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Mchanisms by Which Viruses Persist 

559 
Antiserum from hamsters carrying adenovirus induced tumors derived from five different trans- 
formed cell lines, has been employed to identify and map the adenovirus tumor antigens. 
These sera were used to immunoprecipitate 35S-methionine labeled adenovirus proteins 
synthesized during productive infection of human cells. Each different antiserum imuno- 
precipitated a unique subset of the adenovirus early proteins as follows: Ad2 serum, 72K, 
58K. 20-21K, 10-15K; Adl-SV40 serum, 7ZK, 58K, 18-19K, 10-15K; ND-1 serum. 58K. 49K, 18-19K. 
10-15K; ND4 serum, 72K, 58K, 49K, 25K, ZOK, 18-19K, 10-158; 14b serum, 58K and possibly 
10-15K. This analysis identified seven immunologically distinct adenovirus proteins. By 
determining which portions of the adenovirus genome (and viral RNA sequences) are present 
or absent in these transformed cell lines, it has been possible to map the structural genes 
of these tumor antigens on the adenovirus genome. 

THE ADENOVIEUS TUMOR ANTIGENS, Arnold J. Levine, Susan Ross, Jane Flint, Depart- 
ment of Biochemical Sciences, Princeton University, Princeton, N.J. 08540. 

560 DEFECTIVE INTERFERING PARTICLES: THEIR GENERATION AND ROLE IN VIRUS 
PERSISTENCE,** Alice S. Huang, Sheila P. Little, M.B.A. Oldstone* 
and Donald Rao, Department of Microbiology and Molecular Genetics, 
Harvard Medical School, Boston, MA 02115. 

Defective interfering (DI) particles are efficient and specific inhibitors 
of virus growth. For vesicular stomatitis virus (VSV), the inhibition occurs 
during the replication of genome RNA. This is demonstrated by the absence of 
genome RNA synthesis and subsequent secondary transcription in cells c0- 
infected with standard and DI VSV. Despite the drastic reduction in total 
viral RNA synthesis and in the formation of progeny virions, primary trans- 
cription by input standard virions and primary translation takes place 
normally. Also, shedding of virus-specific soluble antigens from the co- 
infected cells still occurs. Examination of the co-infected cell surface 
by immunofluorescence indicates that the cell-associated viral antigens are 
less accessible to antibody on these cells than on cells infected with only 
standard virus. The alteration of the infected cell surface and the shedding 
of viral antigens by cells co-infected with standard and DI virus may aid 
in the maintenance of viral persistence in the infected host animal. 

co-infected cells, replication of DI RNA readily occurs. The ability of DI 
RNA to compete successfully against standard genome RNA resides in sequence 
alterations found in DI RNA. These alterations result in inverted comple- 
mentary nucleotide sequences at the termini of the DI genome. The termini 
are characterized by oligonucleotide mapping after T1 ribonuclease digestion 
and by self-annealing. The physiologic role performed by these RNA 
sequences, as well as the generation of these unusual deletions will be 
discussed. 

*Scripps Clinic and Research Foundation, La Jolla, CA. 
**Supported by USPHS grant A1 10100 and American Cancer Society grant VC-63. 

Although replication of the standard virus RNA is not detected in these 
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561 THE WAYS OF EBV PERSISTENCE I N  H U M A N  LYHPHOID AND CARCINOtlA CELLS. Klein, G Dept. 
of Tumor Biology, Karolinska Inst. 

Available infonnation will be sumr ized  concerning the interaction o f  EBV with human B- 
lymphocytes, start ing from early events a f t e r  infection (synthesis o f  EBNA. imnunoglobul in 
and cellular DNA) and followed by the characterization o f  established EBV-carrying lines. 
Cellular and viral controls of spontaneous and. induced EBV production will be reviewed and 
discussed. 
duced by EBV i n  i ts host ce l l s ,  human and non-human primate B-lymphocytes and human 
nasopharyngeal carcinoma cells.  

The review will be concluded with a consideration of the phenotypic changes in- 

REQUIREMENTS FOR PERPETUATION AND ERADICATION OF VIRUSES FROM 562 
Baltimore, HD 21205. 

ANIML POPULATIONS, N. Nathanson, and J. Har t in .  Johns Hopkins Univers i ty ,  

Persistence of a v i rus  i n  a populat ion (perpetuation) i s  a d i s t i n c t  phenomenon from 
persistence i n  an ind iv idual  animal o r  c e l l  cu l tu re .  A l l  present ly  known viruses are 
necessari ly capable o f  perpetuating i n  animal populat ions, although smallpox w i l l  soon 
become ex t i nc t .  Eradication i s  of great importance as the u l t ima te  method o f  con t ro l  o f  
v i r a l  disease, and a ra t i ona l  approach to eradicat ion i s  best achieved through understand- 
ing the requirements for perpetuation. 

Among the ecological patterns which viruses exh ib i t ,  the ma jo r i t y  are confined t o  a 
s ing le  species and are transmitted d i r e c t l y  from ind iv idual  t o  i nd i v idua l .  This common 
pat tern i s  a lso the one most vulnerable t o  eradicat ion.  An analysis of  the factors  which 
determine perpetuation, under these ecological condi t ions,  ind icates tha t  parameters o f  
importance include: ( i )  populat ion size; ( i i )  r a te  o f  populat ion turnover; ( i i i )  
populat ion densi ty  o r  frequency o f  contact between ind iv iduals ;  ( i v )  leve l  o f  immunity; 
(v) durat ion of infect iousness fo l lowing primary i n f e i t i o n ;  ( v i )  ease o f  transmission 
during per iod o f  infect iousness; ( v i  i )  prevalence of acute i n fec t i ons  and in t roduct ion 
of new infections. A s tochast ic  model may be constructed f o r  computer simulat ion, and 
t h i s  can be used t o  study the quan t i t a t i ve  impact o f  these parameters. 

A body of empir ic observations, based mainly on sero log ica l  studies in iso la ted 
populations. ind icates important dif ferences i n  the a b i l i t y  o f  d i f f e r e n t  v i ruses t o  
perpetuate under natura l  condit ions. 
viruses from animal o r  human populat ions provides another source o f  data es tab l i sh ing  the 
requirements for eradication. Based upon these considerations, an attempt i s  made t o  
p red ic t  which human v i r a l  i n fec t i ons  i t  might be feas ib le  t o  eradicate i n  the fu ture.  

The h i s t o r y  o f  e f f o r t s  t o  eradicate s p e c i f i c  
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563 ORGANIZATION OF THE GENOMES OF ENDOGENOUS PND EXOGENOUS AVIAN LEUKOSIS VIRUSES. 
Paul E. Neiman, Mark Groudine, Maxine Linial, Robert Elsenman. Division of Medical 
Oncology, Fred Hutchinson Cancer Research Center : Unlversity of Washinqton, 

Seattle, Washington 98104. 
The genetically transmitted endogenous virus of chickens, is called RAV-0. P I 1  or nearly all 
of the genome nucleotide sequences of this virus can bedetected in the DNA of normal uninfec- 
ted cells by molecular hybridization techniques at a level of about 1 to'2 copies/haploid 
genome. These endogenous viral genes are orqanized into chromatin subunits, or nu bodies si- 
milar (or identical) to those observed for cellular genes. 
genes are regulated by a partially characterized set of host cell genes. A number o f  trans- 
criptionally active cellular genes appear to be selectively digested when chromatin or whole 
nuclei are treated with DNase I .  
DNase 1 digestion when such studies are carried out with nuclei from chicken embryo cells re- 
gardless of the level of viral expression in these cells. Thus none of the known regulatory 
cell functions appear to alter viral nu body conformation. 
regulated by cells in the same manner as RAV-0. 
embryo cells while the replication of RAV-0 is restricted by the activity of host cell genes 
even when the virus is introduced as an exogenous agent. 
oncogenic properties of the exogenous viruses. 
has extensive homology (about 80%) with those of exogenous leukosis viruses. 
of the sequence divergence between these agents is concentrated in a segment of the genome 
located within I000 nucleotides of the 3 '  terminus. 
genome segment to the gene env which maps near this region and codes for the viral envelope 
glycoproteins or to a possible additional function in this divergent region which might spe- 
cify some of the biological differences between endogenous and exogenous viruses. 

The expression.of endoaenous viral 

About t of the endogenous viral genes are susceptib'le to 

Exogenous leukosis viruses are not 
These agents replicate efficiently on chicken 

Finally RAV-0 appears to lack the 
Despite these differences the genome of RPV-0 

A larae portion 

Ve are studying the relationship of this 

564 
Robert Cardiff*, and Keith R. Yamamoto+, Depts. of Microbiology and +Biochemistry and 
Biophysics, UCSF, San Francisco, Calif., 94143, %ept. of Pathology, UCD, Davis, Calif., 
95616, and 3 e p t .  of Bacteriology, Univ. of Western Ontario, London, Onterio. 
The mouse mammary tumor virus (MMTV) is an RNA tumor virus with several unusual features: 
its capacity to produce mammary carcinomas in susceptible mice, regulation of viral RNA 
synthesis by glucocorticoid hormones, the resistance of most cultured cells to infection, 
and the absence of a biological assay for infection in vitro. 
mitted thfough the milk of females from mouse strains with a high incidence of tumors or 
inherited as proviruses found endogenous to all tested mouse strains. These endogenous pro- 
viruses are present in 3-5 copies per haploid genome in most strains of laboratory mice, and 
they are distributed over at least two or three chromosomes. 
tumors contain a increment of copies of MMTV DNA sufficient for detection by measurement of 
hybridization kinetics with radiolabeled viral cDNA ( J .  Mol. Biol. 114:73, 1977). 
We have used restriction endonucleases which cleave the DNA of MMTV at one site (& RI) and 
at several sites (pst I) to study infection and tumorigenesis in BALB/c mice foster nursed 
by virus-producing C3H females. Proviruses newly-acquired during'infection can be distin- 
guished fr& endogenous proviruses by the nature of fragments generated with these enzymes. 
The new proviruses are.linked to the DNA of mammary tumors and infected lactating mammary 
glands within a limited region of the viral DNA; the location of this region, based upon 
mapping studies with unintegrated mITV PNA, suggests that the orientation of these proviruses 
is probably co-linear with the viral RNA genome. Comparisons of many mammary tumors and 
studies of lactating mammary glands with a large proportion of infected cells indicate that 
a large number of sites in the cellular genome can accommodate a new provirus; the acquired 
proviruses are rarely, if ever, found in tandem with each other or with endop,enous proviruses. 
We cannot, however, distinguish between random integration and integration into a large 
number of preferred sites in the host genome. 
have been reached in parallel studies of rat hepatoma cells, !ieterologous host cells which 
lack endogenous MMTV-specific sequences and have been infected in culture with MMTV (Cell 
Since cleavage of DNA from each mammary tumor with Eco RI generates a unique set of virus- 
specific fragments, we propose that the tumors constitute clones derived from a single cell 
among the many infected cells in a mammary gland; this proposal is supported by our finding 
that Eco RI digestion of DNA from several transplants of a primary tumor yields the pattern 
characteristic of the primary tumor. 

THE ENDOGENOUS AND ACQUIRED PROVIRUSES OF MOUSE MAMMARY TUMOR VIRUS, Harold E. 
Varmus, J .  Craig Cohen, Gordon M. Ringold+, Peter R. Shank, Vincent L. Morris-, 

Virus strains can be trans- 

Most virus-induced mammary 

Similar conclusions about sites of integration 

10:11-18, 1977). 
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565 VIRUS-SPECIFIC EXPRESSION AND GENE AMPLIFICATION IN MICE CARRYING 
MOLONEY LEUKEMIA VIRUS IN THEIR GERM LINE, Rudolf Jaenisch  
Heinrich-Pette-Institut, 2 Hamburg 20, M a r t i n i s t r a s s e  52, West  Germany 

The exogenous Moloney leukemia v i r u s  (M-MuLV) h a s  been establ ished i n  mice  a s  an e n -  
dogenous v i r u s  by infecting preimplantat ion mouse embryos.  The subline of mice der ived  
f r o m  infected embryos  was  shown to t r a n s m i t  the v i r u s  a s  a single Mendelian gene and 
molecular  hybridization experiments  demonstrated that a single v i rus  copy was  integrated 
at th i s  locus ( 1 , Z ) .  
leukemia during the following months. 
companied by a somatic  amplification of M-MuLV specific sequences in  the tumor t i s sues .  

In  the present  experiments ,  the relat ion of v i r u s  gene amplification to v i r u s  express ion  
was examined. 
DNA and RNA sequences i n  ta rge t  and non-target  organs of m i c e  at different  ages .  
r e s u l t s  demonst ra te  that low leve ls  of M-MuLV specif ic  RNA are pre'sent i n  t a r g e t  organs  
(spleen and thymus) of newborn animals ,  followed by a rapid i n c r e a s e  during the next weeks 
of life. Between three  and four  weeks of age. maximal leve ls  of M-MuLV specif ic  RNA are 
synthesized i n  spleen and thymus and no fur ther  i n c r e a s e  i n  v i r u s  express ion  o c c u r s  i n  
tumor t i s sues .  

f o r  RNA quantitation. Spleens of young m i c e  (7-14 d a y s  of age) c a r r y  1.2-1.4 M-MuLV 
copies per haploid mouse genome equivalent, whereas  spleens of 30-day old m i c e  c a r r y  
about 2 v i r u s  copies .  I n  tumor t i s sues ,  a fur ther  v i rus  gene amplification to  3-4  copies  
p e r  haploid mouse  genome equivalent is observed.  
la t ion between v i rus  expression and v i rus  gene amplification. The extent  of v i r u s  gene 
amplification appears  to occur  i n  s e v e r a l  s teps ,  one cor re la ted  to  M-MuLV express ion  
and a second cor re la ted  to  leukemic t ransformation.  

1) Jaenisch.  R. (1976) P r o c .  Natl. Acad. Sci. USA 73,1260. 

All animals  become v i remic  after bir th  and develop a v i rus-spec i f ic  
I t  was  shown that development of leukemia is  a c -  

Molecular hybridization methods w e r e  employed to  quantitate virus-specif ic  
The 

Non-target organs do not e x p r e s s  virus-specif ic  sequences. 
The number of M-MuLV specific DNA copies aas determined i n  the same t i s s u e s  a s  used 

These resu l t s  suggest  a c lose  c o r r e -  

2)  Jaenisch, R. (1977) Cel l  11,691.  

566 FIVE DISTINCT GENETICALLY TRANSMITTED RETROVIRUS GROUPS I N  PRIMATES. George J. 
Todaro, Laboratory of Viral  Carcinogenesis, National I n s t i t u t e s  of Health, Bethesda 
Maryland 20014 

In the l a s t  year our laboratory has i so la ted  and p a r t i a l l y  characterized three new geneti- 
ca l ly  transmitted viruses  of primates. 

(1) A type C virus  (MAC-1) from an Old World monkey. stumptail monkey (Macaca a rc to ides) .  
( 2 )  A type C virus  (OMC-1) from a New World monkey, owl monkey (m t r iv i rga tus) .  
(3) A type D v i rus  (LAD-1) from an O l d  World monkey, langur monkey (Presbytis obscurus). 

We have studied the frequency of re t rovirus  i so la t ions  from primate c e l l  cul tures .  
t i s sues  or  established c e l l  l i n e s  were cocultivated with a var ie ty  (8-10) of indicator  c e l l s  
tha t  had previously been shown t o  be permissive for  marmnalian type C and type D v i rus  rep l i -  
cation. Of 22 cocultivations with various baboon t i ssues  (* spp.),17 yielded new baboon 
type C v i rus  isolates;  of 1 7  cocul t ivat ions with squi r re l  monkey t i ssue  (various S a i m i r i  
subspecies), 14 yielded type D v i rus  i so la tes .  Cel ls  from these species, regardless of t i s s u e  
of or ig in ,  are "high probabi l i ty  yielders" of endogenous viruses .  In contrast. each of the 
three new i s o l a t e s  has come from a s ingle  ra re  cocul t ivat ion.  For example, of 65 cocultiva- 
t ions with c e l l s  from various Macaca species, only one i s o l a t e  (MAC-1) has so f a r  been 
obtained. The stumptail monkey, owl monkey and langur monkey appear, then, t o  be "low 
probability yielders" of complete infect ious ret roviruses .  

A l l  three of t h e  new i s o l a t e s  a r e  represented i n  multiple copies i n  normal c e l l u l a r  DNA of the 
species of or igin;  and related virogene sequences a r e  found i n  genet ical ly  re la ted  species. 
The type D virus  has proteins  and nucleic acid sequences tha t  are p a r t i a l l y  re la ted  to  the 
previously described Mason-Pfizer monkey virus  (MPMV) of rhesus monkey. Of a l l  the  p r i m a t e  
DNAs tes ted,  DNA t ranscr ip ts  t o  the genomes of e i t h e r  LAD-1 OK MPMV hybridize with the highest 
thermal s t a b i l i t y  t o  langur ce l lu la r  DNA (Benveniste and Todaro, hzc. N d L .  Acid. U. Y.S.A. 
74: 4557, 1977). This would suggest tha t  MPMV, now transmitted under na tura l  conditions a s  
an infect ious virus  among rhesus monkeys, may have been derived from an "escaped" endogenous 
virus  of langur monkeys. 
Neither of the new type C viruses  a re  c losely related by hybridization or  by immunologic 
parameters t o  the previously described baboon type C viruses  o r  t o  the squi r re l  monkey 
endogenous type D viruses. A s ingle  Old World monkey species, f o r  example, the African 
green monkey, can be shown to transmit multiple copies of a t  l e a s t  three d i s t i n c t l y  d i f fe ren t  
re t rovi ra l  c lasses  (two type C ' s  and one type D) i n  its normal c e l l u l a r  DNA. 
cu l ture  tha t  a r e  not re leasing virus  can be sham, nevertheless, t o  be t ranscr ibing v i r a l  
specif ic  RNA. 

Primary 

Cel l  l i n e s  i n  
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567 QUANTIFICATION AND TOPOLOGY OF' ENDOGENOUS AND EXOGENOUS PROVIRUSES IN.THE CHICKEN 
GENOME, Marcel A. Baluda, Chang-Yan Chen and Lawrence M. Souza, University of 
California, School of Medicine L Molecular Biology Institute, Los Angeles, Ca. 90024 

Endogenous proviral sequences are present in the nuclear DNA of all chicken cells. Endoge- 
mouse virus (RAV-0) production occurs spontaneously, or can be induced, only from some chicken 
strains. After infection with exogenous retroviruses, only a few of the newly synthesized 
proviruses become integrated in cellular DNA. The restricted number of proviruses which can 
integrate results either from site specificity and/or provirus induced restriction. We 
investigated the possibility of site specificity by studying the arrangement of proviral DNA 
in cellular DNA. First, we determined the number of integrated endogenous proviruses in 
non-producer gs-chf- chick embryonic fibroblasts (CEF) and in CEF transformed by the Schmidt- 
Ruppin-Rous sarcoma virus strain A (SR-RSV-A). Two types of experimental approach were used 
to characterize the integration site: i) reassociation kinetics of proviral DNA present on 
randomly sheared cellular DNA fragments of defined size, and iil autoradiography of proviral 
DNA in cellular DNA fragments generated by restriction endonucleases and separated by gel 
electrophoresis according to size. 
excess of 35s W3-labeled RAV-0 RNA indicate that there are 2 copy equivalents of the endoge- 
nous provirus per haploid cell genome after correction for DNA replication in unsynchronized 
CEF. Comparison of proviral DNA bands in restriction enzyme generated DNA from PAV-0 pro- 
ducing cells and from non-producing cells as well as hybridization of 355 PAV-0 RNA with an 
excess of normal chicken DNA indicate that all the endogenous proviral DNA represents two 
complete, or nearly complete, RAV-0 genomes. The two endogenous proviruses appear to be inte- 
grated at two different sites, i.e., not in tandem in cellular DNA between cellular sequences 
reitereated 1000-2000 times. The hybridization of poly(A) selected 3' proximal viral RNA to 
DNA fragments which contain both viral and cellular sequences indicates that one end of the 
integrated provirus corresponds to the 3' end of the viral RNA; this implies that there is 
no permutation of the endogenous viral genes in the integrated state. In CEF transformed by 
SR-RSV-A, only one exogenous provirus becomes integrated per haploid cell genome. The 
SR-RSV-A provirus, like the endogenous provirus, is integrated between cellular DNA sequences 
reiterated 1000-2000 times but at a different location. Current analysis of restriction 
enzyme generated DNA fragments from several SR-RSV-A transformed clones should elucidate 
whether the SR-RSV-A provirus integrates at a unique site. 

Saturation experiments with cellular DNA hybridized to an 

568 ANALYSIS OF RECOMBINANTS BETWEEN MURINE LEUKEMIA VIRUSES. Nancv Hopkins, 
Douglas V. Faller, Jean Rommelaere. and John Schindler, Department of Biology, 
Center for Cancer Research, Massachusetts Institute of Technology. Cambridge, MA 

02139. 
We have used genetic and molecular biological approaches to analyze endogenous murine 
leukemia viruses and recombinants between them. 
map viral genes that determine particular viral phenotypes and to characterize and compare 
endogenous murine leukemia viruses from different strains of mice. Two systems have been 
studied in detail. "Exogenously derived" recombinants between leukemia viruses of the 
BALB/c mouse. 2)  Viruses, designated MCF, that appear to arise by recombination in vivo in 
AKR mice. These studies have allowed us t o  determine approximate positions on the viral 
genome for a genetic determinant(s) of N- or B-tropism and f o r  a determinant of properties 
of the viral glycoprotein, gp70. 
biologically new, potentially highly leukemogenic viruses may arise in mice. 

The goal of these studies is to identify and 

1) 

The studies have implications for the mechanisms by which 
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The transforming p o t e n t i a l  of d i f f e r e n t  i s o l a t e s  of human cytomegalovirus (W) has been 
e s t ab l i shed .  I n i t i a l l y .  normal hamster embryo f i b r o b l a s t s  were transformed t o  malignancy (1). 
More r ecen t ly ,  a W iso la t ed  from a nonnal p r o s t a t i c  c e l l  c u l t u r e  e s t ab l i shed  a long-term 
l a t e n t  i n f e c t i o n  of normal p r o s t a t e  c e l l s  and a long-term p e r s i s t e n t  i n f e c t i o n  of human embryo 
lung c e l l s  i n  v i t r o  (2) .  
transformed C e l l  l i n e s  (3). 
with the  same nan-inactivated W a l s o  r e su l t ed  i n  t ransformation.  The transformed cells 
ceased to demonstrate contact- inhibi t ion,  grew i n  s o f t  agarose,  possessed e a s i l y  d e t e c t a b l e  
QN-antigenic markers a t  e a r l y  i n  v i t r o  passages.  and induced poorly d i f f e r e n t i a t e d  tumors 
when t ransplanted i n t o  athymic nude mice and hamsters ( 4 ) .  
gen ic i ty ,  QN-related an t igen ic i ty ,  karyotypic  markers. r e s i s t a n c e  to supe r in fec t ion  wi th  
herpsoviruses .  and induct ion of immune response i n  nude mice were observed in transformed 
cell l i n e s  during prolonged i n  v i t r o  cu l t i va t ion .  
was  i nve r se ly  p ropor t iona l  to t h e  r a t e  of expression of v i rus - r e l a t ed  an t igens  i n  t h e  c e l l  
populat ion ( 5 ) .  One of t h e  transformed cell l i n e s  spontaneously yielded a n w  herpesvirus  
with b io log ica l  and biochemical p r o p e r t i e s  resembling Cl4V and herpes simplex v i r u s  (HSV). 
Bass sequence hamology beween  the n w  v i r u s  DNA and HSV-2 DNA has  been de tec t ed ,  although 
t h e  dens i ty  and t h e  r e s t r i c t i o n  enzyme p a t t e r n s  of t h e  new v i r u s  DNA resemble n e i t h e r  W nor 
HSV DNA. 
con t r ibu te s  t o  i t s  s ign i f i cance .  

1. Albrecht,  T. and Rapp. F. (1973) Virology 55, 53-61. 
2. ~ P P .  F.. Ceder. L.. Murasko, D.,  Lausch. R., Ladda. R.. Huang, E., and Webber, M .  

(1975) J.  Virol .  l6. 982-990. 
3. Ceder. L., Lausch, R., O ' N e i l l ,  F.. and Rapp, F. (1976) Science 192, 1134-1137. 
4. Ceder, L.. Kreider ,  J.;and Rapp. F. (1977) J. N a t l .  Cancer Inst-58, 1003-1009. 
5 .  Geder, L., Laychock. A., Gorodecki. J.. and Rapp. F. 

Herpeaviruees, de The. G., Henle, W., and Rapp. F.. eds.. U R C ,  Lyon France, i n  press .  
1976. 

TRANSFORNATION OF MAHMALIAN CELLS BY HUMAN CYTOMEGALOVIRUSES, Fred Rapp and Laszlo 
Geder, Department of Microbiology, The Pennsylvania S t a t e  Universi ty  Col lege of 
Medicine. Hershey, PA 17033. 

The v i rus -ca r r i e r  state eventual ly  r e s u l t e d  i n  t h e  development of 
DEAE-treated primary hamster embryo f i b r o b l a s t  cells inoculated 

Diverse a l t e r a t i o n s  in onco- 

The oncogenicity of t he  transformed c e l l s  

The p o t e n t i a l  of t h e  "hybrid" v i r u s  t o  transform human e p i t h e l i o i d  c e l l s  i n  v i t r o  

Proc. of Symp. on Oncogenesis and 
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Siden, Department of Biology and Center fo r  Cancer Research, Massachusetts I n s t i t u t e  of  
Technology, Cambridge, MA 02319; *Present address:  
Pathology, Tuf t s  Universi ty  School of Yedicine,  Boston, MA 02111. 
Inoculat ion of mice with d i f f e r e n t  murine leukemia v i ruses  (MuLVs) r e s u l t s  i n  a v a r i e t y  of 
types of leukemic c e l l s .  
Abelson MuLV (A-MuLV) because of the a v a i l a b i l i t y  of a d i r e c t  in v.itro t ransformation system 
f o r  t h i s  v i r u s .  A-MuLV i s  de fec t ive  and must be s tudied in conjunction with a he lpe r  v i r u s .  
For most experiments,  A-HuLV has  been rescued from a non-producer f i b r o b l a s t  c u l t u r e  us ing  
Moloney MuLV and such s tocks  a r e  ab le  t o  transform bone marrow c e l l s  o r  f i b r o b l a s t s .  
transformed marrow c e l l s  have the  c h a r a c t e r i s t i c s  of immature lymphoid c e l l s  and many of 
them make imunoglobul in  heavy chains .  

t o  show t h a t  t h e  helper  v i r u s  plays a more c r i t i c a l  r o l e  i n  lymphoid c e l l  t ransformation than 
i n  f i b r o b l a s t  transformation. Stocks made with he lpe r s  t h a t  are oncogenic on t h e i r  own ( l i k e  
Friend and Moloney MuLV) produced Abelson d i sease  i n  mice and transformed bone marrow c e l l s .  
Stocks made with non-oncogenic he lpe r s  could n e i t h e r  cause Abelson d i sease  i n  mice nor 
could e f f i c i e n t l y  transform bone marrow c e l l s .  
transform f i b r o b l a s t s .  

from its i n t e rac t ion  with f i b r o b l a s t s .  Non-producer transformed f i b r o b l a s t s  are e a s i l y  
derived: t r u e  non-producer lymphoid c e l l s  a r e  r a r e  but a unique c l a s s  of c e l l s  producing a 
de fec t ive  v i r u s  is a comnon r e s u l t  of lymphoid c e l l  t ransformation and has  no t  been found 
with f ib rob la s t s .  These de fec t ive  producers make p a r t i c l e s  t h a t  have p28 in s t ead  of p30, 
have no 70s XNA and have a normal o r  excess  amount of r eve r se  t r ansc r ip t a se .  

A l l  A-MuLV transformed lymphoid c e l l s  make a d i s c r e t e  polypeptide not  made by Moloney 
MuLV-infected c e l l s .  I t  is a l s o  recovered from A-MuLV-transformed non-producer rat f ibro-  
b l a s t s  t h a t  l ack  any de tec t ab le  Moloney MuLV and is  the re fo re  presumably a product of t he  
A-XuLV genome. 

but  i n t e r a c t i o n  of an A-MuLV-specific product with a helper  v i rus - spec i f i c  product may be 
reouired f o r  lymphoid c e l l  t ransformation while the A-MuLV product a lone can transform 
f i b rob la s t s .  

ABELSON W R I N E  LEUKEMIA VIRUS AND HELPER VIRUS INTERACTION WITH DIFFERENTIATED 
CELLS, David Baltimore,  Naomi Rosenberg*, Gwen Idit te.  Anthony Sh ie lds  and Edward 

Cancer Research Center and Department of 

'To attempt t o  understand t h i s  phenomenon, we have concentrated on 

The 

By rescuing A-MuLV from non-producer c e l l s  with a v a r i e t y  of he lpe r s  i t  has  been poss ib l e  

Both types of A-MuLV s tocks ,  however, could 

Apparentlv the  i n t e r a c t i o n  of helper  A-MuLV with bone marrow t a r g e t  c e l l s  is d i f f e r e n t  

It could be the  transforming p ro te in  of A-iluLV. 
A t  present  i t  is d i f f i c u l t  t o  i n t e r p r e t  these va r ious  a spec t s  of A-MuLV transformation 
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Although direct experimental evidence is not yet available, cytomegalovirus (CHV), a member 
of the herpesvirus group, appears to establish latent infections in man, and many of the 
clinical manifestations of infection are probably the result of reactivation of latent virus. 
This is particularly true of life-threatening disseminated CMV infection in patients whose 
defenses are compromised either by disease or by immunosuppressive treatment regimens. 
Recently, model systems have been developed in the mouse in an effort to study various aspects 
of latency. Using a murine CMV (HCHV) strain attenuated by passage in tissue culture, 
Olding, et al., 
activated in vitro by co-cultivation with allogeneic but not syngeneic mouse embryo cells. 
Subsequent studies' indicated that MCMV-DNA could be detected in a m  nts equivalent to 3 to 4 
virus g e n m s  per 100 latently infected spleen cells. Mayo, et al.,Y reported a model of 
MCMV latency in which latent virus could be reactivated in the salivary gland by immunosup- 
pression with cyclophosphamide. In addition, transfer o f  MCMV infection by inoculation of 
spleen cells from latently infected mice into both syngeneic and allogeneic recipient mice 
was demonstrated and could b$ enhanced by pre-treatment of recipient animals with cyclophos- 
phamide. In our laboratory, a model of latent HCHV infection in which virulent virus can be 
reactivated with anti-lymphocyte serum and cortisone has been developed. Mice undergoing 
reactivation of latent MCHV developed widespread disease involving predominantly the liver 
and lung, which are the major organs involved in CHV infections of immunosuppressed human 
patients. In this model, it has not yet been possible to activate latent MCMV from spleen 
cells, and the site(s) of virus latency remains undefined at present. Further investigation 
of these murine models will undoubtedly provide important information on the pathogenesis of 
latent CHV infection in van. 

MURINE MODELS OF CYTOMEGALOVIRUS LATENCY, M ,  C. Jordan, Department of Medicine and 
Reed Neurological Research Center, UCLA, Los Angeles, CA 

described latent HCHV infection of splenic B lymphocytes which could be 

1 .  Olding, L. B . ,  et al. i. 3. 9. 141:561-572, 1975. 
2. Olding, L .  B., et al. J.  Gen. Virol. 33:267-280, 1976. 
3. Hayo, D. R . ,  et al. &267:721-723, 1977. 
4. Jordan, M. C., et al. I. e. w. 37:419-423, 1977. 
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A 305 ribonucleic acid has been identified in rat and mouse cells with properties of a 
defective endogenous virus. 
it had been incorporated into Kirsten sarcoma virus by recombination. 
RNA has been previously classified as type-C viral in nature based on many properties in 
common with other helper-independent endogenous type-C viruses: (1) The genetic information 
is present in multiple copies in the DNA of their species of origin. (2) The genetic infor- 
mation is inducible t o  high levels of expression with halogenated pyrimidines. (3) The 30s 
RNA is specifically pseudotyped by helper-independent type4 viruses. ( 4 )  The 30s RNA forms 
multimeric structures with itself, presumably dimers, like retravirus RNA. Cells expressing 
this type-C like RNA,however,do not make viral particles or antigens cross-reactive with 
known helper independent type-C viruses. Up to now, evidence has been lacking in the 
definition of this RNA as viral with regards to the transmissibility of this RNA. The 
current studies will show that both the 30s rat RNA and the 30s mouse RNA can be transmitted 
in pseudotype form to heterologous cells. 
RNAhas been transmitted to bat lung cells. 
mouse RNA has Been transmitted to certain rat cells. 
RNA can be transmitted t o  het-ologous cells and further strengthen the thesis that this 
RNA is a replication-defective endogenous virus. Furthermore, the experiments emphasize 
the necessity of detailed pedigrees for retravirus clones since, if at any time a virus has 
been grown in a cell expressing another def'ective endogenous virus, viral stocks may be 
contaminated by species of RNA that are not readily appreciated. 

CHARACTERIZATION OF A DEFECTIVE ENDOGENOUS VIRUS OF MURINE CELLS, Edward M. 
Scolnick, Richard Howk, and William Vass, Tumor Virus Genetics Laboratory, 
National Cancer Institute, Bethesda, Maryland 20014 

The rat 30s RNA was originally recognized because a portion of 
This endogenous 30s 

A woolly leukemia virus pseudotype of the rat 
A Holoney leukemia virus'pseudotype of the 

The data provide proof that the 30s 
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University Modical Center, Stanford, CA 94305. 
Markers of hepatitis B virus tend t o  be stable in patients chronically infected for 1 year or 
longer with this virus. 
assess the effect  of two antiviral substances. Thirteen patients with established chronic 
active or persistent hepatitis and detectable Dane particles in serum were treated with 
interferon ( I F )  and 6 with adenine arabinoside (VIM-A). 

Dosages of interferon26 x lo3 u/kg produced a rapid f a l l  in the level of Dane particle 
associated polymerase (DNAP) in a l l  13 patients. Two were treated for only short periods, 
b u t  the remainder are being given long term therapy in an attempt to  eradicate the infection. 
In one man and both of the women treated daily for more than 1 month. DNAP f e l l  to  
undetectable levels and failed t o  return over several months of observation a f te r  IF was 
discontinued. Additionally these 3 patients had significant redktions of HBsAg t i t e r .  
permanent 4 fold reduction of HBsAg t i t e r  by CF was observed in the male patient and both 
female patients became HBsAg negative by RIA. Parallel changes in HBsAg were noted by FA in 
l iver biopsies. Serum from one female patient was tested a f t e r  interferon therapy for 
infectivity i n  chimpanzees. I t  was not  infectious when undiluted, b u t  prior t o  treatment i t  
was infectious a t  10-8 dilution. 

Dane particles failed to  return in the only woman so treated and she had a 256 fold f a l l  in 
HBsAg t i t e r .  
was not complete but i n  al1,DNAP was suppressed during treatment in a dosage dependent 
fashion up toZ90% with no significant changes in HBsAg t i t e r  detected. 

highest dosage level employed. Init ial  fever, fatigue, and malaise were comnon with higher 
dosage IF therapy. Transient cramping abdominal pain and weight loss were observed in some 
VIM-A treated patients a t  15 mg/kg, the highest dosage level employed. 

These studies are being extended t o  confirm the in i t ia l  findings and t o  detenine the 
optimal dosage regimep which wi 11 produce permanent eradication of viral markers. Correlations 
between changes in virologic markers, infectivity. and l iver function are being carefully 
studied. 
patients are being enrolled to  establish whether or not they are mom responsive to  the 
treatment regimen. 

ANTIVIRAL THERAPY IN HEPATITIS B INFECTION. Thomas C. Ibrigan, Joseph L. Smith, 
Richard B. Pollard, E. Andrew Neal, Vinod Sawhney, Peter B. Gregory, and William 
S. Robinson, Divisions of Infectious Diseases and Gastroenterology, Stanford 

Assays for HBsAg and Dane particle markers in serum were used t o  

A 

Similar effects on the DNAP levels were observed with VIRA-A administration a t  2 2.5  mg/kg. 

Her DNAP was totally suppressed during treatment. However in 5 men,  the effect  

Decreased white blood cell or  platelet  counts were observed with bo th  substances a t  the 

Studies of combinations of interferon and VIRA-A have begun and additional wmen 
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A variable evolution of disease is observed for infection with the human Hepatitis viruses. 
Hepatitis B virus (HBV) appears to be non-cytopathic, and evidence has implicated immunologic 
mechanisms in the pathogenesis of both hepatic and extrahepatic disease. Immune responses to 
HBV coded antigens as well as to hepatocyte autoantigens have been observed. A pattern of 
these responses has been observed to correlate with the biological evolution of infection as 
acute self-limited infection or development of chronic disease. An immunologically hyper- 
responsive state in respect to selected antigens is variably observed. This is manifest by 
the presence of anti-hepatocyte surface autwntibody, excessive responses to selected viral 
antigens, increased NK lymphocytes cytotoxic to Chang cells, aberrant function of T lymphocyte 
E receptor function, a humoral innnunopotentiating factor, and reduced cell mediated suppres- 
sion of lymphocyte responses to allogeneic cells. 
infections has been characterized and divided into two types, one intrinsic to the lymphocyte 
and the other secondary to the presence of a humoral factor. 
receptor function is induced in most individuals with acute HBV infection, it is frequently 
persistent, it does not correlate with biological evolution or recovery, and it is not rever- 
sible upon in vitro short term culture. 
cultures of lymphocytes and has been attributed to the 

density of 1.050 g m / m l .  
binds to a specific lymphocyte receptor with a density of approximately 2,900 receptors per 
cell and a binding affinity of 9.3 x l0loL/M. 
%on-A, non-B". 
in 93% of slowly resolving active hepatitis or chronic active hepatitis. 
effect of RIF has been explored in mice where it appears to potentiate the innnune response 
to heterologous antigen. Studies of suppressor cell function of acute viral hepatitis indi- 
cates a selective and transient loss of capacity of mononuclear cells to suppress the MLC 
reactivity of a standard responder cell. These data suggest that RIP might function through 
the suppression of T suppressor cell differentiation or other selected T cell functions that 
facilitate potentiation of immune responsiveness to selected antigens. These observations 
suggest that the pattern of regulation of the iuunune response influences the pathology and 
evolution of disease. 

IMMUNOREGULATORY EVENTS IN HEPATITIS B VIRUS INFECTIONS. Thomas S. Edgington, 
Department of Molecular Immunology, The Research Institute of Scripps Clinic, 
La Jolla, California 92037. 

T lymphocyte E receptor function in HBV 

The intrinsic defect in E 

The extrinsic defect is reversible in short term 
resence of an inducible serum factor 

(RIF). This factor has been purified, is active at 10- P 3M, and is a lipoprotein with a 
It is composed of apolipoprotein chains B ,  AII, and CIII; and it 

RIF is induced by hepatitis viruses A, B, and 
It is present transiently during acute disease but when persistent is found 

The biological 
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Medicine, Houston, T X  77030. 
Patients with primary carcinoma of the l iver (hepatoma) have a high prevalence of persistent infection with 
hepatitis B virus (HBV). Three interpretations have been offered for this association of HBV infection and 
liver cancer. 
(1) HBV infects patients with liver cancer or with cirrhosis (a precursor condition), who have a high sus- 
ceptibility to infection and the development of the chronic carrier state. However, in areas of high hepa- 
toma prevalence, HBV carrier infections occur most frequently in childhood, and it seems that the virus 
carrier state occurs before the tumor and not after. 
(2) The vinis carrier state is  a cause of cirrhosis, and the hepatoma arises from regenerative nodules by 
mechanisms in which HBV i s  not involved. This view is  supported by finding an increase of hepatoma 
among alcoholic cirrhosis patients, but many cases (perhaps the majority) of hepatoma associated with 
HBV develop in persons without cirrhosis. 
(3) HBV i s  an oncogenic virus transforming the liver cel ls i t  invades. Other cocarcinogenic influences 
might be necessary for the induction of the cancer; these might be genetic, hormonal, immunologic or en- 
vironmental. 
I f  HBV is an essential oncogenic factor, then prevention of hepatitis B infection by vaccination should 
also reduce the occurrence of hepatoma. Such vaccines are now under study. 

EVIDENCE FOR THE ASSOCIATION OF A CHRONIC DISEASE (LIVER CANCER) WITH A 
PERSISTENT VIRUS (HBV), Joseph L. Melnick, Department of Virology, Baylor College of 

Vimids, Insertion Sequences, Naked Genome: Do They Have Countwparts.in 
Animls and in Man? 
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Recent evidence ind icates t h a t  recombination between s t r u c t u r a l l y  d i sc re te  and ancestora l ly  
unrelated segments o f  DNA may p lay a major r o l e  i n  genome evolut ion.  I nse r t i on  sequence ( IS )  
regions and transposable genetic elements (Tn elements) are impl icated i n  such " i l l e g i t i m a t e "  
recombinational events, which i n  Escherichia c o l i  are independent o f  the bac te r ia l  =A gene 
product. 
l eas t  some transposable genetic elements appear t o  serve as recogni t ion s i t e s  f o r  the 
i n te rac t i on  of DNA w i t h  the prote ins involved i n  i l l e g i t i m a t e  recombination. 
some elements seems t o  invo lve regional spec i f i c i t L ;  the s i t e  o f  i n s e r t i o n  may be i n  the 
general v i c i n i t y  o f ,  but  n o t  exact ly  a t  the same s i t e  as, the recogni t ion sequence. I n  
other  instances, recombination i n  v ivo can be accomplished by the combined i n t r a c e l l u l a r  
act ion of the DNA l i gase  and p r G i a y  characterized r e s t r i c t i o n  endonucleases such as 
the &RI enzyme. 
shown t o  be cleaved and jo ined by the same enzymes using i n  v i t r o  recombinant DNA techniques. 
Such f ind ings suggest t ha t  an important b io log i ca l  f unc t i on  o f e  so-cal led " r e s t r i c t i o n "  
endonucleases may be s i t e -spec i f i c ,  i l l e g i t i m a t e  genetic recombination. 

TRANSPOSABLE GENETIC ELEMENTS, RESTRICTION ENOONUCLEASES, AN0 GENOME EVOLUTION, 
S. N. Cohen, S. Chang, J. Chou, P. Kretchmer and C. A. M i l l e r ,  Stanford Univers i ty  
School o f  Medicine, Stanford, CA 94305. 

Inver ted repeats o r  pal indromic n u c m i d e  sequences present a t  the termin i  o f  a t  

I nse r t i on  o f  

I n  these cases, recombination occurs i n  vivo a t  p rec i se l y  the same s i t e s  

230 
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Bactexial andextrachromosomalhlAs contain a v a r i e t y  of noncoding sequences: t h e s e  include 
regulatory sequences (promotors, operators, i n i t i a t o r s ) ,  un t r ans l a t ed  " leader"  sequences 
and s p e c i f i c  recombination sequences (RS u n i t s )  (5). Many of t hese  RS u n i t s  appear t o  
be t r anspos ib l e ,  e i t h e r  p e r  se, or as subsect ions of l a r g e r  un i t s .  Available evidence 
suggests  t h a t  RS u n i t s  and perhaps "f ixed" noncoding sequences do not t o l e r a t e  t h e  same 
degree of nucleot ide divergence as s t r u c t u r a l  genes; t hus  homologous non-coding u n i t s  
may occur i n  t h e  MAS of d ive r se  taxa.  
by providing favourably posi t ioned t a r g e t s  f o r  recombination events .  (2.3).  It  follows 
t h a t  t he  t r a n s p o s i b i l i t y  of genes within and between r ep l i cons  in s ide  one c e l l  must be 
coupled t o  e f f e c t i v e  mechanisms f o r  polynucleot ide exchange between cells to realise i t s  
f u l l  evolut ionary p o t e n t i a l .  The r e s u l t i n g  composite process  is dubbed coupled evo lu t ion  
(3.4). It 
is shown that plasmids drawn from a c o m n  eco log ica l  source and carrying a v a r i e t y  o f  
adven t i t i ous  genes can promiscuously i n f e c t  mu l t ip l e  bacterial genera. 
suggested t h a t  phages, l i k e  plasmids,  o f t e n  c a r r y  "somatic" genes but t h a t  t h e s e  are less 
l i k e l y  t o  be detected i n  exporilaental  s i t u a t i o n s  because o f  t h e  lytic e f f e c t  of phages on 
t h e i r  hosts .  "Conversion" phages then,  are bel ieved to  be t h e  r u l e ,  not  t h e  exception. 

appear c r u c i a l l y  involved i n  genane evolut ion (1). Some i deas  concerning poss ib l e  r o l e s  
f o r  t h e s e  sequences a r e  presented i n  the  context  of support ing data .  Nucleotide rearrange- 
ments may also occur a t  t h e  RNA l e v e l  as exemplified by t h e  apparent  coalescence o f  non- 
contiguous sequences during t h e  genes i s  of mRNA i n  adenovirus.  Co l l ec t ive ly ,  t hese  da t a  
suggest  t h a t  polynucleot ides  a r e  much more dynamic and p l a s t i c  s t r u c t u r e s  than  had been 
supposed. 

References: (1) B r i t t e n  R.J. and Davidson E.H. (1976). Fed. Proc. 35 2151-2157. 

POSSIBLE ROLES FOR NONCODING POLYNUCLEOTIDE SEQUENCES I N  ADAPTIVE GEWTICS, 
D.C. Reanney, Department of Biochemistry, Lincoln College,  Canterbury, New Zealand. 

Such u n i t s  p l ay  a hinge role i n  adapt ive gene t i c s  

Data presented i n  t h i s  paper i l l u s t r a t e  t h e  p r i n c i p l e s  of coupled evolut ion.  

It is also 

Among higher  organisms, noncoding sequences, of s i m i l a r  modal l eng th  t o  R S  u n i t s  

(2)  Cohen S.N. (1976). Nature 263 731-738. 
(3) Reanney D.C. (1976) Bac te r io l  Rev. 40 552-590. 
(4) Reanney D.C. (1977) Brookhaven Symposium i n  Biology no. 29,N.Y. i n  p re s s .  
(5) Yagi Y.  and Clewell  D.B. (1977). J. Bac te r io l  129 430-406. 
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o f  Genetics,  Universi ty  of Ca l i fo rn ia  a t  Davis, Davis, Ca l i fo rn ia  95616. 
Lambda lysogens of E .  c o l i  reproduce more rapidly than isogenic  nonlysogens when mixed 
populat ions of b a c t e r i a  a r e  grown i n  glucose l iml t ed  chemostats.  
P2 and Mu a l s o  show a reproductive growth advantage i n  glucose l i m i t e d  c h e m s t a t s .  In  
batch cu l tu re s .  i n  which growth is  not l imi t ed ,  lysogens and nonlysogens a r e  equa l ly  f i t .  
The ou te r  membrane p ro te in  composition of chemostat grown b a c t e r i a  is  d i f f e r e n t  from 
t h a t  observed i n  batch grown b a c t e r i a  even though the  carbon source i s  the  same. 
Moreover, t he  presence of the lambda prophage r e s u l t s  in an a l t e r a t i o n  of t he  amount 
of the b a c t e r i a l  major o u t e r  membrane p ro te ins .  
presented suggest ing tha t  the presence of prophage and plasmid DNA i n  b a c t e r i a  confe r s  
a reproduct ive growth advantage t o  such b a c t e r i a  in add i t ion  t o  i n f e c t i o n  immunity and 
r e s i s t ance  t o  a n t i b i o t i c s  and c o l i c i n s .  This  increased reproduct ive f i t n e s s  of 
lysogens may account for the  CO-eVol~tion of plasmid and prophage DNA i n  b a c t e r i a  and 
might exp la in  the  ubiqui ty  of v i r a l  DNA i n  higher  organisms a l s o .  

INCREASED REPRODUCTIVE FITNESS OF E. COLI LYSOGENS GROWN I N  CHEMOSTATS 
CORRELATE WITH CHANGES I N  OUTER MEMBRANE PROTEINS, Gordon Edlin,  Department 

Lysogens of phage P1 ,  

A specu la t ive  hypothesis  w i l l  be 
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579 VIROIDS: AUTOIEJDUCING REGULATORY WAS? T. 0. Diener, Plant Virology Laboratory, 
Agricultural Research Service, U. S. Department of Agriculture, Beltsvil le,  :ID 20705. 

Viroids are low molecular weight RiAs that are present in certain plants a f f l ic ted  with speci- 
f i c  maladies. Viroids are not detectable in healthy individuals of the same species but, when 
introduced into such individuals, they replicate and cause the appearance of the characterist ic 

responsible for  a number of destructive diseases of crop plants (2). Electron microscopy o 
disease syndrom (1). Vimids are the smallest. la-~m agents of infectious disease; 

native viroids discloses a uniform population of seemingly double-stranded rods of about 500 
length (3). After denaturation, two ypes of mlecules are evident: a majority of l inear,  
single-stranded mlec  es, about 900 f long, and a minority of covalently-closed circular 
mlecules, about l l O 0 1  long (4). Both types of molecules are infectious (5). Although for- 
mation of hairpin s t m t u r e s  and collapsed circles indicate the presence of large regions of 
i n t r w l e c u l a r  complementarity, thermal denaturation and other properties of viroids demn- 
s t r a t e  that they are not regularly base-paired structures (6. 7). V i r u i d s  are not translated 
in several cell-free protein-synthesizing systems (8) and no new proteins are detectable in  
infected plants (9). Replication of viroids occurs in the ce l l  nucleus (11) and i s  actinomycin 
&sensitive (10). Sequences complementary t o  one viroid are present in the DNAS of uninfected 
and infected host plants (12). Based on these properties, a speculative model of viroid RW 
replication and pathogenesis w i l l  be presented. Viroids are cmsidered as abnormal regulatory 
RNAs that  are able t o  interfere directly with gene regulation in the i r  hosts. 

(1) Diener, T. 0. (1971), Virwtogy 45:411; (2) Diener, T. O., and Hadidi, A. (1977), In Com- 

(19771, Viirology 76:477; (5) Owens, 
R. A., Exes  E., Hadidi, A., Steere, R. L., and Diener, T. 0. (1977), p r o r  NatZ. Acad. Sci. 
U.S.A. 74:3859; ( 6 )  Diener, T. 0. (1972), ViroZogy 50:606; (7) Henco, K.,  Riesner, D., and 
%ger,-h.  L. (1977), Nucleic Acid8 Reeemch 4:177;-(8) Davies, J. W., Kaesberg, P.,  and 
Diener, T. 0. (1974), Virology 61:281; (9).Zai&n, El., and Hariharasubramanian, V. (1972), 
Virotogy 47:296; (10) Diener, TO., and Snuth, D. R. (1975). ViroZogy 63:421; (11) Takahashi, 
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580 AONKEY DNA SEQUENCES I N  DEFECTIVE SV40 VAKIANTS, M. S i n g e r ,  M. Rosenberg,  H.  
Kosenberg, T. HcCutchan, T.  Wakamiya and S .  S e g a l ,  L a b o r a t o r i e s  o f  Biochemis t ry  and 
d o l e c u l a r  Bio logy ,  Nat iona l  Cancer I n s t i t u t e ,  Bethesda ,  MD 20014. 

netween 10 and 20 p e r c e n t  o f  t h e  genome o f  t h e  A f r i c a n  Green monkey i s  a s i n g l e  h i g h l y  repe-  
t i t i v e  c l a s s  o f  DNA termed a-component. The b u l k  o f  t h e  u-component c o n s i s t s  o f  long tandem 
r e p e a t s  o f  a segment t h a t  is 172 bp i n  l e n g t h .  A s i n g l e  endo R-Hind111 s i t e  o c c u r s  w i t h i n  
most o f  t n e  172 bp r e p e a t s  p e r m i t t i n g  i s o l a t i o n  o f  t h e  monomeric u n i t .  An unambiguous se- 
quence d e f i n i n g  t h e  most abundant n u c l e o t i d e  a t  e a c h  o f  t h e  172 p o s i t i o n s  i n  t h e  monomer has 
been de termined  by both  d i r e c t  DNA and cRNA-fingerprint  methods.  However t h e  d a t a  i n d i c a t e  
t n a t  t h e  many r e p e a t s  o f  t h e  172 bp monomer u n i t  a r e  n o t  i d e n t i c a l .  
pea ted  DNA component i s  a s e t  o f  c l o s e l y  r e l a t e d  sequences  d i f f e r i n g  from one a n o t h e r  a t  one 
o r  a few r e s i d u e s :  t n e  sequence  d i v e r g e n c e  a p p e a r s  t o  be nonrandom. N e i t h e r  t h e  
number o f  members in t h e  s e t  nor  t h e i r  r e l a t i v e  f requency  i s  known. The d a t a  do show t h a t  
t n e  most abundant r e s i d u e  a t  each p o s i t i o n  o c c u r s  i n  a t  l e a s t  90 p e r c e n t . o f  t h e  members o f  
t h e  set .  
s e n t  t h e  s t r u c t u r e  o f  any  member o f  t h e  s e t .  
Some o f  t h e  d e f e c t i v e  v f i r i a n t s  o f  SV40 t h a t  a r i s e  upon h igh  m u l t i p l i c i t y  s e r i a l  passage  o f  
v i r u s  i n  A f r i c a n  Green monkey c e l l s  c o n t a i n  c o v a l e n t l y  l i n k e d  monkey and wi ld  t y p e  v i r a l  DNA 
sequences.  In a l a r g e  p r o p o r t i o n  o f  t h e s e  recombinant ( s u b s t i t u t e d )  v a r i a n t s  a p o r t i o n  o f  t h e  
monkey DNA i s  homologous t o  a-component. We have compared t h e  n u c l e o t i d e  sequence  o f  t h e  
monomer of a-component wi th  t h a t  o f  t h e  homologous sequences  i n  two i n d e p e n d e n t l y  d e r i v e d  
d e f e c t i v e  v a r i a n t s .  In e a c h  o f  t h e  two v a r i a n t s  t h e  homologous sequences  d i f f e r  from one  
a n o t h e r  i n  l e n g t h  and a r e  l e s s  t h a n  a comple te  copy o f  t h e  172 bp fragment but  r e p r e s e n t  over -  
l a p p i n g  p o r t i o n s  o f  t h e  monomer. Within t h e  r e g i o n  o f  t h e  monomer common t o  b o t h  d e f e c t i v e s  
t n e r e  a r e  v a r i a t i o n s  i n  sequence i n  a few r e s i d u e s ,  s u g g e s t i n g  t h a t  d i f f e r e n t  members o f  t h e  
set o f  sequences  c w p r i s i n g  t h e  monomer may have been i n c o r p o r a t e d  i n  e a c h  c a s e .  In s e v e r a l  
i n s t a n c e s  t h e  sequence d a t a  d e f i n e  j o i n t s  between a-component monomer sequence and o t h e r  se -  
quences .  In  some c a s e s  t h e  j o i n t s  a r e  wi th  wi ld  t y p e  SV40 DNA and i n  o t h e r s  t h e  j o i n e d  com- 
ponent may r e p r e s e n t  low r e i t e r a t i o n  f requency  monkey DNA. 
The meChaniSm(S) by which t h e  SV40-monkey recombinants  a r i s e  i s  n o t  unders tood .  Both h y b r i -  
d i z a t i o n  exper iments  and sequence  d a t a  show t h a t  t h e  monomer h a s  no e x t e n s i v e  homology t o  
wi ld  t y p e  SV40 sequences :  t h e r e  a r e  however s h o r t  r e g i o n s  o f  homology n e a r  t h e  j o i n t s  a s  w e l l  
a s  i n  o t n e r  r e g i o n s  o f  t h e  monomer. 
tne sequences  surounding  t h e  j o i n t s  may be involved  i n  t h e  r e c o m b i n a t i o n a l  e v e n t s  l e a d i n g  to 
format ion  o f  d e f e c t i v e  v i r u s e s .  

Thus,  t h e  h i g h l y  re- 

N e v e r t h e l e s s ,  i t  is i m p o r t a n t  t o  n o t e  t h a t  t h e  de te rmined  sequence  may n o t  r e p r e -  

These homo.logies a s  w e l l  a s  c e r t a i n  o t h e r  f e a t u r e s  o f  
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Blyxoviruscs and paramyxoviruscs posscss two su r face  glycoprotcins  which arc involvcd i n  
s i m i l a r  r eac t ions  with c c l l s ,  however i n  t h e  two v i ruscs  t h c  b io log ica l  a c t i v i t i c s  a r c  d i s t r k  
buted d i f f c r e n t l y  among the  p ro te ins .  i n  myxoviruscs, r cccp to r  binding is as soc ia t cd  w i t h  onc 
pro te in  (HA) and ncuraminidasc a c t i v i t y  with another  (NA), whcrcas i n  paramyxovirus thcsc  acti-  
v i t i e s  r e s i d e  in  one p ro te in  (IIN) and t h e  o t h c r  glycoprotcin (I:) is involvcd in c c l l  fusion,  
hcmolysis,  and i n i t i a t i o n  o f  i n fcc t ion .  In both v i ruscs  host-dcpcndcnt p r o t c o l y t i c  clcavagc 
o f  a precursor  giycoprotcin,  y i e ld ing  two disulfidc-bondcd polypcpt idcs ,  a c t i v a t e s  o r  cnhanccs 
i n f c c t i v i t y ;  i n  myxoviruscs, t he  IIA p ro t c in  is clcavcd and i n  paramyxoviruscs, t h c  I: pro te in .  
Act ivat ion of  i n f e c t i v i t y  appcars t o  bc a t  t hc  pcnc t r a t ion  s t c p ,  and i n  paramyxoviruscs i s  
co r rc l a t ed  with a c t i v a t i o n  of hcmolysis and c c l l  fusion,  including fus ion  hctwccn v i r a l  and 
c c l l  mcmbrancs. 
myxovirus IIN pro te in  i s  func t iona l ly  analogous t o  both HA and N A  of myxoviruscs. whcrcas t h c  
paramyxovirus I: pro tc in  i s  analogous t o  IIA o f  myxoviruscs with rcgard t o  i n i t i a t i o n  o f  i n -  
f ec t ion  a c t i v a t e d  by clcavagc. Thcsc funct ional  i n t c r r c l a t i o n s h i p s  suggcst poss ih l c  cvolution- 
ary r e l a t cdncss  of t h e  p ro te ins  on thc  samc v i rus  a s  well  as  ac ross  v i r u s  groups. S tud ic swi th  
wild type (wt) and protcasc a c t i v a t i o n  (pa) mutants o f  paramyxoviruses and d i f f c r c n t  c c l l s  havc 
shown t h a t  host  protcascs rausc t h e  cleavagc and t h a t  host  rangc, t i s s u c  t ropism,  and sprcad of  
in fec t ion  through rnultiplc cyclcs  arc dctcrmincd by a v a i l a b i l i t y  o f  appropr i a t c  protcascs  in 
the  t i s s u c .  P o s s i b i l i t i e s  r a i sed  by thcsc  r e s u l t s  includc t h e  na tu ra l  occurrcncc of  mutants 
which could i n f e c t  t i s s u c  not i n fcc t cd  by w t  j i r u s ,  and f a i l u r e  o f  cleavagc bcing a f a c t o r  i n  
p c r s i s t c n t  i n fcc t ion  in  t h c  abscnce of production of i n fcc t ious  v i rus .  To i n v c s t i g a t c  furZhcr 
t h i s  b io log ica l ly  important cleavagc, t h e  prccursor  (Po) and polypcptidc clcavagc product (F1 
and F2) are being cha rac t c r i zcd  phys ica l ly  and chemical ly& 
o f  F1 polypeptides exposed by cleavagc o f  SV5, NDV, and Scndai v i rus  has rcvcalcd s t r c t c h c s  o f  
hydrophobic amino ac ids  which arc s t r i k i n g l y  s i m i l a r  i n  t h c  d i f f c r c n t  v i ruscs ,  support ing 
o t h e r  cvidcnce with d i f f e r e n t  proteascs  and pa mutants f o r  a s t r i c t  rcquircmcnt f o r  clcavagc 
a t  a s p e c i f i c  s i t e .  S tud ie s  with o l igopcp t idc  i n h i b i t o r s  of c c l l  fu s ion ,  hcmolysis,  and 
pene t r a t ion  by measles v i rus  havc rcvcalcd a s i m i l a r i t y  bctwccn t h c  s t r u c t u r e  o f  t h c  inhibi tors  
and t h e  N-terminal sequcncc of t h c  F1 polypcptidc of paramyxoviruscs, suggest ing t h a t  thcy may 
ac t  compet i t ively,  and again emphasizing t h e  importance o f  t h i s  rcgion o f  t hc  p ro te in  in 
b io log ica l  a c t i v i t y .  The cvidcncc suggcsts  t h a t  virus-induccd mcmbranc changes involved in  
c e l l  fu s ion ,  hemolysis, and v i rus  pcne t r a t ion  r e s u l t  from a c o n f o r i t i o n a l  changc in t h e  
glycoprotcin following cleavagc t o  y i c l d  a b io log ica l ly  a c t i v c  complcx o f  two d i s u l f i d e -  
l inbcd polypeptide chains .  

TIlE BIOLOGIC ROLE OF HOST-DEPCNDBNT CLEAVAGE OF VlRAL GLYCOI'ROTEINS. 
A .  Schcid,  f.1. C .  Craves, S .  b l .  S i l v e r ,  Thc Rocbcfcl lcr  Univ., Ncw York, N . Y .  10021 

P.W. Choppin, 

Thus with regard t o  rcccptor  binding and ncuraminidasc a c t i v i t i e s ,  t h c  para- 

Analysis o f  N-tcrminal scqucnccs 

582 HERPES SIMPLEX - NEURONAL INTERACTION DURING ACUTE A N D  LATENT INFECTION, Stevens,  J. 
Dept. of Microbiology a n d  Immunology. Univ. of CA. Los Angeles. CA 90024. 

Evidence from several experiments of d i f f e r i n g  designs,  when taRen toge the r ,  i n d i c a t e  t h a t  
latent Herpes simplex virus  i s  s e l e c t i v e l y  harbored in neurons (1.2). As i s  d e t a i l e d  
elsewhere ( 3 ) .  s t u d i e s  employing temperature s e n s i t i v e  mutants o f  t he  virus, both i n  vivo 
(nervous system o f  the  mouse) and i n  v i t r o  ( "d i f f e ren t i a t ed"  murine neuroblastoma c e l l s )  have 
been i n i t i a t e d .  Here, t h e  ul t imate  goal i s  a d e f i n i t i o n  o f  the biochemical events necessary 
f o r  t h e  establ ishment  and maintenance of l a t e n t  infections. 
pos i t i ve"  and " la tency negative" mutants have been inden t i f i ed .  

c h a r a c t e r i s t i c s  r e l a t i n g  t o  la tency have been defined. 
tive and DNA negative mutants have been found t o  e s t a b l i s h  l a t e n t  i n fec t ions  2 )  those mutants 
which synthesize the fewest morphologically inden t i f i ab le  v i r a l  products during acu te  in fec t ion  
a t  the restrictive temperature are the most l i k e l y  to  e s t a b l i s h  latent in fec t ions  3) t h e  
syn thes i s  of Imnediate Early (2 )  proteins appears n o t  t o  be s u f f i c i e n t  f o r  es tabl ishment  o f  
latent infections. ADDroDriate mutants and revertants of t hese  agents  a r e  now being s tud ied  

In the mouse, both." la tency 

Through addi t ional  biochemical and morphological s t u d i e s  both in  vivo and i n  v i t r o ,  several  
As examplse, 1 )  both v i r a l  DNA pos'i- 

g rea t e r  d e t a i l ,  p a r t i c u l a r l y  i n  "d i f f e ren t i a t ed"  neuroblastomai maintained i n  v i t r o .  
Stevens,  J.G. Latent Herpes Simplex Virus and the Nervous System. Current Topcis i n  
Microbiology and Imunology. 70: 31(1975) 
Stevens,  J.G. Advances i n  Cancer Res. 
In press.  
Lofgren, K . W . ,  Stevens,  J.G., Marsden, H.S., and Subak-Sharpe, J.H. Temperature Sens i t i ve  
Mutants o f  Herpes Simplex Virus Di f f e r  in the Capacity t o  Es t ab l i sh  Latent In fec t ions  i n  
Mice. Virology 3: 44011977). 

Latent C h a r a c t e a s t i c s  o f  Selected Herpesviruses.  
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North C a r o l i n a  27514. 
The a s s o c i a t i o n  of t h e  Eps te in-Barr  V i r u s  w i t h  t h r e e  such  d i s p a r a t e  c o n d i t i o n s  a s  naso- 
pharyngea l  carcinoma (NPC), B u r k i t t ' s  lymphoma (BL), and i n f e c t i o u s  mononucleosis (IM) 
h a s  seemed p a r a d o x i c a l  inasmuch a s  NPC i s  a n  e p i t h e l i a l  malignancy, BL i s  a mal ignant  
lymphoma, and I M  r e p r e s e n t s  benign  l v m p h o p r o l i f e r a t i o n .  The r e c e n r  i d e n t i f i c a t i o n  o f  a 
miss ing  l i n k  i n  t h e  p a t h o g e n e s i s  of EBV i n f e c t i o n ,  namely t h e  primary t a r g e t  c e l l  o f  
i n f e c t i o n ,  makes i t  p o s s i b l e  t o  c o n s t r u c t  a u n i f i e d  p a t h o g e n e t i c  scheme f o r  a l l  t h r e e  
c o n d i t i o n s .  In  t h i s  scheme pr imary  i n f e c t i o n  w i t h  r i r u s  r e p l i c a t i o n  i n  r e n p i r a t - c r y  
e p i t h e l i u m  mediated by v i rus- induced  DNA polymerase o c c u r s  i n  a l l  t h r e c  c o n d i t l u n s .  
Secondary i n f e c t i o n  w i t h  l i m i t e d  v i r a l  DNA r e p l i c a t i o n  i n  lymphocytes i s  a key f e a t u r e  
o f  b o t h  BL and I M .  The plasmid form of t h e  EBV genome h a s  a c e n t r a l  r o l e  a t  t h e  molecular  
l e v e l .  It is  presumed t o  be  t h e  form i n  which l a t e n t  EBV genome p e r s i s t s  and can  be 
r e a c t i v a t e d  i n  c e l l s ;  t h e  plasmid may media te  c o v a l e n t  i n s e r t i o n  of v i r a l  dtmes i:;to 
host.chromosoma1 DNA; and ,  p o s s i b l y  benign  B-cell  l y m p h o p r o l i f e r a t i o n  i n  I M  may be  a 
consequence of e x p r e s s i o n  o f  genes i n  t h e  EBV p lasmid .  
bo th  i n  lymphocytic and e p i t h e l i a l  c e l l s  is  accounted  f o r  by t h i s  scheme and would be 
a n e c e s s a r y  element o f  t h e  mechanism o f  t h e  t h r e e  d i s e a s e s .  

EPSTEIN-BARR VIRUS INFECTION OF EPITHELIAL CELLS AND LYMPHOCYTES, Joseph  S.  Pagano, 
M.D., Cancer Research C e n t e r ,  The U n i v e r s i t y  of North C a r o l i n a ,  Chapel H i l l ,  

The p e r s i s t e n c e  of v i r u s  genome 

584 PERSISTLNT NuLV IIJFECTION IN  WILD MICE, Murray B .  Gardner', Vaclav Klemcnt2, 
Suraiya Rasheedl, Robert  W.  Rongey', John 0. Estes' and P. R~y -Burman l .~ ,  
Departments o f  Pathology' ,  P e d i a t r i c s  and F l i c rob io logy2 and Biochemi s t r y 3 ,  
U n i v e r s i t y  of Southern C a l i f o r n i a  School o f  Medicine, Los Angeles, C a l i f .  90033 

Pers i s ten t  1 i f e long  i n f e c t i o n  w i t h  endogenous murine leukemia v i r u s  (I.luLV) cha rac te r i zes  a 
c e r t a i n  popu la t i on  of  w i l d  mice ( I h s  musculus) l oca ted  a t  a squab farm near Lake Cas i tas  (LC) 
i n  southern Ca l i f o rn ia .  
IluLV, p r i m a r i l y  by maternal  m i l k .  
o the r  tumors, a l l  occu r r i ng  a f t e r  8 months o f  age. The lymphomas a re  o f  B c e l l  o r i g i n ,  a r i s e  
i n  spleen and bone marrow, and u s u a l l y  te rmina te  w i t h  leukemia. Lower l i m b  p a r a l y s i s  i s  
caused by d i r e c t  non-immunogenic i n j u r y  t o  lower motor neurons i n  the  lumbar sp ina l  cord.  An 
autogenous humoral immune response t o  the  c o n g e n i t a l l y  acqu i red  v i r u s  i s  n o t  de tec tab le .  
Passive imnun iza t ion  o f  newborns w i t h  heterologous a n t i - v i r u s  an t iserum reduces i n f e c t i o u s  
v i r u s  expression a t  weanl ing age. 

The endogenous MuLV cons is t s  o f  a m ix tu re  o f  amphotropic, eco t rop i c ,  and xenot rop ic  v i r u s  
c lasses. The aniphotropic v i r u s  i s  most p reva len t  and i s  a new c lass  o f  l1uLV; i t  i s  no t  a 
recombinant o f  known v i ruses .  Exper imenta l l y  t he  amphotropic v i r u s  induces lymphoma w h i l e  
the  eco t rop i c  v i r u s  induces p a r a l y s i s  as w e l l  as lymphoma. Except f o r  a s h o r t e r  l a t e n t  
pe r iod  t h e  induced diseases i n  bo th  mice and r a t s  c l o s e l y  resemble the  n a t u r a l  d iseases i n  
LC mice. 

A smal l  m i n o r i t y  (215%) o f  LC mice escape congen i ta l  i n f e c t i o n ,  even though t h e i r  l i t t e r -  
mates may be in fec ted ;  these un in fec ted  mice a re  a l s o  apparent ly  r e s i s t a n t  t o  n a t u r a l  con tac t  
o r  venereal i n f e c t i o n  b u t  a re  suscep t ib le  t o  i nocu la ted  v i r u s .  They g e n e r a l l y  remain pe r -  
s i s t e n t l y  noh-vireni ic and a re  f r e e  o f  lymphoma and p a r a l y s i s .  By s e l e c t i v e  breed ing  i n  the  
l abo ra to ry  o f  non-viremic LC mothers, bo th  lymphoma and pa ra l ys i s ,  bu t  n o t  t he  o the r  tumor 
types, a re  e l im ina ted  i n ' t h e  progeny. The t o t a l  evidence thus c o n c l u s i v e l y  shows t h a t  i n -  
digenous biuLV i s  the  essen t ia l  e t i o l o g i c  de terminant  o f  lymphoma and p a r a l y s i s  i n  LC w i l d  
mice. The n a t u r a l  h i s t o r y  and charac ter i ' za t ion  o f  HuLV i n  LC w i l d  mice i n d i c a t e  tha t ,  i n  
several  major aspects, t h i s  i s  a d i f f e r e n t  system than t h a t  i n  lymphoma-prone labo ra to ry  mice. 

The g r e a t a j o r i t y ( , 8 5 % )  o f  LC mice a re  c o n g e n i t a l l y  i n f e c t e d  w i t h  
These mice a re  prone t o  lymphoma, p a r a l y s i s ,  and c e r t a i n  

Th is  research was supported by Cont rac t  number N01-CP-53500 w i t h i n  the  V i rus  Cancer Program 
o f  the  Nat iona l  Cancer I n s t i t u t e .  
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585 ROLE OF D.I., VIRUS MUTATION, AND HOST RESPONSE I N  RNA VIRUS PERSISTENCE. 
John J. Holland, Charlotte Jones, Bert Semler, Jacques Perrault and Lola Reid, 
Department of Biology, University o f  California, San Diego, La Jolla, Ca. 92093. 

He reported previously that long-term, persistent noncytocidal infection of BHK,, cells in 
culture by Vesicular Stomatitis virus requires the initial presence of defective interfering 
virus particles (DI), and found that DI remain present in the carrier cultures over years of  
persistence at 37OC ( 1  , 2 ) .  We report here the chemical and biological characterization of 
infectious virus and DI released from these carrier cells after more than four years of per- 
sistence. 
temperature sensitivity. Temperature sensitivity does not explain the lack of cytopathology 
in carrier cells since these cells survive incubation for 7 days at 25°C or 32'C. Virus 
mutations alone do not explain the lack of cytopathology since cloned virus free of DI 
destroys 100% of BHK,] cells exposed at any multiplicity, whereas this infectious virus 
mixed with DI from the carrier cells does not destroy all exposed BHK21 cells, and a new 
carrier state is readily reestablished. 
We will present data on the chemical characterization of infectious virus and DI isolated 
after 4 years of persistence and show evidence from oligonucleotide mapping that the in- 
fectious virus is a multiply mutant compared to the original input virus, and that many 01 
from carrier cells are unique in their oligonucleotide map patterns as compared to a variety 
of VSV DI from other sources (including the DI originally used to  establish the persistent 
infection). 
We will present data showing that tumorigenic BHK,] cells or Hela cells lose their tumori- 
genicity (as assayed in nude mice) when they are persistently infected with VSV and other 
enveloped RNA viruses. This appears to be due to reco nition o f  viral envelope proteins 
at the cell surface, and some radiation-sensitive cell8s) of the nude mice are involved. 
Although carrier cells do not usually form tumors in nude mice, they do form a benipn module 
from which carrier cells, carrier virus and DI can be reisolated after months or years in 
an in vivo environment. Preliminary characterization of these "in vivo" carrier cells, 
theF x s  and their DI will be presented. 
Finally, we will present recent information regarding DI prophylaxis of virus infection in 
mice and evidence regarding the uniqueness of the 3' terminus of VSV DI RNA as compared to 
the 3' OH end of the infectious virus from which they are derived (3). 

1. Holland, J.J. and Villarreal, L.P. (1974). Proc. Nat. Acad. Sci. U.S .A .  71: 2956-2960. 
2. 

The infectious virus is a very slow-growing, small plaque mutant with slight 

Holland, J.J., Villarreal. L.P.. Welsh. R . M ~ l d s t o n e ~ B . ~  Kohne. D Z  Lazzarini. R. . .  
and Scolnick, E. (1976). J. Gen; Virol; 33: 193-211. 

3. Perrault, J., Semler, B.LT, Evim.W:and Holland, J . J .  (1977). Negative Strand 
Viruses Vol. 3 B.U.J. Mahy and R.D. Barry, eds. Academic Press, London; in press. 
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586 ESCAPE FROM IKMJNOLOCIC SURVEILLANCE DURING PERSISTENT VIRUS INFECTION, Mich;iel 
8 .  A .  Oldstone, Michael Buchmeier, Raymond IJelsh, Department of ImmunopatholoRv, 
Scripps Clinic and Research Foundation, La Jolla, CA 92037.  

The biology of lvmphocytic choriomeningitis virus (LCMV) infection and the pathogenesis of 
assoriated tissue injury during persistent infection are becoming increasinglv well under- 
stood. Rerent investigations in our unit have defined the structural proteins of LCMV and 
their rote in the immune complex disease of persistentlv infected mice. Purified LCMV con- 
tains three major polypepti'des, a single nonglvcosylated nucleoprotein with an estimated 
molecular weight of 63,000, and two surface glvcoproteins of 54,000 and 35,000. Immunoglo- 
bulin eluted from the kidnevs of three strains of LCMV persistently infected mice reacts 
against all of the major viral polvpeptides of LCMV bv immunoprecipitation tests. In con- 
trast, antibody eluted from kidnevs of mice with immune complex disease unrelated to LCMV did 
not show deposition of  LCMV antigen in glomeruli and these mice did not react against LCMV 
antigens. Thus, it is clear that mice infected at birth with LCMV and persistentlv infected 
throughout their adult life make antibodies to all the known structural polypeptides of a 
virus and that these antibodies interact with LCMV antigens to form the immune complexes 
which deposit in their glomeruli, choroid plexus and arteries. 

In other experiments the expression of viral antigens on the surfaces of LCMV infected cells 
and the ability of such cells to escape immunologic attack by specifically sensitized cyto- 
toxic T lymphocytes or  antibody and complement were examined. Expression of viral antigens 
on the surfaces of infected cells peaked 2-4 days postinfection and thereby precipitously 
declined. Little or no viral antigen was expressed on the plasma membrane surfaces of per- 
sistently infected cells but LCMV antigens were clearly present in the cvtoplasms of most of 
these cells. Cells early after acute infection (days 2-4) were lysed by both virus specific 
antibodies and complement and immune T lymphocytes. To the contrary, antibody and complement 
did not kill persistently infected cells, but T lymphorytes did kill such cells although at 
significantly lower etficiencies than acutely infected cells. The expression of viral anti- 
gens on the surfaces of infected cells was regulated by the virus-cell interaction in the 
absence of immune reagents and was closely associated with the presence o f  defective inter- 
fering (DI) LCMV. DI LCMV blocked the synthesis and cell surface expression of LCMV anti- 
gens, and DI LCMV generation immediately preceded a precipitous reduction in cell surface 
antigenicity during acute infection. It is proposed that DI virus mediated interference with 
viral protein synthesis may allow cells to escape immunologic surveillance during persistent 
infection while still producing sufficient viral antigens to elicit immune responses. 
Supported by USPHS grants AI-09484, AI-07007 and NS-12428. 
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During the last  few years information has developed (1.2.3) indicat lng that two newly recog- 
nized papovaviruses are c i rcu la t ing  i n  the human population. 
(JCV) both belong i n  the polyomavirus genus o f  the papovaviruses. They have a weak antigenic 
relationship t o  each other and t o  SV40 through capsld antigens and a stronger relat ionship 
through T antigens. Serologic surveys hava revealed antibodies against BKV and JCV i n  normal 
h w n  populations i n  many parts of  the world. Prevalence of  antibodies i n  various age groups 
indicates that infections occur most commonly i n  childhood with BKV infections occurring 
ear l ie r  than those o f  JCV. 
evidence of past infection. 
culate completely independently. 
are quite distinct,viruses. 
cycle. Although BKV and JCV infect  large numbers of  people, t h e i r  f u l l  disease-producing po- 
ten t ia l  i s  not yet clear. Most primary infections occur i n  children but l i t t l e  i s  known of 
the nature of  such infections or of routes of  transmission. Fran a few clues, however, i t  
seems l i k e l y  that such infections are subclinical or mi ld and that excretion i n  ur ine i s  i m -  
portant i n  spread of virus. 
i n  persons with reduced imnune competence. BKV has been isolated repeatedly from the ur ine of 
persons with comprmised lmnunity due ei ther t o  disease or therapy, but there i s  l i t t l e  evi-  
dence that BKV i t s e l f  causes disease i n  these persons. 
associated with progressive multifocal Ieukancephalopathy (PML), which i s ' s  progressive, 
lethal  brain infection i n  persons who have defective imnunity due ei ther t o  
disease or therapy. JCV has been ident i f ied  i n  the lesions of 36 cases of PML (4,s). Whether 
or not JCV Causes other disease i s  not yet clear. JCV has been found i n  the ur ine of Imnuno- 
suppressed persons and i n  the urine of a pregnant woman (6), so there i s  evidence that the 
v i rus i s  act ive i n  extraneural tissues. Both JCV and BKV are oncogenlc i n  hamsters. JCV Is 
par t i cu la r ly  notable i n  that i t  induces a wide var iety of  malignant tumors i n  the nervous 
system o f  hamsters. 

I . )  Gardner. 5.. A. Field, 0. Coleman, 8. H u h ,  1971, Lancet I, 1253. 
D. Walker, G. ZuRheln, R. Eckroede, 8. Dessel, 1971, Lancet 1. 1257. 
Walker, 1976, Prog. Pled. Virol .  22, 1. 
L. Weiner, 1973, N. Eng. J. Med. %, 1278, 5.) Padgett, B., D.  Walker. G. ZuRhein, A. 
Hodech, S. Chou, 1976, J. Infect. DIs. m, 686. 
A. Field, P. Gibson, 1977, Lancet ii, 709. 

NATURAL HISTORY OF HUHAN POLVO).(AVlRUS INFECTIONS, Duard L. Walker and B i l l i e  L. 
Padgett, Department of Medical Microbiology, University o f  Wlsconsin Medical School. 
Madison, W I  53706. 

BK v i rus (BKV) and JC virus 

In Western Europe and the U.S.A.. 65-94 o f  adults have antibody 
Seroepidaiologic evidence also indicates that BKV and JCV c i r -  

This f i t s  wi th biologic and biochemical evidence that they 
A l l  data suggest that only h w n s  are involved i n  the natural 

BKV and JCV are opportunistic viruses that tend t o  become act ive 

JCV, on the other hand, i s  c lear ly  

2.) Padgett, B., 
3,) Padgett, B., D. 

4.) Narayan O., J. Penny, R. Johnson, R. Herndon, 

6.) Coleman, D., R. Daniel, S. Gardner, 

588 VIROLOGICAL STUDIES ON CENTRAL NERVOUS SVST€M DISEASES OF UNKNOWN ETIOLOGY. Richard 
I Carp and Richard Kascsak, Department of Virology. N. Y. S. I n s t i t u t e  fo r  Basic 
Research i n  Mental Retardation, ID50 Forest H i l l  Road. Staten Island, Waw York lO]lb 

Serological studies were performed on the sera of patients w i t h  amyotrophic la te ra l  sclerosis 
(ALS), the i r  contacts, neurologlcal controls and age-matched normal controls. 
responses t o  po l io  types I ,  2, and 3, herpes simplex, adeno and measles viruses were s imi lar  
fo r  the various groups. The spectrum of v i r a l  antigens was expanded to Include agents never 
before examined serologically I n  th is  disease. 
inh ib i t ion  antibody responses t o  a wide range of arbovlruses and a number o f  unclassified 
viruses were studied. Again no difference i n  response was noted among the d i f fe ren t  groups. 
CF antibodles to adeno-associated viruses (AAV) were also analyzed. The proportion o f  posl- 
t i v e  Individuals for the ALS group was significantly higher than the values obtained fo r  each 
o f  the other groups. Also. the proportion o f  positives i n  the ALS contact group was r i g n i f l -  
cantly higher than that seen fo r  the control groups. Explant cultures derived a t  autopsy 
from the CNS tlssues of 12 ALS cases were established and examined for:  CPE, changes a f te r  
fusion with various indicator c e l l s  and standard and I n t r i n s i c  interference. These tests 
yare negetlve. With the serologic data serving as the basis, rxpiant cultures were examined 
for the presence of AAV. 
aden0 virus, from the cervical cord and m s c l e  explant cultures of one ALS case and from the 
lumbar cord cul ture o f  another case. A l l  other ALS cases (5) and a l l  control cases (4). 
tested slmliarly. hew been negative. 
molecular ai terat lons occurring e i ther  i n  explant cultures or cultures treated w i th  CNS 
material from ALS o r  mult ip le sclerosis (MS) patients. A radioactive peak (TCA Insoluble) 
was observed i n  the cytopiasnic extracts o f  a high proportion o f  MS-treated cultures but only 
rarely seen i n  cultures infected with control material. 
protein but not RNA precursors, i n  rate zonal but not lsopycnlc density gradients. i n  eyto- 
plasmic but not nuclear extracts. 
l ished from suckling nice inoculated I C  wi th MS and normal human brain hacnogenates. Two o f  
3 MS explant cultures demonstrated a rate zonal peak o f  s imi lar  sedlmentation properties to 
that seen I n  I n  v i t r o  treated cultures. None o f  3 control cultures exhibited a s i n l l a r  peak. 
Current work 5- a t  investlgatlng the presence o f  t h i s  peak or other molecular changes 
In c e l l  cultures established frm various tissues of  MS. ALS and control Individuals. 

Antibody 

Complement f i xa t ion  (CF) and huugglut lnat fon 

Adeno-associated virus was Isolated. a f t e r  the addition o f  helper 

A series o f  experiments were i n l t l a t e d  to study 

The peak was seen employing DNA and 

I n  one experiment. brain explant cultures ware estab- 
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POSSIBLE ROLE OF HERPES VIRUS I N  THE CHRONIC CNS DISEASES. 
Hi l a ry  Koprowski, E L D . ,  The Wis ta r  I n s t i t u t e ,  36th and Spruce S t r e e t s ,  
Phi lade lphia ,  Pennsylvania 19104. 
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Herpes simplex v i r u s  (HSV) i n f e c t i o n  is acqui red  dur ing  childhood, as ind ica t ed  by the  
presence of an t i -herpes  an t ibod ie s  i n  more than  h a l f  of t he  popula t ion  by t h e  age  of 
5 yea r s ,  and the  virus p e r s i s t s  i n  l a t e n t  form i n  nervous t i s s u e  of most (60 - 80%) 
humans dur ing  t h e i r  l i f e t i m e .  
c e r v i c a l  gangl ia  of humans po in t s  t o ' t h e  p o s s i b i l i t y  t h a t  HSV, i n  add i t ion  t o  being t h e  
cause of encepha l i t i s ,  may be involved i n  the  e t io logy  of ch ron ic  d i seases  of t h e  
c e n t r a l  nervous system of man, such as mul t ip l e  s c l e r o s i s  (MS). It  is p o s s i b l e  t h a t  one 
of t h e  no t  uncommon f e a t u r e s  of MS, 
root  e n t r y  zone, may be a t t r i b u t a b l e  t o  c e n t r i p e t a l  migra t ion  of the  v i r u s  from gang l i a  
t o  the  CNS. 

One of t he  most i n t e r e s t i n g  a spec t s  of HSV i n f e c t i o n  of nervous system is the 
mechanism involved i n  main ta in ing  l a t ency  of the v i r u s .  Temperature, immune response 
and o t h e r  f a c t o r s  are probably r e spons ib l e  fo r  the  l a t ency  of t he  v i r u s  i n  nervous 
t i s s u e .  What "ac t iva t e s"  and f a c i l i t a t e s  t h e  spread  of t h e  v i r u s  wi th  the  r e s u l t  of 
c l i n i c a l  man i fe s t a t ions  such as herpes  l a b i a l a s  or p o s s i b l e  involvement i n  chronic  
CNS d i sease  is s t i l l  unknown. 

I s o l a t i o n  of HSV from trigeminal.  vagus and supe r io r  

a p laque  of demyelination loca l i zed  a t  the  nerve  

590 P A T H O G E N E T I C  A S P E C T S  OF SUBACUTE SCLEROSING PANENCEPHALITIS ( S S P E ) .  
V o l k e r  t e r  Meulen and W i l l i a m  W. H a l l ,  I n s t i t u t e  of  V i r o l o g y  and 
Immunobio logy.  U n i v e r s i t y  o f  Wurzburg,  8700  Wurzbury,  k-Germany 

The p a t h o g e n i c i t y  o f  SSPE, a s l o w l y  e v o l v i n g  d i s o r d e r  o f  t h e  c e n t r a l  
n e r v o u s  sys tem (CNS). i s  s t i l l  n o t  u n d e r s t o o d ,  d e s p i t e  t h e  f a c t  t h a t  a 
meas les  l i k e - v i r u s  ( r e f e r r e d  t o  as SSPE v i r u s )  has  been  d e m o n s t r a t e d  i n  
SSPE b r a i n  m a t e r i a l  ( 1 ) .  The e p i d e m i o l o g y  o f  a r u r a l  p r e v a l e n c e  o f  t h i s  
d i s e a s e  and t h e  r a r i t y  o f  i t s  o c c u r r e n c e  c a n n o t  be d i r e c t l y  l i n k e d  t o  t h e  
u b i q u i t o u s  meas les  v i r u s  i n f e c t i o n .  T h e r e f o r e ,  b o t h ,  g e n e t i c  p r e d i s p o s i t i o n  
and an i m m u n o l o g i c a l  d e f e c t  have been p o s t u l a t e d  t o  e x p l a i n  t h i s  d i s e a s e .  
However, no  l a b o r a t o r y  e v i d e n c e  i s  a v a i l a b l e  t o  s u p p o r t  e i t h e r  p o s s i b i l i t y  
( 2 ) .  The f a i l u r e  t o  d e m o n s t r a t e  a h o s t  f a c t o r ,  r e s p o n s i b l e  f o r  t h i s  d i s e a s e ,  
has s t i m u l a t e d  s t u d i e s  o f  t h e  i n f e c t i o u s  a g e n t  a s s o c i a t e d  w i t h  t h i s  c h r o n i c  
C N S  i n f e c t i o n  

R e c e n t l y  b i o c n e m i c a l  i n v e s t i g a t i o n s  have  r e v e a l e d  qenomic RNA d i f f e r e n c e s  
between S S P E  and meas les  v i r u s e s  ( 3 ) .  The r e s u l t s  i n d i c a t e d  t h a t  t h e  S S P E  
s t r a i n s  may have i n f o r m a t i o n  i n  a d d i t i o n  t o  t h a t  c o n t a i n e d  i n  t h e  meas les  
v i r u s .  Moreover ,  i m m u n o l o g i c a l  a n a l y s i s  o f  i s o l a t e d  M p r o t e i n  o f  meas les  
and SSPE v i r u s e s  showed d i s t i n c t  a n t i g e n i c  d i f f e r e n c e s ,  s u q q e s t i n g  a mu ta -  
t i o n  o r  m o d i f i c a t i o n  i n  t h e  gene o f  S S P E  v i r u s  c o d i n g  f o r  t h e  M p r o t e i n .  I t  
i s  c o n c e i v a b l e  t h a t  such  changes c o u l d  l e a d  t o  a membrane p r o t e i n  w h i c h  i s  
i n c a p a b l e  o f  m a i n t a i n i n g  i t s  no rma l  f u n c t i o n  i n  v i r u s  assembl?. It i s  
p o s s i b l e  t h a t  su'ch a breakdown o f  membrane p r o t e i n  f u n c t i o n  c o u l d  r e s u l t  
i n  b l o c k i n g  t h e  assembly o f  v i r u s  p a r t i c l e s  c a u s i n g  a n o n - p r o d u c t i v e  o r  
p e r s i s t e n t  i n f e c t i o n .  

1. Meu len  t e r .  V . .  K a t z ,  M.  and M u l l e r ,  5 . .  C u r r . T o p . M i c r o b i o 1 .  

2 .  Agnarsd ' i i f t l r .  G.: Recent  advances i n  c l i n i c a l  v i r o l o q y ;  Ed.A.P. Wate rson ,  

3 .  H a l l ,  W.W., Meu len  t e r ,  V. ,  N a t u r e  264. 474-477,  1976 

Immun. 57 ,  1 -38 ,  1972 

C h u r c h i l l  L i v i n g s t o n e ,  London 1977 
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Persinent Virums 

SCUPIE: VIRUS, VIROID OR VOODOO?. Richard F. Marsh, Terry G. Malone, Wayne D. 
Lancaster. Robert P. Hanson and Joseph S .  Semancik, Department of Veterinary Sci- 591 

ence, University of Wisconsin. Madison. WI 53706 and the Department of Plant Pathology, Uni- 
versity of California. Riverside, CA 92502. 

Scrapie. a natural disease of sheep and goats, is the prototype member of a group of diseases 
(others include kuru. Creutzfeldt-Jakob disease and transmissible mink encephalopathy) caused 
by microorganisms having unusual biological and biochemical properties. These unconventional 
Viruses stimulate no detectable antibody responses. have never been positively visualized, 
and produce no recognizable cytopathologic effect on any @ v>ro culture system. 
Studies on the scrapie mouse model have shown that the agent is highly membrane associated 
and it has been suggested that scrapie is produced by replication of an aberrant membrane 
fragment (1). An alternative hypothesis, based on the small radiatfon target size of the 
scrapie agent, speculated that scrapie may be caused by small. naked nucleic acids similar to 
those producing disease in plants (2). However, subsequent experiments failed to demonstrate 
scrapie infectivity using free nuclei? acids (3). Recently. a new hamster scrapie model has 
been developed having incubation periods only one-half the length of those in the mouse and 
concentrations of scrapie agent in brain which are 10 to 100 fold greater than any other an- 
imal model. Examination of subcellular fractions of scrapie-infected hamster brain has con- 
firmed the membrane association of the scrapie agent, but has been unsuccessful in isolating 
a homogeneous membrane fraction having high scrapie activity (4). 
tion of scrapie infectivity in plasma membrane, and in smooth and rough endoplasmic reticulum, 
suggests a non-specific association with membrane which we have now confirmed by subcellular 
fractionation of hamster brain at intervals during the asymptomatic and clinical course of 
disease. 
We have found that 8-9% of the total scrapie infectivity in hamster brain remains in the high 
speed supernatant (HSS) after centrifugation at 100,000 x g for 1 hour. Electron microscopic 
examination of material pelleted from the HSS reveal no visable virus-like particles or  mem- 
brane structures. Thus. for the first time it is now po'ssible to dismiss the concept of in- 
tact membranes being necessary for scrapie infectivity. Characterization of the minimal 
scrapie infectious unit in the H S S  is proceeding along several lines including experiments 
designed to identify an essential nucleic acid component. 
(1) 
(2) Diener, T. 0. .  1972. Nature (London) 235: 218. 
( 3 )  Marsh, R.F.. Semancik. J.S., Medappa. K.C.. Hanson. R.P. and R.R. Ruerkert, 1974. J. 

(4) Semancik, J.S.. Marsh, R.F.. Geelen, J.L.M.C. and R..P. Hanson, 1976. J.Viro1 E: 693. 

592 EVIDENCE FOR MULTIPLE MOLECULAR FORMS OF THE SCRAPIE AGENT, Stanley B. Prusiner, 
William J. Hadlow*, Carl M. Eklund*, S .  Patricia Cochran, Carol J. Hooper, 
J. Richard Baringer, Richard E. ace*, and David E. Garfin, University of 

California, Departments of Neurology and Brochemistry and Biophysics, San Francisco, CA 
94143. and *Rocky Mountain Laboratory, NIAID, NIH, Hamilton, MT 59840. 
Scrapie infection is attended by a slow, progressive degeneration of the central nervous 
system. A variety of studies suggest that the scrapie agent is a novel infectious entity 
differing from conventional viruses in many respects. 
isolation and. identification in large part as a consequence of the titration assay for 
scrapie in mice which requires nearly one year. Preparatory to developing a purification 
protocol, the agent in extracts of murine spleen was studied by analytical differential 
centrifugation (1). The sedimentation profiles of the scrapie agent in spleen extracts 
suggested that it is an infectious particle with a S20 
unchanged by sonication, by detergent treatment with 0:5% sodium deoxycholate, or by heating 
the extracts to 80" for 30 min. Similar sedimentation profiles for the agent in extracts of 
murine brain were observed, indicating that the size of the agent is independent of the 
tissue in which it replicates. 
developed 
deoxycholate. A fraction (P,) enriched 2.20-fold for the scrapie agent, with respect to 
cellular proteins, has been obtained from murine spleen homogenates.. This fraction was 
observed to be free of membranous structures by electron microscopy but contained numerous 
ribosomes. After storage of the Pg fraction at -70" under conditions where infectivity is 
completely preserved, rate-zonal sucrose gradient centrifugation of P5 showed that the agent 
can exist in a continuum of particle sizes ranging from 40s to greater than 5005. 
Destruction of ribosomes i n  Pg by treatment with 0.5 M KC1 and 5 mM EDTA at 37" for 30 min, 
by treatment with ribonuclease at 37' for 30 min, or by heat treatment at 80" for 30 min was 
associated with distinct changes in the patterns of infectivity on rate-zonal centrifugation 
in sucrose gradients. 
These apparent changes in the size of the scrapie agent suggest that the agent is a 
multimeric particle which can undergo aggregation and dissociation. 
form of the scrapie agent appears to be 40s OK smaller, assuming a density of %1.2 gm/cm3 i n  
sucrose. 
hypothesis that the agent contains a hydrophobic protein which can aggregate and dissociate 
with itself as well as with lipid molecules. 

The ubiquitous distrihu- 

Gibbons, R. A. and G .  D. Hunter, 1967. Nature (London) 215: 1041. 

Virol. 12: 993. Ward, R.L.. Porter, D.D. and J. G .  Stevens, 1974. J.Viro1 14: 1099. 

To date, the scrapie agent has eluded 

of Q400S (2) .  These profiles were 

From these profiles a partial purification scheme was 
using a series of differential centrifugations in the absence and presence of 

After any of these treatments. the agent sedimented with a S20,w>500S. 

The putative monomeric 

The unusual sedimentation behavior of the agent would seem consistent with the 

1. Prusiner S.B. J. Biol. Chem. (1978) in press. 
2 .  Prusiner S.B., Hadlow W.J., Eklund, C . M . ,  Race, R.E. Proc. Nat. Acad. Sci. (1977)14:4656. 
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Proven Viral Induced Diseases of Animals: Do They have Human Counterparts? 
593 EQUIIIE INFECTIOUS ANEMIA: A PERSiSTEllT RETRAVIRUS OF HORSES, Timothy 6 .  Crawford, 

T rav i s  C .  McGuire, W.P. Cheevers and Paula K l e v j e r  Anderson, Department o f  V e t e r i -  
nary  Mic rob io logy  and Pathology, Vashington S ta te  U n i v e r s i t y ,  Pul Iman, L!A 99lG4. 

Equine i n f e c t i o u s  anemia i s  a recu r ren t  disease o f  horses caused by a p e r s i s t e n t ,  non- 
endogenous, h o r i z o n t a l l y  t ransmi t ted  r e t r a v i r u s .  T y p i c a l l y ,  sho r t  (2-5 day) "cycles" o f  
c l i n i c a l  d isease occur a t  unpred ic tab le  i n t e r v a l s ,  separated by asymptomatic pe r iods  o f  i n -  
c reas ing  length ,  u n t i l  i n  most cases c y c l i n g  even tua l l y  ceases. However, the  disease i s  
occas iona l l y  f a t a l  w i t h i n  a shor t  p e r i o d  f o l l o w i n g  i n f e c t i o n .  C l i n i c a l  d isease ( feve r  de- 
p ress ion ,  anorexia,  d e c l i n i n g  PCV) occurs i n  assoc ia t i on  w i t h  bu rs ts  o f  v i r a l  r e p l i c a t i o n  i n  
macrophages. .Dur ing these per iods ,  d e s t r u c t i o n  o f  RBC's i s  immunological ly mediated through 
an t ibody  aga ins t  v i r a l  an t igens  which apparent ly  a t t a c h  t o  the  RBC surface through a v i r a l  
hemagglut in in.  Though the  macrophage i s  the  predominant s i t e  o f  r e p l i c a t i o n  du r ing  c l i n i c a l  
cyc les ,  the  s i t e  o f  v i r a l  pe rs i s tence  between cyc les  has no t  been i d e n t i f i e d .  I n  v i t r o ,  
r e p l i c a t i o n  o f  t he  v i r u s  i n  macrophages r e s u l t s  i n  c e l l  death, whereas the  i n f e c t i o n  i s  pe r -  
s i s t e n t  and n o n - c y t o l y t i c  i n  r e p l i c a t i n g  f i b r o b l a s t s .  I n  p e r s i s t e n t l y  i n f e c t e d  f i b r o b l a s t  
cu l tu res ,  t he  number o f  c e l l s  con ta in ing  an t igen de tec tab le  by immunofluorescence v a r i e s  i n  
concer t  w i t h  t he  phase o f  t he  growth cyc le ,  whereas re lease o f  v i r i o n s  f rom the  c e l l s  remains 
r e l a t i v e l y  constant.  
um-dependent MA-d i rec ted  DilA polymerase. The sequence composi t ion bf t he  DNA produc t  o f  t he  
endogenous polymerase r e a c t i o n  i s  complementary t o  the  v i r a l  gename, which cons is t s  of  two 
subun i ts  o f  s ing le -s t randed RIlA o f  mo lecu la r  weight 2.C x 10 
high-molecular-weight complex w i t h  equine tRNA. The s t r u c t u r a l  p r o t e i n s  o f  E I A  v i r i o n s  re -  
so l ve  by SDS-polyacrylamide ge l  e lec t rophores i s  (p30, p15) ,  a t  l e a s t  f o u r  g l ycosy la ted  po ly -  
pept ides  (gp77/79, gp64, 9 ~ 4 5 ,  gplO),  and 5 t o  7 minor components. 
aga ins t  most o f  t he  v i r i o n  p r o t e i n s  as w e l l  as a v i ra l - i nduced  c e l l  membrane an t igen.  
presence o f  an t ibody  aga ins t  ~ 3 0 4 s  used t o  i d e n t i f y  i n fec ted  animals.  
t o  v i r i o n  an t igens  a re  found f o l l o w i n g  i n f e c t i o n .  
r e t r a v i r u s e s  has been shown. 
a n t i g e n i c  s h i f t s ,  a new serotype appear ing a t  each successive disease cyc le .  
t o  undergo an t i gen ic  s h i f t s  p robab ly  i s  the  bas is  f o r  the  c y c l i c  na ture  o f  the  c l i n i c a l  
d isease. Whether o r  no t  i t  i s  ins t rumenta l  i n  v i r a l  pers is tence i s  unce r ta in .  

The v i r i o n  possesses t y p i c a l  C-type morphology and conta ins  a magnesi- 

6 he ld  i n  a hea t -d i ssoc iab le  

Horses make an t ibody  
The 

Lymphocytes s e n s i t i v e  
No an t igen ic  re la tedness  t o  any o the r  

The envelope p r o t e i n ( s )  invo lved i n  n e u t r a l i z a t i o n  undergo 
Th is  tendency 

594 THE LUCKE TUIIOP,: A tlODEL FOR HUIlAN HERPESVIRUS LATEllCY AND ONCOGENESIS. 
A l l a n  Granof f  and Robert F. Haegele. D i v i s i o n  o f  V i ro logy ,  S t .  Jude Ch i l d ren ' s  
Research Hosp i ta l ,  tlemphis, Tennessee 30101. 

The f r o g  rena l  adenocarcinoma (Lucke' tumor) and i t s  e t i o l o g i c  agent, t he  Luck& herpesv i rus  
(LHV), o f f e r  a unique node1 f o r  t he  study o f  t he  r e l a t i o n s h i p  o f  v i r a l  l a t e n c y  t o  cancer 
e t i o logy .  Tumor c e l l s  o f  f rogs  main ta ined a t  40-90. whether i n  na tu re  o r  i n  t h e  labora-  
t o r y ,  con ta in  i n t r a n u c l e a r  i n c l u s i o n  bodies (Cowdry type  A )  and herpesv i rus  (LHV). 
con t ras t ,  n e i t h e r  i nc lus ions  no r  LHV i s  found i n  tumor c e l l s  o f  f rogs  captured i n  the  
warm months o f  t he  year  ( u s u a l l y  s u m e r )  o r  he ld  i n  t h e  l abo ra to ry  a t  20°-250. 
t r a n s c r i p t s  o f  LHV DNA and v i r u s - s p e c i f i c  membrane an t igens  a re  present  i n  v i r i o n - f r e e  
tumors. Exposure t o  low temperature (4O-90) o f  ( i )  v i rus - f ree ,  tumor-bear ing f rogs ,  
( i i )  normal f rogs  bear ing  a n t e r i o r  eye-chamber t ransp lan ts  o f  v i r u s - f r e e  tumor t i ssue ,  
o r  ( i i i )  fragments o f  v i r u s - f r e e  tumor c u l t u r e d  i n  v i t r o  induces complete expression o f  
t h e  v i r a l  genome and v i r u s  r e p l i c a t i o n .  Thus, vcu - l i ca t i on  i s  dependent on low 
temperature.  

LHV ex t rac ted  from n a t u r a l l y  o c c u r r i n g  Luckd tumors induces v i r u s - f r e e  Lucke tumors i n  
deve lop ing  f rogs .  When v i r u s - f r e e  tumor fragments from an induced tumor a re  incubated 
a t  low temperature i n  v i t r o ,  herpesv i rus  can be recovered. 
when i n j e c t e d  i n t o  deve lop ing  f r o g  embryos. 

-- I n  t o t o ,  these r e s u l t s ,  i n  many ways, r e f l e c t  a s t r i k i n g  s i m i l a r i t y  i n  the  behav io r  o f  
t h e  Luckd  herpesv i rus  t o  c e r t a i n  c o n d i t i o n a l  l e t h a l  mutants o f  Herpes simplex v i rus ,  
which can success fu l l y  e s t a b l i s h  l a t e n t  i n f e c t i o n s  a t  r e s t r i c t i v e  temperatures.  

The genome o f  LHV i s  a l i n e a r  duplex DNA molecule. P re l jm ina ry  exper iments i n d i c a t e  
t h a t  i t s  mo lecu la r  weight i s  about 70 x 106 suggest ing t h a t  LHV may c a r r y  o n l y  t h e  
fundamental genet ic  sequences which a re  be l ieved requ i red  f o r  s p e c i f y i n g  a herpesv i rus .  
The molecu la r  assoc ia t i on  between hos t  and LHV genome i s  unknown as i s  t he  s i g n i f i c a n c e  
o f  a m i n i m 1  genome s i z e  and i t s  r e l a t i o n s h i p  t o  l a t e n c y  and mal ignant  t rans fo rma t ion .  

I n  

However, 

The v i r u s  i s  oncogenic 

23s 



ALEUTIAN DISEASE OF MINK, David D.  Porter, Department of Pathology, UCLA School of 
Medicine, Los Angeles. California 90024 595 

Aleutian disease (AD) is a common and economically important persistent virus infection of 
mink. In vigo, the initial replication of Aleutian disease virus is rapid, and peak titers 
of 10’ to 10 ID50 per gram yf spleen and liver are observed 10 days after erperimental intra- 
peritonea14infection with 10 ID50 (1). Virus titers then fall slowly to 10 ID5O/gm of tis- 
sue and 10 ADV antigens are demonstrable prin- 
cipally in macrophages in various organs. Mink first develop antibody to ADV antigens 7 to 10 
days after infection, and the persistently infected mink eventually develop extraordinarily 
high levels of ADV antibody together with a marked elevation of serum gamma globulin. 
of 4 to 6 gm of gamma globulin per 100 ml of serum are common in advanced AD, and the gamma 
globulin often shows restricted heterogeneity. Immune complexes of various sizes are demonstra- 
ble in the serum of mink with AD, and ADV is present in the serum in the form of infectious 
virus-antibody complexes. 
zation of infectivity can be shown in vivo or in vitro (1,Z). The deposition of immune com- 
plexes in the glomeruli and blood vessels causes glomerulonephritis and arteritis, which may 
lead to death of the mink from renal failure or arterial rupture (1.3). Host factors such as 
genotype and age play a major role in determining the outcome of infection, and mink of some 
genotypes may have an inapparent or non-persistent infection by ADV (4). 
any age may develop persistent ADV infections, those infected transplacentally have Fewer 
lesions, less ADV antibody and higher ADV tfters than mink infected as adults (5). 
a partially defective parvovirus which will initially replicate in cell culture only at tem- 
peratures markedly lower than the body temperature of mInk (2). 
ADV strains eventually results in virus which will replicate at higher temperatures. 
tence of ADV in vivo may be linked to the defective nature of the virus, or to ineffectiveness 
of the host immune response in neutralizing the virus. 

(1) D . D .  Porter, A.E. Larsen and H.G. Porter, J. Exp. Med. 130: 575, 1969;,(2) D.D. Porter, 
A.E. Larsen, N.A. Cox, H.G. Porter and S.C. Suffin, Intervirology 8: 129, 1977; (3) D.D.Porter 
A.E. Larsen and H.G. Porter, Am. J. Pathol. 11: 331, 1973; (4) A.E. Larsen and D.D. Porter, 
Infect. Immun. 11: 92, 1975; (5) D.D. Porter, A.E. Larsen and H.G. Porter, J. Immunol. 119: 
872, 1977. 

ID50/ml of serum by 60 days after infection. 

Levels 

Although antibody coats and agglutinates the virions, no neutrali- 

Although mink of 

ADV is 

Continued passage of several 
Persis- 

596 
Aleutian disease virus (ADV) causes a persistent infection in mink,. Studies were undertaken 
to develop a reliable and practical serological test to detect ADV infection and to purify and 
characterize ADV. In recent years, a procedure for extracting ADV antigen from early infected 
mink tissues has been-established ( 1 ) .  This procedure involves fluorocarbon extraction of 
infected mink tissue and subsequent concentration and activation of the antigen by dissociat- 
ing the virus-antibody complexes and removing the antibody. 
extremely high-titered ADV antibody has been detected in persistently infected mink serum 
by counterimunoelectrophoresis (CIEP). 
eradication of AD from infected mink populations (2). AD virions were first visualized in 
1972 (3) in preparations of purified ADV antigen from columns of Sepharose 69 and in immune 
precipitates formed in a liquid phase after CIEP. Both the immune precipitates and the puri- 
fied ADV antigen were infective. ADV has an icosahedral structure and is 23-25nm in diameter. 
Infected mink tissues (10-13 DPI) were examined by EM and numerous virus-like particles about 
20-22nm in diameter were observed in vacuotes within the cytoplasm of: macrophages in spleen 
and mesenteric lymph node; and Kupffer cells. ADV antigen was detected in similar locations 
by an immunoferritin technique. In addition, ADV antigen was observed in the nuclei of some 
cells (4). Equilibrium centrifugation of a highly concentrated ADV preparation (20 ml of 
antigen from 20 kg of early infected mink tissue) yielded three bands at buoyant densities of 
1.29, 1.33, and 1.41 in CsCl (5). All three pouulations were antigenically indistinguishable. 
Light ADV (p  = 1.33) had a particle to CIEP antigen ratio comparable to that of dense ADV 
( p . =  1.41) but possessed much lower infectivity, thus it is a defeceive particle. Acridine 
orange staini’ng of purified ADV and immune precipitate gave a brilliant flame-red color (6). 
The reaction of 1.8% formalcTehyde with the intact ADV causes an increase in absorption and a 
shift of the absorption maximum to a longer wavelength, from 264nm to 268nm. ADV nucleic acid 
has been visualized and characterized (7). It is a single strained DNA, has a buoyant density 
in CsCl of 1.733 g/cm3 and MW 1.2 x lo6 dalton. Polypeptide analysis of ADV by polyacrylamide 
gel electrophoresis revealed the presence of four polypeptides with MW of 30K. 27K, 20.5K, and 
14K. These biochemical characteristics and the behavior of ADV in cell culture ( 8 )  suggest 
that ADV is a member of the parvovirus group. 
(1) Cho and Ingram, J. Immunol. 108: 555. 1972; (2) Cho and Greenfield, J. Clin. Microbiol.. 
in Press; ( 3 )  Cho and Ingram, Nature New Biol. 127: 174, 1973; ( 4 )  Shahrabadi and Cho, Can. 3. 
Cow. Med. 41: 435, 1977; (5) Cho, Can. J. Comp. Med. 41: 215, 1977; (6) Cho and Ingram, J. 
Immunol. Heth. 4: 217, 1974; (7) Shahrabadi, Cho, and Marusyk, J. Virol. 23: 353, 1977; ( 8 )  
Porter g. ,  Intervirol. 8 :  129, 1977. 

THE VIRUS OF ALEUTIAN DISEASE OF MINK, H. J. Cho, Animal Diseases Research Institute 
(Western), Agriculture Canada, Lethbridge, Alberta, Canada T1J 324 

Utilizing this ADV antigen, 

The test has been successfully utilized for the 



CURRENT UNDERSTANDING OF THE SLOW AND PERSISTENT INFECTION 
CAUSED BY VISNA VIRUS, A. Haase, M. Brahic, J. Scott, L. Stowring, B. Traynor, 

597 
School of Medicine, Department of Medicine, University of California, San Francisco, Univer- 
sity of California Service, Veterans Administration Hosnital, 4150 Clement Street, San 
Francisco, CA. 94121. 
Visna virus is a retrovirus responsible for a persistent and slowly evolving infection of 
sheep in which Dathological damage accumulates in the lungs and central nervous system over 
a period of many montks to years. Virus is able to survive the humoral and cellular immune 
response mounted by its host because of host mediated restriction in virus gene expression: 
The genetic information in the RNA genome of the virus is transferred to a stable DNA inter- 
mediate in the infected cell, but later stem in the life cycle are blocked; consequently a 
cohort of latently infected cells survives to perpetuate infection (1). 
presented to show that visna virus is remarkably resistant to the effects af interferon, thus 
establishing a further adaptation to intracellular survival. 
regulation in vivo is the focus of current emeriments. 
delineatin? the level at which host restriction is imposed will be discussed. 

In the course of infection, limited replication does occur; antigenic variants arise (2); 
these variants temporarily escape the imunological interdiction to virus spread, and cause 
tissue destruction until immunological control over extracellular virus is reimoosed. The 
cumulative effects of recurrent episodes of this kind are dysfunction and death. Both the 
limited Droduction and spread of virus account for the slow tempo of disease production. 
Data will be presented that bears on the potential genetic mechanisms resnonsible €or 
antigenic variation, as well as information on the unusual nature of visna virus DNA 
synthesis in vitro that mieht generate virus mutants at an unusually high frequency. 

1. Haase, A.T., L. Stowring, 0. Narayan, D. Griffin and D. Price. "Slow Persistent Infec- 
tion Caused by Visna Virus: Role of Host Restriction.u Science, 195: 175-177. 1977. 

2. Narayan, O., D.E. Griffin and J. Chase. "Antigenic Shift of Visna Virus in Persistently 
Infected Sheep." Science, 197: 376-378, 1977. 

Evidence will be 

The nature of virus gene 
Methodological apnroaches to 

598 CHRONIC CENTRAL NERVOUS SYSTEM INFECTION PRODUCED BY THEILER'S MOUSE ENCEPHALOMYEL- 
ITIS VIRUSES, Howard L, Lipton. Department of Neurology, 
Northwestern University, Chicago, Illinois 60611. 

The Theiler's mouse encephalomyelitis viruses (TMEV) are picornaviruses which cause widespread 
enteric infection and, occasionally, spontaneous paralysis of colony-bred mice. Since their 
discovery in the 1930'9, numerous TMEV isolates have been recovered from the intestinal con- 
tents of normal mice and from the central nervous systems (CNS) of paralyzed or, more rarely, 
encephalitic mice. 
biological behavior in vivo. All isolates from the CNSs of spontaneously paralyzed mice and 
stools of asymptomatic animals resemble Theiler's original virus isolates, hence they are re- 
ferred to as TO strains. Experimentally, the TO viruses cause flaccid paralysis after a long 
incubation period (7 to 30 days). but such isolates from animals do not grow directly in tissue 
culture cells. In contrast, two more neurovirulent strains of TMEV, GDVII and FA viruses form 
another group. 
(2 to 8 days). and they have been readily propagated in cell culture. 
have been associated with persistent CIS infections. 

Our recent success in adapting a number of TO strains of TMEV to cell culture has provided a 
basis for evaluation of the properties of these two groups of TMEV. Further. it has provided 
a way to approach in vivo the mechanism(s) of establishing and maintaining this persistent 
infection. We have found that GDVII and FA viruses are large plaque variants. Both of these 
viruses are highly virulent. When as little as 50 plaque-forming units (pfu) of virus is in- 
oculated intracerebrally (fc), adult outbred mice develop lethal encephalitis. However, the 
survivors of infection with one LD50 do not carry virus in their CNSs. In contrast, all TO 
isolates that we have adapted to cell culture have formed small plaques in L929 and BHK21 
cells. 
106 pfu do not produce a lethal or generally even an early ( 30 days) symptomatic infection 
following ic inoculation. But these TO viruses regularly initiate a chronic CNS infection. 
It is of intereat that this persistent infection results in intense mononuclear cell inflam- 
matory infiltration and concomitant primary demyelination of the host's spinal cord leptomen- 
inges and white matter. a pathologic reaction similar to that previously reported for DA 
virus (mouse brain stocka used). In addition, chronically infected mice develop clinical 
symptom from demyelination several months after inoculation. 
Further contrasts of the properties of these two groups of TMEV have been exploited and will 
be discussed as well as the possible mechanism(s) of virus persistence. 

241 

The literature tends to delineate two groups of TMEV on the basis of their 

Both of these viruses cause encephalitis following a short incubation period 
Only the TO strains 

These tissue culture adapted TO strains are relatively avirulent since more than in5- 



Persistent Viruses 

Possible Role of Viruses in Other Chronic Diseases 

599 llOLECULAR BASIS OF REOVIRUS VIRULENCE, Bernard N.  Fields1C2, Howard 
L. Weine r l , 2 , ,  Robert  F. Ramigl, and Thonas A. Wustoel,  Department of 
Microbiology and Molecular  Gene t i c s ,  Harvard Ned ica l  School  (1) and 
Department o f  l l ed i c ine ,  P e t e r  Bent Brigham H o s p i t a l  ( 2 ) ,  Boston, 
HA. 02115 .  

The i n d i v i d u a l  dsPSiR genome segments of r e o v i r u s  t y p e s  1, 2 and 3 can  be  d i s -  
t i n g u i s h e d  by d i f f e r e n c e s  i n  t h e i r  m i g r a t i o n  on SDS-PAGE. TSf recombinants  
have been i s o l a t e d  fo l lowing  mixed i n f e c t i o n s  o f  t s  mutants  o f  r e o v i r u s  
type  3 and c l o n e s  of t y p e  1 o r  2 .  U t i l i z i n g  t h e s e  recombinants  w e  have d e t e r -  
mined t h a t  t h e  S1 dsRNA segment ( t h a t  codes  f o r  t h e  01 o u t e r  c a p s i d  poly-  
p e p t i d e )  i s  (he hemagglu t in in  a s  w e l l  a s  t h e  gene coding f o r  t h e  t y p e  spe- 
c i f i c  po lypep t ide  (as de termined  by n e u t r a l i z a t i o n  t es t s ) .  Fur thermore ,  
u s ing  such  c l o n e s  t o  i n f e c t  newborn m i c e ,  w e  have found t h a t  t h e  a1 poly- 
p e p t i d e  is t h e  de t e rminan t  of c e l l  t rop i sm,  de t e rmin ing  whether  t h e  
v i r u s  w i l l  i n f e c t  ependyna t o  produce a ' n o n - l e t h a l "  d i s e a s e  ( t y p e  1 
p a t t e r n )  or i n f e c t  neurons t o  produce  a h i g h l y  l e t h a l  n e c r o t i z i n g  e n c e p h a l i t i s  
( t y p e  3 p a t t e r n ) .  The h igh ly  s p e c i f i c  i n t e r a c t i o n  of t h e  r e o v i r a l  hemagglu- 
t i n i n  (01) w i t h  c e l l  s u r f a c e  r e c e p t o r s ,  is  t h u s  t h e  major  d e t e r n i n a n t  of d i f -  
f e r e n t i a l  neu rov i ru l ence  a s s o c i a t e d  w i t h  t h e  d i f f e r e n t  r e o v i r u s  s e r o t y p e s .  

1. 

2. 

3 .  

4 .  

5. 

6. 

Neiner ,  H.L. and B.U. F i e l d s .  N e u t r a l i z a t i o n  o f  Reovi rus :  t h e  gene  
r e s p o n s i b l e  f o r  t h e  n e u t r a l i z a t i o n  a n t i g e n .  J. Exp. lled. 146:1305- 
1 3 1 0 ,  1977. 

l i e ine r ,  H . L . ,  D .  Drayna, 3 .R .  A v e r i l l ,  Jr., and B.V. F i e l d s .  f l o l ecu la r  
B a s i s  o f  Reovi rus  Vi ru l ence :  The Role of t h e  S 1  Gene. Proc.  N a t .  
Acad. S c i .  I n  P r e s s ,  D e c .  1977. 

Sharpe ,  A . H . ,  R.F. Ramig, T . A .  Yustoe and B.N.  F i e l d s .  A Gene t i c  Hap of 
Reovirus:  I .  C o r r e l a t i o n  of Genome l U J A s  between Se ro types  1, 2 and 3 .  
Virology,  I n  P r e s s ,  1978. 

Ramig, R.F., T.A. f l u s toe ,  A.H.  Sharpe  and B.1J. F i e l d s .  A Gene t i c  Map of 
Reovirus:  11. Assignment o f  t h e  Double-Stranded RNA Xegat ive  Mutant 
Groups, C ,  D and E t o  Genome Segnents .  V i ro logy ,  I n  Press, 1978. 

Mustoe, T.A., R.F. Ramig, A.H. Sharpe  and B.N. F i e l d s .  A Gene t i c  Map of 
Reovirus:  111. Assignments of t h e  Double-Stranded RNA P o s i t i v e  Mutant 
Groups A,  B and C, t o  Genome Segments. Vi ro logy ,  I n  P r e s s ,  1978. 

Ramig, R.F., R.K.  C ross  and B.N. F i e l d s .  Genome RNAs  and Po lypep t ides  of 
Reovirus Se ro types  1, 2 and 3. J.  V i r o l .  2 2 : 7 2 6 - 7 3 3 ,  1977. 

&)o V A R I E D  ROLE OF VIRUSES I N  CHRONIC NEUROLOGIC DISEASES,  Richard T. Johnson, 
Opendra Narayan and Jan ice  Clements, The Johns Hopkins U n i v e r s i t y  School o f  
Medicine, Ba l to . ,  Md. 21205 

The c e n t r a l  nervous system (CNS) appears un ique ly  predisposed to ch ron ic  disease r e l a t e d  t o  
v i r a l  i n f e c t i o n s .  I t s  s t r u c t u r a l  o rgan iza t i on ,  l ack  o f  l ymphat ic  system, i n tense  c e l l u l a r  
spec ia l i za t i on ,  h igh  metabo l ic  requirements and p a u c i t y  o f  regenera t ive  capac i t y  may, i n  
pa r t ,  exp la in  why v i ruses  tend t o  p e r s i s t  i n  CNS o r  why systemic i n f e c t i o n  may be 
man i fes t  s o l e l y  as neu ro log i ca l  d isease (e.g., spongi form encephalopathies).  Kowever, 
chron ic  disease does n o t  necess i ta te  p e r s i s t e n t  i n f e c t i o n ;  acute, s e l f - l i m i t e d  i n f e c t i o n s  
may be fo l lowed n o t  o n l y  by s t a t i c  ch ron ic  disease (e.g., p a r a l y t i c  sequelae of 
p o l i o m y e l i t i s )  bu t  by p rogress ive  disease (e.g., hydrocephalus f o l l o w i n g  mumps v i r u s  
i n f e c t i o n )  o r  apparent ly  p rogress ive  disease r e s u l t i n g  f rom pa tho log i c  sequelae which 
become manifested du r ing  hos t  ma tu ra t i on  (e.g., d e f i c i t s  a f t e r  i n f a n t i l e  Western equine 
encepha l i t i s ) .  

Dur ing  p e r s i s t e n t  i n f e c t i o n s  ch ron ic  disease may r e s u l t  f rom e i t h e r  d e f e c t i v e  r e p l i c a t i o n  
o f  the  v i r u s  i n  i m u n o l o g i c a l l y  i n t a c t  hosts (e.g., subacute sc le ros ing  panencepha l i t i s )  
o r  f rom normal r e p l i c a t i o n  o f  v i r u s  i n  immuno log ica l l y  compromised hos ts  (p rogress ive  
m u l t i f o c a l  leukoencephalopathy). However, ch ron ic  disease may a l s o  r e s u l t  f rom complex 
hos t - v i rus  i n t e r a c t i o n s  i n  which n e i t h e r  the  v i r u s  i s  d e f e c t i v e  no r  the  hos t  compromised by 
imnunological  o r  age-dependent fac to rs .  For example, i n  v isna  o f  sheep the  v i r u s  i s  
sequestered as p r o v i r a l  DNA, v i r u s  r e p l i c a t i o n  i s  r e s t r i c t e d ,  an t i gen ic  mutants evo lve  
under pressure of  hos t  an t i bod ies  and u l t i m a t e  progress ive  disease may r e s u l t  f rom 
compounded imunopa tho log i c  responses. 
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a1 EVOLUTION OF VIRUS WPULATIONS I N  PERSISTENT INFECTIONS OF CELL CULTURES BY CYTO- 
LYTIC RNA VIRUSES, Ju l ius  S. Youngner and Olivia  T. Preble, Department of Micro- 
biology, University of Pittsburgh, School of Medicine, Pittsburgh, PA 15261. 

We have reported previously t h a t  non-cytocidal p e r s i s t e n t  infect ions a t  37C of mouse L c e l l s  
(LVSV) with infect ive B p a r t i c l e s  of vesicular  s tomat i t i s  v i rus  (VSV) could be establ ished 
only in the  presence of large numbers of defect ive in te r fe r ing  (DI) par t ic les .  
conditions there  was a rapid spontaneous se lec t ion  of temperature-sensitive ( t s )  virus .  
ear ly  as 10 days a f t e r  in fec t ion  under the  conditions described there  was  a s i g n i f i c a n t  r i s e  
i n  the frequency of ts clones in the  v i rus  population and by 63 days 100% of  the clones 
i so la ted  were ts a t  39.5C. the non-permissive temperature used. 
pers i s ten t  in fec t ion  had an RNA- phenotype and belonged t o  VSV complementation group I. 
using low m u l t i p l i c i t i e s  of  a clonal  i s o l a t e  of a n  RNA- group I mutant from Lvsv c e l l s ,  
pers i s ten t  infect ions of  L c e l l s  a t  37C could be i n i t i a t e d  under conditions in which few, i f  
any, D I  p a r t i c l e s  were present. In l i g h t  of these r e s u l t s ,  pers i s ten t  infect ions of L c e l l s  
a t  37C were establ ished with low m u l t i p l i c i t i e s  of RNA+ mutants representing VSV complementa- 
t i o n  groups 111 and V i n  order  t o  study the evolution of v i rus  populations under these  con- 
d i t ions .  Six-times cloned populations of ta-0-23, a group 111 mutant, and of  ts-0-45, a 
group V mutant, were employed i n  order  t o  minimize the r o l e  of  D I  par t ic les .  
ts-0-23 (III), by 8 days a f t e r  establishment of pers is tence clonal analysis  of t h e  v i rus  
recovered from the  cul tures  revealed the  population contained ts v i rus  with a reduced a b i l i t y  
t o  synthesize RNA at  39.5C, the  non-permissive temperature. By 43 days, a majority of  the 
clones i so la ted  had a c lear ly  RNA- phenotype, &, a t  39.59 they synthesized l e s s  than 20;L 
of the  RNA synthesized by the parental  group 111 mutant o r  by wild-type VSV. 
v i rus  population present in the  cu l tures  was ts-and even more RNA'; a majority of  v i rus  
clones synthesized l e s s  than 10% of the  RNA leve ls  of the parental  group 111 mutant. 
Analysis was  car r ied  out  t o  determine the nature of t h e  RNA defect  of the  v i rus  recovered 
under these conditions. 
infect ions were i n i t i a t e d  with ts-0-45 (V), an RNA+ mutant with a hea t - lab i le  d pro te in  in 
the  vir ion.  A t  7 days a f t e r  infect ion,  a l l  clones were characterized a s  ts, ha (heat- 
sens i t ive) ,  and a+, &, ident ica l  t o  ts-0-45. Within a few days, mDst  clones i so la ted  
were ts+ h r  (heat-resis tant)  and probably represented wild-type revertants .  The 
remaining clones were ts hs RNA+, ts hr  RNA-, or ts h r  RNA'. 
r e s i s t a n t  than authent ic  wild-type VSV, while the  hs  clones were as sens i t ive  as  parental  
ts-0-45. 
wild-type VSV but  both RNA+ and RNA' phenotypes were found. 
ts-0-45 clones were isolated,  a l l  were uniformly ts hs RNA+. 
biochemical defects  and genet ic  re la t ions  of the evolved populations w i l l  be described. 

Under these 
A s  

A l l  of  the clones in the  
By 

In  the  case of 

By 211 days the  

Evolution of the pers i s t ing  v i rus  population a l s o  occurred when 

The h r  clones were more heat- 

A t  much 1ater.times a f t e r  i n i t i a t i o n ,  a l l  clones i so la ted  were ts and nure h r  than 
When a la rge  number of  parental  
Attempts t o  character ize  the 
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Mechanisms of Persistence, RNA Containing Animal Viruses 

602 
Mononuclear phagocytes are known to play a key role in monitoring viral infections in the 
organism (Mims, Bacter. Rev. ZJ:30, 1964). They also participate in cooperation with lympho- 
cytes in the induction of cellular and humoral immune responses. Moreover macrophages are 
able to support the replication of a wide range of viruses implicated in persistent infections 
(Allison, Progr., Med. Vfrol. g:15, 1974). 
viruses (ATV) in chicken macrophages cultivated in vitro is subgroup dependent, i.e., virus of 
subgroups B and C are able to replicate in these cells, while those of subgroups A and D were 
excluded (Gazzolo, et al., Virology =:514, 1974). Since fibroblasts from the same phenotype 
do not show the same selectivity to infection, the question was raised whether replication of 
ATV in macrophages in vivo is also subgroup dependent. This question was answered by detect- 
ing the presence of ATV in macrophages from birds immunized with avian leukosis and sarcoma 
viruses. It was found that a) the subgroup specificity did not strictly follow the in vitro 
findings, b) that avian leukosis viruses can persist in macrophages for at least 3 years 
after inoculation, and c) that sarcoma viruses were never detected in macrophages from 
immunized chickens. These findings indicate that antibody response against avian leukosis 
might be dependent on their persistence into macrophages. 
the antibody response to avian sarcoma virus reflects the fact that they reside in another 
immunocompetent cell. 

PERSISTENCE OF AVIAN TUMOR VIRUSES IN CHICKEN MACROPUGES. Carlo Moscovici, Louis 
Gazzolo, and M. Giovannella Moscovici, Tumor Virus Lab., V.A.H., Gainesville, FL 32602 

We have observed that replication of avian tumor 

It remains to be seen whether 

& p A  SITES OF INTEGRATION OF RETICULOENDOTHELIOSIS VIRUS DNA I N  AVIAN CELLULAR DNA. E l i  
Keshet and Howard M. Temin. McArdle Laboratory f o r  Cancer Research, Univ. o f  WI. 

Madison, W I  53706 
In fect ious re t i cu loendo the l i os i s  v i rus  DNA was found fn tegrated a t  m u l t i p l e  s i t e s  i n  acute ly  
in fected avian c e l l s  (soon a f t e r  i n f e c t i o n )  and a t  a unique s i t e  i n  ch ron ica l l y  i n fec ted  avian 
c e l l s  ( l a t e  a f t e r  i n f e c t i o n )  These conclusions were based on the r e s u l t s  o f  i n f e c t i v i t y  
analys is  o f  DNA fragments generated by r e s t r i c t i o n  endonuclease EcoRl d igest ion o f  DNA from 
in fec ted  c e l l s .  I t  was hypothesized t h a t  the c e l l  death t h a t  occurs a f t e r  i n f e c t i o n  o f  avian 
c e l l s  by re t i cu loendo the l i os i s  viruses i s  a consequence o f  the i n t e g r a t i o n  o f  v i r a l  DNA a t  
m u l t i p l e  s i t e s  i n  the c e l l  DNA and t h a t  on ly  the c e l l s  t ha t  have the prov i rus i n teg ra ted  a t  a 
unfque s i t e  i n  the c e l l  DNA surv ive 111. These hypotheses were f u r t h e r  tes ted  by nuc le i c  ac id  
hyb r id i za t i on  w i t h  iod inated v i r a l  RNA using the b l o t t i n g  technique o f  Southern [2]. 
resu l t s  are consis tent  w i t h  the hypotheses. I n teg ra t i on  o f  v i r a l  DNA a t  m u l t i p l e  s i t e s  was 
found i n  acute ly  i n fec ted  c e l l s ,  and loss o f  the ma jo r i t y  o f  i n teg ra ted  v i r a l  DNA was found i n  
chron i c a l l  y i n fec ted  c e l l  s . 

[l]. 

The 

1. 
2. E.M. Southern, 1975. J .  Mol. B io l .  98 503-517 

N. Ba t tu la  and H.M. Temin, 1977, Proc. Nat l .  Acad. Sci.  3 281-285 

603 LCMV REPLICATION IN LYMPHOCYTES OF VIRUS CARRIER MICE, Michael V. Doyle and Michael 
8. A. Oldstone, Scripps Clinic and Research Foundation, La Jolla, CA 92037 

Mice infected at birth with lymphocytic choriomeninpitis virus (LCMV) harbor virus in their 
circulating peripheral blood lymphocytes (PBL) during their adult life. A plaque assay using 
Ficoll-Hypaque purified PBL from SWR/J or BALBlWEHI mice and Vero target cells demonstrated 
between 10 and 5,000 infectious centers/lQ6 cells. 
cytes harvested from thymus, spleen and bone marrow. Although numbers of infectious centers 
varied extensively between different animals, serial determinations with individual mice re- 
mained constant. Experiments with anti-theta sera and complement as well as nude (thymusless) 
mice showed that both B and T lymphocytes scored as infectious centers. Disruption of lym- 
phocytes by freeze-thawing abrogated infectious center formation while treatment with anti 
LCMV antibodies did not inhibit them. This indicates that virus was not present in an infec- 
tious state in the lymphocyte and was not carried adsorbed to the cell's surface. Treatment 
with either B (LPS) OK T (Con A) cell mitogens did not enhance the number of infectious cen- 
ters. LCMV also replicated in PBL of adult mice undergoing acute infection with a peak on 
day 3-4 ,  and less than detectable levels by day 8 post infection. These results indicate 
that LCMV is carried in peripheral and central lymphoid tissue in adult mice following infec- 
tion at birth. This adds to the growing awareness that viruses may persist in lymphocytes 
and these cells may serve as a vehicle for transmitting infection to other parts of the body. 
In addition viruses may alter imnune responses by their replication in specific cells of the 
immune system. Supported by A1 09484, NS 12428 6 Arthritis Foundation Fellowship (M.V.D.). 

Similar results were found with lympho- 
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LCM v i r u s  pers i s ten t  i n f e c t i o n s  w e r e  s t u d i e d  i n  L cel l  c u l t u r e s  a n d  i n  mice 
(random b r e a d  NMRII u s i n g  a c y t o l y t i c  clear p l a q u e  v a r i a n t  of WE3 s t r a i n  (C- 
v i r u s ) .  I n  b o t h  s y s t e m s  t h e  i n f e c t i o n  s tar ts  w i t h  a p i c k  p r o d u c t i o n  o f  C- 
v i r u s  and  of i t s  d e f e c t i v e  i n t e r f e r i n g  p a r t i c l e s  ( D I P ) .  D u r i n g  p e r s i s t e n c e  no  
a c c u m u l a t i o n  of DIP w a s  o b s e r v e d .  I n s t e a d ,  a n o n c y t o l y t i c  t u r b i d  p l a q u e  va-  
r i a n t  ( T - v i r u s )  a c c u m u l a t e d  p r o g r e s s i v e l y  b o t h  i n  c e l l  c u l t u r e s  a n d  i n  lympoid 
o r g a n s  of carrier mice. T - v i r u s  a p p a r e n t l y  is  n o t  a t e m p e r a t u r e  s e n s i t i v e  
m u t a n t ,  generates r e l a t i v e l y  less DIP and i n t e r f e r e s  w i t h  C - v i r u s .  

Carrier mice, i n  which t h e  c e l l u l a r  arm o f  immunity is  i m p a i r e d ,  produce 
excessive amounts o f  n e u t r a l i z i n g  a n t i b o d i e s .  The v i r u s  p e r s i s t s  i n  the blood 
a s s o c i a t e d  w i t h  lymphocytes  ( rJ 90%)+ w i t h  a n t i b o d y  ( -  10 % ) .  The i n f e c t e d  
lymphocytes  ( ' - 0 . 5  - 2 % )  seem t o  be thymus d e p e n d e n t .  They generate spon-  
t a n e o u s l y  T - v i r u s .  P o s s i b l y  t h e s e  lymphocytes  a r e  LCM-virus reactive clones,  
which ,  b e i n g  i n f e c t e d ,  are u n a b l e  t o  e x p r e s s  t h e i r  a n t i v i r a l  f u n c t i o n .  

MODALITIES OF LCM VIRUS TO PERSIST - Mircea P o p e s c u ,  H e i n r i c h - P e t t e -  
I n s t i t u t  f l i r  exp. Virologie u.Immunologie ,  M a r t i n i s t r .  5 2 ,  2 Hamburg 20,  
West-Germany . 

604 EVOLUTIONARY RELATEDNESS OF TYPE-C AND TYPE-D PRIMATE ONCORNAVIRUSES STRUCTURAL 
PROTEINS: Sushilkumar G. Devare, Donald L. Fine, La r ry  0. Arthur, Howard P. Chanan 
and John R. Stephenson, V i r a l  Oncology Program, National Cancer I n s t i t u t e ,  

Frederick, Md. 21 701. 
The major i n t e r n a l  antigens and envelope glycoproteins o f  the s q u i r r e l  monkey r e t r a v i r u s  
(WRV) and Mason-Pfizer monkey v i rus  (MPMV) were i s o l a t e d  and p a r t i a l l y  characterized. 
Imnunologic analys is  o f  SMRV p35 l e d  t o  the demonstration o f  an t i gen ic  deteminants  conanon 
t o  SMRV and the Mason-Pfizer monkey v i r u s  (MPMV). While the major i n te rna l  antigens o f  
type-C oncornaviruses f a i l e d  t o  cross-react w i t h  analogous type-0 v i rus  s t r u c t u r a l  prote ins,  
iinnunologic c ross - reac t i v i t y  was demonstrated between envelope g lycoprote ins o f  several 
type-C and type-D oncornaviruses o f  primate o r i g i n .  These f i nd ings  i n d i c a t e  t h a t  type-C 
and type-D oncornaviruses represent two e v o l u t i o n a r i l y  d i s t i n c t  groups o f  v i ruses and r a i s e  
the p o s s i b i l i t y  t h a t  t h e i r  shared envelope g lycoprote in  ant igenic  determinants may be a 
r e s u l t  of genet ic  recombination. Natura l ly -occurr ing ant ibodies reac t i ve  w i t h  p u r i f i e d  
type-D oncornavlrus s t r u c t u r a l  p ro te ins  were demonstrated i n  sera o f  several normal rhesus 
monkeys w i t h  known p r i o r  exposure t o  MPMV-infected animals. The s p e c i f i c i t y  o f  t h i s  
r e a c t i v i t y  was establ ished by absorption w i t h  p u r i f i e d  v i r a l  prote in .  
i n  combination w i t h  the previous i n a b i l i t y  t o  detect  f u l l  canplements o f  MPMV genet ic  
sequences i n  the c e l l u l a r  DNA o f  normal rhesus monkeys, provide evidence f o r  ho r i zon ta l  
transmission o f  MPW. 

This observation, 

605 
T1026, a dotible eutant of VSV (LtSP-), though not isolated from pers i s ten t  infect ion,  shares 
c h a r a c t e r i s t i c s  common t c  t h e  viruses  tha t  emerge from pers i s ten t  infect ions.  
v i r ion  RNA polymerase ( L t s ) ,  has reduced cytopathogenicity i n  vivo and i n  v i t r o ,  forms s m l l e r  
plaques than the w i l d  type parental  s t r a i n ,  HR, and can es tab l t sh  pers is tence a t  mult ipl ic i -  
t i e s  a s  high a s  20 PFlI/ccll. 
VSV-induced shut off of t o t a l  protein synthesis i n  infected c e l l s .  

In  an assay  based on increase in plaque s ize  with time, HR plaques grow l i n e a r l y  with time 
(PSI') while those of T1026 grow l inear ly  for a short  time only, then renain constant i n  s ize  
(PSI-). We have shown t h a t  the PSI- behavior i s  associated with P- i n  that viruses  l i k e  T1026 
and i t s  rever tan t ,  R1 (S+P-), a r e  PSI-. Induction of interferon by 'I1026 and R1 appears 
to  be responsible  for  t h e  PSI- behavior. 
increase in  s i z e  of adjacent ER plaques making them PSI-; plaque s i z e  increase of unrelated 
viruses such a s  VSV (New Jersey) .  Menpovirus. and Bovine enterovirus  can a l so  be inhibi ted 
by T1026 plaques; i n  Vero c e l l s  which a r e  genet ical ly  unable to respond to  in te r fe ron  
induction, T1026 and R 1  show PSI+ behavior. Like the VSV P function, the interferon inducing 
property is not  ts. nor i z  i t  required f o r  repl icat ion.  

Since T1026, but not K1, can es tab l i sh  pers i s ten t  infect ion,  we suggest that a l l  three 
v i r a l  propert ies ,  Lts, P-. and interferon induction a r e  involved i n  pers is tence with VSV. 

THE ROLE OF IN?ERFLK.ON IX PERSISTENT ILTTZCTIOY WITH T1026, Ann-Hichsle Francoeur, 
Teresa Lam and Cl i f ford  P. Stanncrs, The Ontario Cancer I n s t i t u t e ,  Toronto, Canada. 

I t  has a fs 

TlO26 has a second, non-%lesion i n  the VSV function, P, fo r  

Thus T1026 or R 1  plaques can i n h i b i t  the l i n e a r  
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606 HIGHLY INDUCIBLE C E L L  LINES DERIVED FROM MICE GENETICALLY TRANS- 
MITTING M-MuLV, Lee Bacheler ,  Rudolf Jaenisch  and Hung Fan ,  Tumor  Virology 
Laboratory,  The Salk Institute, San Diego, Cal i fornia  921 12 

Permanent ,  non-virus producing ce l l  l ines  have been establ ished f rom a mouse  embryo 
carrying an endogenous, genetically t ransmit ted Moloney MuLV gene. 
the M-MuLV gene a s  demonstrated by hybridization of cel lular  DNA to M-MuLV cDNA, but  
do not express  i t  a t  the levels  of v i rus  production, accumulat ion of in t race l lu la r  v i r a l  p30, 
o r  M-MuLV-specific RNA. Trea tment  with BrdU (50 p g / m l  for  24 h r )  resu l t s  i n  induction 
of XC positive NB tropic  v i r u s ,  although only a s m a l l  f ract ion of the ce l l s  r e l e a s e  v i r u s  
( less  than 0. 1% af te r  48 h r ) .  Immunofluorescent  staining and flow microf luor imet ry  indi-  
cate  that a wave of p30 accumulation occurs  i n  the induced ce l l s ,  with a maximum a t  24-48 
h r  af ter  the addition of BrdU. F u r t h e r m o r e ,  mos t ,  if not a l l ,  c e l l s  a r e  induced to produce 
p30 protein. 
the cytoplasm of induced cel ls .  At 24 h r  a f te r  induction, the level  of virus-specif ic  RNA i n  
induced ce l l s  is s i m i l a r  to that  found i n  ce l l s  productively infected with exogenous M-MuLV. 
This  rapid induction of v i rus  express ion  i n  a major i ty  of ce l l s  i s  dependent on the presence  
of the M-MuLV gene and probably r e p r e s e n t s  pr imar i ly  express ion  of this  endogenous 
v i rus  since induction is not observed in  ce l l s  s imi la r ly  der ived f rom a sibling embryo 
lacking the M-MuLV gene. 

These  ce l l s  c a r r y  

Similar  kinet ics  a r e  found for the accumulation of M-MuLV-specific RNA in  

607 CHARACTERIZATION OF TRANSMISSIBLE GASTROENTERITIS VIRUS I N  ESTABLISHMENT OF PERSISTENT 
INFECTION I N  SWINE LYMPHOID CELLS. Roger D. Woods, NADC, Ames, I A  50010 

Macrophages (mnocyte derived) and lymphocytes have been successfully cultured from swine 
peripheral blood so tha t  long term repl icat ing cul tures  were established. 
maintained both i n  media and i n  the frozen s t a t e .  The swine lymphoidal c e l l s  were infected 
with the virulent  Miller 83 s t r a i n  of transmissible gas t roenter i t i s  (TGE) virus  a t  an input 
mult ipl ic i ty  of 0.01. 
i n  the cytoplasm and produced infect ious virus  t i t e r s  of 10' to  lo6 p.f.u./ml over 2% years 
a f t e r  inoculation of the virus .  
electron microscopy and/or t i s sue  cul ture  methods. 
the c e l l s  contained TGE v i r a l  antigen without any detectable c.p.e. I t  was not possible t o  
superinfect t h i s  l i n e  or  to  cure the infected c e l l s  by cul tur ing them in the  presence of high 
t i t e red  hyperimune TGF ant isera .  
t es tes  indicator  c e l l  l ine .  The virus  was completely avirulent  when inoculated ora l ly  i n t o  
susceptible 3-day-old swine. Attempts t o  recover the virus  from inoculated swine were not 
successful although the animals produced TGE VN antibodies. The attenuated virus  retained 
i t s  immunogenic propert ies  for  suscept ible  swine for  the duration of the test period. 

These cul tures  a r e  

This s t r a i n  s e t  up a pers is tent  in fe  t ion with v i r u s  par t ic les  observed 

No other viruses  were detected in  the TGE-infected cells. by 
Imunofluorescence showed over 90% of 

The virus  produced minute plaques on McClurkin's swine 

608 PERSISTENT INFECTION BY VESICULAR STOMATITIS VIRUS: INTERFERON I N D U C T I O N  BY 

A sine qua w n  of pers is tent  infectlon(P1) Is survival of host c e l l s  i n  the presence of lethal 
virus. DI par t lc les ,  ts-mutants and the interferon(1F) system have been inplicated i n  P I .  b n -  
ceivably, they could interact  t o  e f fec t  a balance between cel l  k i l l ing  and sparing, and virus 
replication and inhibition. Since IF-mediated interference permits survival of susceptible 
c e l l s  i n  the presence of lethal virus (Virology 69:378, 1976), we sought t o  l i n k  ce l l  sparing 
by t h e  IF  system with 01 par t ic les  and tsTmutants.We have established the blfunct ional i ty  of a 
new class  of [t]RNA defective par t ic les  of VSV that  can act  as homotypic D I  par t ic les  to i n h i -  
b i t  VSV repl icat lon b u t  not cel l  k i l l i n g  (Virology 57:321, 1974), and also as I F  inducing par- 
t i c l e s  (Nature 266:815, 1977) to  act ivate  the I F  system, reduce virus yield and prevent c 1 1  
k i l l ing .  I n  a n t r a s t  to wlldtype virus and ts-mutants that  k i l l  c e l l s  a t  4OoC, many mutanr of 
VSV induce I F  a t  that  temperature and also a t  one used to  es tabl ish P I  (37OC). Complemanta, o n  
groups can be subdivided: o n l y  mutants which show primary t ranscr ipt ion,  b u t  do not i n h l b l t  
cel l  protein synthesis or k i l l  c e l l s  (Virology 79:267, 1977) are  capable o f  inducing h i g h  
levels of I F .  Clonally purif ied and gradient-banded t sGl l ( I )  induces a maximal yield of I F  a t  
m f p  
cye and vlrion-associated t ranscr iptase ac t iv i ty .  I F  induction by [t]RNA D I  par t ic les  Is un- 
affected by heat. Our s tudies  now l i n k  a l l  3 elements previously implicated i n  P I ,  and add a 
fourth, cel l  sparing -- for ,  regardless of the multiple elements that  may come Into balance i n  
P I ,  i t  i s  c lear  that  survival of the host cel l  must be considered paramount among them. 

ts-MUTANTS, AN0 CELL SPARING.  Margaret J. Sekellick and P h i l i p  I .  Marcus. 
University of Connecticut. Storrs ,  Connecticut 06268. 

I .  I F  induction i s  as  sensi t ive t o  heat (50OC) inactivation as  is plaque-forming par t i -  
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609 ANALYSIS OF IN VIZ'RO PRODUCT RNA'S AND TERMINAL SEQUENCES OF D I  RNA IN ACUTE AND PER- 
SISTENT VSV INFECTIONS, B.L.Semler, J. Perrault*,  and J. J. Holland, Dept. Bio., Univ. 

Of CA San Diego, La Jo l la .  CA 92093 
The in vi tro RNA polymerase a c t i v i t y  o f  defective i n t e r f e r i n g  p a r t i c l e s  (DI) o f  ves icu lar  sto- 
m a t i t i s  v i rus (VSV)  produces a small product RNA. The product RNA's f r o m  D I  derived f r o m  a 
number o f  d i f f e r e n t  B v i r i o n  iso la tes o f  VSV have been characterized, and the major species 
found i s  45 nucleotides long. The RNA sequence has been determined f o r  DI derived from two d i f -  
ferent in fect ious B v i r i o n  s t ra ins  (MS and t s  631) o f  VSV. Both o f  these sequences are char- 
acter ized by several adenosine-rich stretches of 4-6 nucleotides each, separated by other  nuc- 
leotides. 
not  t o  B v i r i o n  genome RNA. We have shown f u r t h e r  tha t  the product RNA i s  synthesized from the 
3' end o f  the DI template. 
RNA i s  not conserved i n  D I  RNA, but  i s  replaced by a complementary copy o f  the B v i r i o n  5 
terminus. This suggests t h a t  these sequence dif ferences a t  the termin i  o f  B v i r i o n  RNA and D I  
RNA may p lay a s i g n i f i c a n t  r u l e  i n  DI in ter ference i n  acute in fect ions.  
t o  analyze the terminal sequences o f  a number of d i f f e ren t  DI appearing a t  various times i n  a 
BHK21 c e l l  cu l tu re  (CAR-4) pe rs i s ten t l y  i n fec ted  w i t h  VSV for  over fou r  years, The enom RNA 
from-the f i r s t  o f  these t o  be analyzed annealed t o  s i g n i f i c a n t  f r a c t i o n  050%) o f  a 32P-end- 
labeled, s ing le  stranded RNA probe derived f r o m  the terminal-60 nucleotides a t  the 3' ends o f  
t s  631 D I .  We have also begun a comparative sequence analys is  o f  the RNA products synthesized 
in v i t m  by several p u r i f i e d  D I  derived f r o m  the CAR-4 c a r r i e r  cu l ture.  
Microbio & Immun.. Washington U., Sch. k d . .  S t  Louis, MD 63110 

These p u r i f i e d  RNA's have been shown t o  anneal back t o  the DI v i r i o n  template bu t  

These and other  data i nd i ca te  t h a t  the 3' end o f  the VSV B v i r i o n  

We have recent ly  begun 

*Present address: Dept 

610 CHRONIC INFECTION WITH VESICULAR STOMATITIS VIRUS OF INTERFERON-TREATED L-CELLS. Janet 
11. Ramseur and Robert M. Friedman, N.I.H., NIAMDD, Bethesda, Maryland 20014 

Vhen Ly cells were treated with 100 units per ml of mouse interferon and then infected with 
vesicular stomatitis virus (VSV) at a multiplicity of 10-60 PFU per cell, a prolonged infec- 
tion of cultures ensued, lasting as long as 60 days. 
multiplicities of VSV from a prolonged infection there was no inhibition of virus growth and 
viral intracellular and extracellular RNA forms were no different than viral RNA found in 
wild-type virus passed four times in Ly cells. Infection of BHK cells with a mixture of VSV 
and defective interfering forms (DIF) of VSV produced in BHK cells resulted in marked inhi- 
bition of virus production; however, the same mixture in Ly cells did not result in any de- 
crease in virus production. A morphological examination of VSV from a prolonged infection did 
not show a significant number of small defective viral forms after four passages in Ly cells 
at a high multiplicity of infection. Therefore, DIF of VSV do not seem to play a role in this 
form of chronic infection. 
of the prolonged infection. 
cytopathology after temperature downshift to 32'. 
tions grew to higher titers at 32' than at 37" and its plaque size at 39" progressively de- 
creased with the length of time that the infection persisted.' Furthermore, interferon pro- 
duction also played a role in the persistence of such infections as low titers of interferon 
were present and treatment with rabbit anti-mouse interferon globulin resulted in a signifi- 
cant rise in virus production and viral cytopathology. 

After 4 passages in Ly cells at high 

Temperature-sensitive mutants of VSV did emerge during the course 

The virus produced dqring prolonged infec- 
There was an increase in virus production and virus-induced 

611 PERSISTENT INFECTION OF MOUSE PERITONEAL EXUDATE CELLS BY LACTATE DEHYDROGENASE- 
ELEVATING VIRUS (LDV) IN VITRO, J .  Stueckemann and P. G. W. Plagemann, University of 
Minnesota, Minneapolis, MN 55455. 

Primary cultures of starch-stimulated mouse peritoneal macrophages maintained in L cell-con- 
dltioned medium remained susceptible to LDV replication for 90 days. When infected with LDV 
after 1-4 weeks in culture, productively-infected cells detected by autoradiography for LDV- 
specific RNA and by fluorescent antibody staining were found in colonies of replicating cells. 
LDV production decreased rapidly 12-30 hr after the initial InfeCKiOn of 24-hr or older cul- 
tures, even though no cytopathic effects were observed. The macrophages continued to repli- 
cate normally, and significant amounts of interferon were not detected. LDV production, 
however, continued in these cultures at a low level (2-3 logs lower than the initial viral 
yield) for 75 days. LDV production was t o o  low to be detectable by biochemical methods, and 
no increased virus production could be induced by superinfection. This transient high level 
production of LDV and subsequent persistent infection of macrophage cultures mimics the rep- 
lication of LDV in mice, which is also associated with a life-long chronic stage with low 
level viremia, but the mechanism by which this persistent infection is maintained is uncertain. 



612 MuLV-ENVELOPE QYCOPROTEIN, gp70 IN ONCORNAVIRUS-INDUCED AUTOAGGRESSION 
B.C. Del Villano, G .  Butler, A.R. Vessey, and H.R. Proffitt, Dept. of Immunology 
Research Division, The Cleveland Clinic Foundation, Cleveland, Ohio 44106. 

Thymocytes from C3H mice neonatally infected with MuLV-Moloney (MuLV-M) are autoaggressive 
for normal fibroblasts, but are not so for cells infected with MuLVs. C3H/He target cells 
which are resistant to ki 1 1  at low passage kP25) by autoaggressive MuLV-M-carrier thymocytes 
become resistant to kill at higher passage (P30-P40). This resistance coincides with I )  a 
detectable change in the morphology and growthcharacteristics of the cells, 2) the spontaneous 
expression of MuLV-envelope glycoprotein, gp70, and 3) the spontaneous production of in- 
fectious ecotropic HuLV. By analysis of BrCN peptide maps of gp70s. we have shown that 
different molecular species of gp70 were present on cells which were exogenously infected 
yi th MuLV-H than were present on those spontaneously expressing endogenous MuLV. 

Autoaggressive cytotoxicity by thymocytes from MuLV-M-carrier mice is a complex phenomenon 
apparently involving changes both in effector thymocytes and in target cells. This could be 
the obverse of the reactivity seen in studies involving haptenated or virally infected target 
cells, where reaction by normal lymphocytes against altered self recognition units Is an in- 
tegral part of the imnune response to the hapten or the virus: 
antigens are recognized as self in MuLV-M-carrier mice, and that the recognition unit is a 
complex involving both viral and cell surface molecules. 
would be recognized as "non-self" by MuLV-altered thymocytes because the target cell lacks 
an essential part (viral antigen?) of the recognition unit. 

It is possible that viral 

In such a case, a non-infected cell 

613 

Serum antibodies to Mason-Pfizer virus (M-P V), Baboon C particle virus (OeV) and Simian Sar- 
coma Virus (SSV) were assayed by 3 methods : neutralization of syncytium plaque forming units 
on KC and XC cells; neutralization of vesicular stomatitis pseudotypes with retravirus envelo- 
pe antigens;complement dependent cytotoxic antibodies to retravirus infected cells. 
was a positive correlation between the 3 methods. Cell-mediated response was studied by moni- 
toring (4) thymidine incorporation into human lymphocytes treated in vitro with tne retravi- 
ruses antigens. A high frequency of antibodies to U 4  'i was observed in patients treated f o r  
chronic glmerulonephritis aid in those with a k i d m y  graft. 
durirg the treatments, which were accompanied by multiple transfusions. 
pregnant women with a history of  many pregnancies frequently showed transient specific cell- 
mediated response to either M-P V or DeV antigens. Immurr responses to SSV were  obselved in 
about 10 $ of the adults, with no specific incidence among tho groups studied. 
ted thet grafts and/or transfusions m y  induce the expressions of antigens related to Simian 
retravimses. 

EXPFESSION CF SIRlIAN RETWVIRUSES ANTIGENS IN PATIENTS TREATED FOR RENAL DISEASES AND 
IN PFEGNRNT IDAEN, Lise Thiry, Suzy Sprecher-Goldberger, Michel Bossens and Pierre 
Vereerstraeten, Institut Pasteur, Brussels, 1MO Belgium 

There 

Seroconversions were observed 
On tho other hand 

It is suggcs- 

I'BRSIBI'ENI' INl'liC'rlONS 01: TWO CliLI. LlNliS WIT11 TllE FLAVIVIRUS JAPANESE ENCEPIIALI'TIS 
VIRUS. Connie Sclimaljohn and Carol D. Blair, Dcpt Microbiol. Colorado State 614 

Ilnivcrsity, Fort Collins, CO, 80523. 
I'crsistcnt infcctions by .l;ipnncsc cnccpluilitis virus wcrc established in a linc o f  rahhit 
kidncy cclls (MA-111) hy scri:il undilutcd passapc of thc virus. A small pcrccntagc of 
cclls rclcascd low lcvcls of infectious virions and :I larger and norc varinhlc ~icrccntapc 
was shown to posscss viral antipcn by fluorcsccnt antibody staining. Virus rclcascd from 
pcrsistcnt infections intcrfcrcd with replication of wild-typc Japancsc cnccphalitis virus. 
Pcrsistcntly infcctcd cultiircs could not hc siipcrinfcctcd with wild-typr virus but could 
he su~icrinfcctcd with two hctcrolopous viruscs. 'I'ransfcr of cell cultiirc mcdiiim from 
pcrsistcntly infcctccl M A - I l l  cclls resultcd in ncw persistent iiifcctiona in a linc of 
African grccn munkcy kidncy cclls (Vcro).  llost ccll intcrfnon production and tcmpcmtiirc 
wnsitivc viriiscs wcrc not rcsponsihlc for cstiihlishmcnt o r  ninintcnancc o f  persistence. 
H:itios of plrysieiil p:irticlcs to infcctiotis virions dcmonstrntcd that many dcfcctive, non- 
infcrtious viruscs wcrc prcscnt. Ccll cloncs wcrc isolatcd from iicrsistcnt infections ;ind 
cx;imincrl f o r  tlic prcscncc of viral antipcii, rclcasc of infectious virioiis ;ind ahility to 
hr ?;iilicrinf'cctcd with wild-typo .Iapancsc cnccpii:il itis virus. 

248 
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615 MULTIPLICITY OF PROVIRAL SEQUENCES I N  VIRUS-SHEDDING AND NON-PRODUCING TRANSFORMED 
MOUSE CELLS, Hiromi Okabe and Masakazu Hatanaka, V i ra l  Oncology Program, Frederick 
Cancer Research Center, Frederick, MD 21701 

The presence o f  endogenous v i r a l  genomes and the i n teg ra t i on  of i n f e c t i n g  v i r a l  genomes i n t o  
the host chromosomal DNA are wel l  documented with oncornaviruses. However, l i t t l e  i s  known 
about dif ferences i n  the p r o v i r a l  s ta te  between virus-producing and non-producing c e l l s .  We 
have i so la ted  several c e l l  l i n e s  w i t h  diverse b io log i ca l  cha rac te r i s t i cs  from a cloned Ki-SV 
transformed Balb/3T3 c e l l  l i n e  (K-Balb). A l l  o f  these sub-clones, i nc lud ing  pe rs i s ten t l y  
virus-producing and non-producing l ines, contained a t  l eas t  two d i s t i n c t  sets o f  p r o v i r a l  DNA, 
one representing the endogenous ecotropic virus, and the other  K i -SV.  Hybr id izat ion k i n e t i c s  
o f  c e l l u l a r  DNA w i t h  t o t a l  3H-cDNA. prepared f r o m  a v i rus produced i n  one o f  the var iants  
(58-2T), ind icated tha t  the virus-producing clones contained 1.5 t o  2 times more v i r a l  genome 
equivalents compared t o  the non-producing clones; the l a t t e r  clones had the same prov i rus 
copy number as uninfected Balb/3T3 c e l l s  (about 20 per haplo id  genome). A Ki-SV s p e c i f i c  
"-cDNA. prepared by removal o f  MuLV spec i f i c  sequences by p r i o r  hyb r id i za t i on  w i t h  MuLV 70s 
RNA, detected 2-4 times more p r o v i r a l  DNA i n  producing clones than i n  non-producing clones; 
the l a t t e r  contained only  1 copy per haplo id  genome. 
chromosomally l oca l i zed  p r o v i r a l  DNA i n  these ce l l s ,  as determined by the H i r t  ex t rac t i on  
procedure, ind icated t h a t  the increase was no t  from f ree p r o v i r a l  DNA. Thus, i n  these 
sub-clones o f  K-Balb ce l l s ,  DNA of virus-producing var iants  conta in  more p r o v i r a l  sequences o f  
both endogenous and exogenous viruses i n  coordinate fashion. 

The d i s t r i b u t i o n  o f  f r e e  and 

616 THE RNA OF REPLICATION-DEFECTIVE MAMMALIAN TYPE C TRANSFORMING VIRUSES CONTAINS 
NUCLEOTIDE SEQUENCES HOMOLOGOUS TO THE 5'-TERMINUS OF THE HELPER VIRUS GENOME, 

Steven R. Tronick, William A. Haseltine*, Cirilo D. Cabradilla, Keith C. Robbins, and 
Stuart A. Aaronson, Laboratory of RNA Tumor Viruses, National Cancer Institute, Bethesda, 
Md. 2001b, and Sidney Farber Cancer Center, 'Harvard Medical School, Boston, Mass. 02115 
Replication-defective mammalian type C retroviruses that induce solid and hematopoietic 
tumors in vivo and transform fibroblasts in vitro, have been isolated from severalmamma- 
lian species. A helper type C virus provides functions necessary for the replication of 
the defective transforming virus. 
and primate species have been shown to contain, in a genetically stable form, nucleotide 
sequences homologous to the original helper virus in addition to unique sequences. 
extent of representation and expression of helper viral sequences varies with each trans- 
forming virus isolate. The availability of cDNA probes specific for the 5'-terminal region 
of the helper virus genome made it possible to study the composition and arrangement of 
helper virus sequences in the genomes of defective transforming viruses. The RNAs of a 
large number of these viruses were shown to contain sequences homologous to the helper 
viral 5' cDNA. These 5'-specific sequences were conserved relative to sequences represen- 
tative of the entire helper virus genome. 
sequences suggests they play an essential role in the life cycle of mammalian transforming 
viruses. 

The genomes of transforming viruses isolated from murine 

The 

The conservation of helper viral 5'-terminal 

617 
for Molecular Virol, St. Louis Univ. Med. Ctr., St. Louis, Mo. 63110 
A 32,000 dalton nucleic-acid binding protein (p32). possessing endonuclease activity, has been 
identified in cores isolated from avian myeloblastosis virus (AMV) and Rous sarcoma virus (RSV) 
(Prague B). p32 elutes from phosphocellulose at high salt and can thereby readily be resolved 
from other nucleic rcid-binding core proteins, including AMV a and u6 DNA polymerase. p32, 
which represents 1-27; of the total virfon protein, has been purified to near homogeneity from 
whole AMV virions. Purified AMV p32, labeled with I25I, is specifically imnunoprecipitated 
by hamster s e a m  prepared from an animal inoculated with passage-cloned cells derived from an 
RSV-induced hamster tumor, indicating that p32 is virus-specified. An endonuclease activity 
is found associated with p32 protein throughout purification. This UUClease converts a var- 
iety of supercoiled DNA8 to relaxed circles by means of single-stranded interruptions, but 
lacks DNA exonuclease or RNAse H activity and is relatively inactive in nicking single- or 
double-stranded linear MAS. Analysis of the products of p32 digestion of supercoiled Col El 
DNA, followed by Eco R 1  cleavage , shows that p32 cuts at a limited number of preferred sitea 
on this DNA. p32 endonuclcase is tenfold more active in the presence of Mn* than of Mg* but 
loses site specificity. We will present structural and enzymological evidence that p32 is the 
polypeptide cleaved from the 6 subunit of AMV DNA polymerase (92 K daltons) to yield the 
subunit (62 K daltons). 

ORIGIN AND SPECIFICITY OF A 32,000 DALTON ENDONUCLEASE FROM AVIAN RETROVIRUS CORES 
Miriam Golomb. Duane P. Grandgenett, Ajaykumar C. Vora, and Ron D. Schiff, Institute 

CL 
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618 CP'fl'LETE ?Wl.TIPl,E COPIES PF l'.Al% 'TIFIXl? LT.IIK:E?VA \'IYT-!?F.LATEll SE?lrF.KC!T AW 
PRESFhT I!! IXRFEI, !B)IISl? STFhf!!S A F T  AlVTYf I?! ,I l?ILI, '!OIlSE STFAI):, C u m i t  $. Aulakh, 
E. Pren-Kunar Ceddy, I'ari 5 .  k! lekh,  an? ?!. lo'rn Rlartin, Tho hrreau of 9io:o$cs, 
!.!.I.!l., nethesda,  : I d . ,  20014 

A XI-cI,YA prohe of  Fauscher '!urine Leukrnia Virus (I'l.1') was synthesized,  recycled w i t h  
70 5 v i r a l  RNA, and shown t o  r ep resen t  t he  c o T l e t e  v i r a l  v n o n e .  Py u s i n c  t h i s  ?robe 
i n  ~~!A-n? lnhyhr id i t a t ion  with excess  unlahel led P5'4 from varions inhrerl nouse s t r a i n s ,  
s t r a i n s  of wild n i ce ,  o t h e r  rodents ,  and nannals, it was denonstrntcd t h a t :  1) com;rlete 
v i r a l  eenones are ? re sen t  i n  a l l  t h e  inhrerl s t r a i n s  of n i c e  t e s t e d ,  2) t h e s e  sequences 
a r e  ahsent i n  at  least one s t r a i n  of w i l d  mice, I) t h e r e  a r e  mul t ip l e  copies  (60-70) 
presen t  in every cell of t h e  inhred n i ce  t e s t e d ,  4) PI.V-reloted sequences are widely 
d i s t r i b u t e d  anong rodents .  Ke suggest t h a t  Pauscher Yurine Leukemia F'irus shon?rl h e  
c l a s s i f i e d  as  an endogenous mouse v i rus .  
discussed . Other i n p l i c a t i o n s  of t h e s e  r e s u l t s  w i l l  he 

619 
Fi f t een  murine ce l l  l i n e s  were challenged wi th  encephalomyocardit is  v i r u s  (MC); n i n e  l i n e s  
not producing oncornavirus were completely lysed by MC. 
l i n e s  were t o t a l l y  lysed,  bu t  fou r  o t h e r s  ( a l l  high-level  oncornavirus  producers) yielded 
survivors  from which new sub l ines  were developed. 

Subl ines  continued to produce high l e v e l s  of oncornavirus.  
with about 1 cel l  per  1000 showing v i r a l  an t igen ;  they were r e s i s t a n t  t o  supe r in fec t ion  wi th  
EMC. 
superinfect ion.  
loss of r e s i s t a n c e  t o  EMC. The p o s s i b i l i t y  t h a t  a DNA copy of t h e  EMC genome has  been 
in t eg ra t ed  is suggested by prel iminary t r a n s f e c t i o n  experiments.  

PERSISTENT MC VIRUS INFECTION I N  MURINE CELL LINES, A. J.  Hackett ,  J .  Weaver, 
and F. Scha f fe r ,  Universi ty  of C a l i f o r n i a ,  Berkeley, CA 94720 

Of oncornavirus-producers,  two cel l  

They produced low l e v e l s  of MC 

Passage in t h e  presence of MC ant ibody "cured" EMC product ion bu t  not r e s i s t a n c e  t o  
However, f u r t h e r  mul t ip l e  passage i n  t h e  absence of ant ibody r e s u l t e d  i n  

620 
Tumor ce l l s ,  which are grown i n  v i t r o  and induced i n  chickens as the  r e s u l t  of i nocu la t i on  
w i t h  avian sarcoma viruses, a s - s t e n t l y  i n fec ted  w i t h  these v i r a l  agents. I n  cases i n  
which tumors are der ived from b i r d s  w i t h  proqressing neoplasms, much de 
leased, whi le  tumor c e l l s  cu l tu red  from regress ing neoplasms produce E w  o r  no transforming 
p a r t i c l e s .  
defective, non-oncogenic p a r t i c l e s  which conta in  normal l eve l s  o f  the enzyme RNA-dependent- 
DNA polymerase (RDDP). 
neoplasms) which i n i t i a l l y  produce complete de novo v i r u s  cease a f t e r  severa l  months and 
8-10 passages e i t h e r  t o  produce v i r u s  p a r t i c E s x o g e t h e r  o r  manufacture v i r u s  which i s  
RDDP-containing b u t  transformation-defective. Furthermore. tumor ce l l s ,  which are unable t o  
produce complete de novo v i rus.  l ose  the a b i l i t y  t o  i n t e r a c t  w i t h  the c e l l u l a r  imnune 
system o f  sens i t i%dTGor-bear ing hosts. as judged by the technique o f  pe r iphe ra l  lympho- 
cyte s t imu la t i on  i n  response t o  c u l t u r e  supernatant f l u l d s .  This i s  accompanied by 
senescence-like changes i n  the  appearance and behavior o f  these c e l l s  such as increased 
g ranu la r i t y  and dgcreased p l a t i n g  e f f i c i e n c y .  These r e s u l t s  suggest t h a t  tumor c e l l s ,  
growing e i t h e r  i n  v i vo  o r  i n  v i t r o ,  become less e f f i c i e n t  i n  the product ion o f  de novo v i r u s  
as a c o n s e q u e n c e o f n e s c E c a n d  t h a t  such changes i n  v j r u s  product ion s t a t u s a r e  
accompanied by a l t e r a t i o n s  i n  imnunological appearance as we l l .  
Cancer I n s t i t u t e  o f  Canada. 

DECREASED PRODUCTION OF TRANSFORMING VIRUS BY CULTURED TUMOR CELLS, Mark A. Wainberg, 
Lady Davis I n s t i t u t e  f o r  Medical Research, Montreal, Quebec, Canada 

v i r u s  i s  re -  

The l a t t e r  c e l l  type i s  f requent ly  capable, however. o f  producing transformation- 

I n  s i m i l a r  fashion, tumor c e l l  cu l tu res  (der ived from progressing 

Supported by the  Nat ional  
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621 PROTEIN-PROTEIN INTERACTIONS WITHIN THE SENOAI VIRION,  Mary Ann K. Markwell and 
C. Fred Fox, Univers i ty  o f  Cal i forn ia ,  Los Angeles, CA 90024 

The components o f  p ro te in  complexes formed by na t i ve  d i s u l f i d e  bonds o r  produced by chemical 
c ross l i nk ing  w i t h i n  the Sendai v i r i o n  were elucidated using two-dimensional gel e lect ro-  
phoresis. Egg-grown v i rus  was pu r i f i ed  from e i t h e r  e a r l y  o r  l a t e  harvests o f  cho r ioa l l an to i c  
f l u i d  using centr i fugat ion through sucrose and Renografin gradients. Chemical c ross l i nk lng  
o f  t he  p u r i f i e d  v i rus  was performed a t  0' and 37' using dimethyl-3,3'-dithlobispropionirnidate 
and methyl 3-[(p-azidophenyl)dithio]propionimidate. Results i nd i ca te  t h a t  HN i s  present i n  
the v i r i o n  as a dimer and tetramer and t h a t  P i s  present as a t r imer  i n  na t i ve  d i s u l f i d e  
complexes. Chemical c ross l i nk ing  add i t i ona l l y  produces a dimer o f  F1,2 and oligomers o f  
NP and o f  M. 

672 CHARACTERIZATION OF GaLVH, A NEW AND DISTINCT ISOLATE OF GIBBON APE LEUKEMIA VIRUS, 
K. Green, F. Wong-Staal, M. Reitz, C. D. Trainor, R. C. Gallo. and R. E. Gallagher, 

National I n s t i t u t e s  o f  Health, L i t t o n  Bionetics, Inc.. Bethesda, MD 20014, and Hem Research, 
Inc., Rockvi l le, MO 20852. 
A gibbon ape w i t h  lymphoblastic leukemia. obtained from a colony i n  Bermuda w i t h  no previous 
h i s t o r y  o f  leukemia o r  exposure t o  GaLV, contained h igh l eve l s  o f  type-C v i rus  and v i r a l  com- 
ponents i n  various t issues (Gallo e t  al., V i ro lo  
re la ted  t o  other  l s o l a t e s ' o f  GaLV Z i d T l s o d a n  sarcoma v i r u s  (SiSV) by reverse trans- 
c r i p tase  and p30 serologic homology. We have shown t h a t  these viruses a lso share nuc leot ide 
sequence homology w i t h  GaLV . However, by both extent  o f  h y b r i d l t a t i o n  and thermal s t a b i l i t y  
o f  the hybrids formed w i t h  H1) v i r a l  RNA and in fec ted  c e l l  DNA; 2) v i r a l  cDNA and v i r a l  RNA; 
and 3) v i r a l  cDNA and in fec ted  c e l l  DNA, t h i s  v i rus  can be r e a d i l y  d is t inguished from GaLV- 
SEATO, GaLV-Br, and GaLV-SF, the three prev ious ly  described s t ra ins  o f  GaLV. and more r e a d i l y  
d is t inguished from SiSV.  An analys is  o f  the "strong stop" cDNA (by W. Haselt ine), representing 
the 5 '  1% o f  the v i r a l  RNA, a l so  shows t h a t  GaLVH can be d is t inguished from these prev ious ly  
described iso la tes.  

, i n  press). Thls iso la te.  c a l l e d  GaLVH. i s  

GaLVH thus represents y e t  another s t r a i n  o f  GaLV. 

GENETICALLY TRANSMITTED RETROVIRUSES ISOLATED PROM ASIAN RODENT SPECIES: RELATIONSHIP 
TO PREVIOUS ISOLATES PROM RODENTS AND PRIMATES. Robert Callahan and George J. Todaro, 
National Cancer I n s t i t u t e ,  Bethesda, MD 20014 

We have i so la ted  two d i s t i n c t  c lasses  of endogenous type C vi ruses  (C I and C 11) and one new 
c l a s s  of endogenous type B re t roviruses  (designated N432) from the Asian murine spec ies  Hus 
cervicolor. The class C I viruses  a r e  ant igenical ly  re la ted  t o  the  leukemia- and sarcoma- 
inducing infec t ious  primate type C viruses  i so la ted  from a woolly monkey and gibbon apes. 
Since DNA t ranscr ip ts  of the woolly mnkey sarcoma viruses  and the  gibbon leukemia v i ruses  
hybridize t o  rodent. and especial ly  nus. c e l l u l a r  DNA and not  t o  primate DNA, i t  would appear 
tha t  t h i s  group of infect ious primate RNA tumor v i ruses  has been derived under na tura l  con- 
d i t i o n s  from endogenous v i ruses  of c e r t a i n  e species .  
rep l ica t ing  i n  c e l l s  of heterologous species. including human. have been i so la ted  fromg.  u, g. -1, g. shor t r idge i  (Thailand), 5. 
Vendeluria oleracea. The a b i l i t y  t o  re lease infect ious type C and type B v i ruses  is c lear ly  
not  l imited t o  inbred laboratory mouse species ,  but., ra ther ,  is a l s o  found with high proba- 
b i l i t y  i n  many d i f fe ren t  outbred rodent species. Hybridization of unique sequence c e l l u l a r  
DNA shows t h a t  some of these species  are as genet ical ly  d i s t a n t  from Mus musculus and 
cervicolor  as are the rat species. The retroviruses  they release a r e  re la ted  to ,  but d i s t i n c t  
from. laboratory w u s e  and rat viruses .  Breeding colonies of some species  have been estab- 
l i shed  and spontaneous leukemias and breas t  cancers have been observed; the ro le  of act ivated 
endogenous viruses  and/or na tura l  recombinant viruses  i n  disease production is under study. 

Xenotropic re t roviruses .  capable of 

( India)  and a d i s t a n t  r e l a t i v e ,  
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674 INTERFERON EFFECT ON MuLV INFECTION: FORMATION OF UNINFECTIOUS V I R U S  I N  CHRONICALLY 
INFECTED CELLS, Paula M. Pitha, Nelson A. Wive1 and Bruce F. Fernie, Johns Hopkins 

Oncology Center, Balt imore, MD 21205 and National Cancer I n s t i t u t e ,  Bethesda, MD 20014 
Treatment o f  SC-1 c e l l s  ch ron ica l l y  i n fec ted  w i t h  MuLV w i t h  i n t e r f e r o n  (150 u/ml) leads t o  a 
100-fold decrease i n  the amount o f  i n fec t i ous  v i r u s  i n  the medium, bu t  on l y  t o  a 10- fo ld  de- 
crease i n  the number o f  released v i rus  p a r t i c l e s .  
was n o t  g rea t l y  affected, wh i l e  the number o f  ce l l -assoc iated v i r i o n s  quant i ta ted by e lect ron 
microscopy was 2-5 f o l d  higher i n  i n te r fe ron - t rea ted  c e l l s  than i n  the con t ro l s .  The i n t e r -  
feron block o f  MuLV r e p l i c a t i o n  occurred a t  the post-budding stage, and the  v i r u s  p a r t i c l e s  
produced i n  the presence and absence o f  i n t e r f e r o n  were morphological ly ind is t inguishable.  
I n te r fe ron  had no e f f e c t  on the t r a n s c r i p t i o n  o f  v i r a l  RNA, and in te r fe ron - t rea ted  p a r t i c l e s  
contained 705 RNA and a l l  the major s t r u c t u r a l  prote ins.  The p a r t i c l e s  synthesized i n  the 
presence o f  i n t e r f e r o n  contained 3 novel polypeptides. Two o f  these are g lycosy lated (m.w. 
85,000 and 68,000), and one (m.w. 70,000) i s  glucosamine d e f i c i e n t .  The r a t i o  o f  the r e l a t i v e  
amounts o f  p3O/gp71 i n  the v i r i o n s  m d e  i n  the presence o f  i n t e r f e r o n  i s  3 f o l d  h igher  than i n  
the con t ro l  v i rus .  The pulse-chase experiments demonstrated t h a t  the precursor synthesized i n  
the presence of i n t e r f e r o n  could be cleaved and assembled i n t o  the v i r i o n s  a f t e r  i n t e r f e r o n  
removal. These r e s u l t s  show tha t  the interferon-induced i n h i b i t i o n  o f  MuLV r e p l i c a t i o n  i s  due 
t o  a def ic iency i n  the v i r i o n  assembly which leads both t o  the formation o f  un infect ious 
p a r t i c l e s  and t o  the decrease i n  v i r i o n  production. 

I n  the c e l l s  the amount o f  i n fec t i ous  v i r u s  

INTEGRATION OF MOLONEY AND AKR PROVIRUSES IN THE MOUSE AND RAT GENOME. Robert A. 
Weinberg and David Steffen,  Biology Dept. and Center for Cancer Research, MIT, 
Cambridge, MA 02139. 

DNA from c e l l s  infected wjth Moloney or AKR murine leukemia viruses  can be cleaved w i t h  EcpRI 
endonuclease which has no cleavage s i t e s  within the proviral DNA sequences. 
DNA fragments can then be resolved by g e l  electrophoresis and detected by Southern g e l - f i l t e r  
blott ing.  
integrated proviruses, each represented by a differently-s ized fragment. 
of the fragments varies  from clone t o  clone,  there are apparently a large number of 
integration sites of the provirus in  rat  c e l l  DNA. 

which are incremented by additional bands i n  the leukemic t i s s u e s .  
being used t o  enhance the detection of the exogenously-introduced proviruses. 
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The result ing 

Examination of a s e r i e s  of independently infected rat  c e l l  c lones reveals several  
Since the s i z e s  

Examination of normal and leukemia mouse c e l l s  reveals  15-20 endogenous v i r a l  bands, 
Specif ic  probes are 

626 D I  PARTICLES OF SENDAI VIRUSr ROLE I N  ACUTE AS WELL AS I N  PERSISTENT 
INFECTIONS, Laurent Roux, John J.Holland, Department of Biology, Uni- 
v e r s i t y  of  Cal i forn ia  San Diego, La JElla, CA 92093 

I n  an attempt t o  understand t h e  role t h a t  t e defec t ive  interfer ing(D1)par-  
t l c l e s  of Sendai vlrua may play i n  acute  a s  w e l l  as i n  p e r s i s t e n t  in fec t ions ,  
s tockr  of  standard(9T) and D I  virua were charac te r ized  and examlned. Q t o -  
pa th ic  e f f e c t  of t h e s e  d i f f e r e n t  s tocks was then s tudied during acute  infeo- 
t i o n s  o f  BHK cellr .  It was found t h a t ,  although after  an i n f e c t i o n  with 8T 
stock more than  99$ of  t h e  c e l l s  died within 3 days, co infec t ion  with ST plUe 
D I  vim8 could p r o t e c t  more than 99$ of  t h e  c e l l s  from dying. During these 
primary mixed i n f e c t i o n s ,  t h e  r e p l i c a t i o n  o f  t h e  f u l l  l ength  50 S v i r a l  RNA 
l a  i n h i b i t e d  by more than 95-99$. Long term p e r r i s t e n t l y  lnfec ted  c e l l  
o u l t u m r  were ea tab l i rhed  e i t h e r  by wai t ing  many weeks f o r  t h e  few surviving 
c e l l s  of an i n f e c t i o n  with ST v i r u s  t o  r e e s t a b l i s h  growth, or by repeatedly 
passaging those c u l t u r e s  which were o r i f i n a l l y  i n f e c t e d  with both ST and D I  
viruaee. Their c h a r e c t e r l z a t i o n  l a  In progress. It is already known that  
theso  oul tures  are p a r t l y  o r  t o t a l l y  r e s i s t a n t  t o  a chal lenge by ST Sendai 
vlrus, although they are t o t a l l y  s e n s i t i v e  t o  Veaioular S tomat i t la  virue, 
t h a t  ameller RWAs are present  i n  equal or g r e a t e r  amount along with 50 S FtNA 
i n  i n t r a c e l l u l a r  NC a t r u o t u r e s  and t h a t  one o f  t h e r e  c u l t u r e s  shed virus 
during a c r i s i s  episode. 
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627 MEASLES VIRUS PERSISTENT INFECTIONS - BIOLOGICAL AND BIOCHEMICAL STUDIES, Hans J. 
Zweerink and Edward C. Hayes, Department of Microbiology and Immunology, Duke 
University Medical Center, Durham, N.C. 27710. 

Biochemical and biological analyses of HEp-2 cells lytically and persistently infected with 
measles virus have been carried out to elucidate parameters that are responsible for the 
establishment and maintenance of persistent infections. 
infected HEp-2 cells (HEp-2-PI) produced infectious virus although the yield was a thousand- 
fold reduced compared to a lytic infection. 
by HEp-2-PI cells differed in two ways from the prototype Edmonston vaccine strain 
of measles virus that was used to establish the persistently infected culture. 
temperature-sensitive and i t  generated rapidly in HEp-2 but not in Vero cells a persistent 
infection with the concomittant release of interfering particles. 

although significantly more accumulated in HEp-2-PI cells. 
at 3 0 S ,  with an as yet undetermined polarity, also accumulated in HEp-2-PI cells. The major 
viral polypeptides in particles released by both cell types did not differ in their electro- 
phoretic mobility in SDS-polyacrylamide gels and the extent of glysosylation. 
were observed in virus-induced polypeptides in both cell types. HEp-2-PI cells expressed 
considerably more of the two surface polypeptides (a glycoprotein and the fusion protein) 
than lytically infected HEp-2 cells. 
of the virus induced polypeptides. 

All cells in cultures of persistent* 

The plaque purified infectious virus produced 

It was 

Both lytically and persistently infected HEp-2 cells contained 55 S genwic RNA 
Another RNA species sedimenting 

Differences 

No differences were observed in the molecular weights 

628 PROGRESSIVE ANTIGENIC DRIFT OF VISNA VIRUS IN PERSISTENTLY INFECTED SHEEP. Opendra 
Narayan, Diaqe Griffin and Janice Clements. Johns Hopkins Medical School. 

Visna virus is a retrovirus of sheep and replicates both in sheep cell cultures and in 
the animal by means of intermediate proviral DNA. The virus replicates exponentially in 
cell cultures causing cytopathic effects. However i n  infected sheep exponential viral 
replication does not occur and virus is recovered mainly by explantation of tissue or co- 
cultivation of cells with indicator cell cultures. Virus can be repeatedly recovered from 
the peripheral blood leukocytes (PBL) of an infected sheep despite the development of virus 
neutralizing antibody. 
lo6 cells. 
distinct from the virus inoculated. This provides one explanation f o r  virus persistence in 
an immunologically competent host. The effect of serum containing virus neutralizing 
antibody on virus-infected cell cultures was studied. Mutant virus was consistently isolated 
within three weeks during the first passage. Detectable mutant viruses emerge more slowly 
-__ in vivo. Viruses were isolated from PBL of infected sheep at monthly intervals for 1 Jr years 
after inoculation. 
inoculation all the viruses isolated durine the first 12 8,ionths were of parental antigenicity. 
Subsequently hoth parental and mutant viruses were idmtified. Thereafter, antigenic drift 
of the virus was progressive with continuous evolution of new virus strains and gradual 
sequential development of neutralizing antibody to the preexisting mutant viruses. 

At all times, virus recovery from PBL is inefficient, requiring lo5- 
Visna viruses isolated from sheep 2 to 3 years after inoculation is antigenically 

Although animals developed virus neutralizing antibody 8 weeks post 

629 IMMUNE RESPONSES IN VISNA VIRUS INFECTION OF SHEEP. Diane Griffin, Opendra Narayan, 
and Robert Adams. Johns Hopkins University School of Medicine. 

Visna is a slow progressive neurological disease of Icelandic sheep which has a prolong- 
ed incubation and is caused by a persistent virus infection. Visna virus is a retrovirus and 
replicates by means of a proviral DNA intermediate which probably integrates into host cell 
DNA. In addition, antigenically distinct mutant viruses can be recovered from the peripheral 
blood leukocytes (PBL) of infected sheep. Both mechanisms are probably important for 
persistence. The host immune response appears unable to clear the virus infection. For 
this reason a detailed study of the initial immune response to visna virus infection was done. 
Virus specific cell mediated immunity, measured by stimulation of PBL and cerebrospinal fluid 
(CSF) cells appeared within 1 week, peaked by 2 weeks, and then fell to control values by 6 
weeks post inoculation. Cell free virus was recoverable from CSF only during the first 2 
weeks. Ristopathology at 10 days post inoculation showed an arute meningoencephalitis. 
Thereafter the inflammatory changes became more chronic with the development of dense peri- 
vascular infiltration and germinal centers. Virus neutralizing antibody is detectable with- 
i n  2 months of vtrus inoculation. Thus. the initial immune responses of sheep to infection 
with visna virus are vigorous and temporally similar to those seen in acute viral infections 
except that virus is not cleared. Late in the lnfection antigenically distinct mutants 
arise possibly leadlng t o  repeat cyrles of virus repliration. Immune responses and the 
arrumulation of arute and chronic 1e.slon.r ultimately resulting in clinical disease. 
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THE PROVIRAL DNA OF VISNA VIRUS: SYNTHESIS AND PHYSICAL MAPS OF PARENTAL AND 
ANTIGENIC MUTANT DNA. J an ice  E. Clements, Opendra Narayan and Diane G r i f f i n .  Johns 
Hopkins Medical School. 
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The syn thes i s  of p rov i r a l  DNA of visna v i r u s  w a s  measured a t  va r ious  i n t e r v a l s  a f t e r  
i i ioculation u f  sheep c e l l  c u l t u r e s  a t  m u l t i p l i c i t i e s  of 0 .3 ,  1 and 10 p f u f c e l l .  
the  in fec t ed  c e l l s  was f r ac t iona ted  by the Hi r t  procedure ( H i r t ,  B.J. Mol. Biol .  2 : 3 6 5 )  
i n t o  low and high molecular weight DNA and each f r a t t i o n  was quan t i t a t ed  f o r  i n f e c t i v i t y  by 
plaque assay using the calcium phosphate t r ans fec t ion  technique (Graham, F.L. and Van Der Eb, 
A . , J .  Virology 52: 456). The appearance of i n f e c t i o u s  DNA i n  the  H i r t  supernatant  was 
biphasic  a t  a l l  m u l t i p l i c i t i e s ,  apparent ly  r e f l e c t i n g  two rounds of low molecular weight DNA 
syn thes i s .  The amount of i n f e c t i o u s  DNA i n  the  H i r t  p r e c i p i t a t e  increased with t ime, 
reaching maximum l e v e l s  i n  a l l  c u l t u r e s  a t  the time of peak v i r u s  production. 

Using the  DNA from the  H i r t  supernatant  and t h e  b l o t t i n g  technique of Southern (Southern,  
E . ,  J. Mol. Biol .  98: 503),  r e s t r i c t i o n  maps of v i sna  v i r a l  DNA ( s t r a i n  1514) have been 
constructed.  Since visna v i r u s  changes a n t i g e n i c a l l y  i n  t h e  presence of n e u t r a l i z i n g  
antibody, both i n  sheep and i n  c e l l  c u l t u r e ,  a comparison was made of t h e  r e s t r i c t i o n  maps 
of the DNA from visna v i r u s  s t r a i n  1514 and i t s  na tu ra l  an t igen ic  va r i an  L V l A ,  t o  determine 
whether these an t igen ic  changes were r e f l e c t e d  i n  t h e i r  DNA. 

The DNA from 

Genetic Expression, RNA Containing Animal Viruses 

631 
Maryland 20014 
Vesicular  s t o m a t i t i s  v i r u s  (VSV) de fec t ive  i n t e r f e r i n g  (DI) p a r t i c l e s  whose RNA is t h e  same 
a s  t h a t  from t h e  5 '  ha l f  of t h e  s tandard v i r a l  P.NA a r e  gene ra l ly  g e n e t i c a l l y  i n e r t .  
have been d i f f e r e n t  with DI-LT whose RNA i s  der ived from t h e  3 '  h a l f  of v i r a l  RNA and con ta ins  
four  genes and the  proposed t r a n s c r i p t i o n  i n i t i a t i o n  sequence (5'-G-M-KS-N-T1-3'). The 
genome of t h e  DI-LT p a r t i c l e  i s  t r ansc r ibed  and r e p l i c a t e d  i n  t h e  absence of i n f e c t i o u s  VSV 
(PNAS, 74. 4387, 1 9 7 7 ) .  Continued s t u d i e s  of t h e  b i o l o g i c a l  c a p a b i l i t i e s  of DI-LT i n d i c a t e  
an impaired a b i l i t y  t o  shut  o f f  hos t  p r o t e i n  syn thes i s .  
detected by i s o t o p i c  l abe l ing .  
sediment as r ibonucleoprotein p a r t i c l e s  which con ta in  N p ro t e in  made during t h e  in fec t ion .  
G p r o t e i n  is  detected i n  c e l l s  using a f luo rescen t  ant ibody technique. 
with DI-LT and a temperature s e n s i t i v e  VSV mutant a l s o  show t h a t  competent C p r o t e i n  is 
produced. These and earlier r e s u l t s  demonstrate t h a t  not a l l  DI p a r t i c l e s  a te  g e n e t i c a l l y  
s i l e n t .  Indeed, DI-LT is a b l e  t o  express  independently and ex tens ive ly  i ts  genome. This  
c l a s s  of D I  p a r t i c l e s  m y  enhance t h e  immune response as we l l  a s  i n t e r f e r e  wi th  production 
of t he  s tandard v i r u s .  

GEW EXPRESSION BY A DEFECTlVE ThTERFERING PARTICLE OF VESICULAR STOMATITIS VIRUS 
I N  THE ABSENCE OF HELPTR. Leslye 3. Johnson and Robert A. La rza r in i .  RIH.  Bethesda, 

Resu l t s  

However, M p r o t e i n  is r e a d i l y  
The new f u l l  l eng th  + and - s t r a n d  DI-LT r e p l i c a t i v e  RNAs 

Mixed i n f e c t i o n s  

GENETIC ORGANIZATION OF THE S A N D  THE =GENES I N  AVIAN ONCOVIRUSES. 
Michael M.C Lai ,  Sy lv ia  S.H.Hu and Pe te r  K. Vogt, Dept,. of Microbiology, Universi ty  
of Southern Ca l i fo rn ia ,  School of Medicine, Los Angeles, Ca l i fo rn ia  90033 
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The organizat ion of 
formation-defective (td, v i ruses .  I t  was found t h a t  many % v i r u s e s  still re t a ined  about  252  
of the  gene. The r e s i d u a l  sequences w e r e  a l l  der ived from t h e  5'-end o f  t h e  gene. 
I t  appears  t h a t  t h i s  i s  t h e  favored s i t e  f o r  d e l e t i o n  within t h e  =gene.  
- t d  v i r u s e s  incorporated a s t r e t c h  (0.6 k i lobases )  of c e l l u l a r  sequences a t  t h e  site o f  t h e  
a r c  de l e t ion .  
The organizat ion of t h e  =gene  was s tud ied  by heteroduplex mapping between DNA of r ing-  
-necked pheasant v i r u s  and RNA o f  chicken oncoviruses.  I t  was found t h a t  t h e  = gene w a s  
l oca t ed  a t  0.6 kb from t h e  3'-end of t h e  genome i n  g v i r u s e s  and 2.5 kb f r a n  t h e  )'-end i n  
nondefective avian s a r c m a  v i ruses .  It spans 1.5 t o  1.7 kb i n  length.  Furthermore, t h e  3'- 
ha l f  o f  t h e  = g e n e  is conserved while  t he  5 '-half  i s  more diverged. 
very )'-end of also shows divergence. There is no evidence f o r  t h e  presence o f  any gene 
between The d i s t r i b u t i o n  of v a r i a b l e  and conserved r eg ions  within t h e  env gene 
suggests  i n t e r e s t i n g  s t r u c t u r e  f o r  t h e  v i r a l  glycoproteins .  

gene was s tud ied  by e l ec t rophores i s  and heteroduplex mapping o f  t r ans -  

Furthennore many 

- 

A small a r e a  a t  t h e  

and E. 
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Rous sarcoma v i rus  70s v i r i o n  RNA has been t rans lated i n  the  messenger-dependent r e t i c u l o c y t e  
l ysa te  system. Three major products, which were synthesized from RNA of nondefective RSV bu t  
not  from RNA o f  transformation-defective de le t i on  mutants, have been characterized. These 
prote ins were found t o  have apparent molecular weights o f  approximately 55,000, 25,000, and 
17.000 daltons by electrophoresis i n  a SDS-polyacrylamide s lab gel. T ryp t i c  peptide analys is  
o f  these prote ins showed a l l  three t o  be overlapping prote ins w i t h  shared amino ac id  
sequences. However, both s i m i l a r  and d i s t i n c t  peptides were observed when the 55 K p r o t e i n  
synthesized from RN4 o f  the PR-B s t r a i n  was compared t o  the 55 K pro te in  from SR-D RSV RNA, 
suggesting t h a t  these RNAs code f o r  re la ted  b u t  d i f f e r e n t  55 K prote ins.  
were found t o  be unrelated t o  any o f  the RSV v i r i o n  prote ins by t r y p t i c  pept ide analys is  and 
by imnunoprecipitat ion. The RNAs coding f o r  the 55 K, 25 K, and 17 K prote ins were found t o  
be polyadenylated and t o  sediment i n  sucrose gradients w i t h  peaks a t  approximately 24s. Z O S ,  
and 18S, respect ive ly .  I t  appears l i k e l y  t h a t  these prote ins are synthesized f r o m  v i r a l  RNA 
because o f  s t ra in -spec i f i c  d i f ferences i n  them. The s i z e  o f  the messenger RNA a c t i v i t y  and 
the absence o f  the 55 K, 25 K and 17 K prote ins i n  the t r a n s l a t i o n  products o f  t d  RSV RNA, 
suggest t h a t  they may be coded f o r  by the RSV 

CELL-FREE TRANSLATION OF ROUS SARCOMA VIRUS RNA, Karen Beemon and Tony Hunter, in: 
Salk I n s t i t u t e .  San Diego, CA 92112 

These prote ins 

gene. 

634 Steven S. Witkin, Paul J. Higgins and Aaron Bendich, Memorial Sloan-Kettering Cancer 
Center, New York, New York 10021 
Human sperm nuclei contain particulate DNA-synthesizing complexes that resemble retroviruses 
in biochemical properties. In addition, the immunoglobulin G (IgG) fraction of rabbit anti- 
sera to human sperm nuclei specifically inactivates the reverse transcriptase LRTase) activity 
in disrupted endogenous type C viruses of baboon (BW) and cat (RD114); the RTaSe in onco- 
genic primate, feline, murine and avian retroviruses remain unaffected. Since one cause of 
infertility is the presence of antibodies to sperm, we examined the IgG fraction of sera from 
infertile men and women for the presence of antibodies to both sperm DNA polymerase and BEV 
RTase. IgG inhibitory to sperm DNA polymerase and BEV RTase, but not to the RTase of simian 
sarcoma virus, was present in sera from infertile persons of both sexes. A maximum of 80% of 
dT1Z-lB.poly rA-directed BEV reverse transcriptase activity could be inhibited by human IgG. 
This inhibition was completely abolished by prior incubation of the IgG with partially puri- 
fied human sperm DNA polymerase. 
represent the product of the expression, during spermatogenesis, of human genes that code for 
a BEV-like endogenous virus. 
This study was supported in part by Public Health Service Grant CA08748 from the National 
Cancer ItstitUte, the National Institute of Child Health and Human Development Grant 
X1 ROi HD10826-01 and the Ford Foundation Grant fi770-0536. 

ANTIBODIES TO BABOON RETROVIRUS REVERSE TRANSCRIPTASE IN SERA FROM INFERTILE IIUMANS, 

We propose that the sperm DNA-synthesizing complex may 
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l ls ina a conbined biochemical and qenetic approach, r e  have analyzed the qene products of 
Evel ine v i rus  (Friend VuLV). The envelope q lycoprote in  o f  t'ul Vs (qpFQ/71) e x h i h i t s  both 
s ize and chanqo microheterooeneity. Isle have found t h a t  c e l l  l i n e s  producinq qpFq/7l a r r  
doubly infected; cloned viruses from these c e l l  l i n e s  produce e i t h e r  qohq o r  ~ 7 1 .  
charqe heterogeneity i s  caused hy heteroqeneous s i a l y l a t i o n  o f  carbohvdrate s ide  chains. 
However. there are two carbohydrate s lde chains, only one o f  which i s  s ia l y la ted .  
s tud ies o f  a temperature sens i t i ve  mutant o f  Pauscher f'uLV i n d i c a t e  t h a t  a t  ?Qo a Qn,nOD 
dal ton qlycosylated precursor o f  gp70 i s  formed b u t  not  cleaved and the olasma membrane 
lacks gp70 antiqens. Processinq i s  therefore requi red f o r  I n s e r t i o n  o f  the a l vcop rn t r i n  
i n t o  the plasma mnhrane. 
the absence o f  mature qp7n. 
Analysis o f  Evel ine v i r u s  p ro te ins  and the qcq and mu precursors i n d i c a t e  t h a t  Fve l i ne  
i s  subs tan t i a l l y ' d i  f f r r e n t  from authent ic  Friend-t'uL\'. 

btrit I I (  AND SIALYLATIOW HFTFPCGENFITY OF IbLY qp70. 't'arl' J. trurray and 
David Kabat. Department o f  Riochemistry School o f  vedicine. l l n i v e r s i t v  o f  nreoon 
H r a l t h  Sciences Center, Portland, 9 7 h I  

The 

Pelated 

Pdd i t i ona l l y .  Dar t i c l es  appear t o  be released from c e l l s  i n  
The Eveline v i rus  I s  widely  assumed t o  he Friend-ftuLV. 
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BIOCHEMICAL ANU IMflUNOLOGICAL PROPERTIES OF a GENE-COOEO STRUCTURAL PROTEINS OF 
TYPE-C V I R U S  ISOLATES OF DIVERSE MAMMALIAN S M I E S :  Roberta K. Reynolds, Sushi1 kumar 636 
G. Oevare, Fred H. Reynolds and John R. Stephenson, V i r a l  Oncology Program, 

National Cancer I n s t i t u t e ,  Frederick, Md. 21701 ." 
The major nonglycosylated s t r u c t u r a l  prote ins o f  murine leukemia v i rus,  coded f o r  by a gene 
designated s, are synthesized i n  the form o f  a 65,000 inolecular weight precursor polypep- 
t i d e  which becomes subsequently cleaved, g i v ing  r i s e  t o  prote ins w i t h  molecular weights o f  
30,000 (p30). 15,000 ( ~ 1 5 ) .  12,000 (p12) and 10,000 (p10). The a v a i l a b i l i t y  o f  condi t ional  
l e t h a l  mutants o f  the Rauscher s t r a i n  o f  murine leukemia v i r u s  w i t h  temperature-sensit ive 
defects i n  cleavage made poss ib le  the i d e n t i f i c a t i o n  o f  several pa i r s  o f  adjacent protein: 
w i t h i n  the type-C v i r a l  gene and ind i ca ted  the i n te rna l  sequence from the 5 '  t o  the 3 
end o f  the gene t o  be: p15-p12-p30-p10. The biochemical proper t ies o f  i n u n o l o g i c a l l y  
cross-react ive s t ruc tu ra l  prote ins o f  type-C v i r u s  i so la tes  o f  add i t i ona l  mamnalian species 
were analyzed. The r e s u l t s  obtained ind i ca te  t h a t  the i s o e l e c t r i c  po in ts  and hydrophobic/ 
hydrophyl ic nature o f  imnunological ly cross-react ive prote ins have been h i g h l y  conserved 
throughout the evo lu t i on  o f  t h i s  group o f  viruses. 
chemical ly and imnunological ly analogous prote ins,  the gene sequences o f  a broad range 
o f  mamnalian type-C viruses have been deduced. Extension o f  these s tud ies t o  c e l l  l i n e s  
nonproductively-transformed by d iverse mamnalian sarcoma v i rus  iso la tes,  i nc lud ing  those o f  
mouse, r a t  and f e l i n e  o r ig in ,  has ind icated expression o f  d i f f e r e n t  numbers o f  m gene 
prote ins occurr ing progress ive ly  from the 5 '  t o  the 3'- end o f  the 

Moreover, by i d e n t i f i c a t i o n  o f  b io -  

gene. 

IDENTIFICATION OF A TRANSFORMATION-SPECIFIC FELINE SARCOMA VIRUS-CODE0 PROTEIN: 637 

School o f  Publ ic  Health, Boston, Mass. 02115. 
The f e l i n e  oncornavirus-associated c e l l  membrane antigen (FOCMA) ac ts  as a t a r g e t  f o r  natura l  
irmunosurvei l lance against tumor development i n  the cat .  I n  the present study we demonstrate 
the expression o f  FOCMA as wel l  as the 5 '  terminal f e l i n e  leukemia v i r u s  (FeLV) m gene 
prote ins,  p15 and p12, i n  mink and r a t  c e l l s  nonproductively transformed by f e l i n e  sarcoma 
v i rus  (FeSV). I n  contrast, such c e l l s  l ack  detectable l e v e l s  o f  o ther  FeLV m gene-coded 
prote ins o r  the env gene product, gp70. FOCMA, p15 and p12 are i n i t i a l l y  expressed i n  the 
form o f  an B O , O O ~ O O , O O O  molecular weight precursor which upon pos t - t rans la t i ona l  cleavage 
gives r i s e  t o  a 65,000 molecular weight component which contains FOCMA and a 25,000 
molecular weight p ro te in  conta in ing p15 and p12. This observation, i n  combination w i t h  
i n u n o l o g i c  evidence es tab l i sh ing  the FeLV gene sequence as NH2-plS-pl2-p30-plO-COOH, 
suggests t h a t  c e l l u l a r  sequences coding fon  FOCMA may have been acquired as a r e s u l t  o f  
recombination w i t h i n  the FeLV gene. Fel ine lymphoma c e l l s ,  i nc lud ing  those from 
several tumors which lacked detectable l eve l s  o f  FeLV s t r u c t u r a l  p r o t e i n  expression, were 
shown t o  be FOCMA-positive. 
coded t ransformat ion-speci f ic  prote' in and provide pre l iminary in format ion regarding the 
p o s i t i o n  w i t h i n  the FeSV genome coding f o r  i t s  synthesis. 

A r i f a  S.  Khan, Max Essex, Ann 11. S l i s k i ,  and John R. Stephenson, V i r a l  Oncology 
Program, National Cancer I n s t i t u t e ,  Frederick, Md. 21701 and Harvard Un ive rs i t y  

These f i nd ings  s t rong ly  suggest t h a t  FOCMA represents an FeSV- 

638 
All chicken cells contain endogenous proviral sequences in their nuclear DNA. 
be spontaneously released or induced from some, but not all strains of chicken and has been 
designated Rous associated virus, RAV-0. Two models that could explain a difference in 
ability to produce virus are: (1) deletion of part of the RAV-0 genome; or ( 2 )  differences 
in neighboring cellular sequences, which might affect control of virus production. 
analyzing the topography of the endogenous provirus in producing and in nonproducing chicken 
strains. To study the location of the endogenous provirus within cellular DNA, we have used 
the following approach: (1) digestion of cellular DNA with site specific endonucleases; 
(2 )  gel electrophoresis in agarose and transfer of the DNA to nitro cellulose filters as 
developed by Southern; ( 3 )  detection of proviral sequences by hybridization with 125I-labeled 
viral RNA; and (4) visualization of bands containing viral specific sequences by autoradio- 
graphy. 
restriction enzymes and unfractionated or poly(A) selected 3 '  proximal 1% viral RNA probes, 
we made the following observations: (1) in the two chicken strains studied, line 100 (virus 
producer) and 9s-chf- (nonproducer), there are molecular weight differences in bands contain- 
ing both viral and cellular sequences; ( 2 )  bands which probably contain only viral DNA are 
similar in both strains; and ( 3 )  the 3 '  end of the viral RNA hybridizes to a subset of bands 
which contain both viral and cellular sequences. Thus, observations (2 )  and ( 3 )  suggest that 
the same gene order exists in both strains. 

ORGANIZATION OF AVIAN ENDOGENOUS RETROVIRUS IN THE HOST GENOME, Lawrence M. SOuZa 
and Marcel A. Baluda, University of Calif., Mol. Biol. Inst., Los Anqeles, Ca. 90024 

The virus can 

We are 

This technique permits us to detect 10-l1g of viral DNA. Using three different 
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639 MOLONEY MuSV MUTANTS EXHIBITING TEMPERATURE SENSITIVE EXPRESSION OF TRANSFORMATION 
FUNCTIONS, D.G. Blair .  Cancer Research Laboratory, Universi ty  of Western Ontar io ,  
London, Ontario, Canada N6H 5B7 

Genetic s t u d i e s  of mammalian sarcoma v i r u s e s  have been l imited t o  a small c o l l e c t i o n  of temp- 
e r a t u r e  senn i t ive  mutants of t he  Kirs ten s t r a i n  of MuLVl, and a s ing le  cold s e n s i t i v e  i s o l a t e  
of Moloney UuSV2. 
Htocku by a procedure which se l ec t ed  f o r  transformed c e l l  clones with a reduced e f f i c i e n c y  of 
agar  colony formation a t  39°C. 
TH MuSV iu rescuable  from these  c e l l  c lones,  but  about 25% of the rescued v i r u s  I s  wild type. 
Analyflin of c e l l  c lones and v i r u s  populations during s e r i u l  cyc le s  of rescue and r e i n f e c t i o n  
fluguents the t8  phenotype is p a r t i a l l y  expressed i n  c e l l s  doubly transformed by %and  mutant 
gcnomes. 
cell morpholcr~y, rrite of 2-deoxyglucone uptake, and colony-forming a b i l i t y  in agar  a r e  a l l  
tcmpcruture dependent i n  NRK c e l l s  transformed by cloned t s  MuSV. 
wuKar uptake a r e  r ap ld ly  r eve r s ib l e  (<24  h r s ) .  T s  transformed c e l l s  incubated a t  39'C i n  
agiir HuwpcnHion for 24  h r s  ore  inh ib i t ed  (>9OfI) i n  t h e i r  a b i l i t y  t o  form co lon ie s  i n  agar  
when H h i l t e d  t o  3 4 ' C .  Colony formation by t s  t rans-  
formed w l l s  (It 39OC can be restored i f  they a r e  superinfected by % MuSV, ind ica t ing  no c e l l  
b1or:kaKc of MUSV exprcwnion a t  39Y.  
mcrhun i s m  o I' MuSV t rensformat ion. 
I )  S c o l n l c k  F-t- !& .I  Virol  10 653 (1972) 
2)  S o w r s  lrnd Kit PNAS 70 2206 (1973) 

I wish t o  descr ibe new mutants of Moloney MuSV i s o l a t e d  from mutagenized 

E f f e c t s  on morphology and 

Growth in  l i q u i d  media is not a f f e c t e d .  

These mutants a r e  p o t e n t i a l l y  use fu l  i n  studying the 
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Universi ty  of  Pennsylvania, Phi ladelphia ,  PA 19174; Universi ty  of Southern C a l i f o r n i a  
Medical School, Los Angeles, CA 90033; Columbia Universi ty ,  New York, NY 10032 
Single-stranded DNA complementary t o  t h e  avian sarcoma v i r u s  (ASV) genome was  t r ansc r ibed  
i n  t h e  endogen& r e a c t i o n  o f  detergent-disrupted v i r ions .  The p o t e n t i a l l y  f u l l - s i z e  DNA 
w a s  I s o l a t e d  and converted with E. DNA polymerase I i n t o  32P-labeled double-stranded 
DNA. The latter was then used t o  l o c a l i z e  t h e  sites o f  a c t i o n  of  c e r t a i n  r e s t r i c t i o n  en- 
zymes (* I, pvu I, pvu 11, = I, * I, * R I ,  Hind I11 and = I). 
have been obtained with t h r e e  s t r a i n s  of  ASV: PrZ, Pr-B and B77. 

The r e s t r i c t i o n  fragments obtained with i n  v i t r o  DNA could not  be  d i s t ingu i shed  by 
e l ec t rophores i s  from those  obtained with l i n e a r  double-stranded viral DNA synthesized & - vivo i n  in fec t ed  q u a i l  QT6 c e l l s  and de tec t ed  by t h e  procedure of  Southern. 

B77), have been cha rac t e r i zed  f o r  t h e i r  content  of  i n t eg ra t ed  viral genomes, u s ing  t h e  
Southern procedure. 
t eg ra t ed  i n t o  t h e  host  genome. 
t h a t  t h e  attachment site on t h e  c e l l  DNA a t  which i n t e g r a t i o n  occurs  i s  not  unique. 
attachment site on t h e  viral DNA does seem t o  be unique f o r  t hose  transformed c e l l  c lones 
t h a t  we have se l ec t ed .  

AVIAN SARCOMA VIRUS REPLICATION: LOCATION OF RESTRICTION ENZYME SITES ON UNINTEGRATED 
AM, INTEGRATED VIRAL DNA, J. M. Taylor, T. W .  Hsu, J. L. Sabran, M. M. C. Lai ,  R. V. 
Guntaka and W.  S.  Mason. The I n s t i t u t e  f o r  Cancer Research, Phi ladelphia ,  PA 19111; 

I d e n t i c a l  r e s u l t s  

Several c lones of  chick,  duck and q u a i l  cells transfonned by c e r t a i n  ASV (Pr-C, Pr-A, 

We have a l s o  examined the  manner I n  which v i r a l  DNA has been in -  
Preliminary r e s u l t s  w i th  transformed q u a i l  c lones  i n d i c a t e  

The 
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Previous work from t h i s  l a b o r a t o r y  demonstrate4 t h a t  severa l  8-lymphocyte m i  t o j e n s  (e.g:, LPS and PPD) a r e  e f f l c l e n t  inducers of en- 
dogenous C-type v i r u s e s  ~n mouse s p l e e n  c u l t u r e s .  Mi togen s t i m u l a t e d  Ealb/c  lympnocytes r e l e a s e  endogenous v i r u s  of  x e n o t r o p i c  host  
range. V i r u s - r e i e a s i n g  c e l l  l i n e s  have been e s t a b l i s b e l  b y  c o c u l t i v a t i o n  o f  non-mouse l i n e s  w i t h  these lymphocytes. Recent ly  a n t i s e r a  
r a i s e d  a g a i n s t  t h i s  v i r u s  mere shown t o  suppress t h e  hunora l  Immune response o f  mouse lymphocytes t o  s e v e r a l  a n t i g e n s  b o t l i k -  
and=% (Nature 269:600-W1, 1977). These f i n d i n g s  suppor t  the hypothes is  t h a t  endogenous v i r a l  genes p l a y  a p h y s i o l o g i c a l  r o l e  
i n  the immune system. 
We have examined t h e  mechanism o f  v i r a l  i n d u c t i o n  and the express ion of v i r a l  genes a t  the m o l e c u l a r  l e v e l .  Uslng the endogenous r e -  
v e r s e - t r a n s c r i p t a s e  r e a c t i o n ,  m e  have synthes ized cDNA t o  ' i i r a i  RNA o f  the' induced xenotrop ic  v i r u s .  The m a j o r i t y  of these t r a n s -  
c r i p t s  a r e  approx l rnate ly  150 n u c l e o t i d e s  i n  length m h i l e  some extend tc over  600 n u c l e o t i d e s  as measured b y  p o l y a c r y l a m i d e  qel 
e l e c t r o p h o r e s i s .  In RNA d r i v e n  cONA/RNA h y b r i d i z a t i o n s ,  705 of  the cDNA p r o d u c t  h y b r i d i z e s  t o  n u c l e a r  RNA f rom i n f e c t e d  c e l l  l i n e s .  
l o  q u a n t i t a t e  v i r a l  e x p r e s s i o n  i n  s t i m u l a t e d  lymphocytes, m e  h y b r i d i z e d  o u r  probe t o  RNA e x t r a c t e d  from c u l t u r e d  sp leen c e l l s  o f  
Balb/c  mice lvhich had been t r e a t e d  w i t h  LPS i n  t h e  presence of  ErdU. i l e s u l t s  f rom these exper iments showed t h a t  m i t o g e n - t r e a t e d  cell 
p o p u l a t i o n s  c o n t a i n e d  approx imate ly  3 t imes the c o n c e n t r a t i o n  of v i r a l - s p e c i i i c  t r a n s c r i p t s  as u n s t i m u l a t e d  c e l l s .  These r e s u l t s  
suqgest t h a t  m i  togenic  i n d u c t i o n  of endogenous v i r u s  occurs through s y n t h e s l s  of v i r a l  RNA. Furthermore,  un induced c u l t u r e d  
spleen c e l l s  o f  t h r e e  d i f f e r e n t  mouse s t r a i n s  ( A K R ,  Balb/c ,  I29IJ) mere a l l  found t o  c o n t a i n  v i r u s - s p e c i f i c  t r a n s c r i p t s .  The ex- 
p r e s s i o n  of v i r a l  genes even i n  lymphocytes of t h e  non- inducib le  129/J s t r a i n ,  i s  c o n s i s t e n t  m i t h  o u r  h y p o t h e s i s  t h a t  these genes 
p l a y  a p h y s i o l o g i c a l  r o l e  i n  t h e  immune system. C u r r e n t l y  we a r e  examining o t h e r  s t i m u l a t e d ,  c o n t r o l ,  and v l r u s  n e g a t i v e  lymphoid 
c e l l s  and t h e i r  subpopulat ions f o r  v i r a l  gene express ion.  

EXPRESSION OF CNOOSENOUS VIRAL SEQUENCES I N  MOUSE LYMPHOCYTES, John r .  DeLamarter, R .  P a r r y  Monckton, C l l r i s t o p h  Mopon!, 
F r i e d r i c h  M i e s c h e r - l n s t i t u t ,  P.0.Eox 273, CH-4002 Easel, Smi tzer land 
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642 PERSISTENT INFECTION OF A MOUSE SARCONA,VIRUS 3N DIPLOID LINES OF I N D I A N  MUMTJAC 
CELL: Masakazu Hatanaka and Richard Klein, V i r a l  Oncology Program, National Cancer 
I n s t i t u t e ,  F o r t  Detr ick, Frederick, Md. 21701. 

The d i p l o i d  l i n e s  o f  Ind ian Muntjac c e l l s  were transformed by a mouse sarcoma v i r u s  (43-2XV) 
The transformed c e l l s  were i s o l a t e d  and cloned. The transformed clones were analyzed f o r  
karyotype, the pe rs i s ten t  presence o f  the s rc  gene and tumorigenic po ten t i a l  on athymic nude 
mice. 
female and 7 i n  male a f t e r  many passages, e s s e n t i a l l y  s i m i l a r  t o  the chromosome number o f  
the progeni tor  c e l l s .  
Several clones shed the sarcomagenic type-C RNA viruses, whi le  most transformants became 
non-producer. 
determined by i n fec t i ous  center  assay a f t e r  super- in fect ion o f  a mouse xenotropic v i r u s  
(Balb-2 V ) .  The c e l l  clones were f u r t h e r  tested f o r  tumoigenic i ty  on athymic nude mice. 
Many clones formed progressive o r  regressive tumors, bu t  some transformants produced no 
tumors. These observations demonstrate t h a t  the pe rs i s ten t  presence o f  the s rc  gene i n  
c e l l s  is an essent ia l  bu t  no t  s u f f i c i e n t  cond i t i on  o f  tumorigenesis. 

The number o f  chromosomes i n  each of the transformed clones were found t o  be 6 i n  

The presence o f  the s rc  gene i n  these non-producer transformants were 

643 HOST RESTRICTION OF FRIEND LEUKEMIA VIRUS. R. Soeiro, N. Burnette and S. Gupta. 
Departments of Medicine and Cell Biology. Albert Einstein College of Medicine, 
Bronx, New York. 

Host restriction of murine oncornaviruses is multigenic. However, one host 
gene, the FV-1 1ocus;is a major determinant of the ability of Friend Leukemia Virus 
(LLV-F) to replicate in tissue culture cells. Additionally, this gene regulates the 
ability of Friend virus to cause leukemia in the mouse. 
inhibited at an intracellular step, but as yet the target site on the virus for inter- 
action with the putative host repressor molecule has not been determined. Host range, 
the relative ability of a virus type to grow in NIH or W B / c  cells (N-tropic or B-tropic 
virus) can be altered by continuous passage in restricting cell types. We have analyzed 
the Tl-RNASe resistant oligonucleotides from the genomes of N-tropic, 8-tropic and 5 N-B 
tropic host range variants in order to determine whether host range vaiation can be 
reflected in the genome. The results indicate (1) that N-tropic Friend virus differs 
significantly from the B-tropic type, ( 2 )  only minor oligonucleotide changes occur in 
the genome on conversion of B-tropic to N-B tropic Friend virus and ( 3 )  the oligo- 
nucleotide maps of 5 N-B tropic variants appear to be identical. 

Replication appears to be 

644 Molecular Basis for (p30)gag Murine Oncornavirus Interstrain Variation, William M. 
Mitchell and W. Neal Burnette. Vanderbilt University School of Medicine, Nashville. 
TN 37232, and Albert Einstein School of Medicine, Brow., NY 10461. 

The major internal structural protein (p30)gag of the Moloney leukemia virus and the 
endogenous Y-1 murine oncornavirus has been examined for biochemical and biophysical manifest- 
ations of interstrain antigenic variation. Although they share murine group-specific antigenic 
determinants, the Y-1 virua p30 appears to have both a lower relative number of such deter- 
minants and a decreased affinity at the crossreactive sites for Moloney virus p30 monospecific 
antibodies. Further, immunological anlysis indicates the presence of unique antigenic sites 
on the Moloney virus p30 not shared by the analogous Y-1 virus molecule. The two polypeptides 
co-purify and have similar isoelectric points (pH6.2-6.3) and sedimentation coefficients 
(2.47 S). However, equilibrium sedimentation yields a significant mass difference between the 
two proteins, 28,300 daltons and 31,000 daltons for the Moloney and Y-1 virus molecules, 
respectively. Amino acid analysis indicates a concomitant increase in total residues for the 
Y-1 virus p30, although a number of residues appear to have been conserved between the two 
viral proteins. Conformational studies and hydrodynamic calculations demonstrate marked sec- 
ondary and tertiary structural differences with the Y-1 virus p30 being an asymetric prolate 
ellipsoid containing 27-28.1 a-helix and Moloney virus p30 being somewhat more spherical and 
possessing an a-helical content of SO-55%. Two dimensional mapping 0f1251 tryptic peptides of 
each p30 suggests that considerable sequence heterogeneity is responsible for many of the bio- 
physical. biochemical, and inrmunochemical differencesin these two analogous structural proteins. 
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645 RETICULOENDOTHELIOSIS PROVIRUS INTEGRATION SITES IN CHROMOSOMES OF TRANSFORMED CELLS. 
by Jane Pfeil. Chil-Yong Kang*. and Henry R. Bose,Jr.. Dept. of Micro.. Univ. of 
Texas, Austin, Tx. and*>ept. of Micro., Univ. of Texas Health Sci. Center, Dallas, Tx. 

Reticuloendotheliosis virus (REV) is the prototype of a group of avian retraviruses. REV 
transforms cells of the bone marrow and other lymphoreticular organs both in vivo and & - vltro. 
not avian leukosts virus. The DNA of these cells contains REV sequences. In an effort to 
determine whether REV DNA is integrated into a specific size class, metaphase chromosomes of 
a cloned line of BMC were fractionated and analyzed for the presence of REV DNA. 
treated cells were fixed in 50% acetic acid, lysed, and the chromosomes separated by size on 
zonal sucrose gradients. 
gradient fractions after microscopic examination. 
numbers 1 and 2 ;  3 .4  and 5 ;  6 through 12;  and the microchromosomes respectively. The spec- 
ified chromosomes of each class comprised from 63  to 86% of the chromosomes found in the 
final pooled fractions for these experiments. 
hydrolyzed at alkaline pH to remove contaminating RNA. and hybridized with 3H-REV cDNA. 
REV sequences were found to similar extents in all four size'classes. Our study shows that 
the integration pattern for REV is similar to that reported for viruses of the AL-SV complex. 
Transfection experiments are in progress to determine the infectivity of the REV proviral 
DNA associated with the DNA of the various chromosomes. 

Lines of bone marrow cells (BMC) obtained from Spafas COFAL- chicks produce REV but 

Colcemid- 

The chromosomes were divided into four size classes by pooling 
These four size classes contain chromosome 

The DNA from the chromosomes was extracted, 

646 A GENETICALLY TRANSMITTED TYPE C VIRUS ISOLATED FROM SARCOMA VIRUS-TRANSFORMED MINK 
(MUSTELA VISON) CELLS. Charles J. Sherr, Raoul E. Benveniste and George J. Todaro. 
National Cancer Institute, Bethesda, MD 20014 

The mink eplthelioid cell line, Mv-1-Lu (ATCC line CCL 6 4 )  has been extensively used in the 
isolation of type C viruses. in assays for viral-induced transformation, and in studies of 
cell surface antigens encoded by leukemia and sarcoma viruses. Transforred, "nonproducer" 
clones containing sarcoma viral genome6 have also been employed in constructing sarcoma virus 
pseudorypes and in quantitative assays of nontransforming leukemia viruses. Following infec- 
tion of sarcoma virus-transformed Mv-1-Lu subclones. an endogenous, genetically transmitted 
mink virus (MiLV) has been isolated and cloned t o  eliminate focus-forming activity. Multiple 
viral gene copies related to the MiLV genome are detected in the DNA of normal mink tissues 
and in other related Mustela species, showing that these viral genes have been genetically 
transmitted in certain carnivores since their evolutionary divergence from a common ancestor. 
Imunological and nucleic acid hybridization studies suggest that viruses related to MiLV may 
have originated In rodents and were acquired by carnivores subsequent t o  an ancestral trans- 
species viral infection. While Mv-1-Lu cells and their transformed derivatives transcribe 
only low levels of MILV RNA and do not produce detectable mink viral particles. infection of 
transformed mink cells with helper type C viruses leads to the activation of mink viral RNA 
and the appearance of MILV proteins in extracellular virions. 
and its derivatives have become widely used in studies of retroviridae, the activation of 
endogenous MILV should be considered by investigators working with these cells. 

Since the Mv-1-Lu cell line 

ZHE BEVI LfCUS, THE PREFERRED HUMAN CHROMOSOMAL INTEGRATION SITE OF BABOON TYPE C 
VIR-. S. Lemons, W. Nash, S. J. O'Brien, R. Benveniste and C. J.  Sherr, Laboratory 
Of Viral Carcinogenesis, National Cancer Institute, Bethesda, HD 
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20014 .  

A chromosomal locus, m, on human chromosome six is described which is the preferred 
chromosomal integration site for baboon type C virus in human cells. 
derived from seven independent fusions between rodent X human parental cells were examined for 
their ability to support the replication of the M7 baboon endogenous virus. 
preferentially segregated human chromosomes while retaining rodent chromosomes. 
194 hybrid clones (lo and 2O) were infected with M7 virus and analyzed for viral replication 
ad well as for the presence of enzyme structural gene markers for 19 of 2 3  human chromosomes. 
A syntenlc association was seen between baboon virus replication and the expression of three 
enzyme genes assigned to human chromosome six. Human cells were infected with M7 virus, 
cloned. and then fused to Syrian hamster cells and analyzed for continued M7 virus production. 
Karyological and isozyme analysis of 34 hybrid clones showed human chromosome six to be 
syntenic with M7 virus replication as assayed by both viral reverse transcriptase and p30 
protein. 
using (%I) labelled-cDNA probes to endogenous baboon type C virus demonstrated the presence of 
Integrated proviral DNA sequences was correlated with the presence of human chromosome six. 
These data suggest that chromosome six is the site of integration of baboon type C virus in 
human cells. 

Somatic cell hybrids 

These hybrids 
A total of. 

In addition, molecular hybridization experiments with representative hybrid clones 



Persistent Virusus 

AKR 2-5 m 2.4+0.5/0(.05+0.1) 
NZB 2-5 m -- l 3 t 0 . 5  

2-6 m 0(0.2+0.3)/1.2+0.5 
F1 [ZO m 0(0.3+0.5)/1.5+0.7 

GENERATION OF ONCOGENIC TYPE C VIRUSES: RAPID LEUKEMIA AND SARCOMA VIRUSES FROM C3H 
MOUSE CELLS DERIVED I N  VIVO AND IN VITRO. 
Cancer I n s t i t u t e ,  Bethesda, MD 20014 

648 Ulf R. Rapp and George J. Todaro, Nat iona l  

An eco t rop ic  type  C v i r u s  was i s o l a t e d  from C3H/lOTl/Z cel ls  i n  c u l t u r e  a f t e r  a c t i v a t i o n  wi th  
IdU. 
both  i n  v ivo  and i n  v i t r o  by s e l e c t i n g  f o r  h igh  t i ter  growth. The h igh ly  i n f e c t i o u s  v a r i a n t s  
induced mouse f i b r o b l a s t s  t o  grow i n  s o f t  aga r .  
100% of t h e  animals d i ed  of leukemia w i t h i n  4 months and some s o l i d  tumors developed a t  t h e  
i n j e c t i o n  site. Both mousetropic and dua l  t r o p i c  v i r u s e s  were i s o l a t e d  from t h e  leukemic 
mice and plaque p u r i f i e d .  
I n  add i t ion ,  new v a r i a n t s  were i s o l a t e d  from f o c i  of morphological t ransformat ion  t h a t  
developed on m u s e  cells  i n f e c t e d  e i t h e r  wi th  t i s s u e  e x t r a c t s  from leukemic mice o r  wi th  
v i r u s  t h a t  was grown i n  spontaneously transformed NIH13T3 cells.  These v a r i a n t s  induced 
r ap id  formation of u n d i f f e r e n t i a t e d  sarcomas i n  newborn N I H  Swiss mice. The r e s u l t s  l e d  t o  
t h e  conclusion t h a t  t he  b e t t e r  a mouse type  C v i r u s  grows i n  cel l  c u l t u r e  t h e  more e f f e c t i v e  
it is  as a leukemogen. Fu r the r ,  i t  is  p o s s i b l e  t o  start wi th  a weakly in fec t ious .  non- 
l eukemgen ic  endogenous v i r u s  and t o  conver t  i t  t o  h igh ly  leukemogenic or t o  r a p i d l y  sarco-  
magenic v i r u s  by passage e i t h e r  i n  ce l l  c u l t u r e  o r  i n  the  animal.  The a v a i l a b i l i t y  of a 
def ined  series of v i r u s e s  from a low leukemia mouse s t r a i n  t h a t  d i f f e r s  g r e a t l y  i n  t h e i r  
b io log ic  p r o p e r t i e s  should f a c i l i t a t e  s t u d i e s  of t h e  molecular  b a s i s  f o r  t h e  a c q u i s i t i o n  of  
type  C vi rus- t ransforming  a b i l i t y .  

Variants wi th  increased  i n f e c t i v i t y  f o r  mouse cells  have been der ived  from t h i s  v i r u s  

When inocu la t ed  i n t o  newborn N I H  Swiss mice 

I s o l a t e s  from e i t h e r  group were h igh ly  leukemogenic on r e t e s t i n g .  

SPLEEN BONE MARROW 
Unfractioned , T cel ls  , B cel ls  
3.4+0.3/0,.6+0.4;2.6+0.2/ NT *3.8+0.3/ NT 3.7+0.4/1.1+0.4 

-- /3.7+0.48 -- /2.9+0.5: -- 14.3k0.4 -- l4kO.3 
2.6+0.5/2.9+0.6 :1.4+0.7/1.9+0.7 ]3.2+0.5/3.4+0.6 2.5+0.?/3.4+0.6 

2+1/2.8+0.6: NT NT 1.5+1.3/3.4+0.7 
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producer NZB s t r a i n .  
l o w  and markedly delayed i n  t h e  F1: 0% a t  8 m. & 8% a t  20 m. age.  
titers of bo th  N-tropic and xenot ropic  v i r u s e s  i n  sp l een ,  lymph node and marrow c e l l s  a t  a l l  
ages  t e s t ed .  However 50 F1 lymphoid t i s s u e s  (thymus, sp l een  and marrow) t e s t e d  between 6-20 
m. age lacked t h e  MCF type  dua l  t r o p i c  v i r u s  t h a t  arises by recombination of eco t rop ic  and 
xenot ropic  v i r u s e s  i n  preleukemic AKR pa ren t s .  A s t r i k i n g  f i a t u r e ,  found only  i n  F1 thymuses 
a t  a l l  ages  tested, w a s  a n  a lmost  complete absence  of e c o t r o p i c  v i r u s  and markedly reduced 
express ion  of xenot ropic  v i r u s .  
r e s t r i c t i o n .  Thus a c e l l u l a r  mechanism, p re sen t  i n  leukemia-suscept ib le  AKR thymus, t h a t  
a l lows  v i r u s  express ion  and product ion  of recombinant v i r u s e s ,  is  absent  i n  t h e  leukemia- 
r e s i s t a n t  F1 thymus. 
mechanism seems g e n e t i c a l l y  con t ro l l ed .  

LEUKMlA RESTSTANCE I N  (ARRxNZB)Fl HYBRID HICESyamal K. Datta, Mark Casey and Robert 
S. Schwartz. Tuf t s  Univ. Med. Seh., Boston, MA 02111 
High eco t rop ic  v i r u s  producer AKR mice were crossed  wi th  t h e  h igh  xeno t rop ic  v i r u s  

As compared t o  t h e  AKR paren t  t h e  inc idence  of thymic leukemia was very  
The F1 expressed h igh  

T lymphocytes i n  F1 sp leen  and lymph nodes a l s o  showed t h i s  

S ince  t h e  backcross  FlxAKR thymus is leukemia suscep t ib l e .  t h e  thymic 

6% 
The Memorial Sloan-Kettering Cancer Center ,  New York, N . Y .  10021. 
Determination of t he  k i n e t i c s  of annea l ing  of v i r u s - s p e c i f i c  32P-cDNA and 1251-vRNA probes t: 
RNA i s o l a t e d  from nuc lea r  and cy toplasmic  f r a c t i o n s  of i n f e c t e d  c e l l s  allowed f o r  t he  a n a l y s i s  
of  t he  t r a n s c r i p t i o n  and r e p l i c a t i o n  i n  MBCK c e l l s  of i n f luenza  v i r u s  ( s t r a i n  WSN). 
T ransc r ip t ion  of t he  i n f e c t i n g  vRNA i n t o  cRNA, f i r s t  ev ident  a t  1 h r  p . i . ,  i n c r e a s e  s i g n i f i -  
c a n t l y  a f t e r  2 h r s  p.1. During t h e  course  of  t r a n s c r i p t i o n  g r e a t e r  than 75% of  the  cRNA was 
de tec t ed  i n  the  cytoplasmic f r a c t i o n .  Rep l i ca t ion  of vRNA molecules comenced between 1 . 5  
and 2 h r s ,  a t  which times a6OX of t h e s e  molecules are found i n  the  nuc lea r  f r a c t i o n .  A f t e r  2 
h r s  a s u b s t a n t i a l  accumulation of r e p l i c a t e d  vRNA was de tec t ed  i n  the  i n f e c t e d  c e l l  cytoplasm. 
Primary t r a n s c r i p t i o n  was inves t iga t ed  by i n h i b i t i n g  vRNA r e p l i c a t i o n  by the  add i t ion  of  cy- 
cloheximide (100 bg/ml) a t  t he  time of i n f e c t i o n .  This  r e s u l t e d  i n  a 3-6 f o l d  decrease  i n  the  
t o t a l  number of cRNA t r a n s c r i p t s  compared wi th  un t r ea t ed  i n f e c t e d  c e l l s ,  when measured a t  a 
t i m e  p r i o r  t o  vRNA r e p l i c a t i o n  (1.5 h r s ) .  Also,  in c o n t r a s t  t o  the  c o n t r o l  c u l t u r e s ,  t he  p r i -  
mary t r a n s c r i p t s  were approximately equa l ly  d i s t r i b u t e d  between the  nuc lea r  and cytoplasmic 
f r a c t i o n s .  One i n t e r p r e t a t i o n  of our  d a t a  is t h a t  cRNA is t r ansc r ibed  i n  the  nuc leus  and cy- 
cloheximide i n t e r f e r e s  wi th  t h e  subsequent migra t ion  t o  the  cytoplasm. Fur the r  a n a l y s i s  of  
t hese  primary t r a n s c r i p t s  shows t h e  ma jo r i ty  of  them t o  be polyadenyla ted .  
By employing probes s p e c i f i c  f o r  i nd iv idua l  v i r u s  RNA segments t he  primary t r a n s c r i p t s  were 
shown t o  con ta in  sequences r e p r e s e n t a t i v e  of  each segment, however, t he  number of copies  of 
each segment is no t  equa l .  We conclude t h a t  primary t r a n s c r i p t i o n  is a r egu la t ed  process .  

TRANSCRIPTION AND REPLICATION OF THE INFLUENZA GENOME, G.E. Nark, J.M. Taylor ,  B. 
Broni and R.M. Krug, The I n s t i t u t e  f o r  Cancer Research, Ph i l ade lph ia ,  Pa. 19111 and 



Psrriitent Viruses 

651 
Gail M. Clinton, Sheila P. Little, Frederick S .  Hagen and Alice S .  Huang, 
Harvard Medical School, Boston, Mass. 02115 

Of the mutants of vesicular stomatitis virus (VSV) tested, only a group 
I11 temperature sensitive mutant, tsG31, along with its homologous defective 
interfering particle regularly established a persistantly infected culture 
in vitro (Holland and Villarreal, 1974). The VSV group I11 mutants are thought 
to have a lesion in the membrane-associated M protein (Lafay, 1974). This 
lesion has been reported to affect the transport of uradine which leads to an 
apparent difference in the amounts of RNA synthesized at the permissive and 
nonpermissive temperatures (Genty, 1975). 

an over production of RNA at the nonpermissive temperature which was unrelated 
to the transport of uridine. Analysis of the RNA synthesized at the non- 
permissive temperature compared to that synthesized under permissive conditions 
revealed that the messages coding for the glycoprotein, G, and the polymerase 
protein, L, were specifically over produced at the nonpermissive temperature. 
On the basis of these observations we propose that the M protein regulates the 
synthesis of specific VSV transcripts. 

A GROUP I11 TEMPERATURE SENSITIVE MUTANT OF VESICULAR STOMATITIS V I R U S  
AMPLIFIES SPECIFIC TRANSCRIPTS AT THE NONPERMISSIVE TEMPERATURE, 

-__ 

We have investigated the molecular biology of the tsG31 mutant and found 

652 SELECTIVE ALTERATIUN OF MURINE LEUKEMIA VIRUS CELL SURFACE ANTIGENS BY EXOGENOUS VIRUS 
INFECTION OF T-LYMPHOBLASTOID CELLS, Kim S .  Wise and Ronald T. Acton, University of 

Alabama in Birmingham, Birmingham, Alabama 35294. 
Changes in the expression of several antigens residing on the surface of murine T-lymphobla- 
stoid cell lines were assessed following infection of these lines with vesicular stomatitis 
virus (VSV), an agent known to augment the immunogenicity of murine tumors. Quantitative 
absorption of cytotoxic antisera recognizing 1 )  Thy-1 T-cell differentiation alloantigenr 
2) H-2 histocompatibility antigens and 3) MuLV-associated antigens p30, gp70 and Gross Cell 
Surface Antigen (GCSA) were employed to compare the amount of each antigen on uninfected or 
VSV-infected cells. Infection of the AKR thymus-derived BW5147 line (phenotype: Thy-l.l/ 
H-2k/GCSA/gp70/p30) had no effect on the~quantity of Thy-1.1, H-2Kk, or gp70 expressed, where- 
as a marked (10-20 fold) increase in GCSA and p30 was observed. Similarly, selective increases 
in GCSA and p30 were found when the C57BL/6 derived EL4(G+) line (phenotype T~Y-~.~/H-~~/GCSA/ 
gp70/p30) was infected with VSV. The increase in GCSA followed VSV maturation but preceded 
the cytopathogenic effect of this virus. The increase was not observed with uninfected cells 
either osmotically lysed or treated with actinomycin D or cycloheximide. Anti-GCSA activity 
could not be removed by absorption with VSV purified from infected lymphoblastoid cell lines. 
These results demonstrated that VSV infection caused a highly selective increase in the sur- 
face expression of antigens comprising MuLV (but not z) gene products. This effect is 
not due to VSV-induced cell damage, nor to inhibition of RNA or protein synthesis by this 
virus. 
endogenous MuLV a gene products on the cell surface. 

These data are consistent with a selective VSV-induced alteration in the processing of 

653 CHARACTERI%ATION OF THE 25-305 RNA COMPONENT OF THE INDUCTION 
SUPERNATANT OF JLSVS CELLS, D. S .  Dolberg, T. Hunter, and H. Fan, Tumor 
Virology Laboratory, The Salk Institute, San Diego, California 921 12 

A variety of retroviruses with typical 35-405 genomes can be induced from the cell line 
JLS-V9 with halogenated pyrimidines. In  addition, the induction supernatant contains a 
25-30s species which is present in four- to five-fold excess of the 35-405 material. By 
hybridization, the 25 -30s species has little sequence homology to ecotropic or xenotropic 
components. 
polyribosomes in uninduced cells, these cells are negative for the production of p30, 
reverse transcriptase and gp70. 
messenger-dependent lysate system of in vitro translation, the 25-30s RNA is an 
extremely poor message relative to the xenotropic message. 

It has previously been demonstrated that although this R N A  is present on 

These studies have been extended to show that, in the 
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Gibbon type-C v i rus  has  been i s o l a t e d  independently by seve ra l  i n v e s t i g a t o r s  from c l i n i c a l l y  
heal thy and leukemic gibbons. 
without ove r t  c l i n i c a l  symptoms, although a l l  leukemic gibbons we have examined were found in-  
fected with type-C v i rus .  Based on molecular hybr id i za t ion  s t u d i e s  a l l  v i ruses  we have i so -  
l a t ed  were found to have some v a r i a t i o n  in  t h e  v i r a l  genome. The sequence homology may vary 
from 30-100%. 
t o  determine whether t h e  scquence v a r i a t i o n  i n  the  v i r a l  genom was t h e  consequence o f  v i r u s  
t ransmission through unrelated gibbon hos t s .  
'Ilie e f f e c t  o f  ho r i zon ta l  t ransmission on t h e  v i r u s  genome was evaluated by examining the 70s 
RNA of v i ruses  from experimental ly  inoculated gibbons. 
s e r i a l  passage through t h r e e  un re l a t ed  gibbons. Each animal developed p e r s i s t e n t  viremia he- 
f o r e  t h e  onset of leukemia. 
prepared hy endogenous r eve r se  t r a n s c r i p t a s e  r eac t ion ,  t h e  homology o f  v i r a l  genomes of t hese  
v i ruses  were exmined  by cDNA-70s RNA hybridizat ion.  Each v i r u s  was fotind to sha re  more than 
93% homology with t h e  o the r s .  
were e s s e n t i a l l y  i d e n t i c a l .  
s imi l a r ly  found i d e n t i c a l .  
l'he conclusion which can be d r a m  from t h i s  study i n d i c a t e s  t h a t  t h e  genonlr vari: l t ion of encii 
new i s o l a t e  is not  t h e  consequence of hor i zon ta l  or parent-progeny t ransmission.  

GENOMIC STABILITY OF PERSISTENT GIBBON ONCORNAVIRUS, L i ly  Sun, Thomas c. Kawakami, and 
Sam I. Matoba, Comparative Oncology Laboratory,  Universi ty  o f  C a l i f o r n i a ,  Davis, Ca l i f  

The gibbon can have p e r s i s t e n t  i n fec t ion  over s eve ra l  years  

Since gibbon v i ruses  were found t o  be exogenous t' t h e  spec ie s ,  we attempted 

Virus t ransmission was achieved by 

In fec t ious  v i r u s  was i s o l a t e d  from each animal. Using cnNA 

T a n a l y s i s  f u r t h e r  i nd ica t ed  t h e  genomes of t l icsc v i ruses  
Virzl genomes of v i ruscs  passaged from parent  t o  progeny were 

PROCESSING AND TURNOVER OF PROTEISS RELATED TO THE P27 OF AIOI'SE A~1.4~\1Al.\12 >' 

TUMOR \'IRUS, Clive Dickson and Maureen Atrerwill, Impcrial Cai1sL.r Rcsc,;lrcli l'untl. l , t t i i d i ~ ~ i .  
656 
The  mouse mammary tumor v i r u s  (MMTI ' )  contains several  low niol,~cular weixlit proiciii.; w l i i ~ ~ l i  
toLwtllcr wirli rhe R S A  genome constitute the core sti'ucture of tiic vli-ioii. Tlic m o t  : i l~uiit laiit p r ' i ~ t ' ~ i i i  o i  
the virion core is the $7 which prohal)ly fo rms  the core  shel l .  
and SDS-polyacrylaniidc gel electrophoresis,  several proteins r e l a t r d  1 0  the 1'2- of  X l i l l ' \  I i a \ ~ c  I I N I I  
dctecreci i n  nvo mouse niamn1ai.y tiinior cell l i n c s  (CR ant1 hhi . jhc) .  
mcthioninc the major  component immunoprecipitarcd from cell exrrair 5 wit11 i i n  d i i ~ i  - p 2 T  ~ c ' r u i i i  I~~I,CI ' : I I~+ 
on SDS-polyacrylamidc gcl.; a s  a doulilet oi 77,000 aiid 7i,llOU diilron.; (p7:/75) r<,*pccri\.c.ly. SI.V< r.11 
Io\ver niirlecular weiplit pi-orc.ins arc also detectrtl; i l iesc are  app,trciirIy rlcrivcil iiwm IIIC prcx'iirwii. 
p77/ - i  molccules l iy prrircol!'tic cleavage. 
the '.,ilturc fluid.; increases  with t ime bur i'enidins clt il comparatively lmv i e v ~ ~ l .  
precipitated proteins arc all  i-elded to the virion p25 a s  shown hy  an ;lnalysis (ii their  nlc.rliioninc o r  
arpjninc-lysine contdining pcptidcs itrllo\ving rrypsin digestion. 
p27 related proleins a re  rapidly rurned over i n  these cell lines. 
thc  culture fluids i n  virions prohahly reprewnrs a minor  portion of rhCse proteins \vllicll a r c  pro< 
via a protcolytic c l e a v a p  mr.chanisni. 

L'sing i n i i i i i 1 1 1 ~ 1 ~ ~ r ~ c i ~ ~ i 1 . 1 1 1 ~ 1 1 i  p r ~ ~ c c d u ~ - c . ;  

, \itLr J - I I O ~ I  pui,c. W I I I I  '5s- 

During i r  3 hour cliase, t l le anlourit 0 1  p l y  i n  i l ie ce l l5  ant1 111 

'rhc ininiwio- 

These r e w l t s  indiciltc l l i i l t  most oi 111c 
Tlie'small amount oi p27 relcased I r i r o  



657 EVIDENCE FOR INVOLVEMENT OF TRANSCRIPTIONAL CONTROL I N  THE REGULATION OF AKR V I R U S  
GENE EXPRESSION, P. J .  Laip is ,  J. L. Stein, G. S. Ste in ,  J. A. Thomson and S .  K.  
Chattopadhyay, Univ. o f  F lor ida,  Gainesv i l le ,  F1. 32610 and National Cancer I n s t i t u t e  
Bethesda. Md. 20014 

The expression o f  AKR C-type RNA tumor v i rus  genetic in format ion has been stud ied i n  c e l l  
l i n e s  derived from AKR mouse embryos. Although a l l  AKR mouse c e l l  l i n e s  examined conta in  the 
AKR p r o v i r a l  sequences in tegrated i n t o  t h e i r  genomes. v i r a l  producer and nonproducer c e l l  
l i n e s  have been i d e n t i f i e d .  Using a 3H-labeled DNA probe complementary t o  AKR v i r a l  RNA 
sequences, the presence o f  v i r a l  sequences i n  RNA i so la ted  from the nucleus and cytoplasm o f  
v i r a l  producer c e l l s  has been detected. Chromatin from these v i r a l  producer c e l l s  i s  an 
e f f e c t i v e  i n  v i t r o  template f o r  t r a n s c r i p t i o n  o f  AKR v i r a l  RNA sequences. I n  contrast ,  a 
s i g n i f i c a n t l y  reduced leve l  o f  hyb r id i za t i on  i s  observed between AKR v i r a l  cDNA and nuclear 
RNA, cytoplasmic RNA and the i n  v i t r o  chromatin t ransc r ip t s  from nonproducer AKR c e l l  l i n e s .  
Regulat ion of v i r a l  gene expressionmediated a t  l e a s t  i n  p a r t  a t  the t ransc r ip t i ona l  l eve l  i s  
therefore suggested. The low leve l  of hyb r id i za t i on  o f  v i r a l  cDNA observed w i t h  i n  v i vo  and 
-__ i n  v i t r o  t ranscr ibed RNAs from nonproducer c e l l s  may r e f l e c t  e i t h e r  p a r t i a l  AKR v i r a l  t ran -  
s c r i p t s  o r  t ransc r ip t s  from other  endogenous, c lose ly  re la ted  C-type v i r a l  proviruses, which 
are a l so  present i n  these mice. Evidence t o  d i s t i ngu ish  these a l te rna t i ves  w i l l  be presented. 

658 
New York at Buffalo, Buffalo, NY 14214 
SendaiAS is a variant recovered in ovo from persistently infected mouse cells maintained in 
the presence of Sendai antibody.-Rqication of SendaiAS at 37C was abortive. Less 
than 50% of the eggs inoculated at dilutions - 2  to -13 1 0 ~ 0  yielded infectious virus. 
produced at 37C showed weak hemagglutinating activity (HA*), no detectable neuraminiddse 
(NA-) or hemolysis (F-). 
(1013ELD 0). Virus produced at 33C showed &, NA? (0.19 NAUOD540) but hiph F+ activity 
(lo3 HE"?. Hemolysis was temperature sensitive. SendaiAS particles produced a t  33C were 
purified by sucrose gradient centrifugation (15-60X sucrose. 16 hrs, 40,000 xg). polypeptides 
separated by polyacrylamide gel electrophoresis and antisera were produced in rabbits to 
polypeptides M and F. 
F inhibited activity of the AS variant and to a lesser extent the wild type virus. 
showed much less antihemolytic activity which was directed against the AS variant exclusively, 
suggesting HN was the defective polypeptide. 
dilution in ovo yielded fluids with one of twa types of activity F- or F+. 
either type of fluid again yielded both types of activity at terminal dilution. 
we suggest that Sendaifi has a defective HN peplomer. 
in that at 33C the expression of F activity is permitted for at least a part of the popula- 
tion of particles. 

CLONING AND ANTIBODY STUDIES OF A VARIANT OF SENDAI VIRUS IlITH TEMPERATURE SENSITIVE 
HEMOLYTIC ACTIVITY, Arlene R. Collins and Thomas D. Flanagan. State University of 

Virus 

SendaiAS replication at 33C was productive and lethal in eggs 

The ability of the antisera to inhibit hemolysis was examined. Anti 
Anti HN 

Attempts to clone SendaiAS at 33C by terminal 
Passage of 

In conclusion 
The M defect is temperature sensitive 
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A v a r i e t y  of de le t i on  mutants (de fec t i ve - in te r fe r i ng  o r  DI mutants) o f  negative s t rand RNA 
viruses have been described. 
DI RNA species have been determined, the delet ions have been i n  those regions o f  the 
standard v i rus  genomes which code f o r  the most abundant prote ins.  I n  contrast ,  we repo r t  
here tha t  several spontaneous D I  mutants o f  Sendai v i rus  have reta ined in format ion f o r  these 
prote ins.  RNAs from de le t i on  mutants o f  Sendai v i rus  were analyzed by polyacrylamide gel 
e lect rophores is  i n  61.1 urea. 

the gene contents o f  the mutants, we used the 18.5 c lass o f  v i rus -spec i f i c  mRNA as the 
labeled probe. This c lass contains t r a n s c r i p t s  representing 60% o f  the genome, s t a r t i n g  
a t  t he  3' end (5 o f  t he  6 v i rus  genes). 
t o  t h i s  probe. A t  saturat ion, 73%, 85%, and 40% o f  the labeled 18s v i rus  mRNA was hybr id ized 
by mutants 1, 8, and 11, respect ive ly ,  compared t o  95-100% when hybr id ized t o  standard 
v i rus  genomes. These resu l t s  suggest t h a t  a l l  o f  these i so la tes  conta in  some in format ion 
o r i g i n a t i n g  from the  3' end o f  the genome, i n  contrast  t o  most previous f ind ings w i t h  
both ves icu lar  s tomat i t i s  v i rus  and Sendai v i rus .  These observations suggest t h a t  the 
generation o f  DI p a r t i c l e s  from the most abundantly t ranscr ibed reg ion o f  Sendai v i r u s  
i s  not  a r a r e  event and t h a t  t h i s  event may take place a t  a d i f f e r e n t  s tep i n  v i rus  
genome r e p l i c a t i o n  than prev ious ly  supposed. 

RNAs OF SENDAI VIRUS DELETION MUTANTS, Car ro l l  Pridgen and David W. Kingsbury, 
S t .  Jude Chi ldren 's  Research Hospital,  flemphis, Tennessee 38101 

I n  almost every case where the genetic contents o f  the 

Each mutant exh ib i t ed  a un iq e pa t te rn  o f  m u l t i p l e  subgenomic 
RNA species ranging Tn molecular weight from about 8 x 10 CI t o  4 3 x l o6 .  To determine 

RNA species from each of t he  8 mutants hybr id ized 
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The 

, THE BINDING OF THE PHOSPHOPROTEINS AND GENOMES OF THE ENDOGENOUS PRIMATE TYPE C 
VIRUSES: POSSIBLE MODULATION OF ENDOGENOUS VIROGENE EXPRESSION. Arup Sen and George 
J. Todaro, Laboratory of Viral Carcinogenesis, National Cancer Institute, Bethesda. MD 

~ ~ major phosphoprotein of RD-114 and of the various isolates of baboon type C viruses bind 
to viral RNAs of each other but not to the RNA of other mammalian and avian type C viruses. 
The RNA genome-phosphoprotein binding data obtained using the proteins and 70s viral RNAs from 
these viruses indicate that regions coding for the genome-associated phosphoproteins as well 
as their specific RNA-binding sites have been conserved in these genetibally transmitted 
type C viruses of primates and cats (see table below). 

Phosphoprotein from: Phosphoprotein molecules bound 70s viral RNA molecule of: 
M28 RD-114 Mouse Aviah - - PP-1 - 

Papio papio (PP-1) 7-9 6-8 6-8 <1 <1 
Papio cynocephalus (M28) 7-9 6-8 5-7 <1 <1 
Felis catus (RD-114) 7-9 6-8 6-8 <1 <1 -- 

Certain primate species, from which transmissible type C viruses have not been isolated, 
express type C viral RNA and viral structural proteins. 
viral phosphoproteins to bind to transcripts from related endogenous primate viruses might, 
thus, be valuable in studying the expression of as yet unidentified persistent viruses in 
primate cells that do not release complete, infectious virions. 

The ability of the endogenous baboon 

Mechanisms of Persistence, Genetic Expression, DNA Containing Animal Viruses 

661 CHARACTERIZATION OF HSV 1 DNA I N  TRANSFORMED CELLS, Douglas F. Moore and David T. 
Kingsbury, Univers i ty  o f  Ca l i f o rn ia  a t  I r v ine ,  I r v i n e ,  C a l i f o r n i a  92717 

The physical s ta te  and extent  o f  t r a n s c r i p t i o n  o f  Herpes simplex v i rus  DNA i n  two l i n e s o f  
c e l l s  biochemical ly transformed by HSV were examined. Cel l  l i n e s  139 and 171 which have been 
transformed by uv i r r a d i a t e d  HSV 1 contain v i r a l  DNA representing approximately 15% and 30% 
of the v i r a l  genome respect ive ly .  Studies using the "network" technique o f  Varmus e t  a l .  as 
modif ied by B e l l e t t  ind icated tha t  there i s  a complex re la t i onsh ip  between c e l l u l a r  and v i r a l  
DNA. I n  both cases a f r a c t i o n  o f  the v i r a l  DNA sequences were integrated, the remainder 
being present i n  a nonintegrated s tate.  The network studies have been corroborated by exper- 
iments using a l k a l i n e  sucrose cen t r i f uga t ion  t o  f rac t i ona te  c e l l u l a r  DNA. 
experiments DNA-DNA hyb r id i za t i on  was used t o  l oca te  the v i r a l  sequences. 

RNA-DNA hyb r id i za t i on  o f  t o t a l  c e l l u l a r  RNA ind icated t h a t  on ly  a very small f r a c t i o n  o f  the 
v i r a l  DNA present i n  these c e l l  l i n e s  was transcribed. 

I n  both types o f  

662 EPSTEIN-BARR VIRION ASSOCIATED ENZYMES, Wendy Clough and Carol Prezyna, Dept. of 
Biological Sciences, University of.Southern California, Los Angeles, 90007; and 
Steven R. Goodman, Biological Laboratories Harvard University, Cambridge, Mass 02138 

Epstein-Barr virus (EBV) is an excellent example of a virus that is capable of persistently 
infecting host cells. Many stable lymphocvte lines exist which carry multiple copies of the 
viral genome and express certain viral antigens, but which produce no or few viral particles 
in culture. The induction and maintenance of this persistent state is not currently under- 
stood. We are examining certain aspects of the early stages of EB viral infection to learn 
m r e  about the development of persistent infection. We have shown that EB virions contain a 
DNA polymerase activity that may well be a structural component of the virion, and which is 
diffLrent from any previously reported host cell o r  virus induced enzymes. Some of its 
characteristics have lead us to postulate a repair function for this polymerase. Such a 
function may be necessary at an early stage of infection because of the nicked and gapped 
state of mature herpes virus DNA. We are currently investigating virions f o r  possible 
nuclease and ligase functions. Ultimately, we hope to apply information from these enzyme 
studfes to learning more about the initiation of EBV infection. 
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663 TRANSlENT INTEGRATION OF VIRAL DNA AS A MODIFIER OF INTEGRATION SITE SPECIFICITY, 
Robert F. Baker, Gerald Edelman, and David Larocca,  Department of B io log ica l  Sciences 
Universi ty  of Southern C a l i f o r n i a ,  Los Angeles 

We a r e  s tudying modif icat ion of i n t e g r a t i o n  s i t e  s p e c i f i c i t y  and host  range of herpes v i ruses  
(EBV and HSV) and t rdns fec t ed  SV4O-recombinant DNA. Modif icat ion of i nd iv idua l  v i r a l  genomes 
r e s u l t  from recent  t r a n s i e n t  i n t e g r a t i o n  events  of provirus  forms of v i r a l  DNA genomes. We 
have developed a method f o r  i s o l a t i o n  of terminal  fragments of l i n e a r  v i r a l  DNA having host  
c e l l - v i r a l  DNA junc t ions  near  termini ;  t h i s  allows i s o l a t i o n  of r e s t r i c t i o n  fragments bear ing 
junc t ions  even when fragment lengths  a r e  heterogenous and do not form e l e c t r o p h o r e t i c  bands 
on g e l s .  Junction-besring fragments a r e  being compared, mapped by r e s t r i c t i o n  enzymes, and, 
a s  hybr id i za t ion  probes on Southern g e l s ,  used t o  i n v e s t i g a t e  the  f a t e  of pe r s i s t en t ly - in t e -  
grated and t r ans i en t ly - in t eg ra t ed  v i r a l  D N A s .  We have a l s o  used recombinant SV40 e a r l y  gene 
DNA pieces  a t tached i n  v i t r o  t o  procaryot ic  DNA o r  t o  sea urchin h i s tone  genes t o  follow 
changes in  sequence a t  termini  of p rov i r a l  SV40-recombinant DNA a f t e r  t r a n s f e c t i o n  and during 
mul t ip l e  passages of recombinant DNA i n  permissive and non-permissive c e l l  l i n e .  One reason- 
ab le  i n t e r p r e t a t i o n  i s  t h a t  upon exc i s ion  and r e i n t e g r a t i o n  of i nd iv idua l  v i r a l  DNA molecules,  
t he re  is  exchange of host  genome sequences f lanking termini  of p rov i r a l  DNA segments. We a r e  
forming a model f o r  t r a n s i e n t  and p e r s i s t e n t  i n f e c t i o n s  r e s u l t i n g  from v a r i a t i o n s  i n  nucleo- 
t i d e  sequence f lanking termini  of t h e  l i n e a r  form of ind iv idua l  v i r u s  genomes. Exchange of 
sho r t  hos t  DNA sequences a t  termini  of l i n e a r  v i r a l  D N A s  can r e s u l t  i n  v a r i a t i o n s  i n  p o s i t i o n  
of i n t e g r a t i o n  a t  middle r e p e t i t i v e  s i t e s ;  t hese  v a r i a t i o n s  could account f o r  t ransposon-l ike 
c h a r a c t e r i s t i c s  as we l l  as  a b i l i t y  t o  p e r s i s t e n t l y  i n f e c t  c e l l s .  This  is being inves t iga t ed  
i n  virus-nonproductive Raji and virus-product ive P3HR1 c e l l  l i n e s  ca r ry ing  EBV genome. 

90007. 

664 ACUTE AND LATENT INFECTION OF MACROPHAGES BY MLlRINE CYTOMEGALOVIRUS, Frank J. Dutko, 
Alan R. Brautigam and Michael B. A. Oldstone, Scr ipps C l in i c  and Research Foundation, 
La J o l l a ,  CA 92037 

Murine cytomegalovirus (MCMV) can i n f e c t  macrophages in v i t r o .  Pe r i tonea l  exudate c e l l s  from 
C3H/St mice were adhered t o  p l a s t i c  and then washed vigorously.  The adherent  populat ion of 
c e l l s  were 90% macrophages a s  evidenced by phagocytosis of zymosan p a r t i c l e s ,  a s  we l l  a s  by 
s t a i n i n g  wi th  G i e m s a .  MCMV r e p l i c a t e d  in adherent p e r i t o n e a l  c e l l s  a s  shown by: 1) an in- 
c rease  in plaque forming u n i t s  (PFU) of v i r u s  i n  t h e  supernatant ,  2) i n f e c t i o u s  c e n t e r  assay,  
which ind ica t ed  30% of t h e  cells produced a t  least 1 PFU, and 3) i n  s i t u  hybr id i za t ion ,  which 
ind ica t ed  85% of the  c e l l s  contained v i r a l  DNA. MCMV could r e p l i c a t e  t o  the  same e x t e n t  i n  
t h i o g l y c o l l a t e  s t imulated a s  i n  unst imulated p e r i t o n e a l  c e l l s .  

MCMV could a l s o  be shown t o  be present  in macrophages of l a t e n t l y  in fec t ed  a d u l t  mice (in- 
j e c t e d  i.p. with 100 PFU of MCMV within 24 hours of b i r t h )  by: 
cocu l t iva t ion  of adherent pe r i tonea l  c e l l s  with mouse embryo f i b r o b l a s t  c e l l s ,  and 2) quant i -  
t a t i o n  of t h e  number of v i r a l  genome equivalents  by DNA:DNA hybr id i za t ion  r eac t ions .  
could be recovered from macrophages from mice 3 months t o  2-112 yea r s  of age.  

We conclude t h a t  macrophages a r e  permissive f o r  t h e  r e p l i c a t i o n  of MCMV. Furthermore, MCMV 
can be harbored i n  and recovered from macrophages of l a t e n t l y  i n f e c t e d  mice. 
USPHS g ran t s  NS-12428, AI-07007, and Research Fellowship No. 1 F32 A 1  05596. 

1 )  a l logene ic  and syngeneic 

MCMV 
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665 EXPRESSION OF SURFACE RECEPTORS FOR THE Fc FRAGMENT (IgG) I N  FRESHLY INFECTED, PER- 
SISTENTLY INFECTED AND SUPERINFECTED HUMAN LYMPHOID CELL LINES BY HERPES SIMPLEX AND 

EPSTEIN-BARR VIRUSES, JOSE Menezes and Angel0 E. Bourkas, Lab. Imunovirology.  Universi ty  of 
Montreal and Ste .  J u s t i n e  Hospi ta l ,  Montreal, Quebec, Canada. 
Herpes simplex v i r u s  (HSV: types 1 and 2) and Epstein-Barr v i r u s  (EBV) were u s e d t o i n v e s t i g a t e  
the  a b i l i t y  of t hese  herpesviruses  t o  induce su r face  r ecep to r s  f o r  t he  Fc fragment of IgG i n  
f r e s h l y  in fec t ed ,  p e r s i s t e n t l y  infected and supe r in fec t ed  human lymphoid c e l l  l i n e s  
.!HLCL). We found t h a t  while  p e r s i s t e n t  i n f e c t i o n  by H?V w a s  cha rac t e r i zed  by the expression 
dFc- recep to r s ,  p e r s i s t e n t  i n f e c t i o n  by EBV was no t .  HSV i n f e c t i o n  of HLCL l e d  t o  induct ion 
of Fc-receptors ,  while  supe r in fec t ion  of ch ron ica l ly  HSV-infected c e l l s  (HSV-Raji) d i d  not  i n -  
c r ease  t h e  percentage of Fc-receptor p o s i t i v e  c e l l s .  Contrary t o  HSV, EBV seems t o  lack the 
a b i l i t y  of inducing Fc-receptors a f t e r  i n f e c t i o n  of t hese  c e l l s .  85-90% of t h e  HSV p e r s i s t -  
e n t l y  in fec t ed  HSV-Raji c e l l s  shoved i n t r a c e l l u l a r  HSV an t igens  as de tec t ed  by i n d i r e c t  irmr.uno- 
f luorescence using r abb i t  anti-HS1 antibody and FITC-goat an t i - r abb i t  IgG. 54% of HSV-Raji 
c e l l s  expressed Fc-receptors as shown by means of EA-rosettes. using ox-erythrocytes coated 
wi th  r a b b i t  7s IgG. In comparison, t h e  parent .  uninfected R a j i  HLCL expressed no HSV an t igens  
and less than 1% of t h e  c e l l s  had r ecep to r s  f o r  Fc. Differences between the percentage of an- 
t i g e n  p o s i t i v e  and Ec-bearing c e l l s  of HSV-Raji could be a t t r i b u t e d  to t h e  p o s s i b i l i t y  t h a t  
(a)  only a po r t ion  of p e r s i s t e n t l y  in fec t ed  c e l l s  express  Fc-receptors o r  (b) t he  EA-rosetting 
technique may not be s e n s i t i v e  enough f o r  de t ec t ing  a l l  of t h e  Fc-receptor-bearing cells. Fur- 
thermore, prel iminary s t u d i e s  using i n h i b i t o r s  of v i r u s  r e p l i c a t i o n .  would suggest  t h a t  HSV- 
DNA r e p l i c a t i o n  i s  necessary f o r  Fc-receptor induct ion fol lowing i n f e c t i o c .  

266 
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666 HERPES SIMPLEX VIRUS DNA AND mRNA I N  ACUTELY AND CHRONICALLY INFECTED MOUSE GANGLIA. 
Alvaro Puga, J o e l  D .  Rosentha l ,  Harrv Openshaw and Abner I.. No tk i r s ,  Labora torv  of 

Ora l  Medicine, Nat iona l  I n s t i t u t e  of Denta l  Research, Nat iona l  I n s t i t u t e s  of Heal th ,  Bethesda, 
MD 20014. 
Trigeminal Ganglia of mice i n f e c t e d  wi th  Herpes Simplex Virus  were examined f o r  the  presence 
of v i rus - spec i f i c  DNA and mRNA sequences a t  both  acu te  and ch ron ic  s t a g e s  of The  i n f e c t i o n .  
Ganglionic DNA and RNA were mixed a t  v a s t  mass excess  wi th  a t r a c e  of high s p e c i f i c  a c t i v i t v ,  
125-I-labeled vi-ral  DNA and the r e a s s o c i a t i o n  k i n e t i c s  of the  probe was followed. V i r a l  DNA 
sequences a r e  de t ec t ed  a t  a l e v e l  of 1.2-2.0 genome equ iva len t s  per  c e l l  du r ing  the  acu te  
s t a g e  and a t  a l e v e l  of  0.11?0.003 genome equ iva lcn t s  p e r  c e l l  dur ing  the  chronic  s t a g e .  V i ra l  
mRNA i s  found a t  the l e v e l  of 0.1-0.2 RNA equ iva len t s  dur ing  the  acu te  s t a g e ,  bu t  cannot be 
found dur ing  the chronic  s t age  by techniques  t h a t  would have de tec t ed  the  presence  of one 
equ iva len t  pe r  two thousand c e l l s .  These r e s u l t s  sugges t  t h a t  the  v i r u s  g e n e t i c  in format ion  
i s  not  expressed  dur ing  the  chronic  s t a g e  of the  i n f e c t i o n  and suppor t  the  hypothes is  t h a t  
dur ing  t h i s  s t age  the  v i r a l  genome e x i s t s  a s  a non- rep l i ca t ing ,  t r u l y  l a t e n t  e n t i t y .  

PERSISTENCE OF HERPES SIMPLEX VIRUS I N  HEMIC CELL L I N E S ,  Char les  R .  R ina ldo ,  Bonnie S. 
Rich te r ,  Paul H .  Black and Mar t in  S .  Hi rsch ,  Plassachusetts General  Hosp i t a l  and 
Harvard Medical School,  Boston, MA 02114 

667 

Herpes simplex v i r u s  (HSV) has  been recognized f o r  i t s  a b i l i t y  t o  i n f e c t  human leukocytes  and 
lymphore t icu lar  c e l l s .  
has the  capac i ty  t o  r e p l i c a t e  in a v a r i e t y  of c e l l  l i n e s  wi th  B ,  T ,  o r  myeloid p r o p e r t i e s .  
The p resen t  r e s u l t s  i n d i c a t e  t h a t  HSV p e r s i s t s  i n  c e r t a i n  hemic c e l l  l i n e s  f o r  many months 
a f t e r  the  acu te  i n f e c t i o n .  HSV has  p e r s i s t e d  f o r  205 days pos t - in fec t ion  i n  CM (T) c e l l s ,  
w i th  titers of v i r u s  ranging from 5.0 - 6.6  l og lo  plaque-forming u n i t s  (PFU)/ml i n  ce l l  
l y s a t e s .  An average of 99% of  t he  v i r u s  was c e l l - a s s o c i a t e d ,  approximately 3% of  the  c e l l s  
produced i n f e c t i o u s  v i r u s  a s  assayed by i n f e c t i o u s  c e n t e r s ,  and an average  of 21% of the  
c e l l s  were p o s i t i v e  f o r  HSV an t igen  a s  de t ec t ed  by immunofluorescence. The c e l l  concen t r a t ion  
and v i a b i l i t y  of t he  c c l l s  remained comparable i n  both  the  un in fec t ed  and HSV-infected CEM 
c e l l s .  I n  ConLrast t o  t h e  CEM cel ls ,  NC37 (8 )  and K562 (myeloid) c e l l  l i n e s  have supported 
v i r a l  r e p l t r a  i o n  f o r  sho rce r  t i m e  pe r iods  pos t - in fec t ion .  
va lues  of , r  d:er than  6.0 l o g l o  PFU/ml in both  c e l l  l i n e s ,  w i th  the  ma jo r i ty  of  virus being  
ce l l - a s soc iaced .  The p e r s i s t e n c e  of HSV i n  hemic c e l l  l i n e s  provides  an  in v i t r o  model f o r  
the  study of chronic  HSV i n f e c t i o n  and the  e f f e c t  o i  'ISV on L ~ B C  p r o p e r t i e s  of lymphoid and 
myeloid c e l l s .  

Data from t h i s  l abora to ry  has  prev ious ly  demonstrated t h a t  HSV,  type 1, 

Titers of v i r u s  reached peak 

668 
Oral i n o c u l a t i o n  w i t h  herpes simplex v i r u s  (HSV) i n  mice was used t o  e s t a b l i s h  acu te  and per -  
s i s t e n t  neuronal i n fec t i ons .  
s ions  on the  l i p ,  i p s i l a t e r a l  sensory gang l i a  ( t r i g e m i n a l ) ,  cerebel lum, c o n t r a l a t e r a l  sensory 
gang l ia ,  and the  cerebrum. From 90-100% o f  t he  t r i gemina l  gang l i a  were i n f e c t e d ,  w h i l e  i n f e c -  
t i o u s  HSV cou ld  be recovered from the  b r a i n s  o f  95% o f  t h e  animals.  However, deaths due t o  
he rpe t i c  encepha l i t i s  ranged from 0- loo%, concomitant w i t h  100% gang l i on i c  i n f e c t i o n .  I n f e c -  
t i o u s  HSV cou ld  be recovered f rom exp lan ted  gang l i a  15 months a f t e r  i n f e c t i o n .  b u t  v i r u s  cou ld  
on l y  be recovered f o r  12 days a f t e r  i n f e c t i o n  f rom gang l ion  homogenates. 
cou ld  n o t  be recovered from the  b r a i n  beyond 14 days a f t e r  i n f e c t i o n ,  b u t  v i r a l  an t igens  and 
h i s t o l o g i c a l  evidence o f  HSV patho logy  cou ld  be de tec ted  beyond t h i s  t ime. P e r s i s t e n t  g a n g l i -  
on i c  i n f e c t i o n  cou ld  be c o n t r o l l e d  by p r i o r  imnun iza t ion  w i t h  a HSV vaccine i n  up t o  100% o f  
t he  immunized animals.  Heat aggregat ion  o f  t he  vaccine p repara t i on  d i d  no t  a f f e c t  i t s  a b i l i t y  
t o  p r o t e c t  t he  hos t  f rom acute  gang l i on i c  I n f e c t i o n  o r  f rom HSV encepha l i t i s ,  b u t  p r o t e c t i o n  
f rom l a t e n t  gang l i on i c  i n f e c t i o n  was reduced f rom 98% t o  19%. Glu tara ldehyde po lymer i za t i on  
o f  t he  vaccine l i k e w i s e  d i d  no t  a f f e c t  i t s  a b i l i t y  t o  p r o t e c t  t he  hos t  f rom acute  gang l i on i c  
i n f e c t i o n  o r  HSV encepha l i t i s ,  b u t  p r o t e c t i o n  f rom l a t e n t  gang l i on i c  i n f e c t i o n  was decreased 
from 90% t o  58%. A t  t he  t ime  o f  o r a l  cha l lenge w i t h  HSV, t h e  l e v e l  o f  serum n e u t r a l i z i n g  HSV 
ant ibody  was lower  i n  animals immunized w i t h  t h e  polymerized vaccines than i n  animals i m u -  
n i zed  w i t h  the  non-polymerized vaccines ( < l o  u n i t s  vs 20 u n i t s ) .  Passive t r a n s f e r  o f  imnune 
sera o f f e r e d  p a r t i a l  p r o t e c t i o n  f rom o r a l  and neura l  i n f e c t i o n  w i t h  HSV. (DE 04700) 

PERSISTENT HERPES SIMPLEX VIRUS INFECTION: PATHOGENESIS AND CONTROL, B.K. Murray, P.S. 
Morahan, E.N. K i t ces  and W.J. Payne, Medical  Co l lege o f  V i r g i n i a ,  Richmond, VA 23298 

Dur ing  acu te  i n f e c t i o n ,  HSV cou ld  be i s o l a t e d  from pr imary  l e -  

I n f e c t i o u s  v i r u s  



669 PERSISTENCE OF SV40 V I R A L  SUBGENOMES I N  RECIPIENT CELLS. Mary P a t  
Moyer ,  Rex C .  H o y e r ,  Mary G e r o d e t t i ,  a n d  G e o r g e  L i p o t i c h ,  T r i n i t y  Un iv -  
e r s i t y ,  S a n  A n t o n i o ,  Tx 78284 .  

T r a n s f e c t i o n  o f  p e r m i s s i v e  c e l l s  w i t h  d e f i n e d  v i r a l  genome f r a g m e n t s  p r o v i d e s  
a n  i n t e r e s t i n g  m o d e l  f o r  p e r s i s t e n t  v i r a l  i n f e c t i o n s ,  a s  i n  v i v o  r e c o m b i n a t i o n  
e v e n t s  m i g h t  p e r i o d i c a l l y  i n d u c e  v i r u s  p r o d u c t i o n .  P e r m i s s i v e  A f r i c a n  R r e e n  
monkey c e l l s  were t r a n s f e c t e d  w i t h  g R I / W I I  r e s t r i c t i o n  e n d o n u c l e a s e -  
g e n e r a t e d  SV40 DNA s u b g e n o m e s .  The r e g i o n s  c o m p r i s i n g  7 4 2  o f  t h e  genome ( e a r -  
l y  g e n e s )  a n d  26% o f  t h e  genome ( l a t e  g e n e s )  c o u l d  b e  s e p a r a t e l y  m a i n t a i n e d  I n  
t h e  p e r m i s s i v e  c e l l s  i n  a p o t e n t i a l l y  b i o l o g i c a l l y  a c t i v e  f o r m .  F u s i o n  o f  
c e l l s  c o n t a i n i n g  t h e  c o m p l e m e n t a r y  s u b g e n o m e s ,  or t r a n s f e c t i o n  o f  D N A s  f r o m  
f r a g m e n t - c o n t a i n i n g  c e l l s  i n t o  p e r m i s s i v e  c e l l s ,  y i e l d e d  i n f e c t i o u s  SV40. 
C o m p a r a b l e  r e s u l t s  w e r e  o b t a i n e d  when r a t  c e l l s  w h i c h  h a d  r e c e i v e d  t h e  =RI/ 
-11 7 4 %  SV40 subgenome  (Abrahams ,  e t  a l . )  w e r e  u s e d  i n  c o n j u n c t i o n  w i t h  t h e  
2 6 %  s u b g e n o m e - c o n t a i n i n g  monkey c e l l s .  I n  a d d i t i o n ,  c o m p l e t e  SV40 genome e q -  
u i v s l e n t s  c o u l d  b e  m a i n t a i n e d  i n  some p e r m i s s i v e  c e l l  c u l t u r e s  w h i c h  w e r e  c o -  
t r a n s f e c t c d  w i t h  b o t h  t h e  7 4 %  a n d  26% SV40 DNA f r a g m e n t s .  Some o f  t h e s e  c u l -  
t u r e s  s p o n t a n e o u s l y  p r o d u c e d  v i r u s .  O t h e r s  d i d  n o t  p r o d u c e  v i r u s ,  b u t  SV40 
c o u l d  b e  i n d u c e d  by  t r e a t m e n t  w i t h  i o d o d e o x y u r i d i n e .  S u p p o r t  by  t h e  R e t t y e  
Thorman C a n c e r  R e s e a r c h  T r u s t  a n d  t h e  M o r r i s o n  T r u s t  is  g r a t e f u l l y  a c k n o w l e d -  
Red. 

670 PERSISTENCE OF SV40 AND BK PAPOVAVIRUSES I N  TISSUE CULTURE CELLS OF THEIR NATURAL 
HOSTS, P. Upcroft. H. Skolnik,  K. Takenoto* and G .  Fareed, Molecular Biology I n s t i t u t e ,  
UCLA, Los Angeles, C a .  and *NIAID. Bethesda, Md. 

The i n t e r a c t i o n  of two papovaviruses with t i s s u e  c u l t u r e  c e l l s  of t h e i r  n a t u r a l  h o s t s ,  
SV40 i n  a continuous l i n e  of rhesus monkey kidney c e l l s  (LLC MKz) and t h e  human papovavirus 
BK i n  primary human f e t a l  b r a i n  cells, has  been inves t iga t ed .  I n  bo th  c a s e s ,  a p e r s i s t e n t  
i n f e c t i o n  was  e s t ab l i shed  f o r  15 months wi th  SV40 and approximately 3 yea r s  w i th  BK v i r u s .  
The c u l t u r e s  shed v i r u s  con t inua l ly  during these  pe r iods  with an average of 20% T-antigen 
p o s i t i v e  c e l l s  f o r  SV40 and 1-5% f o r  BK. The BK v i r a l  genomes p e r s i s t e d  without  i ncu r r ing  re-  
arrangements during t h i s  3 year  per iod.  
a f t e r  t h e  establ ishment  of pe r s i s t ence  by SV40, w i th  approximately 5 1 0 %  of t h e  genomes being 
smaller than wild-type f o r  t h e  next  11 months. The v i r u s  produced from bo th  c e l l  populat ions 
w a s  predominantly wild-type as assessed by plaque formation and r e s t r i c t i o n  endonuclease 
a n a l y s i s  of t h e  genomes. Cloned l i n e s  of BK pe r s i s t en t ly - in fec t ed  human c e l l s  have been 
obtained which are T-antigen nega t ive  and have both f r e e  and in t eg ra t ed  forms of BK genomes. 

Cloned sub l ines  of t h e  in fec t ed  rhesus c e l l s  have ranged from clones ca r ry ing  no de tec t -  
a b l e  f r e e  v i r a l  DNA and being r e s i s t a n t  t o  supe r in fec t ion  by SV40, t o  c lones ca r ry ing  many 
copies  of v i r a l  DNA and shedding v i r u s .  One type of c lone appears  t o  r e f l e c t  . the modulation 
i n  l a t ency  of t h e  o r i g i n a l  c u l t u r e  i n  t h a t  no v i r u s  was  produced f o r  one month a f t e r  c loning,  
followed by one month of virus shedding with considerable  c e l l  death,  followed by a l a t e n t  
per iod with no v i r u s  product ion.  
v i r a l  genomes wi th  approximately 10% being shortened, rearranged spec ie s .  

No d e f e c t i v e  genomes were detected u n t i l  4 months 

During t h e  l a t e n t  per iod t h e  c e l l s  c a r r i e d  many wild-type 

671 HERPES SINPLEX VIRUS TYPE 1 (HSV-1) PRODUCTION I N  SOMATIC CELL KYBRIDS 
BETWEEN A NON-PERMISSIVE CHINESE HAMSTER CELL LINE AND HUMAN CELLS: 
REQUIREMENT FOR THE PRESENCE OF SPECIFIC HUMAN CHROMOSOMES, Uta Francke 
and Bertold Francke, Department of Ped ia t r i c s ,  Universi ty  of Ca l i fo rn ia ,  
San Diego and Tumor Virology Laboratory, Salk I n s t i t u t e  f o r  Biological  
Studies ,  La J o l l a ,  Ca l i fo rn ia  92037. 

Several  e s t ab l i shed  c e l l  l i n e s  derived from Chinese hamsters have been found t o  be 
non-permissive f o r  productive i n f e c t i o n  by HSV-1. One of these,  t he  HPRT d e f i c i e n t  c e l l  
l i n e  380-6 der ived from V79, was  fused with human c e l l s  carrying d i f f e r e n t  t r ans loca t ions .  
Fourteen hybrid clones from 6 independent fus ion  experiments w e r e  analyzed simultaneously 
f o r  human chromosome content  and f o r  t h e i r  a b i l i t y  t o  support  product ive HSV-1 in fec t ion .  
The r e s u l t s  i n d i c a t e  t h a t  human chromosome 11 is necessary and s u f f i c i e n t  t o  support  HSV-1 
production in t hese  hybrid cells. 
be excluded was chromosome 3. This chromosome has previously been found t o  be e s s e n t i a l  
f o r  HSV-1 production i n  hybrid c e l l s  made with a non-permissive Chinese h a m s t e r  DON l i n e  
( C a r r i t t  and Coldfarb,  Nature 264: 256, 1976), implying t h a t  t he  d e f e c t s  leading t o  
non-permiasivity i n  the  two Chinese hamster c e l l  l i n e s  may not  be i d e n t i c a l .  

Among t h e  human chromosomes t h a t  could unambiguously 
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*Laboratory o f  Biochemis t ry ,  hCI-NIH, Bethesda ,  N D  20014, +Dept.  Bio logy ,  Brandeis  U n i v e r s i t y ,  
Iraltham, h A  02154, #Cold Spr ing  Harbor L a b o r a t o r y ,  Cold Spr ing  Harbor,  NY 11724. 

idAPPING OF STKUCTUlLAL GENE SEQUENCES IN ADZNOVIKUS 2 UNA BY H Y B K I U  ARRESTED CELL-FKEE 
TRANSLATION, Bruce M .  P a t e r s o n e ,  Bryan 2. Kober ts+ ,  and Michael 8. Mathewsf/. 

We have developed an approach t o  d i r e c t l y  c o r r e l a t e  s t r u c t u r a l  gene p r o d u c t s  wi th  the i r  
cor responding  DNA ( o r  KNA) sequences  and have used t h e  p rocedure  t o  map t h e  v i r a l  p o l y p e p t i d e s  
expressed  l a t e  i n  adenovi rus  2 i n f e c t e d  HeLa c e l l s  w i t h i n  t n e  v i r a l  genome. Such an approach  
would be d i r e c t l y  a p p l i c a b l e  t o  t h e  i d e n t i f i c a t i o n  o f  v i r a l  s p e c i f i c  p o l y p e p t i d e s  involved  
i n  p e r s i s t a n t  v i r a l  i n f e c t i o n s .  The procedure  and v a r i o u s  approaches  a r e  t o  be  d e s c r i b e d .  

673 
National I n s t i t u t e s  o f  Health, Bethesda, Md. 20014 
We have studied the i n  v i vo  t r a n s c r i p t i o n  of e a r l y  adenovirus genes, i nc lud ing  those 
pe rs i s ten t l y  expressed i n  transformed c e l l s .  Separated strands o f  v i r a l  DNA were complexed 
w i t h  nuclear o r  cytoplasmic RNA, and the hybrids observed i n  the e lec t ron  microscope. 
While large nuclear RNA molecules o f t e n  form a continuous duplex comprising the e n t i r e  
gene block i n  three o f  the fou r  e a r l y  regions o f  the adenovirus genome, many o f  the shor ter  
nuclear and cytoplasmic RNAs br idge loops o f  " in tervening"  single-stranded DNA whi le  
hyb r id i z ing  t o  the DNA sequences f l ank ing  the loop. 
reg ion 2, coding f o r  the 72K DNA-binding prote in ,  are shown here. 

EXPRESSION OF EARLY ADENOVIRUS GENES; PROCESSING OF RNA BY CUTTING AND BIGHTING? 
Geoffrey R. Kitchingman and Heiner Westphal, Laboratory o f  Flolecular Genetics, 

Examples o f  RNA's observed i n  e a r l y  

! 
I 

A l l  three RIIA's have comnon end points ,  bu t  i n te rna l  sequences, complementary t o  the 
" in tervening"  DNA loops, are missing i n  two o f  them, as i nd i ca ted  by the whi te  bars. 
Accurate maps o f  ea r l y  t ransc r ip t s  i n  a l l  f ou r  regions w i l l  be presented. I t  i s  tempting 
t o  assume tha t  i n te rna l  sequences are removed from primary v i r a l  t r a n s c r i p t s  dur ing mRNA 
maturation. Experiments probing such precursor-product r e l a t i o n s h i p  are i n  progress. 

BIOCHEMI~AL AND IMMUNOCHEMICAL CHARACTERIZATION OF THE U-ANTIGEN OF CELLS TRANSFORMED 674 BY SIMIAN VIRUS 40. R. Schmidt -Ul l r ich .  W. S. Thompson and D.F.H. Wal lach ,  Tufts-New 
England Medical C e n t e r ,  Radiobio logy  Div. 171  H a r r i s o n  Ave., Boston, MA 02111. 

I n  p u r i f i e d  plasma membranes o f  SV40-transformed h a m s t e r  lymphocytes (GD248) we have iden-  
t i f i e d  a SV40-spec i f ic  . ~ 1 0 0 , 0 0 0  D, p I  4.7 p r o t e i n  which r e a c t s  immunochemically w i t h  s e r a ,  
p o s i t i v e  f o r  U- b u t  n o t  f o r  T-ant igen  by i n d i r e c t  immune f l u o r e s c e n c e .  (Schmidt -Ul l r ich ,  R. ,  
Thompson, W.S., Lin ,  P.-S. and Wallach, D.F.H., Simian V i r u s  40(SV40)-spec i f ic  p r o t e i n s  i n  
t h e  membranes of  SV40-transformed h a m s t e r  and mouse c e l l s .  Proc .  N a t l .  Acad. Sci.USA 74,5069- 
5072, 1977).  Assignment of t h i s  p r o t e i n  as t h e  p e r i n u c l e a r  U-antigen is now f u r t h e r  s u p p o r t e d  
by t h e  f a c t s  t h a t  T r i t o n  X-100 e x t r a c t i o n  o f  h i g h l y  p u r i f i e d  0 2 4 8  n u c l e i  s u p p r e s s e s  t h e i r  U- 
a n t i g e n  r e a c t i v i t y  and  t h a t  t h e s e  T r i t o n  e x t r a c t s  c o n t a i n  a PI 4.7, %100,000 p r o t e i n  i d e n t i c a l  
t o  t h e  plasma memhrane component. A s i x - f o l d  c o n c e n t r a t i o n  of t h i s  p r o t e i n  in t h e  n u c l e a r  en- 
ve lope  ( i n  cbmparison t o  t h e  plasma membrane) and  about  e q u a l  c o n c e n t r a t i o n s  o f  t h e  SV40-spec- 
i f i c  t r a n s p l a n t a t i o n  ( s u r f a c e )  a n t i g e n  (TSTA, TSSA) i n  b o t h  groups  of membranes cannof4be  ex- 
p l a i n e d  by c r o s s - c o n t a m i n a t i o n ,  d u r i n g  c e l l  f r a c t i o n a t i o n .  M e t a b o l i c  l a b e l i n g  w i t h  [ C] glu-  
cosamine and s u s c e p t i b i l i t y  to neuraminidnse  t r e a t m e n t  i n  i s o l a t e d  plasma membranes i d e n t i f y  
t h e  p e r i n u c l e a r  U-antigen a s  a s i a l o g l y c o p r o t e i n .  T h i s  f a c t  d i s t i n g u i s h e s  U- from T-antigen. 
T h e r e f o r e ,  t h e  l a r g e  f u n c t i o n a l  d i s s i m i l a r i t i e s  of t h e s e  a n t i g e n s  ( s i t e  a f f i n i t y ,  h e a t  l a b i l -  
i t y  and immunologic r e a c t i v i t y )  may a r i s e  from d i f f e r e n t  ( p o s s i b l y  compet ing)  mechanisms o f  
h o s t  c e l l  p r o c e s s i n g  of t h e  SV40 p r o t e i n  A ,  i. e .  g l y c o s y l a t i o n  a n d / o r  p h o s p h o r y l a t i o n .  

Suppor ted  hy Grant  NCI-CIS 44000, N;ition;il Cancer I n s t i t u t e  
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Dept. of Imun. G Micro., Wayne St. Univ.  Sch. of Med.. Detroit. MI 48201 

sensitivity of viral polypeptide sy thesis to UV-irradiation of the infecting virus. HSV-I 
was irradiated with 0 to 400 erg/mnf of UV light and used to infect Xeroderma pigmentosum 
(X.P.) cell monolayers. Early (alpha) polypeptides were analyzed by adding cyclohe 'mide 
from 0 to R h p.i.. removing the druq. and pulse labelinq proteins for 45 min with "S-methi- 
onine. Proteins were separated by electrophoresis in polyacrylamide slab qels and qrianti ta- 
ted by densitmetry of gel autoradiograms. The UV-inactivation cross section data for poly- 
eptide synthesis indicates that the alpha protein genes are removed from their promoters by 
about 1500 to 4200 base pairs. Thus the mRNA for these proteins appears to be derived from 
larger precursors. 

To analyze the transcriptional units of the late viral proteins. adenosine arabinoside 
(100 pM) was used to effectively block replication of the infecting. irradia ted genome. Al- 
though this concentration of tk drug had little effect on the overall rate of protein synthe 
sis. the synthesis of certain late (1.) polypeptides was strongly inhibited. I n  addition,the 
normal turn off of certain4 and i polypeptides was blocked. X.p. cells were infe ed with 
UV-irradiated HSV; AraA was present from I to 8.75 h p.i. Cells were labeled with 55S-met at 
Rh and the polypeptides quantitated as above. The rewlts indicate that the genes for many 
o f  the late proteins are adiac nt to their promoters. Evidence for promoter switch from 
early to late transcription w,?1 be piesented. 

UV-RADIOLOGICAL ANALYSIS OF HSV-I TRANSCRIPTION: EVIDENCE FOR PROMOTER SWITCH, 
Robert Millette. Sue Talley-Brown, Rosemary Klaiber. Margaret Pedersen and Tom Beck. 

The transcriptional organization of the HSV- I  genome has been analyzed by studying the 

676 
Veterans Administration Hospital, Hoiiston, TX 77030 
Liver samples obtained from humans infected with hepatitis B virus (HBV) were examined for HB slvface 
antigen (HBsAg) and core antigen (HBcAg) particles by light, immunofluorescent and electron iiiicroscopy . 
HBsAg and HBcAg particles were observed by electron microscopy in the cytoplasm and nuclei of infected 
hepatocytes, respectively. Biopsy material and liver specimens embedded ill paraffin were examined in a 
comparative study using specific anti-HBs or anti-HBc sera in direct atid indirect iinmuiiofliioresceiice and 
immunoperoxidase techniques. Essentially similar results were observed when biopsy inaterial was stud- 
ied by the above procedures, However, immunoperoxidase techniques, employing horseradish peroxidase 
conjugated to antibody or to Fab fragments, proved to be more sensitive in detecting virus-specific anti- 
gens i n  formalin-preserved, paraffin-embedded l iver sections. I n  further studies HBsAg was localized in 
blood vessel walls. I n  :ontrast to the liver studies, HBs and HBc particles and HBV antigens were ob- 
served by electron microscopy and by immunoperoxidase staining in the mesanyiciin of a kidney obtained 
from an individual in renal failure. Numerous Dane particles and highnlevels of "el' antigen and DNA ooly- 
merase were found in the sera of this patient. Additional studies have centered on examination of infected 
tissues for the presence of viral proteins using antisera specific for individual polypeptides derived from 
purified HBsAg particles. 

IMMUNOHISTOCHEMICAL DETECTION OF HEPATITIS TYPE B ANTIGEN IN INFECTED TI;- 
SUES, Gordon R .  Dreesman, Guy A. Cabral and Ferenc Gyorkey, Baylor College of Mediciile aiitl 

677 Characterization of SV40 U-antigen in AdZfSV40 hybrid virus infected and in SV40 trans 
formed cells, Wolfgang Deppert. tlax Planck Institut fiir Biophysikalische Chemie, 
3400 Gottingen, Federal Republic of Germany. 

Human adenoviruses abortively infect monkey epithelial cells, with the restriction of viral 
replication occuring at a step prior to the production of "late" viral capsid proteins. This 
interaction of human adenovirus with nonpermissive monkey cells may result in a persistent 
adenovihs infection. The abortive as well as the persistent adenovirus infection can be 
changed to a fully lytic one by superinfection of the monkey cells with simian virus 40 
(SV40). It has been shown that this "helper" function of SV40 is controlled by the early 
region of the SV40 genome, and the protein responsible for the helper function in AdZ+NDI 
infection has been identified. 
This report describes the relationship of this protein to SV40 U-antigen in AdZ'SV40 hybrid 
virus infected cells and to SV40 U-antigen in SV40 transformed cells as analyzed by bio- 
chemical cell fraction procedures and inmunofluorescence studies. It was found that this 
protein specifically associateswith the nuclear matrix and carries U-antigen determinants. In 
SV40 transformed cells, U-antigen also is associated with the nuclear matrix fraction. indi- 
cating that SV40 U-antigen in hybrid virus infected HeLa cells and in SV40 transformed cells 
is iunnunologically and functionally related. 
The association of SV40 U-antigen with the nuclear matrix may be important for understanding 
the SV40 helper function, since the nuclear matrix seems to play an important role in the 
synthesis, processing, and transport of RNA. 

2w 
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We have compared the properties of ts-a/A mutants of Polyoma and SV-40 as well as those of 
hr-t mutants of Polyoma and viable deletion mutants of SV-40 with cordinates .54-.59,analo- 
guous to those of the hr-t mutants. Ts-a/A mutants of both viruses induce an efficient 
abortive transformation, while hr-t and dl viable deletion mutants are defective i n  this 
process. In both viral systems, the two classes of mutants (hr-t/dl and ts-a/A) can com- 
plement each other to induce stable cell transformation. 
Stable clones of ts-a/A transformed cells have been derived using the selection of anchoraqe. 
dependence as well as that of release from density regulation of growth. The properties 
of such clones have been compared with respect to various parameters. The results of these 
experiments will be reported. 

THE ROLE OF 'IWO EARLY GENES OF POLYOMA AND SV-40 IN TRANSFORMATION, Michele M. Fluck 
and Thomas L. Benjamin, Harvard Medical School, Boston, Mass. 02115 

679 EXPRESSION OF MlRINE CYTOMEGALOVIRUS. J.K. Chantler, University of British Columbia, 
Vancouver, B.C. V6T 1W5. 

Three systems have been examined: (1) a productive infection of mouse embryo cells in 
vitro; (2) a non-productive infection of 0 1  phase 3T3 cells, and (3) a latent infection of 
embryos after transplacental transmission of the virus in vivo. 

1. During productive infection 3 proteins can be detected at 0-4h.p.i. and these appear to be 
inmediate-early proteins as they are also synthesized after removal of a cycloheximide block. 
An early nuclear membrane alteration has also been detected at this time by imunofluores- 
cence. 
synthesis at 8-l0h.p.i. at which time structural proteins start to accumulate in the cell. 
2. When 3T3 cells arrested in the 0 1  phase of the cell-cycle are infected incomplete viral 
replication occurs unless the cells are stimulated to traverse the cell-cycle (Muller and 
Hudson, J. Virol. 3: 267-272, 1977). In this system only the immediate-early proteins are 
msde. 
detected. 

3. Mlce which have been infected intraperitoneally with MCMV have been found to produce 
abnormnl embryos several months after inoculation. 
the embryos or In cell-cultures derived from them but the presence of latent MCMV can be 
shown by imunofluorescence and 'in-situ' hybridisation. 

No further viral proteins have been detectedmtil after the initiation of viral DNA 

No viral DNA synthesis occurs and neither structural proteins nor progeny virus can be 

No infectious virus has been found in 

680 S. St. Jeor, L. Hernandez, C. C. Chua and M. Tocci, Dept. of Micro., The llilton S .  
Hershey Medical Center, The Pennsylvania State Univ. College of Medicine, llershey, PA 17033. 
Human cytomegalovirus (CMV) differs from other members of the herpesvirus group in that it 
has an extremely narrow host range but abortively infects a wide variety of cell types. I n  
addition, the virus has an extended latent period with virus DNA synthesis occurring 24 hrs 
post-infection. The studies to be reported were initiated to determine the sequence of ClW 
structural and nonstructural proteins in abortive and productive infections. Virus specific 
proteins were identified using either antiserum prepared specifically against virus capsid 
proteins or CMV acute human serum. Cells were examined f o r  nonstructural and capsid antigens 
using imunofluorescence and imunoprecipitation. Virus specific proteins purlfied by fmmuno- 
precipitation were further examined using polyacrylamide gel electrophoresis. 
of these studies indicated that virus DNA synthesis was a prerequisite for capsid protein 
synthesis. 
was blocked with fluorodeoxyuridine or cytosine arabinoside. 
human CMV contained virus-specific early antigens but no detectable virus capsid proteins 
were produced. In addition, virus DNA synthesis did not occur. It appears that control of 
capsid protein synthesis in cytomegalovirus infected cells is similar to that observed with 
both adeno and SV40 virus. Additional experiments with confluent and nonconfluent cells 
indicated that the physiologic state of the cells affected the sequential appearance and 
amount of both nonstructural and capsid proteins. 

EXPRESSION OF W-SPECIFIC PROTEINS IN PRODUCTIVE AND ABORTIVE INFECTIONS, 

The results 

In permissive cells, no capsid proteins were detected if virus DNA replication 
Cells abortively infected with 
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681 EXPRESSTON OF THE MlRINE CYTOMEGALOVIRUS GFNOME. Vikram Misra and J.B. Hudson. 
Departwnt of Microbiology, University of British Columbia, Vancouver, B.C. V6T 1W5. 

Transcription of the murlne cytomegalovirus genome was examined during productive and non- 
productive infections caused by the virus. 
During productive infections, approximately 25 percent of the genome was represented as 

stable transcripts in the cell at 6 hours post infection, i.e., before the onset of viral DNA 
synthesis, whereas RNA transcribed from 35 to 40 percent of the DNA was present in the cells 
In the later stages of infection. 
would be detected in the cell throughout the infectious cycle. Both 'early' and 'late' RNA 
comprised two RNA classes differing about 7 to 10 fold in concentration. 

in the presence of inhibitors of p r o r a h  and DNA synthesis only 'carP]' transcription orrurred. 

of Infected cells. Although RNA extracted from the nuclei of infected cells arose from 25 
(early) and 35 (late) percent of the viral genome, transcrlpts from only I1 (early) and 15 
(late) percent of the DNA were detected in the cytoplasm. 
Cells of mouse origin (3T3 cells), arrested In the GI phase of the cell cycle, retained 

the viral genome in a non-replicating state, but could be induced to enter the lytic cycle by 
serum activation. 
MCMV-infected cells. 
similar to the scarce class in 'early' RNA from infected exponentially growing cells. 

RNA sequences corresponding to 6 h (early) transcripts 

Viral DNA synthesis in the host cell was required for the expression of 'late' genes since 

Control was also exerted on the transport of transcripts from the nucleus to the cytoplasm 

Transcripts.from 19 percent of the genomk were observed in GI arrested, 
Viral RNA in these cells comprised only one abundance class, which was 

682 IN VITRO SPLICING OF AD 2 W A ,  Charles Lawrence,and Tony Hunter, Salk 
Institute, san Diego, calif. 92112, Heiner Westphal, National 
Institutes of Health, Bethesda, Md. 20014. 

An activity has been detected which activates internal initiation sites for 
protein synthesis in adenovirus 2 mRNA of high molecular weight in vitro. 
These new mRNA activities are associated with RNA species of lower 
molecular weight suggesting that they arose by functional processing of the 
high molecular weight RNA. Two lines of evidence suggest that Ad 2 RNA 
is processed in vitro by a mechanism which involves splicing of 5'- and 3 ' -  
sequences. 

683 EXTENT OF TRANSCRIPTION OF THE E STRAND OF PDLYOYA DNA DURING THE EARLY PHASE OF 
INFECTION. Nicho!as H.  Acheson, Dept. o f  Virology, ISREC, 1066 Epalinges, Switzerland. 

Both strands of polyoma DNA are t ranscr ibed over most o r  a l l  of t h e i r  length l a t e  dur ing 
l y t i c  i n f e c t i o n .  However, hyb r id i za t i on  of sa tu ra t i ng  amounts of e a r l y  nuclear polyoma RNA 
w i t h  labeled E o r  L strands o f  polycina DNA suggested t h a t  only one-half o f  the E strand, and 
none o f  the L strand, i s  t ranscr ibed dur ing the e a r l y  phase. I t  remained possible t h a t  the 
e n t i r e  E s t rand i s  transcribed, bu t  t ransc r ip t s  from the h a l f  of t h i s  s t rand which does no t  
code f o r  e a r l y  messenger RNAs are r a p i d l y  degraded. To t e s t  t h i s  hypothesis I have hybr id ized 
pulse-labeled e a r l y  RNA, which should contain detectable amounts of a l l  t r a n s c r i p t i o n  pro- 
ducts. w i t h  r e s t r i c t i o n  endonuclease fragments o f  polyoma DNA which l i e  e i t h e r  wholly w i t h i n  
the region coding f o r  e a r l y  mRNAs, o r  wholly outside t h i s  reqion. The r e s u l t s  show t h a t  a 
small  b u t  s i g n i f i r a n t  f r a c t i o n  of pulse-labeled nuclear RNA, bu t  almost no labeled cytoplas- 
mic RNA, hybr id ize5 w i t h  Hpa I 1  fragments 1 and 3, which l i e  outside the "ea r l y "  region of 
polyoma DNA. The propor t ion of,polyoma-soecif ic RNA which hybr id izes t o  these fragments i s  
independent o f  the l abe l i ng  time. These r e s u l t s  suggest t h a t  occasional read-through past  a 
terminator o f  t r a n s c r i p t i o n  a t  the end of the e a r l v  reg ion may occur on the E strand. A l t e r -  
na t i ve l y ,  a low leve l  of L s t rand t r a n s c r i p t i o n  may be tak ing  place. This a l t e r n a t i v e  i s  
being tested by hyb r id i za t i on  of pulse-labeled RNA w i t h  separated strands of the fragments 
i n  Question. 



6&1 CYCLIC DISSOCIATION 01: TEMPLATE, PRODUCT, ANU Q6 REI'LICASE NJRING ?IO\r-l RA'A SYYTIIESIS, 
Carl Dobkin, Donald R .  Mills, Fred Russe l l  Eramer, and Sol Spiegclman, I n s t i t u t e  of  
Cancer Research, Columbia Univers i ty ,  N e w  York, N . Y .  10032 

i n  a i r  i n  v i t r o  r cac t ion ,  tlrc The more JIDV-1 RNA templa te  t h e r e  is r e l a t i v c  t o  Qi? r c p l i c a s c  
fewer r e p l i c a s e  molecules t h e r e  a r e  on any tcmpla tc  s t r a n d ,  When ?lll\'-l RNA i s  i n  g rea t  
excess ,  mono-enzyme complexes a r e  t h e  r c p l i c a t i v e  in te rmcdia t2 .  !4otro-cnzymc rcp l  i c a t i v c  
complexes, l i k e  a c t i v e  complcxcs formed a t  loivcr tcmplotc-to-cnzyntc r a t i o s ,  synthcnizc  
s ing le - s t r anded  ?IDV-I IlNA. By varying t h e  !.ll)\'-l IlNh t empla tc  uscd t o  cons t ruc t  tlrcm, ICC 

i nves t iga t ed  t h e  way mono-enzyme r e p l i c a t  ivc complcxcs d i s s o c i a t c  a t  tlrc end o f  t h e  f i r s t  
cyc le  of  r e p l i c a t i o n .  I n  an cxccss  o f  pure !dlli'-l ( - )  R N A ,  mono-cirzysic r c p l i c a t i v c  complcxcs 
produccd v i r t u a l l y  purc  !IIIV-l (+) RNA dur ing  both t h c  f i r s t  and sccond cyc lcs  of  rCpliCatioI1 
ind ica t ing  t h a t  t hc  r e p l i c a s c  docs not c l i n g  t o  t h c  product s t r a n d  and tlrcn usc  i t  as tlrc 
next templa te .  ihcn  mutant '.lllV-l RNA w a s  addcd t o  a r cac t ion  in  which :111  xc t ivc  r cp l i c s sv  
had j u s t  begun i t s  f i r s t  cyc lc  of  r e p l i c a t i o n  on iGiId-typc ! W - I  RN.2, t h e  sccond cyc lc  0:' 
r e p l i c a t i o n  y ie lded  110th mutant :md wi Id- type  >lDL'-l W A .  l l r i s  impl ics  t h a t  a t  tlrc cnd of  
each cyc lc  of r c p l i c a t i o n ,  tlic r c p l i c a s c  d i s s o c i n t c s  from thc tcrl!platc :IS wcll :IS from tlrc 
product RNA and gocs on t o  choosc 11 ncw tcmp1:itc ntr:ind. Althouplr tlrc rCpl icasc  docs not 
favor  t h c  just-produccd s t r and  in i t s  su l~scqucnt  choicc o f  tclaplntc,  i t  docs s h o ~  :I 
prefcrcncc  for  t h e  jus t -uscd  tcmpla tc  s t r and .  'I'his sugficsts t h a t  tlrc rc1e:lnc of tlrc 
product s t r and  from thc  rcp1ic:i t ivc complcx prccceds tlrc dir;soci;rt ion o f  thc tctoplntc 
and the  r cp l i casc .  

685 STUDIES ON THE EXPRESSION OF EARLY SV40 PROTEINS (T ANTIGENS), Hawley K. Linke, Tony 
Hunter and Gernot Walter, Tumor Vi ro logy Laboratory, The Salk I n s t i t u t e ,  San Diego, 
Ca. 92112. 

P r i o r  t o  the i n i t i a t i o n  o f  SV40 DNA synthesis, the v i r u s  has been shown t o  induce two a n t i -  
qen ica l l y  re la ted  p ro te ins  defined as a 100,000 molecular weight T ant igen (100k T) and a 
17.000 molecular weight T ant igen (17k T!. Recent experiments i n  our l abo ra to r ies  have an- 
alyzed the 355 methionine l abe l l ed  t r y p t i c  peptides o f  the lOOk T and ordered such peptides 
alonq the ea r l y  gene reg ion o f  SV40. (Mann, e_t. aJ-, 1977, Journal o f  V i ro logy 24:151-169) 
The data presented here i s  a s i m i l i a r  analys is  o f  the 17k T and a c lose r  study of the mode 
o f  expression o f  both prote ins.  Two-dimensional pept ide analys is  o f  p ro te ins  t rans la ted  jn. 
v ivo and i n  v i t r o  demonstnte: a )  t h a t  the 17k T, l i k e  the lOOk T, i s  SV40 coded; b)  the 
two prote ins conta in  both extensive overlapping peptides and peptides unique t o  each; 
C) the prec ise reqions o f  e a r l y  DNA which express the 17k T. Size analys is  and subsequent 
i n  v i t r o  t r a n s l a t i o n  o f  SV40 RNA has i d e n t i f i e d  the most l i k e l y  messenger species fo r  both 
prote ins.  
i n i t i a t i o n  o f  both prote ins.  

I n  to to  the data impose a unique model o f  va r iab le  expression o f  a s i n g l e  qene region. 
Such a riiodel w i l l  be presented. 

rorinyl methionine l a b e l l i n q  o f  i n  v i t r o  products establ ished the independent 

686 ADENOVIRUS 2 CYTOPLASMIC RNAS FROM THE LEFT 119 OF THE GENOME, D. Spec- 
tor, M. McGrogan, H.J. Raskas, Wash. Univ. Med. Sch., St. Louis, MO 63110 

Hybridization-selection with specific DNA fragments was employed to map cyto- 
plasmic RNAs specified by the left 11% of .the adenovirus 2 genome. Seleated 
RNA was eluted and then fractionated by size. Analysis of early and late 
RNAs identified five different transcripts. The predominant early species 
(135) maps within map positions 0-6; its synthesis is shut off at late times. 
The other four transcripts include 22s RNA, a second 135 RNA and two 9s RNAs. 
These four RNAs share common sequences, and the appearance of each is tempo- 
rally regulated. The 22s RNA accumulates primarily at early times and can be 
selected by DNA fragments from 2.9-10.7. The 135 RNA is synthesized through- 
out infection and can be selected with all fragments except 7.8-8.7. This 
appears to be a "spliced" RNA. The 9s RNAs are synthesized at late times. One 
species can be selected with the 8.7-10.7 fragment; the other small RNA can 
be selected by fragments 2.9-5.9 and 5.9-7.8. The results suggest the follow- 
ing structural relationships between these four RNAs: The 138 RNA contains 5' 
and 3' sequences of the 22s RNA, and each 9s RNA sequence is common to half of 
the 135 RNA. The 13s species is the only viral RNA identified thus far that 
appears to be made in the same form both early and late. At least one of 
these RNAs, the 22s size class, hybridizes to sequences within 0-2.9 on the 
genome, well to the left of the body of the message. This result suggests 
that 5' "leader" sequences may be present in this molecule. 



687 
Spring Harbor, New York 11724 
-- I n  s i t u  hyb r id i za t i on  methods have been used t o  detect and loca l i ze  s a t e l l i t e  DNA species, 
g lob in  mRNA sequences i n  d i f f e r e n t i a t i n g  ce l l s ,  v i r a l  DNA i n  product ive ly  i n fec ted  c e l l s  
and tumor c e l l s  and v i r a l  mRNA i n  virus-transformed c e l l s .  We are i nves t i ga t i ng  the method 
as a means o f  detect ing v i r a l  RNA sequences i n  humn tumors and i n  non-neoplastic t issues. 
From many studies on DNA virus-induced tumors i t  i s  c lea r  t h a t  p a r t i a l  sets o f  v i r a l  genomes 
are s u f f i c i e n t  and necessary t o  induce the neoplast ic  transformation process. I n  the cases 
of SV40 and adenovirus the fragment of v i r a l  DNA w i t h  transfotmlng po ten t i a l  i s  approximately 
equal t o  5.3 kilobases. This i s  equivalent t o  about 1.6% o f  a herpesvirus genome and, w i t h  
present methods, would be undetectable as DNA. 
p o s s i b i l i t y  as the ta rge t  i s  ampl i f ied and can be l oca l i zed  by i n  s i t u  methods t o  p a r t i c u l a r  
c e l l  types. 

DETECTION OF VIRAL NUCLEIC A C I D  SEQUENCES USING I N  SITU CYTOLOGICAL HYBRIUILATIUN. 
James K. McDougall and Denise A. Galloway, Cold SFr iT j l i a rbo r  Laboratory, Cold 

Detection o f  RNA i s  a more a t t r a c t i v e  

Unconventional Agents, Prrthogenesis of Dikeam Assockvted With Persistent Viruses 

688 DETECTION OF CITRUS EXOCORTIS VIROID COMPLplENTARY RNA I N  INFECTED HOST TISSUE, 
L. K. G r i l l  and J. S. Semancik, Dept P1. Path ,  Univ. of Calif.,Riverside, CA 92521 

Molecular hybridization with 1251-labelled c i t r u s  exocort is  v i ro id  RNA has been u t i l i z e d  t o  
survey nucleic acid preparations from G y n m  aumntiaca for  v i ro id  complementary molecules. 
A d i f fe ren t ia l  hybridization e f f e c t  w a s  detected between nucleic acid ex t rac ts  from healthy 
and infected t issue.  
resul ted i n  hybridization s tudies  with the infected t i s sue  e k r a c t s .  characterization 
s tudies  indicated t h a t  RNA f r o m  the infected tissue w a s  involved i n  the formation of a 
duplex molecule with the c i t r u s  exocortis viroid RNA and had propert ies  of an RNA-FNA 
hybrid. 
are  present i n  both nuclear and soluble RNA f ract ions.  
an intermediate molecule involved i n  the repl icat ion of the viroid and/or a p-ogenic 
expression of the v i ro id  infect ion.  

Significant RNase r e s i s t a n t  125I-labelled c i t r u s  exocortis v i ro id  

Subcellular f ract ionat ion of infected t i s sue  indicates  t h a t  complementary molecules 
The complementary FNA may represent 

a9 
Ihe association of scrapie infec t iv i ty  with membrane fract ions of infected c e l l s  has been 
well established. Studies of the d i s t r i b u t i m  of the agent have concentrated on membrane- 
r ich subcel lular  f ract ions,  harever no exclusive associations between scrapie  i n f e c t i v i t y  
and a spec i f ic  subcel lular  membrane have teen found. In l i g h t  of the seemingly ubiquitous 
dis t r ibut ion of scrapie  ac t iv i ty ,  determinations of scrapie  infec t iv i ty  i n  subcel lular  
f ract ions from infected hamster brains  through the course of infect ion were made. Bioassay 
revealed the presence of increasing scrapie  infec t iv i ty  i n  the 100,000 x g supernatant 
f ract ions M the uylnptomatic course of infect ion progressed. Electron microscopic exami- 
nation of infected material f r o m  supernatant f ract ions revealed no virus-like par t ic les  
or discemable membrane s t ructures .  Vigorous homogenization of uenbrane-rich fract ions w a s  
f o n d  t o  release infec t iv i ty  i n t o  the supernatant f ract ion,  suggesting t h a t  the increase of 
scrapie  a c t i v i t y  i n  the 100,000 x g supernatant f ract ions observed i n  vivo is not 
necessarily due to  maturation of less  dense par t ic les ,  bu t  rather t o  dissociat ion of 
membranes during the process. 
treatmanta with v a r i o u  enzymes'and detergents indicate  t h a t  in fec t iv i ty  i n  both medrane- 
r ich and "nrmbrane-free" f ract ions remains equally res i s tan t  to  Begradation. The membrane 
hypothesis assigns scrapie  ac t iv i ty  t o  an assemblage of macromolecules bround i n  a membrane 
romplex, harever, on the basis  of these date ,  the ilnportanca of membrane s t ructures  i n  the 
transmission of the  scrapie  agent mast be questioned and await a careful  resolution of which 
coaponents of the scrapie  agent complex are  c r i t i c a l  t o  the infect ious process. 

WRANE-FREE SCRAPIE ACTIVITY, T. G. Malone, R. F. Marsh, R. P. Hanson, and J. S. 

Samancik, Dept. Plant Pathology, Univ. of C a l i f . ,  Riverside, CA 92521. 

Dete.rminations of the s t a b i l i t y  of the scrapie  agent following 

273 



Pusistent V i r U ~ S  

CELL FVSICN INUKED BY ?HE SCRAPIE m, Wie-claude Mreau, Orev Kidscm, David M. 
Asher, Paul W. Btcwn, Ham G. Cmn, D. Carletm Gajdusek, and Clarence J. G i b s ,  Jr. 
National Insti tutes of Health, Betkgsda, bBryland 20014 

Sendai and many other enwlopea viruses induoe fusion of cells in v i m .  A preliminary study 
suggests that the scrapie agent my have the sam property. 
&nmstrate and quantify cellular fusion. ?tro cell lines, ane ckfectiw in the en- h p  
xanthine guanine p b q h r i b a s y l  transferase and the other in  thymidhe kinase, proauCe hyiria 
cells able to gnw under c a n d i t b  that select against both parents. Mixtures of the t m  cell 

lines were incubated in the presence of Sendai virus, scrapie 
virus, noml muse brain or plain h&hn. Cells we?x plated 
and gram for 2 to 3 weeks i n  slective d u n  containing 
aminopterin; colonies ware then mbd. 
virus and sewral prepraticns of scrapie muse brain pro- 
duced hybrid colonies, while antrols did not. Rates of fusion 
w r e  prcprtional to dilutions of both viruses (fig). T h  tvio 
-s (awrages of 3 experimnts) are similar, altbugh fusion 
rates for scrapie weze consistently lcwer; th is  might be due to 
differences i n  fusing abi l i t ies  of the 2 agents, or sinply to 
different m n t r a t i o n s .  If found to correlate wel l  with in- 
fectivity, fusion could provick a rapid assay for scrapie. 
Fwher studies of fusion induction by the viruses of scrapie, 
kurv and Creutzfeldt-JakOb disease are in pmgress. 

A TCiiiZG5m~ was used to 

Inactivated sendai 

hytrld m l o p  I 
21110 cell8 

691 STUDIES OF THE SPONGIFORM ENCEPHALOPATHY AGENTS I N  TISSUE CULTURE. 
Richard T. Yanagihara, David M. Asher, D. Carleton Gajdusek, and 

Clarence J. Gibbs, Jr . ,  National I n s t i t u t e s  of  Health, Bethesda,Wryland20014 
The agents  of s c r a p i e ,  kuru and Creutzfeldt-Jakob d isease  are known to  pers i s t  
and r e p l i c a t e  i n  cu l tured  cells  der ived from i n f e c t i o u s  t i s s u e s .  However, many 
l i n e s  of cells l o s e  i n f e c t i v i t y  a f t e r  s e v e r a l  subcul tures .  Of t e n  ce l l  l i n e s  
der ived from scrapie-v i rus  i n f e c t e d  mouse bra ins ,  one had spontaneous rap id  
growth; a murine oncorna v i r u s  was de tec ted  i n  t h a t  l i n e ,  which no longer 
t ransmit ted s c r a p i e  t o  m i c e .  Eight cel l  l i n e s  syperinfected wi th  SV40 v i r u s  
readi ly  acquired rap id  growth, a l t e r e d  c e l l u l a r  morphology and SV4O-T antigen: 
one c e l l  l i n e  s t i l l  contained t h e  s c r a p i e  agent  when assayed a t  t h e  12th sub- 
c u l t u r e ,  while t h e  o t h e r  seven d id  not .  The infec ted  l i n e  contained about 
1 LD50 of  s c r a p i e  p e r  lo4 cells. 
chimpanzees with kuru and Creutzfeldt-Jakob d isease  were also s e r i a l l y  pro- 
pagated and superinfected with SV40; two such l i n e s  assayed a t  50th subculture 
l e v e l s ,  as w e l l  a s  SV40-transformed cells from t h e  two l i n e s  a t  s i m i l a r  levels, 
were not  found t o  contain t h e  kuru and Creutzfeldt-Jakob d isease  agents .  W e  
conclude t h a t  i n  t h e  spongiform encephalopathies only a minori ty  of cu l turab le  
cells i n  bra in  may be infec ted ,  and t h a t  such c e l l s  can disappear  from l i n e s  
of cu l tured  cells. The pers i s tence  of t h e  i n f e c t i o u s  agents  i n  occasional  
c u l t u r e s  a t  higher  passage l e v e l s  suggests  t h a t  c e l l s  o t h e r  than neurons may 
support in fec t ion .  

Lines of cel ls  derived from b r a i n s  of 

692 fxperlmental Creutzfeldt-Jakob disease, E l l a s  E.  Manuelidis.  M.D., Edward J. Goroacz, 

Creutzfeldt-Jakob dlsease of man was s e r i a l l y  t ransmit ted t o  cruinea p i w ,  mice 

V.M.D., Ph.D., Laura Manuelidis,  M.D., Yale U n l v e r s i t y ,  Hew tlaven, Conn.. 06510. 

and hamsters. Character is t lc  slow Incuhatlon perlods were observed. C l i n i c a l  spp- 
tomaloqy i n  some mice and hamsters resembled t h a t  seen i n  experimental scrapie.  L i o h t  
and e lectron microscopic studies revealed t y p i c a l  chanoes of a sbonolform v i rus 
encephalopathy; no conventional v i rus p a r t i c l e s  were observed. 

extraneural t lssues. vlremia, and transmission v i a  various routes o f  inoculation. 
Pre l imlnary  data on subcel lu lar  f r a c t i o n a t i o n  o f  i n f e c t i v i t y  w i l l  also be presented. 

Experiments u t i l l z i n s  these convenlent animal models demonstrated l n f e c t l v l t y  of 
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PROGRESS I N  THE PURIFICATION OF THE SCRAPIE AGENT, Robert G. Rohwer, Franklin 
Hamilton, D. Carleton Gajdusek, National I n s t i t u t e s  of Health, Bethesda, Md. 20014 693 

Scrapie infected and uninfected muse  brains  have been processed through a sequence of 
d i f fe ren t ia l  velocity sedimentations and sedimentations to equilibrium under conditions pre- 
viously characterized for the d is t r ibu t ion  of the  infect ious agent. 
been monitored for  t h e i r  mass dis t r ibu t ion  of nucleic acids, proteins and l i p i d s  and those 
fract ions expected t o  contain the scrapie  agent have been analyzed for  t h e i r  comparative 
complexity by means of highly resolving gel electrophoresis systems for  both proteins  and 
nucleic acids. We are  attempting t o  discriminate those differences which a re  the a r t i f a c t u a l  
consequences of the massive pathology of the scrapie brain vs. those d i rec t ly  re la ted t o  the 
agent i t s e l f .  

These gradients have 

694 CHARACTERIZATION OF NORMAL GLIAL CELLS I N  CONTINUOUS CULTURE, D. Van Alstyne 
and V. K. Singh, Children's Hospital, Immunology Unit, Vancouver, B.C. Canada. 

A continuous t i s sue  cul ture  c e l l  l i n e  of g l i a l  c e l l s  from adul t  r a t  brain has been establ-  
ished. 
localized intracerebral ly  by neurochemical means (Singh and McGeer, Brain Res.1977, i n  
press ) ,  
of growth medium and d is t r ibu t ion  of the dissociated t i s sue  i n  glass  p e t r i  dishes. 
Neuronal degredaticn was achieved by inject ion of picamole amounts of kainic  acid which 
is thought t o  induce g l i o s i s  following formation of the les ion.  
is HEM containing 10% f e t a l  calf  s e m ,  0.2% glucose, 5 u n i t s h l  p e n i c i l l i n  and 5 ug/ml 
streptomycin. They 
are  routinelygdetached using 0.2% t rypsin and subcultured i n t o  p e t r i  dishes a t  a c e l l  
density of 10 c e l l s  per cm . Although a l l  c e l l s  a t tach t o  p l a s t i c  t i s sue  cul ture  f lasks  
they  do not  subsequently divide,  necessi ta t ing the use of glass  p e t r i  dishes. Several 
morphologically d i s t i n c t  c e l l  types a r e  present, including astrocytes  and oligcdendrocytes, 
thus it is unlikely t h a t  malignant c e l l  growth has resul ted from a kainic  acid induced 
act ivat ion of a la ten t ,  transforming virus .  The i n  vivo s ignal  to end g l i o s i s  is apparent- 
ly  not operative i n  v i t r o  since c e l l s  continue to divide on subculture despi te  previous 
contact inhibi t ion of growth. Further character izat ion of this c e l l  l i n e  with regards 
to g l ia l - spec i f ic  biochemical markers and its a b i l i t y  t o  rep l ica te  rubel la  virus  is i n  
progress. 

The procedure involves the induction of a highly select ive neuronal degredation 

dissect ion of the  lesioned area of the brain,  mincing of the t i s sue  i n  the presence 

Tissue culture'medium used 

These c e l l s  form complete monolayers and exhib i t  contact inhibi t ion.  

695 DISCOVERY OF TREATMENTS THAT ENHANCE OR SUPPRESS SCRAPIE INFECTION, R.H. Kimberlin 
I n s t i t u t e  for  Research on Animal Diseases, Compton, Newbury, England. 

A s ingle  i .p .  inject ion of lmg of MER (methanol extract ion residue of BCG; kindly provided by 
Professor D.W. Weiss) given j u s t  before an i.p. inject ion w i t h  scrapie reduced incubation 
t i m e  i n  mice by up to 19 days; t h i s  e f f e c t  is equivalent to increasing the dose of scrapie  
agent by 80-fold. A s imilar  inject ion of 3.553 of MER i n  hamsters reduced the i.p. incubation 
t i m e  by 28 days. However the enhancing ef fec ts  of HER on scrapie infection i n  mice only 
occurred when MER preceded scrapie  agent by 'r to 4 hours. This suggests t h a t  MER may have a 
d i r e c t  e f f e c t  on peritoneal c e l l s ,  e i ther  by reducing inact ivat ion of injected scrapie or by 
stimulating the infect ion of c e l l s .  The tab le  shows the  e f f e c t  of 9 dai ly  inject ions of 
lmg of HPA 23 (ammonium 5-tungsto-2-antimoniate; kindly provided by D r .  J .C.  Chermann) on the  

incidence of scrapie i n  mice, infected i.p. 
DilE of Control HPA 23 Delay a f t e r  the second inject ion.  HPA 23 is a 
scrapie i n  potent v i r a l  inhibi tor  which appears to 
brain % cases 1.P. % cases I.P. I.P. reduce the eff ic iency of scrapie infect ion 

by a t  l e a s t  90% and to extend the incub- 
-2 100 172f2 100 201f2 29 at ion times t o  the dose-response end point  

42 of Chandler scrapie i n  Compton white mice. 
25 The discovi?ry of two treatments with 

opposite e f fec ts  on scrapie could be of 

~ ~ = 5 u E : u = v ~ ~ t ~ t ~ ~ ~ ~ ~ ~ i ~ ~ n ~ ~ ~ ~ ~ ~  and 

10-3 
100 180fZ 88 222i6 
100 194f2 22 219 

I.P. = mean incubation period i n  days A SEM 

10 

27s 
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696 PASSIVE SERUM IMflUNOTHERAPY DIRECTED AGAINST FLV STRUCTURAL ANTIGENS, Fred Sanfilippo, 
Richard S. Metzgar and Jeffrey J .  Collins, Duke Univ. Med. Ctr., Durham, N . C .  27710 

DBA/Z mice injected with a Ieukemogenic dose of Friend leukemia virus (FLY) can be protected 
against splenomegaly, viremia and non-specific immunosuppression by systemic treatment with 
chimpanzee anti-FLV or anti-FLV gp71 antisera administered after virus inoculation. PrOteC- 
tion in this system directly correlates with the production o f  anti-gp7l antibody by treated 
mice, as measured by RIA and cytotoxicity to FLV-infected mouse cells. The possibility that 
the transferred antibody binds to viral determinants and enhances their immunoqenicity result- 
ing in host protection has been ruled out since I )  no detectable host anti-chimp y-globulin 
antibody has ever been detected in protected mice, and 2) mice made specifically tolerant to 
chimp y-globulin can still be protected by imnune chimp sera. Titration and kinetic studies 
indicate that treatment of mice with chimp anti-FLV antiserum at various times before inocula- 
tion of FLV can provide protection even when the amount of residual circulating transferred 
chimp antibody is below the protective endpoint. Furthermore, spleen cells from mice treated 
with chimp anti-FLV serum with or without subsequent FLV inoculation can transfer protection to 
lethally irradiated recipients challenged with FLV. These results suggesa that some type of 
serum-immune cell interaction occurs in mice receiving the xenogeneic immune sera. However, 
the observation that nude (athy.mid mice can be protected by transfer o f  immune serum (with the 
subsequent production of anti-gp7l antibodies) suggests that this process may not require a T- 
cell-dependent response. In vitro assays of the antibody forming cell response to goat RBC 
suggest that elimination of a suppressor cell pbpulation by treatment with heterologous anti- 
FLV antisera may be involved in the protection aaainst FLV-induced disease. 

697 PASSIVE SERUM IHMUNOTHERAPY DIRECTED AGAINST VIRUS-ASSOCIATED NOH-STRUCTURAL ANTIGENS, 
Jeffrey J. Collins, Gary Roloson, Darrow E .  Haagensen, Jr., Peter J. Fischinger, 
Ronald C. Hontelaro, and Dani P. Bolognesi, Duke Univ. Hed. Center, Durham, N.C. 27710 
and National Cancer Institute, National Institutes of Health, Bethesda, Md. 20014 

The ascites form of a m u s e  mamnary adenocarcinon,a (AD755a) originally arising in a C57Bl 
m u s e  has been used to establish a passive serum immunotherapy model system in which the trans- 
fer of as little as 5 P I  of syngenelc anti-AD755a antiserum IP can protect against challenge 
with at least I03 LDlD0 o f  the t u m r  cells. 
serum depends on the strain of the recipient mouse and the genetic control of this strain spe- 
cificity is currently under investigation. While the precise mechanism responsible for this 
potent serum transfer protection has not yet been determined, it i s  clear that an early inter- 
action occurs in the recipient mouse after administration of immune serum between t u m r  cells 
and normal monocytes (possibly macrophages). With respect to the specificity of the antigens 
involved, we have found that the AD755a cells are actively releasing a C-type oncornavirus 
(denoted ADV) which has the host-range and serological characteristics of a Friend-Rauscher- 
type virus. Analysls of the serological reactivity of the anti-AD755a antiserum and of the 
antigenic expression on the AD755a cells indicates the presence of at least two virus-associ- 
ated antigens: 1 )  FLV-type gp71 and 2) ADV-induced non-structural antigen. Absorption stud- 
ies indicate that only antibodies directed against the latter are capable of mediating the 
serum transfer protection, although mice can be made resistant to direct AD755a cell challenge 
by immunization with FLV. The detailed molecular and biochemical characteristics of the ADV- 
associated surface antigens on the AD755a cells are under active study. 

The ability to transfer protection with immune 

698 
ORIGIN. Wayne Flintoff, Alexandra Lucas, Marion Coulter, Robert Anderson, Vincent Morris, 
Dean Percy, and Samuel Dales, Dept. Microbiol. and I m u n o l . ,  U.W.O., London, Ont. Can., N6A5C1 
Intraperitoneal infection of mice with the neurotropic JHM strain of murine hepatitis 
virus causes demyelinating lesions resulting from an infection of the oligodendroglia. Such 
lesions were not observed in mice inoculated with the MHV3strain. 
viruses has been investigated in several cell lines of neural origin. A rat Schwannoma cell 
(W2) functions as a descriminating host for the JHM virus. In these cells, this virus 
readily establishes a persistent infection characterized by a cyclical rise and fall in titer 
with an accompanying cytopathology. Furthermore, the RN2 cells confer a thermal lability 
which the virus does not demonstrate in the fully permissive host cell, L-2. Infection of 
the RNZ cells with MHV3 is aborted immediately. In C6 rat astrocytoms, both viruses are 
completely aborted, whereas in murine gliomas, a temperature sensitive persistence is readily 
established with both viruses. In murine neuroblastomas, both viruses establish a short term 
temperature sensitive persistence. 
lishes persistent infections in the rat RN2 and C6 cell lines. 
sensitivity on the viruses which they do not possess when replicating in Vero cells. 
several days under nonpermissive conditions, viruses can be recovered from both the mouse 
hepatitis and measles infected cultures by shift down to the permissive temperature. 
iments are in progress using specific cDNA probes to determine the state of the viral genomes 
at the nonperm 8s ve temperature. 

IN VIVO AND IN VITRO MODELS OF DEMYELINATING DISEASES: 
SENSITIVE REPLICATION OF MOUSE HEPATITIS VIRUS AND MEASLES VIRUS IN CELLS OF NEURAL 

PERSISTENT AND TEMPERATURE 

The replication of these 

Measles virus (Halle’and Edmonston strains) readily estab- 
These cells confer temperature 

After 

Exper- 

(Supported by the MRC, MS Society and USPHS). 
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The na tura l  spread of Bovine Vira l  Diarrhea V i r u s  (BVDV) has been hypothesized t o  be due t o  
inapparently infected animals. During rout ine survei l lance of calves born within the e n t e r i c  
diseases  of c a t t l e  pro jec t ,  a non-cytopathic (N-CPE) s t r a i n  of BVDV w a s  i so la ted  from buffy 
coat c e l l s  of a newborn b u l l  ca l f .  A t  var ious i n t e r v a l s  during 3% years, N-CPE BVDV w a s  
i so la ted  from buffy coat, lacr imal  and synovial f lu ids ,  semen, and nasal  swabs. A t  the  same 
i n t e r v a l s  ant ibodies  t o  BVDV, IBR, Bovine Parvovirus, and Bovine Adenovirus 5 p e  7 w e r e  not 
detected. Antibodies to PI-3 and Chlamydia t h a t  were detected in 2-week post-colostrum 
serum samples, subsequently declined over 6 and 11 months of tes t ing .  Lymphocyte s t imulat ion 
s tudies  indicated t h a t  the  b u l l  was imunosuppressed. A t  2 years  of age the b u l l  was given 
a t r i p l e  dose of k i l l e d  BVDV vaccine, and responded with ins igni f icant  leve ls  of ant ibodies  
a t  4 and 5 months post-vaccination. Isolated v i rus  was  given t o  2 suscept ible  calves  t h a t  
developed pyrexia and In te rmi t ten t  diarrhea and high leve ls  of BVDV antibody. Breeding 
studies with t h e  b u l l  produced heal thy non-infected calves  from immune and suscept ible  dams. 
The b u l l  was k i l l e d  a t  3% years  of age, when i t  developed lamini t i s  and became inappetent and 
le tharg ic .  Histological  examination of the  b u l l ' s  kidneys revealed tha t  they were apparently 
normal, but  some of the glomular membranes were pos i t ive  by imunofluorescence, as were 
various other  t i s s u e s  t h a t  yielded N-CPE BVDV. 
N-CPE BVDV were obtained from a herd vaccinated 3 times with a k i l l e d  BVDV vaccine. lbo cows 
have given b i r t h  t o  BVDV-infected calves  t h a t  died 1 to 3 days l a t e r .  

PERSISTENT INFECTION OF AN APPARENTLY HEALTHY BULL W I T H  BOVINE VIRAL DIARRHEA VIRUS, 
Manuel F. Coria and Arlan W. McClurkin, National Animal Disease Center, Ames, I A  50010 

Recently 3 cows pers i s ten t ly  infec ted  with 

700 I N  V I T R O  AND I N  V I V O  STUDIES O N  A V I R A L - L I K E  AGENT O B T A I N E D  FROM 
C E R T A I N  HUMAN CELL C O - C U L T I V A T I O N  PROCEDURES, C .  W .  G o d t e s k i  and  

R. J .  Boyd, The L i l l y  R e s e a r c h  L a b s ,  I n c . ,  I n d i a n a p o l i s .  I N ,  46206.  
C o - c u l t i v a t e d  t i s s u e  c u l t u r e  s y s t e m s  a r e  r e p o r t e d l y  more s e n s i t i v e  t o  t h e  
p r e s e n c e  of  l a t e n t  v i r u s e s  t h a n  o t h e r  i n d i c a t o r  t e c h n i q u e s .  The p r o p a g a t i o n  
of  f i b r o b l a s t s  f r o m  human synovectomy s a m p l e s  i n  d - i r e c t  c u l t u r e  p r o c e d u r e s  
g a v e  no  i n d i c a t i o n  o f  v i r a l  p r e s e n c e .  When c e r t a i n  s y n o v i a l  s a m p l e s  w e r e  
c o - c u l t i v a t e d  w i t h  human e m b r y o n i c  c e l l s  (WI38. HES. H E B ) ,  a s l o w l y  d e v e l o p i n g  
c y t o p a t h o g e n i c i t y  was o b s e r v e d .  M i c r o f o c i .  which  t o o k  30-70 d a y s  t o  d e v e l o p ,  
a p p e a r e d  i n  t h e  c u l t u r e .  E l e c t r o n  m i c r o s c o p i c  e x a m i n a t i o n  of  t h e  a f f e c t e d  
c u l t u r e s  g a v e  s p o r a d i c  e v i d e n c e  of c e l l  damage and  v i r u s - l i k e  p a r t i c l e s  
(VLP's)  b o t h  i n  t h i n  s e c t i o n s  and  i n  n e g a t i v e  s t a i n e d  p r e p a r a t i o n s .  The 
V L P ' s  i n  n e g a t i v e  s t a i n e d  s a m p l e s  were 9 2 - 9 7  nm i n  s i z e  w h i l e  t h i n  s e c t i o n s  
v a r i e d  i n  t h e  110-160 nm r a n g e .  The VLP's and  t h e  n o t e d  C.P.E. were con-  
f i n e d  t o  c o - c u l t i v a t e d  c e l l s  o b t a i n e d  f rom p a t i e n t s  w i t h  r h e u m a t o i d  a r t h r i t i s  
and no s u c h  e f f e c t s  were n o t e d  w i t h  o s t e o a r t h r i t i c  or "normal"  t r a u m a  c e l l  
s a m p l e s  s i m i l a r l y  t r e a t e d .  C e l l  c u l t u r a s  f r o m  t h e s e  s y s t e m s  h a v e  b e e n  p a s -  
s a g e d  5 t i m e s  i n  s u c k l i n g  mice  w i t h  i n c r e a s i n g  v i r u l e n c e ,  a g e n e r a l  v i r e m i a ,  
and 100% m o r t a l i t y  w i t h i n  7-15 d a y s  p o s t  i n j e c t i o n .  No e t i o l o g i c a l  r e l a t i o n -  
s h i p  h a s  b e e n  e s t a b l i s h e d  or i m p l i e d  by t h e s e  s t u d i e s .  

701 
Minerva T.Nolte,Clarence J.Gibbs,Jr.,and D.Carleton Gajdusek,NINCDS,NIH, 
Bethesda,Md. 20014 
Immune responses and HL-A phenotypes were studied in amyotrophic lateral scler- 
osis(ALS) and Parkinsonism-dementia(PD) ,two disease of suspected viral etiology. 
An increased incidence of HL-A BlYl6 at the second locus was present in PD(Lancet 
2,717,1977). Diminished skin test responses,lymphopenia,low percent and total T 
cells,and diminished mitogen responses were seen in ALS and PD but not i n  other 
neurologic diseases on Guam. Significantly elevated serum I g A  and IqG levels 
were present in ALS and PD as compared to age and sex matched normals. Among ALS 
and PD cases,two subgroups were apparent. One group was anergic or markedly 
hyporesponsive to &in tests,had low percent and total T cells,lymphopenia,and 
an increased incidence of BW-35(50%). A second group had the most normal skin 
test reactivity, significantly fewer instances of lymphopenia and low percents 
and total numbers of T cells, and had a low incidence of BW-35(6%). I g A  and IgG 
levels were not different between groups. Multiple abnormalities in cellular 
immunity were more common early and intermediate in the course of ALS and PD 
than in long term survivors in the total group studied. These two subgroups 
w i l l  be followed to determine if any of these immune and immunogenetic factors 
influence survival in ALS and PD. 

IMMUNITY AND IMMUNOGENETICS IN GUAMANIANS WITH AMYOTROPHIC LATERAL 
SCLEROSIS AND PARKINSONISM-DEMENTIA,Paul M.Hoffman.Deann.3 S.Robbins, 
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702 LYHPHOCYTIC CHORIOHENINGITIS VIRUS: PERSISTANCE AND CNS PATHOLOGY; ROBERT N. HOGAN 
AND ANDREW A. HONJAN. JOHNS HOPKINS UNIVERSITY, BALTIMORE, HD 21205 

In the rat, neonatal infection with lymphocytic choriomeningitis virus (LCHV) can re- 
sult in an acute destructive lesion of the retina or cerebellum. 
necrotic pathologies. which are imnune-mediated, there is a marked retardation of general 
somatic and brain growth, as well as a slowly evolving lesion within 
the hippocampus. The etiology of this lesion is still under study. but the following facts 
have been determined. Attenuation of the granule cells of the area dentata only  occur 
follcuing intracerebral inoculation with LCMV during the first 5 postnatal days. 
7 months, the specific loss of these cells is marked. resulting in a layer of 1-2 cells as 
compared to a normal thickness of 16-20 cells. 
may be seen around one mnth after infection and consist of a mononuclear infiltrate 
associated with focal areas of cell loss. Golgi-silver staining methods have demonstrated 
that dendritic condensation of granule cells occur prior to cell loss as well as in  the 
residual neurons. 
terminations in the pyramidal cells within adjacent fields. Imnunosuppression (ALS and/or 
neonatal thymectomy) augments rather than abrogates the development of the pathology: more 
cells are infected, more cells are lost, and virus persists for up to 7 months in the 
remaining granule cells. Thus, in the imnunologically compromised host. LCHV may exert. 
within some brain areas, a direct or indirect virus-lytic effect upon neurons as well as to 
induce alterations i n  neuronal circuitry. (Supported i n  part by PHS grantsNS 09779 & HD 08490) 

Aside from these early 

the dentate gyrus of 

By 6 to 

The earliest manifestations of the pathology 

In addition, there are alterations in the patterning of !mossy fiber axon 

C-KNIC ADENOVIRAL INFEITIcN OF THE UNNAFH T R X I  I N  MIMPANZES, DavlU M. ASner, 703 Herlrrt L. m, Lumnila V. Shavrina Asher, John J. Hooks, Keerti V. Shah, Clarence J. 
Gibbs, Jr., and D. Carleton Gajdusek, National Insti tutes of Health, Bethe&, M. 20014, and 
the Johns Hopkins University School of Hygiene and public Health, B a l t h r e ,  M. 21205 
Chimpanzees i n  a r e s e a r c h  colony had spontaneous i n t e r m i t t e n t  e x c r e t i o n  of an 
adenovirus ,  o f  a new type  c a l l e d  Pan 11, i n  t h e  u r i n e  f o r  p e r i o d s  longe r  than  
a yea r .  The Pan 11 adenovirus  e l i c i t e d  u n d i f f e r e n t i a t e d  tumors i n  hamsters  
i nocu la t ed  a s  newborns; c u l t u r e d  cel ls  de r ived  from a primary tumor produced 
rhabdomyosarcomas i n  hamsters.  T a n t i g e n s  of  t h e  v i r u s  were found t o  be r e l a t -  
e d . b u t  n o t  i d e n t i c a l  t o  those  of s imian adenovirus  SA7 by i n d i r e c t  immunofluor 
escence.  Pan 11 v i r u s  has  been i s o l a t e d  on ly  f r o m - t h e  u r i n e  of chimpanzees and 
n o t  from s e c r e t i o n s  o r  t i s s u e s  o u t s i d e  t h e  u r i n a r y  t r ac t ;  however t h e  exact 
anatomic s i tes  o f  i n f e c t i o n  remain unknown. S p e c i f i c  n e u t r a l i z i n g  a n t i b o d i e s  
t o  Pan 11 v i r u s  were found i n  t h e  u r i n e  of  i n f e c t e d  chimpanzees: a n t i b o d i e s  
were p r i m a r i l y  IgG with some IgA a l s o  p r e s e n t .  I n d i r e c t  evidence i n d i c a t e d  
t h a t  a n t i b o d i e s  d i d  n o t  e n t e r  t h e  u r i n e  from t h e  serum, b u t  were l o c a l l y  pro- 
duced. Most of t h e  chimpanzees had no evidence o f  r e n a l  dys func t ion ,  however 
ch ron ic  i n t e r s t i t i a l  n e p h r i t i s  was found i n  one animal and acute b a c t e r i a l  
n e p h r i t i s  i n  ano the r .  Th i s  p e r s i s t e n t  adenov i ra l  i n f e c t i o n  o f  chimpanzees rc- 
sembles those  o f  mice and dogs,  i n  which ch ron ic  adenov i ra l  n e p h r i t i s  p r e d i q o -  

e y i  e n t a  1 1 duced cu  e b a c t e r i a l  ne h r i t ' s  Ani a 1  c a r e t a k e r $  ac- ~ ~ ~ g & f ~ f  : = ~ ~ ~ : e y a a ~ ~ ~ ~ m ~ ~ P t ~ e P s a $ e n a v i r u s  had ng eviaei-ce o? p e r s i s t e n t  in-  

704 PRELIMINARY EVIDENCE AGAINST THE THEORY OF ACTIVATION OF LATENT ENDOGENOUS 
ONCORNOVIRUS BY ALLOGENIC REACTION. Richard C. Hard, JK. and Sue Shipley 
Cross, Medical College of Virginia, Richmond, Virginia 23298 

Host Versus Graft (HVG) syndrome is the fatal complex of lesions which may follow the 
perinatal inoculations of FI hybrid spleen cells expressing infectious ecotropic murine 
leukemia virus (MuLV). 
not express MuLV, do not cause the disease in RFM hosts. Tests for the presence of MuLV 
in the lymphoid tissues of RFM hosts inoculated with (T6xRPM)121 hybrid spleen cells rx -  
pressing MuLV show low levels of oncornovirus expression which could be of either donor 
or host origin.  However, no virus is detected following inoculation of thymus cells. It 
would seem, then, that reaction to histocompatibility antigens i s  insufficient to activate 
endogenous virus i n  the RFM host. 
I n  other work, it has been shown that neither virus alone. nor virus inoculated with 
thymus cells causes HVG disease. The implication of these results are that both the 
histocompatibility and viral antigens must be on the surface of the same cell to induce 
the aberrant rejection phenomenon we have observed. 

(T6xRFM)F1 hybrid thymus cells, which are histoincompatible but do 
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705 LATE;ICY AND IMMUNE RESPONSES Ill I.lICE AFTER VAGINAL OR SYSTEMIC INFECTION WITH 
HERPES SIMPLEX V I R U S  TYPE 2. Mary C. Bre in ig ,  Paul F. Cl ine and Page S. Morahan, 

Medical College o f  V i rg in ia ,  Richmond, VA 23298 
The tenooral re la t ionships among humoral and c e l l  mediated immune responses (CMI) fo l lowing 
vaginal o r  systemic intravenous i n f e c t i o n  w i t h  a c l i n i c a l  i s o l a t e  o f  herpes simplex v i rus  
type 2 (HSV-2) have been establ ished i n  i nd i v idua l  BALB/c mice r e l a t i v e  t o  the pathogenesis 
o f  the acute i n fec t i on .  The associat ion o f  immune responses w i t h  establishment and mainte- 
nance o f  l a t e n t  v i rus  i n f e c t i o n  i s  cu r ren t l y  being determined. Systemic i n f e c t i o n  induced 
prolonged delayed type hypersens i t i v i t y  and sp len ic  p r o l i f e r a t i v e  CMI  responses as we l l  as 
a serum neu t ra l i z i ng  antibody response. I n  contrast ,  vaginal i n f e c t i o n  was associated w i t h  
t rans ien t  C M I  responses which appeared during the acute i n fec t i on ,  and w i t h  the ra re  
appearance o f  a serum neu t ra l i z i ng  antibody response. The dorsal roo t  ganglia o f  su rv i v ing  
mice were removed between 24 and 45 days fo l lowing primary i n fec t i on ,  and were cocu l t i va ted  
w i t h  suscept ib le  i nd i ca to r  c e l l s  f o r  detect ion o f  l a t e n t  HSV-2. Our present resu l t s  i nd i ca te  
t h a t  the incidence o f  latency i n  surv ivors  o f  the vaginal HSV-2 i n f e c t i o n  was very low, wh i l e  
there was a 22% incidence o f  latency i n  surv ivors  o f  the systemic i n fec t i on .  Latent  i n fec -  
t i o n  was almost exc lus ive ly  associated w i t h  the concomitant presence o f  a systemic neu t ra l -  
i z i n g  antibody response i n  the mice. Observations are being extended t o  idc lude the e f fec ts  
o f  the mouse s t r a i n  ‘and v i rus  i s o l a t e  on latency and immunity. 
CA 16193, A1 70863 and A1 05431). 

{Supported i n  p a r t  by 

ISOLATION OF C-TYPE VIRAL ANTIGEN FROM HUMAN TISSUE, John T. Reynolds, 706 Mark Sawyer, Nathan E. Nachlas, Jr., Roberta J. Black and Sandra Panem, 
Depts Microbiology and Pathology, University of Chicago, Chicago, I11 60637 
C-type viral antigen was detected in human tissue using immunofluorescence and 
an antiserum to HEL-12 virus. Antigen was first demonstrated in over 60 pat- 
ients with systemic lupus erythematosus (SLE) complexed with antiviral antibody 
but was absent in a comparable number of patients with non-SLE immune complex 
diseases. We now identify a similar antigen in 30 of 30 term placentas from 
normal women and those with SLE. The reactive material has beec isolated from 
SLE immune complexes and from placenta. The isolation procedures utilize high 
salt and low pH elution followed by sequential chromatography on Sephacryl 200 
and Con A- Sepharose. A fraction enriched in a 70,000 mol wt glycoprotein 
has been isolated from placenta and SLE immune complexes. These fractions are 
compared with purified HEL-12 virus, SISV, BaEV, R-HuLV and SR-RSV for (1)their 
ability to block reaction of anti-HEL-12 virus serum with SLE kidney, placenta 
or virus infected cells; and (2)mobility under varying conditions of acrylamide 
gel electrophoresis. The data suggest that a protein similar to a primate 
C-type viral envelope protein is routinely expressed in pregnancy and during 
the pathogenesis of SLE. 

707 ENHANCEMENT OF E-ROSETTES WITH INTERFERON, A. Khan, J. Boettcher. 0. Garrison, 
A. Antonetti, S. Graham. N.O. Hill, Wadley Institutes of Molecular Medicine, 
Dallas, Texas, 75235 

lt has been shown that interferon may be imunosuppressive. 
interferon on E-rosettes in vitro. The interferon w a s  added t o  the E-rosette test at 
different concentrations as shown in the table. Significant increases In the E-rosettes 
as well as the E-rosette scores were observed wlth all the concentrations used. The 
E-rosette scoring technique was utilized which gives a semiquantative measurement of the 
E-rosette receptors on the lymphocytes by taking into consideration the number of 
erythrocytes in each rosette (Khan, A.. Thometz, D., and Hill. J.M., Wadley Medical Bulletin 
5:297. 1975). 

We investigated the effect of 

INCREASE IN E-ROSETTES 
(in vitro) WITH 
INTERFERON 

INCREASE IN E-ROSETTES 
(in vitro) WITH 
INTERFERON 

UNITS /ML T SCORE T CELLS X 
Control 102 5 4  

10 133 76 
100 133 75 
1000 137 77 
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708 PROPERTIES OF THE NAEGLERLA AMEBAE CYTOPATHOGEN. T.H. Dunnebacke and F.L. Schuster, 
Viral and Rickettsia1 Disease Laboratory, State of California Department of Health, 
Berkeley. CA 94704 and Department of Biology, Brooklyn College, Brooklyn.NY 11210 

A cytopathogen has been found in the amebae of the genus Naegleria, the causative agent of 
the human disease primary amebic meningoencephalitis. Designated NACM for Naegleria ameba 
cytopathogenic material. it presents a quandary of questions, many of which are still un- 
answered. NACM is passageable in tissue culture cells, indicating that it is not degraded 
by nuclease as the viroids, it is resistant to inactivation by W In the same range as the 
scrapie agent. yet differs from scrapie in heat sensitivity, and it has properties of a 
protein. 
new studies have found that the response is highly specific; some lines such as rabbit kidney 
(RXl3) are totally refractory, developing neither cytopathology nor producing passageable 
material, whereas hamster cells (0853) become cytopathic in 5-6 days and yield passageable 
material. Continuing purification studies utilizing isoelectrlc focusing show that the 
cytopathogen behaves as an acid protein. Inoculations into mice indicate the response is 
long termed. in the order of 120 days. The classification of NACM must await more infor- 
mation about its properties. 

NACM causes a cytopathic response in a variety of mamalian and avian cells. Our 

709 SECONDARY STRUCTURE I N  FOTATO SPINDLE TUBER VIROID. A. Iladidi" and J. N. VournAis,** 
**kpt.  Biol., Syracuse 

Secondary structure of pure, uniformly 32P-labelled circular and linear forms of potato 
spindle tuber viroid (C- or L-PSTV) was investigated by limited hydrolysis with pure, single- 
strand-specific S1 nuclease. enzyme/substrate 
ratio,  while tenperature and ionic strength were systematically varied. The digestion kinetics 
of C- or L-PSN revealed tha t  both forms were resistant to  S1 nuclease a t  high ionic strength. 
Resolution of the low ionic strength-high temperature digestion products on 20% polyacrylamide 
7 M urea slab gels showed that both fonns were converted. to very similar se t s  of s ix  specific 
fragnents, ranging i n  size from 38 t o  114 nucleotides. fragnents was 345-355 
nucleotides. nucleotides in C- or  L-PSTV were converted t o  
mnonucleotides by the S 1  digestion. The relative proportions of the Sl-resistant fragnents 
were altered by varying the temperature of the digestion. A comparative study of the secon- 
dary structure of P S N  and 5s rRNA from tomato (host of PS'IV) was also made. A secondary 
structure model consistent with the existence of several helical regions having different 
s t ab i l i t i e s  is proposed for PSTV. 

"Plant Virol. Lab., PPI, ARS, U.S.D.A., 
k i v . ,  Syracuse, XY 13210. 

Beltrvil le,  MD 20705; 

hzyme reactions were performed a t  a constant 

The sum of all 
AppmxiPately 10% of the original 

710 IN VIVO SYNIILtSlS AND PERSISTENCE OF POTATO SPIMILE.TUBER VIROID. A. Hadidi* and J.M. 
Keith.** *Plant V i r o l .  Lab., ARS, U.S.D.A., Beltsville, bQ 20705; **Lab. of Blol. of 
Viruses, NIAID, NIH, Bthesda, MD 20014. 

DB nouo synthesis of 32P-pulse-labelled circular and l inear fonns of potato spindle tuber 
viroid (C- and L-PSTV) was studied in leaves of systemically infected t m t o  plants. In a l l  
experiments, C-PSW synthesis preceded the fo t ion of L-PSTV. Fingerprint patterns of 
RNase T resistant oligonucleotides of uniformlyqP-labelled C- and L-PSTV are very similar 
and d i f i i r  from tha t  of 5s rRNA of tomato. These results suggest that  C- and L-PSTV are two 
forms of a single RNA species and tha t  L-PSI'V arises in uiuo The nucleotide 
composition of the newly fomed l inear PsrV is the same as that  of the circular form and 
contains 1-1.2 mole b modified nucleotides. . Subsequently, the nucleotide composition of 
linear PSN undergoes a slow and specific change which involves the formation of modified 
nucleotides. A t  the end of t h i s  alteration process, the m j o r i t y  of the linear PSI" mle -  
cules are resistant to  RNases TI, Tz! and A and nuclease Pi. Alkaline hydrolysis of these 
molecules and separation of nucleotides by paper electrophoresis a t  pH 3.5 revealed tha t  
mre than 90% of the 32P label migrated as four d is t inc t  spots ahead of Up. P i  was released 
from the eluate of each spot upon digestion with alkaline phosphatase. No change in  the 
nucleotide composition of circular PSI'V was observed. These results suggest that  extensive 
mdification of PSTV could provide a mechanism for  persistence of viroids in  the infected 
cells.  To our knowledge, th i s  is the f i r s t  report of extensive modification of an RNA. 

f r o m  C-PSTV. 

2m 
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SUBACmE SCLEROSING PANENCEPHALITIS: 
James C. Ramsey, Larry Eron, Judy Sprngue, Paula Bensky, Delphine Jones, Rurh Dunlnp, 
and Paul Albrecht, Burenu of Biologics, Bethesda, MD. 20014 

AN ABORTIVE INFECTION BY A MEASLES-LIKE VIRUS, 711 

A mensles-like virus, IP-3, isolated from the brain of a child with subacute sclerosing 
panencephalitis (SSPE) remains cell-asaociated in tissue culture and produces n chronic 
encephalitis in monkeys that resembles histologicnlly and clinically SSPE in mnn. 
of IP-3 with mensles virus reveals substantial differences between the virions. The IP-3 
infectious particle possesses n lighter buoyant density than mensles (1.21 vs. 1.24 glcc). 
While it is composed of nucleocapsid and n glycoprotein similar in size to mensles, IP-3 
nppnrently lncks the measles membrane and phosphoproteins. 
reect antigenically and are the snme size, their primary structures nre slightly different. 
The IP-3 genome is 50s and its nucleocapsid is ZOOS, the snme ns mcnnles non-defective 
pnrticles, different from measles defective pnrticles (18s and 1305, respectively). These 
dntn nre consistent with an nbortive infection by IP-3, nnd not with infection by defective 
pnrticles, nn the cnuse of SSPE. The abortive infection may be the result of n misnnsemblp 
of the virion particle due to alterations or absence of viral structural proteins, which might 
allow the virus to persist within the cell. The mechanism by which the expression of virus 
information is altered is under investigation nnd may be applicable to other slow virus 
infections. 

Comparison 

While their nucleocnpsids cross- 

712 DEMYELINATION INDUCED BY TS MUTANTS OF MOUSE HEPATITIS VIRUS. 
Peter W. Lampert and Michael B. A. Oldstone, Scripps Clinic and Research Foundation, 
La Jolla, CA 92037 

Martin V.  Waspel, 

We report that selection for temperature-sensitive (ts) mutants of mouse hepatitis virus type 
4 resulted in an amelioration of the acute fatal encephalomyelitis with the frequent and re- 
producible induction of demyelination. Intracranial inoculation of 4 week old BALBlc St mice 
with 10,000 plaque units (PFU) of ts mutant 8 (3% fatalities) or ts mutant 11 (30% mortsl- 
ities) produced demyelination in 58% and 75% of the survivors, respectively. In contrast, 
inoculation of 0.6 PFU (18X mortalities) or 2 PFU (50% fatalities) of the wild-type (wt) 
virus induced demyelination in 11% and 33% of the survivors, respectively. Selection for a 
ts+ revertant resulted in the acquisition of full virulence. There was no clear relation- 
ship, unlike the wt virus, between lethality of the virus dose and the frequency of demye- 
lination among the survivors. Ts mutant 7 (25% mortalities) produced demyelination in 22% of 
the survivors while demyelination was observed in 5% of mice infected vith ts mutant 15 (16% 
fatalities). These differences among the mutants suggest the possibility of elucidating the 
molecular events leading to demyelination. Furthemre, the study of virus-induced human 
demyelinating diseases has been limited by the unavailability of a suitable animal model. 
This experimental system using ts mutants should provide this much needed animal model. 
Supported by USPHS grants NS-12428, NS-09053 and AI-14290. 
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