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520 J. M. Coll

hydrophobic region (fusion peptide), buried in the native structure, that becomes exposed to the surface
when triggered by a conformational low-pH-induced change (Carr & Kim 1993; Bullough, Hughson,
Skehel & Wiley 1994). No clear identification of such a fusion peptide has yet been made for rhabdoviruses
(Coll 1995a), although the recent mapping of fusion-defective VSV mutants have shown that at least four
different regions distributed through the glycoprotein G molecule could be involved (Whitt, Zagouras,
Crise & Rose 1990; Li, Drone, Sat & Ghosh 1993). The region from amino acids (aa) 123 to 137 has been
recently proposed as a putative fusion domain by site-directed mutagenesis (Zhang & Ghosh 1994), and it
has been shown to be localized near regions with a-d hydrophobic aa repeats (Coll 1995b).

We report here that membrane phospholipid binding seems to occur, regardless of the lower
temperature requirement for infection, in VHSV, a salmonid fish rhabdovirus with similar properties
to mammalian rhabdoviruses.

Materials and methods

Viruses

VHSYV 0771 isolated in France (Le Berre, De Kinkelin & Metzger 1977) from rainbow trout, Oncorhynchus
mykiss (Walbaum), was grown and assayed for infectivity in epithelial papillosum cyprini (EPC) cells, as
described by Basurco, Sanz, Marcotegui & Coll (1991). VHSV was purified (1) by double ultracentrifugation
or (2) by polyethyleneglycol concentration and ultracentrifugation (Basurco et al. 1991). Briefly, virus
concentrated (1) by ultracentrifugation or (2) by polyethyleneglycol was layered on a 15-45% sucrose
gradient in TNE (0-15 m Tris, 0-15 M NaCl, 1 mm EDTA, pH 7-6) and spun at 80 000 g for 270 min in a
Beckman ultracentrifuge. The band at 31% sucrose contained most of the viral infectivity, whole virions
as seen by electron microscopy and all the viral proteins (purified VHSV); the band at 26% sucrose
contained traces of viral infectivity, the N and Nx viral proteins, and showed nucleocapsids by electron
microscopy. Each fraction was further purified by ultracentrifugation over a 20% sucrose cushion and
kept at 4 °C until used. To radioactively label the viral proteins, a U-"*C amino acid (aa) lysate was intro-
duced into the cell cultures at 4 (Ci ml™' (Amersham International, Amersham, Buckinghamshire, England).
The number of G molecules per VHSV virion was calculated from densitometry of the autoradiography of
purified labelled VHSV and estimated to be about 300 pmoles of G per 200 ug of VHSV.

Solid-phase phospholipid binding assays

Immediately prior to the assay, the labelled phospholipids (L-3-phosphatidyl- [L-C3-*C]Serine,
1,2-dioleoyl, PS; L-3-phosphatidylcholine, 1-palmitoyl-2-[1-"“C]linoleoyl, PC or L-3-phospha-
tidylethanolamine, 1-palmitoyl-2-[1-"“C]linoleoyl,PE; at 5355 mCi mmo™"; Amersham International} dis-
solved in organic solvents were dried under vacuum in glass tubes. PC and PE are major components
(41-63% and 16-27%, respectively), whereas PS is a minor component (<1%) of the membrane lipids of
many fish cell lines (Bernard et al. 1984). Phosphate-citrate buffer was prepared from 0-1 M citric acid
and 0-2 M dibasic sodium phosphate stock solutions (Gaudin et al. 1993). After the addition of the
phosphate-citrate buffer to the dried phospholipids, the mixture was sonicated for three 1-min
periods in the cold and immediately used for the subsequent binding assays.

One hundred microlitres per well volumes of 2040 yg ml™ of VHSYV in distilled water were dried
overnight at 37 °C in 96-well plates (Costar, The Netherlands or Nunc, Denmark). Plates were kept at —
20 °C in a dried atmosphere until used. Immediately prior to use, the coated plates were washed once
with the phosphate-citrate buffer and twice with distilled water. Then several amounts of sonicated

© 1995 Blackwell Science Ltd, Journal of Fish Diseases 18, 519-527
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Binding of phospholipids to VHSV on a solid-phase

Figure 1. PS-binding to VHSV in
solution. Purified VHSV containing
about 300 pmoles of glycoprotein G
and 500 pmoles of labelled
phospholipid were incubated overnight
at 0 °C, pH 5.4, after which this was
ultracentrifuged in a sucrose
discontinuous gradient (1 ml of 40%
sucrose +1 ml 30% sucrose +1 mlof
20% sucrose +1 ml of VHSV-
phospholipid mixture) at 80 000 g for
4 h. Fractions of 150 tl were collected
from the top of the tubes and counted.
Top of the tube to the left, bottom to
the right: (—) pH 5-6; (-----) pH 7-6.
Labelled, sonicated VHS V-free
phospholipids stayed at the top of the
tube at any pH and 80 000 g for 20 h.
The vertical arrow indicates both the
highest label when isolated labelled
VHSV was ultracentrifuged and the
fastest VHSV infectivity of
ultracentrifuged

VHSV + phospholipid fractions at pH
7-6: (a) PS; (b) PE; (c) PC.

Phospholipid binding to solid-phase VHSV was estimated in order to simplify the assays. Figure 2 shows
that PS binding to solid-phase VHSV was two-fold higher at pH 5-6 than at pH 7-6, confirming the
ultracentrifugation data and suggesting a higher availability of PS binding sites at the lower pH.
The temperature did not influence the binding reaction, since identical curves were obtained at 0 and
20 °C. The binding of PS to solid-phase VHSV increased with time of incubation both at pH 7-6 and 5-6 to
reach a near saturation value after 2-4 h. The significant amount of PS binding to solid-phase VHSV at pH
7-6 (Fig. 2), compared with the low PS binding to soluble VHSV (Fig. 1), could be caused by the partial

© 1995 Blackwell Science Ltd, Journal of Fish Diseases 18, 519~527
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Pmoles of glycoprotein G in solid-phase VHSV

Figure 3. Variables influencing phospholipid binding to solid-phase VHSV. Binding of 30 pmoles of phospholipids at 0 °C
for 4 h: (a) VHSV purified by two ultracentrifugations; (b) VHSV concentrated and ultracentrifuged. To estimate the pH
dependencc on the binding, 2 gg of VHSV protein per well was used to coat the plates. To estimate VHSV concentration
dependence of the binding of phospholipids. binding was performed at pH 5-6. The VHSV concentration used 1o coat the
wells is given in equivalent pmoles of glycoprotein G (3 pmoles 2 ug VHSV/well™): (—) PS; (------ ) PE; (-++) PC.

dissolved in octylglucoside was 280%, whereas PE and PC were only =30% and <10% inhibitory, respec-
tively (Schlegel er al. 1983). No phospholipid specificity for binding has been yet reported for rabies
(Wunner et al. 1984). PS, PE and PC show similar competition curves with any of the labelled phospholipids
bound to VHSV (Fig. 4), suggesting that VHSV possesses either a unique site to bind all three phospholipids,
with a preference for the acidic PS, or several sites with similar properties. If several phospholipid binding
sites with different binding affinities for PS, PE or PC were present, it might be expected that the compe-
tition curves would show more than one S profile but not the monophasic curves in fact obtained. On the
other hand, this site could be formed by more than one stretch of glycoprotein G sequence. A 35-60-fold
molar excess of cold phospholipid reduced the labelled phospholipid to 50% of the initial label. Although

© 1995 Blackwell Science Ltd, Journal of Fish Diseases 18, 519-527
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526 J M. Coll

Table 1. PS binding to solid-phase VHSV isolate*

Optional concentration

Rhabdoviruses (ug well™) PS bound (pmoles)
VHSV-FI| 2 3.13+0:32
VHSV-F2 2 391 £0-56
VHSV-23.75 2 3.24+022
VHSV-798 2 3.98 £ 0-26
VHSV-144 2 407 £ 0-06
VHSV-471 2 4.23+0-14
VHSV-472 2 430+ 018
VHSV-689 2 414+ 0-19
VHSV-07.71 2 3401021
THNV-Cedar 2 3411011
EPC protein 2 0-03 +£0-20

* Viruses were concentrated and purified by ultracentrifugation (Basurco er al. 1991) and used to coat the wells
of 96-well plates (solid-phasc). PS binding was 20 pmoles of PS at 4 °C, pH 3.6, for 4 h. Optimal thabdovirus
concentrations were determined by binding purified VHSV-07-71 to the wells at between 0-1 and 50 pg well™".
Means * standard deviations from four-fold replicates are represented. EPC protein was a cell extract from the
cell line in which the thabdoviruses were grown. Backgrounds (0-05 pmoles per well) estimated by PS binding
to uncoated wells were subtracted from all the data. IHNV = infectious haematopoietic necrosis virus.

That VHSV-phospholipid binding is higher at pH 5-6 than pH 7-6 might be considered surprising
since VHSV infects cells at pH > 7; however, this also occurs with rabies and VSV (Wunner et al. 1984). All
these results are consistent with a {irst low-affinity binding (adsorption) of the VHSYV to the phospholipids of
the cellular membrane of the host at physiological pH, most probably caused by electrostatic interactions.
After the VHSV is internalized to the cellular endosomes, the pH is lowered inducing an increase in the
VHS V-phospholipid binding, probably because of additional hydrophobic interactions, as seen to occur
with other rhabdoviruses (Schlegel er al. 1982; Schlegel et al. 1983; Superti et al. 1984; Gaudin
et al. 1993).

By analogy with other mammalian rhabdoviruses and as suggested by the lower phospholipid binding
obtained with glycoprotein G-free nucleocapsids, the phospholipid binding of VHSV seems to be medi-
ated by glycoprotein G. The phospholipid binding obtained with VHSV could be caused by the necessity
of (1) several stretches of glycoprotein G for maximal binding; (2) a trimer structure; (3) other viral
proteins; and/or (4) viral membrane anchorage of the glycoprotein G. That other viral proteins are needed
for phospholipid interactions with phospholipids is not likely because no evidence of viral surface expo-
sition of any viral protein other than glycoprotein G exists in any rhabdovirus. Howcever, the protcin M2
{pl = 9) can interact with the negatively charged phospholipid residues of PS (Zakowsky., Petri & Wagner
1981; Li er al. 1993); and it scems responsible for the binding of liposomes to rhabdoviral skeletons
(devoid of glycoprotein G and lipids) (Barge, Gaudin, Coulon & Ruigrok 1993).

The study of VHSV-phospholipid interactions could further clarify mechanisms of viral entry into fish
cells. At the same time, mapping of the VHSV protein sequences implicated in the binding might show
somc general rhabdoviral features and/or suggest experimental approaches to study the earliest stage of
rhabdoviral infections. A synthetic phospholipid (perhaps an analogue of PS) capable of binding to and
inhibiting the attachment of VHSV to fish cells at pH 7-8 (the pH at which most salmonid aquaculture is
carried out) might be a possible inhibitor of VHSV infection.

© 1995 Blackwell Science Lad, Journal of Fish Diseases 18, 519-527
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