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ABSTRACT

Seventeen strains of infectious henmatopoietic necrosis
virus (IH\W) from different geographical regions and from
different fish stocks were typed by pol yacryl am de gel
el ectrophoresis, indirect fluorescence with 27 nonocl onal
anti bodi es against both the G and N proteins of the virus, and
by serum neutralization with six nonoclonal anti-glycoprotein
anti bodi es. In addition, many other IHNV isolates, including
those fromthe original electropherotyping studies (Hsu et al.,
1986) and recent isolates, have been exam ned by indirect
fluorescence with the nonocl onal antibodies. Sone m nor
variations in nucl eoprotein nolecular weights were found anong
the isol ates. Studying the isolates, however, with the
anti bodi es has shown that a greater anount of variation exists
bet ween isolates than was first predicted by the application of
t he pol yacryl am de technique. I solates within el ectrophoretic
types 1-V may be further classified according to their reacticns
with the nonocl onal antibodies in indirect fluorescence.

Serum neutralization with selected anti-glycoprotein
antibodies in conjunction with fluorescence analysis confirns
one of the original findings of Hsu et al. (1986) that two
different species in a single facility can be infected with the
sane isolate. Variation anong isolates as neasured by reactivity
with the nonoclonal library appears to be greater within the G

protein than within the N protein sequence.



| NTRODUCTI ON

The characterization of 15 different strains of IHNV from
different locations and different species/stocks of salnonid
hosts was conducted in the studies presented here. These viral
strains were typed according to their electrophoretic mgration
i n sodi um dodecyl sulfate polyacryl aai de gel electrophoresis
(SDS-PAGE.) and their reaction with nonoclonal antibodies to the
viral N and G proteins. The 15 I HNV strains were selected from
the Colunbia River Basin and from previously characterized
strai ns which served as standards in the study. I ncl uded were
si x chinook salnmon, five steelhead trout, two sockeye sal non,
one kokanee, and three rainbow trout isolates from diverse
geogr aphi ¢ regions.

The aim of the study was to determ ne whether there were
virion protein differences anong | H\V strains and whet her these
di fferences correlated with virul ence data. For exanple, the
study woul d provide data that woul d make the determ nation that
a particul ar nonoclonal antibody type or electrophoretic type is
characteristic of a virus virulent for chincok sal non. The work
was contracted to provide the nol ecul ar marker data on the 15
different IHNV strains that will be tested for virulence in the
Bcnnevill e Power Adm nistration sponsored project "Research
Studies on the Life Cycle of Infectious Henatopoietic Necrosis

Virus."



LI TERATURE REVI EW

El ectropherotypi ng i nfectious henatopoietic necrosis virus
(IHWV) by incorporation of 33S into infected cell cultures
foll owed by sodi um dodecyl sulfate pol yacryl am de gel
el ectrophoresis on the radioactively | abel ed pol ypepti des has
becone a standard nethod for classifying the virus (Hsu et al.,
1986). This nmethod has previously yielded inportant information
concerning the biology of the virus including: (1) the
observation that nmany salnonid species in a geographical area in
whi ch an outbreak occurs are infected with I HNV possessing
pol ypeptides of identical nolecular weight, and (2) that the
same IHNV protein pattern is exhibited by infected parents and
pr ogeny.

The net hod has shown that Type | virus previously
predom nated in Canada, Washington and in O egon, while Type |
virus appeared further inland and is now endem c in rai nbow
trout (Qncorhynchus mykiss) in southern Idaho. Types IIl and IV
virus are coastal fornms which predom nate in chinook sal non
(Qncorhynchus tshawvtscha) in Oregon and California. The
ability of SDS-PAGE el ectropherotyping to distinguish between
strains of IHENV primarily rests with the determ nation of the
mol ecul ar wei ght of the nucleoprotein (N). The glycoprotein (G
nol ecul ar wei ght of nost strains is relatively constant at
67kDa, with the exception of those isolates classified as

Type 1V, whose G protein nol ecular weight is 70kDa



A nunber of nonoclonal antibodies have been produced to
I4NV. The first of these anti bodies was described by Schultz
et al. (1985). Since that time, Wnton et al. (1988) devel oped
antibodies to the G proteins of several strains and used themto
classify other strains of IHNV in serum neutralization studies.
Ri stow and Arnzen (1989) produced nonoclonal antibodies to the
nucl eoprotei ns of several isolates and have concl uded t hat
el ectrophoretic Type Il virus can be distinguished by indirect
i mmunof | uorescence with a single nonoclonal antibody.
Monocl onal anti bodi es have been used by several |aboratories to
detect the presence and distingui sh between strains of |HNV by
nmeans of fluorescence (LaPatra et al., 1989; Ristow and Arnzen,

1989) and dot inmmunoassay (Schultz et al., 1989).

MATERI ALS AND METHCODS

Virus. Seventeen standard isolates listed in Table 1 were
supplied frozen on dry ice by Jo-Ann Leong and John Rohovec,
Oregon State University, Corvallis, OR  Additional isolates
which were tested in the extended fluorescence assays descri bed
at the end of this report were supplied by Jo-Ann Leong and John
Rohovec of Oregon State University, Corvallis, OR Joe Lientz
and Cclleen Hesson of Dworshak National Fish Hatchery, Ahsahka,
ID; Scott LaPatra, Oregon Departnent of Fish and WIidlife
Corvallis, OR Wirren Goberg, Oegon Departnent of Fish and
Wildlife, Eastern Oregon State Coll ege, LaGande, OR Robert
Busch, Cear Springs Trout Co., Buhl, ID, Steve Roberts,

Washi ngton Departnent of WIldlife, Wnatchee, WA, Scott Foote,



Col eman National Fish Hatchery, Anderson, CA; Kent Hauck, |daho
Departmrent of Fish and Gane, Eagle, |daho; and Garth Traxler,

Departnent of Fisheries and Cceans, Nanaino, B. C., Canada.

Antisera. A polyclonal antiserumto the Round Butte strain of
I HNV, and nonospecific antisera to the G and N proteins of |H\V

cane from Jo- Ann Leong and H Mark Engel ki ng.

Monocl onal Anti bodi es. Monocl onal antibodies to the G and N
proteins of several strains of |IHNV [Hagernman 039-82 SR, Col enan
2 (C02), Feather River (FR), and Cedar River (CD) and Dworshak 2
(OW) 1, were produced by fusion of inmunized spleen cells with

t he P3X63- Ag8. 653 BALB/c nouse nyel oma by as described in a

previ ous publication (R stow and Arnzen, 1989).

Infection and Labeling of Cultures. A 75 cm? flask of
CHSE- 214 cells was infected with a single isolate of IH\NV at a
multiplicity of 10. The virus sanple was adsorbed to the

nonol ayer for 1 hour at 16° C. Then 15 m of nethionine free
Dulbecco's.modified Eagle's nmedium (DVEM supplenented with 1%
fetal bovine serumand 0.5 nmillicuries of 35S-methionine (New
Engl and Nucl ear product NEGI09T) was added to the culture. The
culture was allowed to incubate 16 to 48 hcursto increase the
amount of |abeled viral proteins present in cells. The culture
nonol ayer was rinsed once with plain DVEM to renbve excess
radi ol abel and pelleted at 1000 rpmin a Becknan GPR centri fuge.
The pellet was sonicated in 2-3 nmL of lysis buffer (0.8769 Nad,
1.179 sodi um EDTA, 0.48g Tris, 0.5 nL Nonldet P40 in 100 mL

distilled water; pH 7.0) for three 5 second pul ses on ice



foll owed by centrifugation at 134,000g for 30 minutes. Al
anti sera and nonocl onal antibodies were simlarly centrifuged to
reduce the background on the final exposure of the dried gel to

film

| mmunoprecipitation of Viral Proteins. | mrunopreci pitation
of viral proteins was carried out by washing and centrifugi ng
fixed Staphvlococcus aureus cells (Cal bi ochem product #507861))
three times in immune precipitation buffer (IPT) (0.1% sodium
dodecyl sulfate, 0.5% Nonldet P40, 0.2% deoxycholate, 1Q0rM Triis,
0.15 M sodiumchloride, pH 8) to renove fines. The final pellet
was resuspended to 10% solids in I|PT. For each sanple, 100 upL
of staphyl ococcal protein A was dispensed into a 12 X 75 nm
tube. To inmunoprecipitate the |abel ed nucl eoprotein, 10 pL of
pol ycl onal nonospecific anti-N antisera or 200 uL of m xed
nonocl onal anti bodi es (consisting of 50 puL each of hybridoma
supernatant from 2NH OSB, | NC027G | NHLI63E and | NDW4D) were
added to the staphyl ococcal protein A (Precipitation of the
radi ol abeled IHNV G proteins were simlarly carried out, with
the exception that the nonospecific antiserum used was agai nst
the glycoprotein.) Antibody mxtures were allowed to incubate
at 40 C for 4 to 16 hours. Pellets were washed three times with
| PT buffer and centrifuged before the addition of antigen. One
hundred to 500 uL of antigen was added to the antibody charged
pellets and the m xtures allowed to incubate at 4° C for 4 to 16
hours. The pellets were washed three tines with | PT buffer and

were boiled in 75 pul Laenm i sanple buffer (Laemmli, 1970).



Supernatants contai ning antigen were recovered fromthe pellets

after centrifugation.

Sodi um Dodecyl Sulfate Polyacrylam de Cel

El ectrophoresi s (SDS PAGE). Sodi um dodecyl sulfate

pol yacryl am de gel el ectrophoresis was performed according to

t he net hods of Laemm i (1970) with a 5% stacking gel and a 13%
separating gel. Mlecular weight standards (14C) were obtained
from Amer sham Cor poration and included the follow ng proteins:
myosin, 200 kDa; phosphorylase B, 92.5/100 kDa; bovi ne serum

al bum n 69 kDa; oval bumi n, 46 kDa; carbonic anhydrase, 30 kDa;
and |ysozyne, 14.3 kbDa. Electrophoresis was perfornmed at 10 maA
until the bronmophenol blue dye marker reached the bottom of the
gel. The gel was fixed for one half hour in nethanol: acetic
acid: water/45:10:45, followed by imrersion in Anplify (Amersham
Corporation, Chicago, IL). The gel was dried for 2 hours on
program 3 of a Mddel 543 gel dryer (BioRad, Ri chnond, CA). The
dried gel was exposed to Kodak XLO filmfor 3 to 5 days and
developed.* Cal cul ations of nol ecul ar wei ght were perfornmed by
usi ng the nol ecul ar wei ght val ues supplied by the nmanufacturer
of the standard (Amersham Chicago, IL). For cal cul ati on of
nucl eoprotein nol ecul ar weights, a |least squares equation was
generated using the nol ecul ar wei ghts of the 4C standards
(Amersham Chicago 11): oval bum n, 46 kDa; carboni ¢ anhydrase,

30 kDa; and |ysozyne, 14.3 kDa.

Fluorescence Analysis of Isolates. Isolates of IHNV were

anal yzed by indirect fluorescence with monoclonal anti bodies



made to the nucl eoproteins and gl ycoproteins of the strains
nmenti oned above. In order to performthe imunofl uorescence
assay, CHSE-214 cells were plated on glass coverslips deposited
in 24-well tissue culture plates. Coverslips were then
incubated with 0.2 mL of IHNV isolate and adsorbed at room
tenperature for one hour. One mL of conplete medi um RPMI 1640
suppl enented with 10% fetal bovine serum (FBS) was added and the
cultures incubated for 20-24 hours at 16° C The coverslips
were rinsed briefly in cold PBS and fixed in acetone at 4° C

Al'l fluorescence assays were performed in duplicate and were
read by two individuals.

Coverslips were incubated with several drops of a
predeterm ned dilution of monoclonal anti body for 30 m nutes at
379 ¢c. They were rinsed thoroughly with cal ci um nagnesi um free
phosphate buffered saline and the appropriate dilution of
fluorescein conjugated rabbit anti-nouse inmmunogl obulin added
and incubated for an additional 30 mnutes. Coverslips were
washed again and counterstained with 0.05% Evans bl ue for one
m nute and vi ewed under epifluorescence. A positive result was
scored as brilliant apple green fluorescence on a red

backgr ound.

Plaque Reduction Assay. Dilutions of virus and undiluted
supernatant tissue culture fluid from hybridoma cul tures
cont ai ni ng monoclonal anti body were m xed on a shaker for three
hours at 16° C EPC cells plated on 24-well tissue culture

plates were the the indicator cell Iine. One-tenth mL of the



anti body virus mxture was |ayered on the nonol ayer and the

cul tures rocked for one hour at room tenperature. Sanmpl es were
then overlayed with Methocel in DMVEM (Burke and Ml cahy, 1980).
Plates were nonitored for cytopathic effects, stained and the
logip neutralization index (difference in exponents of TCIDsg
titration with and without neutralizing monoclonal anti body)

cal cul at ed.

Conpetition between Mnoclonal Antibodies. In order to
ascertai n whet her nmonocl onal antibodi es napped to the sane site
on the G protein of whole virus, a nodification of the methods
of Bricker et al. (1987) was enployed. One hundred upg of
purified monoclonral anti body was iodinated with carrier free
sodi um i odi ne (Nal231) (New Engl and Nucl ear product # NEZ033A)

in |odogen coated tubes according to the methods described by

t he manufacturer (Pierce, Rockford, Il1). Excess free 1251 was
renoved by passing the |abeled anti body over a Sephadex G 100
colum equilibrated in PBS. Briefly, 0.5 pug of the virus was
allowed to attach overnight in 0.2 M sodi um bi carbonate buffer,
pH 9.6, to each well of an Immulon | plate containing breakaway
wel | s (Dynatech, Alexandria, VA). Plates were rinsed 3 tines

wi th phosphate buffered saline containing 0.05% Tween 20, pH=7.4
(PBST) to rempve any unattached virus. Dilutions of an 1251

| abel ed monoclonalanti body in 5% bovine serum al bumn in PBS
were added to the plate in duplicate and incubated for two hours
in order to determine the saturating concentration. A standard
curve of antibody binding in counts per mnute versus dilution

was corstructed and the saturating concentration determ ned.



The saturating concentration of antibody was mxed with 100 pg
of unl abel ed conpeting antibody and the m xture added to the
wells of the virus coated plate in a total volume of 200 pL.
Each test was perforned in duplicate and the entire assay
performed tw ce. I ncubati on proceded for 2 hours, whereupon the
pl ates were washed three times with PBST. The wel |l s were broken
apart and the individual wells counted in a ganma spectroneter.
Percent inhibition of binding of the iodinated monoclonal

anti body was cal cul ated as fol |l ows:

Per cent (cpm bi nding of antibody al one -
i nhi bition cpm of antibody binding in the
of binding = —  presence of competijtor) X 100

cpm bi ndi ng of anti body al one
If inhibition of binding in this test takes place at greater
that 50% | evel, the antibodies are considered to bind at

approximately the sane site. (Bricker et al., 1987).
RESULTS

Serum Neutralization of 17 |Isolates by Mnocl onal
Antibodies. Al antibodies nade to the glycoprotein of |HNV
were tested for the ability to neutralize the virus. Wthin the
group of antiglycoprotein antibodies, only five possessed serum
reutralizing ability: 3GH127B, 3GH92A, 1GH131A, 3GH135L, and
GHSF. The results of the neutralizations by the five

anti bodies are seen in Table 2.

Twel ve of the 17 isolates were neutralized by both of the
monoclonal antibodi es 3GH127B and 3GH92A. The five isolates not

neutralized by the pair of antibodies were the "coastal"



isolates: Colenman 1, Coleman 3, Cole Rivers, Elk River, and the
1982 Rangen Research isolate fromthe Hagerman Valley. Unique
anong the collection of seventeen isolates was a 1983 Hagerman
isolate, 039-82SR, the only isolate which was neutralized by
1GH131A (Table 2). Neutralization of isolates by antibodies
3GH135L and 2GHSF was not significant. Two isolates taken at
Round Butte Hatchery in 1989, one from steel head (OF32) and the
ot her from chi nook sal non (OF52), were neutralized equally well
by 3GHS2A and 3GH127B.

The two antibodi es, 3GH92A and 3GH127B, originally nmade to
Hagerman i sol ate 039-82 SR, nmap to approximately the sane site
on this isolate, as seen in Table 3. Unl abel ed 3GH92A was
easily conpeted out by |abeled 3GH127B. Likew se, unlabeled
3GH127B conpeted well with 1231 | abel ed 3GH92A. Unl abel ed
3GH127B, however, does not efficiently inhibit 1251 | abel ed
3GH127B. This result is difficult to reconcile but m ght be
expl ai ned by the fact that 3GH127B is an IgM anti body and that
iodination altered it to make it bind nore efficiently than its
unl abel ed counterpart to the virus on the plate. Al though the
serum neutralization data in Table 2 strongly suggest that
3GH127B and 3GH92B see the sane epitope on a nunber of isolates
of IHNV, inspection of fluorescence data in Table 4 indicate
that although all 17 isolates are positive with 3GH127B, only
twel ve are positive with 3GH32A. Warren G oberg (Oregon
Cepartment of Fish and WIldlife) has observed that a 1990

Hagerman Valley isolate, HV90, is neutralized by 3GHS2A, but not

10



by 3GH127B, al so suggesting that there exists a difference in

the specificity of the two antibodi es.

Fl uor escence Assays. The results of indirect fluorescence
wi t h nmonocl onal antibodies on the 17 sel ected isol ates appears
in Table 4. Al of the isolates gave positive reactions with
the anti-nucleoprotein antibodies, |NDM4D (first colum) and
1NH139P (third colum), both of which have identified nore than
150 isolates of IHNV in our |aboratory. Wth the nonocl onal
2NE105B, which identifies electrophoretic type 2 IH\NV (R stow
and Arnzen, 1989), there were nine positive reactions given by
the following isolates: Cedar R ver 1989, Dworshak 1989
Hagerman 039-82 OSU, Hagerman 039-82 SR, Little White Sal non,
rRarngen Research, and three Round Butte Hatchery isolates. The
earliest isolate from Round Butte from 1982 was negati ve,
whereas the nost recent three isolates were positive. Wth the
Coleman 3 isolate, results were equivocal with antibody 2NH105RE,
with 1 to 5 cells being positive per coverslip. This result
indicates that this isolate nay be a "m xed" isol ate.

Only two of the seventeen isolates were positive with
2NC042C, an antibody originally made to the nucl eoprotein of
Coleman 2 IHNV, an electrophoretic type 4 IHNV (Hsu et al.,
1986). Anti body 1GH151K was positive with only two isol ates,

t he Hagerman isol ate 039-82SR and the 1989 steel head isol ate
from Round Butte. The two 1982 Hagerman 039-82 isolates from
rai nbow trout differ by reaction with two antibodies, |GH5IK
and 3FR23Q as well as by neutralization with antibody | GH 31A
(Table 2).

11



All of the isolates, with the exception of Cedar River
1980, were negative with 1NH17w, an anti body which was nade to
t he nucl eoprotein of Hagerman isolate 033-82 SR, and which has
previously been shown to distinguish between the nucl eoproteins
of isolates within the sane el ectropherotype (see Table 1 in the
appendi x). Wth antibody 2NDW18H, nmade to the nucl eoprotein of
the DW2 Dworshak isolate (Hsu et al., 1986), 11 of the seventeen
isolates were positive. Like 1NH17W, 2NDW18H di stingui shes
bet ween t he nucl eoproteins of isolates having the sane
el ectrophoretic type.

O the total of 27 monoclonal anti bodies, 12 were positive
on all of the isolates. Anti-nucleoprotein antibodies which
reacted with all 17 isolates were: 1NDW14D, 1NH163E, 1NH139P,

NH104Q, 1NCO13D, 1NDW19I, and 1NCO27G. Likewise, the anti-
gl ycoprotein anti bodi es which reacted with all isolates were:
3GH136J, 3GH135L, 3GH127B, 1GCO6S and 1GCDR15A.

Al t hough 3GH127B stained all 17 isolates in indirect
fluorescence, it did not neutralize all cf the isolates in the
pl aque neutralization studies. Wth respect to the fluorescence
tests and reaction with the anti-glycoprotein antibodies, the
Coleman 1, Colenman 3 and Elk River (all "coastal" isolates and
chi nook isol ates) have the sane gl ycoprotein fluorescence
reaction pattern, although the reactions of their nucl eoproteins
differ. The 1989 Cole Rivers chinook isolate glycoprotein
differs from the glycoproteins of the California Coleman
isolates by a positive reaction with the 1GCbriCB anti body. The

two Cedar River sockeye sal non isolates are uni que because they

12



are the only isolates in the group which react with 135CDR2P, an
anti body made to the glycoprotein of the 1980 Cedar River
i sol ate from sockeye.

O the two 1989 Round Butte Hatchery isol ates studied, one
from chi nook and the other from steel head, both had the sane
fluorescence patterns with the monoclonal antibodies with the
exception that the steel head isolate was weakly positive with
1GH151K. In fact, the 1983 and 1986 Round Butte steel head
i sol ates resenbled the 1989 isolates with respect to nost of the
epitopes, W th the exception that the 1983 isolate was negative
with 2NH1CS5B, indicating that it prcbably was not a Type |1
Vi rus. Both ol der isolates were negative with 3Fr23Q, while the

1989 isolates were positive.

Mol ecul ar  Weight Typing of Viral Nucleoprotein and

A ycoprotein Pol ypepti des. Phot ographs of the

aut oradi ograns of the gels of the irrmuncprecipitation of the
n.:cleoproteins by the m xture of anti-nccleoprotein antibodies
(2NE105B, i NHC027G | NH163E AKD |INDW4D) are found in Figures 1,
2, 3, and 4. Figures 1 and 2 are three-day exposures of the
drie.d gel to XLO film while Figures 3 and 4 are one day
exposures. The nol ecul ar weight values found in Table 5 were
calculated from Figures 3 and 4.

Mol ecul ar wei ghts of the nucl eoproteins of the various
isolates found in Table 5 were cal cul ated enpl oyi ng val ues of
protein standards from Arersham Corporation. If alternate
nol eccl ar weigh-s are enployed for the s-andards in the

calculations, as performed by other investigators in previous

13



publications (Hsu et al., 1986; Engel king and Leong, 1989),
di fferent nol ecular weights for the viral polypeptides are
prcduced. The range of values obtained for this series of
nucl eoproteins was 41.2 to 42.4 kbDa. The isolate having the
| argest nol ecul ar wei ght nucl eoprotein was the Elk River
isolate, while the nol ecul ar weights of the nucl eoproteins of
the other isolates varied fromone another by tenths of a
kilobalton.

Phot ogr aphs of the immunoprecipitations of the G proteins
with rabbit anti-glycoprotein nonospecific antisera are found in
Figures 5, 6, and 7. Table 6 contains the nolecular weights
obtained fromthe central points of the autoradiographs of the
gl ycopr ot ei ns. Mol ecul ar wei ghts of the gl ycoproteins ranged
from67 kDa to 71.5 kDa. Ml ecular weights were categorized as
being either high (H = 70 kDa or greater) or low (L = |ess than
70 xpa). Not all of the glycoproteins of these isolates gave
cl ear immuno-precipitation reactions. | nmmunoprecipitations of
several of the isolates were repeated on separate gels (gels not
pi ct ur ed) énd their glycoprotein nolecular weights cal cul at ed.
In these separate experinents, the nolecular weights of the
gl ycoproteins of the 1982 Dworshak isolate, the Little Wite
Sal non isolate and the OF 52 Round Butte Hatchery isolate were
confirmed on separate gels. However, there were four isolates
whi ch gave no precipitation in three separate experinents wth
the anti-glycoprotein nonospecific antiserum These were: Cedar
River, 1989; Dworshak, 1989; Round Butte Hatchery (OF32), 1989

and Hagerman 039-82 OSU, 1982. Uni que anong all of the isolates

14



were the Coleman 1 and Coleman 3 isolates and the Cole Rivers
isolate, which possessed high nol ecul ar wei ght glycoproteins

(Figure 5).
DI SCUSSI ON

The data above indicate that a nunber of different fornms of
| HN\V as judged by pol ypeptide anal ysis on SDS-PAGE, by serum
neutralization, and by fluorescence analysis have existed inside
and outside the Colunbia R ver Basin within the past decade. In
several respects, our results by serum neutralization, SDS-PAGE
and fluorescence analysis agree with Hsu et al., e.g., the
observation that two different species of fish, e.g., chinook
sal non and steel head in the sanme hatchery, (Round Butte, 1989),
may be infected with the sanme virus. The fluorescence and serum
neutralization anal yses, however, revealed that two different
fornms of IHNV could also exist within a particul ar geographic
area in the same year (e.g. the two Hagerman 1982 i sol ates).

The SDS-PAGE net hod of typing virus, although it yields
approxi mat e nol ecul ar wei ght values for each isolate, is
actually a very tine consum ng and expensive technique. At
| east a week's tine is required to run the i mmunoprecipitation,
prepare the sanples for electrophoresis, run the electro-
phoresis, dry down the final product and autoradi ograph the gel.
The conputations from the autoradi ograph are subject to a nunber
of errors, including the estimations of the distances traversed
(rf values) for each of the pol ypeptides and errors introduced

by drying the gel down to a fixed support. However, these
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experinents were included in this study because the SDS- PAGE

nmet hod originally devised by Hsu et al. (1986) provided the
first differentiation of IHN virus types. Al of the ensuing
studies utlizing nonoclonal antibodies had to be conpared to the
el ectropherotypes to validate its own classification schene.

Fl uorescence analysis of an isolate is nmuch faster and nore
econom cal, the infection of CHSE-214 cells requiring 24 hours.
Staining is conpleted within several hours and the coverslips
containing the stained infections read within a two hour peri od.
It is nore convenient to determ ne whether an isolate contains
the epitope associated with Type 2 by staining a coverslip with
2NH105B, than it is to perform an inmmunoprecipitation with
pol ycl onal antisera foll owed by SDS-PAGE and aut or adi ogr aphy.
The utility of the nonoclonal Ilibrary for fluorescence analysis
of sone recent isolates is seen in Appendi x Table 2.

W have found, as have Wnton et al. (1988), that serum
neutralization of isolates with anti-glycoprotein antibodies is
a very valuable tool. This nmethod is able to identify real
differences in the neutralizing epitopes in the glycoprotein
coat of the virus. dearly, the Southern Oregon/California
isolates (Cole Rivers, Elk River and the two Col eman isol ates)
are different fromthe mgjority of the isolates fromthe
Col unbia River Basin, with the exception of the Rangen Research
isolate. Although an anti-glycoprotein nonoclonal antibody in
our collection stained with particular isolates in the
fl uorescence assay, the same antibody was not able to neutralize

t hose isol ates. (Notice, for example, the reactions of antibody
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3GH127B in Tables 2 and 4 with respect to the isolates of
Coleman 1, Colenman 3 and cole Rivers). This indicates that a
positive result obtained with a nonoclonal antibody used agai nst
an isolate in a fluorescence assay does not necessarily
correlate with a positive result in a neutralization assay.

The library of nonoclonal antibodies described here can
di stingui sh anong the isolates when enployed in all three
t echi nques, and has the potential to assist hatchery nmanagers
and fish health personnel in naking decisions concerning
novenment of eggs and stocks of fish. To summarize, certain of
the anti-nucl eoprotein antibodies in the library of nonoclonals
have shown thensel ves useful in distinguishing between groups of
i sol ates. For exanple, the anti-nucleoprotein antibody 2NH OSB
identifies mainly the Type 2 IHNV as found in the Hagerman
Val |l ey and within the Col unbia Basin, whereas anti-nucl eoprotein
ant i body 2NC042C identifies an epitope originally associated
with Col eman strains. It can be shown that the epitope
identified by 2NC042C is prevalent on the 1989 and 1990 i sol ates
from chi nook sal nron at Col eman and is now appearing in other
stocks (see the table of recent isolates in the appendix). The
performance of the indirect fluorescence assay on cells on
coverslips with either antibody is quite rapid, taking 16 hours
(overnight) to infect cells with the isolate on coverslips plus
several hours the next day to stain the coverslips with the

anti bodi es and view the nounted coverslips under a fluorescence

m cr oscope.
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Neutralization of isolates with the antibodi es 3GHS32A and
3GH127B will generally distinguish between Southern
Oregon/California isolates which are neutralized by the pair of
antibodies, and the Colunbia R ver Basin isolates which are not
neutral i zed. (The exception to this finding in our study was
the 1983 Rangen isolate). Neutralization with 3GH92A and
3GH127B could be perforned in parallel to the standard pl agui ng
technique which is already in place in nmany of the hatcheries in
the Pacific Northwest.

In other related work with the anti bodies, we have shown
that the anti body | NDWM4D has been useful in the diagnosis of
IENV. The fluoresceinated anti-nucl eoprotein antibody, |NDWA4D,
universally recognizes IHNV in tissue culture 16 hours after
infection, cutting the tine for recognizing the presence of |H\V
in ovarian fluids and spl een honogenates from 10 days to
16 hours (Ri stow and Arnzen, 1989; Arnzen, R stow, Poe and
Lientz manuscript in press). This antibody does not crossreact
with serotypes of VHSV, pike fry rhabdovirus, EVX (rhabdovirus
of eels), or spring virema of carp (P.E. Vestergaard-Jorgensen,
personal comunication). Also, when used in a dot inmmunoassay
with an anti- nucl eoprotein antibody prepared by Jorgensen's
group agai nst VHSV, 1P5B11, the pair of antibodies clearly
di stingui shes between IHNV and VHSV (Ri stow, Lorenzen and
Jorgensen, manuscript submtted).

Thus, we believe that this collection of antibodies and
certain of the antibodies in particular will be of value in the

di agnosi s and study of the epizootiology of |HNV.
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TABLE 1

Cedar River

Cedar River

Coleman

Coleman

Cole Rivers
Dworshak

Dworshak

Elk River

Hagerman 039-82SR
Hagerman 039-820SU
Little White Salmon
Metolius

Rangen Research
Round Butte Hatchery
Round Butte Hatcher>
Round Butte Hatchery
Round Butte Hatchery

GEOGRAPHY HOST YEAR
Washington ss 1980
Washington ss 1980
Cdlifornia CH 1982
Cdlifornia CH 1979
Oregon CH 1989
Idaho STS 1982
Idaho STS 1989
Oregon CH 1982
Idaho RBT 1982
Idaho RBT 1982
Washington CH 1987
Oregon KO 1989
Idaho RBT 1983
Oregon STS 1983
Oregon STS 1986
Oregon STS 1989

Oregon

21

CH

1989



22



Isolate

Cedar River

Cedar River

Coleman 1

Coleman 3

Cole Rivers
Dworshak

Dworshak

Elk River

Hagcrman 039-82 SR
Hagerman 039-82 OSU
Little White Salmon
Metolius

Rangen Research
Round Butte

Round Butte

Round Butte

Round Butte

Speci es

SS
Ss
ChS
ChS
ChS
sTS
sTS
ChS
RbT
RbT
ChS
K
RbT
sTS
sTS
sTS
ChS

Date

1980
1989
1982

1989
1982
1989
1982
1982
1982
1987
1989
1983
1983
1986
1989
1989

Table 2. Serum Neutralization

3GH127B

3.2
31

34
3.5

2.7
19
2.9
3.3

4.2
3.2
3.7
3.0

23

3GH92A

3.7
3.8

4.4
3.9

34
2.7
4.5
3.3

45
3.8
4.3
3.2

1GH131A

3GH135L

0.4
0.6

0.6
0.6
05
0.5
0.3

01
01
0.5
0.6
0.3

2GHSF
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Table 3. Inhibition of 125 Labeled Antibodies.

Competing Antibodies

125] | abeled
Antibody 3GH92A 3GH127B IGH131A 3GH135L

3GH92A 97% 94% 46% 35%
3GH127B 93% 62% 11% 0%
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Tabl e 4 LEGEND

Nonencl ature for nonocl onal antibodies. The nunbering and
lettering systemon the library of nonoclonal antibodies reads
as as follows:
first numeral = fusion nunber
first letter = G designates a fusion against the
gl ycoprotein, while N designates a fusion against
t he nucl eoprotein.
Abbreviations for virus to which the fusion was
made: DW Dworshak; H, Hagernman; FR, Feat her
River; CO Colenman 2; CD, Cedar River.

nunber of «cell Iline
last letter = clone designation

For exanple, the nane of the nonoclonal antibody | NDW4D
nmeans an anti body which was nade in the first fusion to the N
protein of the Dworshak 2 IHNV, the 14th cell line, and the D

cl one(4th clone).
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LOCATION
Cedar River
Cedar River
Coleman 1
Coleman 3
Cole Rivers
Dworshak
Dworshak
Elk River
Hagerman 039-82SR
Hagerman (039-82 OSU
Little White Salmon
Mctolius
Rangen Rescarch
Round Buite Hatchery
Round Butte Hatchery
Round Butic Hatchery

Round Butte Hatchery

TYPE

SS

SS
CH
CH
CH
sTS
sTS
cti
RBT
RBT
CH
KO
RUT
sTS
sTS
sTS
CH

DATE

1980
19x9
1980
1979
1989
1982
1989
1982
1982
1982
1987
1989
1983
1986
1983
1989

1989

1NDW
14D

+

+

1NH
163E

+

+

1NH
139P

+

+

2NH
1058

1NH
104Q

+

+

1INCO
13D

+

+

2NCO
42C

1NDW  2NDW

191 18H
+

+

+

+ +
+ +
+

+ +
+

+ +
+ +
+ +
+

+ +
+ +
+ +
+ +
+ +

1NH
17w

3NFR
23Q

INCO
27G

+

+

28



3GH
136J

+

+

3GH
135L

+

+

3GH
1278

+

+

1GH
131A

+

wkt

1GH
151K

wkt

3GH
92A

+

+

1GCO
6S

+

+

2FR
40T

+

+

1GCDR
15A

+

+

2GH
SF

+

+

1GH
111A

+

+

1GCDR
2P

+

+

1GCDR
108

+

+

1GCDR
158

+

+

1 GCDR
2F

+

+
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Table 5. Nucleoprotein Molecular Weights

LOCATION YEAR SPECIES MwW
Cedar River 1980 ss 41.3
Cedar River 1989 SS 41.0
Coleman 1 1982 ChS 41.7
Coleman 3 1979 ChS 41.5
Cole Rivers 1989 ChS 41.2
Dworshak 1982 St 42.0
Dworshak 1989 St 41.8
Elk River 1982 ChS 42.4
Hagerman 039-82SR 1982 RBT 41.7
Hagerman 039-820SU 1982 RBT 41.5
Little White Salmon 1987 ChS 41.3
Metolius 1989 K 41.4
Rangen Research 1983 RBT 41.5
Round Butte Hatchery 1983 sTS 41.2
Round Butte Hatchery 1986 sTS 415
Round Butte Hatchery (OF32) 1989 sTS 41.5
Round Butte Hatchery (OF52) 1989 ChS 41.5

MW - Molecular weights caculated with Amersham standards
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Table 6. Molecular Weights of IHNV Glycoprotelns

LOCATION

Cedar River

Coleman 1

Coleman 3

Cole Rivers
Dworshak

Elk River

Hagerman 039-82SR
Little White Salmon
Metolius

Rangen Research
Round Butte Hatchery
Round Butte Hatchery
Round Butte Hatchery
Round Butte Hatchery (OF52)

YEAR

1980
1982
1979
1989
1982
1982
1982
1987
1989
1983
1983
1983
1986
1989

33

SPECIES

SS
ChS
ChS
ChS

St
ChS
RBT
ChS

K
RBT
sTS
sTS
sTS
ChS

Mw

67.0
71.5
71.5
70.5
67.0
67.0
67.0
67.0
67.0
67.0
67.0
67.0
67.0
67.0

LOW OR
HIGH

[l ol ol ol ol ol el ealiesfo e siie ol
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FI GURE LEGENDS

Figure 1. Nucl eoproteins precipitated by nonoclonal antibody

m xture and el ectrophoresed on a 13% gel . O der of

el ectrophoresis: Lane 1, 14c standard; Lane 2, Cedar River 1980;
Lane 3, Cedar River 1989; Lane 4, Cole Rivers; Lane 5, Coleman
1; Lane 6, Coleman 3; Lane 7, 14C Standard; Lane 8, Dworshak
1980;

Lane 9, Dworshak 1989; Lane 10, Elk River. Photo is a 3 day

exposure of Kodak XLO filmto the gel.

Figure 2 Nucleoproteins precipitated by nonoclonal antibody

m xture and el ectrophoresed on a 13% gel . Lane 1, 03982 SR
Lane 2, 03982 OSU, Lane 3, Little Wiite Sal non; Lane 4,
vetolius; Lane 5, Rangen Research; Lane 6, 14C Standards; Lane
7, Round Butte Hatchery 1983; Lane 8, Round Butte Hatchery,

1986; Lane 9, Round Butte Hatchery (OF32), 1989; Lane 10, Round
Butte Hatchery (0OF52), 1989. Photo is a 3 day exposure of Kodak
XL3 filmto the gel.

Figure 3. Sane as figure 1, except the exposure of the gel to

the filmis 24 hours.

Figure 4. Sane as figure 1, except the exposure of the gel to

the filmis 24 hours.

Figure 5. Qycoproteins precipitated by monospecific
antinucl eoprotein antiserum and el ectrcphoresed on a 13% gel .

Crder of electrophcresis: Lane 1, Cedar River 1380; Lane 2,
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Cedar R ver 1989; Lane 3, Cole R vers; Lane 4, 14C standards;
Lane 5, Coleman 1; Lane 6, Coleman 3; Lane 7; Lane 8, Dworshak

1980;

Lane 9, Dworshak 1989; Lane 10, Elk River. Photo is a 3 day
exposure of Kodak XLO filmto the gel.

Fi gure 6. @ ycoproteins precipitated by nonospecific

anti-nucl eoprotein anti serum and el ectrophoresed on a 13% gel .
Lane 1, Hagerman 039-82 SR, Lane 2, Hagernman 039-82 OSU, Lane 3,
Little Wi te Sal non; Lane 4, Metolius; Lane 5, Rangen Research;
Lane 6, 4c Standards; Lane 7, Round Butte Hatchery 1983; Lane
8, Round Butte Hatchery, 1986; Lane 9, Round Butte Hatchery
(OF32), 1989; Lane 10, Round Butte Hatchery (OF52), 1989. Phot o

is a 3 day exposure of Kodak XLO filmto the gel.

Figure 7. Proteins of Cedar R ver 1980, Dworshak 1982, and
Hager man 039-82 SR i nmunoprecipitated by nonospecific anti-

gl ycoprotein, anti-nucleoprotein and anti-whole IHNV antiserum
on a 10% gel. Cedar River 1980 imunoprecipitated by anti-whole
| HNV (Lane 1), anti-nucleoprotein (Lane 2), and anti-

gl ycoprotein (Lane 3) antisera. Dworshak 2 immunoprecipitated
by anti-whole IH\NV (Lane 4), anti-nucleoprotein (Lane 5), and
anti-glycoprotein (Lane 6), antisera. Hager man 039-82 SR

i mmunopreci pitated by anti-whole IH\V (Lane 7), anti-

nucl eoprotein (Lane 8), and anti-glycoprotein (Lane 9) antisera.

Posi ti ons of 14C standards are indicated at the right.
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Figure 7
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APPENDI X TABLE LEGENDS

Appendi x Table 1. A partial list of isolates from the paper

by Hsu et al. (1986) anal yzed by indirect fluorescence wth five

monocl onal anti bodi es made agai nst the |IHNV nucl eoproteins

(22JHL05B, 2NC042C, | NHL7W 2NDWL8H, | NDWL91l) and 2 nonocl onal

ant i bodi es produced against the glycoprotein (3GHl27B and
| GHL31A) .

Appendi x Table 2. A tabulation of the reactions of recent

isolates with a limted panel of antibodies in indirect
fl uorescence. Legend of antibodies: 131A = | GHI31A; 92A =
3GH92A; 1lI1A = 1GHII A, 127B = 3GH127B; 2F = 1GCDR 2F; 5F =

2CGHSF; 105B = 2NH105B; 42C = 2NC042C, 17W = INHL7W 18H =
2NDWL8BH.
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LOCATION SPECIES YEAR 2NH105B 2NC042C INH17W 2NDW18H 1NDW19l 3GH127B IGH131A

LA )

TYPE |

Bowron Lake SS 1976 - - - + +

Cameron Lake K 1978 - + -
Cowichanl SS 1978 - + - + -
Cultus Lake SS 1978 - + - -
Grt Central Lake SS 1974 - - .
Weaver Creek 2 SS 1976 - + + + + -
TYPEII

Cowlitz 4 St 1981 + + + + -

Cowlitz 5 St 1981 + + + + - .
Cowlitz 6 Ct 1981 + + + +

Hagerman 1 RbT 1978 + - + + + + +
Hagerman 2 RbT 1978 + + - + + +
Mossy Rock St 1981 + + + + -
TYPE I

Feather River ChS 1977 - + + +

Nan Scott Lake RbT 1971 - + - + + -
Sacramento Valley ChS 1975 - - + -
Trinity River ChS 1980 - - - - + - -
TYPE IV

Coleman 2 ChS 1980 + + + + -

Coleman 3 ChS 1979 - + + + + . +
TYPLEV

Cedar River SS 1980 - + + + -
Karluk Lake SS 1979 - + - + -
Karluk Lake ChS 1979 + + + -

* - 2 vias of Coleman 3, one was positive on 2NH105B, the other was negative.
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LOCATION
Dworshak OF #470
Hagerman Lot #36
Hagerman Lot #37
Hagerman Lot #38
Hagerman Lot #39
Lyons Ferry
Warm Springs
Little White Salmon
Coleman

Coleman

SPECIES

StT
StT
StT
StT
StT
RbT
RbT

ChSs

chs (F)
ChS (LF)

DATE
3/90
3/90
3/90
3/90
3/90
8/89
6/89
5/89
10/89

1/90

RECENT ISOLATES

131A 92A 111A 1278 2F

+ + +

+ + +

+ + +

+ -

+ + +

+ + + +

+ + + +

+ + + +

+ + + +
+ + + +

55

SF

I+

105B 42C
+ -
+ -
+ -
+ -
+ +/-
+ -
+ -
+ +/-
- +
s +

17w

18H

+



