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Viral Hemorrhagic Septicemia of Rainbow Trout: Selection of
a Thermoresistant Virus Variant and Comparison of
Polypeptide Synthesis with the Wild-T'ype Virus Strain
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Serial passage of viral hemorrhagic septicemia virus at gradually increasing
temperature selected for a variant virus that replicates at 25°C and has a low
pathogenicity for rainbow trout. Viral hemorrhagic septicemia virus-specific poly-
peptide synthesis was examined in epithelioma papulosum cyprini cells infected
with either a wild-type strain or a thermoresistant variant. The wild-type N and
M, proteins were synthesized throughout the course of infection, whereas L, G,
and M; were more actively translated later in the replication cycle. The wild-type
strain was more cytotoxic at 25 than at 14°C despite the fact that no translation
could be evidenced when the temperature was raised. When epithelioma papu-
losum cyprini cells were infected with the variant virus, the kinetic study was
obstructed since protein synthesis was difficult to observe by the pulse method at
a low multiplicity of infection and aborted when the multiplicity of infection was

raised. The variant was less cytotoxic at 25°C than the wild-type virus.

The viral hemorrhagic septicemia (VHS) virus
is a rhabdovirus, the protein structure of which
resembles closely that of rabies virus (9, 11). The
virus is of economical interest since it can infect
rainbow trout (Salmo gairdneri Richardson) in
fish farms where it is transmitted by contami-
nated water. The infected fish die from hemor-
rhages due to infection of the endothelium of
blood capillaries, anemia due to lesions of the
hematopoietic tissues, and impairment of the
fluid balance due to the destruction of the excre-
tory structures of the kidney. The clinical signs
are consistent with cell killing by viral particles.
VHS serotype 1 also replicates in several fish
cell lines at an optimum growth temperature of
14°C (2).

Since with VHS virus both in vitro cultivation
(3) and experimental trials on the animal (1) can
be well controlled, VHS virus may be well suited
to investigation of the relationship between
structure and function. The first step is the
isolation of mutants which would have lost at
least part of their pathogenicity, and since the
wild-type strain replicates at low temperatures,
the aim was to select a thermoresistant, non-
pathogenic variant.

This paper describes the selection of such a
variant and compares its polypeptide profile
with that of the wild-type strain.

MATERIALS AND METHODS

Cells and virus strains. The epithelioma papu-
losum cyprini (EPC) cell line originating from an

epidermal hyperplasia of carp was used in this study
because the cells grow over a larger range of temper-
atures (2) than rainbow trout gonad (RTG-2; 12) cells.
EPC cells were serially cultured in Tris-hydrochloride-
buffered Stoker medium supplemented with 10% tryp-
tose and 10% fetal calf serum. Additional details about
the monolayer cultures are published elsewhere (2).
The F, Danish virus strain (3) was a gift from P.
Vestergird-Jorgensen and had been passed 100 times
in tissue culture when we received it. The 07-71 strain
had been passed five times since we isolated it from
an infected fish. Both belong to serotype 1 (8).
Selection protocol. The variant virus selection
protocol is described below and summarized in Table
1. Serial passages were done either in Corning flasks
(75 cm®) or in Nunc tubes (4 cm?), and plaque titrations
(3) were done in plastic petri dishes (8 cm?).
Pathogenicity. The infectivity trials are described
in detail elsewhere (1); briefly, 50 fish per duplicate
aquarium were held immersed for 3 h in 3 liters of
aerated water containing 5 X 10° PFU/ml, and then
free-flowing water maintained at 8 to 12°C was turned
on, and the experiment was continued for 4 weeks.
Preparation of C-labeled virus. Corning flasks
(150 cm?®) were seeded with 55 X 10° cells and main-
tained overnight at 30°C (2). Growth medium was
then removed, and the cells were infected at an input
multiplicity of infection (MOI) of 0.01 (wild type) or
0.02 (variant) PFU/cell. After adsorption for 1 h, 20
ml of labeling medium (1 volume of Stoker medium,
4 volumes of Earle saline, and 0.5 1Ci of an amino acid
mixture per ml; specific activity, 45 mCi/mg-atom of
C; Commissariat a ’Energie Atomique, France) was
added to each flask. The fluids were harvested after
complete destruction of the monolayers (72 h at 14°C
for the wild type; 24 h at 25°C for the variant) and
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clarified by centrifugation. The supernatant was cen-
trifuged for 3 h at 25,000 rpm in an SW 27 Beckman
rotor through a cushion of 15% sucrose in TNE (0.15
M Tris-hydrochloride [pH 7.6], 0.15 M NaCl, 0.001 M
EDTA). The virus was resuspended in TNE and frozen
as 40-ul portions. .

Cytoplasmic extracts. Either Nunc tubes seeded
with 2.1 X 10° cells or Costar plates seeded with 10°
cells per well were incubated for 5 h at 30°C so that
the cells would firmly attach. The growth medium was
then replaced by a prelabeling medium (diluted Stoker
medium containing 0.3 pug of actinomycin D per ml).
Cells to be labeled 15 to 20 h postinfection were
immediately infected, whereas cells to be labeled dur-
ing the beginning of the viral cycle were pretreated for
17 h with actinomycin D before infection. The volume
of the inoculum was 0.1 ml. The resulting MOI and
the incubation temperatures are given below. The
virus was absorbed for 1 h at 14°C. At the indicated
time postadsorption, the prelabeling medium was re-
moved, and the cells were incubated for 1 h in labeling
medium containing 2.5 uCi of “C per ml. The cells
were then rapidly washed, resuspended in 0.1 ml of
cold TNE, and frozen at —30°C until used. The protein
content was determined after addition of sodium lauryl
sulfate to a final concentration of 1%.

Sodium lauryl sulfate-polyacrylamide gel
electrophoresis. Cell lysates and virus particles were
mixed with 1 volume of 2X electrophoresis sample
buffer (0.06 M Tris-hydrochloride [pH 6.7], 1% sodium
lauryl sulfate, 10% glycerol, 2% 2-mercaptoethanol, 1
mg of bromophenol blue per ml), boiled for 1 min, and
then fractionated by electrophoresis in discontinuous
sodium lauryl sulfate-polyacrylamide slab gels, with
Tris-glycine-sodium lauryl sulfate as electrode buffer
(7) at a constant voltage of 75 V for the upper gel and
225 V for the lower gel. The gels were dried under

vacuum and autoradiographed at room temperature -

on NS-2T Kodak no-screen film. The radiograms were
scanned at 625 nm with a Gelman Dc D 16 scanner,
which computed the absorbance of the bands.

RESULTS

Adaptation of the virus to thermoresist-
ance. The F; strain of VHS virus had undergone
100 passages at 14°C in rainbow trout gonad
cells (RTG-2; 12) but was immediately adapted
to EPC cells at 14°C (Table 1; designated
Fi« oy [101 passages at 14°C with uncloned
inoculum)) since the yield was similar to that of
a recently isolated virus strain of the same se-
rotype (Table 1; 07-71). When the cultures were
maintained at 20°C, the virus yield was reduced
by 80%, and no virus could be recovered at 23°C
(Table 1) (3).

The culture medium from cells infected with
the F, isolate (Table 1; Fi, 01)) was diluted 1072
and used as an inoculum for passage 1 at 20°C.
On serial passage 4 at that temperature, com-
plete destruction of the monolayer was observed
with an inoculum diluted 1073, suggesting that
adapted virus particules were probably already

TABLE 1. Adaptation of the virus to thermoresistance®
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b.c.d.¢ pathogenicities are as shown in Fig. 2a, b, c, and d, respectively.

! Average of three independent determinations.

&£ND, Not done.
h_, See text
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efficiently selected. After 20 blind passages, the
Fy variant was as efficient at 20°C as the F,
strain was at 14°C, and further passages did not
improve the adaptation at 20°C or impair the
ability to multiply at 14°C (Table 1; Fy (20,
F20 145))°

After 45 blind passages at 20°C, a clone (C)
was selected and passed once more (Cy 4¢)), and
then the yield at all four temperatures was ti-
trated. No virus could be recovered at 25°C, but
the virus could replicate at 23°C as efficiently as
at 14°C. In an effort to verify if the efficiency to
replicate in that range of temperature was a
property of the individual virus particles or due
to a heterogeneity of the population, the virus
was then cloned repeatedly, first after passage
4 at 23°C (Cy; (s5); three different clones) and
then successively six times after passage 14
(C2s 15-20; data not shown). All clones retained
the ability to multiply on the full temperature
range. On the other hand, after passage 7 at
23°C (Table 1; F; (7)) the virus was already fully
adapted since the new variant was as efficient at
23°C as the wild-type was at 14°C. Further
passages did not improve the yield.

Passage 22 at 23°C was used as an inoculum
for passage 1 at 25°C. Selection of virus that
would replicate at that temperature occurred by
passage 3 (Table 1; Fas (3)).

One-step growth kinetics of virus replication
with the uncloned Fy; (2;) variant and 07-71 wild-
type isolate at 10, 14, and 25°C are shown in Fig.
1. No virus could be recovered from the wild-
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F1G. 1. One-step growth kinetics. Input MOI = 10
PFU/cell. Titration was done at the same tempera-
ture as that for the multiplication cycle.
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type sample held at 25°C. When the desorbed
virus (2 h) was substracted from each point, the
yield was the same for the variant at each of the
three temperatures as for the wild type at 10
and 14°C, but the virus replication cycle was
shortened when the temperature was raised,
since with the thermoresistant virus the maxi-
mum yield was obtained after 15 h at 14°C and
5 h at 25°C, so that 25°C can be considered as
the optimum temperature for this variant.

Thus, it has been possible to select a variant
of VHS,; which was able to replicate at 25°C,
and this result was obtained by several succes-
sive mutational events. Once a variant was se-
lected, the progeny would rapidly multiply at
the new permissive temperature, and in about
five to seven passages, the yield would be suffi-
cient so that a new mutation had a good proba-
bility of occurring.

Pathogenicity. At different times during the
adaptation process, the pathogenicity of the vi-
rus for the rainbow trout was tested. The F,
isolate retained its pathogenicity after 101 pas-
sages at 14°C (Fig. 2b) plus 45 passages at 20°C
(Fig. 2c) as compared with the 07-71 recent
isolate (Fig. 2a) since, respectively, 95, 84, and
98% of the infected fish died. Most of the fish
were dead within 7 days postinfection. Thus, a
total of 146 subcultures in vitro were not suffi-
cient to attenuate the virus.

No clear-cut differences in the pathogenicity
of the Fy3 variant could be detected because the
results varied from one experiment to another
(data not shown). This could be due to some
instability of the pathogenic properties during
the adaptation to thermoresistance. In contrast,
most of the fish which were exposed to the
Fzs 21) variant (Flg 2d) survived, and the 4.5%
that finally died did so between 9 and 17 days
postinfection. In another experiment (data not
shown), we verified that virus could be recovered
from at least 50% of the survivors assayed by
using EPC monolayers and that 84% were pro-
tected against a challenge with the 07-71 wild-
type strain, which killed 89% of the control.
Thus, most of the fish had been infected, but the
virus was attenuated. The critical mutational
event probably happened during adaptation to
23°C. The new phenotype was then preferen-
tially selected at 25°C.

Viral proteins. The polypeptides of the wild-
type 07-71 virus grown at 14°C could be resolved
into the five polypeptide species which have
already been described (9, 11), but in all our gels,
a small peak was observed slightly ahead of the
N protein (Fig. 3; N,). This peak has not been
described yet, probably due to the fact that
other authors used cylindrical gels. Whether or
not this protein is the equivalent of the NS
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F1G. 2. Daily mortalities obtained in infection trials with different VHS, virus strains. (a) Wild-type strain
07-71; (b) Fi4 qon; (¢) Fxo sy variant; (d) Fas (1) variant. For these trials, duplicate groups of 50 fish each (mean
weight, 1 to 2 g) were immersed for 3 h in 3 liters of contaminated water (5 X 10* PFU/ml) and were
subsequently held for 4 weeks in aquariums supplied with tap water at 10 to 11°C.

F1c. 3. 07-71 viral proteins. EPC cells infected
with the wild-type strain at an input MOI of 0.01
PFU/cell were maintained in labeling medium (no
actinomycin D) for 72 h at 14°C. After destruction of
the monolayers, the virus was harvested, concen-
trated, and purified as described in the text.

protein of vesiculoviruses is unknown. The mi-
gration of the five major polypeptides was
strictly proportional to the logo of the published
molecular weights (9). Thus, the relative number
of molecules for each polypeptide could be cal-
culated based on the average of the densitometer
tracings from five autoradiograms (Table 2). As-
suming one N molecule (chosen for standardi-
zation), the ratios were 0.05 L, 0.16 G, 0.6 M,,
and 1.3 M..

Since the trials on fish had been done with
F25 21) grown at 25°C, the same temperature was
chosen to study the viral polypeptides of that

variant; only three species, N, M;, and M,, were
resolved. We verified that the sensitivity of the
scanning was sufficient for L and G to be seen if
they had been represented in the same percent-
age as for the wild-type virus (Table 2).

Since VHS virus multiplication did not inhibit
cellular protein synthesis (data not shown), the
cells had to be pretreated with actinomycin D
so that virus-specific polypeptides could be rec-
ognized in cytoplasmic extracts. This method
was preferred to hypertonic medium, which has
been shown to modify the rate of synthesis of
rabies G protein (10). The relative incorporation
of the radioactive precursors in the virus-specific
polypeptides was unchanged whether the pre-
labeling medium was added after adsorption of
the virus or the cells were pretreated (data not
shown). All mock-infected cells were still firmly
attached after 24 h of treatment with actino-
mycin D whichever the incubation temperature
was.

Wild-type 07-71 at 14°C. At an input mul-
tiplicity of infection of 20 PFU/cell, the elecro-
phoretic profile of the cytoplasmic extracts from
cells pulse-labeled at 1 h postinfection was the
same as that of the mock-infected cells (Fig. 4).
The synthesis of the polypeptides N and M,
began 2 h, M; and G began 8 h, and L began 16
h postinfection (arrowheads on Fig. 4). Since at
8 h the rate of synthesis increased as a function
of time, as shown by the increasing height of the
peaks obtained during each 1-h pulse (also visi-
ble on Fig. 4), this amplification may mean that
secondary transcription on replicated viral ge-
nomes had occurred. By 20 h postinfection, the
cells began to round up, and by 24 h, most of
them had detached.

At an input MOI of 14 PFU/cell, the cells
detached later (24 to 30 h).

Wild-type 07-71 at 25°C. In contrast, when
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TABLE 2. Characteristics of viral proteins®

07-71 (14°C)*

Fas e (25°C)°

Protein Mol wt .
% 0D Re::;i:u?:é of OD observed  OD expected
L 190,000 9.7 0.05 0 908
G 80,000 12.4 0.16 0 1,161
N 38,000 37.7 1 3,559 3,529
M, 25,000 14.6 0.6 3,337 1,366
M. 19,000 25.6 13 2,467 2,396

“ Labeled viral particles were fractionated by electrophoresis as described in the text and the gels were

autoradiographed.

® By using the relative optical density (OD) of each band in the autoradiogram, the relative number of
polypeptide molecules was determined, assuming the N protein equals one molecule.
°By using the total OD (9,363 arbitrary units), the expected OD was calulated by assuming that the

percentage would be the same as that for 07-71.

FiG. 4. Cytoplasmic extracts, 07-71, at 14°C. The
MOI was 20 PFU/cell. Numbers at the top of each
well indicate the end of the 1-h pulse. mi, Mock-
infected cells treated with actinomycin D for 24 h.
Arrowheads indicate beginning of the synthesis.

cells infected at an input MOI of 14 PFU/cell
and maintained at 14°C during adsorption to
avoid inactivation of the inoculum were trans-
ferred to 25°C, they rounded up and detached
by 5 to 6 h postadsorption, and no incorporation
of the radioactive precursors could be seen on
the autoradiograms (data not shown), even with
a protein content of 200 ug/well and 2 weeks of
exposure on the Kodak film. Thus, the wild-type
virus inoculum was more cytotoxic at 25 than at
14°C despite the fact that the virus genome

could not be efficiently translated when the tem-
perature was raised.

F25 21) at 14°C. When cells infected with the
thermoresistant variant at an input MOI of 20
PFU/cell were incubated at 14°C (Fig. 5), traces
of the N polypeptide could be seen by 1 h, M;
could be seen by 5 h, and M; could be seen by 7
h postinfection. Even with a protein content of
75 ug/well and a 2-week exposure on the film,
no G or L could be detected. On the other hand,
the rate of synthesis increased from 1 to 16 h
and then slowed down after 17 h, and the cells
detached by about 30 h postinfection. At no
moment was the rate of synthesis high enough
to ascertain the absence of L and G.

To ameliorate the rate of synthesis, the input
MOI was raised to 80 PFU/cell (0.2-ml inocu-
lum). All three polypeptides were visible be-
tween 2 and 7 h postinfection, but the rate of
incorporation of the radioactive precursor was
constant during that time (Fig. 6), and L and G
were still absent. On the other hand, all synthesis
was abruptly turned off by 8 h, but the cells
detached by only 24 h postinfection.

F25 21) at 25°C. When cells infected with the
thermoresistant variant at an input MOI of 2
PFU/cell (diluted inoculum) were maintained at
25°C, the cells detached by 24 h postinfection,
but the level of synthesis was too low, and the
polypeptides could not be labeled by the pulse
method.

At an input MOI of 40 PFU/cell, the cells
were still attached by 8 h postinfection, and
thus, the cytotoxic effect at 25°C was reduced
as compared with the wild type at the same
temperature. All cells were detached by 16 h
postinfection. On the autoradiograms (Fig. 7),
traces of N were visible between 3 and 7 h, but
the bands were so faint that the absence of the
other polypeptides was not significant.

A summary of the results is presented in Table
3.
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Fic. 5. Cytoplasmic extracts, Fas @), at 14°C. The MOI was 20 PFU/cell. MI, Mock-infected cells treated
with actinomycin D for 24 h. Numbers at the top of each well indicate the end of the 1-h pulse.

F16. 6. Cytoplasmic extracts, Fus 1), at 14°C. The
MOI was 80 PFU/cell (0.2 ml). MI, Mock-infected
cells treated with actinomycin D for 24 h. Numbers at
the top of each well indicate the end of the 1-h pulse.

DISCUSSION

A variant of VHS virus has been selected
which can multiply in EPC cells over the range
10 to 25°C. After each step of the adaptation
process, the new variants were as efficient for
inducing in vitro cell lysis at the new permissive

F16. 7. Cytoplasmic extracts, Fas (), at 25°C. The
MOI was 40 PFU/cell. First well, 07-71 viral proteins
as migration markers.

temperature and low input MOI as they were at
14°C, and the yields obtained at both tempera-
tures were similar when compared by plaque
titration at 14°C (Table 1). Thus, in the range of
temperatures to which they are adapted, the
variants could carry out all the functions leading
to cell lysis and the release of viral progeny.
During the adaptation process to thermoresist-
ance, the pathogenicity of the virus was atten-
uated since most of the fish exposed to the virus
survived, and the few fish which died did so
significantly later than the control (Fig. 2). Thus,
the infecting viral particles were unable to kill
the fish despite the fact that they could still lyse
the cells in vitro. This may be related to the fact
that the viral particles of the Fy5 (3;) inoculum
lacked normal amounts of L if that polypeptide
is as necessary for virus-specific RNA transcrip-
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TaBLE 3. Dependence of cell-killing effect and viral protein synthesis on input MOI and temperature

Proteins Survival time (h)
Virus MOI
14°C 25°C 14°C 25°C
07-71 0.01¢ ND* ND 72 Survived

14 L, G N,M,, M, None 24-30 5-6

20 L,G N, M, M, ND 18-24 ND

Fas 21 0.02¢ ND ND 72 24

24 ND None ND <16

20 N, M, M, ND 24-30 ND

40 ND None ND <16

80? N, M,, M, ND 24 ND

¢ Diluted medium.

4 ND, Not done.

¢ No polypeptide visible on the autoradiogram.
¢ A 0.2-ml amount of inoculum.

tase activity as it is in vesicular stomatitis virus
(4, 5, 6). Thus, the replication of the virus may
be slowed down sufficiently so that the defense
mechanisms of the fish could overcome the in-
fection.

In EPC cells and in parallel experiments, the
wild-type inoculum at an input MOI of 14 PFU/
cell was more cytotoxic at 25 than at 14°C. The
necessity of a rise in temperature indicated that
the cell killing effect in that case was the result
of an enzymatic reaction, but the lysis may be
due either to a nonspecific factor released in the
undiluted culture medium which served as a
virus stock or to the abortive replication cycle
when cells infected at 14°C were transferred to
25°C. In the first hypothesis, it is difficult to
understand why the nonspecific factor was lack-
ing in the Fg5 21) stock, which was prepared in
the same manner. In the second hypothesis, the
critical event happened before translation, since
no polypeptide synthesis could be observed.

The kinetic study of virus-specific polypep-
tides in cells infected with the thermoresistant
variant was obstructed since protein synthesis
was difficult to observe at a low MOI and
aborted after 8 h when the MOI was raised. This
result cannot be explained by interferon produc-
tion since the cells were maintained under acti-
nomycin D; on the other hand, exogenous inter-
feron is usually efficient only if the cells are
pretreated before adsorption of the virus.

One possible hypothesis is that at a high MOI
the variant disturbs the host cell, and secondary
transcription or translation or both becomes im-
possible; it may be significant that at 14°C the
shutoff of protein synthesis in cells infected with
the thermoresistant variant was contemporary

with enhanced translation in cells infected with
the wild-type virus.
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