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A cDNA probe r e p r e s e n t i n g  the  genome  of m o u s e  hepa t i t i s  v i rus  (MHV) s t r a i n  A59 
(MHV-A59) was  used to m e a s u r e  nucleotide sequence  homologies  a m o n g  m u r i n e  and  
h u m a n  coronavi ruses  and  the  SD and  SK co ronav i ruses  isolated by Burks  et al. Since SD 
and  SK were isolated by inocula t ion  of mul t ip le  sc lerosis  (MS) cen t ra l  ne rvous  s y s t e m  
(CNS) t i s sue  into mice or cu l tu red  mouse  cells, i t  is i m p o r t a n t  to d e t e r m i n e  the i r  rela-  
t i onsh ips  to o ther  m u r i n e  and  h u m a n  coronav i rus  isolates .  Our  r e su l t s  indicate  t h a t  SD 
and  SK sha re  a l mos t  complete  nucleot ide homology  (approx ima te ly  90% ) wi th  MHV-A59 
and  gene ra t e  subgenomic  R N A s  of the  s ame  sizes as  MHV-A59. The  h u m a n  coronavi rus  
(HCV) s t r a i n s  t es ted  show less homology wi th  MHV-A59.  The immunolog ica l ly  un re l a t ed  
HCV-229E shows  no nucleot ide  homology wi th  MHV-A59.  The immunolog ica l ly  cross-  
react ive  HCV-OC43 shows  nucleot ide  homology wi th  MHV-A59 by blot  hybr id iza t ion  bu t  
not  when  hybridized in solut ion and  assayed  by S1 nuclease  digest ion.  

INTRODUCTION 

Coronaviruses have been associated with 
acute and chronic neurological diseases in 
many species of animals (McIntosh, 1974). 
Infection of rodents with the murine co- 
ronavirus, mouse hepatitis virus MHV 
strain JHM, has been used as a model sys- 
tem to study virus-induced demyelination 
(Weiner, 1973; Nagashima et al., 1978; 
Stohlman and Weiner, 1981). After  initial 
panencephalitis caused by MHV-JHM, this 
virus produces a persistent infection with 
pr imary demyelination with some evi- 
dence for remyelination (Weiner, 1973). 
Thus persistent MHV-JHM infection of 
rodents has been cited as a model to study 
the human demyelinating disease multiple 
sclerosis (MS). 

Human coronaviruses (HCV) are ubi- 
quitious in nature with a large portion of 
the human population possessing neutral- 
izing antibodies (McIntosh, 1974). These 
viruses were isolated usually as respira- 
tory, and occasionally as enteric viruses. 

To w h o m  rep r in t  r eques t s  should  be addressed .  

They are estimated to be responsible for 
15% of common colds (McIntosh, 1974). 
There are no reports thus far  of involve- 
ment of human coronaviruses with per- 
sistent neurological disease. Some strains 
of HCV such as 0C43, are antigenically 
related to murine coronaviruses such as 
MHV strain JHM (McIntosh, 1974; Gerdes 
et  al., 1981a, b) and may be grown in the 
brains of suckling mice (McIntosh et al., 
1967). Others such as HCV-229E are un- 
related antigenically to MHV or HCV- 
0C43 (McIntosh, 1974; Pederson et al., 
1978). 

Because (1) murine coronaviruses are 
associated with chronic demyelinating 
disease in rodents (Weiner 1973; Nagash- 
ima et  al., 1978), (2) antibody against HCV 
is very common in the human population 
(McIntosh, 1974), and (3) there is evidence 
suggesting that  MS may be caused by a 
virus, various workers have undertaken 
comparisons of human and murine coro- 
naviruses and have started to search for 
coronaviruses in central nervous system 
(CNS) tissue from MS patients. There is 
one report  of particles with coronavirus- 
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like morpho logy  seen by e lec t ron micros-  
copy in b ra in  t issue f rom an MS pa t i en t  
(Tanaka  et al., 1976). More recen t ly  Burks  
and  co-workers  have  isolated two corona-  
viruses,  des igna ted  SD and SK, by  in t ra -  
ce rebra l  inoculat ion of unf rozen  MS CNS 
au topsy  t issue e i ther  into wean l ing  mice 
or into 17CL-1 mouse cells in cul ture  (Burks 
et al., 1980). Gerdes  et al. (1981a, b) and we 
(this  manusc r ip t )  have  examined  the re- 
l a t ionsh ip  be tween these v i ruses  and  o ther  
known mur ine  and h u m a n  coronaviruses .  
Gerdes  et al. (1981a, b) showed t h a t  SD and 
SK are  ant igenica l ly  re la ted  to MHV-A59 
and to HCV-OC43 but  not HCV-229E. They 
were  inconclusive about  which s t ra ins  thei r  
isolates  were  more  re la ted  to. We have 
f u r t h e r  compared  mur ine  and h u m a n  co- 
ronav i ruses  and  SD and SK by us ing  mo-  
lecular  hybr idizat ion of virus-specific RNA 
wi th  cDNA probes.  Our resu l t s  show ex- 
tensive  nucleotide homology  be tween  SD 
and SK and MHV-A59, more  t h a n  t h a t  be- 
tween the  h u m a n  viruses  and  MHV-A59. 

MATERIALS AND METHODS 

Viruses and  cells. MHV-A59 was  grown 
in 17CL-1 cells as previous ly  descr ibed 
(Weiss and  Leibowitz,  1983). SD and SK 
vi ruses  (Burks  et al., 1980) were  obta ined  
f r o m  Dr. J. Gerdes  and were  also grown 
in 17CL-1 cells. HCV-229E was  ob ta ined  
f r o m  the A m e r i c a n  Type Cul ture  Collec- 
t ion (ATCC) and grown in h u m a n  em bry -  
onic lung (L-132) cells also ob ta ined  f rom 
the ATCC. These vi ruses  were  p laque pu- 
rifled two t imes  and grown in Dulbecco 's  
med ium wi th  10% feta l  calf  s e rum (Robb 
and Bond, 1979). 

HCV-OC43 was ob ta ined  as a 20% suck- 
l ing mouse  bra in  suspension f r o m  Dr. J. 
H ie rho lze r  a t  the Center  for  Disease  Con- 
t rol  (CDC), At lan ta .  I t  was  inoculated in- 
t r a ce r eb ra l l y  into C57BL/6 suckl ing mice, 
h a r v e s t e d  2 days  la ter ,  and  a 10% bra in  
suspens ion was  made  in phospha te -buf f -  
ered sal ine (PBS) conta in ing  0.75% bovine 
s e rum albumen.  The m o t he r s  of the  suck- 
l ing mice were obtained f rom Jackson  Labs  
as MHV-f ree  animals .  All were  negat ive  
for  ant ibodies  aga ins t  MHV-A59 (as de- 

t e rmined  by an enzyme- l inked  immuno-  
so rben t  assay)  and  HCV-OC43 (as shown 
by a lack of 0C43 hemagg lu t i na t i on  in- 
h ib i t ing  ac t iv i ty  in the sera  of these  ani-  
ma l s  (Hierholzer  et al., 1969)) and  thus  
were  considered uninfected by these  co- 
ronavi ruses .  Virus  in bra in  homogena te s  
was  assayed  by hemagg lu t i na t i on  of 
chicken red blood cells a t  room t e m p e r a -  
ture  (Hierholzer  et al., 1969). Virus  was 
f u r t h e r  verified as HCV-OC43 since hem-  
agg lu t ina t ion  was  inhibi ted by an ant i -  
0C43 reference  an t i s e r a  ob ta ined  f rom 
CDC. HCV-OC43 was  also grown in h u m a n  
rec ta l  t u m o r  (HRT)  cells (Lapor te  et al., 
1980) obta ined  f r o m  Dr. David Brian.  In- 
fected mouse b ra in  homogena te s  were  ad- 
sorbed onto mono laye r s  of H R T  cells for 
1 h r  a t  room t e m p e r a t u r e .  The cells were  
extensively  washed,  med ium added, and 
the cells incubated  a t  33 ~ Virus in the  su- 
p e r n a t a n t  was  t i t e red  a t  var ious  t imes  
post infect ion by hemagg lu t i na t i on  (Hier-  
holzer et al., 1969). Mock-infected cells were 
adsorbed  wi th  a b ra in  homogena t e  f rom 
uninfected suckl ing mice. 

c D N A  probes, cDNAs were  synthes ized  
using purified genome  RNA as t empla te ,  
o l igomers  of calf  t h y m u s  DNA as p r imers ,  
and reverse  t r a n s c r i p t a s e  (Taylor  et al., 
1976). cDNAs were  labeled with  [32P]dCTP 
to specific ac t iv i ty  of a p p r o x i m a t e l y  l0 s 
cpm/#g .  When  used for  liquid hybr id iza-  
tion, cDNA was  synthes ized  in the  pres-  
ence of ac t inomycin  D and was >95% sin- 
gle s t randed.  Such cDNAs were  va l ida ted  
to be highly v i rus  specific and to r ep resen t  
the m a j o r i t y  of the  genome RNA as pre- 
viously descr ibed in detai l  (Weiss and  Lei- 
bowitz, 1981, 1983). 

R N A  extraction. MHV-A59, SD, SK, and 
HCV-229E virus  infect ions were  car r ied  
out  wi th  a mul t ip l ic i ty  of infect ion of be- 
tween 0.1 and 1 p l aque - fo rming  uni ts  per  
cell. RNA was  ex t r ac t ed  18 hr  a f t e r  infec- 
t ion wi th  A59, SD, and SK viruses,  when 
mass ive  syncyt ia  were  present .  229E-in- 
fected cells were  labeled with  [3H]uridine 
in the  presence  of 10 t tg /ml  ac t inomycin  
D f rom 18 to 24 hr  post infect ion when RNA 
was  ext racted.  RNA was ex t rac ted  f rom 
OC43-infected H R T  cells a t  3 days  post-  
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infection. RNA was extracted from the cy- 
toplasm of infected cells by SDS-protein- 
ase K t rea tment  followed by phenol ex- 
traction as previously described (Weiss and 
Leibowitz, 1983). RNA was extracted from 
suckling mouse brain homogenates by 
SDS-proteinase K t rea tment  followed by 
phenol extraction (Weiss, Varmus and 
Bishop, 1977). 

R N A  analysis.  (1) Gel electrophoresis. 
RNA was electrophoresed in 1% agarose 
gels, in the presence of methyl mercury 
hydroxide (Bailey and Davidson, 1976) or 
formaldehyde (Lehrach et al., 1977) as de- 
naturant .  Gels were either fluorographed 
with sodium salicylate (Chamberlain, 1979) 
or blotted onto nitrocellulose (Thomas, 
1980). (2) Blots. Dot blots. RNA was ad- 
sorbed onto nitrocellulose filters in various 
amounts (as designated in figure legends), 
dried, and the filters were baked and hy- 
bridized with cDNA (Thomas, 1980). 
Northern blots: RNA was electrophoresed 
in gels, blotted onto nitrocellulose filters, 
and hybridized with cDNA (Alwine et al., 
1977; Thomas, 1980). (3) Hybridization in 
solution was carried out at 68 ~ 0.6 MNaC1, 
and assayed by $1 nuclease digestion as 
previously described (Leong et aL, 1972). 
In Crt curves, increasing amounts of RNA 
were hybridized with a fixed amount  of 
cDNA to achieve increasing Crt values 
where Crt = concentration of RNA • time 
of hybridization. 

RESULTS 

0C43 R N A  

HCV-OC43 has been difficult to grow and 
assay in cell culture and this has impaired 
the study of viral nucleic acids. This virus 
is usually grown in the brains of suckling 
mice and titered either by infection of 
suckling mice or by hemagglutination 
(Hierholzer et al., 1969). Schmidt et al. 
(1979) have reported growing and plaquing 
HCV-OC43 on human rhabdomyosarcoma 
(RD) cells. Although we had difficulty with 
growing the virus in RD cells, we have had 
some success with growth in human rectal 
tumor (HRT) cells (Laporte et al., 1980). 

We have used hemagglutination to detect 
and quanti tate  HCV-OC43 in both infected 
suckling mouse brain homogenates and 
HRT cell supernatants.  As shown in Table 
1 brain homogenates from infected mice 
contained 40,000 HAU/ml  of 0C43 and ho- 
mogenates from control mock-infected an- 
imals had none. This activity could be spe- 
cifically inhibited by anti-OC43 reference 
antisera but not by A59 antisera or preim- 
mune sera (data not shown). 

Also shown in Table 1 after  infection of 
HRT cells with OC43-infected mouse brain 
homogenates (800 hemagglutinating units /  
106 cells), hemagglutinating activity could 
be measured in the medium. As expected 
pre t rea tment  of brain homogenates with 
antisera directed against OC43 prevented 

TABLE 1 

TITERS OF HCV-OV43 IN SUCKLING MOUSE BRAIN 
HOMOGENATES AND HRT CELL SUPERNATANTS 

Homogenate  or supe rna t an t  H A U / m l  a 

OC43-infected suckling mouse brain 
homogenate  40,000 

Mock-infected suckling mouse brain  
homogenate  b 0 

OC43-infected HRT cells 
1 day postinfection 0 
2 days postinfection 0 
3 days postinfection 80 
4 days postinfection 1,280 
5 days postinfection 5,120 

Mock-infected HRT cells b 
5 days postinfection 0 

HRT cells infected with antibody- 
t reated OC43 c 

5 days postinfection 0 

Hemagglut ina t ing  u n i t s / m l  of OC43. One HAU 
is defined as the amount  of virus present  in 0.05 ml 
of the highest  dilution of brain  homogenate  or su- 
pe rna tan t  capable of agglut inat ing 0.05 ml of 0.5% 
chicken erythrocytes  in the s t andard  assay described 
by Hierholzer et  al. (1969). 

b Mock-infected mice or cells are mock-infected with 
a 10% homogenate  or uninfected suckling mouse 
brains. 

c OC43-infected suckling mouse brain  homogenate  
was incubated with anti-OC43 reference an t i se rum 
for 1 hr  at  room tempera tu re  before infecting cells. 
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g rowth  of the  virus.  We  have  used b r a i n  
l y sa t e s  of infec ted  mice and infec ted  HRT 
cells as sources  of HCV-OC43 RNA for  the  
e x p e r i m e n t s  descr ibed  below. 

a 

b 

Nucleotide Sequence Homologies among 
Coronavirus Strains 

F i g u r e  1 i l l u s t r a t e s  the  use of dot  b lo t  
h y b r i d i z a t i o n s  to de tec t  nucleot ide  se- 
quence homologies  be tween  MHV-A59 and 
var ious  mur ine  and  h u m a n  co ronav i rus  
s t r a i n s  inc luding  the  SD and  SK p u t a t i v e  
"MS i so la te"  s t r a i n s  of Burks  et al. (1980). 
A c o m p l e m e n t a r y  D N A  (cDNA) probe  
r e p r e s e n t i n g  the m a j o r i t y  of sequences  of 
genome RNA of MHV-A59 (Weiss  and  Lei-  
bowitz ,  1981, 1983) hyb r id i zed  to RNA ex- 
t r a c t e d  f rom cells infec ted  wi th  MHV- 
JHM,  HCV-OC43, SD, SK, and f rom b r a i n  
homogena tes  of suckl ing mice infected wi th  
OC43 as  well  as to i ts  homologous  RNA. 
There  was  no h y b r i d i z a t i o n  de tec ted  be- 
tween A59 cDNA and RNA f rom cells in- 
fec ted  wi th  HCV-229E. Since the re  a re  re- 
por t s  t h a t  the  nucleocaps id  p ro t e in  of 
HCV-229E has  some an t igen ic  c ross - reac -  
t i v i ty  wi th  the  o the r  v i ruses  (Gerdes  et al., 
1981b), the  rec iproca l  e x p e r i m e n t  us ing  
HCV-229E cDNA was  also ca r r i ed  out. As 
i l l u s t r a t e d  in Fig.  2, cDNA r e p r e s e n t i n g  
the  HCV-229E genome hybr id i zed  only  to 
i ts  homologous  RNA and  not  to HCV-OC43 
RNA or  to MHV-A59 RNA.  

Quantitation of Homology 

The b lo t  e x p e r i m e n t s  i l l u s t r a t e d  in the  
above sec t ions  show the  homology  be- 
tween the  nucleic acids  of co ronav i rus  
s t r a i n s  MHV-A59 and SD, SK, and  HCV- 
0C43 and  the  lack of homology  w i th  HCV- 
229E. These  techniques ,  however ,  do not  
q u a n t i t a t e  the  pe rcen t age  of the  genome 
sequences t h a t  a re  homologous.  To be more 
quan t i t a t i ve ,  solut ion hyb r id i za t i on  ex- 
p e r i m e n t s  were  c a r r i e d  out  and  the  ex t en t  
of hyb r id i za t i on  was  m e a s u r e d  by  res i s -  
t ance  of hybr id i zed  cDNA to S1 nuclease  
d iges t ion .  RNA e x t r a c t e d  f rom cells in- 
fec ted  w i th  MHV-A59 or SK was  h y b r i d -  
ized to s i n g l e - s t r a n d e d  [32p]cDNA rep re -  
s en t ing  MHV-A59. H y b r i d i z a t i o n  was  car -  
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FIG. 1. Dot blot hybridization of MHV-A59 cDNA 
with coronavirus RNAs. RNA from infected or mock- 
infected cells or mouse brain homogenates was spot- 
ted onto nitrocellulose filters. In the case of intra- 
cellular RNAs, 5.0, 0.5, and 0.05 ttg amounts were 
used. In the case of purified genome RNA, 0.1, 0.01, 
and 0.001 #g were used. Filters were hybridized to 
106 cpm (108 cpm/#g) of A59 [sUP]cDNA and autora- 
diographed (Alwine et aL, 1977; Thomas, 1980). (a) 
SD-infected 17CL-1 cellular RNA. (b) SK-infected 
17CL-1 cellular RNA. (c) A59-infected 17CL-1 cellu- 
lar RNA. (d) Uninfected 17CL-1 cellular RNA. (e) 
A59-infected 17CL-1 cellular RNA. (f) 229E-infected 
L-132 cellular RNA. (g) Uninfected L-132 cellular 
RNA. (h) OC43-infected suckling mouse brain ho- 
mogenate RNA. (i) Mock-infected suckling mouse 
brain homogenate RNA. (j) Mock-infected HRT cel- 
lular RNA. (k) OC43-infected HRT cellular RNA. (l) 
A59 purified genome RNA. Lanes a-d, e-i, and j-1 are 
from separate experiments. 

r ied out  wi th  va r y i ng  a m o u n t s  of RNAs  to 
achieve the  Crt values  shown in Fig.  3. Hy-  
b r id i za t i on  of A59 cDNA to SK RNA was  
a l m o s t  as extens ive  as to i ts  homologous  
A59 RNA. (The sh i f t  in the  SK curve to 
h ighe r  Crt values  i nd i ca t e s  less v i rus - spe -  
cific R N A  in the  SK- in fec ted  cells r e l a t i ve  



HUMAN AND MURINE CORONAVIRUS RNA 673 

to MHV-A59.) Uninfected cell RNA, as ex- 
pected, showed no hybridizat ion.  

Similar  hybr idizat ions  were carr ied out 
with RNAs f rom cells infected with the 
other  viruses and the pla teau values for 
the percentage cDNA hybridized are sum- 
marized in Table 2. SD and SK are a lmost  
completely homologous to MHV-A59, more  
so than  another  MHV strain,  JHM. HCV- 
229E showed no homology with A59 cDNA 
as predicted f rom the blot experiments .  
HCV-OC43 showed no homology with the 
cDNA by this assay. This is probably  due 
to s t r ingency of hybr id iza t ion and S1 nu- 
clease assay for hybr idizat ion (see Dis- 
cussion). 

b 

c 

d 

In trace l lu lar  R N A s  

To fu r the r  compare  the RNA of the mu- 
rine and human  s t ra ins  the int racel lular  
subgenomic RNAs were examined by gel 
electrophoresis.  As i l lustrated in Fig. 4, 
cells infected with MHV-A59 contain  six 
major  subgenomic RNAs as well as ge- 
nome-sized RNA (band 1) (Cheley et al., 
1981a; Lai et al., 1981; Leibowitz et aL, 1981; 
Spaan et al., 1981). These range in molec- 
ular  weight  f rom 0.63 • 106 dal tons for 
RNA 7 to 6.1 • 106 dal tons for RNA 1. 
In t raee l lu lar  RNAs extracted f rom eells 
infected with SD or SK, were eleetropho- 
resed in parallel  with MHV-A59 RNA, 
blotted onto nitrocellulose and the virus- 
specific species detected by hybr id iza t ion 
with MHV-A59 eDNA. Seven RNA bands  
were observed, all comigra t ing  with the 
major  MHV-A59 RNAs. RNAs 2, 4, 5, and, 
in the ease of SK, RNA 3, are less abun-  
dant  than  with MHV-A59 and the ext ra  
band between RNAs 2 and 3 is more prom- 
inent. The extra bands between RNAs 
3 and 4 are also more prominent  in the 
SD RNA. 

The intraeel lular  RNAs of HCV-229E 
were also compared to those of MHV. (In 
this exper iment  MHV-3 RNA was used in- 
s tead of MHV-A59. The genome of MHV- 
3 is 95% homologous to MHV-A59 and 
MHV-3 generates  the same size intraeel-  
lular RNAs as MHV-A59 (Cheley et al., 
1981b, Weiss and Leibowitz, 1981)). Since 
HCV-229E RNA does not  cross-hybridize 

FIG. 2, Dot blot hybridizations of HCV-229E eDNA 
with coronavirus RNAs. RNA from infected or mock- 
infected cells or brain homogenates or from purified 
virions was spotted onto a nitrocellulose filter. In the 
case of intracellular RNA, 5.0, 0.5, and 0.05 ~g were 
used and in the case of purified genome RNA 0.1, 0.01, 
and 0.001 ug were used. The filter was hybridized with 
106 cpm (10 s cpm/#g) of 229E [32P]cDNA and auto- 
radiographed (Alwine et aL, 1977; Thomas, 1980). (a) 
229E purified genome RNA. (b) Uninfected L-132 cel- 
lular RNA. (c) 229E-infected L-132 cellular RNA. (d) 
OC43-infected suckling mouse brain homogenate 
RNA. (e) Mock-infected suckling mouse brain ho- 
mogenate RNA. (f) A59-infected 17CL-1 cellular RNA. 

with A59 eDNA, 229E intracel lular  RNA 
was labeled with [3H]uridine in the 
presence of ac t inomycin  D (to inhibit  
host  DNA-dependent  RNA synthesis).  As 
shown in Fig. 5, 229E also generates  six 
subgenomic RNAs, but  they  are of differ- 
ent  sizes f rom MHV-3 and hence f rom SD 
and SK. (Genome RNA was difficult to ob- 
serve in this exper iment  probably due to 
some RNA degradation).  

DISCUSSION 

Mammal ian  coronaviruses  have been di- 
vided into two ant igenic groups (Pederson 
et aL, 1978). One includes MHV, HCV-OC43, 
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FIG. 3. Kinetics of hybridization of A59 cDNA with cytoplasmic RNA from A59- and SK-infected 
17CL-1 cells. Various amounts (80 #g to 8 ng) of intracellular RNA were hybridized with 2000 cpm 
(108 cpm/#g) of A59 [32P]cDNA to the indicated Crt values. Hybridization was assayed by digestion 
with S1 nuctease. (O) A59-infected cells. (• SK-infected cells. (A) Uninfected cells. 

calf  d i a r r h e a  c o r o n a v i r u s ,  a n d  h e m a g g l u -  
t i n a t i n g  e n c e p h o m y e l i t i s  v i ru s  of swine.  
The  o the r  i nc ludes  HCV-229E,  fe l ine  in-  
fec t ious  p e r i t o n i t i s  v i rus ,  t r a n s m i s s i b l e  

TABLE 2 

HOMOLOGY AMONG CORONAVIRUS GENOMES a 

Source of RNA 

Percentage 
hybridization of 

A59 cDNA 

A59 purified virions 
JHM purified virions 
229E-infected L-132 cells 
OC43-infected suckling mouse 

brain homogenate 
SD-infected 17CL-1 cells 
SK-infected 17CL-1 cells 

100 
74 
0 

0 
90 
90 

a RNA from virions, infected cells, or brain ho- 
mogenates was hybridized with 2000 cpm (10 s cpm/ 
t~g) of A59 [aZP]cDNA to completion, the plateau por- 
tion of a Crt curve. Hybridization was assayed by $1 
nuclease digestion. These values have been normal- 
ized to 100% hybridization of A59 cDNA with its 
homologous A59 RNA. The actual values of hybrid- 
ization of A59 cDNA with A59 RNA ranged from 85 
to 100%. 

g a s t r o e n t e r i t i s  v i r u s  of swine,  a n d  c a n i n e  
co ronav i ru s .  G e r d e s  et  al. (1981a, b) have  
s h o w n  t h a t  the  SD a n d  SK v i r u se s  fa l l  i n to  
the  f i rs t  group.  T h e y  showed t h a t  al l  A59 
i n t r a c e l l u l a r  p r o t e i n s  a re  i m m u n o p r e c i p -  
i t ab l e  w i t h  a n t i s e r a  d i rec ted  a g a i n s t  SD, 
SK, or HCV-OC43.  F r o m  these  exper i -  
m e n t s ,  however ,  i t  was  imposs ib l e  to de- 
t e r m i n e  w h e t h e r  SD a nd  SK were  more  
r e l a t e d  to h u m a n  (0C43)  or m u r i n e  (A59) 
v i ruses .  This  is i m p o r t a n t  in  d e t e r m i n i n g  
the  o r ig in  of SD a n d  SK a n d  the  poss ib le  
l i nk  to MS. 

We  have  used  nuc le i c  acid h y b r i d i z a t i o n  
w i t h  cDNA to f u r t h e r  explore  the  re la -  
t i o n s h i p  a m o n g  t he se  v i ruses .  O ur  cDNAs  
a re  r e p r e s e n t a t i v e  of mos t  if no t  al l  of the  
g e n o m e  R N A  sequences  (Weiss  a n d  Lei-  
bowitz ,  1981, 1983) a n d  t h u s  a re  a p p r o p r i -  
a te  r e a g e n t s  for  q u a n t i t a t i n g  sequence  ho- 
mologies.  The r e l a t i o n s h i p  b e t w e e n  SD a nd  
SK a n d  MHV-A59  as  d e t e r m i n e d  by  mo-  
l ecu la r  h y b r i d i z a t i o n  e x p e r i m e n t s  bas i -  
ca l ly  agrees  w i t h  i m m u n o l o g i c a l  s tudies .  
The  SD a n d  SK v i r u s e s  show ex t ens ive  ho- 
mology  in  n u c l e o t i d e  sequence  (approx i -  
m a t e l y  90%) to t he  A59 s t r a i n  of M H V  
even  w h e n  a s sa ye d  b y  the  s t r i n g e n t  $1 nu -  
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clease assay. This is more homology than 
that  shared between MHV-A59 and an- 
other MHV strain, JHM (Lai and Stohl- 
man, 1981; Weiss and Leibowitz, 1981, 
1983). Furthermore,  the pat tern of intra- 
cellular RNAs generated by SK and SD is 
very similar to that  of MHV-A59. This is 
not surprising, considering that  Gerdes et 
al., (1981a, b) showed tha t  cells infected by 
SD or SK have patterns of viral proteins 
similar to A59-infected cells (Gerdes et al., 
1981a, b). An extra polypeptide of 42,000 
daltons molecular weight was observed in 

A59 SD 

1 

2 

3 

U 

U 

6 

7 

SK 

"-28S 

.--18S 

a b c 
FIG. 4. Comparison of MHV-A59, SD, and SK in- 

tracellular RNAs. RNAs (10 #g/lane) extracted from 
17CL-1 cells infected with MHV-A59 (lane a), SD (lane 
b), or SK (lane c) were electrophoresed in a 1% aga- 
rose gel containing formaldehyde as a denaturant 
(Lehrach et aL, 1977). After electrophoresis the gel 
was stained with ethidium bromide to locate ribo- 
somal RNAs, blotted onto nitrocellulose (Thomas, 
1980), hybridized with l0 s cpm of A59 [32p]cDNA, and 
autoradiographed (Alwine et al., 1977). Arrows des- 
ignate the position of 18 S and 28 S ribosomal RNAs. 
Viral RNAs are numbered according to Leibowitz et 
aL, (1981). 

MHV-3 229E 
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' - 2 8 S  

- - 1 8 S  

a b 
FIG. 5. Comparison of MHV-3 and HCV-229E in- 

tracellular RNAs. RNAs (10 ~g/lane) extracted from 
[SH]uridine-labeled MHV-3-infected 17CL-1 cells (lane 
a) and [3H]uridine-labeled 229E-infected L-132 cells 
(lane b) were electrophoresed in a 1% agarose gel 
containing methyl mercury hydroxide as a denatur- 
ant (Bailey and Davidson, 1976). After electropho- 
resis the gel was stained with ethidium bromide to 
locate ribosomal RNAs and fluorographed (Cham- 
berlain et aL, 1979). The positions of 18 S and 28 S 
ribosomal RNAs are designated by arrows. 

SK-infected cells. There is no extra major  
RNA band seen in the SD and SK samples. 
The molar ratios of some of the RNAs are 
different in SD- and SK-infected cells, spe- 
cifically, RNAs 2 and 5 are less prominent 
and the extra RNA band between 2 and 3 
is quite prominent. The extra bands be- 
tween RNAs 3 and 4 are also more prom- 
inent in the SD sample. However, there is 
similar variation among the MHV strains 
(Cheley et al., 1981b; Leibowitz et al., 1981; 
Weiss and Leibowitz, 1981) and we do not 
understand its significance. Perhaps this 
is due to a small amofint of degradation 
in the extraction of these very large RNAs. 

Comparison of the human coronaviruses 
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OC43 a n d  229E w i t h  M H V - A 5 9  r e v e a l s  l e s s  
h o m o l o g y  t h a n  b e t w e e n  M H V - A 5 9  a n d  S K  
a n d  SD. R N A  e x t r a c t e d  e i t h e r  f r o m  b r a i n  
h o m o g e n a t e s  of  O C 4 3 - i n f e c t e d  s u c k l i n g  
mice  o r  f r o m  H R T  ce l l s  i n f e c t e d  w i t h  OC43 
s h o w s  h o m o l o g y  w i t h  A59 c D N A  w h e n  a s -  
s a y e d  b y  b l o t  h y b r i d i z a t i o n .  T h i s  h o m o l -  
ogy  is n o t  d e t e c t e d  w h e n  l i q u i d  h y b r i d i z a -  
t i on  f o l l o w e d  by  t h e  m o r e  s t r i n g e n t  S1 
n u c l e a s e  a s s a y  is used .  T h e r e  is p r e c e -  
dence  fo r  t h i s  in a t  l e a s t  two  o t h e r  sy s -  
t e m s .  H o m o l o g y  b e t w e e n  m u r i n e  a n d  
h u m a n  p a p o v a v i r u s e s  ( H o w l e y  et  al., 
1979) a n d  m u r i n e  a n d  h u m a n  r o t a v i r u s e s  
( S c h r o e d e r  et  aL, 1982) is d e t e c t e d  o n l y  u n -  
d e r  r e l a x e d  h y b r i d i z a t i o n  a n d  a s s a y  con-  
d i t i o n s .  T h e s e  v i r u s e s  a r e  a n t i g e n i c a l l y  r e -  
l a t ed ;  t h i s  i m m u n o l o g i c a l  c r o s s - r e a c t i v i t y  
is  d e t e c t e d  w i t h o u t  d i f f i cu l ty  a s  i s  t h e  i m -  
m u n o l o g i c a l  c r o s s - r e a c t i v i t y  b e t w e e n  
M H V - A 5 9  a n d  HCV-OC43 .  

T h e r e  is no h o m o l o g y  d e t e c t e d  b e t w e e n  
H C V - 2 2 9 E  a n d  M H V - A 5 9  o r  H C V - O C 4 3  in 
c r o s s - h y b r i d i z a t i o n s  u s i n g  d o t  b l o t s  a n d  
c D N A  r e p r e s e n t i n g  e i t h e r  v i rus .  I t  is  un -  
l i k e l y  t h a t  t h e r e  is h o m o l o g y  b e t w e n  H C V -  
229E a n d  SD a n d  S K  s ince  t h e  l a t t e r  v i -  
r u s e s  a r e  so c lo se ly  r e l a t e d  to  M H V - A 5 9 .  
T h i s  is  n o t  s u r p r i s i n g  c o n s i d e r i n g  t h e s e  v i -  
r u s e s  f a l l  i n to  d i f f e r e n t  a n t i g e n i c  g r o u p s  
( P e d e r s o n  et  al., 1978). H o w e v e r ,  t h e r e  a r e  
r e p o r t s  of  i m m u n o l o g i c a l  c r o s s - r e a c t i v i t y  
b e t w e e n  t h e  n u c l e o c a p s i d  p r o t e i n s  of  t h e s e  
v i r u s e s  ( G e r d e s  et  al., 1981b). T h e s e  se-  
q u e n c e s  i f  r e l a t e d ,  a r e  p r o b a b l y  too  d i -  
v e r g e d  to  be  d e t e c t e d  b y  o u r  a s s a y .  P e r -  
h a p s  u n d e r  less  s t r i n g e n t  b l o t t i n g  c o n d i -  
t ions ,  h o m o l o g y  cou ld  be  d e t e c t e d .  

T h e s e  r e s u l t s  s h o w  t h a t  SD a n d  S K  a r e  
m o r e  c lo se ly  r e l a t e d  to  M H V - A 5 9  t h a n  a r e  
t h e  h u m a n  v i r u s e s  0C43  a n d  229E. Be-  
c a u s e  SD a n d  S K  a r e  a l m o s t  c o m p l e t e l y  
h o m o l o g o u s  (90%)  to M H V - A 5 9  i t  is  u n -  
l i ke ly  t h a t  t h e y  s h a r e  m u c h  h o m o l o g y  w i t h  
e i t h e r  HCV-OC43  o r  HCV-229E .  I t  is  pos -  
s ib l e  t h a t  t h e  10% of  SD a n d  S K  s e q u e n c e s  
t h a t  a r e  n o t  h o m o l o g o u s  to  M H V - A 5 9  a r e  
h o m o l o g o u s  to  e i t h e r  H C u  or  H C V -  
229E. H o w e v e r ,  i f  t h a t  w e r e  t h e  case ,  i t  
w o u l d  s t i l l  s u g g e s t  t h a t  t h e s e  i s o l a t e s  a r e  
m o r e  r e l a t e d  to  m u r i n e  t h a n  h u m a n  co- 
r o n a v i r u s e s .  This ,  in a d d i t i o n  to  t h e  f a c t  
t h a t  SD a n d  S K  g r o w  o n l y  in m u r i n e  a n d  

no t  h u m a n  ce l l s  ( G e r d e s  et  al., 1981b), sug -  
g e s t s  t h a t  t h e s e  v i r u s e s  a r e  no t  of  h u m a n ,  
b u t  m u r i n e  o r ig in .  
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