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Summary 

A persistently-infected neuroblastoma culture [Neuro-2A(JHMV)] was 
established with the murine hepatitis virus J H M  [MHV-JHM]. After t00 
days of passage, the endogenous virus [Neuro-2A(JHMV)end] released by  
this culture was unable to induce the syncytia typical of MHV-JHM and 
the endogenous virus was not temperature-sensitive. The Neuro-2A (JHMV) 
culture was cured of virus production by passage under neutralizing anti- 
body [Neuro-2A (JHMV)Ab]. The Neuro-2A (JHMV) and the Neuro-2A 
(JHMV)Ab cultures were as susceptible to heterologous infection with 
mengovirus and vesicular stomatitis virus as the uninfected Neuro-2A 
culture. However, the Neuro-2A(JHMV) and Neuro-2A(JHMV)Ab cul- 
tures were partiMly resistant to homologous superinfection by MHV-JHM 
and the closely related MHV-A59. Virus related to MHV-JHM was rescued 
from the antibody-cured cells by  cell fusion. The synthesis of MHV-JHM 
specific antigens by Neuro-2A (JHMV) cells, Neuro-2A (JHMV)Ab cells 
and 17C1-1 cells infected by  Neuro-2A(JHMV)end was studied by SDS- 
PAGE. The genomic RNAs of MHV-JHM and Neuro-2A(JHMV) end were 
compared by  o]igonucleotide mapping. The results of the protein and RNA 
studies indicated that  the genome of Neuro-2A(JHMV)end was sub- 
stantially modified from the genome of MHV-JHM, bu t  the modifications 
did not significantly alter the molecular size of the virM-specific pro- 
teins. 
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Introduetion 

The Coronavir idae are a family  of pathogenic,  enveloped viruses t h a t  
infect and  cause disease in m a n y  species of animals (20, 30). The murine 

hepati t is  group (MHV) exper imental ly  produce several diseases in mice, 
dependent  upon  the serotype used, the  age and  strain of mouse, and the  

route  of inoculat ion (20). 
The J H M  strain of MHV (MHV-JHM) is a s t rongly neurotropic  agent  

and produces an acute encephalomyeli t is  in mice a few days after intra-  

cerebral inoculat ion (11, 20, 21, 32). Those animals which survive the  acute 

encephalomyeli t is  have marked  demyel inat ing lesions. The mechanism of 

demyel inat ion appears to be the cytocidal  effect of virus mult ipl ication in 
ol igodendrocytes  (11, 19, 32). HV, lCNDON et al. (5) demons t ra ted  t h a t  some 

mice show evidence of act ive demyel inat ion as late as 16 months  after  

intraeerebrM inoculat ion of MHV-JHlVI. Persis tent  infections of mice with 
other  strains of MHV such as MHV-3 have  also been repor ted  (15, 29, 31). 

Persis tent ly- infected cell cultures allow the s tudy  of virus persistence 

in a sys tem that, is somewhat, simpler t h a n  the  intact, animM. Celt cultures 

persistently-infected with MHV have been established and characterized 

biologically (7, 8, 16, 26). 
We established a neuroblas toma cell culture persistently-infected with 

M H V - J H M .  This culture was cured of virus product ion b y  passage under  

neutrMizing ant ibody,  and  virus was rescued from the an t ibody  cured cells 

by  cell fusion. I n  this s tudy,  we describe the biological and macromolecular  

propert ies  of these persistently-infected cultures. 

Materials  and Methods  

Cells and Virus 

The 17Cl-1, L2 and DBT cell lines have been previously described (2, 6, 28). The 
Neuro-2A clone of the C 1300 mouse neuroblastoma cell line (9) was obtained from 
Dr. CAROL MILnE~. The BHK-21 cell lines wa obtained from Dr. J o ~  I-IoLLA~D. The 
cells were grown at 37 ° C as monolayer cultures in prescription bottles using Dulbecco's 
modified Eagle's medium (DME) supplemented with 10 percent newborn or fetal 
bovine serum as previously described (2, 21). 

The origin and growth of the MHV-JHM and MHV-A59 have been described (21). 
Vesicular stomatitis virus (VSV), Indiana serotype, was supplied by Dr. JOt~N HOI~I~ND. 
Mengovirus has been previously described (17). VSV and mengovirus stock were grown 
in BI4K-21 cells at a multiplicity of infection (NOI) of 0.1. Cells were infected with 
virus in suspension as previously described (2) or monlayers of cells were infected and 
incubated at 37 ° C. 

The titers of MItV-JttM and MHV-A59 were determined by an endpoint dilution 
assay (21) or by plaqne assay on 17C1-1 cells. The titcrs of VSV and mengovirus were 
determined by plaque assay on BtIK-21 cells. The results of the plaque assay were 
quantitatively equivalent to the end-point dilution assay. 
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In/ectious Center Assay 

To de t e rmine  the  n u m b e r  of cells releasing infect ious  virus,  an infect ious  cen te r  
assay was done.  The  cells to be t e s t ed  were suspended  a t  1 × 106 cells per  ml in  D M E  
conta in ing  10 percen t  hea t - i nae t i va t ed  mouse -an t i -Mt tV-J t t3 / i  se rum and  i n c u b a t e d  
a t  37 ° C for 30 minu tes .  Ten-fold d i lu t ions  of these  cells were  p repa red  in  D M E  2 and  
added  to a suspens ion  of ind ica to r  cells (17CI-I) and  seeded in to  Fa lcon  Miero tes t  
p la tes .  The n u m b e r  of infect ious  centers  per  ml  (IC/ml) was eMeulated on the  basis  of 
ey topa th i c  effect  f rom the  Poisson  d i s t r ibu t ion .  An aI te rna t ive  m e t h o d  of de t e rmin ing  
infect ious  eenters  was also used. Cells to be t e s t ed  were suspended  at  1 × 106 cells per  
ml in DME con ta in ing  10 pe rcen t  h e a t - i n a c t i v a t e d  mouse-an t i -MI- IV-J t tM se rum and  
incuba ted  at  37 ° C for 30 minu tes .  Ten-fold d i lu t ions  of these  eells were p r e p a r e d  in  
DNIE2 and  0.5 ml volumes  were  added  to conf luent  monolayers  of 17CL1 cells. The  
monolayers  were i ncuba ted  at  37 ° C to allow a t t a c h e m e n t  of the  t e s t  cells, a sp i r a t ed  
and  over la id  w i t h  ] )ME 2 con ta in ing  one pe rcen t  agarose. The dishes  were  i n c u b a t e d  
at, 37 o C for 72 hours  and the  p laques  were counted .  

Preparation el Antiserum and Immunofluoreseenee 

Ant i se ra  were p repa red  aga ins t  M t t V . J H M  in B A L B / e  mice  (21). The an t i se ra  were 
adsorbed  aga ins t  me thano l  f ixed ] 7 CI- 1 cells to remove  nonspecif ie  an t ibodies  except  
where  o therwise  indica ted .  The an t i se ra  were polyspeeif ie  and  reac ted  w i t h  all of 
the  M t t V - J t t M  specific p ro te ins  de tec tab le  by  SDS-polyaery lamide  gel e lect rophoresis  
(SDS-PAGE)  (t ,  2). Immunof luoreseence  was  done b y  the  ind i rec t  immunof luoreseence  
t echn ique  previous ly  desc r ibed  (2t). 

Passage o/Cells Under Neutralizing Antibody 

The  same an t i s e rum used for immunof luorescenee  (unadsorbed)  was used in  these  
s tudies .  The a n t i s e r u m  had  a 50 pe rcen t  p laque  r educ t ion  t i t e r  of 1 : 1280 and  was added  
to  D M E  10 to  a f inal  eor~centration of 5 pe rcen t  (final a n t i b o d y  t i t e r  of t he  m e d i u m  
was  1:64). Cells were r e suspended  in  m e d i u m  conta in ing  an t i s e rum at  the  t ime  of 
passage.  The  m e d i u m  was replenished  a f te r  3 days  and  the  ceils were passaged  weekly.  

Cell Fusion 

Cells were fused by  t r e a t m e n t  w i t h  po lye thy lene  glycol (18, 24, 25). Cells to be 
fused (1.5X l0 s cells of each line in  DME10)  were  coeut t iva ted  in  6 cm dishes  for 
24 hours  a t  37 o C. The cells were washed  twice  w i t h  serum-free  DME (DME 0) and  one 
ml of 50 percent polyethylene glycol 6000 (Sigma) in DME 0 (pI{ 7.8) was added to each 

culture and the dishes were incubated at room temperature for 3 minutes. The medium 

was aspirated and at one minute intervals, the following volumes of DME 0 were added, 

0.2 m], 0.5 ml, 0.5 ml, 1.0 ml and 2.0 ml. The DME0 was aspirated one minute later 

a:nd the monolayers were washed once with DME i0 and fed with 3 ml of ])ME I0. The 

fused cul tures were  i ncuba t ed  a t  37 ° C for 18 hours .  The m e d i u m  was replaced w i t h  
3 ml of ] )ME 2, and  i ncuba t ed  a t  37 ° C for an add i t iona l  78 hours.  The  dishes  were  
mon i to r ed  for CPE at  12 hour  in tervals .  

Radiolabeling o/Intraeellular Proteins 

tVIonolayers of 17CI-1 cells were  in fec ted  w i t h  virus  a t  an NIOI of 0.3 PFU/ce l l  a n d  
i n c u b a t e d  at  37 ° C. The infec ted  cells [MttV-JIe_M at  6.5 hours  P I ,  Neuro-2A ( J t tMV)  
end a t  8.5 hours  P I ]  were  washed  t~vice w i t h  meth ion ine - f ree  D M E  2, a n d  radio labeled  
wi th  3~S-methionine (300 BCi/ml) in  meth ion ine- f ree  m e d i u m  for 1 hour  a t  37 ° C. 
Pers i s t , en t lydnfee ted  ceils (2 × i0~ cells in  DES110) were seeded in to  35 m m  dishes  a n d  
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incubated at 37 ° C for 24 hours. The cell monolayers were washed twice with mcthionine- 
free DME 2 and radiolabeled with ssS-methionine (300 IxCi/ml) in methionine-h'ee 
medium for 3 hours at 37 ° C. At the end of the labeling period, the monolaycrs were 
lysed in situ at 0 ° C with buffer B 10 (1) and the cytoplasmic lysates were immuno- 
precipitated as described previously (1). SDS-PAGE was done as described by L A ~ I H  
and FARCE (10) except the resolving gel was supplemented with 0.5 percent linear 
polyaerylamide. Volumes representing equal cell numbers were loaded in each lane 
of the slab gel. Fluorographs were prepared by the method of L~SKE¥ and MILLS (12). 

Ribonuclease T I  Oligonucleotide Fingerprints 

A stock of Neuro-2A (JHMV) end was prepared from virus isolated from the 
Neuro-2A (JHMV) cell line at, 178 days PI. Cells (17C1-1) were infected with the 
Neuro-2A (JHMV) end stock or MHV-JHM at an MOI of 0.1 PFU/celI in phosphate- 
free medium and radiolabeled with 3~P-orthophosphate (150 ~Ci/ml) throughout the 
multiplication cycle. Virions were purified, the genomie I~NA was extracted and 
fingerprinted as previously described (14). 

Results 

Establishment and Characteristics o] the Persistently-ln/eeted Cell Culture 

A pers i s ten t  infect ion of Neu ro -2A cells was  in i t ia ted b y  infect ing cells 
wi th  M H V - J H M  at  an  MOI  of 0.1 IU/cel l .  Af te r  the  acute  phase  of the  
mul t ip l i ca t ion  cycle was completed,  charac te r ized  b y  min imal  cell fusion 
a n d  cytolysis ,  a res i s tan t  popu la t ion  of ceils r epopu la t ed  the  f lask in abou t  
3 days .  The  cul ture  was des igna ted  N e u r o - 2 A ( J H M V )  and  was passaged 
a t  weekly  in tervals  a t  37 ° C for ove r  280 days.  

The  t i ters  of endogenous vi rus  in the  fo rm of cell-free virus  or cell- 
assoc ia ted  virus  were de t e rmined  a t  weekly  in terva ls  (Fig. 1). The  a m o u n t  
of endogenous  virus  p roduced  var ied  in a cyclical m a n n e r  be tween  1.1 × 10 ~ 
a n d  2 × 10 v IU/106 cells. The  p ropor t ion  of vi rus  t h a t  r ema ined  cell-associ- 
a t ed  var ied  be tween  2 and  56 percent .  The  f luc tua t ions  in the  a m o u n t  of 
v i rus  p roduced  did no t  corre la te  well wi th  e i ther  the  f luc tua t ions  in the  
f rac t ion  of ceil-associated v i rus  or the  f rac t ion  of cells s ta ined for MHV-  
J I t M  specific an t igen  b y  immunofluorescence.  The  percen tage  of cells 
capab le  of p roduc ing  infect ious centers  was 1.2 to 2.5 fold grea te r  t h a n  the  
pe rcen t age  of cells containing virus-specific ant igen (data  not  shown). 

Af te r  es tab l i shment ,  no cy topa th i c  effect  (CPE), including syncy t i a  
fo rma t ion ,  was ever  observed  in the  N e u r o - 2 A ( J H M V )  pers is tent  culture.  
I t  was  n o t  possible  to  dis t inguish the  N e u r o - 2 A ( J H M V )  cells f rom the  
N e u r o - 2 A  p a r e n t  cells b y  phase -con t ras t  microscopy  (Fig. 2). Bo th  cell 
l ines expressed  dendri t ic  processes to  a similar  ex tent .  An a p p r o x i m a t e  
genera t ion  t ime  of 3 0 - - 3 6  hours  was e s t ima ted  for  b o t h  lines over  the  f i rs t  
21 passages.  A t  91 and  105 days,  genera t ion  t imes  of 30 hours  were 
measu red  for  b o t h  cell lines. 
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E//eet o/Neu.tralizing Antibody on Persistently-In~cereal Cultures 

The N e u r o - 2 A ( J H M V )  culture was passaged  in the  presence of M H V -  
J t t M  specific an t i body  for  4 weeks. Before t r e a t m e n t  a t  190 days  post-  
es tab l i shment ,  the  cul ture  released 4.7 × 105 infectious units  (IU) of endo- 
genous virus  per  ml  of cul ture  fluid, Viral  ant igens were de tec ted  b y  
immunof luorescenee  in 9 percen t  of the  cells of the  cul ture  ~nd 15 percen t  
of the  cells p roduced  infectious centers.  Af ter  t r e a t m e n t  wi th  neutra l iz ing 
an t i se rum,  no endogenous virus  or viral  ant igens were de tec ted  and  in- 
fectious centers were not  produced.  The  an t ibody-cured  culture was pas-  
saged wi thou t  neutra l iz ing an t i s e rum for ~n addi t ional  10 weeks. The  
proper t ies  of the  an t ibody-cured  cells did no t  change dur ing this period. 
The  an t ibody-cu red  cell line was des ignated  N e u r o - 2 A ( J H M V ) A b .  
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Fig. 1. Endogenous virus titer and the proportion of cells containing MtiV-JHlV[ 
specific antigens as a function of the time after establishment. The amount of endogenous 
virus was determined at, the time of subculture by the end-point dilution method. The 
proportion of cells containing MIIV-JI4M specific antigen was determined by the 
indirect immunofluorescence method. Four hundred cells were counted and the per- 

eentage of positive-s~ai~ing cells was calculated 

M H V - J H M  Speci/ic Immunofluorescence o/ Persistently-In/coted Cultures 

The  pers is tent ly- infected cul ture  [Neuro-2A (JHMV)]  and  the  an t ibody-  
cured cul ture  [ N e u r o - 2 A ( J H M V ) A b ]  were examined  for  M H V - J H M  spe- 
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cific a n t i g e n  b y  the  i n d i r e c t  i m m u n o f l u o r e s c e n t  m e t h o d  (Fig. 3). Vira l -  

specific a n t i g e n  was  n o t  d e t e c t a b l e  i n  t he  N e u r o - 2 A  or N e u r o - 2 A ( J H M V )  

A b  cells. A p p r o x i m a t e l y  9 p e r c e n t  of t he  N e u r o - 2 A ( J H M V )  cells c o n t a i n e d  

v i ra l -speci f ic  a n t i g e n  on  the  basis  of i m m u n o f l u o r e s e e n c e .  

Fig. 2. Phase-contrast microscopy of Neuro-2A and Neuro-2A (JHMV) cells. Cells 
were seeded into 35 mm dishes and incubated for 48 hours at 37 ° C. Phase-contrast 

photomierography was done without fixation. The scale bar represents 25 ~m 

Temperature-Sensitivity o/Endogenous Virus 
The  e n d o g e n o u s  v i rus  [ N e u r o - 2 A  ( J H M V ) e n d ]  re leased  b y  t he  p e r s i s t e n t  

cu l t u r e  a t  118 days  p o s t e s t a b l i s h m e n t  was  t i t r a t e d  a t  33 ° a n d  3 9 ° C  to  

Fig. 3. Indirect immunfluorescence assay of Neuro-2A, Neuro-2A (JI-IMV) (210 days 
postestablishment) and Neuro-2A (JttMV)Ab cells (209 days after ant ibody curing) 
(top frame). Cells (10 ~1 containing 600 cells) were seeded into 60 well Mierotiter dishes 
and incubated for 48 hours at 37 ° C. Center frame: Indirect immunofluorescenee of 
17 CI-1 cells acutely infected by MHV-JIIM or Neuro-2A (JHMV)end (stock isolated 
at 196 days postestablishment) or mock-infected. Cells (17C1-1) were acutely infected 
in  suspension at an MOI of 0.3. The cells (10 ~1 containing 1000 ceils) were seeded 
into 60 well Microtiter dishes and incubated for 12 hours at 37 ° C. Lower frame : Indirect 
immunofluoreseenee of 17C1-1 cells infected by Neuro-2A (JHMV res) or mock- 
infected. Cells (17 C1-1) were acutely infected in suspension with undiluted Neuro-2 A 
(JttMV) res (MOI approximately 0.05). The cells (10 ~zl containing 1000 cells) were 
seeded into 60 well Mierotiter dishes and incubated for 12 hours at 37 ° C. The dishes 
were fixed and stained for MHV-JHM specific antigens by the indirect immuno- 
fluorescent method. The first column shows phase-contrast mierographs of repre- 
sentative fields of ceils, The second column shows immunofluoreseent mierographs 

of the same fields. The scale bars in  the top frame represent 100 ~xm 



Fig. 3 
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determine if it was temperature-sensitive (ts). The efficiency of plating 
(EOP), the ratio of the virus t i ter at  39 ° C to the virus t i ter at, 33 ° C, of 
Neuro-2A(JHMV)end was 1.06 compared to 0.93 for MHV-JHM. To 
determine if multiplication was ts, i7Cl-1 cells were acutely infected with 
the endogenous virus or MHV-JHM and incubated at 33 ° or 39°C for 
16 hours. The virus yields were determined by plaque assay at 33 ° C. The 
ratio of the yield of the acute infection at  39 ° C to the yield at, 33 ° C was 
0.86 for Neuro-2A(JHMV)end as compared to 0.39 for MHV-JHM. To 
further confirm these results, 25 clones of this stock of endogenous virus 
were selected by plaque assay and tested for temperature sensitivity at 
39 ° and 33 ° C. All of the clones had efficiencies of plating between 0.2 and 
5.0. MHV-JHM had an EOP of 0.93. These data indicate tha t  the endo- 
genous virus was not significantly ts. 

Cytopathic E/]eet o/Endogenous Virus on 17Cl-1 Cells 

At approximately 100 days postestablishment, a change was observed 
in the acute CPE produced in 17C1-1 cells by endogenous virus [Neuro-2A 
(JHMV)end] from the persistently-infected culture. Endogenous virus was 
isolated from the Neuro-2A (JHMV) culture at  196 days postestablishment 
and the cytopathic effect in an acute infection of 17C1-1 cells was deter- 
mined (Fig. 3). The CPE characteristic of MHV-JHM in 17C1-1 cells at 
37 ° C was syncytia formation followed by lysis with a fraction of the cells 
surviving. Syncytia were not observed in the cells infected by the endo- 
genous virus at any time PI,  but  extensive lysis was evident in all cultures 
by 24 hours PI.  An examination of the clones used to test for tempera.ture- 
sensitivity [cloned from Neuro-2A (J~IMV)end isolated at 118 days post- 
establishment] indicated tha t  none of the clones were able to induce 
syncytia formation [syn (--)]. The plaques obtained in 3 d~ys with MHV- 
JHM on 17 Cl-1 cells were uniform in size and had a mean plaque diameter 
(n-= 10) of 2.23 mm with a standard deviation of 0.13 mm. In the same 
experiment, Neuro-2A(J t tMV)end plaques (n----10) had a mean plaque 
diameter of 1.67 mm with a standard deviation of 0.30 ram. 

Superin/ection o/Persistently-In/eeted Cultures 

The persistently-infected and antibody-cured cultures were tested for 
their susceptibility to heterologous (mengovirus or VSV) infection (Table 1). 
The persistently-infected and the antibody-cured cultures were as suscep- 
tible to heterologous infection by  mengovirus or VSV as the 17C1-1 and 
Neuro-2 A parent  cultures. The MOI of the mengovirus and VSV was varied 
from 0.1 to 10 PFU/ml.  The yields obtained did not  vary  as a function of 
MO[ (data not shown). To further test for the presence of interferon in the 
Neuro-2A(JHMV) culture, supernatant  Neuro-2A(JItMV) culture fluid 
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obtained at  190 days postestablishment was layered onto monolayers of 
DBT ceils overnight. The monotayers were then infected with 20 PFU of 
VSV per dish in duplicate and overlaid with medium containing agarose. 
The VSV plaques were counted at 32 hours PI. There was no difference in 
yield between the control cultures (no supernatant cell culture fluid) and 
the experimental cultures. No plaques due to endogenous virus were evident 
at the time that the VSV plaques were read. 

The susceptibility of the cultures Neuro-2A(JHMV) and Neuro-2A 
(JHMV)Ab to homologous infection by MHV-JHM and MHV-A59 was 
determined. Limited syneytia and lysis typicM of an acute infection by 
MHV-A59 and MHV-JHM in 17Cl-1 cells were observed in the Neuro-2A 
parent culture. However, CPE was not, observed at  any time in either the 
Neuro-2A (JHMV) or Neuro-2A (JHMV) Ab cultures. Paradoxically, the 
yield of virus obtained from superinfected cultures (Table l) suggest that 
these cultures may not be resistant, to superhffection by MHV-JHM or 
MHV-A59. To further investigate this observation, virus released by the 
Neuro-2A(JHMV) cells infected by MHV-JHM or MHV-A59 was cloned 
by plaque assay. Fifteen clones were tested from each infection. Cells 

Tab le  I. Yield o/ virus obtained /rom the in/ection o] 17C1-1, Neuro-2A, Neuro-2A 
( J H M V )  and Neuro.2A ( J H M V ) A b  cells with M H V - J H M ,  2VIHV-A59, VSV or 

mengovirus a 

~ndo- 
genous  b 2~HV-J ! IM M H V - A  59 VSV Mengov i rus  

Cell l ine ( × 10 -s) ( × 10 -a) ( × 10 -5) ( × 10 a) ( × 10 -5) 

N e u r o - 2 A  0 3 . 2 ± 2 . 9  4 . 8 ~ 3 . 7  1 . 3 ~ 0 . 3  4.8=k0.4 
N e u r o - 2 A  ( JHMV)  4 . 9 t : 0 . 6  9 . 5 ± 0 . 4 c  1 .1±0.3~  1.1-4-0.7 3.8:t 0.9 
N e u r o - 2 A  (J  [ IMV)Ab 0 3.2=k t .6  3.7=t=t.7 4.2=t=2.1 8.1 ~-0.5 

The  N e u r o - 2 A  (J.HMV) cu l tu re  was assayed  a t  210 a n d  224 days  p o s t e s t a b l i s h m e n t .  
The  N e u r o - 2 A  ( JHMV)  A b  cu l tu re  was assayed  a t  132, 146 and  157 days  a f t e r  
a n t i b o d y  cur ing .  Cells (1 to  1.57< 106) were seeded i n to  6-well c lus ter  d ishes  a n d  
i n c u b a t e d  a t  37 ° C. The  mono laye r s  were w a s h e d  once w i t h  D M E - 2  a n d  in fec ted  
w i t h  0.2 ml  of t he  i n d i c a t e d  v i rus .  The  MOI  of M H V - J t t M  a n d  M H V - A 5 9  was  
0 . t  PFU/ce l l ,  a n d  of VSV a n d  mengovim~s was 1,0 P_FU/cell. The  dishes  were 
i n c u b a t e d  a t  37 ° C for  24 hours  a n d  t h e  v i ru s  was t i t r a t e d  b y  p l aque  assay.  T h e  
resul t s  are expressed  as t he  m e a n  a n d  s t a n d a r d  d e v i a t i o n  of i n d e p e n d e n t  de te rmi -  
na t i ons  

b The  endogenous  v i ru s  t i t e r  is r e p r e s e n t a t i v e  of t he  a m o u n t  of v i ru s  re leased b y  t h e  
cells w h e n  mock- in fec ted ,  The  s ens i t i v i t y  of t he  assay  is 10 P F U / 1 0  6 cells. 

c The  y ie ld  of v i rus  o b t a i n e d  in  these  in fec t ions  was silw-ilar to  t he  a m o u n t  of endogenous  
v i ru s  re leased b y  t h e  cells w h e n  m o c k  infec ted .  I t  was  n o t  possible  to  re l i ab ly  
d i f f e ren t i a t e  b e t w e e n  t he  y ie ld  due  to endogenous  v i rus  a n d  t he  y ie ld  due  to super-  
in fec t ion  b y  p l aque  size. F i f t e en  clones were i so la ted  f rom each  in fec t ion  a n d  t e s t e d  
for the  ab i l i t y  to  fo rm syney t i a .  All were  n e g a t i v e  sugges t ing  t h a t  t h e  released v i rus  
was  endogenous  v i r u s  
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(17C1-1) were acutely infected by each clone and the CPE monitored by 
phase-contrast microscopy. No syncytia were observed in any of the clonal 
infections at  any time. These results suggest that  the virus yielded was 
endogenous virus, not progeny virus due to the superinfecting MHV-JHM 
or MHV-A 59. 

Inter/erence with MH V Multiplication 

Supernatant cell culture fluids were collected from the persistently- 
infected culture Neuro-2A (JHMV) at 190 days postestablishment. Dilutions 
of the supernatant fluids were tested for the ability to interfere with the 
multiplication of MHV-JHM or MHV-A59 in 17 C]-I cells (data not shown). 
No interference in the multiplication of standard virus was detected. In 
addition, 2 different pools of Neuro-2A(JHMV)end (isolated at 196 days 
and 220 days postestablishment) were serially passaged 5 times in L2 cells 
without dilution. The MOI of the first passage was 0.3 PFU per cell. 
Aliquots of each serial passage were saved and subsequently assayed for 
the ability to interfere with the multiplication of standard MHV-JHM in 
L2 cells and t7Cl-1 cells. Although the titers of the virus yields declined 
approximately 50 fold during serial passage, no interference with the 
multiplication of MHV-JHM was detected by plaque assay. These results 
indicate that  defective-interfering particles were not present in the per- 
sistently-infected culture or selected for during multiplication in L2 cells. 
The mechanism for the decrease in titer of the Neuro-2A(JHMV)end 
during serial undiluted passage is currently under investigation. 

Rescue o/ Virus/tom Antibody-Cured Cells 

On the basis of the results from the homologous superinfection experi- 
ments, it was suspected tha t  the viral genome was maintained in a covert 
state in the antibody-cured cells. Several attempts were made to rescue 
virus from the antibody-cured cells by cocult4vation with 17C1-1 cells. At 
various times after initiation, the cocultures were tested for viral antigen 
by immunofluorescence and for virus multiplication by plaque assay and 
end-point dilution assay. No viral antigens or infectious viruses were 
detected. When the Neuro-2A(JHMV)Ab cells were fused to 17C1-1 cells 
with polyethylene glycol, focal lysis was observed in 3 to 4 days in 3 trials 
(fusions were done at  174, 195 and 209 days after the Neuro-2A (JHMV)Ab 
line was established). Infectious rescued virus was detected by the end- 
point dilution assay. The yield of virus obtained from the 3 trials was in 
the range of i0~ to 104 IU per 106 cells. Several plaque assays were attempted 
at 33 °, 37 ° and 39°C to detect infectious rescued virus. The assays were 
observed daily for 7 days. No plaques were observed at any of the tem- 
peratures tested. The reason for this is not known. No infectious virus was 
detected in parallel unfused cultures. Two clones of rescued virus obtained 
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were recloned by  the end-point dilution method. The rescued virus was 
designated Neuro-2A (JHMV)res. 

Since it was possible that  a contaminating virus such as a paramyxo- 
virus may have been rescued in the cell fusion experiment, each rescued 
clone was tested for its ability to synthesize MHV-JHM specific viral 
antigen, and induce a CPE typical of MHV. Cells were infected in suspension 
with 10-fold serial dilutions of each rescued clone. Ten replicas of 10 B1 
cultures were seeded in 60 well Microtest dishes and incubated at 37 ° C for 
48 hours. The cells were stained for MHV-JHM antigens by  the immuno- 
fluorescent method. Mock cultures were prepared in the same manner 
using lysates from fused 17C1-1 cells for the infection. Typical results are 
shown in Fig. 3. No CPE and no viral antigen were detectable in the mock 
cultures. A significant amount, of MHV-JHM specific antigen detected by  
immunofluorescence and CPE was evident in the cultures infected with 
rescued virus. At higher virus dilutions, no CPE or viral antigens were 
evident. The Mt tV-JHM specific fluorescence observed in the rescued 
cultures was considerably weaker than observed in the MtIV JI IM cultures 
(Fig. 3). No syncytia were observed in any of the rescued cultures. The 
results indicate that  the rescued virus clones were related to MI-IV-JH?¢I. 

MHV-JHM Speci/ic Protein Synthesis 
in Persistently-In~cereal and Antibody-Cured Cultures 

Viral-specific antigens were detected by immunofluoreseence in the 
persistently-infected culture Neuro-2A (JHMV) (Fig. 3). However, no MHV- 
J H M  specific antigens were detectable in the antibody-cured culture Neuro- 
2A(JHMV)Ab.  To further these studies, each of the cell lines were radio- 
labeled with 35S-methionine, cell lysates were prepared and immunoprecipi- 
tared with the adsorbed antisera, used in the immunofluoresceace studies. 
The immunopreeipitates were analyzed by SDS-PAGE. Seven viral-specific 
proteins have been identified in 17CI-1 cells infected by M H V - J H N  (E2- 
i50K,  N-63K, p6t ,  p56, p35, p23, p22 and p14; references t and 23). 
A reference immunopreeipitate from a lysate of 17 CI-1 cells acutely infected 
by  MHV-JHM was used to identify viral-specific proteins in the immuno- 
precipitates of the persistently-infected cells and of 17C1-1 cells acutely 
infected by Neuro-2A(JHMV)end.  The results shown in Fig. 4 indicate 
that  the MHV-JHM specific proteins were present in the Neuro-2 A (JttMV) 
culture, but  absent in the Neuro-2 A (JHMV)Ab or Neuro-2A cultures. The 
profile of MHV-JHM specific antigens in the Neuro-2A(JHMV) culture 
was slightly modified from the profile of the MHV-JHM acute infection. 
The 61K and 56K a.ntigens were not. detectable, and the 23K antigen 
appeared to migrate slightly faster. The MHV-JHM specific antigens 
synthesized in the acute infection of 17 C1-1 cells by  MHV-JHM and Neuro- 
2A (JHMV)end appeared similar. A band with an apparent molecular size 
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of 120 kilodaltons was apparent in the Neuro-2A(JttMV)end immuno- 
precipitate (lane F), but not in the MHV-JHM (lane E). The identity of 
this band is not known, but a 120 kilodalton protein has been demonstrated 
to be the precursor to E2-150K (13). A 45 kilodalton protein was observed 
in the lysates of the Neuro-2A(JHMV) and lysates of cells infected by 
MHV-JHM or Neuro-2A (JHMV)end. This protein is not a unique protein 
and is probably an aggregate of E i (27). In other experiments (data not 
shown) the intensity of the 45 kitodalton protein varied inversely with the 
intensity of the E 1 protein. Other differences were due to intensity not 

Fig. 4. MHV-JttlM specific proteins in the persistently-infected culture [Neuro-2A 
(JHMV)] (23 days postestablishment),  ant ibody-cured culture [Neuro-2A (JHMV) 
A b] (i53 days after an t ibody curing), and 17C1-1 cells acutely infected with MHV- 
JHM or Neuro-2A (JtIMV)end (stock isolated at  196 days postestablishment). Lysates 
of Neuro-2A cells (lane A), Nm~ro-2A (JttMV) (lane B), Neuro-2A (J]-IMV)Ab 
(lane C), and 17C1-1 cells acutely infected by  MHV-JHM (lane E) or Neuro-2A (JHMV) 
end (lane ]?) or mock-infected (lane D) were prepared, immunopreeipi ta ted and analyzed 

by SDS-PAGE 
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the  presence or absence of a virus-specific band, The  14 ki lodal ton prote in  
was no t  detectable  under  these exper imentM conditions. 

Oligonucleotide Fingerprints o/Genomes 
The  oligonucleotide f ingerprints  of the genomes of M H V - J H M  and  

Neuro-2A ( JHMV)end  were compared  in an effor t  to de tec t  specific modi- 
fications in the pers is tent  viral genome (Fig. 5). The  stock of Neuro-2A 
( JHMV)end  used was the same as the stock used for the  generat ion of 
clonal isolates for the tempera ture-sens i t iv i ty  s tudy  (isolated at  196 days  
postestablishment) .  The  molecular  sizes of the  2 genomes were identical  on 
the  basis of sedimenta t ion  analysis and  agarose gel electrophoresis (data 
not  shown). Several  differences between the N e u r o - 2 A ( J H M V ) e n d  and 
M H V - J H M  genomes were evident.  Arrowhead 1 indicates an oligonucleotide 
present  in Neu ro -2A(JHMV)end ,  bu t  absent  in MHV-JHM.  Arrowheads 
2 - - 6  represent  otigonucleotides present  in MHV-JHM,  b u t  absent  in Neuro-  
2 A ( J H M V ) e n d .  Several  differences in in tens i ty  of other  oligonucleotides, 
not  pointed  out  in Fig. 5, were evident  on the  original autoradiograms.  

Fig. 5. Oligonucleotide fingerprints of the genomes of MHV-JtIM and Neuro-2A 
(JHMV)end (isolated at 196 days postestablishment), Panel A is the fingerprint of 
the Neuro-2A (JHMV)end genome and panel B is the fingerprint of the MHV-JHM 
genome. Arrowhead 1 represents an oligonueleotide present in the Neuro-2A (JttMV) 
end genome, but absent in the MIKV-JHM genome. Arrowheads 2--6 represent oligo- 
nucleotides present in the MI-IV-JHM genome, but absent in the Neuro-2A (JHMV) 

end genome 

Diseussion 

FRIEDMAN and P~AMSEC~ (4) have  proposed mechanisms for the  es~ 
tab l i shment  and maintenance  of persis tent  infections: the induct ion of 
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interferon; the development of defective-interfering particles; the develop- 
ment of ts mutants;  and the integration of DNA copies of I~NA genomes 
into cellular DNA. 

The persistently-infected culture Neuro-2A (JHMV) and the antibody- 
cured culture Neuro-2A(JHMV)Ab were as susceptible to infection by  
mengovirus or VSV as the parent culture Neuro-2A (Table i). There was 
no effect on the yield obtained when the M0I  was varied from 0.1 to 
i0 P F U  per cell. In addition, culture supernatant fluid from Neuro-2A 
(JHMV) did not  reduce the titer of VSV assayed on DBT cells. These 
experiments suggest that  interferon did not play a role in the maintenance 
of the persistent infection. These results are in general agreement with 
others (7, 16, 26). 

Supernatant cell culture fluids from the persistent culture Neuro-2A 
(JHMV) did not  interfere with the multiplication of MHV-JI-IM or MHV- 
A59 in i7Cl-1 cells. No interference in the multiplication of MHV-JHM or 
MHV-A59 was observed during serial undiluted passage (20). Further, 
Neuro-2A(JHMV)end was passaged serially in L2 cells,and no virus was 
produced that  interfered with the multiplication of standard MHV-JHM. 
These results suggest that  the presence of defective-interfering particles in 
our cultures was unlikely. 

Of the 25 clones of endogenous virus tested for temperature-sensitivity, 
none could be considered to be significantly ts. HOLMES and BEHNKE (8) 
found ts endogenous virus in their persistently-infected cultures. However, 
others have found the endogenous virus to be non-ts (7, 25, 26). 

There was an evolving relationship between the virus and the host cell 
during the first 100 days of establishment. After this period of time, the 
endogenous virus released by  the culture was unable to induce syncytia 
formation during an acute infection (Fig. 3). This was also true for the 
25 clones established from the released virus. 

The plaques of the syn (--) endogenous virus released by the persistent 
cultures were smaller than the plaques typical of MHV-JHM. Others have 
reported that  the mean plaque size of endogenous virus released by  cultures 
persistently infected with MHV-JHM or MttV-A59 was reduced (7, 8, 26, 
33). However, only YOSttlKURA and TEJIMA (33) reported the loss of ability 
to induce syncytia during an acute infection. 

The Neuro-2A(JHMV) culture was cured of endogenous virus produc- 
tion by passage under neutralizing antibody. MHV-JHM specific antigen 
was not detectable in the antibody-cured culture by immunofluorescence 
or by immunoprecipitation of radiolabeled proteins (Figs. 3, 4). Virus was 
rescued from these cultures and was found to be antigenically related to 
MHV-JHM (Fig. 3). STOYILMAN and ~rEINER (26) antibody cured ~ culture 
similar to our Neuro-2A(JHMV) by  passage under antibody. They were 
unable to detect endogenous virus in their antibody-cured culture. How- 
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ever, they were able to detect virus-specific antigen by immunofluorescence. 
Cold-sensitive mutants were isolated from antigen positive and antigen 
negative clones of their antibody-cured cells (25). Since the persistent 
infections could be cured by  passage under neutralizing antibody, it seems 
reasonable that  the persistent infections were maintained by cell to cell 
transfer of virus. However, MHV-JHM related virus was rescued from the 
antibody-cured cells by cell fusion. The results of these workers and our 
results indicate that  the viral genome was capable of persisting in the 
absence of infectious virus. The mechanism of genome persistence is under 
investigation. 

The persistently-infected culture Neuro-2A(JHMV) and the antibody- 
cured culture Neuro-2A(JH~{V)Ab were resistant to superinfection by  
either MHV-JHM or MHV-A59 on the basis that  no typical CPE was 
observed during the infection. These results are similar to those obtained 
by  others (8, 26). However, the Neuro-2A(JHMV) and Neuro-2A(JHMV) 
Ab cultures yielded about  the same amount of virus as the acutely infected 
Neuro-2A control culture (Table 1). Clones of the virus released by the 
superinfected Neuro-2A(JHMV) were syn(-- )  suggesting that  the progeny 
virus was endogenous virus. An alternative explanation is that  super- 
infecting virus multiplied, but  the CPE typical of MHV was altered by  a 
mechanism such as phenotypic masking (34). However, this is unlikely 
because the clones of released virus did not produce syncytia during an 
acute infection of 17 CI-1 cells. 

The MHV-JHM specific proteins synthesized by cells acutely infected 
by MHV-JHM or by Neuro-2A (JHMV)end were compared on the basis of 
molecular size (Fig. 4). The gel profiles were almost identical suggesting 
that  there were no modifications in the genome of Neuro-2A(JHMV)end 
resulting in changes in the molecular size of the proteins. These data are 
in general agreement with the data reported by  YOSHIKURA and TEJIXgA 
(33) for MHV-S. However, the profile of viral-specific proteins synthesized 
by the Neuro-2A(JHMV) cells was somewhat altered from the acute 
infections. There appeared to be minor modifications in the E 1-23 K protein 
and the 61K and 56K proteins were not detectable in the Neuro-2A 
(JH~IV) ]ysate. The change in migration of the E 1-23K protein was 
probably due to the differences in cell-specific glycosylation of the E 1-22K 
protein between the 2 cell lines, No viral-specific proteins were detected in 
the Neuro-2A(JHMV)Ab culture. An additional protein band with an 
apparent, molecular weight of 120 kilodMtons was observed in the immuno- 
precipitate of the lysate of t7 C1-1 cells infected by Neuro-2A (JHMV)end. 
A protein with a similar size was shown to be the precursor to E2-150 in 
in vitro translation studies (13). 

We previously identified 7 virus specific I~NAs in cells infected by 
MHV-JHM (14). These RNAs formed a nested set of 6 subgenomic sized 
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RNAs in addition to the genomic sized RNA as determined by  oligo- 
nucleotide mapping. The genomic sized RNA was designated RNA-1. The 
subgenomie species were designated RNA-2 to RNA-6 in order of decreasing 
size. At least. 6 differences were observed in the oligonucleotide patterns of 
MHV-JHM and Neuro-2A(JHMV)end (Fig. 5). One spot (arrowhead 1) 
was present in the Nenro-2A(JHMV)end genome, but  not in the MHV- 
J H M  genome. This probably represents an alteration in the oligonucleotide 
indicated by  arrowhead 2 in the MHV-JHM genome. Arrowheads 2---6 
indicate oligonucleotides detected in the MHV-JHM genome, but  not in the 
Neuro-2A (JHMV)end genome. We have determined that  oligonucleotide 2 
was from the 5' region of RNA-3, oligonucleotides 3 and 4 were from the 
5' region of RNA-1, and oligonucleotides 5 and 6 were from the 5' region 
of RNA-2. SIDD~:LL et al. (22) demonstrated that  I~NA-3 codes for the 
precursor to the glycoprotein E 2. Others have implicated the E2 protein 
in MHV-induced cell fusion (3, 8). Thus, the modification in the t~NA-3 
portion of the genome which codes for E 2 may result in the syn(- - )  pheno- 
type. 

The results described in this paper suggest that  it is unlikely that  the 
induction of interferon, the development of defective-interfering particles 
or the development of ts mutants  play a role in the persistent infection of 
Neuro-2 A cells with MHV-JHM. However, a particular phenotype, syn(--) ,  
developed during the course of the infection. The syn(- - )  phenotype was 
presumably selected by  the host cell on the basis of its decreased cyto- 
pathogenicity. 
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