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ABSTRACT: The region of the viral haemorrhagic septi- 
caemia virus glycoprotein gene  coding for amino acids 142 to 
357 was sequenced and compared among 6 isolates of the 
virus from rainbow trout in Denmark. Isolates were sclected 
that were  strongly neutralized h)  polyclonal and monoclonal 
antisera, not neutralized by antlsera, or that represented more 
than 500 serial passages in cell cultures The overall diversity 
within this region of the glycoproteln was 5 . 4 %  d t  the 
nucleotide level and 6.9'%, at the amlno a c ~ d  level. Most of the 
variat~on was in the portion of the proteln from amiilo acids 
210 to 290 where substitutions Lvert. found in 13 of the 80 
amino acids (16':.,). In contrast, the central portion of the gly- 
coprotein ot the F1 reference strain of the vlrus was remark- 
ably stable during 510 passes in cell culture, accumulating 
only a single amino acid substitution. Differences between 
the neutralizable and non-neutralizable isolates were  found 
in the regions from amino acids 257 to 259 and from 283 to 
288. 
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Viral haemorrhagic septicaemia (VHS) is a severe 
systemic infection of fish that principally affects cul- 
tured rainbow trout Oncorhynchus mykiss in Europe 
(Wolf 1988, Jergensen 1992). The disease is caused by 
a rhabdovirus termed Egtved virus or VHSV (Jensen 
1965, Wolf 1988). Because sequence data exist for only 
a limited number of strains of VHSV, little is known 
about the extent of genetic diversity among various 
isolates of the virus. In recent years, isolates of the 
virus that were not neutralized by polyclonal or mono- 
clonal antibodies made against the F1 reference strain 
of VHSV have been encountered with increasing fre- 
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quency in connection with outbreaks of VHS in Danish 
trout farms (Olesen et  al. 1993). Because most neutral- 
izing epitopes of rhabdoviruses (e.g.  rabies virus, 
vesicular stomatitis virus, infectious haematopoietic 
necrosis virus) are located within the central portion of 
the viral glycoprotein (Luo et al. 1988, Benmansour et 
al. 1991, Huang 1993), we determined the number and 
location of nucleotide and deduced amino acid substi- 
tutions in the analogous region of the gene encoding 
the glycoprotein (G)  of VHSV and compared neutraliz- 
able and non-neutralizable isolates with respect to 
such differences. Also, we determined the nucleotide 
and amino acid substitutions accumulating in the 
glycoprotein gene of the F1 reference strain of VHSV 
during more than 500 passages in fish cell lines to ob- 
tain information about the genetic stability of the virus 
during serial passage in tissue culture. To facilitate our 
work, we used the reverse transcriptase, polymerase 
chain reaction (RT-PCR) to amplify a 1000 nucleotide 
region of the G gene of VHSV. The resulting RT-PCR 
product was used as a template for fluorescent termi- 
nator, cycle sequencing of both DNA strands of a 650 
nucleotide region coding for amino acids 142 to 357 of 
the viral glycoprotein. 

Materials and  methods. Six isolates of VHSV were 
used in this study. Voldbjerg (DK-3592B), Hjarnc? (DK- 
6137), Vejen (DK-5?27), N ~ r r e  A (DK-6045), and 
Nielsby (DK-5727) were obtained at  low passage levels 
and  the F1 reference strain was obtained at  passage 
levels 13, 256, and 510 from the Danish Veterinary 
Laboratory, Arhus, Denmark. All isolates were from 
rainbow trout suffering acute VHS in Danish trout 
farms. The Voldbjerg isolate and the 3 passage levels 
of the F1 strain were strongly neutralized by a panel of 
monoclonal and polyclonal antibodies made against 
the F1 reference strain of VHSV while the other iso- 
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lates were not neutralized (or neutralized at very low 
efficiency) by these reagents (Olesen et al. 1993). The 
F1 strain was isolated in 1962 using primary trout 
ovary cells and has been passed more than 500 times in 
cell culture. The vast majority of the passages were 
performed under conditions of low multiplicity of 
infection (MOI) using RTG-2 cells. Cloning by plaque 
selection was performed 3 times in FHM cells around 
passage level 100 while a few passages were made 
using EPC cells. The remaining isolates were obtained 
using BF-2 cells and had been passed 4 to 6 times at 
moderate MO1 in cultures of BF-2 and EPC cells. 

For production of virus and viral genomic RNA, 
CHSE-214 cells were grown in plastic flasks or multi- 
well dishes at 20°C using Eagle's minimal essential 
medium supplemented with 10% fetal bovine serum 
and standard concentrations of penicillin and strepto- 
mycin. When cells were grown in open culture sys- 
tems, the medium was buffered with Tris (pH 7.6), 
whereas in closed systems, a sodium bicarbonate 
buffer (pH 7.4 to 7.6) was used. Following inoculation 
with stock virus, cultures were incubated at 15°C for 3 
to 5 d. At the time of harvest, the cultures showed com- 
plete cytopathic effect. 

Total RNA was selectively extracted from a 0.5 m1 
aliquot of membrane-filtered (0.45 pm pore size) cul- 
ture fluid by addition of 0.7 m1 of a solution containing 
phenol, 2-mercaptoethanol, and guanidinium thio- 
cyanate (RNAzol B, Cinna/Biotecx). After vigorous 
shaking for 10 min at room temperature, 70 p1 of a 24 : 1 
mixture of chloroform and isoamyl alcohol at -20°C 
was added and the tube vortexed for about 1 min. Sub- 
sequently, the tube was centrifuged at 15800 X g for 
15 min in a microfuge. The upper aqueous phase was 
carefully transferred to a clean microfuge tube and 
mixed with an equal volume of isopropanol at  -20°C. 
The mixture was vortexed briefly and left on crushed 
ice for 15 min. Then, the tube was centrifuged at 15800 
X g for 15 min and the supernatant carefully removed 
and discarded. The RNA pellet was washed with 70 % 
ethanol and the centrifugation repeated. Most of the 
ethanol was removed, and the RNA dried in a vacuum 
centrifuge. The RNA was dissolved in 100 p1 of water 
and stored at -80°C until used. 

The reverse transcriptase, polymerase chain reaction 
(RT-PCR) was performed using a thermal cycler 
(Perkin-Elmer Model 9600). Briefly, reaction volumes 
of 50 p1 were made containing 21 p1 of water, 5 p1 of 
10x PCR buffer, 16 p1 deoxynucleotidetriphosphates at 
1.25 mM p1-l. 2.5 p1 of the sense primer at  20 pM PI- ' ,  
2.5 p1 of antisense primer at  20 pM p1-', 0.5 p1 of avian 
myeloblastosis virus reverse transcriptase (United 
States Biochemical) at 2.5 units p1-l, 0.5 p1 of Taq 
polymerase (Perkin-Elmer-Cetus) at 5 units p1-', and 
10 p1 of crude RNA, prepared as described. The 

nucleotide sequences of the sense and antisense 
primers were 5'-CAGCTTCTTTGGAGGGC-3' and 5'-  
TTAGTGGAAAGATCGGATG-3', respectively. These 
were selected from the published sequence of the 
Voldbjerg strain of VHSV (Lorenzen et al. 1993) to 
yield an RT-PCR product of about 1000 nucleotides in 
length. The thermocycler was programmed for RT- 
PCR as follows: reverse transcription for 15 min at 
50°C, sample denaturation and RT inactivation for 2 
rnin at 95°C followed by 30 cycles of 2-step PCR 
(denaturation for 30 S at 95OC and primer annealing/ 
synthesis/extension for 60 S at 60°C) with final exten- 
sion for 7 min at 60°C. Minimum ramp times were used 
between temperature changes. 

Aliquots of the RT-PCR products were gel-purified in 
2 %  low melting point agarose (Nusieve) in l x  TAE 
buffer. Following electrophoresis at 40 V for about 
40 min, the gel was stained for 10 min with ethidium 
bromide, bands in the gel were briefly visualized in UV 
light, and the DNA was rapidly cut out of the gel for 
further purification. The excised PCR products were 
transferred to a microfuge tube, heated to 70°C for 
2 min to melt the agarose, and concentrated using a 
spin column (Wizard Magic Prep, Promega) according 
to the manufacturer's instructions. The purified DNA 
was resuspended in 50 p1 of water, quantified by spec- 
trophotometer, and stored at -80°C until used for 
sequencing. 

Both strands of the central portion of the RT-PCR 
product were sequenced using 4 primers and a dye- 
terminator cycle sequencing kit (PRISM, Applied 
Biosystems, Inc.) according to the instructions of the 
supplier. The region of the PCR product selected for 
sequencmg corresponded to the 650 nucleotides 
coding for amino acids 142 through 357 of the VHSV 
glycoprotein. The sense primers were 5'-ATCACGAG- 
TACCCGTTCTTCC-3' and 5'-ATCACAGGGTGGT- 
CAAGG-3' while the antisense primers were 5 ' -  
ACCTCGCATGATTTGACCG-3' and 5'-TGCATGCC- 
ATTGTGAGTCC-3'. The sequence data were stored, 
aligned, and analyzed using the PC Gene (Intellige- 
netics) software programs. 

Results. Agarose gel electrophoresis revealed that 
the RT-PCR reactions using genomic RNA from each of 
the VHSV isolates gave rise to a single band (Fig. 1). 
When run with molecular weight markers, the RT-PCR 
products had relative mobilities corresponding to 
dsDNA of the expected size of approximately 1000 
base pairs. Fluorescent terminator cycle sequencing of 
both strands of the RT-PCR products produced un- 
ambiguous sequence data and the product from the 
Voldbjerg isolate gave results which were in perfect 
agreement at the nucleotide level with results from 
conventional sequencing of the G gene of this isolate 
(Lorenzen et al. 1993). 
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Fig. 1 Agarose gel electrophoresis of the products resulting 
from reverse transcriptase, polymerase chain reaction (RT- 
PCR) amplification of the central portion of the glycoprotein 
gene of different isolates of viral haemorrhagic septicaemia 
virus. The bands contain double-stranded RT-PCR products 
of approximately 1000 base pairs that wvre excised, punfied, 
concentrated, and used as templates for automated fluores- 

cent sequencing 

Comparisons of the 650 nucleotides and 216 
deduced anlino acids of the 8 RT-PCR products re- 
vealed from 0 to 30 nucleotide differences (0 to 4.6 %) 
and from 0 to 12 amino acid differences (0 to 5.6%) 
between the various pairs of sequences (Table 1). 
Overall, amino acid substitutions occurred at  15 of the 
216 (6.9%) residues (Fig. 2). Most of these substitutions 
occurred in the region between amino acids 257 to 
290 and all but one were conservative. No nucleotide 
differences were detected between passages 13 and 
256 of strain F1 resulting in identical deduced amino 
acid sequences for this portion of the protein. Between 
passages 256 and 510, 2 nucleotide substitutions had 
accumulated, one of which was silent and the other of 
which resulted in the substitution of lysine for a glu- 
tamic acid residue at a codon within the RT-PCR 
product corresponding to amino acid 259 of the open 
reading frame of the VHSV glycoprotein (Fig. 2) .  

The 4 non-neutralizable VHSV strains (Hjarn~r, 
Vejen, Nerrre A, and Nielsby) all differed from the neu- 
tralizable isolates (3 passage levels of F1 and Vold- 
bjerg) by having substitutions in the region of amino 
acids 257 to 259 (glutamic acid for glycine at position 

257 and aspartic acid for glutamic acid at position 259) 
and in the region of amino acids 283 to 288 (asparagine 
or arginlne for one of the lysine residues at positions 
283 to 284 and threonine for alanine at position 288. 
One or both of these regions may represent a n  anti- 
genic site containing a neutralizing epitope. 

Discussion. The overall diversity within the central 
reglon of the glycoprotein of the 6 isolates of VHSV 
was 5.4% at the nucleotide level and 6.9% at the 
amino acid level. This is comparable to the variation 
reported among isolates of a related fish rhabdovirus, 
infectious hematopoietic necrosis virus (IHNV) as 
determined by Oshima e t  al. (1995), who used T-l 
ribonuclease fingerprinting to determine that 26 iso- 
lates of IHNV differed by slightly less than 5 % at  the 
level of the genomic RNA, and by Nichol et  al. (1995), 
who sequenced the entire glycoprotein and non-virion 
genes of 12 IHNV isolates and found a n  overall differ- 
ence among the glycoproteins of approximately 6.5 % 
at  the amino acid level. 

W h ~ l e  the non-neutralizable isolates of VHSV might 
be considered a second 'serotype' of VHSV, the amino 
acid differences between the neutralizable and the 
non-neutralizable isolates were much less than the 
differences found within a single serotype of either the 
mammalian vesiculovirus, vesicular stomatitis virus 
(Nichol et  al. 1989), o r  the mammalian lyssavirus, 
rabies virus (Bourhy et al. 1993). Differences in the 
glycoproteins between serotypes of the mammalian 

Table 1 Matrix of the pairwise similarity scores among the 8 
nucleotide and deduced amino acid sequences of the central 
portion of the glycoprotein gene of 6 isolates of viral haemor- 
rhagic septicaemia virus. Comparisons among 650 nucleo- 
tides of the glycoprot.ein gene and among the 216 deduced 

amino a c ~ d s  are shown 

1 

Nucleotides 
1. F1-l3 - 
2 F1-256 650 
3. F1-510 648 
4 .  Hjarns 626 
5. Nsrre  A 623 
6. Voldbjerg 630 
7. Nielsby 629 
8. Vejen 628 

Amino acids 
1 F1-13 - 

2 F1-256 216 
3. F1-510 215 
4 .  Hjarn0 205 
5. Narre A 204 
6. Voldbjerg 208 
7. Nielsby 206 
8 Vejen 205 
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Pi-l3 
F 1-256 
Fl- 5LO 
V*lrn?Ee% 
H j e o  
.Wrre A 
Ukll sby 
Ve j$n 

F1-13 
F1-256 
Fi-510 
Vol dblerg 
Hiarno 
Norre A 
Nielsby 
V e j  ern 

CT?lsBCqTHW~YWVGATPKAHCPTSGFLEGH~R~VVKAIVAG 
C T T S ~ W a C V W 0 4 T P K A M C P T S E T L ~ P H R W A G  
CTTSXQTWVWGATmCPTmLECHLfTRTHDHRWKAfVAG 
CTTSPCqTRWQGVYW~TPKAllCPTSETLEGHLF~DtfRVVKRf VAG 

GPGKAHYCLNGQIMRG 
GPGKAHYLLNGQIMRG 

Fig. 2.  Deduced amino acid sequences for the central portion of the 
glycoprotein of 6 isolates of viral haemorrhagic septicaemia virus. 
The 216 residues are numbered to correspond to the amino acids of 
the open reading frame of the full-length glycoprotein. The symbol 
( * )  shows the location of the 201 amino aclds that were perfectly 
conserved. Substitutions relative to the consensus sequence are 

shown in bold 

lyssaviruses (Bourhy et a1 1993) are  in the same range 
(approximately 50 %) as between the glycoproteins of 
VHSV and IHNV (Morzunov et al. 1995) suggesting 
VHSV and IHNV could be considered serotypes of the 
same fish rhabdovirus. Both these piscine viruses differ 
sufficiently from their mammalian counterparts to be 
proposed as members of a novel genus of the Rhab- 
doviridae (Morzunov et  al. 1995). Further molecular 
studies are  needed to understand the evolution of the 
fish rhabdoviruses (Winton et al. 1992). 

While the overall variation within the 216 amino 
acids of the central portion of the VHSV glycoprotein 
was approximately 7 %, the region of the protein from 

amlno acid 210 to 290 contained a greater percentage 
(16%) of substitutions. This unequal distribution of 
changes, graphically displayed in Fig. 2, may be due 
to the presence of localized external domains on the 
surface of the complex tertiary structure of the glyco- 
protein that would be subject to greater selection pres- 
sure. Alternatively, regions with low variation may 
have significant structural and/or biological con- 
straints such that changes in these regions could be 
lethal. 

The presence of only a single amino acid substitution 
within the central portion of the glycoprotein of the F1 
isolate of VHSV following over 510 passages in cell 
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culture was remarkable. This indicates that sequenc- 
ing VHSV isolates at diffcnng passage levels does not 
introduce a significant error due  to random mutational 
drift. This flnding is consistent with the 'quasispecles' 
concept of RNA vlrus populations (Domlngo & Holland 
1988). Wlthin the quaslspecies, genoines with muta- 
tions at essentially any non-lethal site are being gener- 
ated durlng every round of replication due to the high 
error rate of the RNA polymerase However, the aver- 
age (consensus) sequence of the population is reflec- 
tive of the most fit genotype and quite stable durlng 
the absence of changing conditions 01- different selec- 
tive pressures. If  new selection pressures are imposed, 
the most fit genotypes within the quasispecies wlll 
rapldly predominate with a corresponding shift to a 
new consensus sequence. While seemingly inefficient, 

thls strategy allows rapid adaption of RNA viruses to 
new hosts, to escape neutralization by antibody and to 
adapt to a wide range of environmental conditions. In 
this regard, it could be expected that the amlno acid 
sequence of the glycoprotein of virus extracted directly 
from clinical material might be different than the 
sequence following passage of the virus in cell culture. 
This was shown for rabies virus by Benmansour et  al. 
(1992). However, once a cell culture adapted strain of a 
rhabdovirus is selected (often within a single passage), 
it should remain stable unless passed at high MO1 or 
subjected to new selective pressures. Domingo & Hol- 
land (1988) reported that the glycoprotein of vesicular 
stomatitis virus (VSV) accumulated no mutations in 
over 400 passages in cell culture at low MOI; however, 
mutations rapidly accumulated during high MO1 pas- 
sage. In the case of the F1 straln of VHSV, even the 
series of 3 plaque clonings performed around cell cul- 
ture passage 100 did not result in a single nucleotide 
change in the cell culture adapted strain. 

As a method of precisely locating the conformatlon- 
dependent, neutralizing epitopes of rhabdoviruses, 
wlld-type vlrus can be grown in the presence of neu- 
tralizing monoclonal antibodies (MAbs). This applies 
intense selective pressure on the virus resulting in a 
new quasispecies that contains variants that resist neu- 
tralization. The G genes of these 'escape mutants' of 
rables virus, VSV, and IHNV have been sequenced 
and typically found to contain single nucleotide differ- 
ences that led to single amino acid substitutions that 
correlated wlth resistance to neutralization, to lack of 
virulence, or to altered tissue tropism (Sief et  al. 1985, 
Luo et al. 1988, Prehaud et al. 1988, Kim et  al. 1994). 

Many of the neutralizing epitopes of rhabdoviruses 
have been mapped to the central portion of the glyco- 
protein (Luo et al. 1988, Benmansour et al. 1991). The 
glycoproteins of IHNV escape mutants selected by 
Roberti et al. (1991) and by Huang (1993) have been 
sequenced and most neutralizing epitopes mapped to 

one of 2 antigenic sites located at amlno acids 230 to 
231 and at 272 to 276 (Huang 1993, Kiln et al. 1994). 
Thus, we expected at least 1 neutralizing antigenlc site 
would occur \vlthin the 216 amino acld region of the 
VHSV glycoprotein that we analyzed. The large nun?- 
ber of mutations between amino acids 257 and 290 and 
the specific changes in amino acids 257 to 259 and 283 
to 288 that appeared to correlate with lack of neutral- 
lzation ~ndicated  that 1 or more antigenlc sites may lie 
within this region. However, substitutions in thls area 
may lead to conformational changes within neutraliz- 
ing epitopes located elsewhere on the protein. To 
locate the antigenic sites with certainty, the entire gly- 
coprotein gene of additional isolates of VHSV that 
resist neutralization by polyclonal or monoclonal sera 
will need to be sequenced and compared. 

The F1 reference strain was reported to have 
become attenuated around cell culture passage 30 
(Jensen 1965). Because we found no difference In the 
amino acid sequence of the central portion of the F1 
glycoprotein between passage 13 and 256, we believe 
that the loss of virulence is related to mutations in the 
viral genome outside the region analyzed here. Roberti 
et  al. (1991) used neutralizing monoclonal antibodies 
to select attenuated mutants of IHNV. When Kim et a1 
(1994) compared the glycoprotein genes of 4 of the 
mutants with the parental strain, they found the most 
highly attenuated mutant had substitutions at amlno 
acids 78 and 218 that were thought to cause slgnif~cant 
alterations in the secondary structure of the IHNV gly- 
coprotein resulting in altered tissue tropism and loss of 
virulence 

Our  results demonstrated the utility of directly 
sequencing RT-PCR products amplified from relatively 
short regions of the central portion of the glycoprotein 
to determine important features of the evolution, anti- 
genicity, pathogenicity, and epizootiology of fish rhab- 
doviruses. While somewhat time-consun~ing to obtain, 
such data can be highly useful in determining the geo- 
graphic distribution and spread of specific stralns, in 
estimating the extent of genetlc vanatlon or rate of 
genetic change among isolates and in assessing the 
antigenic diversity among strains of the virus to assist 
in rational vaccine design. 
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