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Genomic RNA was extracted from purified virions of hi ram\.l rhabdovirus (HRV), in­
fec tious hematopoietic necrosis virus (lHNV), and viral hemorrhagic septicemia virus (V HSV). 
The fu ll-length RNA was analyzed using formaldehyde agarose gel elec1rophoresis followed 
by ethidium bromide staining. Compared wilh an internal RNA size standard, all three 
viral genomic RNA! appeared to have identical relative mobilities and were eslimated 10 
be approximalely 10.7 kilobases in length or about 3.7 megadaltons in molecular mass. 
Siructural prolein synt hesis of HR V. IHNV, and VHSV was sludied using cell cultures treated 
with aClinomycin D. At 2 h in lervals. proleins were labeled wi th ""S-melhionine. extracted. 
and analyzed by SDS-polyacrylamide gel electrophoresis and autOradiography. The five struc­
tural protei ns of each of the three viruses appeared in the following order : nucleoprotein 
(N). matril( prOlein I (MI). malri l( protein 2 (M2). glycoprotein (G), and polymerase (l) 

reflecting both the approl(imatc relative abundance of each protein wit hin infected cells and 
the genc order wit hin Ihe viral genome. 

Hirame rhabdovirus (HRV) is a n important 
virus associa ted wit h high mortality among 
stocks of cu ltured Japanese nounder (Gorie et 
al., 1985 ; Kimura el 0/., 1986) while infectious 
hematopoietic necrosis virus (I HNV) a nd viral 
hemorrhagic septicem ia vi rus (VHSV) are im­
portant pathogens affecting several species of 
wild and cu ltured salmonid fish (Pilcher and 
Fryer. 1980: Wolf, 1988). The vi rions of lHNV, 
VHSV. and HR V are comprised of five st ruc­
tural protein~: pol ymerase (L) , gl ycoprotein (G), 
nucleocapsid protein (N). and two matrix pro­
teins (M I and M 2) (Lenoir and de Kinkelin , 1975: 
McAllister and Wagner, 1975: Hsu et 01. , 1985: 
Nishizawa el 0 /" in press). All three viruses 
share biochemical and morpho[ogical charac­
teristics typical of memben o f the Lyssavirus 
genus of the fam ily Rhabdoviridae (Kimura el 
0/., 1989). 

Rhabdoviruses have a negative sense, single­
st randed RNA genome with a sedimenta tion 
coefficien t (S) of '38- 4S, corresponding to a mo­
lecular ma~s of approl(imately 3.S- 4.6 megadal­
Ions (md) or about 11- 12 kilobases (kb) in length 
(Banerjee, 1987: Wagner, 1987) . The genom ic 
RNAs of five f1sh rhabdovi ruses, including 
IH NVand VHSV . have been analyzed by sucrose 
gradient centr ifugation and fou nd to have 
sedimentation coefficients of 38- 40S (Hill et 0/., 
1975). Kurath aDd Leong (198S) used glyOl(a[­
treated RNA and gel electrophoresis in 1% 
agarose to determine that the IHNV genome 
had an estimated mass of 3.7 md. 

The genes-of lys5aviruses a re known to occur 
in the following order in the genome: 3'-N­
MI-M2-G-L-S' (Banerjee, 1987: Wagner, 1987), 
Kurat h et 01. (l98S) used R-1oop mapping 10 
determine the gene order for 1HNV and found 
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it was typical of lyssaviruse5 wi th the excep­
tion of a novel gene coding for a non-vi rion 
(NV) protein which occurred between the G 
and L genes (Kurath and Leong, 1985). Bernard 
a nd de Kinkelin (1985) used UV t ranscriptiona l 
mapping to determine the gene order of the 
VHSV genome. The N, MI , a nd G genes 
mapped in the order predicted: however, it:e 
positions of the Land M2 genes could not be 

determi ned by this method. 
Rhalxlovirus transcription proceeds in a se­

quentia l and polar manner, but the fi ve struc­
tural proteins are not syn thesized in equamolar 
amounts due to a mechanism whereby tran­
scription is attenuated at each gene junction 
(Banerjee, 1987; Wagner, 1987). This tra nscrip­
tional regulation means that, in a genera l sense, 
the rhabdovirus gene o rder reflects the number 
of molecules of each protei n that will be re­
quired to build the complete virion (Wagner, 
1987). Leong et al. (1983) used 3'S-methionine 
to label the five IHNV structural proteins dur­
ing synthesis in infected cells. They found the 
N protein was produced fi rst and as early as 
2- 31'1 post-infection. Other IHNV proteins up-
peared in 
sequence. 
VHSV by 

the order predicted from the gene 
Simi lar results were obtained for 

de Kinkelin et al. (1980) using cells 
treated with actinomycin-D. 

In this study, we obtained estimates of the 
molecular weight of the HR V, IH NV. and 
VHSV genomes by compari ng the relative 
mobility of genomic RNAs in formaldehyde 
gels. We used lOS-methionine labeling of viral 
proteins produced in cells treated with actina­
mycin-D to investigate the rate of structural 
prote in synthesis of the viruses. Our results 
suggest the three viruses are very similar in the 
size of the genome and in the order of protein 
synthesis. 

Materials and Methods 

Cells and Viruses 
Epithelioma papu[osum cyprini (EPC) cells 

(Fijan et al. , 1983) were grown at 18"C in Eagle's 
min imum essential medium(MEM)supplemented 
with 10% fetal bovine serum, 100 I. U. of peni­
cill in, and 100 pgfml streptomycin. Hirame 
rhabdovi rus (strain 8401-H), VHSV (Egtved st rain 

FI), and IH NV (Cultus Lake stmin) were used 
in this study. 

Virus PurjjicQlion 
Viral pu rification was performed as describl.!d 

by Nishizawa et al. (1991). Briefly, virus 
from cell cultu re nuid was concen trated using 
polyethylene glycol (PEG-6,OOO) and pu rified by 
cen trifugation through both 11 discontinuous 
gradien t comprised of 50%,35%. and 20% (W/W) 
sucrose in STE buffer (20 mM Tris, pH 7.4. 100 
mM NaCI, and I mM EDTA) and a con tinuous 
gradien t comprised of 5% to 30% (W/ W) sucrose 
in STE. 

Preparation of Viral RNA 
Sodium dodecyl sul fat e (SDS) and proteinase 

K were added to the vi ral suspension at 1% 
(V/V) and I mg/mi, respectivel y, a nd the mixture 
was incubated for 30 min at 37°C, Vi ral RNA 
was ext racted rrom the disrupted virions with 
STE-saturated phenol, followed by STE-saturated 
chloroform. The aqueous phase was made 0.3 M 
by addition of sodium acetate (pH 7.4) and the 
RNA precipi tated by addition of 2.5 volumes 
of et hanol. The viral RNA was pelleted and 
resuspended in distil !ed, deionized wa ter. 

Electrophoresis of RNA 
Formaldehyde agarose gel electrophoresis was 

used to analyze vi ral RNA (S<tmbrook et af., 

1989) . The purified viral genomic RNA was 
mixed with an equal volume of sample buffer 
containing 22 mM of 3-(N-morpholino) propane­
sulfonic acid (MOPS, pH 7.0), 5 mM of sodium 
acetate, 0. 1 mM EDTA, 6.3% (V/V) formal­
dehyde, 7% (V/V) gl ycero l, and 0.5% (W/V) 
bromophenol blue (BPB), and incubated for 15 
min at 65°C, A 1% (W{V) agarose gel was 
prepared containing 22 mM MOPS (pH 7.0), 5 mM 
sodium acetate, 1 mM EDTA, a nd 7.4 % forma l­
dehyde. the running buffer containing 22 rnM 
MOPS (pH 7,0), 5 mM sodium acetnte, and 0.1 mM 
EDTA. A 0.27- 9.5 Kb RNA size ladder (BRL 
Inc., USA) was included in one lane of the gel 
and used to provi de estimates o f the relative 
mobili ties of the genomic RNAs. Following 
electrophoresis at 50 V fo r 2 h. the gels were 
stained with ethidium brom ide (1 0 pgfm/) and 
photographed. The molecular weigh t of each 
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virus genome was estimated by interpolation 
from a plol of the relati ve mobilities of the 
RNA species in the size ladder. 

l.abeling of Viral Proteins 
Monolayers of EPC cells were infected with 

A 

B 

1 2 3 • 5 6 

c 

1 2 3 • 5 6 

virus at a multiplicity of infection of 10 and 
incubated for I h at 18°C 10 allow for ad50rp­
lion. T he monolayers were washed twice using 
Hanks' balanced salt solu tion (HBSS) and in· 
cubaled a l 18°C with MEM containing 1.0 
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Illg. I. AUlOradiogram of SOS.pol Yllcrylamide gel electrophoresis of vi ral prctcins labeled 
wilh US-methionine at 2 h inlcrvals after virus adsorption . Cultures of EPC cells 
were infecled with hirame rhabdovirus (panel A); viral hemorrhagic septicemia vi ru5 
(panel lJ); and infectious hematopoietic necrosis virus (panel C). Lane 1. eXlracls 
of cells labeled with J~S.mcl hionine at 0-2 h after viral adsorption: lane 2. labeled 
al 2-4 h; lane 3. labeled al 4-6 h; lane 4. labeled III 6-8 h: lane 5. labeled at 8- [0 h; 
lane 6. [abe[ed at 10- 12 h; lane 7, labeled at 12- 14 h; lane 8. labeled at 14- [6 h; lane 
9. labeled at 16- 18 h: lane 10. labeled III 18-20 h; lane I I. labeled al 20- 22 h: lanc 12. 
labeled at 22-24 h: and lane 13. mock infected cells labeled al 22-24 h. 
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adsorption. intracellular proteins were labeled 
by removing the tissue culture medium and 
replacing il with MEM containing 50 {tCi /mf of 
" S-methionine and 1.0 P8/ml of actinomycin D. 
AI Ihe end of the 2 h labeling period at 1Soe, 
the medium was removed, and [00 pi of SDS­
lysis buffer (166 rnM Tris, pH 6.8, 5.3% (W/ V) 
of 8DS, and 13% (V/ V) of 2-mercaptoothanol) 
was added. The lysate! were harvested and 
made 8.0 M with urea. The labeled proteins 
were separated by 8DS-polyacrylamide gel 
electrophoresis. 

Electrophoresis of Proteins and Autoradiography 
PrOieins were analyzed by 80S-polyacrylamide 

gel electrophoresis using a 10% polyacrylamide 
gel with 2.5% stacking gel (Laemmli , 1970). 
The Laemmli buffer system was used for gel 
and reservoi r buffers. After electrophoresis 
at a constant current of 30 rnA, the gel was 
dried for 2 h on a gel dryer and exposed to X­
ray fil m for 3 days at _ 80Ge. 

Results and Discussion 

Genomic RNA from purified HR V, VHSV, 
and IH NV virions was extracted and analyzed 
using formaldehyde agarose gel electrophoresis. 
In th is gel system, the relative mobilities of the 
three RNAs appeared identical. A single band 
was observed with each viral RNA, suggesting 
that full-length, intact, genomic RNA was 
present. Compared to the internal RNA stand­
ard, the estimated size of each genome was 
approximately 10.7 kb or about 3.7 md in mo­
lecular mass using the average molecular weights 
of adenosi ne monophosphate, ur idine monopho­
sphate, guanine monophosphate, and cytosine 
monophosphate. Th is va lue was the same as 
that reported for IH NV by Kurath et al. (1985) 
and falls wi thin the range of genomic RNAs 
typical of rhabdoviruses (Wagner, 1987). 

A compa rison of structural protein synthesis 
of HRV , IH NV, and VHSV was conducted by 
adding liS-methionine to cultures of infected 
EPE cells at two hour intervals following virus 
adsorption (Fig. 1). In cells infected with HRV, 
the N, MI, M2, G, and L proteins appeared at 
6-8,6- 3, 8- 10, 8- 10, a nd 14- 16 h, respectively. 
In the cells infected with VHSV, the N, MI , M2. 

G, and L proteins appeared at 4- 6, 6- 8, 8- 10, 
8- 10, and 12- 14 h, while in cells infected with 
IH NV, the N, Ml, M2, G, and L proteins ap­
peared at 8- 10,12- 14. 12- 14.16- 18, and 18- 20h 
after adsorption. Our results were generally 
analogous to those already reported for IH NV 
by Leong et 01. (1983) and for VHSV by 
de Kinkelin et al. (1980) except that the time 
of first appearance of the structural proteins was 
later, perhaps due to less efficient labeling in 
our system. Our gels showed that host cell 
protein synthesis was not complete ly arrested 
by the actinomycin-D concen tration used, mak­
ing the time of initial appe9.r3nce of cerlain 
proteins difficult to determine. Because of the 
nature of rhabdovirus transcription, the order 
of appearance of the structural proteins renects 
both the relati ve abundance of each mRNA and 
the gene ' order within the genome (Banerjee , 
1987; Wagner, 1987). In our gels. the structuml 
proteins of the three viruses appeared in similar 
order suggesting: the gene order of each virus 
is the same. 

Kurath and Leong (1985) discovered a novel 
gene coding for a 12 Kd nonvirion (NV) protein 
that mapped between G and L genes of IHNV. 
In our gels, this protein was not detected in 
labeled extracts of cells infected with HR V. 
IH NV, or VHSV. Because of the position of 
the NV gene, the relative abundance is expected 
to be low and our failure to detect it is probabl y 
due to the less efficient labeling of our proteins 
in the face of incomplete a rrest of host cell 
synthesis. 

AcknowledgmcnlS 

We thank Dr. B. J . Hill , Fish Disease Labo­
ratory, Ministry of Agriculture, Fisheries and 
Food, U. K. for providing the IH NV isolate 
used in this study and Cindy Arakawa and 
Kevin Oshima of the National Fisheries Re­
sea rch Center, Seatlle. for technical assistance 
wi th portions of this work. This research was 
supported in part by Grant-in-Aid for Scientific 
Research No. 02954094 from the Ministry of 
Education. Science and Culture of Japan. 



v 

Genome siz..: and l>rotdn synth..:sis of HR V, IHNV and VUSV " 
References 

Ba nerjee. A. K. (1 987): T ranscription and replica­
tion of rhabdoviruses. Microbiol. Rtv .. 51. 66-
87. 

Bernard, J . and 1'. d..: Kinkelin (1985): Effect of 
UV irradiation of vi ra l hemorrhagic septicemia 
virus on viral-specific int racellular synthesis. Ann. 
Virol. (lnst. Pasltur), 136, 213- 222. 

de Kinkelin . P., M. Bearzotti-Le Berre and J. 
Bernard (1980): Viral hemorrhagic septicemia 
of rai nbow trou t : Sclection of a thermoresistant 
viros variant and comparison of polypeptide syn­
thesis with the witd·type virus strain. J . Virol .. 
36. 652-658. 

Fijan . N., D. Sulimanovic, M . Bearzotti. D. Muzinic, 
LO,Zwi llenberg.S. Chilmonczyk, J . F. Vautherot. 
and P. de Kinkel in (1983): Some properties of 
the epithelioma papulosum cyprini (EPe) cell line 
from carp Cypr;nus carpio. Ann. Virol. (lnst. 
Pasltur). 134. 207- 220. 

Gorie. S., K. Nakamoto and K. Katashima (1985): 
Disease of cul ture hirame (Japanese fl ounder) 
Paralichthys o/iyactus I. Preliminary report on a 
disease of marine pen cultured flounder may be 
caused by viral infce tion. 8ull. Hyogo Prc/. FiJ.~. 

Exp. SIn . . 23. 66-68. 
li ill. B. 1.. B. O. Underwood. C. J. Smale and F. 

Drown ( 1915): Physico-ehemical and serological 
characterization of five rhabdovi ruses infecting 
fish. J. Gen. Vlrol. , 27 . 369- 378. 

~bu. Y .. H. M. Engelking and J. C. Leoni! (1985) : 
Analysis of the quantity and synthesis of the 
virion protei ns of infec tious hematopoietic necro­
sis vi rus. Fish PDlh, f. , 20. 33 1- 338. 

Kimura. T .. M. Yosh imizu and S. Gorie (1986): 
A new rhabdovirus isolated in Japan from cu l­
tured hirame (Japanese flounder. Paralichlhys 
o flyactll.f) and ayu (Plecogiossus althefls) . Dis . 
Aqual. Org .. I, m - 217. 

Kimura. T .. M . Yoshimizu. N. Oseko and T. Nishi­
zawa (1989): Rhabdovirus olil'actus (Hirame 
Rhabdovirus). In ~Viruses of lower vertebrates~ 

(cd . by Ahne, W. and E. Kurs tak ). SprinYl:r­
Verlag, Berlin, pp. 388- 395. 

Kurath. O. and J. C. Leong (1985): Characteriza­
tion of infectious hema topoietic necrosis vi rus 
mR A species reveals a nonvirion rhabdovirus 
pro tei n. J. Viral., 53. 462-468. 

Kurath. G .. K. G. Ahern. G. D. Pearson and J . C, 
Leong (1985): Molecu la r cloning of the six 
mRNA species of infectious hematopoietic necro­
sis virus. a fish rhabdovirus, and gene order de­
termination by R-Loop mapping. J. Viral .. 53. 
469-476. 

Laemmli. U. K. (1 970): Cleavage of structural pro­
teins during the assembly of the head of bacterio­
phage T4. Nallire . 227 . 680-685. 

Lenoir. O. lind P. de Kinkelin (1975): Fish rha l>­
dovirus: comparati ve study of protein structure. 
J. Virol.. 16. 259-266. 

Leong, J . C .. Y. Hsu and H. M. Engelking (1983): 
Synthesis of the structura l proteins of infectious 
hematopoietic necrosis virus. In "Bacterial and 
viral diseases of fish, molecular studies" (ed. by 
J . H. Crosa) Washington Sea Grant. University 
of Washi ngton . Seattle. pp. 6 1- 71. 

McA ll ister. P. E. and R. R. Wagner (1975): Struc­
tural proteins of two salmonid rhabdoviruscs. J. 
Virol., 4 . 733- 738. 

ishizawa, T .. M. Yoshimizu. J . R. Winton, W. 
Ahnc and T . Kimura (l99 I ): Characteriza tion 
of structu ral protein o r himmc rhabdovirus. HR V. 
Dis. Aqua!. Org .. (i n press). 

Pilcher. K. S. and J. L. Fryer (1980) : T hl,) virul 
diselLses of fish: A review through 1978. Part I: 
Diseases of proven viral etiology. CRC Cdt. Re~. 

Microblol.. 7. 287- 364. 

Sambrook. J .. E. F. Fritsch and T. Maniatis (1989) : 
Molecu lar Cloning. A Laboratory Manual. Cold 
Spring Ha rbor Press. Cold Spring Harbor, New 
York. Chapter 7. 

Wagner, R. R. (1987): The Rhubdov iruses. Plenum. 
New. York. 544 P. 

Wolf. K. (1 988): Fish Viruses and Fish Viral 
Diseases. Cornell Uni versit y, Ithaca. New York. 
476 p. 


