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Epitope analysis of IPN virus isolates from feral
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A panel of ten neutralizing monoclonal antibodies
(MADbs) were raised against IPN virus associated
with feral lake trout (LT-IPNV) from Cornwall
Lake, Alberta, western Canada. The antibodies were
used for resolving antigenic relationship between
IPN virus isolated from hatchery reared trout in
Jasper (Ja-IPNV) in Alberta and from feral Arctic
char (AC-IPNV) from Northwest Terrorities in
western Canada. Three MADbs nentralized only LT-
IPNV indicating its distinct epitopes, and clearly
differentiated it from AC-IPNV. Seven MAbs
recognized common epitopes present on LT-IPNV
and AC-IPNV in neutralization assay and none of
the antibodies neutralized Ja-IPNYV isolate. LT-IPNV
was found to be a distinct isolate, closely related to
AC-IPNY than to Ja-IPNV from Alberta.

INFECTIOUS pancreatic necrosis virus (IPNV) causes
serious disease and mortality in hatchery reared
salmonid fishes'. Viruses similar or identical to IPNV
have been isolated worldwide from various salmonid
and non-salmonid fishes, marine molluscs and even
from rotifers> ™. Based on the relative degree of cross-
neutralization by rabbit antisera, three main serotypes of
IPNV namely VR 299 (North America), Sp and Ab
(Europe) were designated”''. Further examination of
several isolates from fish and shellfish by cross-neutra-
lization with rabbit antisera indicated six additional
serotypes'®. Significant antigenic difference among
isolates of the North American serotype VR 299 has
also been demonstrated by polyclonal and monoclonal
antibodies'> '*, Four serotypes of IPNV have been
proposed from Canada based on 50% plaque reduction
by rabbit antisera'’, which have been confirmed by
monoclonal antibody studies'’. Recently, Lecomte et
al.'® have shown antigenic difference among IPNV
isolates of Canada using monoclonal antibodies reacting
with VP protein.

In western Canada three IPNV isolates have been
recorded namely the Jasper (Ja-IPNV) from a trout
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hatchery in Alberta'’, Arctic char (AC-IPNYV) from feral
char of the Northwest Territories'® and lake trout (LT-

IPNV) from feral lake trout of Cornwall Lake,
Alberta'”. The location of LT-IPNV isolation is

geographically closer to that of Ja-IPNV, than to AC-
IPNV location (Figure 1). The LT and AC-IPNV were
isolated from adult feral chars from two different remote
regions in western Canada which have no records of
introduction of hatchery reared salmonids and hence it
is likely that the viruses are evolved indigenously”™. In
cross-neutralization studies using rainbow trout antisera

Figure 1. Map of western Canada showing the geographical
locations of PNV solations. |, LT-IPNV trom Comwall Lake 1n
northern Alberta, 2, AC-IPNV from western Mackenzie Ruwver Delia
in Northwest Terrtory; 3, Ja-1PNV from Jasper Natiwonal Park
Albcrta.
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LT and AC-IPNV were found to be identical®’, but our
studies with rabbit antisera demonstrated difference
between them (results communicated). Further, there
was difference between LT and AC-IPNV in molecular
weight of VP, bearing neutralizing efitOpes and in
degree of pathogenicity to salmonids®*. Hence, there
was a general interest about the antigenic relationship
between the IPNV isolates from hatchery and wild
salmonids in western Canada. In this study antigenic
relationships between LT, AC and JA-IPNYV isolates are
analysed using neutrahizing monoclonal antibodies

(MADbs) raised against LT-IPNV.

Materials and methods

Virus stocks and their purification

LT. AC and Ja-IPNV isolates were available in our
Edmonton laboratory. The isolates were plaque purified
thrice and propagated in CHSE-214 cells according to
Lannon er al.>. For immunization LT-IPNV was
purified in CsCla, whereas sucrose purified virus®* was
used in ELISA.

Production of MAbs to LT-IPNV

Hybridomas were produced as detailed in Yamamoto
and Shankar™. Eight-week-old female Balb/C mice were
injected (IP) with 0.06 ml of CsCl purified LT-IPNV
(10'°° TCIDsg/ml) in 0.01 M PBS buffer. A second
dose of 0.15 ml of purified virus was injected (IP) on
the 21st 4, followed by a third dose of 0.15 ml (IV) on
the 28th d. Three days later spleen from mice showing
higher titers of antibody against 10® TCIDso/ml of
antigen in ELISA was used for fusion with SP; myeloma
cells. Fused cells were maintained at 37°C with 5% CO,
and 80% relative humidity in a Steri-cult incubator.
Supernatants of hybridomas were assayed for LT-IPNV
antibodies by ELISA according to Caswell-Reno et
al.?*. Positive hybridomas were minicloned thrice, and
antibodies from stable clones were isotyped using
mouse monoclonal sub isotyping kit (Hyclone
laboratories, Logan, Utah, USA).

Initial microneutralization assay” was performed with
supernatant from all the positive clones, to determine
neutralization of the virus. Briefly, supernatant from
ELISA positive hybridoma from 24 well plates was
mixed with an equal volume of 102 TCID 50/ml of LT-
IPNV, and 0.1 ml inoculated to wells of CHSE-214
cells in 96 well plates. Cell monolayer was observed for
CPE for 14 d to determine neutralization of the virus.

Minicloned hybridomas were grown in RPMI medium
with 5% fetal bovine serum in the absence of antibio-
tics. Cell culture supernatants were harvested and their
antibody titer determined by ELISA. Appropriate
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dilution of culture supernatants giving an ELISA
absorbance of approximately 1.5 against 10® TCIDsg/ml
of antigen was used in neutralization assay. Ascites of
hybridomas were produced in 18-month-old male

Balb/C mice primed with pristane.

Determination of epitope specificity of MAbs by
reciprocal blocking ELISA

Epitope specificity was determined by the method of
Friguet et al.®® Antigen saturation point of ascites was
determined at an antigen concentration of 1072
TCIDso/ml. A 1:500 dilution of ascites of a hybridoma
producing non-specific antibody to LT-IPNV (LTO)
was used as negative control. ELISA absorbance of

MADb, and MAb, together and separately at antigen
saturation point were determined. Reciprocal ELISA

was carried out for all the MADb pairs and additivity
index (AI) calculated as follows.

Al =100 x ([(2 x A of MAb; and MAD; together)/
(A of MADb, alone) + (A of MAb, alone)] — 1)

Two-way analysis of variance (ANOVA) test was
applied to determine Al for homologous MAD pairs at
which statistical additivity is zero. MAb pairs giving
hicher reciprocal Al values were considered as reacting
with two different epitopes on the antigen.

Epitope analysis of IPNV isolates by
neutralization assay

The concentration of virus isolates was adjusted to 10%2
TCIDs, /0.1 ml in MEM-HEPES, and 0.4 ml aliquots
mixed with an equal volume of serial two-fold dilutions
of LT-IPNV neutralization positive MAbs as déter-
mined before by microneutralization assay. Hybridoma
culture supernatants giving an ELISA absorbance of 1.5
against 10° TCIDso/m] of LT-IPNV were used for serial
dilution. The mixture was thoroughly mixed and
incubated for 60 min at room temperature. One tenth of
1 m! from the above mixture was inoculated on to
CHSE-214 cell monolayer in 96 well microtiter plates.
The inoculated cell monolayer was observed for
cytopathic effect for 14 d and neutralizing antibody titer
protecting 50% of inoculated cell culture (NDso)
calculated””.

Results
Epitope specificity of MAbs

A total of 300 ELISA positive hybridomas were
obtained from eight fusions, from which 20 stable
monoclones producing neutralizing antibodies of IgG
isotypes were selected for determining epitope specifi-
city by reciprocal blocking ELISA.
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Table 1. Additivity index (Al) of 10 different LT-IPNV monoclonal antibodies

MAD;

MAD, LT3 LT4 LTS LT6 LT7? LT8 LTI0 LTIl LTIZ2 LTi3 LTO
LT3 795 45 87 58 97 33.39 6090 12185 3320 79 68 14076 16531 7900
LT4 74 85 9 88 30 68 79 67 4259 5556 4676 3170 42 61 11570 93 Q0
LTS 63 39 88 31 NA 3342 6729 4880 7820 76 67 4506 11950 78 00
LT6 66 60 30.40 31.50 11.90 3915 3719 3690 3190 5696 8846 98 00
LT7 36 39 43 68 70.96 80 60 988 4586 6541 66.02 9000 15649 9000
LT3 97 47 5C 38 84 54 5844 14900 1050 11200 86.76 3603 152.00 102 00
LTIO 30.94 41 30 63 61 44 42 3500 3392 711 3121 41.00 108,00 854@0
LT1I 76.18 32 14 3320 70 40 3071 9705 3217 8§42 B692 137.50 104 00
LTi2 49 20 59 20 30 68 70 65 4456 6320 8317 95 60 NA 618 9800
LT13 68 20 43 98 7120 66 47 7489 5662 7300 46 39 81 36 11060 11300
LTO 109 00 87 00 87 00 93 00 8500 9400 10700 10700 105.00 78 00 NA

—

Al values were derived from reciprocal blocking ELISA where Al =100 x ([(2 x A of MAby and MADb, together)/(A of
MADb,} + (A of MAb;)] — 1) MAb, - MADb applied first, MAb, — MAD applicd second, NA - No additivity.

Table 2. Neutralization of IPNV 1solates by LT-IPNV MAbs

MADS
Virus LT3 LT4 LTS LTé6 LT7 LTS8 LTIO LTII LT]12 LTI3
LT ++ RN +4++ +++ +++ -+ ++ +4 +++ +++
AC + +++ - +++ - + ++ ++4+ ++ -
Ja - - — — — - - - - —

Equal quantities of 1022 TCIDso/0 1 ml of IPNV isolates and serial two-fold dilutions of hybridoma
culture supernatants were mixed and 0 1 ml inoculated to CHSE-214 cell monolayers 1n 96 well
microtiter plates Inoculated monolayers were observed for CPE for 14 d and NDsp calculated
according to the method of Karber?”. Log NDso > 3, +++; log NDso > 2, ++; log NDse > I, +; No

detectable neutralization, —.

Reciprocal Al values were calculated for all the 20
pairs of MAbs. There was no additivity up to Al 25 with
the distribution of Al from 0 to 150. At 95% confidence
interval it was found that when Al was 25 each observed
value was subject to variation of 0 +23.97. The LT-
IPNV non-specific ascetic fluid used as a control neither
gave a background nor interfered with the binding of the
specific antibodies. Finally, 10 MAbs (Table 1) which
had reciprocal Al values > 25% were chosen as having
specific reactions with different epitopes on the virus.

Neutralization of IPNV isolates by LT-IPNV MAbs

Of the ten neutralizing MAbs (Table 2) LTS, LT7 and
LT13 neutralized only LT-IPNV and not AC, or Ja-
IPNV. However, seven MAbs-LT3, LT4, LT6, LTS8,
LT10, LTI1 and LTI12 neutralized both LT and AC-
IPNV. LT3 and LTI12 weakly neutralized AC compared
to that of LT-IPNV. Ja-IPNV isolate was not neutralized
by any of the LT-IPNV neutralizing MAbs. Thus these
neutralizing MAbs could clearly distinguish LT, AC and
Ja-IPNV 1solates.

Discussion

The external protein VP, of IPNV carries major
neutralizing epitopes and type specific antigenic
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determinants®™ *° and hence neutralization test is much

more specific and sensitive to clearly differentiate the
IPNV isolates. Therefore, to resolve antigenic
relationship between the LT, AC and Ja-IPNV isolates
neutralizing monoclonal antibodies were raised for
epitope analysis. Ten neutralizing MAbs to LT-IPNV
were selected by virtue of their high Al values in
reciprocal ELISA which indicated their speciicity to
different epitopesz‘. These MADbs recognized VP,
protein of LT-IPNV in Western blot*2, Al value of some
MADb pairs was less than 0 while for some pairs it was
more than 100 indicating inhibition or augmentation
respectively of binding of MAbs. This may be due to
steric hindrance where binding of one antibody
influences the subsequent binding of another’® or
attachment of one antibody causing allosteric alteration
of the adjacent antigenic determinant™, Al values less
than 100 were noticed due to interference in binding
between MAbs which indicate overlapping epitopes or
close proximity between them. The Al values of LTO
with other MAbs were higher indicating the validity of
the values obtained in the experiment.

Among the ten neutralizing MAbs three MAbs LTS5,
LT13 and LT7 specifically neutralized LT-IPNV. LT3
and LT13 have been successfully used in an immunodot
assay for epidemiological analysis of IPN outbreak in
Alberta® Seven neutralizing MAbs neutralized both LT
and AC indicating presence of large numbers of
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common ncutralizing epitopes on these isolates. LT and
AC-IPNV were found to possess similar type of VP,
protein in SDS-PAGE distinct from that of Ja-IPNV%,
However, LT and AC differed clearly by the difference
in molecular weight of VP, protein. Further, a
difference in site of persistence in host and also In
dearee of pathogenicity to salmonids was observed
between them (communicated). The reaction pattern of
these two isolates with neutralizing MAbs indicates that
the isolates are not identical but closely related to each
other. This observation is contrary to the findings of
Kelly and Nielson®' that LT and AC are identical.

LT-IPNV neutralizing MAbs did not neutralize Ja-
IPNV. This indicates that the hatchery isolate Ja-IPNV
is distinct from LT-IPNV isolate from feral char. The
locations of isolation of LT-IPNV and Ja-IPNV are
close to each other. Though the distance between AC
and LT-IPNV locations is more than that between LT
and Ja-IPNV, the former two are closely related
antigenically. Further both AC and LT-IPNV isolates
are isolated from the same char genus Salvelinus. It
appears that they have undergone minor changes iIn
epitopes to suit their host.

In summary, we report that a panel of ten monoclonal
antibodies recognizing different epitopes on LT-IPNV
virus was produced. In neutralization tests these anti-
bodies clearly distinguished the Ja-IPNV isolate from
the hatchery and LT and AC-IPNV isolates from feral
salmonid fishes. The feral IPNV isolates were found to
be closely related to each other, distinct from the
hatchery IPNV isolate and may have been evolved
indigenously in the remote regions of western Canada.
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