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The RNA of mouse hepatitis virus, a coronavirus, was isolated from the virus
released early in the infection and analyzed by sucrose gradient sedimentation
and electrophoresis. It was found to consist of a piece of single-stranded RNA of
about 60S. Its molecular weight was estimated to be 5.4 x 106 by electrophoresis
in methylmercury-agarose gels. At least one third of the RNA contained poly-
adenylated sequences. It is, therefore, probably positive stranded. The virus
harvested late in the infection contained, in addition to 60S, some 30 to 50S RNA
that are possibly degradation products of the 60S RNA. No difference in the
electrophoretic behavior could be detected between the RNA isolated from a
pathogenic (JHM) and a nonpathogenic (Ass) strain.

Coronaviruses are ubiquitous agents associ- in DBT cells, a continuous mouse cell line derived
ated with disease states in a variety of mamma- from a brain tumor (S. A. Stohlman and L. P. Weiner,
lian and avian hosts (18) and are classified as a Arch- Virol-, in press). A large-plaque variant of the
separate tasxonomic group (29). The classifica- neurotropic JHM strain of MHV (MHV4) (31) was
tion is based mainly on morphological evidence purified from the eighth passage in suckling mouse
of club-shaped surfaceprojectionsisdbaseda- brain (31; Stohlman and Weiner, Arch. Virol., in press)of club-hapedd surface projectlons and matura- by five consecutive plaque isolations in DBT cells.
tion by budding from internal celiular mem- This mutant, designated DL, was further passaged
branes but not from plasma membranes. Al- three times in DBT cells and checked for uniformity
though a number of diverse agents have been of plaque morphology on both DBT and 17 clone 1
included in this taxonomic group, only recently (17CL1) celLs (24) before being used in this study.
have attempts been made to study their molec- Virus growth and radiolabeling. A6m was ad-
ular and biophysical properies (2, 7, 8, 10, 11, 16, sorbed to 17CL1 monolayers in 1,300-cm2 roller bottles
17, 22, 23, 26, 30). for 60 min at 370C at a multiplicity of infection of 10.0.
Mouse hepatitis virus (MHV) has been clas- The monolayers were subsequently washed three

sified as a member of.this group (28). It occurs
tunes with Eagle minmum essential medium, and 30

sflned as a member of this group (28). It occurs ml of minimum essential medium containing 5% di-
primarily as a natural, latent infection of mice alyzed fetal calf serum and 30 ,uCi of [3H]uridine or
(6) and has been isolated from a variety of [3H]adenosine (Amersham/Searle, specific activity 47
laboratory strains of mice. Although antigeni- Ci/mmol) per ml was added immediately after adsorp-
cally similar (3, 28), different MHV strains differ tion. Radiolabeling with [I32P]orthophosphate (Amer-
widely in biological properties in vivo. Most sham/Searle) was done in phosphate-free Ham F-10
cause a fatal hepatitis in mice; however, one is medium at 300 1,Ci/ml. Radiolabeled JHM virus was
pathogenic only for nude mice (12), and two are prepared by infecting monolayers of DBT ceUs in
able to establish chronic neurological disease (9 roller bottles with a multiplicity of infection of 0.5.
29).

P]H]uridineor [ P]orthophosphate was added imme-
=7J. . . ~~~~~~~~~diatelyfollowing adsorption as described above for
In this paper we describe studies of the ge- A.,

nome RNA of two types of MHV, one a non- Fluids from all infected cultures were harvested
pathogenic strain (A59), and the other a patho- before significant celular destruction occurred. 17CL1
genic strain (JHM). JHM causes acute enceph- cultures infected with An. or, in some experiments,
alomyelitis with both acute and chronic demye- JHM, were harvested at 16 to 18 h postinfection. DBT
lination in mice following intracranial inocula- cultures were harvested at 14.5 h postinfection.
tion (9, 31). Purification of viruses. Supernatant fluids were

first clarified by centrifugation at 1,200 x g for 5 min
and 15,000 x g for 30 min at 40C. Virus was concen-

MATERIALS AND METHODS trated by pelleting at 25,000 rpm in an SW27 rotor for
Viruses and cells. The AS9 strain of MHV, ob- 2 h at 4°C. The pellets were resuspended in TMEN

tained from C. Bond (University of California, San buffer (containing 50 mM Tris-malate, pH 6.0, 1 mM
Diego), was used in this study following four passages EDTA, and 100 mM NaCi) and gently homogenized

with a Dounce homogenizer. The virus suspension was
t Reprint requests should be sent to: 142 McKibben, 2025 then layered onto a discontinuous gradient contraining

Zonal Avenue, Los Angeles, CA 90033. 5 ml of 30% sucrose and 5 ml of 50% sucrose in TMEN
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and centrifuged at 27,000 rpm in an SW27 rotor for 3 RESULTS
h at 40C. The visible band at the 30-50% sucrose
interface was removed by side puncture of the tube Virus purification. [3H]uridine-labeled Asiand either used mmediately (see Results) or diluted virus was harvested from 17CL1 cultures at 16
with TMEN and recentrifuged on either a linear 15 to
50% sucrose or a 15 to 40% potassium tartrate gradient to 18 h postifection, well before the time of
at 27,000 rpm in an SW27.1 rotor for 18 h at 40C. maximum2 virus titer and maximum cytopathol-
Fractions were collected from the bottom of the cen- ogy (24 to 30 h postinfection). The virus isolated
trifuge tube. from the 30-50% sucrose interface was further

Extraction and sedimentation analysis of viral centrifuged on a 15 to 50% sucrose gradient. A
RNA. Purified virus in sucrose was diluted with 3 single band of radioactivity and infectivity was
volumes of NTE buffer (10 mM Tris-hydrochloride, found at the density of 1.18 gm/cm3 (Fig. la). In
pH 7.4, 100 mM NaCl, and 1 mM EDTA) and then contrast, virus harvested at the time of maxi-
disrupted with 1% sodium dodecyl sulfate (SDS) and mum yield (24 to 30 h) contained two bands in
1% mercaptoethanol. The RNA was extracted twice . *

awith NTE buffer-saturated phenol and then precipi- sucrose gradlents at densities of 1.18 and 1.23
tated with 2 volumes of ethanol at -20°C overnight. gm/cm 3(Fig. b). The infectivity of the virus at
The RNA was peileted by sedimentation at 20,000 x 1.23 gm/cm3 was at least 100-fold lower than
g for 15 min and then used for sucrose gradient sedi- that of the virus at 1.18 gm/cm' (Fig. lb). Fur-
mentation or gel electrophoresis. thermore, the virus purified from the culture

Sucrose gradient sedimentation was performed in early in the infection could be converted by
linear sucrose gradients made up of 10 to 25% sucrose incubation with 2% Nonidet P-40 at room tem-
containing NTE buffer and 0.1% SDS. The RNA sam- perature for 5 min into a heterogeneous band
ples were dissolved in 0.3 ml ofNTE buffer containing with an average density of 1.23 gm/cm3. This
0.2% SDS and centrifuged in an 5W41 rotor at 40,00 treatment also reduced the virus titer by over
rpm for 3.5 h at 200C. The 70S and 35S RNA of Rous 99at Therefore, we consider the band at 1.23
sarcoma virus and 288 rRNA from chicken fibroblasts mcm3 to represent a degradation product ofwere included as markers. gm/

Electrophoresis. Polyacrylamide gel electropho- the virion. Essentially similar results were ob-
resis of the RNA was done by a modification of the tained with JHM virus harvested early (14.5 h)
method of Duesberg (5). The RNA was dissolved in or late (18 h) postinfection from DBT cultures.
40 Ad of sample buffer containing 4 mM Tris-acetate
(pH 7.0), 2 mM sodium acetate, 1 mM EDTA, 0.1%
SDS, and 10% glycerol and subjected to electropho-
resis in 2% polyacrylamide gels cross-linked with bis- 1.30 .t
acrylamide (7 by 0.6 cm). Electrophoresis was per- 1E
formed at 50 V for 6 h. After electrophoresis, gels

1 .20O°frozen and sliced into 1-mm fractions. Fractions were 3 (a) 1.o
incubated in toluene-based scintillation fluid contain- I
ing 10% NCS (Amersham/Searle) and 1% water at 0.

500C for 5 h prior to counting. 2 - 10
Methylmercury hydroxide-agarose gel electropho- 0 _

resis was adapted with minor modifications from the 6
method of Bailey and Davidson (1). Briefly, the RNA I A -4,
sampleswere dissolved in 40 id of 0.5 x ER buffer (ER c., A 2
buffer: 50 mM boric acid, 5 mM sodium borate, 1 mM o I
EDTA, and 10 mM sodium sulfate, pH 8.19) contain-

x

ing 5 mM methylmercury hydroxide and 5% sucrose. E (b)
Electrophoresis was carried out in 1% agarose gels a
containing 5 mM methylmercury hydroxide at 5 mA
per gel for 5 h. After electrophoresis, the gels were ,
sliced into 1-mm fractions and counted in Brays scin- 3 -

tillation fluid. I
RNA binding to nitrocellulose filters. The bind-

2

ing of polyadenylate [poly(A)]-containing RNA to ni- 2 A 6
trocellulose (MiUipore) ifiters was performed by a
modification of the method described by Lee et al.
(15). The [3H]uridine- or 32P-labeled RNA samples k
were dissolved in 50 p of buffer containing 10 mM
Tris-hydrochloride (pH 7.4) and 1 mM EDTA. Ten 5 10 15 20 25
volumes of ice-cold binding buffer containing 10 mM Frction Numb r
Tris-hydrochloride (pH 7.4), 500 mM KCL and 1 mM
MgCl2 were added to each sample. After 10 min at FIG. 1. Sucrose density gradientpurification ofA5..
00C, the poly(A)-containing RNA was collected on uirus. (a) Purification of virus from 17CLI cells 14 h
filters prewashed with binding buffer. Filters were postinfection. (b) Purification of virus from 17CL1
dried before counting. cells 24 h postinfection.
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Simentation analysis ofviral RNA. The again analyzed by sucrose gradient sedimenta-
[3H]uridine-labeled nucleic acids of the virus tion. No change in sedimentation rate was noted
were extracted twice with SDS-phenol and then when the RNA from virus purified early in the
precipitated with 2 volumes of ethanol. The infection was analyzed; there was no evidence of
nucleic acids were dissolved in NTE buffer and subunit structure (Fig. 2b). In contrast, the
analyzed by sedimentation through 10 to 25% RNA extracted from virus harvested later in the
sucrose. The majority of [3H]uridine-labeled infection showed heterogeneity after heat dena-
MHV RNA sedimented as a single peak (Fig. turation (Fig. 2c). In addition to the main 60S
2a). This result was found with virus purified RNA, there were variable amounts of smaller
either early or late in the infection. The 3P- RNA species with sedimentation rates between
labeled 70S RNA of Rous sarcoma virus (RSV; 30 and 50S. The amount of these RNA species
Prague strain of subgroup C) and its heat-dis- varied from preparation to preparation and also
sociated 358 subunit were included as sedimen- varied with the method of virus purification.
tation velocity markers. The Aws RNA sedi- They were particularly prominent when the vi-
mented between these two markers with a sedi- rus was purified in potassium tartrate equilib-
mentation rate estimated to be about 60S. rium gradients. Since the virus harvested late in
To determine whether the secondary struc- the infection contained degraded virus particles

ture affected its sedimentation behavior, A59 and was less infectious (Fig. lb), these smaller
RNA was heated at 100°C for 1 min and then RNA species (30 to 50S) are probably degrada-

tion products of the 60S viral RNA. To minimize
possible degradation artifacts, the virus was only

S_ (a) 3*S purified to the 30-50% sucrose cushion step for
7SMHV 3sSS_5most of the studies reported here.

4 -

70 5mmv In addition to the 60S RNA, a variable amount
A, / , of4S RNA was also found in MHV preparations

firespective ofharvest time. This RNA migrated
2 - as a homogeneous 4S RNA species in 10% poly-

* '<f i acrylamide gels (data not shown). It is not clear,
I- \ . however, whether it represents contaminated

I ~Icellular tRNA or is a specific component of the
4S ~virus.

s -(b) A Electrophoretic studies. Polyacrylamide
4 70i MHV 3SS / * gel electrophoresis was carried out to provide

ftuther insight into the size and structure of
3 _ MHV RNA. The MHV RNA migrated slightly

f faster than 70S, but much slower than 35S RNA
2 - j s S v d of RSV (Fig. 3a). No smaller RNA species were
I ' visible, and the electrophoretic mobility of themajorMHV RNA did not change even when the

" O | | § 1 4S RNA was heat denatured at 100°C for 1min
( c) 35S (data not shown). However, variable amounts of
25MHV0S the RNA with higher electrophoretic mobility

20 than the major MHV RNA was present in prep-
~ A.t991Larations from late-harvested virus. These

15
; , \ / *2smaller RNA species were particularly promi-

10 - nent when the RNA was heat denatured, al-
A* though the electrophoretic mobility ofthe major

s .^f RNA species remained the same (Fig. 3b). These
0 152,2, 30 smaller RNAs probably represent the degrada-0

r
10 1t 20 25 30 tion products of the genome RNA, as discussed

in the previous section.
FIG. 2. Sucrose gradient sedimentation of MHV Since the MHV RNA has a sedimentation

(Ass RNA. (a) Native RNA ofMHV harvested at 16 value and electrophoretic mobility very close to
h postinfection. (b) MHVRNA heated at 1IX)C for I those of the 70S RNA of RSV (Fig. 1 and 2), its
min (early harvest). (c) Heat-denatured RNA ofMHV molecular weight could be estimated to be about
harvested at 24 h postinfection. Sedimentation was t 6 c be7S tois tocarried out in 10 to 25% sucrose gradients at 40,00) 5X 10 to6x lIfthei70SRNAisassumed t
rpm for 3.5 h at 200C in an SW41 rotor. t'P-labeled be 6 x 106 to 7 x 10w' (4, 13, 19). This value was
70S and 35S RNAs RSV (Prague strain of subgroup further tested by electrophoresis in agarose gels
C) were included as markers. containing methylmercuric hydroxide (1). RNA
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FIG. 3. Polyacrylamide gel electrophoresis of 0.5F
MHVRNA. (a) Native RNA ofMHVharvested 16h 20 30 40 50 60 70 80
postinfection. (b) Heat-denatuedRNA ofMHVhar- Distance Moved (mm)
vested at 24 h postinfection. Electrophoresis wasper- FIG. 4. Methylmercury-agarose gel electrophore-
formed in 2% polyacrylamide gels cross-linked with sis of MHV RNA. (a) MHV RNA (early harvest),
bisacrylamide at 5 mA per gel for 6 h. 70S and 35S RNA of the transformation-defective B77 strain in
RSVRNA and 2as rRNA were included as markers. RSV(molecularwueight3 x 10"), 28SrRNA (mokcular

weight 2 x 10") and 18S rRNA (molkcular weight 0.7
is completely denatured under this condition, x 106) of chicken fibroblass uere co-ekectrophoresed
and logarithms of the molecular weights a in a 1% agarose gel containig 5mM methylmercury
linear with respect to electrophoretic mobility hydroxide at 5 mA per gel for 5 h (b) Plot of loga-
()..Again, the .MH RNA migrated as a single rithms ofmolecular weight versus electrophoretic mo-(1) Again, the MHiV RtNA migrated as a singe bilities of thie RNAs.

peak (Fig. 4a), and its molecular weight was
estimated to be 5.4 x 106 (Fig. 4b).
Single-strandedness and presence of TABLE 1. RNase treatment ofMHVRNAa

poly(A) in MHV RNA. The finding that de- Trichloma- Percent
naturation by either heat or methylmercury did RNA (label) Total m cetic acid-in- RNase
not alter the sedimentation rate and electropho- soluble cpm resist-
retic mobility of MHV RNA suggests that it is aftr RNase ance
single stranded. To provide further proof, we A6 ([3H]uridine) 12,469 179 1.4
also subjected MHV RNA to digeston with Am. ([H]adeno- 13,515 1,654 12.2
RNase. [3H]uridine-labeled MHV RNA was sme)
completely sensitive to RNase even in the pres- RSV (VHdurn 8,976 lol 1.1
ence of high salt (0.3 M NaCl) (Table 1). Under 28S ([3Hi- 43,010 269 0.7
the same conditions, the single-stranded RNA dine)
genome ofRSV and 28S rRNA were digested to
the samne extent. This is further suggestive evi- aRNA samples were dissolved is 200 p1 of a solution
dence that MHV RNA is single stranded. How- containing 0.3 M NaCl and 0.03M sodium citrate (pHdencethatMHVRA issinge stmded.How-7.0). They were heated at 100'C for 1 min, quenchedever, when [3H]adenosine-labeled MHV RNA at O)C, and then incubated with RNase A (20 p/mi)
was treated under the same conditions, 12% of and RNase Ti (50 U/mi) at 370C for 30 min. Trichlo-
the counts were resistant. This property is sim- roacetic acid-insoluble counts per minute (cpm) were
ilar to RSV RNA, which contains adenylic acid- collected on nitroceilulose filters and counted in tolu-
rich sequences (14), and suggested the possibility ene-based liquid scintiflation fluid.
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that MHV RNA might also contain polyaden-
ylated sequences. 8 10

Since poly(A)-containing RNA binds to nitro- 4
cellulose filters in the presence of high salt con- 6 -

centrations (14, 15), the binding of MHV RNA
was examined. Only about 33% of the native ;

0

RNA was bound (Table 2). By contrast, 100% of E E

the 70S RNA of RSV was bound. We concluded l
that only one third of the MHV RNA contained cm 2 I
poly(A). To rule out the possibility that the
partial binding was due to nonspecific degrada-
tion of the RNA, we separated MHV RNA by 0 10 20 30 40 50
neutral sucrose gradient as shown in Fig. 1. The Distance Moved (mm)
60S RNA was isolated and tested for its ability FIG. 5. Polyacrylamide gel electrophoresis of A59
to bind to nitrocellulose filters. Again, only about and JHM RNA. 3P-labeled A59 RNA and PHJuri-
33% of the RNA was bound. The same finding dine-labeled JHM RNA were heat denatured at
was obtained when oligodeoxythymidylic acid 100°C for 1 mmn and then co-electrophoresed in 2%
ceulose.u polyacrylamide gel at 5 mA per gel for 6 h.

cellulose columtns were used for detection of
poly(A) (data not shown). Thus, only about one
third of MHV RNA contained polyadenylated proximately 60S by sucrose gradient centrifu-
sequences long enough to bind to nitrocellulose gation. The molecular weight of this RNA was

filters. Whether the rest of the RNA contains estimated to be about 5.4 x 106 by electropho-
any poly(A) sequences or not remains to be resis in methylmercury-agarose gels. This find-
investigated. mng is similar to recent reports on the RNA
Comparison of the RNAs of pathogenic purified from infectious bronchitis virus (IBV)

and nonpathogenic MHV. The data presented (17, 21, 30), the prototype coronavirus (28).
above were obtained from studies of the non- MHV RNA contained poly(A) sequences and is,
pathogenic AF,9 strain of MHV. Preliminary evi- therefore, probably a positive-stranded RNA.
dence indicates that A59 and the neurotrophic This conclusion is consistent with the report
JHM strain differ in their antigenicity and pro- that MHV RNA is infectious (L. S. Sturman,
tein compositions (Stohlman, unpublished personal communication). IBV RNA has also
data). To see whether these two strains ofMHV recently been found to be infectious (16, 21).
differ in theirRNA structure, we compared their However, only about one third of the RNA
electrophoretic mobility in polyacrylamide gels. bound to nitroceliulose filters, which suggests
No detectable difference was found by co-elec- that not all of the MHV RNA contains poly(A)
trophoresis of 32P-labeled JHM RNA and [3H]- tracts. Alternatively, all oftheMHVRNA might
uridine-labeled A59 RNA (Fig. 5). This was true contain poly(A) tracts, some of which are, how-
for both native and denatured RNAs of these ever, too short to bind to nitroceliulose filters.
two strains. We are unable to distinguish between these two

possibilities at the present time. An analysis of
DISCUSSION the size of the poly(A) tract is inconclusive (un-

The nucleic acid extracted from purifiedMHV published data). Poly(A) tracts have also been
was found to be a single-stranded RNA of ap- detected on only 30 to 83% of the RNA isolated

from IBV, and the IBV RNA is infectious (16,
TABLE 2. Binding ofRNAs to nitrocellulose filters 21).

The homogeneity ofMHV RNA was found to
RNA (label) Total cpma cpm Percent be dependent upon the time of virus harvest.

Bound binding Heat denaturation ofRNA from virus harvested
MHV ([3H]uridine) 7,507 2,511 33 early (16 to 20 h postinfection) did not affect the
MHV ([3H]adeno- 4,150 1,581 38 sedimentation pattern, whereas heat denatura-

sine) tion ofRNA from virus harvested at the time of60S MHV ([3H]uri- 2,800 951 maimum virus yield resulted in heterogeneous
dine)'

(3 RNA of 30 to 50S. Our data showed that the70S RSV H]uri- 9,391 9,510 100 late-harvested virus was heterogeneous and pos-dine)
28S rRNA ([3H]uri- 36,415 1,054 2.9 sibly contained degraded virus particles that had

dine) reduced specific infectivity (Fig. 2). Therefore,
a cpm, Counts per minute the heterogeneity of the RNA in the late-har-
b 60S RNA of As5 was isolated from the sucrose vested virus detected after heat denaturation

gradient sedimentation of the total A. RNA as de- was probably due to degradation of the 60S
scribed in Fig. 2a. RNA after virus maturation. This may help
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explain the finding that the RNA from human 39:835-843.
coronavirus 00-43 was dissociated into hetero- 5. Duesberg, P. H. 1968. Physical properties of Rous sar-
geneousRNAs after heat denaturation (26).An coma virus RNA. Proc. Natl. Acad. Sci. U.S.A.

geneous RNAs after heat denaturation (2). an 60:1511-1518.
earlier report also suggested that IBV RNA was 6. Gledhill, A. W., and J. S. F. Niver. 1955. Latent virus
heterogeneous (25), although it has recently as exemplified by mouse hepatitis vims (MHV). Vet.
been shown to be a heat-stable homogeneous Rev. Annot. 1:82-90.
RNA 17. 7. Grawes, D., and D. Pocock. 1975. The polypeptideRNA (17J- structure of transmissible gastroenteritis virus. J. Gen.
Two reports suggested that coronavirus RNA Virol. 29:25-34.

cosedimented with the RNA of retroviruses and 8. Grawes, D. J., D. H. Pocock, and T. M. Wijaswka.
dissociated into 35S RNA subunits with heat 1975. Identification of heat-dissociable RNA complexes
dentuanofa retrovirus in two porcine coronaviruses. Nature (London)denaturation (2, 26). Activation of a retrovlrus 257:50-510.

in porcine cells inoculated with porcine corona- 9. Herndon, R. ML, D. E. Griffin, U. McCormick, and L
viruses (8) has been suggested to account for P. Weiner. 1975. Mouse hepatitis virus-induced recur-
these findings (21) and may also explain the rent demyelination. Arch. Neurol. (Chicago) 32:32-35.
results obtained with -43 purified from mouse 10. erholzer, J. 1976. Purification and biophysical prop-erties ofhuman coronavirus 229E. Virology 75:155-165.
brain (26). Indeed, we have found that infection 1i. Hierholer, J., E. Palmer, S. Whitfield, H. Kaye, and
of 17CL1 cells with JHM, but not with A59, W. Dowdle. 1972. Protein composition of coronavirus
resulted in the isolation of virions with RNA of OC 43. Virology 48:516-527.
approximately 70S, which was denatured by Hirano, N., T. Tamura, F. Taguchi, K. Ueda, and K.approximately ~~~~~~~~~~~Fujiwara.1975. Isolation of low-virulent mouse hepa-
heat into subunits of approximately 35S (Lai titis virus from nude mice with wasting syndrome and
and Stohlman, unpublished data). The similar, hepatitis. Jpn. J. Exp. Med. 45:429-432.
ity in size and density of retrovirus and corona- 13. King, A. M. Q 1976. High molecular weight RNAs from
virusparticlesand the.possible activation of Rous sarcoma virus and Moloney murine leukemia

virus particles and th1e possiblbe activation of virus contain two subunits. J. Biol. Chem. 251:141-149.
retroviruses by coronaviruses may lead to con- 14. Lai, L. ML C., and P. H. Duesberg. 1972. Adenylic acid-
fusion in understanding the molecular biology of rich sequences in RNAs of Rous sarcoma virus and
coronaviruses. Rauscher mouse leukemia virus. Nature (London)coronavirums. ~~~~~~~~~~235:383-386.Purified MHV has only four structural pro- 15. Lee, S. Y., J. Mendecki, and G. Brawerman. 1971. A
teins (23), two of which appear to be derived polynucleotide segment rich in adenylic acid in the
from the same gene (22). Therefore, the virus rapidly-labeled polyribosomal RNA component of
particles contain a total of approximately 260,- mousesA oma 180 ascites cells. Proc. Natli Acad. Sci.

000datonsostrutural roteis, whih can
U.S.A. 68:1331-133.000 daltons of structural proteins, which can 16. Lomniczi, B. 1977. Biological properties of avian coron-

account for only about 40% of the coding capac- avirus RNA. J. Gen. Virol. 36:531-533.
ity of the viral genome. This suggests either that 17. Lomnezi, B., and I. Kennedy. 1977. Genome of infec-
a large number of nonstructural proteins are tious bronchitis virus. J. Virol. 24:99-107.
synthes1infectionor that the expres- 8. McIntosh, K. 1973. Coronaviruses: a comprehensive re-

synthesized during mfectlon or that the e2rpres- view. Cur. Top. Microbiol. Immunol. 68:85-129.
sion of the entire genome is not required for 19. Mangel, W. H., H. Delius, and P. H. Duesberg. 1974.
production of infectious virus. Expression of nor- Structure and molecular weight of the 60-70S RNA and
mally repressed gene functions may take place the 30-40S RNA of Rous sarcoma virus. Proc. Natl..

. . . . ~~~~~~~~~~Acad. Sci. U.S.A. 71:4541-4545.during latent inections in vitro (20- K. V. Aa. Sci U..A 74l455
duringlatentinfections in vitro (20;K.V.'20. Sabesin, S. M. 1972. Isolation of a latent murine hepatitis

Holmes and R. Allen, Abstr. Annu. Meet. Am. virus from cultured mouse liver cells. Am. J. Gastroen-
Soc. Microbiol. 1977, S396, p. 345; Stohlman and terol. 58:259-274.
Weiner, Arch. Virol., in press) or in vivo (8, 9, 21. Schochetman, G., R. H. Stevens, and R. W. Simpson.
29). 1977. Presence of infectious polyadenylated RNA in the

coronavirus avian bronchitis virus. Virology
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