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Summary. A protein of 34kDa (Nx) was induced in vitro by the infection of
fish cell cultures with the rhabdovirus agent of viral haemorrhagic septicaemia
(VHS) of the trout. This protein only appeared as a major component in
concentrated or intracellular labeled VHS virus but not in purified VHS or in
the related infectious haematopoietic necrosis virus. That Nx protein is anti-
genically related to the nucleoprotein of purified virus was shown by its reaction
with four antinucleoprotein monoclonal antibodies (at least 3 of them reacting
non competitivly against different epitopes) and by immunoprecipitation with
polyvalent international reference sera. The Nx protein was shown to be spe-
cifically associated with free non-infective particles isolated by ultracentrifu-
gation which were confirmed to be nucleocapsids by electron microscopy.

Introduction

There are two salmonid rhabdoviruses (family Rhabdoviridae, genus Lyssavirus)
of economic importance, which cause infectious haematopoitetic necrosis (IHN)
and viral haemorrhagic septicaemia (VHS). Their structural proteins are des-
ignated L (the RNA-dependent RNA polymerase of 200kDa), N (the phos-
phorylated nucleoprotein of 45-50kDa), M, and M, (the matrix proteins of
22-28kDa) and G (the glycoprotein of the spikes of 60-80kDa). This protein
composition closely resembles that of rabies virus rather than vesicular sto-
matitis virus in that there are two M proteins [8, 14,17,19].

Mammalian rhabdoviruses also contain small amounts of a phosphorylated
nucleoprotein of 38—45kDa called Ns, which is distinct from the N protein
[23]. No protein of similar molecular weight is present in IHN virus, but a
minor protein component was found in purified VHS virus and called Nx by
De Kinkelin etal. [10]. Nx was also detected by immunoblotting of purified
VHS virus with homologous monoclonal antibodies [18]. In contrast to the
small proportion of Nx found [10, 18], we recently reported the presence of
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Nx in higher concentrations (equivalent to N) in intracellular [**S]methionine
labeled virus. Five different isolates and the reference strains (F,, F,, and 23.75)
of VHS virus showed such high amounts of labeled Nx whereas non-infected
cells or IHN virus lacked any similar protein.

In this work we report the presence of Nx at high concentratlons in con-
centrated but not in purified virus and have demonstrated the antigenic simi-
larities between the N and Nx proteins, together with the specific association
of the latter with free nucleocapsids of VHS virus.

Material and methods
Viruses

The strains of virus used were, VHS-F, and VHS-F,, provided by Dr. P. E. Vestergard-
Jorgensen, VHS-23.75 provided by Dr. De Kinkelin and IHN provided by Dr. Hedrick.
Five VHS-F, isolates [16] were obtained from fish tissue samples in Spain [1]. These virus
were isolated from: rainbow trout, Salmo gairdneri Richardson (689, from Galicia in 1984;
471, from Navarra in 1986; and 144, from Salamanca in 1984); Sa/mo salar Linneus (472,
from Cantabria in 1986), and Barbus graellsi Steindachner (798, from Aragon in 1986).
Unless otherwise indicated isolate 144 was used throughout experiments. It was cloned 3
times, frozen in aliquots and used to infect cultures at low multiplicity of infection (0.001
m.o.1.) to avoid the generation of defective particles.

Cells, media, and virus purification

Epithelioma papillosum cyprini (EPC) cells were used throughout the experiments. Other
cells used were RTG-2 (rainbow trout gonad), CHSE (Chinook salmo embryo) and BF-2
(bluegill fibroblast). Cell culture techniques and media (RPMI-1640 medium, Flow, Ayr-
shire, Scotland) were essentially as reported by Basurco and Coll [1].

Cell culture supernatants from infected cell cultures were centrifuged at 3,000g for
30 min and the pellet discarded. The supernatant was made, 7% polyethylenglycol 6,000,
2.3% NaCl and agitated at 4°C for at least 2h. After centrifugation at 10,000 g, 45 min,
the pellet was resuspended in a small volume of TNE (0.15M Tris, 0.15m NaCl and 1 mM
EDTA, pH 7.6). Analysis of this fraction by gel electrophoresis showed to be 90% composed
of viral proteins [1]. This fraction is referred to as concentrated virus. To further purify
the concentrated virus it was ultracentrifuged through a 15 to 45% sucrose gradient in
TNE at 80,000g for 270 min in a Beckman 25-75 rotor SW 27. The band containing viral
activity was collected. This fraction is termed purified virus. Analysis of this fraction by
gel electrophoresis showed it to be 98% composed of viral proteins [1].

Virus plaque forming assays were performed as described [16] by using ultra-low gelling
temperature agarose type X (Sigma Chemical Co., St. Louis, Mo.). The protein content
of purified virus was estimated both by staining the whole preparation with Coomassie
blue G-250, using BSA as standard protein (Biorad, Richmond, Va.) and by staining the
viral protein bands separated by gel electrophoresis with Coomassie blue and comparing
them to standards. Protein concentration was also determined by absorption at 280 nm
using an extinction coefficient of 1.4.

Isotopic labelling of intracellular virion proteins

To label with [**S]methionine, EPC cell monolayers at 90% confluence cultivated in 96
microwell plates (0.15ml per well) were infected at a m.o.i. of 1-5 TCIDsg/cell in medium
containing 2% foetal calf serum (FSC). After 1h of absorption at 14°C, 150 ul of cell
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aldehyde method as described [6]. Only the conjugates of MAbs numbers 5 and 6 gave
enough titre to perform competition experiments by using a similar ELISA assay as the
one described above for screening the hybridoma supernatants. Briefly, the wells coated
with viral VHS proteins (1 pg/well) were allowed to react with MAbs 4, 5, or 6 (1 ug/well)
and then each one was reacted with conjugates 5 or 6 (0.2 pg/well). Only the homologous
MAD was able to compete the binding of their respective conjugate (not shown). MAD 4
did not compete with the MAb conjugates 5 or 6. ;

Electron microscopy

Specimens (never frozen) for electron microscopy were fixed in 6% buffered glutaraldehyde,
treated with 1% osmium tetroxide, dehydrated in ethanol, stained with uranyl acetate and
lead citrate [21] and observed with JEOL 100-B electron microscope.

Results

Presence of large amonts of Nx

The presence of the Nx protein was demonstrated in concentrated virus obtained
from each of the cell lines, EPC, CHSE, BF or RTG-2, infected with VHS
virus. In all the cases the estimated molecular weight was 34 kDa.

To measure the variations of the relative amounts of Nx the supernatants
obtained from EPC cell cultures after infection with 5 isolates of VHS virus, 3
reference strains of VHS virus and 1 strain of IHN virus, were concentrated
and pelleted through a 20% sucrose cushion by ultracentrifugation. By den-
sitometry of the Coomassie blue stained bands after electrophoresis the viral
particles isolated in the above way contained between 38 to 42% of the total
protein as N (38 kDa) and 7 to 20% of the total protein as Nx (34 kDa). The
IHN virus had N but showed no detectable Nx. The VHS virus serotype F,,

4 42KDa

: 4 18KDa
A B C D

Fig. 1. Electropherogram of VHS virus in the 18-42kDa region. A Coomassie-blue stained
concentrated virus ultracentrifuged through a 20% sucrose cushion. B Autoradiography
of [*’S]methionine labeled supernatant from infected cultures immunoprecipitated with
standard international reference antisera. C Autoradiography of 2 h [**S]methionine labeled
infected cells. D Autoradiography of 3 day [*°*S]methionine labeled infected cells. N, M,
M, Viral proteins of VHS virus as identified by the molecular weight markers run in parallel
(right) and by purified virus. The long arrows to the right indicate the position of the Nx
and the 37kDa proteins
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of Dr. Vestergard-Jorgensen). All 4 anti-N MAbs reacted by immunoblotting
with both N and Nx proteins after separation by electrophoresis of concentrated
virus under denaturing conditions (Fig. 2). To confirm the immunoblotting
results, N and Nx were isolated by electroelution after preparative electropho-
resis. Purity, as estimated by densitometry of the silver nitrate stained gels
following reelectrophoresis of the isolated proteins, was 90% for N and 73%
for Nx (the rest of the protein being Nx and N, respectively).

Fig. 3. Reaction between purified N or Nx
with anti-N monoclonal antibodies by
ELISA. Proteins N and Nx were isolated
by electroelution of polyacrylamide gel
electrophoresed bands of concentrated
VHS virus. Purified N (90% purity) and
Nx (73% purity) were used to coat plates
at 0.3 pg of protein per well and hybridoma
supernatants diluted 10-fold, were used to
react with the wells. 7 Polyclonal ascites
anti-VHS; 2 anti-M monoclonal antibody;
: : : : 4-6 anti-N monoclonal antibodies; 7 anti-
T 24 5678 124567 8 N from Dr. Vestergard-Jorgensen; § non-
MONOCLONAL ANTIBODIES producer hybridoma

15F

A 492-620 nm

05

Table 1. Reaction of anti-N monoclonal antibodies with 5 VHS virus isolates and 3 reference
VHS virus strains

Anti-N Purified/concentrated virus

monoclonal

antibodies 789 471 472 689 144 F, F, 23.75
4 2.0/1.9 22/1.9 20/20 19/19 18/1.5 22/1.5 19/1.6 1.8/1.4
5 2.4/1.9 25/19 20/24 22/20 22/1.8 22/1.5 2.0/20 22/1.5
6 22/1.9 23/1.9 1924 2.1/24 2.1/1.9 19/1.6 2.0/2.1 2.0/1.6
7 20/1.2 1.8/1.3 1.8/1.4 1.8/1.2 1.8/1.0 1.3/1.0 1.6/1.2 1.5/1.0

The ELISA assays were performed by coating the wells with either 0.3 pg of protein
from purified virus or concentrated virus. The supernatants of the hybridomas were diluted
20-fold in dilution buffer so as to produce an ELISA titre of the same order of magnitude.
The results were finally normalized by the ELISA absorbances obtained in parallel with
rabbit polyvalent antisera (F,+F,+23.75) used as international reference standard. The
correction factor varied between 1-2 fold. The results were similar whether rabbit anti-
VHS 144 antisera or mouse polyclonal anti-VHS ascites were used for normalization.
Background values obtained by coating the wells with uninfected cells were 0.1. Numbers
of monoclonal antibodies as shown by the immunoblotting (Fig. 2). IHN virus did not
show any reactivity
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could be found in the overlayed supernatant. The residual infectivity (0.1%)
could be removed from fraction 5 by reultracentrifugation without altering its
protein composition (not shown).

Fractions 2 and 5, prepared for electron microscopy by negative staining,
appeared as shown in Fig. 5. Fraction 2 contained complete viral particles of
average length of 169 nm. Fraction 5, however, contained two different struc-
tures, small circles of average diameter of 22.2 nm surrounded by a thin apparent
coat (Fig. 5,A) and cylinders with striations parallel to the axis of the particle
with different lengths (Fig. 5, B). Long filaments connecting the small circles
were also visible. The released structures were highly heterogeneous in lenght
and appeared distributed throughout the gradient in three different experiments
(not shown).

Fig. 5. Electron microscopy of negative-stained ultracentrifuged VHS virus bands numbers
2 (2) and 5 (5) from Fig. 4. Arrows indicate, 4 small circles of average diameter 22.2 nm
and B cylinders
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The Nx protein was found associated with non-infectious particles isolated
by ultracentrifugation and of nucleocapsid appearance in electron microscopy
[14]. Its specific location in the upper part of the sucrose gradient after ultra-
centrifugation would explain why Nx has been only found in trace amounts in
purified virus banding in the lower part of the gradient [9, 10, 18]. Nucleocapsids
seem to be in excess in the cytoplasm because of their high content of Nx [1]
and as infection lyses the cell they are released into the supernatant together
with the whole virus. Only free nucleocapsids without matrix and G contain
Nx in contrast to nucleocapsids within the whole virus.

A common characteristic of rhabdoviruses is the occurrence of defective
truncated virions which are non-infectious because part of the RNA genome
is deleted [9, 23]. The possibility existed, therefore, that the Nx was associated
with defective viruses present in the same band of the sucrose gradient with
the nucleocapsids [9]. However, the generation of defective particles, was min-
imized by infecting at low multiplicity [9] and no defective viruses could be
found by electron microscopy in the fraction containing the nucleocapsids.
Furthermore, the absence of interfering particles was confirmed by the addition
of the fraction containing the nucleocapsids (fraction 5) to purified virus and
testing the infectious capacity of the mixture as measured by PFUs (not shown).

Thus nucleocapsids containing a high content of Nx do not appear to be
incorporated into mature virus particles. Further study of this phenomenon
may be of value to understanding the mechanisms of virus assembly. On the
other hand, attention has been recently focused on the role of nucleoproteins
of mammalian rhabdoviruses in the immune response to viral infection and
immunization [3, 12]. The Nx protein may give some clues about these processes
in the case of VHS virus. It is also possible that Nx-like proteins may exist in
other rhabdoviruses.
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