR) since
‘this was -the maximumdamoupt of virus obtainable. .Zero time:was the ‘time
-of washing.the infected cells. PU was added at tHe designated times, and
remajﬁed,in‘contact with the cells until:the tiﬁe of sampling. .Controls
consisted -of virus infected'ce]]s not -exposed to PU. PU was added to ‘the
controls :at the -time-of sampling in order to omit any discrepancies which
‘might “eccur during ‘titration of the -samples due to the presence -of PU.

.Figure -16 ‘illustrates .the .effect of the time -of additign-offPU on
nRSV(B).andJRSV(SR)-infected-cells 2L -hrs. after infection. .PU appeared to
-have'stopped,cellfdibision'at the 'time it.was added.'«Therefore,feven
theugh :samples were -not counted .for 4 to 20 hrs..after'exposuré'to:PU,,the
‘resulting -increase in ée]ls.per plate resembles that of a normal growth
curve with 'a .generation ‘time-of 20 to-24 hrs. The cells did not experience

a lag-period as-they ‘had been in culture 18 to 24 hrs. before -the experiment

‘began.







"

Figure-16. Effect of the Time of Addition of Puremycin on 24 Hr. Viru
Production by RSV(B) and RSV(SR) lInfected. Cells. ‘

~Open circles represent data for RSV(B); closed circles repre-
‘sent data for RSV(SR). .Each point is an average of 4 -experi~-
ments. .The experimental fluctuation found at 48 hrs. was not
so evident -here. The lower group -of X's connected by.a selid
"lTine represents a typical curve of cell counts of PU treated
cells during an experiment. ‘Oﬁﬁ/“g/ml of PU was usedrat all ~

times.




76

Figure 16.
Effect of the Time of Addition of Puromycin on 24 Hr. Virus Production
by RSV(B) and RSV(SR) Infected Cells
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) “Twenty-four "hr, .virus production was inhibited-in the‘sameﬂmann¢r~fqr
"botthSV(B)-and'RSV(SR) infected cells:(Figure-16)." .The -data were plotted
.as -focus - ferming-units per-ceéll: (FFU/cell), .per cent of the-contrdl:in
‘order to .compare-the -degree of inhibition ef virus production among plates
with'differing numbers of cells.,  Figure 16 -shows that there was at least
“ene *PU sensitive-event occurring between 0 and 12 hrs, -after inféction.
~.This is-nof surprising.as :the -latent period of both viruses was about 12
‘hrs, .There was also-a-PU sensitive -event which occurred between=?2»and:2ﬁ

hrs.,.after ‘infection, _ :

.Kinetics of the Suppression of Forty-eight “Hour Virus.Production by

Puromycin

The -effect of inhibitors on 24 hr. and 48 hr. virus.produciion has

been shown -to ‘be -quite -different (GoPdé-andiVigier,.l963§ Vigier -and:Gold¢,;
.1964; :Temin, 1963, .1964a). Therefore, -virus infected cells were-exposed
te'PU as described above -and -sampled at 48 hrs. -Figure-17 gives the 're-
sults of these'experiments. .The 2 viruses.behaved differently at this
time, .Seme inhibition was noted between 0 and & hrs. after infection with
;. RSV(B) after which time -virus release increased to.a maximum at 20 hrs.,
.RSV(SR) virus ‘release was limited by 'PU if it was added before 16 hrs., as
"if the amount .of virus released was proportienal to theaamoun£ of precursor
.protein produced up to -the time :PU was added, but there was nelag-to indi-
-cate ‘the 'necessity of initiating the -synthesis of the-protein as there was
with'RSV(B). A surprising result.was that the presence of PU seemed. to

'stimulate virus release from RSV(SR) cells. .Note that after 4 hrs. the
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Effect of the Time -of Addition:of Puromycin on 48 Hr. Virus

Production by RSV(B) ‘and RSV(SR) Infected Cells.

Filled.circles represent the -data for RSV(SR) infected cells.

- Open circles represent the -data for RSV(B) infected cells.

.Because of the ‘variability noted from experiment to experiment,

the ‘results of independent experiments were averaged. Each

closed circle ‘represegnts the average of 3 experiments. - Each

‘open circle represents the average of 5 experiments.

A typical curve showing.cell counts from 1 of the éxperiments
is shown at the -bottom of the figure. .The right hand%margin
gives the units .of measure, the ‘times of sampling are identical
with those of the virus release samples._.Ons/eg/m] PU was

used throughout the experiments. All times are given in hrs.

after infection.
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amount -of virus released.by RSV(SR) infected cells was 1.6 to 6 times that

released by ‘the -control cells. :This was in marked contrast to the behavior

‘of .PU treated RSV(B) cells in which the amount of virus released approached

but ‘never-exceeded ‘that of the controls. 'Forty-eight hr, virus release by

-RSV(B) cells appeared to be-8 hrs. behind that of RSV(SR)-cells. For

_example,.RSV(B) release did not approach linearity until 8 hrs. after ‘in-

fection, whereas release was linear from time -0 with RSV(SR). Also, virus
release -approactied a stationary phase between 12 and 16 -hrs. with RSV(SR)
cells, but not until between 20 and 24 hrs. with. RSV(B) cells.

. The increase in virus production by PU treated RSV(SR) cells could be

‘explained in 2 ways. .Either the addition of PU stimulated a massive release

:of pre-formed virus particles, or the concentration of PU used;(L/Ag/ml) was

sufficient to upset a metabol ic balance between the ‘cell and the virus in
such a way that what protein synthesis was taking place-would contribute
mainly to virus .production.

In-.Table 1V are listed the -amounts of virus released per cell from the

.controls of 4 separate experiments of the kind.described above. .Virus re=-

lease ‘per cell stayed nearly the -same-or rose-slightly between 24 and 48 hrs.
in RSV(B) infected cells. In contrast, virus-production in.RSVkSR) infected
cells consistently dropped, nearly 90 per cent in some-experiments, from a
high at 24 hrs., to a low at 48 hrs. Therefore, PU seemed to-be stabilizing
virus production by RSV(SR) cells by preventing the decrease which normally

occurred between 24 and 48 hrs. after infection.




~Table IV. Virus Production by 24 and#48 Hr. Controls

“RSV(B) - . BSV(SR)
:Experiment 24 hr..Virus 48 hr. Virus 24 hr. Virus 48 .hr. Virus
Number "Production ~Production Production “Production

! 3.0 x~10=;(a) 2.0 x 107} L x 1073 5.2 x 107

2 7.0 x 10~ 1.9 % 107, 1.2 x 107 1.7 x 10'2

3 2.0 x-lO"} 2.k x 107 9.8 x 1075 "1.6.x 10

L 5.2 x 10” 1.2 x 110 9.3 x 10 1.1 x-1072
{(a) Virus production-as FFU/cell.

If “the-addition .of "PU to RSVY(SR) cells stabilized .virus production
‘rather than induced a sudden release -of virus particles-from the -cell, the
-sfabi]ization~might*last over a ]ong-period of time. .Therefore, an experi-
-ment Qaszcarried-out‘as before, except that virus .samples were -taken at 24,
48, 72, and 96 hrs. The results of this.experiment are -shown in Figures 18
through:Zi. A |

In Figure -18, 48 ana 96 hr. virus production by RSV(SR) cells was
.several fold higher than that of the control which was set at 100 per cent,
.This indicates that-PU stabi]ized virus production-at closg -to -its maximum
"level rather than -induced a-sudden release-fram the cells. Nete also that
the 72 -hr. -curve-did not show significantly more virus productien by -PU
treated cells than by control.cells. In anticipation of a 48 hr. drep .in
'virus ‘production by thg;cqntro],.thé-médiuﬁ was changed -on all.RSV(SR)
cultures at 48 hrs. in-an-attempt to~increase'virqs-production|by the -con-
trol. The procedure -was successful, for by 72 hrs. virus production by the
-control nearly reached that of the-PU treated .samples.

.This is more clearly .illustrated in Figure']9; Here, the virus

released -from cells treated.at the-stated time with PU was plotted against
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.ProduchEn_ngRSV(SR) Infected Cells.

£

Effect of Extended.Periods-of Exposure to Puromycin on Virus

X's represent 48 hr, samples; open.squares represent 72 Hf.
samples; and open triangles represent 96 hr. samples. For
convenience, the samplie time is listed opposite the last
point on the curve-representing the corresponding group -of
samples. Each symbol is the average -of 2 plate$ representing
the pooled samples of 2 experimental plates. Onsykg/ml PU
was ‘used throughout. All times are given in hrs. %fggr

infection.
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".Figure 19, .Maintenance -of RSV(SR) Production by Puromycin Treated Cells,

Open circles represent samples treated with'PU at zero tfme;
X's represent samples exposed to PU at 8 hrs. after infection;
:oﬁen triangles represent an average of all plates exposed to
“PU at 12, 16, 20, and 24 hrs. after infection. Ffl]edAsquares
connected by a dotted line represent control samples not ex-
posed toPU. 0n3/wg/ml of PU was used at all times. All times

are .in hrs. after infection. N
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7the}sémple~time.in@order'tovobtain-éemem}dga ef‘the~amount of ‘inhibitioen
=aﬁd the-stability-of i rus #e;easeswh§n~PU was added ‘te ‘the .infected .cells.
~1f“PU was.gdded:at'O‘time te.RSV(SR) infected ce1ls,HVhrus release-was
canstantly'suppressed,about'Z“légs;be]0w~that of maximum virus release
»(12-2% hr, .curve) with no:het~gain in virus production'occurring'OVeF'the
>96-hr£:periody-.lf”PU waS:added:at~8.hrsw, virus release -was :again con- |
-stantly suppressed belew that of cells treated with"PU at-12-24 "hrs,, but
'shewed.a>slight increase -over: the 4 day periad. Stébility of virus -release
:was.ﬁeted'intall-samples:wheanU was .added.between .12 ‘and 24 “hrs, with-tﬁe
-max imum ‘ameunt ‘of virus release -occurring:in these-samples. .The'contrgl
-cujtures-showed;the-expeqted;decrease in virus -release -between 24-ana-48
‘hrs, -Heowever, ‘changing -the ‘medium at 48 hrs. seemed tolprovide‘ﬁaterial
‘for a:new wround of virus‘synthesis,.for“by 72 hrs..the -control cells were
'shedding-as-much-vﬁrus as .the+PU tteétedzcells. .However, 48 .hrs. after
”the:medium-change-(96-hr..sémpleL virus-preduction by the -contrel .cells
had:once-again-decreasgd.

.Figures 20 anrd ‘21 give-ﬁhe'same»data:for“RSV(B) iﬁfected:cells. Fﬁ
"«Figure-20 it mayxbetseen-fhat L8 and -72 ‘hr..virus-preduction behaved -as

:expected frem Figure ‘17, .However,.at-96 .hrs.,.virus production exceeded

‘that .ef "the centrol by 5 times, magh-as it had dene previously with :RSV(SR)

cells, .An .explanation for this'may,beﬂderived from:Figure-21. .Here-again
‘the 'virus .released by cells .exposed toPU at varieus times was plotted
.against the time-at which sdmples were .taken. ughe<contro] cells showed:a

rise-in.the-amount .of ‘virus released between 24 and 48 ‘hrs. and-a.drop
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" :Figure 20,

" Effect of Extended :Periods of Exposure -to.Puromycin on Virus

Production by:RSV(B) Infected:Cells:

Open triangles répresent'the data from 72 hr. samples; X!'s re-
present the -data from 48 hr. samples; and ‘open squares repre-
sent the-data from 96 hr.. samples. The sample times are wiit-

ten oppoesite -the -last point on the curve representing the

‘corresponding -group of samples. .On%/ag/ml of" PU was used at

%
all - times. A1l times are in hrs. after infection.
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Effect of Extended Periods of Exposure to Puromycin on
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_Maintenance;gi'RSV(B)?Prodﬁction by Puromycin-Treated Cells.

Open circles represent samples treated with PU at zero -time;

‘filled cifcles represent samples treated with PU at 4 ‘hrs,;
~ dpen squares represent samples treated with'PU at.8 hrs.;

.open triangles represent samples exposed to 'PU at 12 -hrs.;

X's represent 16 hr. exposures to PU; filled squares represent

.samples:gfventPU at 20 hrs.; filled triangles represent samples

given:PU at 24 hrs.; filled squares connected by a dotted line
represent control data. 0n$/kg/ml of PU was used throughout.

All times are in hrs. after infection.
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Figure 21. Maintenance of RSV(B) Production by Puromycin Treated Cells
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betwe§n=729and-96ihrs. .This drop:was ‘matched by an increase in virus re-
-leasenbyfzo-and“Zh.hr;.treated-cells'éo-that‘by:96.hrs. theé-PU treated
cells were producing more'vimus.than-the'control,:.Notewalso‘that?for'neanty
.all time intervals, virus release increased between 24 .and 48 hrs. .and tﬁeﬁ
‘either-remained -steady ‘or ‘decreased .as did the-centrol. .The'excepfions
,were-cells.treated withPU at 0, 20, and:2k ‘hrs. after -infection. These
showed :a .decrease-in:virus release between 24 -and ‘48 hrs. .The-20 andc24
hr;:samples then 'rose -te maximum virus release.by ‘72 ‘hrs, while the -samples
.givenPU at 0 hrs, continued -to-decline -in viruS'reiease,giving‘further
indication that semething necessary ‘for 48 hr. virus preductien was -sup-
-pressed between 0 and 4 hrs., .Maximum virus release by PU treated cells
never.significantly exceeded ‘the ‘maximum of the control cells in“RSV(B) -or
"RSV(SR) ' infected cells even though 'virus release -may have been maintained

~over leonger periods ‘of time.

-E?fect'gf'lncreasing“ancentratidns of - Puromycin on 48 ‘Hr. .Virus Productien

The ‘results in-the"prev{ous section~suggest¢d:th§t a ccencentration .of
'l/ug/ml-ofTPU administered :to- RSV(SR) infected cells between 16 .and 24 hrs.
.éfter'infectian-was able 'te 'stabilize virus production.at near maximumxle-
vel;.fof-extendediperiodé’of time due, .perhaps, to - seme physiolegical. jug=
-gl}ﬁg-whfch-inhibitéd:cellular-protein:syntehsis without appreciably
uaffectfng'viral.protein synthesis. If such was the‘:case, higher concen-
~trétions~of79U might be -expected to-suppress 48 hr, virus production because
-of increased:suppresssion of protein'synﬂﬁesis. .Te 'test this hypethesis,

.cells .were prepared.and infected .as described in the-previous .section. .At
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"16 hrs, after infection various concentrations of ‘PU were added:to~ddp]i-
-cate plates. Controls consisted -of - infected cells not treated.with *PU.
At 48 hrs.  the ‘supernates were-harvestéd-ahd-the*number‘of cells:per plate
-determined-as previously described. -

Concentrations*offPU greater'than-L/Lé/ml inhibited rather ‘than:sta-
bilizéd 48 hr. virus'production,-as may be 'seen in Figqure-22,  As woeuld be
predicted from:Figures .17 and 20, -all cencentrations of ‘PU had an inhibi-
‘tory effect on-RSV(B) -productioen -at 48 hrs., altheugh ‘the amount of inhibi-
tion increased:és the PU concentration was increased. - Again vacuolization
and ‘roughening ‘of the-edges was noted-in cells treated with-%}pg/ml of 'PU.
Extensive -damage -and .killing was neted on cells treated with moere than

@/ug/mljof-PUZ

.Effect‘gf'Pﬁromycinagg Virus ﬁeleasergx>EstaBTishedSRous;Cells
~Established Rous cells were-prepared as -described previously. .Two 'sets

of cells were-used per virus. .0ne -set composed the experimental grOQp~and
the other set,  the-controls. Dupldicate-plates were prepared for each sam-
‘ple time, At zero time, .each plate was washed once with 2 ml of warm me-
 dium‘]99. .To .each .experimental plate was.added,L/Lg/m1 of "PU in a total
volume -of -2 ml. .To:each control plate.was added 2 ml of 199. Samples were
-taken -at ‘the -times .designated innFLgurés.ZB-and 24, . cell:counts were ‘made
-and :the -number of FFU of RSV in the -supernates was determined.

Figure 23 shows the -results of ‘this .experiment with:RSV(B) cells. .The
«control cultures displayed normal virus release -over the period of 2k hrs,

-Note -that maximum wvirus production was achieved about 12 to-14 hrs. after

i
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“Figure-22.

.Effect%gf increasing Concentrations of Puromycin -on 48 ‘Hr.

.Virus Pooduction.

Open circles represent the -data for RSV(B) and the closed
circles that for RSV(SR). The broken portions of the'graﬁh

represent points of discontinuity -due to changes in the

-ordinate 'scale. .Each point is the average of 2 plates.

*
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Figure 22. Effect of Increasing Concentrations of Puromycin
on 48 Hr. Virus Production
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- ‘Figure -23.

Effect of Puromycin on Virus Release by Established RSV(B) Cells.

Open circles represent centrol data and the closed circles
represent data from PU treated cells. .The -sample-time is
given in hrs. after initial washing of the cells. Each point
is the average of 2 plates and represents the ‘pooled .super-

nates from duplicate -samples.
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Figure 23.

Effect of Puromycin on Virus Release by Established RSV(B) Cells
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Figure 2k,

-u T

Effect of "Puromycin on Virus Release by Established RSV(SR)
Cells. .

Open circles represent centrol data, and the-closed circles
represent data froem PU treated cells. .The sample time ‘is

given in hrs, after initial washing of the cells. .Each

‘peint is the average -of 2 plates and represents-the pooled

.supernates -from dupiicate ‘samples.
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Figure 24, Effect of Puromycin on Virus Release by Established RSV(SR) Cells
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~washing. .Initial virus release-with PU treated cells was -slower ‘than that
‘of tﬁe centrol ce]]s,.withAméximum.rglease-being~achieved by 6 hrs. after
washing, .6 ‘to 8 hrs. before -that of the-centrol cells. .Experimental and
.control cells both 'showed decreased rates .of virus refease -following-the
maximum ‘release-point; however, the -rate -of "decrease was greater with ‘the
“PU treated cells than with ‘the-controls. .Nete that the maximum amount of
virus produced byvPU treatéed .cultures was 7.5 FFU per 10 cells, whereas
‘that ef the controls was 40 FFU per 10 cells, 5 times that of the -PU
treated phates..
Figure-24 gives the resuitsfof the -same -type -of experiment with RSV(SR)
cells, It wou]d.apéeaﬁ that PU had-no -effect "on 'virus release .by these
-cells. -Note-that a maximum virus release of 3.5 FFU per 10 cells was

reached between 6:and 8 hrs. after washing.

Protein.Synthesis by; RSV(B) and:RSV(SR) Iifected.Cells

6 FFU of RSV(B) or

Secondary :chick .fibreblasts were infected with 10
10° -FFU of RSV(SR) in a total volume-ef 1 ml. After 1 hr., each plate was
washed once with:2 ml of warm 199, and 1,8 mf of wa}m'i99 was added to‘eaéh
‘plate -(zero time). .Duplicate plates were -prepared for each sample -time.
.Controls consisted of uninfected:secondary chick fibreblasts prepared and
treated like ‘the virus infected cells., - At ‘the -times :designated in Figures
26'and:27,,l.q/uc of tritiated:leucine was added to -the ‘appropriate infected
and control.plates. .Four ‘hrs. later the medium was removed and the number

of cells-per sample was determined. The cells were then treatedas-des-

cribed ‘previouslyfor scintillation ceunting. .Samples were -counted .on a




100
‘Packard:Tri-Carb 'scintillation -counter. DBL-leucine -(5400 mC/mM - specific
activity) labeled .on -the fourth and fifth carbons was obtained from New
~.England *Nucléar: Corp., Boston, Mass.

.To check the-countér-for'proportionai counting of tritium, 2-fold
.serial dilutions of tritiated thymidine were ‘prepared in IN NaOH-and 0.1
mljplaced in.20 ml of scintillation fluid for counting. Figure 25 shows
that the number:of counts per'minu£e~were'proportidnal to the. amount of
“label .present in the-sample. The efficiency of counting was between 2.5
-and 3.0 per cent.

The results 'of an experiment with RSV(B) infected cells are given in
“Figure 26. ° There ‘were -2 cycles of protein synthésis. .The first began at .
zero -time and was*completed:by 8,Ers., reaching a max}mum between 2 and 4
hrs. after infection. The 'second began 8 hrs. after infection and-con-
tinued until-20 hrs. after infection. On .the basis of these data, it is
difficult to determine whether or not the rise-in leﬁcine incorporat{on
between 20 and 24 ‘hrs. represents a néw:cycle of protein .synthesis.

Figure 27 shows the 'same -data -‘for RSV(SR) infected cells. Again,
there were -2 cycles of protein-synthesig. The -first began at ‘zero-time
and terminated at 12 hrs.' The 'second began at 12 hrs. and continued
through 24 hrs. The-increased leucine incorporation noted iﬁ'Figure 26
between 20 and 24 hrs. was not -found in RSV(SR) infected .cells.

Comparison of these 2 figures shgws that both RSV(B) and RSV(SR)
synthesis requires an early increase in.protein synthesis by the infected
cells, .probably -indicative of the formation of early viral synthetic

enzymes. Also, a second cycle: of protein synthesis was required, this
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being perhaps viral antigen or coat protein, as its synthesis

to the time of first significant virus release {(Figure 11).

corresponded
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Figure-25. ..Standard Tritium.Curve.

Each point is the average of 3 one minute counts of the sample.
- The background ceunt averaged 37-CPM at the -start and the
finish of counting the ‘set of samples. Each point was cofrected

\}9

.for -background before being plotted.
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Figure 25, Standard Tritium Curve
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.Figure 26. -

Protein-Synthesis by RSV(Bj'Infected'GeI]s.

~ The- X!}s .connected by a dotted 1line represent-amino acid incor-

poration into:proteins .of control cells. .The filled circles

connected by a solid line represent amino acid incorporation

“into-proteins of RSV(B) infected cells, .Each'point represents

pooled .samples of duplicate plates. Each sample was counted

‘for 3 one minute intervals and the average-plotted on the

graph. The average background count was 39 CPM at the 'start
- AN

and finish of counting. For purposes of standardization, the

average 'sample ‘counts were corrected to the number of cells

per plate assuming each cell incorporated .equal quantities of

the amino acid.
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~Leucine Incorporation into RSV(B) Infected Cells

RSV(B)
60 |— &
\
\
\
\
\
\
\
\ X
\\___________~__________
50 - X Control
X
Lo |-
30
20/ 1=
o | | 1 | 1= |
L 8 12 16 20 24

Time H3-Leucine Added in Hrs. After Infection




105




Protein Synthesis by RSV(SR): Infected Cells.

The X's connected by a dotted ]ine ‘represent amino acid iﬁcor-
poration inta protein of control cells. The filled circles
connected by a solid Tine represent amino gcfd incorporation
into protein of RSV(SR) infected cells. .Each point represents
pooled samples of‘dUplicate'plates. .Each 'sample was counted
for 3 one minute intervals and the average plotted on the
graph. The average-backgréund count was 39 CPM at the 'start
and finish of counting. For purposes of standard comparison,
the average counts per sample were corrected to the cell count
per plate assuming equal amino acid incorporation into -each

cell.
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" =Effect "of "Actinomycin Dien Virus Productioen

Tpe-experiménts-usinngctinomycin:D(AD) wefe'very;preliminary. . The
ﬂexperihents were performed ‘mainly -to ‘see if the ‘results .ebtained by 'Vigier
and. Gold€ .(1964) and-Temin.(1963) could be -repeated using. RSV(SR)., .A
:major difference between the ‘tissue -cul ture -systems of the§e'authors-and
-that :used in this laboratery was that*Vigier,'goldé-ahd.TeMin-used Eagle's
medium,

;Secondary.cultures of chick‘fibroﬁ]asts:were-prepared and infected :as
in the PU experiments. .At various timeé.after iﬁfectionvAD.was:addgd to
‘the-cultures for the 'stated time intervals. .The cells were -washed once
-with:2 mlof warm‘medﬁum-499 and'incubat§d~in 2 ml of 199 at-37-C until
sampled -at 48 -hrs, after infection. ‘

Table 'V, .The Effect of 1 ug/ml of Actinomycin:D on 48 Hr. Virus
Production by RSV(B) and RSV(SR) Infected: Cells.

.Interval of Exposure -to FFU/cell  FFU/cell % Coentrel % Control

-AD in Hrs..After Infection - RSV(B) RSV SR) RSV(B) * RSV(SR)
0- 5 1.1x107% -=(a) 0.02 -
5 =10 6.3x1072 -— 0.01 -
10 - 15 7. 1x107% .- 0.02 -

15 - 20 $.2x107>  9.3x1075 1.70 4,38

120 - 30 3.7x10-3  1.55xl0~ 0.69 7.30

30 - 35 . 5.0x1072  3.70x10°%  9.00 °  -17.L0

-Control 5.4x10"1  -2.10x10"3  100.00 100,00

(a)' No-RSV(SR) was detected in celdls -treated with AD at these -times,

)

From-Table~V it may be 'seen that L/kg/ml.of‘AD added .any time from 0
to 30 hrs. after infection inhibited 48 hr. virus production. However,
.Table V| indicates that 48 hr. virus production by -RSV(SR) infected cells

was not .appreciably .inhibited by.exposure ‘to 0.] g/ml of AD. .This was
1
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in contrast’to the -results of Temin .(1963) and Géldé-and~Vigier*(l964)-who
‘obtained 90 -per cent-or greater irreversibje.inhibition“ef virus proeduction
with 0,2 and O,L/bg/ml of AD ‘respectively.
.Table-Vl. .The -Effect ‘of 0.1 g/ml" of “Actinemycin:D en 48 ‘Hr. Virus
‘Production: by RSV(SR}‘Infected:Cells.

.Interval of Expoesure
“to:AD in:Hrs, after

“Tnfection “-FFU/cell % ofWContréﬁ

0- 8 1.86 x 1072 | 95

8~ 16 '1.76 x 10"2 . ‘90
16 - 24 1.16 x 1072 59
2l - .32 '2.10 x 1072 107
32 - 4o 6.82 x 1073 3l

Lo - 48 3.20 x 1072 163
.Control 1.96 x .1072 100

Thege*results.indicate-that the -addition of L/»g/md of AD to ‘RSV(B)"
ror RSY(SR) - infected cells for short intervals after infection inhfbit'hé
hr.. virus production, but that the addition of 0.£/~g/ml of AD to-RSV(SR)
“infected cells for 8 hr. intervals shortly after -infection had-noveffeqt

‘on 48 .hr. virus -production.




. DISCUSSIGN

-Injection of ‘large doses of either RSV(B) or RSV(SR) inte: the -wing
‘web :of ‘chickens produced:essential]y'the‘samg'results with the -exception
‘that RSV(B) " infected birds developed tumors mere -rapidly -and:died sooner
than. RSV(SR) infected birds. .This could perhaps .be-explained by the-fact
that RSV(B)' infected cells consistently.produced more ‘virus than RSV(SR)
infected cells-(Figures I'l and '12), .By rapid virus rejease'as well "as
cellular:proliferation, RSV(B) would be expected te-overcome the -host's
.defense mechanisms more rapidly than. RSV(SR) which ‘induced thé-release of
" only one-hundredth ‘as much virus as RSV(B) . .in this respect’it is inter-
esting -as well as paradoxieal to coensider the productioen of immune 'serum
by infected birds, It was never difficult to prepare 'serum against RSV(B)
- which ‘neutralized virus at diltutions of 1:100 or greater (Figure 9). How-
-ever,,at.no\time‘did birds infected with. RSV(SR) yield .antiserum which
would neutra]ize-vdrus'evep at dilutiens as low as :1;10. Voegt also re-
~ported that he-Had difficulty in inducing anti-RSV(éR) antibodies in
.chickens -(Vogt, .1964p) .

ﬁ,bespite-the-fact that the major pathological differences in the intact

‘bird were the time-of tumer deveélopment and -the lack-of humeral antibedy
vproduction. against RSV(SR), infected chick fibroblasts responded. quite
-differently to the 2 viruses. As evidenced in Figures 2 and 3, the foci
-produced by virus infected cells were -quite distinguishable, the RSV(B)
‘foci being sharp, distinct areas on the-petri dish; and the RSV(SR)' foci
being ‘'rather vague, diffuse areas of virus infection. Aﬁ-explanatioﬁ of

this difference may be found-in .Figures 4 and .5. Here it may be 'seen that
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RSV(B) foci - (Figure %) were composed of clumps of ‘rounded cells which had
stacked-on top .of one -another “due -to ‘the -1oss of contact inhibition (Aber-
crombie and -Heaysman, 1954) . .In contraét, Figure -5 shows that RSV(SR) foci
so nearly resembled the-monolayer ‘that they -could %Ot'be‘easily discerned
microscopica?ly-from norma] cells. Indeed, there was very little loss of
contact inhibitien in-RSV(SR) foci eveﬁ after 9 days in culture. .The-mor-
phology of RSV(SR) foci-resemb]ed-fhe-”morph fi' foci-of Temin :(1960) in
that both types of foci were composed-of cells whose»morpho]oéy-waS"only
-slightly altered and both ‘showed very ‘Tittle 'stacking. .RSV(SR) foci, hew-
-ever, appeared to be larger than 'morph fi' foci.

Further differences in the behavior of RSV(B) and RSV(SR) infected
cells were ‘found upon examination of established RSV(B) and ‘RSV(SR) cells,
RSV(SR) infected cells eventually became rounded and showed loss of con-
tact inhibition ‘(Figure 6). Very few RSV(SR) giant cells were -found. How-
ever, RSV(B) infection always resulted in the formation of large numbers of
giant cells (Figure -7). Serial passage of RSV(B) cells was only possible
as long as the majority of cells were not giant cells. .After about 60 days
in culture, giant cells became -predominant and further transfer of RSV(B)
cells became impossible. .RSV(SR) celis remained transferrable for about
90 days after which time they underwent the -normal degenerétive changes
which accompany the-loss of non-established cell lines.

Differences between RSV(SR) and RSV(B) particles were found upon ex-
posure of both viruses to 37 C for extended periods of time. RSV(B) was
approximately 3‘times more ‘stable -than RSV(SR) (Figure 8). The heat in-

activation constant for RSV(B) (Kg) was calculated to be 2.96 x 1073 min~!,
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"0ther workers have obtained"values-fot"KBféf 2.9 x 1073 mﬁn'lz(Dougherty,
k96i) and 4.5 x 1073 min‘]%(Rubin, 1955) . - The-differences in these values
werexprobably due to-the-use -of "different suspendihg-media,,as the viruses
'used'were»all-of'the-Bryaq high'titer'strain. .The:-medium used -in this
Jlaboratory was.medﬁum'199,,whereas that used by Rubin was:Earle's plus 10
.'per:cent -herse 'serum and chick .embryo -extract, and:that used by Dougherty
was 0.0]1 'M phesphate -buffered .saline-pH VLO‘plus 2 .per cent horse -serum.,
No'published heat inactivation constants-for RSV(SR)- were-availéble~For
‘comparisen. .Perhaps the .greater heat stabiiity of RSV(B) along with the
production-ef larger ameunts .of 'virus were impértént‘factors in renderng
RSV(B) - more ‘pathegenic for chickens than RSV(SR) in-spite -of the-presence
-of humoral antibedies in RSV(B) infected birds.

.Serum neutralization tests indicated that RSV(B) and:RSV(SR) possess
different neutralizable-antigens (Figure .9). The 'value-of this :test was
‘Timited due -to the absence -of anti-RSV(SR) sera,  as nonreciprocal croess
‘neutralization has been .shewn to take place with antisera against many of
the .members .of ‘the-avian leukosis compiex :(Andrews, 1933; Beard,.1957).
However; RSV(SRYénﬁJRSV(B)Qaﬁe=not.completely«antigenica]ly unrelated, as
they share common soluble or tumor-antigens .{Huebner et-al., 1964). Alsec,
Vogt (1964p has found that anti-RSV(RAV 2) sera will.creoss react to-seme
.extent with RSV(SR).

.A-property -of -RSV(B) which must be-ceontinually .kept in mind in-any
discussion of this .wvirus is its defectiveness :(Hanafusa et al., 1963). All

attempts to find.evidence -for defectiveness in RSV(SR)- failed. No.helper
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virus cou]dfbe-detectedf(Tables,li and“111), and ne NP ‘clones could :be
isolated:(Table 111). RSV(SR) could serve -as a Helper virus .for RSV(B),
but -the-RSV(B) induced by RSV(SR) was :still defective, and-only produced
«mature -particies when contaminated by RSV(SR):(Tables Il and kI1). .The
~foci - produced by RSV(SR) induced:RSV(B) were phenotypically RSV(B); thereby
. suppoerting Rubin's centention (1964) that the ‘phenotype -of the-converted
cells was determined by the RSV genome-and:not influenced by the helper
‘virus, .Rubin(1964)- also found thatz:RSV(SR) ceuld multiply -in the absence
-of "a helper virus and was ‘therefore -not-defective.

.The ‘titer ‘of "RAV-ih.the RSV(B) stocks in this taberatory exceeded ‘that
of RSV(B) by at least 10 fold:(Materials and-Methods). .This means -that for
‘every.RSV(B) particle -produced by -an -infected monolayer, 10 RAV particles
‘were 'produced, .cnsidering ‘that RSV(B) infected .cultures produced 10 to
+100 ‘times as ‘much RSV as did -RSV(SR) infected cultures.(Figures ¥l and 12),
and .assuming that there were '10 infectious:unjtgrof‘RAV for -each ‘FFU of
"RSV(B) , there would .be -100 to 1000 infectious units ef virus :(RSV(B)- plus
. RAV) released from"RSV(B) infected cells for each'FFU of RSV(SR) released
by RSV(SR): infected cells, .These numbers mayrprove»to\be.importaﬁt in
discussing-differences in the response -of infected cells te-viral inhibiters.

.The-fact thafdprior infection of chick*fibrob]ast; with RAV interfered
,with‘RSV(S#) infection .(Figure -10) is .particularly interesting:in.light of
the ‘reports of Rubin-.(1964) and.Hanafusa-(1965) that RAV fnterference-was
most effective-against strains.of RSV which were-antigenically similar toe

the .interfering:-RAV. .Rubin:(1964) reported:that prior infection of cells
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with RAV']:enhanced‘their'susceptiﬁility‘to-RSV(SR). On ‘the basis of this
-evidence -and -the-fact that prior ‘infection.of cells with RAV '1 induced:in~-
terference -against ‘RSV(RAV-1) but -not against RéV(RAV 2), Rubin:suggested
“that interference was due -to ‘the*production of virai'coat"protein-which
‘was able te prevent -superinfection by-a virus with:similar coét protein,
.Only viruses .sharing neutralizable-antigens were ‘considered sufficiently
.related ifor interferencé'to’occur-(Rubin,.1964). .Since the RSV(B) and
«RSV(SR) used .in'this laboratery did not share neutralizable-antigens
'(ngure‘9),.the-intefFerence-with both RSV(SR) and:RSV(B) infection by
“RAV was:contrary’t0~Rubin's,hypothesis,,suggesfémgb'that antigenic simi~
larity. was noet the*only.prerequisite-for-interfenence. :0f course, it is
: poééible‘to-argue-that the RAV isolated in-this laboratory poessessed neu-
-trafingle-antigens-in common ‘with- both-RSV(B) and-RSV(SR). HoWever,,such
.-apossibility is:extrémely remote.’since -the “RAV used here was .isolated
:from-RSV(B) : cul tures which ‘were “found to-be-defective'(Tables-Ilwand'lll)
and which were used as antﬂgeag to 'stimulate -the -antiserum used for the
‘nelrtral ization tests:(Figure 9). .By virtue of being defective,  the-coat
of ‘the -RSV(B) had to be -produced under the :direction of the RAV .p.resent_ in
the -culture, and since ‘the antiserum neutralized.RSV(B) and not:RSV(SR),
-RSV%éR);anleAV‘cou]d.not share -any neutralizable antigens. .Therefore,
_a}though‘protein coat .production may be necessary for intgrference'to‘take
-place, . the -coat being-produced need not be antigenically like -that of the

-superinfecting virus,
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Normal: growth :curves .of RSV(B) and .RSV(SR):(Figure-11) indicated that
the-intracellular 'events leading to ‘the productien of ‘both viruses were
'probably 'similar, .However, RSV(B) production always.exceeded :that of
"RSV(SR) and ‘remained-at maximum'levels for ‘longer.periods :of time-(Figure
‘11).Table IV), .Both viruses were-released :from established Rous .cells -at
:approximately ‘the ‘same ‘rate, but once -again RSV(B) production exceeded
‘RSV(SR).- preduction (Figure-12), .Rubin'(1964) suggested that the -factor
Iimiting- the ‘rate -and ﬁhe”ameunt'of RSV( SR) préduction was the availability -
«of ‘protein ceats., .This suggestion was based .upen his finding that the .in=
-fection ‘of RAV 1 cells by RSV(SR) resuited'Jn more -rapid -production of -
greater'quant%ties of 'RSV(SR), .These -results were -net sbbstantiated in
this .laboratory, \As'statednpreviousjy,,RAV-infecfed cells .did .net yield
:foci upoen infection with-RSV(SR). .Also, as may be seen inWFigure-ll,
,RSV(SR)- was produced at the same ‘rate-as RSV(B), .This finding.was .espe-
cially Eignificantfin']ight‘of an -experiment by -Hanafusa-et al. (l964b)
which=showed.tﬁat the 'rate -and ‘time-of "RSV(B) production was identical to
that of RAV° -Therefore, . there -appeared to-be -ne steps limiting the rate
‘ofiRSV(SRa:production that ‘were not at'the-samé’time~operating in-RSV(B)
infected cells, .This woufd,éuggest-that the'quanti£y of RSV infected-cell§
was .l imited by'the~amount.of protein, nucleic acid énd/or ribosomegvavai]aw
ble' for -use -in virus .synthesis, and that the ‘rate -of productien of viral
.precursoers was the 'same-for-both RSV(B) and-RSV(SR). |
.That the .difference .in-final virus titer was not due-to .differences

in-the multiplicity of infection is ‘shown in-Figure-12. .Even though the
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number of established RSV(B) arid RSV(SR):cells was the-same, virus pro-
‘duction ‘by: RSV(B) cells still. exceeded ‘that of the RSV(SR) cells by.a
~factoer ‘of ‘10 ‘or -more, .The:3 fold .difference in heat-stability.of the-2
viruses did'not appear sufficient te account for 10 to~100ﬁfo]d.difference
in‘virﬂs'productidnw

.In attempting te :study ‘the-role-that protein .synthesis.plays in RSV
replication,. virus-.grewth in:PU treated cells was comparéd with that in
‘untreated cells, .For these-studies,.cells were'exposed'to~l/ag/ml of‘PU;
.as this concentration produced the greatest reduction in-virus. preduction
(Figure-15) and cell.division (Figures .13 and 14) with the ‘least cell
- damage,

-.The -effect -of PU on 24 hr, .virus productien was essentially.the -same
for both viruses:(Figure 16). .Marked -suppression of virus preductieh was
‘noted between ‘0 and:12 hrs. after'infection,‘but‘after-LZ hrs., virus -pro=
ductidn:appeared:to-increase'with the ‘time of addition .of -PU. :This sug-
-gested .that there might be 2/PU sensitive events; -one eccuriing before 12
'hrs,.afte?-énfectfon:and the '‘other occurring after 12 hrs. ”Experiménts
subjecting the-cells. to 4 hr, pulses of H3-Téucine -at various ‘times after
infection confirmed that "there were 2 cycles of protein synthesis in-newly
.infected .cells (Figures .26 ‘and27) ., .These -cycles were -approximately ‘the
-same -for both viruses, except that they were completed 4 hrs,. later in
::RSV(SR) infected cells .than in.RSV(B) infected cells, From the results of
the’ﬁU experiments :(Figure 16), it appears .that both cycles of protein

'synthesis were necessaryfor virus production, and-that the amount of virus
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-prodiced-between 12 and 24 ‘hrs. after infection was propoctional to the
~am6unt'of protein synthesized -during the-secend cycle -of protein-synthesié.
.The-fact thatiﬁu inhibits virus production markedly betWeén 0 and ‘12 -hrs.
aftér infectien would lead.té the ‘suggestion that the-proteins synthesized
‘between 0 -and .12 'hrs, were -those necessary-for -early -events .such :@s un-
coating, .nucleic acid:rep]ication,_and'pfotein-coat ceding; whereas the
“fact “that -virus production between 12 -and.24 hrs. increased .as the-time
-alltowed for protein:synthesis.increaséd, suggests -that the-proteins pre=
duced=during the -second .cycle-of synthesis were the coat pﬁote&ms-éf.the
"Virus,

.Gpidé-andnvigier-(l963) performed experiments similar to -the -ones
mentioned here -except that they:used 5-fluerouracil to~alterQRNA synthesis.
i They dgtainédﬁa-linear increase -in virus production with the time-of addi-
tion .of 5-fluorouracil from zero -time-to 10 hrs. at which time virus pro-
‘duction by 5-fluerouracil treated cells was .equal to-that of the untreated
contrels. This showed:that the -5~fluorouracil sensitive -event controlling
24 hr. virus productien wgs-comp]ete by 10 hrs. after infection. .Their re-
sults would-indicateffhat{the information -decoded from the viral or hest
genome -in the ' Tirst 10 hrs. after infection was sufficient totconduct.bobh
cycles of protein synthesis observed -in Figures 26 -and 27. .Their data are
‘in goed .agreement with the -estimation :that early protei-n .synthesis occurs
between 0 and 12 hrs, after infection. |If this is true, ahd»RNA synthesis

" is not necessary -for 10 hrs. for 24 hr. virus -production, then the ‘second

cycle -of -protein 'synthesis, ‘shown in Figures 26 and.27, must.occur under
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-the-direction of either a stable messenger of'new]y synthesized viral
-genomes.

".The -effect "of ighibitors on 24 hr, virus-pfoductidn has been :discovered
to be-different -frem their effect on 48 hr. virus proeduction-(Gold€ and
Vigier, .1963;.Bader, 1964; Vigier -and Gold€, 1964; Temin, 1963 and 196ka) .
.Therefere, the effect -of PU on 48 hr. virus production was -studied. .Again;
.L/»g/ml of "PU was added to the infected.ce]]s‘at'various times after in-
~fectien, and remained in contact with-the cells until virus samp]es were
‘taken.: RSV(SR) virus production increased-linearly with the time of PU
additien until 16 hrs. at which time-maximum virus production was main-
tained :(Figure -17) . .RSV(SR) production by PU treated .cells exceeded that
of the control .cells by 5 to .7 times. .Although there was wvariability in
‘the 'results from experiment to experiment, the'mg*}mum virus production by
PU tTeated-éells-was-;lways.greater than that of the control cells by at
least 4t times. .The'same-éype-of experiment performed using - RSY(B) infected
cells gave markedly different results. There appeared to-be-a-s]ight-lég
-in virus-preduction between 0 and 8 hrs., follewed by .a linear increase
with the time-ef PU addition until 20 hrs..(Figure-l7). Here -again, the
‘results from experiment to-.experiment were variable but there was generally
slightly ‘less -virus production by PU treated cells than bylcontrol cells.

.The -increase in 48 hr..RSV(SR) production by PU treated cells could
be due ‘to 2 things...Either the-PU stimulated a rapid release-of virus, or
the -control cells decreased ‘rapidly in virus production bet@eén‘zh'and-HS

- hrs. .after infectien, and‘PU prevented this .drop from occurring in the
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experimental cells. .Table:IV indicates that thereuwas-iﬁdeed:a:]arge—de—
‘crease jn virus preduction by:RSV(SR)  infected cells between 24 and ‘48 -hrs.
whichwas not-found in-'RSV(B)  infected cultures. .These -resul ts merely in-
dicated ‘that there was -a-decrease -in"RSV(SR) productien; :they.did net rule
‘out “the possibility -of a:sudden increase -in RSV(SR). productien by PU
treated cells. ,Experiments in which RSV(SR) preduction by+PU treated cells
was measured -over -a b day perjod .shewed that the ‘increased .lévels.of virus
production were maintained .for at least. 96! hrs. (Figure-18). .Therefore, a
sudden flurry of‘virus‘releasé-did nat ‘seem '1ikely, tAlso,~feeding‘the=con;
trol.cells at 48 -hrs. .resulted in an increase in contrel virus production-
:to~levels nearly-equal to those-éﬁ‘PU treated cellsy(Figures :18 and .19)
indicating thatPU treatment stabilized RSV(SR). production -at near maximum
Jevels:(Figure-19), whereas control cells .underwent a 48 -hr.. cycle of in-
-creased, . fol lowed by decreased, virus.preduction; That such was .not the
-case with-'RSV(B) infected.cells may be-seen-in-Figures 20 -and:21. .RSV(B)
" preductioen -appeared to-be -considerably more 'stable ‘than RSV(SR) :preduction
a(Figures:l9-and“21§fTaBle'IV);',However,.PU did.maintai6.96'hr. RSV(B) pro~
duction at maximum ‘levels whkle-contro] virus #roductien decreased. It is
interesting that there appeared :to be-seme inhibitien of 48 -hr. .RSV(B)
preductien by :PU.

.The -stabilizatien of RSV(SR) production by ‘PU coeuld be -explained .by é‘
mechanism ‘involving-competition between the infecting virus -particle -and
the .cell far amino .acids or ribosomes. -Considering the fact that maximum

-'RSV(SR) productien was only 0.05 FFU per cell :{average ‘value of Table -1V),
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there-may'have—beenxreJativer-feW-sites devoted .to “viral ‘protein :synthesis
~compared té~th®se«devoted.tOwceﬂlular-protein\synthesis. .Keeping-in~ﬁind
that minimum-inhibitory cencentrations of PU were used, .the probability
Athat'anyypolysome»affected;byJPU was %nvelved in.cellular pretein 'synthesis
-must ~have -been 'greater ‘than 'the-prebability that itEWas4synthesizingiRSV(SR)
protein, .ln:ether wordé,.if there -was :an -equil ibrium established between
‘the infecting virus .and the'infected.cqlls,.it mighit -be “reflected 'in the
-amount ‘of .virus released by ‘the cell, and could be -altered by envirenmental
‘facters :as :shewn in-Figures!2 -and 19, -[f“this.equiiibrium wgre»weigHEEd
‘in:faver of the-cell, changes causing shortages in-nutritienallfactors
within:the cell., would results in:less virus production. .Hewever, if cell
»divisien.Was halted, and therefore ‘the -synthesis of cellular cemponents
retéyded;'it might -be -possible -te-maintain ‘the -equilibrium estab¥ished
ibetween-the'v$rus'and'the‘Pnf;ctednceT1 at theMtime-of retardation. ..PU at

. lew -cehcentrations could serve -as -the *arresting agent -and stop‘ceJIQ;ar

and viral synthetic processes at or-néa$'thetequilibrium=1evels‘establiéhed
by the "time of -PU addftion, .PU cou]d.ﬁhen maintain the -equilibrium by pre-
venting -the -establishment. of new sbteS'of'vﬁral or cellular pmetein=synthéﬁ
‘sis, .This weuld account for the -maintenance -of néar~maximallRSV(§R)-pro—
~duction by the-addition of "PU at 16 ‘te 24 hrs. after infection. It is
.sign%ficantsqt'this point ‘that ‘stable or sltightly incredasing virus preduc-
~tién~wasafound‘ewer'aA96\hr..period.whenWPU'was.added to-RSV{SR) infected
.cells-12 -hrs. .or more -after infection«(Figure 19) .

-vRSV(B)~behavio(-inuthe=presencé~of”PU may -alise be accounted for by

- the -above -hypothesis. However, differences .in ‘the behavior of RSV(B);énd‘
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RSV(SR) ‘were ~found-whiah might. be -explained by -considering ‘that RSV (E)

infected.cells produced 40 to 400 ‘times more -virus than:RSV(SR) cells

(Table-1V) . ~There-were -evidently more -sites of virus:synthesis:in RSV(B)

infected cells-than in RSV(SR) ‘infected cells; therefore, one might -expect

‘some ‘viral inhibitien if PU was added-as RSV(B) 'preduction was reaching
-max.imal ‘levels, 'This, in'fact, is what -was .found if PU was added:at 20 -or
- 24 ‘hrs, .after infection‘(Figure-21). .However; .RSV(B) production was :able

“to increase ‘te maximum -equilibrium levels in the ‘presence of PU by 72 -hrs,

and maintain-this level through 96 hrs, .(Figures 20 and-21). .This would

‘indicate ‘that l/ug/ml of -PU was sufficient to-stébilizé-environmental cen-
ditiens at:a level.where -maximum virus -preduction coeuld be -establ ished -and

maintained, ‘Goldé'(1962)‘has shown ‘that rapid-release-of free ‘nucleotides

occurs within 4 hrs, &fter ‘infection with RSV(B), indicating:a depolymeri-

‘zatien precess, .A rise-in virus production between:24 .and 48 ‘hrs. .after

infectian in-cells treated with PU at 4 to\]6:hrs..(Figuré-21) could be

-indicative -of the -expansion of viral synthetic processes ‘to nen-functjoning
-ribosomes,,estab]ishing'maximum virus proeduction -at whatever levels were

'possibfe in-the presence of PU.

If the ‘maintenance of maximal:levels of RSY¥(SR) production were due-to

¥

~a-fortuitous .selection of a concentration of PU which ‘allewed .establishment

and maintenance -of a-physiological equilibrium.between cellular -and viral.

-protein -synthesis, .then higher concentrations of 'PU might be-expected to

inhibit cellular and-viral protein synthesis toe .a-point where the mainte~

‘nance -equilibrium was .upset, ,This.was-the-case-when-%/«g/ml=or-mQr¢~oﬁ?RU
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. were ‘added to «cells at .16 -hrs. after infection (Figure -22) . .Forty-eight

‘hr. virus-preduction was inhibited by 95 te 99 per cent.

.Because~PU additien during ‘the first 24 hrs. of infection was able to

'stabilizeRSV(SR) and to seme -extend RSV(B) production, experiments were
‘designed "to .determine ‘the “effect of PU on established RSV(B) and RSV(SR)
~cells, .PU had-no\effe;t-on-virus-production by RSV(SR) 'cells :(Figure -24) .
‘Hewever, it had quite a noeticeable -effect on virus-production by established

“"RSV(B) -cells (Figure-23) . Not only was RSV(B) released more slowly when-PU

was added, .but the -maximum amount of virus produced in the-presence -of PU
was one-fifth ‘that of ‘the controls. Also, . the ‘rate of virus productien

decreased more ‘rapidly ‘and at an earlier time in . .the presence -of PU. .The

.difference in the behavior of established RSV(B)- and:RSV(SR) cells in the

-presence -of PU could be explained in 2 ways. First, there may be a“PU

sensitive -event required for RSV(B) production in established .cells that

is net required for RSV(SR) preduction. -0r, second, the production of 100

" times more infectious units of 'virus per cell by RSV(B) cells than by RSV{SR)

cells (Figure '12) means that .more-protein was used per-unit of time for
RSV(B). synthesis .than was used .for RSV(SR). synthesis. .Therefore, RSV(SR)
cells could centinue-to'preduce 'virus at normal ‘levels lgnger under condi-
tions-éf‘]imited.pwotein:synthesis‘than could RSV(B) cells. THIS'would
necessitate 'a-premature decay -in virus production by established RSV(B)

cells-due to depletion of reserve protein which-mighf not be expected to

~occur -in. RSY(SR) cells.,

.The ‘results .of inhibition of virus synthesis by ‘the -presence of 1 peg/ml

/ _
“of AD:in the cultures-for'5 hr. intervals during.the first 24 'hrs. after
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"infection were 'very tentative, 'HOWever,'TéBle‘V indicates, in good-agrée-
'méﬁt'with‘Temin\(l963)-and~Vigier'and‘GO}déa(1964), that there-was an
irreversible-AD sensitive, therefore -DNA'dependent, event eccurring-within
the -first 35 :hrs. after infection. .The-results in-Table'Vl, which indicate
ne .irreversible -inhibition of RSV{SR) by'O.ijé/ml-of?AD'during‘the'First

48 ‘hrs. after infection, were not in agreement with the -results of ‘the

-above -authors. .Whether this difference was due-to'the use-of RSV(SR) in-

stead -of RSV(B) in this laberatory, or the use -of diffeqent'tissue-cu]twre

media is not knewn, .However, the -effect of -even lew conéentrations of -AD

Ay

‘'on both infected and normal chick:fibroblasts was .severe -and -not always

"reversible. .It would appear -that AD, even -in-small quantities, is-extremely

toxic and :that it would be -difficult to -tell whether AD was affecting spe-

.cifically.DNA -dependent events, or whether viral inhibition was merely the

‘result of the general breakdown of celiular processes.

.The results of this investigation indicate that -there are -definite

‘differences between. RSV(B). and-RSV(SR) . .However, the property of defec-

‘tiveness, which was found in RSV(B), but not in RSV{SR), may: be -responsible

in some' way.for most of these differences, including differences in heat

‘stability, antigenicity -and pathogenicity. .lt is.a propertywhich must be

‘considered -in discussing the differences in the ‘total amount of virus pro-

duced by infected.cells and the difference -in the response of virus pro-
duction to:PU-and:AD. The—difference in :focus morpholegy, however, was
ifidependent of ‘defectiveness. .This preperty was definitely under the -con-

‘trel of the RSV genome -and net influenced by the presence of a helper 'virus.
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Although ‘there -were 'differences between the "2 viruses, there were'alsé
-prope}ties-which‘they'shared-and which therefore, must either be shared
with RAV or -be -independent of it. .These -included the rate of "virus pro-
~duéti®n:by1new1y infected-and .established ée]ls; the ‘response of 24 hr,
yifuszproductioﬁ‘to%PU;:and'the~dependence:of viral replication on:an.AD
sensitivélevent. .These -similarities 'indicate “that beth strains, and per-
‘haps all straiﬁs, of.RSV replicate in the-same 'manner. - Therefore, even
'thbu§h~it is-notcpogsible«at'the-present timeJtOgsélect'the medel- of re--
plication~which~is_ﬁsed'by,RSV, it is fairly certain .that the-early events
in: the -cycle -of .virus repTication will be -the 'same -in all strains of RSV
regardless of whether or not they carry .sufficient infermation-for préducing

their own :ceat protein.




SUMMARY

" ‘The -biolegical .properties of 2 strains of ‘Reus :sarcoma virus, the
“?rwan~hbghttiter“stra}n,.RSV(B); and -the Schmidt-Ruppin 'strain, .RSV{SR),

wéreﬂcompared with -respect ‘te in-vitro and in-vivo- pathogenicity, focus

moerphelogy, antigenfc-progerties, heat 'stability, defectiveness, .growth
'hates3,viru57production,,proteﬂn-synthesis-after-infecfhon, rFeaction to
puremycin (PU) &nd-reaction-to &ctinemycin'D .(AD) .

iRSV(B) was found to induce tumers and :death more -rapidly in.chickens -
‘than-RSV(SR) . Also, RSV(B) ' infected cells were noet maintained in tissue
culture -as long-as:RSV(SR)~ce¢ls.dué to .development of large:numbers.of
giant cells in RSV(B) cultures., | |

The -focus morphology ef the 2 viruses were markedly -differaht., RSV(B)
~foci .were distinct clusters g%:cells:on the .monolayer ‘showing :marked -Toss
of contact inhibition.: RSV(SR) foci, in contrast, were -diffuse clusters
of cells -shewing littie.if any ‘loss of contact inhibition.

RSV(B) infection stimuTatedlantibody‘production in.chickens much better
than ‘did -RSV(SR) infection. .The RSV(B) .particles were -found :to carry a
neutralizable -antigen that was net present on thé“RSV(SR).particPes. - The
viruses-alse differed in their heat stability, RSV(B) was 3 -times more
-stable -to ‘tissue -culture -conditions than RSV(SR).

- .Defectiveness was found to be a.pEOpeTty of RSV(B), but not of RSV(SR) .

.In this respect it was interesting that RSV.(SR) could .serve as a .helper for
RSV(B) .productien. .Focus fermation by- RSV(B). and.RSV(SR) was inhibited
.equatly by prier infection of chick fibroblasts with Rous.associated virus

(RAV)
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= The *rate -of 'virus productien in .beth-newly infected :and .established

- ‘RSV(B) - and :RSV(SR) cells was identical. .However, the -amount-of RSV.pre-

~ducéddb§[RSV(B)'infectéd~cells-was always .10 ‘to 100 times greater than~tha£

produced by ‘RSV(SR) cells. 1f . .grewth curves were-coempared .under -identical
‘conditions, both RSV(B) and RSV(SR) exhibited equal 'latent periods, and

*reached -maximum virus production at nearly the -same time. .RSV(B)- produc-

‘tien was always more ‘stable -than.RSV(SR) productien. With respect-to wirus

replication, both strains appeared :to require 2 cycles of protein :synthesiyg

within the first 24 ‘hrs. after infection. '.The -effect of low concentrations

of "PU-on-24 ‘hr. virus preduction was :the -same-for -RSV(B)' and-RSV(SR) . How-

-ever, 48 -hr. virus-productien xeacfé@ diiﬁe?entmy7t0~the'inhibrtor. .Fortys

-eight hr. RSV(SR) production was stabilized at maximum “levels of virus pro-

~duction by PU; :whereas, 48 ‘hr. RSV(B): production was slightly inhibited by

“PU, It was net until control- RSV(B) productien began te.decrease betwesn

72 _and-96 -hrs. after infectien ‘that RSV{B) stabilizatien became-evident.

. @D at high‘concentratidns.(L/ag/ml) was found to-.inhibit RSV(B): and

. *RSV(SR)"-production -if added-during .the-first 35 hrs. after infection.
uEaTIy'additions'ofia'leséer quantity of AD: (0.1 4g/ml) had no effect on 48

~hr. virus production by.RSV(SR).

.Mechanisms, .utilizing defectiveness .and the assumption -that a~physio4

legical .equilibrium-exists between virus preduction ‘and ce]lular'replicafion,

were proposed .te explain differences in -the -behavior of . RSV(B) - and."RSV(SR) . -
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