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Abstract

Protein G expression and cell-to-cell fusion of cells transfected with the G gene of viral haemorrhagic septicaemia virus
(VHSV) has been characterised. The presence of protein G in the membrane of transfected cells was confirmed by staining with
Abs (Abs) and FACS. The subsequent formation of syncytia by membrane fusion of transfected cells required transfection with a
wild type G gene and a Jow pH step. Mice Abs made against the protein G regions involved in fusion and neutralising
monoclonal Abs (MAbs) as well as MAbs against some linear epitopes inhibited syncytia formation, thus confirming that
syncytia formation was G-dependent. Similarly, Abs from trout immunised with purified VHSVor protein G inhibited syncytia
formation whereas Abs from non-immunised or non-infected animals did not. Abs from mice or trout with the highest
neutralisation titres also showed the highest percentage of inhibition of syncytia. While the main utility of these observations
might be to further the understanding of the complex trout antibody response against VHSV and in the follow up of VHSV
immunisation attempts. they may also have some future diagnostic potential for countries were work with VHSV is not allowed.
; 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Despite the advances obtained in recent years, the
trout antibody response to viral haemorrhagic septi-
caemia virus {(VHSYV) infection is still a matter of
study (Lorenzen et al., 1993, 1999). To certify VHSV-
free trout stocks or to follow up immunisation to
VHSYV during vaccination attempts, the methods for

Abbreviations: VHSY, viral hacmorrhagic septicaemia virus;
EPC, epithelioma papulosum cyprini: CMV, cytomegalovirus;
Bgal, B galactosidase; PEG, polyethyleneglycol; FDG, dodecunoyl
aminofluorescein
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estimating protein G-specific trout Abs to VHSV are
based on in vitro neutralisation (Jorgensen et al.,
1991), microneutralization (Lorenzo et al., 1996) or
in binding to VHSV-captured ELISAs (Olesen et al.,
1991). Binding to solid-phase recombinant fragments
of the protein G (Rocha et al., 2002) might also be
used. The application of other methods like those
employed to study VHSV-infected cell-to-cell fusion
(Estepa and Coll, 1997; Fernandez-Alonso and Coll,
1999), could help to study the antibody response of
trout to VHSV and to develop new methods to assay
for trout anti-VHSV Abs.

The protein G of VHSV binds to the host cell
receptor(s) and then VHSV is endocytosed and tuses
with the host membranes (Bearzotti et al., 1999;
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Coll, 1995; Gaudin et al., 1993) at the low pH of the
endosomes (Coll, 1999; Gaudin et al., 1999a,b). Asa
consequence of the expression of the G protein in the
host cellular membranes and its fusion properties.
VHSV-infected (Estepa and Coll, 1997; Fernandez-
Alonso and Coll, 1999) or G gene transfected
(Lecocg-Xhonneux et al., 1994) cells, form syncytia
when exposed to a pH slightly lower than neutral.
Since the natural pathway of viral-host membranes
fusion can be mimicked by cell-to-cell fusion of
cells transfected with the G gene after lowering
the pH of the cell culture medium (Estepa and
Coll, 1997; Estepa et al., 2001; Lecocq-Xhonneux
et al., 1994), we have undertaken the characterisa-
tion of the syncytia formed by G gene transfected
cells.

2. Materials and methods
2.1. VHSV and cell culture

The virus used was the isolate VHSV-07.71
(LeBerre et al., 1977). Epithelioma papulosum cyprini
(EPC) cell culture techniques and virus polyethylene
glycol (PEG) concentration were performed as
described by DeKinkelin (1972) and modified by
Basurco and Coll (1989). To be used for inoculum
in the neutralisation assays, supernatants from VHSV
07.71 infected EPC were clarified by centrifugation at
20,000 x g during 20 min, and the pellets kept frozen
at —70 °C until used.

2.2. Plasmids

The plasmids used were the pCMVp (Clontech
Labs, Palo Alto, CA) containing the B galactosidase
(Pgal) gene of E. coli under the control of the cyto-
megalovirus early promoter (CMV), the G3-pcDNAL/
Amp promoter (Fernandez-Alonso et al., 1999a) and
the pMCV 1.4-G (Rocha et al., in press), both of them
containing the protein G gene from the viral haemor-
rhagic septicaemia virus under the short and the long
CMV promoter, respectively. The plasmids were used
to transform E. coli XL2 and ToplO, respectively.
Large amounts of plasmid were prepared from E. coli
pellets using the Wizard plus Megaprep DNA purifi-
cation system (Promega, Madison, USA). Plasmid

solutions were adjusted to 0.5-1 mg/ml of total
DNA (absorbance at 260 nm).

2.3. Site-directed mutagenesis

The in vitro site-directed mutagenesis method based
on the Quick-Change technique (Stratagene, La Jolla,
CA, USA) to make point mutations was followed.
Briefly, a supercoiled double-stranded pMCV1.4-G
plasmid and two oligonucleotide primers of 15 nucleo-
tides each with the mutation 5" ‘C256G’ (P86A) and
with the 5" ‘G293C" (G98A) were used. The oligonu-
cleotide primers were extended during thermal cycling
with Pfu turbo DNA polymerase (Stratagene) generat-
ing a mutant plasmid in a nicked circle form. Then
Dpnl endonuclease treatment specific for methylated
DNA was carried out to digest the parental DNA. The
nicked plasmid DNA incorporating the desired muta-
tion was then transformed into XL1-blue competent
cells (Stratagene). Plasmids were produced in large
amounts and purified as described before. Confirmation
of the correct mutated construct was achieved by
sequencing plasmid DNA across the changed region
(Cytomix, Cambridge, England).

2.4. Production of anti-protein G and anti-frgl1
{amino acid 56—110 of protein G) polyclonal
Abs in mice

Each female BALB/c mouse were first injected with
20 ug of purified protein G (Perez et al., 1998), G
derived synthetic peptides p2 (amino acid 82-109) or
p3 (amino acid 110-122) or purified recombinant frgl |
(amino acid 56—110) of the protein G which is related to
VHSYV fusion (Estepa et al., 2001; Rochaet al., 2002) in
Freund’s complete adjuvant. VHSV was also injected
in saponin. Concentrated VHSV (30 pg) was sonicated
in the presence of 30 pg of saponin (Superfos, Quil A),
600 pg of cholesterol and 6 pg of phosphatidylcholine
(Larsson et al., 1993; Morein et al., 1984) in | ml of
distilled water. To each mouse 200 pl of the mixture
were injected intraperitoneally. Then 4-monthly injec-
tions with the same antigens in Freund’s incomplete
adjuvant or saponin were carried out. To obtain ~40 ml
of pooled diluted ascites, each of two groups of three
immunised mice per antigen were intraperitoneally
injected with (0.5—2) x 10° viable myeloma X63/
Ag8653 cells per mouse. Mice ascites was then



NW G “[[ 9pruekdola) JNW ¢ ul (e3Y) opisouriAd
-01or[e3-a-¢-[AOpuI-¢-0I0[Yd-H-0W0Iq-§ JO |W/TW ¢
Y pautels pue (Sgd) ', Hd sutfes parsgng aeyd
-soyd N (g ut apAyapieIeIns 94| Yilm urw ¢ 3uLnp
POxXY 2Iom SISAB[OUOLW [[9D DA ‘UONDJSUBT) IO Y

Apssp D3y 28s0p1s01ovws o 67

‘(utedsg *pupey
‘ployueg % 0H) smeredde 9oged JewN|IUI
v ur (sdo ‘puosss 1ad sjunod) s e IAR[ UIW ()9
POICWINSS SBM 20UJISAUIWN[OI] YT 'PIILISe 2Iom
S[[am 2y} pue S[[3d D Poreqnoui-pajoajsuell ay)
01 Pappe a1am I2}nq SISA[ Jo 1 ()7 ‘WnIpaw aInjno
1129 2y} Juraowal e ‘APalig 'SUononnsul IaInjoej
-NUBW 3y} 0] FUIpIOdd® pasn sem (VS ‘VIN ‘P1oJ
-pag) x1doi], wolj  ABSSe U108 [er),, aY) ‘91ensqns
JURDSSUIIN[IWIAYD B yiim [B3g J0j ABSSR Of

SADSSD JUIISPUTUNITUIYD) 87

‘wnrpaw
21mno [[99 Jo T QO pue siokejouow D SuruIgiuod
S[[oA 24) 01 Pappe Udy) pue [NJY JO [ (O ur urw ¢
Sunnp (uredg ‘vuo[aoleg ‘ayd0y) O QuZn} Yim
paxa|dwod aram spruwse(d ay L, "([[94/5[129 000 009<)
JUINPUOD 950, INOge uaym App 1XaU 2yl paldd]
-SURJ) 2Iom S[[20 UL, "WINI3S J[ED [B120] JO %0 UM
pajuswrd(ddns pue SHJAH WW Q7 Yim paroyng
wnipaur 21 nd payipow Yo [NdY Jo 1 00
s D). 87 18 sapld [[om-p7 Ul UmoIS dam (€861
18 19 ueli) sa0 wdAs wnsonded eworjayidyg

$1122 Dd A Jo vonaafsuniy L7

(9661
“|B 19 ozualo]) 100] aanisod gv( jo lequinu 2y}
san[eA punoIdyoeq 01 Padnpal 1Byl UOTIN[IP [BWIXBW
oyl jo [eooidioor ayl st pauyap Sem a1} uonesie
-Nau ayJ, ‘pasn alam ([N ‘SN0 1S 0D [earuay)
BWSIS) (V) 2UIPIZUSQOUIWEI pUE (SPUBRLIDYION
ayJ. ‘Sinqiy, ‘dIpIoN) DT[] dsnow-nue  pa[[qe]
-asepixorad ‘gDz (QVIN)  Apogqnue  [eUOjdOUOUT
‘JuINy 19)Je ‘s1akrjouow [[25 ay) Ul ASHA Jo urdoad
N 241 19919p oI, D). +1 18 1YSIuIdA0 pajeqnoul pue
paysem ‘D, 1 I8 4 [ JuLInp pagiospe ‘sarnixiu Apoq
-IIUB/SNITA WUIAYIP 2 Jo [H 001 Ylm PIldaJul 21om
sae[d [[am-9g Ul S[[90 DJH JO $2INJ[NO UdY ], "WNI3S

InoI) JO suonnjIp [BLIdS NIm D, + I8 YSIUISA0 pajeq
-NOUL3IOM [ L' ASHA JO [W/O°dIDL (01 “Ayauig

{DsSSD UONDZIDANIUOLINU ASHA 9T

‘(utedg ‘pLIPBIA ‘SAUOIA 3P B[ANIST) SUONIJUL ASHA
10 K101S1Y $NO1AdId OU )1 ULIT] B WO} PAuIRIqo 219Mm
(1yS1om Apoq Jo 3 OS) IN0I) PISIUNW-UOU PIIIJUT
-uou AYI[eay WolJ BISS ¢ ‘WNIIS JNOIl [0JIU0D Sy
e hianiliclgf
‘SNYJRY) U9ZU2107 I(] pue (odourld ‘seso[-Ul-Anof)
urpury 1 Aq popiaoid Apuny a1em 000001~
SN UOuEBSIEANAU YPIM RIS N0 IoYi0 d2uy],
‘0007~ Sem ¢ BI3S JNOI
JO sanI uones|eNnaN ‘syjuow ¢ SULINp $aUll) Inoj
Aqreuoiuadenul pajoalurl sem 2InNIXIW Y] JO dDI[I[[IW
SUQ “IlEM PI[USIP JO [W [ Ul ($86] “[B 10 UIIOWN
‘€p6l v Yo uossie]) aurjoysjApneydsoyd jo 3rig
pue [0191s9[0Y jo 31 (9 (Vv [In0) ‘sojiadng) uruodes
Jo 3 ¢ jo o2ouasaxd oy ur pajeoruos sem (81 gg)
ASHA Pa1enuadsuo)) ‘utuodes pue ASHA PaIenuaduod
M pasiunwiul sem ¢ noJj ‘dnois puooas ayy ug
‘001~ 9Iam 7 pue | BI3S INOJX JO S2I31) UOLBSI[RIINAN
‘'suondalur ay) jo 1sal Ay I0} s punalg aja[dwoosur
ylm [ pamjip pue uonoafur 181y ayy Joj paroslur
ram Jueanipe spunsl 919idwod yum [:[ pamnip
O Jo I 0g+ ASHA PpaIenuasuoo-nad (Ui gg
‘3. LE) P31 1eay JO 8r ¢ ‘Inon yoes O, ‘syiuow
¢ 3uunp sawn Inoj Afjeauoiadenur paoalur arom
INo.I], 'S, punaiq pue 0y payund 4+ ASHA P2IeIUaouod
YIim Pasiunwwil alam g pue | sinol) ‘dnoi3 auQ
‘sdnoi3 om] ur painquISIp
alom pasIunwiuar 3q 01 Noil, ‘D, {[—¢[ It euenbe
1001 Ut ploy arom (1yStom Apoq T 00S—(0¢) INOLL,

modl ul sqy
puopcjod ASHA-NUD JO Uononpold ¢'7

‘A[oanoadsal ‘e ¢ pue (6 18 Spurq paurels
an[q a1ssewoo)) 2[3uls oml aae3 g0V Aq Paisd) se A1
-Ind (Sdd) ¢’ Hd ‘[DBN INW (g “areydsoyd wnipos
NW (] surese pasA[elp pue ajeydns wWnuowwre ()
M PIlEnuaduod ploJ-(f UaL) sem SA)IOse Y], "SqVy
punoidyoeq qlospe 01 (Juw/SW ()| ~) WnIas JIgqel pue
(/3w ([ ~) 10enxa utdoid 1702 77 punog yim (B1oew
-Ieyd) uwn(od dsoleydag wod ()] X Wd ¢ © INoysnoiy}
passed sem sajose pajood ayj ‘pejood puv Iate[
sAep moj v aulfes [eo13ojo1sAyd Jo uonoalur Aq paureiqo

CHI ZSI=EFI (F007) 66 X3ojoypdounuiu] pun KS0joUnUHI] S4DULIdI3A /1D 12 DYI0Y "V



146 A. Rocha et al./Veterinary Immunology and Immunopathology 99 (2004} 143—152

ferrocyanide I11, 2 mM MgCl, in PBS, at 37 “C until
blue cells were visible.

2.10. Enzyme immunoassays in solid-phase

Wells from high binding plates (Costar) were coated
with 100 pl of PEG-concentrated VHSV (to assay for
anti-G Abs binding) in distilled water and allowed to
dry overnight at 37 °C. All the samples and reagents
were in dilution buffer (0.5% bovine serum albumin,
0.3% rabbit serum, 0.1% Tween-20, 0.01% merthio-
late, 0.005% phenol red in phosphate buffered saline).
To assay for anti-G Abs binding, anti-G MAbs of
known target epitopes were added to the plates contain-
ing solid-phase VHSV at different pHs and incubated
during 1 h. After washing, 1000-fold diluted horse-
radish peroxidase-conjugated rabbit-anti-mouse anti-
body (Sigma Chemical Co., St. Louis, MI) was added
and the colour reaction developed by adding 1 mg/ml
o-phenylenediamine in citrate buffer containing 3 mM
H,0O,. Absorbance (A) at 492 and 620 nm for estima-
tion of each individual well background were measured
in an ELISA reader (Anthos, LabTec Inst.).

2.11. Flow cytometry assays (FACS)

To assay for the expression of protein G in the
surface of transfected EPC cells, G3-pcDNA/Amp
and/or pMCV 1.4-G transfected cells were incubated
for 1h with rabbit-anti-G Abs (gift of Dr. Niels
Lorenzen, Denmark), in RPMI medium containing
2% rabbit serum, 2% goat serum and 2% E. coli
extract. After washing, the cells were incubated during
30 min with fluorescent goat anti-mouse Fab’2 frag-
ment (Caltag, S. Francisco, CA, USA) and detached
from the wells with FACS buffer (Beckton-Dickin-
son). On the same day of harvest and staining, 5000
cells were analysed by flow cytometry in a Beckton-
Dickinson (San Jose, CA, USA) FACScan apparatus
using the LYSYS II vs 1.0 program for analysis.
Fluorescence was captured in the FL1 region (514~
545 nm, green).

For the P galactosidase FDG assay, pCMV] trans-
fected EPC cell monolayers were incubated during
2 min at 28 “C with | mM dodecanoyl aminofluores-
cein (FDG) in 1% DMSO, 1% ethanol in 100 pl. After
washing at 4 °C, the cells were detached from the
wells in 1 ml of FACS buffer (Beckton Dickinson) and

incubated during 2 h at 4 “C before analysis with the
FACScan apparatus.

2.12. Fusion and fusion inhibition assays

To assay for fusion, we followed the optimal con-
ditions of pH, time and temperature for VHSV-
infected EPC cell fusion described earlier (Estepa
and Coll, 1997). To assay for inhibition of low pH-
induced cell-to-cell fusion, EPC cells were plated in
24-well plates (about 500,000 cells/well), a. | the next
day they were transfected with 0.6 ug of the plasmid
G3-pcDNAI/Amp complexed with 2 pl of fugene in
100 pl following the methods described before (Fer-
nandez-Alonso et al., 1999a; Lopez et al., 2001; Rocha
et al.,, 2002). On parallel plates, Abs were serially
diluted in RPMI1-1640 cell culture medium (without
bicarbonate) buffered with 20 mM of HEPES and
20 mM MES (Sigma Chemical Co., St. Louis, MI)
at pH 6 and incubated overnight at 4 °C. Next day, the
EPC plates were washed and the serial dilutions of Abs
were pipetted into the wells containing the EPC cell
transfected monolayers. After 30 min of incubation,
the cultures were washed with cell culture medium
and incubated during 2 h at 14 °C with RPMI-1640
(without bicarbonate) buffered with 20 mM of HEPES
and 20 mM MES at pH 7.6. After the final washing
step, the EPC cell monolayers were fixed in cold
methanol during 10 min, washed with distilled water,
dried and stained with Giemsa. The number of nuclei
in syncytia and the number of nuclei in cells were
counted in about 400 cells/well. Results were then
calculated as percentage of nuclei in syncytia (nuclei
in syncytia, %) by the formula, number of nuclei in
syncytia/total number of nuclei x [00. Non-trans-
fected EPC cell monolayers treated in parallel with
transfected EPC cell monolayers showed 1.05 £+ 0.4%
(n = 6) of nuclei in syncytia. Results were also
expressed as relative number of nuclei in syncytia
either by the formula percentage of nuclei in syncytia
at a given pH/percentage of syncytia at pH 5, to
compare fusion at different pHs (Fig. 3) or percentage
of nuclei in syncytia in the presence of a given dilution
of Abs/percentage of nuclei in syncytia in the absence
of Abs, to compare inhibition of fusion by Abs (Figs. 4
and 5). The titres of inhibition of fusion were defined
as the inverse of the dilution at which the number of
syncytia were reduced to 50% of the initial number.
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Fig. 2. Activity of Bgal (A) and syncytia (B) detected in EPC cell
monolaycrs  after transfection with several concentrations of
plasmids. (A) EPC cells were transfected with different concentra-
tions of the plasmid pCMVp after complexing with 2 pl of fugene.
Activity of Pgal was assayed by staining with Xgal, by
biolunminescence  or by staining with FDG  (methods): (M)
percentage of Xgal positive cells; ([J) Pgal activity per well as
measured by bioluminescence: (A) number of FDG positive cells
per well as estimated by FACS. (B) EPC cells were transfected with
different concentrations of the plasmids G3-pcDNA/Amp  or
pMCV.4-G after complexing with 2 ul of fugene. Number of
syneytia per well and number of nuclei in syncytia opr cells in 400
nuclei per well were counted after {ixing and staining the
monolayers. The number of nuclei in syncytia were expressed in
percentage of nuclei in syncytia (nuclei in syncytia, %) by the
formula, number of nuclei in  syncytia/total number of
nuclei x 100. Similar results were obtained with G3-pcDNA/
Amp or pMCV!1.4-G: (@) number of syncytia per well: (O)
percentage of nuclei in syncytia.

Nuiez et al., 1998). Because proline 86 and glycine 98
seemed to be some of the most salient features of this
domain as determined by modelling (Estepa et al.,
1999), we mutated both positions either by single or
double mutations (P86A and G98A), as the most likely
positions that could render mutants interfering with
fusion. At the optimal transfection conditions, all the
mutants obtained showed staining with anti-G Abs by
FACS (Fig. 3A). Wild type G and the mutant P79A
(outside the phospholipid binding region), showed a
characteristic pH-dependent profile of fusion. The

P86A and G98A mutants either single or double were
fusion defective at all the pHs tested (from 5 to 7.3),
thus confirming that syncytia formation required the
presence of wild type protein G in the membrane of
transfected cells (Fig. 3B).

3.3. Formation of syncytia in the presence of
mice Abs

Since binding of anti-G Abs could vary at the low
pH required to form the syncytia, we first analysed that
possibility by ELISA using solid-phase VHSV. Abs to
p2 only bound VHSV at pH 6 confirming data pub-
lished before (Estepa and Coll, 1996}, whereas Abs to
frgl1 showed a pH 7.5/6 ratio of binding of 2.2 + 0.2
(n = 4). MAbs C10, 3F1A12, TP1H3 and T10 showed
ratiosof 1.3 +£0.1,14+02,1.4+02and 1.4+0.2
(n = 5), respectively. The anti-N MAb 2C9 (against
the N protein of VHSV) showed pH binding ratios of
0.96 £ 0.1, n = 2, similar to those obtained with mice
polyclonal Abs. Therefore, except the Abs to p2 and
frgll, all the other Abs used showed only small
differences between binding to VHSV at pH 7.5 with
respect to binding at pH 6.

The percentage of nuclei in syncytia formed by G
gene transfected EPC cell monolayers when lowering
the pH in the absence of Abs was 253+ 62%
(n = 3). Similar results were obtained when the assay
was performed in the presence of mice ascites contain-
ing antibodies against an irrelevant antigen or in the
presence of mice ascites containing anti-N MAb 2C9.
The percentage of nuclei in syncytia formed at the
above mentioned conditions were taken as the control
value of syncytia formation (100%). Using the same
assay, the percentages of nuclei in syncytia were then
estimated in the presence of several anti-G Abs and
expressed as percentages of nuclei in syncytia relative
to the control value (relative percentage of nuclei in
syncytia).

The relative percentage of nuclei in syncytia
obtained in presence of mice Abs to frgll (aa 56—
110), one of the fusion domains of the protein G of
VHSV (Estepa et al., 2001; Nutiez et al., 1998), was
reduced more than four-fold compared to the number
of nuclei in syncytia found in the absence of Abs (from
100 to ~25%). Similar results were obtained with Abs
to p2 (domain of frgll implicated in fusion) but no
reduction in the relative percentages were found with
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Fig. 4. Inhibition of low pH-dependent syncytia formation in G
gene transfected EPC cells by anti-G MAbs (A} and anti-VHSV
or anti-G polyclonal Abs (B) made in mice. Transfected EPC
monolayers were assayed for antibody inhibition of low pH-
dependent fusion as described. After Giemsa staining, the
number of nuclet in syncytia were counted (n = 400 per well).
Percentage of nuclei in syncytia in the absence of Abs (control)
were 25.3+6.2% (n=3). Results arec expressed as the
proportion of nuclei in syncytia relative to the control by the
formula: number of nuclei in syncytia in the presence of Abs/
number of nuclei in syncytia in the absence of Abs. Averages
and standard deviations from two determinations are represented.
(A) (5%) Anti-N VHSV MAb 2C9 (Sanz and Coll, 1992); (@)
MAb CI10, neutralising anti-VHSV (MAb resistant mutants
mapping at positions 140 and 433 of G) (Bearzotti et al., 1995;
Gaudin et al., 1999a); (ll) MAb 2 F1AIl2, neutralising anti-
VHSV (MAh resistant mutants mapping at position 253 of G)
(Lorenzen, Personal communication); (A) MADb IPIH3, anti-
VHSV G (mapped by pepscan between positions 399—413 of pG)
(Fernandez-Alonso ct al., 1999b); ((J) MAb 110, anti-VHSV G
(mapped by pepscan between positions 139-153 of G). (B) (5%)
Ascites from mice immunised with an irrelevant antigen; (@.
W) ascites from mice immunised with VHSV adjuvanted in
saponin (neutralisation titre ~1000): (O, ) ascites from mice
immunised with purified G adjuvanted in Freund’s (neutralisa-
tion titre ~100).

syncytia, while ascites from mice immunised with
purified G and Freund’s adjuvant with neutralisation
titre of ~100 reduced to 30-40% the relative percen-
tage of nuclei in syncytia (Fig. 4B).

3.4. Formation of syncytia in the presence
of trout Abs

Fig. 5 shows the relative percentage of nuclei in
syncytia obtained in the presence of sera from VHSV
immunised trout. Sera from immunised trout with
neutralisation titres of ~100,000 or ~2000, reduced
to about 40% the relative percentage of nuclei in
syncytia obtained in the absence of Abs (100%). Sera
from immunised trout with neutralisation titres of
~100 reduced to about 60% the relative percentage
of nuclei in syncytia obtained in the absence of Abs. In
contrast, sera from healthy non-immunised trout did

1.0+
0.8+
0.6

0.4 ﬁ

0.2 4

proportion of nuclei in syncytia

0.0

1/5000 1/2500 1/500 1/100 1/20

trout sera dilution

Fig. 5. Inhibition of low pH-dependent syncytia formation in G
gene transfected EPC cells by trout serum. Transfected EPC cell
monolayers were assayed for antibody inhibition of low pH-
dependent fusion as described and results expressed as in Fig. 4:
(¥%) serum from one healthy non-immunised trout (similar results
were obtained by 14 other non-immunised trout sera); (., (], A)
serum from trout with neutralisation titres of ~100,000 (kindly
provided by Dr. Kinkelin of Jouy-in-Josas, France and Dr
Lorenzen of Aarhus, Denmark); (@) serum from trout (trout 3)
immunised with VHSV and saponin with neutralisation titre of
~2000; (O) average and standard deviations from two serum from
trout (trouts 1 and 2) immunised with VHSV + G and Freund’s
with neutralisation titres of ~100.
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