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The glycoprotein, G, of infectious hematopoietic necrosis virus, IHNV,

was shown to be the viral protein which elicits and reacts with neutralizing

antibodies. The G protein also confers protective immunity on immunized

susceptible salmonid hosts to IHNV. The other three structural proteins of

IHNV, N, Ml, and M2, do not give rise to neutralizing antibodies. Antiserum

produced to the N or M2 proteins in combination with antiserum to the G

protein did not enhance the neutralization of IHNV by the G protein specific

antiserum. G protein purified by column chromatography was capable of

blocking the neutralizing capacity of antiserum to IHNV. Together the results

indicate that only the G protein of IHNV is capable of inducing a neutralizing

serum antibody response. Furthermore, a vaccine to protect IHNV sensitive

salmonid hosts must be based on the G protein.

IHNV isolated from selected geographic locations has been grouped

into five distinct biochemical types (Hsu et al., 1986). This diversity of IHNV

strains was examined by immunological cross neutralization comparisons and



by protection studies using a single IHNV isolate, type 1, as the source of G

protein for vaccination. It was found that the G protein from Type 1 IHNV could

confer protection from challenge with the four other IHNV types. The

immunological comparison of ten IHNV isolates identifies a variant group.

However, only a single serotype of IHNV was defined. No direct relation

between biochemical type and immunological group was found.

A comparison of a temperature sensitive IHNV isolate, CO2, and a non-

temperature sensitive IHNV isolate, RB1, by endoglycosidase digestion of the

G protein indicates carbohydrate differences are responsible for molecular

weight differences in the G protein. It is proposed that temperature sensitivity

and immunological differences may also be accounted for by glycosylation

variations of the G protein of IHNV CO2.
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PROPERTIES OF THE GLYCOPROTEIN OF INFECTIOUS

HEMATOPOIETIC NECROSIS VIRUS

INTRODUCTION

Infectious hematopoietic necrosis virus (IHNV) is the causative agent of a

fatal disease of young salmon and trout. In the Pacific Northwest of the United

States outbreaks of IHN disease have occurred at hatcheries with increasing

frequency. There are no good preventative measures or treatments for this

disease and consequently the economic loss to both sport and commercial

fisheries has been great (Groberg and Fryer, 1983). Investigating IHN Virus in

order to develop a practical vaccine to ameliorate the disease problem is an

important task.

This requires understanding of both the biology and biochemistry of

IHNV. This report deals with some aspects of IHNV that it is hoped will lead to

control of the disease. Specifically, the glycoprotein (G) of IHNV is

immunologically defined as the viral component which elicits a neutralizing

serum antibody response and confers protection to vaccinated hosts. The

diversity of IHNV isolates is serologically examined. Some IHNV isolates are

true biological variants from other isolates. Finally, one such temperature

sensitive IHNV variant which possesses an altered G protein is shown to have

modifications in the attached carbohydrate moieties. In order to put these

findings in perspective, comparisons are made to the two prototypic

rhabdoviruses, vesicular stomatitis virus (VSV) and rabies virus.



2

LITERATURE REVIEW

HISTORY

The first reported outbreak of infectious hematopoietic necrosis (IHN)

disease was in 1953 at two Washington state fish hatcheries, Winthrop and

Leavenworth. No bacteria or parasites were found in the infected dead

sockeye salmon (Oncorhynchus nerka) (Rucker et al., 1953). The disease

was presumed to be viral by the resistance of the disease to antibiotic

treatment as well as transmission of the disease by a filterable agent (Watson

et al., 1954).

In 1958, a similar disease among juvenile sockeye salmon occurred at

the Willamette River Salmon Hatchery near Oakridge, Oregon. A filterable

agent was recovered and samples were kept for later studies. Using fish cell

lines developed in the 1960's which were sensitive to virus, this disease was

shown conclusively to be of viral origin. The virus was isolated from diseased

tissue and physiochemical properties were determined (Wingfield et al.,

1969).

In California, in the same year, two outbreaks occurred at hatcheries

along the Sacramento River (Ross et al., 1960). Chinook salmon (a.

tschawytscha) fry were affected and the disease was called "Sacramento

River Chinook Disease" (Pariosot and Pelnar, 1962). However, cutthroat trout

(Salmo clarki) were also susceptible to infection by the filterable agent

obtained from dead chinook salmon (Yasutake et al., 1965).

Infectious hematopoietic necrosis disease was the name proposed for

a viral infection that killed both rainbow trout (a. gairdneri) and sockeye
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salmon in British Columbia, Canada (Amend et al., 1969). A pathological

examination of the infected fish revealed extensive necrosis of the

hematopoietic tissue, which is the anterior kidney and spleen.

It was then proposed that these geographically distinct diseases may

be caused by a common etiological agent. The viruses isolated in these

diseases were structurally similar, having a bullet shape and the same

dimensions by electron micoscopy. The diseases in salmon and trout caused

the same high mortality and pathology. The cytopathic effects produced in

vitro were very similar. Infectious hematopoietic necrosis virus (IHNV) was the

name given to the virus that had been referred to as: British Columbia Virus,

the Oregon Sockeye Virus, and the Sacramento River Chinook Disease Virus

(Amend and Chambers, 1970).

DISTRIBUTION AND DIVERSITY

Infectious hematopoietic necrosis virus is found throughout the Pacific

Rim countries. It has been found in Taiwan, Japan, Alaska, and British

Columbia. In the contiguous United States, it has been isolated from

salmonid fish in Washington, Idaho, Oregon and California (Pilcher and Fryer,

1980).

The disease has been found elsewhere, probably arising from the

transport of infected eggs. Epizootics in rainbow trout have occurred in

Minnesota, Montana, South Dakota and West Virginia but have not recurred

(Wolf et al., 1973; Pilcher and Fryer, 1980). Japan and Taiwan may have had

introductions of IHNV from contaminated eggs from Alaska (Wolf, 1976; Sano

et al., 1977; Chen et al., 1985).
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Recently, these diverse geographic isolates of IHNV have been

grouped on the basis of their biochemical features. Serologically, the isolates

comprise a single serotype (McCain et al., 1971). Biologically, all IHNV are

similar, although there appears to be some host specificity or preference

(Chen, 1984). An isolate from the Coleman Hatchery in California is a

naturally occurring temperature sensitive strain (Mulcahy et al., 1984).

Hsu et al. (1986) proposed that IHNV isolates could be grouped into

five types on the basis of the molecular weight differences of the nucleocapsid

(N) protein. The five types are described in Table 1 as adapted from Hsu et

al., 1986. These groupings have been useful to show that a particular virus is

geographically specific and that the disease in progeny fish arises from the

same type of isolate found in the spawning adults (Hsu et al., 1986). Host

species was not found to be related to the IHNV biochemical type.

Table 1. Molecular weight characteristics of proteins used to type IHNV.

IHNV IHNV
Protein Type 1 2 3 4 5**

N 40.5* 42.8 43.25 40.5-41.0 41.0-44.0

G 67.0 67.0 67.0 70.0 67.0

*Molecular weight x 103 daltons

**Type 5 is less defined and N protein varies in molecular weight
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CONTROL OF IHN DISEASE

At the present time, the only available means for containing the spread

of IHN disease are avoidance of contaminated stocks and elimination of

infected fish. This has been somewhat sucessful in preventing dissemination

of the disease to IHNV-free watersheds. IHNV-free populations of salmonid

fish have also been maintained by these methods in Oregon (Groberg and

Fryer, 1983; Mulcahy et al., 19.83).

A unique control method has been used at the Coleman National Fish

Hatchery on the Sacramento River in California. Infected salmon fry are held

in water that has been heated by geothermal means to above 150C (Amend

and Chambers, 1970). Mortality is apparently controlled at this temperature

by limited viral growth or enhanced fish immune response. The Coleman

Hatchery IHNV isolate is a naturally occurring temperature sensitive mutant

(Mulcahy et al., 1984). However, widespread use of this control method is

limited by the cost of raising hatchery water temperatures at other locations

and other IHNV isolates may not be as sensitive to higher water temperature.

One potential problem with this method is the carrier state that continues after

infection. These survivors may spread the disease and should not be shipped

to IHNV-free locations (Mulcahy et al., 1983).

Amend and Smith (1974) have shown a protective serum antibody

response does develop in rainbow trout when given nonlethal inoculations of

IHNV. After such vaccination, the fish produce a serum antibody capable of

neutralizing IHNV in vitro. Therefore, a vaccine to IHNV is a potential control

method for the disease. Attenuated IHNV strains have been isolated and

used for immunization. An IHNV strain that has been grown in tissue culture
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for more than 40 passages had dramatically reduced virulence for kokanee

salmon fry (McMichael, 1974). This attenuated virus provided a high level of

protection in fish vaccinated 25 days prior to lethal challenge of IHNV. Less

than 10 percent of the immunized fish died compared to ninety percent or

more of the control fish (Fryer et al., 1976). The risks of reversion to virulence

and the possible interference with diagnostic tests have limited attenuated

vaccines to experimental trials only (Tebbit, 1976).

MOLECULAR BIOLOGY OF IHNV

IHNV Proteins

The IHNV virion is composed of five proteins (Figure 1) (McAllister and

Wagner, 1975; Hill, 1975). It is unique among the rhabdoviridae in having a

non-viron protein (NV) that is present in infected cells (Kurath and Leong,

1985). The largest protein L, assumed to be a polymerase, is about 150

kilodaltons (kd) in size. The glycoprotein G is an external protein associated

with the lipid envelope and is approximately 66 to 70 kd in size. N, the

nucleocapsid phosphoprotein, is reported to be 40 to 44 kd in size and it also

varies with isolate (Hsu et al., 1986). There are two matrix proteins, M1 and

M2, that comprise the virion membrane. M1 is a phosphoprotein of about 25

kd and M2 is a protein of 21 kd in molecular weight. G was shown to be a

glycoprotein by incorporation of 3H-labeled glucosamine. N and M1

incorporated 32P-labeled orthophosphate (McAllister and Wagner, 1975; Hsu,

1984). This protein pattern resembles that of rabies virus which also has two

matrix proteins. Rabies virus is the prototype virus of the Lyssavirus genus of
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Infectious Hernatopoietic Necrosis Virus

IHNV

Figure 1. A diagrammatic representation of IHNV with a typical gel pattern of

the virion proteins of IHNV RBI in a silver stained SDS-PAGE. The IHNV

virion proteins are labeled with the molecular weight in kilodaltons (kd). The

arrows point to the presumed location of each virion protein on the virus.
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the family Rhabdoviridae. It differs from vesicular stomatitis virus (VSV),

another rhabdovirus which has a single matrix protein and an additional NS

protein (Cos lett et al., 1980). VSV is the prototype virus of the Vesiculovirus

genus. The protein composition would place IHNV in the Lyssavirus genus of

the family Rhabdoviridae (Matthews, 1982). However, the additional

nonvirion protein suggests a possible new classification for IHNV.

IHNV Genome RNA

The lipid enveloped IHNV genome is a single-stranded negative sense

RNA with a sedimentation value of 38-40S (Hill, 1975; McCain et al., 1974).

Recently, the gene order of the genome RNA of IHNV has been determined by

molecular cloning and R-loop mapping to be 3' N-M1-M2-G-NV-L 5' (Kurath et

al., 1985). This gene order resembles that of rabies virus which is 3' N-M1-

M2-G-L 5'. There is an intergenic region between G and L genes of 423

bases in rabies virus which may be a remnant gene (Tordo et al., 1986). This

region is noncoding in rabies virus and further sequence analysis is required

to compare the regions to the IHNV NV gene. The molecular weight of the

genome RNA is 3.7 x 106 daltons as determined by migration of glyoxal

denatured genome RNA in agarose gels (Kurath and Leong, 1985). This

corresponds to a genome length of about 10,900 nucleotide bases.

IHNV Messenger RNA

In 1977, McAllister and Wagner reported an in vitro transcription system

in which the messenger RNA (mRNA) species of IHNV were described. IHNV

virus has an RNA polymerase which produces transcripts similar in size to that
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found in infected cells. By hybridization to the viral genome, these 12-17S

RNA transcripts were shown to be IHNV specific.

The mRNA of IHNV was further characterized by Kurath et al. (1985).

Messenger RNA was isolated by oligo dT column chromatography and

resolved into five bands by gel electrophoresis. The mRNA species for each

of the virion proteins, as well as a previously unknown non-virion protein, NV

were identified. The five mRNA species and their respective protein products

as determined by hybrid selections are described in Table 2 as adapted from

Kurath (1985).

Table 2. IHNV messenger RNA and its protein products.

mRNA IHNV IHNV
mRNA Molecular Protein Protein
number Weight (daltons) Product Molecular Weight (daltons)

1 2.3 x 106 L 150,000

2 5.6 x 105 G 56,795*

3 4.8 x 105 N 45,600**

4 3.0 x 105 M1 and M2 25 and 21,000

5 1.9 x 105 NV 12,000

*G protein molecular weight as determined from the deduced amino acid
sequence and in a unglycosylated form (Koener et al., 1987).

**N protein molecular weight as determined from the deduced 413 amino acid
sequence and unphosphorylated. (Gilmore, 1988).
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The in vitro transcriptional reaction process has been further defined

and the products identified (Kurath and Leong, 1987). Optimal reaction

conditions required HEPES buffer and S-adenosyl methionine. The products

were functional mRNA species which were polyadenylated. The mRNA for the

L protein was not found. The reaction system is similar to that of rabies virus

(Kawai, 1977), vesicular stomatitis virus (VSV) (Bishop, 1971) and other fish

rhabodoviruses (Roy and Clew ley, 1978; Gupta and Roy, 1980)).

There are three models for the in vivo transcription process of the

rhabdovirus genome (Banerjee et al., 1977; Abraham and Banerjee, 1976;

Banerjee, 1987). Transcription is known to occur sequentially (Iverson and

Rose, 1981; 1982). Models consistent with this process are: 1) Specific

cleavages of a mRNA initiated solely at the 3' end of the genome. 2) Multiple

initiation and termination of mRNA synthesis. 3) A multiple initiation model in

which further initiation and elongation are dependent on transcription of the

gene immediately 3' prior. There is some evidence for all three models

(Cos lett et al., 1980).

Leader and Intergenic Regions of the Rhabdovirus Genome RNA

A leader RNA region has been described in the genomes of VSV (47

bases), rabies virus (56 bases), sonchus yellow net virus (139-144 bases, a

plant rhabdovirus), and spring viremia of carp virus (50 bases) (Zuidema et al.,

1986). Indirect evidence exisits for an IHNV leader RNA of one hundred or

more bases in length (Gilmore, 1988).

Intergenic regions exist between the genes of rhabdoviruses. In VSV

there are only dinucleotides either, AG or AC. In rabies virus the regions are

2, 5, 5 and 423 bases long respectively from the 3' end of the genome (Tordo
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et al., 1986). In IHNV the intergenic region between G and NV is 46 bases in

length (Gilmore, 1988). No other intergenic regions of IHNV have been

sequenced.

PROPERTIES OF GLYCOPROTEINS

Biological Characteristics

Studies of the glycoprotein of VSV and rabies virus have shown it to be

the only viral protein which elicits a neutralizing antibody response (Kelley et

al., 1972; Cox et al., 1977). Vaccination with the glycoprotein confers

immunity on susceptible hosts. The glycoprotein of rabies virus, CVS strain,

has nine distinct antigenic sites based on monoclonal antibody competition

assays (Dietzschold et al., 1983a). Three of these epitopes will bind

neutralizing monoclonal antibodies (Self et al., 1985). In VSV there are five

non-neutralizing and four neutralizing groups of epitopes as defined by

monoclonal antibody studies (Vandepol et al., 1986).

The glycoprotein has also been shown to be the determinant of

virulence in rabies virus. Arginine-333 of the glycoprotein is essential for

pathogenicity and for the integrity of neutralizing epitope III. If there is an

amino acid substitution at this position, the virus is rendered non-virulent

(Dietzschold et al., 1983a).

Since the glycoprotein, G, is highly exposed on the surface of the virus

it has other properties related to the viral life cycle. It functions as the virus

receptor ligand for cells (Cartwright et al., 1970) and mediates cell fusion in

vitro (Florkiewicz and Rose, 1984).
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A soluble form of the G protein, Gs, is released into the tissue culture

medium of cells infected by VSV or rabies virus (Dietzschold et al., 1983b;

Irving and Ghosh, 1982). This protein, Gs, is smaller than the complete virion

G protein, though it is fully glycosylated. The Gs protein is a truncated form of

the G protein found in the virion. In rabies virus 58 amino acids and in VSV

about 85 amino acids are lacking from the carboxy terminus in these smaller

Gs proteins. This missing region contains the hydrophobic transmembrane

anchor; the loss of which may lead to its release from the infected cells.

Immunologically the Gs protein of rabies virus is unable to confer protection to

Gs vaccinated mice. This is in contrast to IHNV, where it has been shown that

a portion of the G protein not including the transmembrane region can confer

protection (Gilmore, 1988). No information is available concerning a soluble

form of IHNV G protein.

Other studies of the efficacy of the G protein as a subunit vaccine for

rabies virus have indicated the necessity for aggregation of G molecules

(Dietzschold et al., 1978). Monomeric forms of the G protein were only one-

tenth as protective as polymeric forms (Wunner et al., 1983). Immunogenicity

in vivo, may be dependent on mutiple factors to properly stimulate the host

defense systems.

Glycoproteins in viruses are often outer viral proteins against which

host immunological responses are directed (Norrby, 1983). Most studies have

indicated that the sugar side chains are not directly involved but influence

antigenicity. This is accomplished by properly conforming the structure of the

glycoprotein, "hiding" epitopes, and or directing the response to "weak"

epitopes (Elder et al., 1986). Changes in glycosylation, especially additions,

can be a method of escaping antibody recognition (Vandepol et al., 1986).
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Biochemical Characteristics of Glycoproteins

Glycosylation is one form of modification that occurs to proteins. A

oligosaccharide is covalently linked to the polypeptide chain. These

oligosaccharides can vary greatly in size and complexity. The side chain

carbohydrate appears to be important in immunological characteristics, cell

location (transport), and determining structural characteristics of the protein.

The two types of glycosidic linkages that have been found to occur between

the sugar and the protein are either N-glycosides or 0-glycosides. N-linkages

occur between asparagine residues and N-acetyl-D-glucosamine. N-linked

glycosylation occurs at the amino acid sequence Asn-X-Ser/Thr, where X is

any amino acid but proline or aspartic acid. This sequence is not sufficient for

glycosylation since only about one-third of such sites are glycosylated. The

site must be accessible and have the correct structure, a pool of glycosylated

lipid-linked oligosaccharides must be present, and finally active transferase is

required. 0-linkage occurs between N-acetylgalactosamine or galactose and

the amino acids threonine, serine or rarely hydroxylysine (Kornfeld and

Kornfeld, 1985). Less is known about 0-linked glycosylation.

Glycosylation of proteins at asparagine residues in eucaryotic systems,

including viruses, is a cotranslational event (Parodi and Leloir, 1979). To the

elongating polypeptide chain in the lumen of the rough endoplasmic reticulum

a preformed oligosaccharide is donated from a dolichol pyrophosphate

intermediate (Schwartz et al., 1977). This carbohydrate moiety contains a

branched chain of mannose residues and N-acetylglucosamine and glucose.

This structure is subsequently "trimmed" by the removal of glucose and

mannose residues by specific Golgi glucosidases and mannosidases (Spiro

et al., 1976). This yields what is known as a "high mannose" carbohydrate
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structure on the protein. Further modification of the high mannose structure by

the addition of more mannose and/or N-acetylglucosamine, galactose, sialic

acid and fucose yields the "complex" type of glycosylation. These additions

also occur by Golgi enzymes at specific cisternae locations (Kornfeld and

Kornfeld, 1985). Both high mannose and complex-type oligosaccharides exist

on viral glycoproteins. In Semliki Forest Virus both types are present on the

glycoproteins, (Kaluzu et al., 1980).

Carbohydrates can also be attached to proteins at serine or threonine

residues. These 0-linked moieties also occur on virus proteins such as in

Varicella-Zoster Virus (Montalvo and Grose, 1987).

Carbohydrate processing variations on glycoproteins occur in part

because of differences in enzyme activities among tissues and host species.

However, individual protein sites tend to have specific oligosaccharides

(Kornfeld and Kornfeld, 1985). For instance, the Indiana serotype of VSV

contains complex oligosaccharides at both glycosylation sites when grown in

baby hamster kidney cells. The New Jersey serotype (Hazelhurst ) of VSV, in

contrast, has the complex type glycosylation at one site and a mixture of

hybrid and high mannose species at the other site (Hunt et al., 1983). Murine

Leukemia virus strains show similar processing changes which are

dependent on the amino acid sequence of the glycoprotein, gp70 (Rosner et

al., 1980). The difference in conformation of the proteins regulates to some

extent the processing that can occur on the oligosaccharides (Kornfeld and

Kornfeld, 1985). The sites may become inaccessible to further modification.

Recent studies by Wunner (1985) have shown that the two forms of G protein

in rabies virus differ in that asparagine 204 has no carbohydrate addition in

the lower molecular weight form. Alteration of amino acids near this site can
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lead to total glycosylation at this site. Host factors also determine processing.

Sindbis virus glycoproteins contain a variety of oligosaccharides depending

on the host cell line (Hsieh et al., 1983). Interestingly, it has been observed

(that glycoproteins, in general, contain complex carbohydrate units at sites in

the) first 100 amino acids and high mannose units in the majority of

glycosylation sites after amino acid 200 (Kornfeld and Kornfeld, 1985).

Carbohydrate side chains have varying roles with respect to the

conformation and biological functions of glycoproteins of viruses. VSV is still

infectious when the carbohydrate is not attached to the glycoprotein, as shown

by Gibson et al. (1978) who used tunicamycin to prevent the lipid dependent

transfer of the carbohydrate to the VSV G protein. Alphaviruses have been

shown to be infectious even when grown in mosquito cells which do not

transfer sialic acid to the glycoproteins (Stollar et al., 1976). Similarly, Hsieh

(1983) used a mutant cell line that reduced the carbohydrate content of

Sindbis virus but the altered virus was fully infectious. Total inhibition of

glycosylation, however, prevents maturation of Sindbis, Semliki Forest and

Influenza viruses (Kaluza et al., 1980). Herpes and retroviruses will form

particles (mature) but these particles are non-infectious if glycosylation is

prevented during infection (Schwartz, 1976). Thus, glycosylation varies in its

importance to the biological functioning of the viruses.

Biochemistry of IHNV G protein

The glycoprotein of IHNV has recently been cloned and sequenced.

(Koener et al., 1987). The gene is 1609 nucleotides long and codes for a

protein of 508 amino acids. The deduced amino acid sequence predicted a

protein of molecular weight of 56,795 daltons. Five potential N-linked
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glycosylation sites were noted at amino acid position. A hydropathic analysis

of the amino acid sequence indicated that the first 20 amino acids at the

amino terminal formed a potential signal sequence and a transmembrane

hydrophilic region was located near the carboxy terminus. Although IHNV G

protein is similar in size to that of VSV and rabies virus, the amino acid

homology is only about 20% for both of these viruses. A comparison of the

computer generated secondary structure of rhabdovirus G proteins indicates

that these proteins are similar in structural domains, potential glycosylation

sites, cysteine positions, transmembrane regions and the signal peptide

(Koener et al., 1987).

The following report describes:

1) A detailed study of the IHNV G protein's ability to elicit neutralizing

antibodies and confer immunity on salmonid fish is presented. The

immunogenicity of the three other structural proteins, N, M1 and M2 of IHNV is

compared.

2) A comparision by cross protection and cross neutralization of IHNV

describes their antigenic relatedness. Extensive immunological comparison

of IHNV strains which include all five IHNV biochemically distinct types is

presented. The protection of salmonid fish from all IHNV types by vaccination

with the G protein of a single IHNV type is demonstrated.

3) The carbohydrate differences in the G proteins of the temperature

sensitive IHNV isolate, CO2, and the standard IHNV strain, RB1 are

compared. Other biochemical characteristics of this mutant are described.
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CHAPTER 1

The Glycoprotein of Infectious Hematopoietic Necrosis

Virus (IHNV) is the Only Viral Protein to Elicit a Serum Neutralizing Antibody

Response and to Confer Protection to Immunized Hosts
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INTRODUCTION

Infectious hematopoietic necrosis virus (IHNV) is a rhabdovirus with

structural similarity to vesicular stomatitis virus (VSV) and rabies virus; its five

virion proteins resemble that of rabies virus (McAllister and Wagner, 1975).

The viral genome is unique among rhabdoviruses, however, in that it encodes

a sixth viral protein found only in infected cell lysates (Kurath and Leong,

1985). IHNV is a major viral pathogen of salmonid fish in which the

hematopoietic tissue of the anterior kidneys and spleen are destroyed by the

virus (Pitcher and Fryer, 1980). The numbers of fish killed by the infection

often approach 100% in hatcheries and thus, the development of an IHNV

vaccine was undertaken.

To develop a vaccine for IHNV, the virion protein(s) responsible for

inducing a protective immunity in fish had to be identified. For VSV and rabies

virus, the surface glycoprotein (G) of the virus is responsible for eliciting both

neutralizing antibody and protective immune responses in mammalian hosts

(Kelley et al., 1972; Cox et al., 1977). The IHN virion also contains a surface

glycoprotein whose gene has been cloned and nucleic acid sequence

determined (Koener et al., 1987). A comparison of the deduced amino acid

sequence with that of the cloned glycoprotein genes of VSV and rabies virus

indicates some conservation of sequence and, more importantly, structural

similarity. These similarities suggested that the IHNV glycoprotein might also

induce a protective immunity in fish. Previous studies had shown that passive

immunity to IHNV was transferred with serum from fish that survived an IHNV

infection and that this serum contained virus neutralizing activity (Amend and
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Smith, 1974). A high passage attenuated IHNV strain was protective in fish for

periods of up to 100 days (Fryer et al., 1976).

The antigenicity of the IHNV glycoprotein was examined for both

purified virus and purified viral glycoprotein. The virus neutralizing capacity of

the antisera was compared. Included in this study was an analysis of the

immune response to N, the nucleocapsid phosphoprotein Ml, a

phosphorylated matrix protein, and M2, the other virion matrix protein. The G,

N, Ml, and M2 proteins comprise 95% of the total amount of virion protein

(McAllister and Wagner, 1975; Hill, 1975). After identifying the glycoprotein as

the only viral protein capable of eliciting neutralizing antibody in rabbits, the

purified G protein was tested as a vaccine for IHNV in salmon and rainbow

trout. The purified G protein also induced protective immunity in fish

vaccinated by immersion or injection.

MATERIALS AND METHODS

Cells and virus

The chinook salmon embryo cell line (CHSE-214) was used for

propagating IHNV as previously described (Engelking and Leong, 1981). The

cells were grown as monolayers in RPMI-1640 medium (GIBCO Laboratories)

supplemented with 5% fetal calf serum, penicillin 100 I.U./ml, and

streptomycin 10014/ml. The IHNV used in this study was isolated in 1975

from an adult steelhead trout at the Round Butte Hatchery in Oregon. It has

been referred to as RB1 (Hsu et al., 1986). The virus was propagated in fish

cells at a multiplicity of infection of 0.001 at 150C for 7 days (Engelking and
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Leong, 1981). The supernatant was then collected and centrifuged at 2,500 x

g for 10 min. at 40C. The cell-free supernatant contained 0.5-1 x 108 TCID50

(50% tissue culture infective doses) per ml. as determined by the method of

Reed and Muench, 1938. Virus purification was performed on sucrose

gradients as described (Kurath and Leong, 1985).

Neutralization assays

Plaque assays were performed as described by Burke and Mulcahy

(1980). Serial tenfold dilutions of virus were incubated with equal volumes of

various dilutions of antisera at 150C for 3 h on a rotating shaker. Duplicate

wells in a six well plate (Falcon) containing monolayer cultures of CHSE-214

cells were inoculated with 0.2 ml of each antiserum-virus mixture. After 1 h at

150C, the infected cells were overlayered with 0.8% gum tragacanth (Fisher

Scientific Co.) in minimal essential medium with 5% fetal calf serum. After

seven to ten days at 150C, the cells were fixed, stained, and counted. The

relative virus titers with and without antisera treatment were determined and

used to calculate the plaque reduction end point dilutions.

Protein antigen purification

IHNV glycoprotein was purified from IHNV virion preparations by

treatment with Triton X-100 to strip the glycoprotein from the virus surface.

Centrifugation at 190,000 x g in SW50.1 rotor, for 90 min, 40C was used to

separate the solubilized glycoprotein from the remaining virus particle. This

procedure has been described for VSV (Kelley et al., 1972) and IHNV

(McAllister and Wagner, 1975). A second purification method involved

electroelution of the glycoprotein from sodium dodecyl sulfate polyacrylamide
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gel electrophoresis (SDS-PAGE) gels with an Elutrap apparatus (Schliecher

and Schuell). The third method involved separation of virion proteins by

column chromatography on BioGe1-1.5 M (BioRad). In this procedure, the

purified virus was solubilized with 1% SDS and column purified twice.

The IHNV proteins N, M1 and M2 were purified by electroelution from

SDS-PAGE gels. The purity of each viral protein was verified by SDS-PAGE

of the preparation and by silver staining as previously described (Hsu et al.,

1986).

Antisera preparation

Antisera to purified virus or specific viral proteins were prepared in

three-month-old New Zealand White male rabbits. A series of three

immunization episodes were administered by intradermal injection at multiple

sites. The first immunization dose contained either 250 gg of IHNV or 100 p,g

of specific protein antigen mixed 1:1 (v/v) with complete Freund's adjuvant.

The second and third immunizations were given respectively at two and four

weeks later. These booster injections contained one-half the amount of

antigen used in the initial injection in a 1:1 (v/v) mixture with incomplete

Freund's adjuvant. Blood samples were drawn from the animals at 7-10 days

after the last booster injection. Those rabbits identified as hyperimmune by

enzyme linked immunoassay (ELISA) were bled by cardiac puncture. The

antisera were heat inactivated for 30 min at 560C and aliquots of the sera

were stored at -700C.
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Fish

Rainbow trout (Salmo gairdneri) and kokanee salmon (Oncorhynchus

nerka, Walbaum) were obtained through the Oregon Department of Fish and

Wildlife. The virus challenge experiments were performed at the Oregon

Department of Fish and Wildlife, Oregon State University Fish Disease

Facility. The fish were immunized by immersion or anesthesized with

benzocaine before immunization by intraperitoneal injection. After thirty days,

lots of 25 fish were challenged with live, infectious IHNV by immersion in a

liter of water for 18-24 hours containing different concentrations of the virus

(Johnson et al., 1982a and 1982b). Dead fish were collected daily and

examined for visible signs of disease. Every dead fish was processed by

standard methods (Amos, 1985) to determine whether the fish had died from

an IHNV infection.

Protein analysis

The concentration of protein in different viral antigen preparations was

determined by a dye binding method (BioRad). The proteins were analyzed in

a discontinuous gel buffer system as described by Laemmli (1970) and

detected by silver stain as previously described (Hsu et al., 1986).

RNA purification

Cellular RNA was isolated from infected cells and polyadenylated RNA

was purified on oligo dT cellulose as described (Kurath and Leong, 1985).
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In vitro translation and radioimmune precipitation

Translation of IHNV mRNA in vitro was performed with a rabbit

reticulocyte lysate system (Promega) and the newly synthesized proteins were

labelled with 35S-methionine (DuPont, NEN). An aliquot of the translation

reaction was mixed with antisera for six hours at 400 in the presence of

protein A sepharose beads (Pharmacia). The beads containing bound viral

protein-antibody complexes were centrifuged and washed three times with

RIPA buffer (0.1% SDS, 0.2% Na Deoxycholate, 0.5% NP40, 150 mM NaCI,

10 mM Tris pH 7.4). After the final wash, the beads were resuspended in SDS

sample buffer and boiled for two minutes (Huang et al., 1986). Samples were

analyzed by SDS-PAGE.

ELISA procedure

The antigen, purified IHNV, was diluted 1:1,000 to final concentration of

ca. 1 jig/mlin Tris buffered saline (20 mM Tris, 500 mM NaCI, pH 7.5) (TBS)

and 200 ng per well were bound to 96 well plates (Falcon, Pro Bind ELISA

plates ) by incubation overnight at 400. The plates were washed twice with

TBS containing 0.5% tween-20 (TBS-tween) and then 200 III of diluted

antiserum was added to each well. The plates were incubated for 1 h at room

temperature and washed twice with TBS-tween. Goat anti-rabbit horseradish

peroxidase conjugated serum was added (1:1,000 dilution) for 30 min at room

temperature. The plates were then washed two times with TBS-tween before

the addition of ABTS (Boehringer Mannheim) in 0.2% citrate with 0.1% (v/v)

30% hydrogen peroxide as the color development reagent. The plates were

read at a wavelength of 405 nm on a BioTek ELISA plate reader.



24

Immunoblot procedure

Purified IHNV was run on polyacrylamide gels (PAG) as described

above. The proteins from the gel were transferred to nitrocellulose filters by

the "Western" blot technique as described by Towbin et al. (1979) in an

electroblot apparatus. The blot was washed with 1 x TBS; then non-specific

binding sites were blocked with a 3% gelatin solution in 1 x TBS. The blot

was incubated at room temperature for 1 h with diluted antiserum. It was then

washed and incubated with 1:1000 dilution of goat anti-rabbit serum,

conjugated with horseradish peroxidase (Sigma). After washing, the color

development reagent 4-chloro-1-napthol (3 mg/ml) (Sigma) in 0.5 x TBS and

methanol with 0.1% (v/v) 30% hydrogen was added. Rabbit antibody was

detected in this manner.

RESULTS

Whole virus antiserum

Rabbit antiserum to IHNV neutralized the virus and reacted to IHNV as

the antigen in ELISA assays, by radioimmuno-precipitation and immunoblots.

IHNV was neutralized at a 1:200 or greater dilution of antiserum. In the ELISA

assay anti-IHNV sera could specifically detect IHNV antigen at a 1:32,000

dilution of antiserum. The anti-IHNV sera did not neutralize VSV and

infectious pancreatic necrosis virus (IPNV) nor react with these viruses in an

ELISA assay (data not shown). In the immunoblot assay IHNV proteins were

detected by anti-IHNV serum in the dilution range of 1:500 to 1:1000 (Table 1).
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Type of serum Neutralization1 ELISA2 Immunoblot3

Anti-IHNV 1:200 + 1:32,000 1:750 +

Anti-Gs5 1:40 1:16,000 1:500

Anti-Ge5 1:40 + 1:2,000 1:400 +

Anti-N None 1:800 1:400

Anti-M1 None 1:8,000 1:400

Anti-M2 None 1:16,000 1:400 +

Anti-N/Anti-M2 None ND4 ND

Anti-N/Anti-Ge 1:40 ND ND

Anti-M2/Anti-Ge 1:40 ND ND

1Neutralization - dilution capable of 50-fold plaque reduction (98%
neutralization).

2ELISA - dilution capable of detecting 1 ng of virus.

3lmmunoblot dilution capable of detecting 20 ng of protein per band.

4ND = Not Done.

5Gs = G protein was purified using differential solubility with 1°/0 Triton X-100.
Ge = G protein was purified by electroelution of the band from SDS-PAGE.
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All five viral proteins from lo. vitro translation or 35S methionine labeled virus

were precipitated by this antiserum (Figure 1).

Polyclonal monospecific antisera

Four protein specific rabbit anti-sera were made to N, G, M1 and M2

proteins of IHNV that had been electroeluted from SDS-PAGE gels. These

proteins represent 95% of the total IHN virion protein. L, an intervirion protein

and presumed to be the viral polymerase, represents 5% or less of the total

structural proteins of IHNV (McAllister and Wagner, 1975; Hsu et al., 1986).

Antiserum to the L protein was not made. Antiserum was also prepared to G

protein purified by differential solubility in Triton X-100.

Based on previous work with VSV and rabies virus, the antiserum to G

protein was believed to be neutralizing. The monospecific serum made to G

protein purified with Triton X-100 was tested. This treatment would denature

the protein less than protein eluted from an SDS-PAGE gel and conserve the

immunogenic epitopes that may be necessary to elicit a neutralizing

response. SDS-PAGE requires the proteins to be boiled and reduced. SDS

is an ionic detergent, which gives a net negative charge to the protein and

unfolds to an extent the three dimensional structure of proteins. Antiserum

prepared to Triton X-100 extracted G protein neutralized IHNV, however, the

plaque reduction end point required 5 to 10 times as much antiserum as

antiserum to IHNV. This antiserum reacted well in an ELISA assay to native

IHNV proteins (Table 1). In the immunoblot assay there was a slight reaction

with N protein (data not shown) which may have resulted from contamination

of the G protein preparation with soluble N protein. However, polyacrylamide

gels of the purified G protein used to generate the antisera did not show any
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Figure I.1A. SDS-PAGE of IHNV proteins purified by electroelution. Lane A.

100 p.I of electroeluted L protein, no visible band. Lane B. 50 p1 of

electroeluted G protein, homogeneous single band. Lane C. 50 p.I of

electroeluted N protein, homogeneous single band. Lane D. 50 p.I of

electroeluted M1 protein, homogeneous single band. Lane E. 50 RI of

electroeluted M2 protein, homogeneous single band. Lane F. 5 p1 purified

IHNV Round Butte isolate, RB1. The gel was stained with 0.1% Coomassie

Brilliant Blue dye, destained and dried. IHNV proteins designated on the right

side of Lane F.

Figure I.1B. SDS-PAGE of IHNV G protein. Lane A. Molecular Weight Marker

proteins (BioRad) shown by arrows in descending order: phosphorylase B

(92,500); bovine serum albumin (66,200); ovalbumin (45,000); carbonic

anhydrase (31,000); soybean trypsin inhibitor (21,500); and lysozyme

(14,400). Lane B. Purified IHNV RB1. Lane C. G protein of IHNV RB1

purified by differential solubility with Triton X-100 nonionic detergent. The gel

was stained with silver nitrate by the procedure of Allen (1980).

Figure I.1C. Immunoblot analysis of five antisera preparations to IHNV. Lane

A. Antiserum to IHNV RB1 1:750 dilution. Lane B. Monospecific antiserum to

IHNV RB1 G protein 1:400 dilution. Lane C. Monospecific antiserum to IHNV

RB1 N protein 1:400 dilution. Lane D. Monospecific antiserum to M1 protein

1:350 dilution. Lane E. Monospecific antiserum to M2 protein 1:450 dilution.

The antisera were reacted with nitrocellulose filters to which IHNV proteins

had been transferred by the "Western" blot technique as described by Towbin
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et al. (1979). About 0.1-0.2 i.tg of IHNV protein was transferred per strip of

nitrocellulose corresponding to about 20-40 ng per protein band.
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Figure I.1D. SDS-PAGE analysis of radioimmune precipitation of IHNV

infected cell lysates with monospecific antisera. Lane A. IHNV RB1 35S

methionine labelled proteins from infected cell lysate. IHNV proteins labeled

to left of lane. Note NV the Nonvirion protein of IHNV. Lane B. Radioimmune

precipitation with anti-IHNV G protein specific antiserum. Note G protein is

unglycosylated and migrates further through gel. Lane C. Radioimmune

precipitation with anti-IHNV N specific antiserum. Lane D. Radioimmune

precipitation with anti-IHNV M2 specific antiserum. Lane E. Purified

35Smethionine labelled IHNV RB1. IHNV proteins are labelled to right of

Lane. Figure is an autoradiogram of an SDS-PAGE.

Figure 1.1E. SDS-PAGE analysis of radioimmune precipitation of IHNV

proteins. Lane A. Brome Mosaic Virus mRNA (Promega) in vitro translated

products precipitated with anti-IHNV M2 protein serum. Lanes B and E. IHNV

RB1 35S methionine labeled proteins from purified virus. Lane C.

Radioimmune precipitation of purified 35S methionine labeled IHNV proteins

with anti-IHNV M2 protein specific antiserum. Lane D. Radioimmune

precipitation of purified 35S methionine labeled IHNV proteins with anti-IHNV

N protein specific antiserum. Lane F. Radioimmune precipitation of in vitro

translated and 35S methionine labeled IHNV proteins with anti-IHNV serum

protein specific antiserum. Lane G. Radioimmune precipitation of in vitro

translated and 35S methionine labeled IHNV proteins with anti-IHNV G

protein specific antiserum.
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Figure 1.2. SDS-PAGE analysis of IHNV G protein purified by three different

procedures. Lane A. Purified VSV proteins as marked in descending order L,

G, NS, N and M proteins. Lane B. Molecular weight markers as in Figure 1 B.

Lane C. Purified IHNV RB1. Lane D. G protein of IHNV RB1 purified by Triton

X-100 differential solubility. Lane E. G protein of IHNV RB1 purified by

electroelution from an SDS-PAGE band. Lane F. G protein of IHNV RB1

purified by column chromatography on a BioGel A 1.5 M matrix.
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N protein upon silver staining (Figures 1B and 2). More likely this was simply

nonspecific binding which occurred when the immunoblots were washed with

TBS buffer without Tween-20.

To clarify which protein(s) elicited a neutralizing immunological

response, monospecific sera to N, M1, M2 and G proteins were prepared. The

proteins for use as antigens were electroeluted from SDS-PAGE gels as

denatured proteins (Figures 1A and 2). The antisera produced by these

proteins were monospecific by immunoblot assay. At dilutions in the range of

1:200 -1:750, these antisera reacted specifically with only one protein of IHNV

(Figure 1C). Also, in radioimmune precipitation assays (RIPA) anti-N, anti-M1,

anti-M2, and anti-G sera precipitated only the homologous IHNV protein

(Figure1D and 1E). The antisera reacted in ELISA procedures to whole native

proteins of IHNV (Table 1).

When used in serum neutralization assays, antiserum to N, M1 or M2

proteins were not neutralizing even at undiluted concentrations. When anti-N

and anti-M2 sera were mixed 1:1 (v/v) and tested at undiluted concentrations,

no neutralization of IHNV was observed. Anti-G serum prepared against

electroeluted G protein did neutralize IHNV (Table 1).

When anti-G (electroeluted G) serum was mixed 1:1 (v/v) with anti-N or

anti-M2 sera diluted 1:5, no enhancement of neutralization occurred. As with

the anti-G serum prepared to Triton X-100 purified G proteins, this anti-G

serum prepared to electroeluted G serum had a neutralization index that was

20% lower than that of anti-IHNV serum (Table 1).
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Blocking neutralizing activity of antiserum directed against the whole IHNV

virion

The G protein of IHNV was purified by column chromatography on

BioGel 1.5M matrix to a homogenous state as determined in a silver stained

gel (SDS-PAGE) of the protein (Figure 2). The column purified G protein, Gc,

was lyophilized and reconstituted in 0.01 M Tris pH 7.6 to 1 1441.1. This protein

was diluted in RPMI medium without serum and incubated with antiserum to

IHNV in order to determine whether this protein would block the neutralizing

activity of the anti-IHNV serum. One or ten ng of column purified Gc protein

was mixed for 1 hr at 150C with 1:50 dilutions of anti-IHNV serum. This serum

was then used in a plaque reduction assay and found to have lost its

neutralizing activity. The neutralizing capacity of antiserum directed against

all viral proteins (anti-IHNV serum) was blocked completely by preincubation

with the glycoprotein. This result provided strong support for the hypothesis

that only the IHNV G protein reacted with neutralizing serum antibodies.

Immunization of fish

Since only anti-whole virion and anti-G serum showed in vitro virus

neutralization, the protective effect of vaccinating fish with purified G protein

was tested. Purified G protein was prepared by Triton X-100 extraction and

the detergent, which is toxic to fish, was removed by batch processing with

SM-2 BioBeads. Groups of fish were vaccinated by immersion or injection. A

series of six experiments were performed using rainbow trout and kokanee

salmon fry obtained from different locations and at different times of the year.

About thirty days post immunization fish were challenged with serial log

dilutions of virulent low passage IHNV (Figure 3). In all experiments (Tables 2
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Figure 1.3. Outline of Salmonid Fish Immunization with G Protein and
Challenge by IHNV.

Purified IHNV

Triton X-100 extraction to purify G protein

Gs

SM-2 BioBeads adsorption to remove Triton X-100

Gs

IMMERSED MOCK IMMERSED
CONTROLS

INJECTED

Salmon or Trout

30 Days

(Triton X-100 removed)

Salmon or Trout Salmon or Trout

30 Days 30 Days

1 1 )1
4 Groups Separated 4 Groups Separated 4 Groups Separated

ir
INFECT

at

4 Serial Log Dilutions for 18 hours

Record Mortalities

Assay for virus

Note pathological signs of disease



36

Table 1.2. Protection of Kokanee Salmon Fry from Virulent IHNV by G Protein
Immunization.

Log
Virus
DilutionA

Experiment

Inoculated Immersed Control

No. SL % RPS No. SL % RPS No. SL clo

1 -2 25 8 32 62 25 17 68 19 25 21 84
-3 25 3 12 80 25 6 24 60 25 15 60
-4 25 0 0 100 25 1 4 92 25 12 48
-5 25 0 0 100 25 0 0 100 25 8 32

2 -2 25 14 56 44 25 18 72 28 25 25 100
-3 25 5 20 80 25 7 24 72 25 25 100
-4 25 0 0 100 25 2 8 86 25 14 56
-5 25 0 0 100 25 0 0 100 25 3 12

3 -3 24 18 75 25 25 23 92 8 32 32 100
-4 26 13 50 50 25 15 60 40 37 37 100
-5 22 1 4.5 93 25 5 20 70 30 20 67
-6 23 0 0 100 27 3 11 35 30 5 17

4 -2 25 2 8 89 25 1 4 94 25 18 72
-3 25 0 0 100 25 4 16 71 25 14 56
-4 25 0 0 100 25 0 0 100 25 3 12
-5 25 3 12 ND 25 0 0 ND 25 0 0

ASerial Log dilutions of infectious low passage IHNV.

Abbreviations
No. = Number of fish in group.

SL = Specific Loss, i.e. number of fish dying from IHNV infection.

= Percent mortality.

% loss immunized
RPS = Relative Percent Survival = [1 X 100

% loss controls

Johnson et al., 1982a.

ND = Not Determinable due to no mortalities in control group.
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Figure 1.4. IHNV mortality comparison of unimmunized and G protein

immunized kokanee salmon. The percent total mortality observed during the

experiment (Table 3) was compiled and plotted versus the log dilution of IHNV

used to challenge the fish.
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Table 1.3. Protection of Rainbow Trout from Virulent IHNV by G Protein
Immunization.

Log
Virus Inoculated Immersed Control
DilutionA

Experiment No. SL % RPS No. SL % RPS No. SL %

5 -2 25 4 16 78 25 4 16 78 25 18 72
-3 25 3 12 77 25 4 16 69 25 13 52
-4 25 1 4 0 25 0 0 100 25 1 4
-5 25 0 0 ND 25 0 0 100 25 0 0

6 -2 25 12 48 33 25 15 60 17 25 18 72
-3 25 10 40 60 25 10 40 60 22 22 100
-4 24 5 20 0 25 4 16 20 25 5 20
-5 25 1 4 0 21 3 12 0 25 1 4

ASerial Log dilutions of infectious low passage IHNV.

Abbreviations

No. = Number of fish in group.

SL = Specific Loss, i.e. number of fish dying from IHNV infection.

`Yo = Percent mortality.

[ % loss immunized
RPS = Relative Percent Survival = 1 X 100

% loss controls

Johnson et al., 1982a.

ND = Not Determinable due to no mortalities in control group.
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Figure 1.5. IHNV mortality comparison of unimmunized and G protein

immunized rainbow trout. The percent total mortality observed during the

experiment (Table 4) was compiled and plotted versus the log dilution of IHNV

used to challenge the fish.
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and 3) the immunized fish were protected from challenge by a lethal dose of

IHNV. Kokanee were more susceptible to the Round Butte isolate of IHNV

than rainbow trout. In Figure 4, which is a composite graph of experiments 1

to 4 (Table 2) the substantial protection afforded by G protein immunization of

kokanee salmon is demonstrated. At low concentrations of IHNV, the 10-4

and 10-5 challenge dilutions, similar to those found prior to an epizootic

outbreak (Mulcahy et al., 1983), the immunization provided almost 100%

protection.

Rainbow trout exhibited a similar pattern of protection when immunized

by the G protein (Figure 5). However, lower overall mortality occurred in the

rainbow trout. At the lower concentrations of IHNV, the relative percent

survival, RPS value(Johnson, 1982a, b) is not meaningful because of so few

deaths in all groups (Table 3).

The LD50 (lethal dose to 50% of the test fish) for kokanee salmon

ranged from 1.5 x 102 to 6.8 x 103 TCID50 /ml and for rainbow trout from 9.1 x

102 to 5.1 x 103 TC1D50 /m1. The LD50 for immunized kokanee salmon

ranged from 2.8 x 103 to 2 x 105 TCID50 /ml and for immunized rainbow trout

from 6. 8 x 104 to 2.15 x 106 TC1D50/m1 (Table 4). The average amount of

virus to achieve an LD50 for kokanee salmon and rainbow trout that are

immunized by immersion is 54 times that of control fish (Table 5). When the

fish are injected with G protein, about 166 times the amout of IHNV is required

to achieve an LD50 as that of unimmunized controls (Table 5).
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Table L4. LD50 Values for Six Challenges with IHNV Round Butte Type 1.

LD50A

Experiment Fish Fish
Number Species Source Control, Immersed Injected

1 Kokanee Wizard Falls 1.5 x 102 3.9 x 103 (>1 x 105)B

2 Kokanee Wizard Falls 5.3 x 103 2.5 x 104 4.9 x 104

3 Kokanee Wizard Falls 2.3 x 102 2.8 x 103 5 x 104

4 Kokanee Oak Springs 1.5 x 103 (>2 x 105) (>2 x 105)

5 Rainbow Trout Roaring River 9.1 x 102 (>1 x 105) (>1 x 105)

6 Rainbow Trout Alsea River 5.1 x 103 6.8 x 104 2.15 x 106

A) LD50 expressed in TC1D50/m1 of IHNV = Dilution of virus required to achieve a
LD50 X TCID50 /ml of the stock challenge IHNV.

B) Parentheses indicate the projected LD50 as an LD50 was not achieved in the
immunized group.

Table 1.5. Comparison of LD50 of Injection to Immersion Expressed as
Multiples of Control LD50s.

LD50 Multiples

Experiment IHNV Challenge
Number Titer TC1D50/m1 Immersed Injected

1 1 x107 4A 15

2 7.2 x 108 47 90

3 5 x 108 12 220

4 2 x 107 (140)B (140)

5 1 x 107 (110) (110)

6 2.2 x 108 1_ 420
Average 2.5 x 108 54 166

A) Multiples of 1-D50 = LQ11250/mIto achieve an LD50 of control fish (Table 4)
TCID50 /mI to achieve an LD50 of immunized fish (Table 4)

B) Parentheses indicate calculated values from projected LD50s.
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DISCUSSION

The four structural proteins N, Ml, M2 and G of IHNV have been

purified and used to prepare monospecific antisera in rabbits (Figure 1A, 1C,

and 1D). Only the envelope glycoprotein, G, elicited a neutralizing antibody

response in rabbits (Table 1). Antisera prepared to N, M1 or M2 proteins had

no neutralizing or neutralizing enhancement activity. Furthermore, the

neutralizing activity of antiserum prepared to the whole virus and thus all five

virion proteins, was blocked by incubation with purified G protein. This result

discounted the possibility of any neutralizing response to the L protein. It

appeared that the G protein of IHNV as with the G protein of the mammalian

rhabdoviruses, VSV and rabies virus, was solely responsible for inducing

neutralizing antibody. Interestingly, although the G protein was subjected to

denaturation with heat, detergent and reducing agents, epitopes were

preserved that elicited a neutralizing antibody response. This antiserum also

recognized the native but unglycosylated form of the G protein as shown by

the immune precipitation of in vitro translated IHNV mRNA products (Figure

1D). The function(s) of the carbohydrate moieties on the G protein of IHNV is

unknown, however, this result indicated that the formation of at least some

antigenic determinants does not require glycosylation. Glycosylation is

necessary for proper tertiary structure formation of some proteins (Kornfeld

and Kornfeld, 1985). In VSV, glycosylation may function to "hide" epitopes

from antibodies (Vandepol, 1986). Likewise, variants of rabies virus, which

escaped neutralization by anti-rabies monoclonal antibodies have additional

glycosylation sites (Wunner et al., 1985).
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The capacity of the G protein to induce protective immunity in the

natural host, salmonid fish, was tested in kokanee salmon and rainbow trout

fry. Protective immunity was elicited by both immersion or injection methods

of vaccination. Thirty days post immunization the fish were protected from

waterborne challenge by virulent IHNV. The LD50 of IHNV for unimmunized

kokanee salmon varied from 1.5 x 102 to 5.3 x 103 TCID50 /ml and for rainbow

trout from 9.1 x 102 to 5.1 x 103 TC1D50/m1 (Table 4). This finding was within

the range that had been reported previously (Amend and Nelson, 1977; Chen,

1985). The kokanee salmon immunized by immersion required 4 to 140 times

as much IHNV to reach an LD50 as the controls. The immersed vaccinated

rainbow trout required 13 to 100 times as much IHNV to kill 50% of the fish.

The inoculated vaccinated kokanee salmon required 15 to 300 times as much

IHNV as the controls to reach an LD50. Injection was approximately two-fold

more protective than immersion in kokanee salmon. The rainbow trout that

were injected with G protein required 110 to 420 times as much IHNV to

produce an LD50 (Tables 4 and 5). For rainbow trout, injection conferred

about three times greater protection than immersion. There was no significant

difference in vaccination treatments at environmental levels of IHNV, which

were reproduced at the 10-4 and 10-5 challenge dilutions (Mulcahy et al.,

1983). Also, at these lower levels of IHNV virus, almost complete protection of

fish was conferred by G protein immunization (Figures 4 and 5). The RPS

values in almost all cases were greater than 60% (Table 2 and 3), which was

considered the minimum level of protection necessary for vaccination to be

effective in disease outbreaks (Johnson et al., 1982b). Thus, significant

protection to fish in production facilities from IHNV could be afforded by this

type of immunization.
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Comparison with protein dosage used in the rabies virus studies

suggest the IHNV glycoprotein is less immunogenic in fish. In rabies studies,

12.5 lag of purified G protein per adult mouse (30-35 g body weight) or 50 jag

of G protein per rabbit (2,000 g body weight) dosages were used to give

complete protection (Cox et al., 1977). The salmonid fish in these studies

were injected with 0.4 to 0.514 of IHNV G protein or 100 fish were immersed

in 4 ml of 40-60 µg /ml of G protein solution. The protein dose: body weight

ratio used is about 0.514/0.5 g fish or a protein dosage ratio of 1:103 for the

inoculated fish.

With rabies virus the protein dosage ratio to give complete protection

range from 1:2 x 106 to 1:40 x 106 protein immunogen to body weight. The

103 to 104 difference in the protein dose may be accounted for by several

factors. First, these salmonid fish were very young, 1-3 months old, and small,

less than 1 gram in body weight, and were not fully competent

immunologically (Johnson et al., 1982a). Johnson (1982a, b) found that

salmonids less than 1 gram in size responded poorly to bacterins and their

immunity was of limited duration. However, IHN disease is a disease of

young fish and must be tested on such small susceptible fish (Pilcher and

Fryer, 1980). The second reason for the poor immunogenicity of the G protein

might be disaggregation of G protein homopolymers. The VSV glycoprotein

spike was thought to be a multimer of G proteins (Dubovi and Wagner, 1977).

This structure was presumed necessary for preservation of antigenic sites and

induction of immunity in, vivo. Non-denatured purified G protein of rabies virus

formed rosette structures by electron microscopy and was highly

immunogenic. Monomeric forms of G protein of rabies virus produced in

Triton X-100 were at least ten times less protective than inactivated virus
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vaccines (Wunner et al., 1983). If NP-40 detergent extraction was used, the G

protein is 9 to 24 times less protective (Cox et al., 1977).

The soluble form of the rabies virus glycoprotein, Gs, which was

missing the 58 C terminal amino acids did not aggregate and was weakly

protective as a vaccine. It was a least 30 times less protective (Dietzschold et

al., 1983). Finally, analysis of CNBr fragments of rabies virus G protein and

the major neutralization epitope of VSV (Indiana) designated the epitope A

suggested that these epitopes were formed by both contiguous and non-

contigous regions of the glycoprotein (Wunner et al., 1983; Vandepol et al.,

1986). This was consistent with a fold back model of the protein where G

protein forms an intramolecular coiled coil (Crimmins et al., 1983). When the

tertiary structure of the A epitope of VSV was disrupted the material was 100

times less immunogenic. A computer generated secondary structure model of

the IHNV G protein suggested fold backs and coiling might occur in the tertiary

structure of this protein also (Koener et al., 1987). In the presence of

detergent, the IHNV G protein might lose some of its normal configuration.

Any of these reasons might account for the lower immunogenicity of the

purified IHNV G protein. The minimum required immunization dose has not

been determined. Protection, however, was achieved by using the G protein

preparation and indicated the suitability of immunizing small salmonid fish to

IHN disease. IHN disease has been shown to require relatively high titers of

virus (about 105 pfu/gram of gill tissue) in the gills to cause systemic infections

(Mulcahy et al., 1983). The immunity conferred by the G protein vaccination

may increase the effectiveness of the gill barrier to IHNV and be useful in

preventing natural IHNV outbreaks.
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The results presented here suggest that a subunit vaccine based on the

IHNV G protein is feasible. Other investigators have developed a hybridoma

that produced a neutralizing immunoglobin that is G-specific confirming these

results (Arakawa et al., 1986; Winton, personal communication). A portion of

the G protein gene has been expressed in an E., cali system and this protein

was immunogenic and protective (Gilmore, 1988). The entire G gene has

been expressed in a Baculovirus system and was antigenic (Koener, 1987).

Experiments to determine the cross-protection and neutralizing capabilities of

the G protein from this Type 1 IHNV isolate to challenge by other

biochemically distinct isolates of IHNV are described in the next chapter.
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CHAPTER 2

Antigenic Comparison of Ten Infectious Hematopoietic Necrosis Virus (IHNV)

Isolates by Cross Neutralization and Cross Protection



50

INTRODUCTION

Infectious hematopoietic necrosis virus (IHNV) is a rhabdovirus that

infects salmon and trout. It produces an acute disease resulting from the

destruction of the hematopoietic tissue in the kidneys and may lead to the

loss of an entire fish hatchery population (Pilcher and Fryer, 1980). At the

present time, the only effective means for controlling this disease is the

complete destruction of stocks of infected fish and sterilization of hatchery.

These control methods are expensive and in some cases lead to the

destruction of valuable fish stocks. Thus, an effort was made to develop a

vaccine for IHNV.

Previous studies have indicated that protective immunity to IHNV was

induced in sockeye salmon (Oncorhynchus nerka, Walbaum) with a strain of

IHNV which had been passed on steelhead trout cells in tissue culture for

more than 40 times (Tebbit, 1976; Fryer et al., 1976). However, the

attenuated strain was not effective as a vaccine in rainbow trout and was

actually lethal in young trout (Winton, personal communication). In order to

avoid some of the problems attendent with attenuated vaccines, the

development of a subunit vaccine to IHNV was undertaken.

One of the first considerations in such an undertaking was the

identification of the viral protein responsible for the induction of protective

immunity in fish. For the rhabdoviruses, vesicular stomatitis (VSV) and

rabies, the viral glycoprotein (G) is the only viral antigen which induces

neutralizing antibody and protective immunity (Kelley et al., 1972; Cox et al.,

1977). The IHNV glycoprotein is a similar viral antigen (previous chapter).

The ability of the G protein of IHNV Round Butte (RB1) to elicit a neutralizing
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response to other strains needed to be examined both in vivo and in vitro.

Ten isolates representing the five biochemically defined types of IHNV were

studied by cross neutralization utilizing antisera against purified IHNV RBI

and CO2 and also their respective G proteins (Hsu et al., 1986). In the fish

system where the immune response is less clearly understood, it was

necessary that the IHNV glycoprotein be tested for its immunogenic

properties. It is reported here that purified IHNV glycoprotein from Type 1

IHNV induced protective immunity in salmonid fry to the other four

biochemical types of IHNV (Hsu et al., 1986). Immune induction occurred

after intraperitoneal inoculation or immersion in a solution of purified

glycoprotein from Type 1 IHNV and protective immunity was produced in fish

as small as 0.5 g and lasted for at least 30 days. Neutralization testing done

in vitro confirmed the cross reactivity of the IHNV strains. Evidence of true

IHNV variants emerged from this immunological study. It is critical in the

development of a subunit vaccine to select a viral antigen that will induce

immunity to all variants of a pathogen existing in the environment.

MATERIALS AND METHODS

Cells and virus

The chinook salmon (Oncorhynchus tshawytscha) embryo cells,

CHSE-214, were grown in RPMI-1640 medium supplemented with fetal calf

serum (5%), penicillin (100 I.U./m1) and streptomycin (100 gg/m1) as

previously described (Engelking and Leong, 1981).



52

Virus assays were performed using confluent CHSE-214 cell

monolayers grown in 24-well tissue culture plates (Falcon). Samples from

infected fish were prepared as described (Amos, 1985), sterilized by filtration

(0.2 urn acrodisc, Gelman), and diluted in minimal essential medium (MEM)

(without fetal calf serum). Duplicate samples (0.05-0.1 ml) of each dilution

were placed on monolayers in individual wells and allowed to absorb for 60

minutes. Sample inocula were removed from the wells after adsorption and

1.0 ml of MEM growth medium was added to each well.

The Round Butte Type 1 and the Elk River Type 3 strains of IHNV were

obtained from W. Groberg, Oregon Department of Fish and Wildlife. The

Hagerman Valley Type 2 strain was obtained from N. Wood, Rangen

Research Laboratories, Idaho. The Coleman River National Fish Hatchery

Type 4 strain and Cedar River Type 5 strains were obtained from D. Mulcahy,

National Fisheries Research Center, Seattle, Washington. The viral

glycoprotein was isolated from the Round Butte strain of IHNV after extensive

purification of the virus by isopycnic and velocity sedimentation in an

ultracentrifuge. All virus strains were prepared by growing the virus at a

multiplicity of infection of 0.01 to 0.001 TCID50 per cell on CHSE-214 cells as

previously described (Engelking and Leong, 1981).

The virus used for challenges in the immunization trials was prepared

from a stock of virus which had undergone no more than three passes in

tissue culture after isolation from infected fish.

Virus purification for antisera

The virus (IHNV-Round Butte 1 Isolate or Coleman 2 Isolate) was

propagated in CHSE-214 cells grown in 175 cm2 plastic tissue culture flasks
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(Falcon). The cell monolayers were infected at a multiplicity of infection (M01)

of 0.001 plaque-forming units (PFU/cell) and incubated at 16 °C for 7 days or

until the monolayers showed complete cytopathic effect (CPE). The

supernatant fluid was harvested and cell debris removed by centrifugation at

3,000 x g for 10 minutes at 40C in Sorvall HS-4 rotor. The virus lysate was

pelleted onto a 0.3 ml pad of 100% glycerol using a Beckman SW28 rotor for

60 minutes at 90,000 x g. Virus pellet was resuspended in 0.01 M Tris

(hydroxymethyl) amino methane-HCI buffer, pH 7.5. Ten ml of this virus

suspension were centrifuged through a discontinuous gradient composed of

7 ml of 50% sucrose-0.01M Tris pH 7.5, 10 ml of 35% sucrose-0.01M Tris pH

7.5, and 10 ml 20% sucrose-0.01M Tris pH 7.5 for 90 minutes at 90,000 x g

with a SW28 rotor. The virus band was collected from the interface between

the 20% and 35% sucrose layers. This band was concentrated by

centrifugation in 0.01 M Tris pH 7.2, 90,000 x g for 1 hour. The pellet was

resuspended in 0.01 M Tris, pH 7.5, and banded in a continuous gradient of

5% to 30% sucrose-0.01M Tris, pH 7.5, in a SW41 rotor at 49,000 x g for 30

minutes. The virus band was collected and centrifuged in an SW41 rotor for 1

hour at 100,000 x g, 40C. The resulting virus pellet was resuspended in 0.5

ml 0.01 M Tris, pH 7.5, and stored at -70°C.

Antisera preparation

Antisera to purified virus or specific viral proteins were prepared in

three-month-old New Zealand White male rabbits. A series of three

immunization episodes were administered by intradermal injection at multiple

sites. The first immunization dose contained either 250 lig of IHNV or 100 mg

of specifc protein antigen mixed 1:1 (v/v) with complete Freund's adjuvant.
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The second and third immunizations were given respectively at two and four

weeks later. These booster injections contained one-half the amount of

antigen used in the initial injection in a 1:1 (v/v) mixture with incomplete

Freund's adjuvant. Blood samples were drawn from the animals at 7-10 days

after the last booster injection. Those rabbits identified as hyperimmune by

enzyme linked immunoassay (ELISA) were bled by cardiac puncture. The

antisera was heat inactivated for 30 minutes at 560C and aliquots of the sera

were stored at -700C.

Neutralization assays

Plaque assays were performed as described by Burke and Mulcahy

(1980). Serial ten fold dilutions of virus were incubated with equal volumes of

various dilutions of antisera at 150C for 3 h on a rotation shaker. Duplicate

wells in a six well plate (Falcon) containing monolayer cultures of CHSE-214

cells were inoculated with 0.2 ml of each antiserum-virus mixture. After 1 h at

150C, the infected cells were overlayed with 0.8% gum tragacanth (Fisher

Scientific Co.) in minimal essential medium with 5% fetal calf serum. After

seven to ten days at 150C, the cells were fixed, stained, and counted. The

relative virus titers with and without antisera treatment were determined and

used to calculate the plaque reduction end point dilutions. All determinations

were done in triplicate with duplicates within each experiment.

Purification of the viral glycoprotein

The IHNV glycoprotein was purified as previously described (McAllister

and Wagner, 1975). Briefly, purified IHNV was incubated in 1% Triton X-100

to selectively solubilize the G protein. The other viral proteins were removed
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by centrifugation. The Triton X-100 in the glycoprotein preparation was

removed by batch elution with SM-2 beads (BioRad).

Analysis of purified glycoprotein by SDS-polyacrylamide gel electrophoresis

(PAGE)

Electrophoresis was performed in a 10% polyacrylamide gel with a 3%

stacker as described by Laemmli (1970). Protein bands were visualized by

staining the gel with Coomassie Brilliant Blue or silver nitrate as described by

Allen (1980).

Immunization of fish

The fish utilized in these studies were obtained from Oregon

Department of Fish and Wildlife (ODFW) hatcheries through Richard Holt,

Oregon State Fish Pathologist. The fry at 1-2 month old weighing about 0.3

g/fish were obtained one week before immunization and acclimated at the

Fish Disease Laboratory in Corvallis, Oregon. The fry were maintained on

BioDiet (BioProducts, Warrenton, Oregon) in well water flowing at 0.5 gallons

per minute at 120C. When the fish were 0.4 g in size they were vaccinated by

direct immersion or intraperitoneal inoculation.

The fish were anesthetized with benzocaine and injected

intraperitoneally with 10 jil of purified IHNV glycoprotein from a 250 ill glass

syringe with a 30 gauge disposable needle. The inoculated fish received 0.4-

0.5 jig of purified glycoprotein.

Immersion immunization was performed on 100 non-anesthetized fish

in a beaker containing 4 ml of glycoprotein purified (40-60 µg/m1) in 0.01 M
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Tris, pH 7.6. The fish were exposed to the protein solution for 1-2 minutes

and then released into a holding tank containing running water at 120C.

Virus challenge

Challenges were made with lots of 25 vaccinated and unvaccinated

control fish for each virus dilution (Johnson et al., 1982a, b). The fish were

exposed to serial log virus dilutions in 1 liter of water. These dilutions

represented approximately 1 x 106, 1 x 105, 1 x 104, and 1 x 103 TCID50

doses per ml of water as determined by the method of Reed and Muench,

(1938). The fish were held in the virus containing water for 18 hours and then

returned to holding tanks. Dead fish were removed from each tank, weighed,

processed for IHN virus isolation, and a tally of deaths were made on a daily

basis.

Isolation of IHNV from infected fish

Dead fish were processed immediately for virus isolation. The fish

were weighed and diluted (w/v) 1:10 with Hank's Buffered Salt Solution

(HBSS), and then macerated in a Stomacher processor (Tekmar). The

resulting suspension was clarified by centrifugation and the supernatant

solution was treated (1:5 dilution) with antibiotics, Penicillin/Streptomycin

(1,000 units/ml, 1,000 µg /ml), Fungazone (500 IU/m1), and Gentamicin (0.25

gg/m1) in HBSS overnight at 40C. The next day the fluid was inoculated

directly onto CHSE-214 cells in 24-well plates as previously described

(Amos, 1985). The cells were observed daily for cytopathic effects for two

weeks. For those samples where CPE was questionable, the tissue culture

fluid from the sample well was removed and reinoculated onto CHSE-214



57

cells and subsequently labeled with 35S methionine as described (Hsu et al.,

1985).

Only those fish from which IHNV was isolated were considered in

these studies. The percentage mortality was determined for each group and

the relative percentage survival was calculated for each group of vaccinated

fish as compared to controls as follows: (Johnson et al., 1982b).

Relative percentage

Survival (RPS)

c3/0 specific loss vaccinated
1 X 100

% specific loss controls

Statistical analysis

The data were analyzed by logit regression. The number of fish that

died from IHNV infection was taken to be a binomial random variable with the

probability of death, p, depending on the various factors under investigation.

RESULTS

Challenge of fish with homologous IHNV virus strain

Experiments with rainbow trout (a,gairdneri) and kokanee fry (Q,

rielta) have previously shown that immunization with purified glycoprotein

(G) does elicit a protective response to subsequent IHNV infection. The

results are summarized in Tables 1A and 1B. The data are highly significant

by statistical analysis. In general, more protection is afforded at lower
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concentrations of virus which is more representative of the natural levels that

fish will encounter.

Challenge of fish with heterologous IHN virus strains

A critical question in the development of any viral vaccine is whether

cross immunity will arise from vaccination with a vaccine derived from a

single virus strain. To answer this question, fish were immunized with

glycoprotein (G), isolated from IHNV Type 1 Round Butte (RB1), and

challenged with various isolates representing the other four biochemical

types (Table 2). The specific biochemical differences in N and G proteins

have given rise to this typing as shown in Figure 1. The molecular weight

values for the varying proteins are listed in Table 3. The titer of the IHNV

isolate used in the challenges is seen in Table 4. Isolates of IHNV that were

used in the challenge study are of particular importance because they

represent IHNV from the Columbia River basin.

Type 2 IHNV challenge

A Hagerman Valley, Idaho IHNV isolate (HA1) was chosen to

represent the Type 2 strains. This area represented a potential source of

infection to the Columbia River Basin. Fish were immunized with glycoprotein

from Round Butte IHNV (Type 1) and challenged with Hagerman Valley IHNV

(Type 2). The experimental results (Experiment A) are shown in Table 5A

and Figure 2. Although the results were somewhat variable, statistical

analysis confirmed that protection was afforded. A second trial with

Hagerman Valley IHNV (Type 2) gave more consistent results although only

three viral dilutions were used (Table 5B and Figure 3). These
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Table II.1A. Protection of Kokanee Salmon Fry from Challenge with Type 1
IHNV RB1 by G Protein Immunization.

Log
Virus Inoculated Immersed Control
Dilutiona No. SL % RPS No. SL % RPS No. SL %

-2 75 24 32 65 75 36 48 47 75 64 85
-3 99 26 26 71 100 40 40 53 107 86 80
-4 101 13 13 87 100 18 18 80 112 66 59
-5 97 3 3 90 100 5 5 90 105 31 30
-6 23 0 0 100 27 3 11 35 30 5 17

Combined results of four experiments, Chapter One.

Table II.1B. Protection of Rainbow Trout from challenge with Type 1 IHNV RB1
by G Protein Immunization.

Log
Virus Inoculated Immersed Control
Dilutiona No. SL % RPS No. SL % RPS No. SL %

-2 50 16 32 56 50 19 38 48 50 36 72
-3 50 13 26 69 50 14 28 65 50 35 70
-4 49 6 12 0 50 4 8 60 50 6 12
-5 50 1 2 0 46 3 6 50 50 1 2

Combined results of two experiments, Chapter One.

aSerial Log dilutions of infectious low passage IHNV.

Abbreviations

No. = Number of fish in group.
SL = Specific Loss, i.e. number of fish dying from IHNV infection.

cYo = Percent mortality.

% loss immunized
RPS = Relative Percent Survival = [1 X 100

% loss controls

Johnson et al., 1982a.
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Table 11.2. Description of IHNV variants used in cross-challenge protection
studies and cross neutralization tests.

Typea Location Fish
Age or
Tissue

Date of
Isolation Designation

1 Round Butte Hatchery StS Ovarian 1975 RB1
Oregon

1 Tamgas Creek Pink Juvenile 1981 TA1
Alaska

2 Hagerman Valley RbT Adult 1978 HA1
Idaho

2 Lewis River Ch Juvenile 1980 LE
Washington

3 Elk River ChF Fry 1979 ER
Oregon

3 Dworshak Natl. Fish
Hatchery, Idaho StS Yearling 1980 DW2

3 Dworshak Natl. Fish
Hatchery, Idaho StS Juvenile 1985 DW3

3 Nan Scott Lake RbT Juvenile 1971 NS
Oregon

4 Coleman Natl. Fish
Hatchery, California Ch Alevin 1980 CO2

5 Cedar River ChF Ovarian 1981 CD2
Washington

Abbreviations. Ch = Chinook Salmon ChF = Fall run Chinook Salmon
RbT = Rainbow Trout StS = Summer Steelhead Salmon

aType as defined in Table 3.
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Table 11.3. Molecular Weight Characteristics Used in Typing IHNV*.

Protein Type 1 Type 2 Type 3 Type 4 Type 5**

N 40.5 42.8 43.25 40.5-41.0 41.0-44.0

G 67.0 67.0 67.0 70.0 67.0

The figures are molecular weight X 1000 daltons.
*Hsu et al., 1986.
**Type 5 is less defined and N varies depending on the isolates.

Table 11.4. Titer of IHNV Challenge Virus.

Isolate and
Typea TCID50/mlb

HA1 2.15 x 108
2
Expt A

HA1 4.2 x 107
2
Expt B

ER 1 x108
3

CO2 5 x 107
4

CD2 4.6 x 107
5

aNNV isolates and types as described in Tables 2 and 3.

bi-CID50 /mlas determined by the method of Reed and Muench
(1938).
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Figure 11.1. SDS-polyacrylamide slab gel electrophoresis of the five types of

IHNV. Lanes A and G. Molecular weight markers, weight markers: shown by

arrows phosphorylase B (92,500); bovine serum albumin (66,200); ovalbumin

(45,000); carbonic anhydrase (31,000); soybean trypsin inhibitor (21,500);

and lysozyme (14,400). Lane B and Lane J. Purified IHNV from Round Butte

Hatchery (Type 1): L (150,000); G (66,000); N (40,500); M-1 (25,000); and M-

2 (22,500). Lane C. Purified IHNV from Lewis River (Type 2); N (42,800).

Lane D. Purified IHNV from Nan Scott (Type 3); N (43,250). Lane G. Purified

IHNV from Coleman River (Type 4); G (70,000); N (40,500-41,000). Lane F.

Purified IHNV from Cedar River (Type 5); N (43,000). Lane H. IHNV from

Hagerman Valley (Type 2); N (42,800). Lane I. IHNV from Elk River (Type 3);

N (43,250).
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Table II.5A. Comparisons of Immunization with IHNV Type 1 Glycoprotein to
Challenge with IHNV Types 2, 3, 4 and 5..

Cross Protection to Type 2, Hagerman Valley, Idaho
Log
Virus Inoculated Immersed Control
Dilutiona No. SL % RPS No. SL % RPS No. SL ')/0

-2 24 10 42 51 25 8 32 62 20 17 85
-3 12 8 62 13 23 9 39 45 17 12 71
-4 9 1 11 82 5 3 60 0 25 15 60
-5 20 5 25 50 15 6 40 20 24 12 50

Kokanee salmon fry were vaccinated with Type 1 glycoprotein and challenged
with Type 2 IHNV at dilutions indicated.

Table II.5B.

Cross Protection to Type 2, Hagerman Valley, Idaho
Log
Virus Inoculated Immersed Control
Dilutiona No. SL % RPS No. SL % RPS No. SL

-2 9 6 67 67 11 10 91 91 12 12 100
-3 10 4 40 43 11 7 64 70 12 11 92
-4 9 2 22 29 10 4 40 53 12 9 75

Rainbow Trout fry were vaccinated with Type 1 glycoprotein and challenged
with Type 2 IHNV at dilutions indicated.

aVirus dilutions are shown as log dilutions of a stock virus.

Abbreviations

No. = Number of fish in group.

SL = Specific Loss, i.e. number of fish dying from IHNV infection.

% = Percent mortality.

% loss immunized
RPS = Relative Percent Survival = [1 X 100

% loss controls

Johnson et al., 1982a.
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Table II.5C.

Cross Protection to Type 3, Elk River, Oregon
Log
Virus Inoculated Immersed Control
Dilutiona No. SL % RPS No. SL % RPS No. SL %

-2 25 4 16 75 25 1 4 94 25 16 64
-3 25 0 0 100 25 3 12 80 25 15 60
-4 25 0 0 100 25 0 0 100 25 8 32
-5 25 0 0 100 25 0 0 100 25 1 4

Rainbow Trout fry were vaccinated with Type 1 glycoprotein and challenged
with Type 3 IHNV at dilutions indicated.

Table II.5D.

Cross Protection to Type 4, Coleman River, California
Log
Virus Inoculated Immersed Control
Dilutiona No. SL % RPS No. SL % RPS No. SL

-2 25 8 32 57 25 8 32 57 20 15 75
-3 25 4 16 80 25 5 20 75 20 16 80
-4 25 2 8 84 25 2 8 84 20 10 50
-5 25 0 0 100 25 0 0 100 20 5 25

Rainbow Trout fry were vaccinated with Type 1 glycoprotein and challenged
with Type 4 IHNV at dilutions indicated.

aVirus dilutions are shown as log dilutions of a stock virus.

Abbreviations
No. = Number of fish in group.

SL = Specific Loss, i.e. number of fish dying from IHNV infection.

% = Percent mortality.

loss immunized
RPS = Relative Percent Survival = [1 X 100

% loss controls

Johnson et al., 1982a.
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Table 11.5E.

Cross Protection to Type 5, Cedar River, Washington
Log
Virus Inoculated Immersed Control

Dilutiona No. SL % RPS No. SL % RPS No. SL

-2 22 9 41 59 25 10 40 56 25 25 100
-3 22 7 32 67 25 9 36 63 25 24 96
-4 21 4 19 75 25 7 28 63 25 19 76
-5 22 0 0 100 25 3 12 70 25 10 40

Rainbow Trout fry were vaccinated with Type 1 glycoprotein and challenged
with Type 5 IHNV at dilutions indicated.

aVirus dilutions are shown as log dilutions of a stock virus.

Abbreviations
No. = Number of fish in group.

SL = Specific Loss, i.e. number of fish dying from IHNV infection.

= Percent mortality.

% loss immunized
RPS = Relative Percent Survival = [1 X 100

loss controls

Johnson et al., 1982a.
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Figure 11.2. IHNV Hagerman Valley (HA1) Type 2 challenge. A comparison

of the total percent mortality in unimmunized and G protein immunized

kokanee salmon. The total percent mortality observed (Table 5A) and

graphed versus the log dilution of IHNV HA1 Type 2 used to challenge the

fish.

Figure 11.3. IHNV Hagerman Valley (HA1) Type 2 challenge. A comparison

of the total percent mortality in unimmunized and G protein immunized

rainbow trout. The total percent mortality observed (Table 5B) and graphed

versus the log dilution of IHNV HA1 Type 2 used to challenge the fish.
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results were statistically significant and show that the immunized fish were

protected.

Type 3 IHNV challenge

An Elk River, Oregon IHNV isolate, ER, was chosen to represent the

Type 3 IHNV strain. Type 3 isolates have been found at the Dworshak

National Fish Hatchery, Idaho and may be important in the upper Columbia

River region. Studies with a portion of the G protein of IHNV RB1 expressed

in E, Oli as a vaccine proved effective in protecting rainbow trout from IHNV

DW3 (Gilmore, 1988). Again, rainbow trout were immunized with the Type 1

purified glycoprotein and challenged with the Elk River Type 3 IHNV isolate.

As seen in Table 5C and Figure 4 immunization resulted in a dramatic

difference in fish survival to virus challenge. Protection levels approximated

that of the homologous Type 1 IHNV challenge.

Type 4 IHNV challenge

The type 4 IHNV isolates were all temperature sensitive variants from

the Coleman National Fish Hatchery (Hsu et al., 1986; Mulcahy et al., 1984).

A biologically characterized isolate, 002, from 1980 was used to challenge

Type 1 glycoprotein immunized rainbow trout. Good protection to the

heterologous challenge was afforded by the vaccination (Table 5D, Figure 5).

Immersion and injection routes of immunization were not statistically different.

The level of protection at the highest concentration virus was similar to

challenge with HA1 Type 2 IHNV.
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Figure 11.4. IHNV Elk River (ER) Type 3 challenge. A comparison of the total

percent mortality in unimmunized and G protein immunized rainbow trout.

The total percent mortality observed (Table 5C) and graphed versus the log

dilution of IHNV ER Type 3 used to challenge the fish.

Figure 11.5. IHNV Coleman River (CO2) Type 4 challenge. A comparison of

the total percent mortality in unimmunized and G protein immunized rainbow

trout. The total percent mortality observed (Table 5D) and graphed versus the

log dilution of IHNV CO2 Type 4 used to challenge the fish.
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Figure 11.6. IHNV Cedar River (CD2) Type 5 challenge. A comparison of the

total percent mortality in unimmunized and G protein immunized rainbow trout.

The total percent mortality observed (Table 5E) and graphed versus the log

dilution of IHNV CD2 Type 5 used to challenge the fish.
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Type 5 IHNV challenge

A Cedar River isolate, CD2, was chosen to test cross immunity to Type

5 IHNV strains. This isolate was used because the virus is found in a region

close to the Columbia River. Rainbow trout vaccinated with Type 1

glycoprotein of IHNV were protected from the lethal effects of the Cedar River

IHNV infection (Table 5E, Figure 6). Differences were noted at all virus

concentrations in the level of protection afforded by injection or immersion.

These differences, however, were not statistically significant. Again, what

was clearly demonstrated was the resulting protection of fish from

heterologous IHNV infection by the Type 1 vaccination.

1.0.50 Comparison of Heterologous challenge IHN Virus

A comparison of the amount of virus required to produce a lethal dose

to 50% of the infected fish (LD50) in the vaccinated and control groups was

made (Table 6). Since an LD50 was not achieved in some of the immunized

groups, the corresponding viral dosage was estimated. The LD50 for the

mock immunized control groups ranged from 2.28 x 104 to 4.2 x 102

TCID50 /ml of IHNV challenge virus. The high dose 2.28 x 104 of IHNV Elk

River required to produce an LD50 in rainbow trout was possibly due to this

isolate's adaptation to chinook salmon (Chen, 1985). The other LD50 doses

were in the range that had been reported previously for rainbow trout (Amend

and Nelson, 1977; Chen, 1985). Fish immunized by immersion required

about 10-200 times more virus to produce a LD50. Vaccination by injection

protected the fish such that 20 to more than 400 times as much IHNV was

necessary to produce a LD50
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Table 11.6. Comparison of LD50 doses in immunized and non-immunized
fish challenged with different types of IHNV..

Isolate

Type Treatment

LD50 as
Viral Dilutiona

LD50 as
TCID50/mlb

LD50 multiples
of controlsc

HA1 Control 1 x 10-5 2.15 x 103
2 Immersed 3.2 x 10-5 6.9 x 103 3

Expt A Injected 1.75 x 10-5 3.8 x 104 18

HA1 Control 1 x 10-5 4.2 x 102
2 Immersed 1 x 10-4 4.2 x 103 10
Expt B Injected 4.26 x 10-3 1.8 x 105 429

ER Control 2.28 x 10-4 2.28 x 104
3 Immersed >10-2 >2.28 x 105 >100

Injected >10-2 >2.28 x 105 >100

CO2 Control 1 x 10-4 5 x 103
4 Immersed >10-2 >5 x 105 >100

Injected >10-2 >5 x 105 >100

CD2 Control 5.27 x 10-5 2.4 x 103
5 Immersed >10-2 4.6 x 105 >190

Injected >10-2 4.6 x 105 >190

aLD50 determined from Tables 5A-5E by the method of Reed and Muench
(1938).

bLD50 as TCID50 /mI = (LD50 as Viral Dilution) x (Titer of challenge Virus) from
Table 11.4.

cLD50 multiples of controls = 1.1250 of immunized (TCID50/m1)
LD50 of control (TCID50 /m1)
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Cross neutralizations

There were two reasons for studying various isolates by serological

cross neutralization. First, it was important to determine if conserved

neutralizing epitopes existed among IHNV isolates. Secondly, because IHNV

had been biochemically grouped on the basis of the molecular weight of the

N and G proteins (Hsu et al., 1986), it was of interest to determine if a

serological grouping would correlate with this typing of isolates. Early work

(McCain et al., 1971) and current diagnostic tests (Amos, 1985) suggested

that there was a single serotype of IHNV. However, differences in levels of

neutralization indicated strain variation. The type 4 isolate, CO2, was the only

IHNV exhibiting a molecular weight difference in the glycoprotein which is the

protein that induces neutralizing antibodies (Tables 2 and 3, Figure 1). In

order, to perform the cross neutralization analyses, antisera were prepared to

IHNV RB1 and CO2 and also to their respective glycoproteins. The isolates

were compared by neutralization indices (Casals, 1967) which are defined as

follows: Significant neutralization index is greater than or equal to 1.7 (98%

neutralization, 50-fold reduction in titer); intermediate neutralization index is

from 1.0 to 1.7 (90% to 97% neutralization, 10 to 49-fold reduction in titer);

questionable neutralization index is from 0.3 to 0.9 (50% to 89%

neutralization, 2 to 9-fold reduction in titer). The non-neutralization index is

less than 0.3 (less than 50% neutralization, less than 2-fold reduction in titer).

The neutralization index calculation is presented in the legend for Tables 7

and 8.
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Table 11.7. Neutralization Index for Ten IHNV Isolates Tested with Antisera to
IHNV RB1 and CO2a.

Isolate
and Type

Anti IHNV RB1
Dilution

Anti IHNV CO2
Dilution

1:50 1:100 1:200 id 1:20 1:50

RB1 (1) Cb 2.4 1.0 NIDc 1.8 0.6

TA1 (1) 2.6 2.0 0.3 ND 2.5 1.9

HA1 (2) C 2.1 0.3 ND 2.4 1.5

LE (2) 1.5 0.9 0.1 0.2 0 0

ER (3) 3.0 2.0 0.5 ND 3.7 1.5

NS (3) 1.4 1.1 0 2.8 1.5 0

DW2 (3) 1.5 0.5 0 0.4 0.2 0

DW3 (3) 1.7 0.4 0 0.4 0.1 0

CO2 (4) C 1.8 0.7 2.4 0.8 0.2

CD2 (5) C C 1.5 2.8 2.6 0.8

aNeutralization Index = log
pfu/ml of control virus

pfu/ml of antiserum treated virus] , Casals, 1967.

bC = complete neutralization, no viral titer so an index cannot be computed.

cND = Not done because of high neutralization index at 1:20 antiserum dilution.
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Neutralization Index for Ten IHNV Isolates Tested with Antisera to
the G Proteins of IHNV RB1 and CO2a.

Isolate
and Type

Anti G protein
of IHNV RBI

Dilution

Anti G Protein
of IHNV CO2

Dilution

RB1 (1)

TA1 (1)

HA1 (2)

LE (2)

ER (3)

NS (3)

DW2 (3)

DW3 (3)

CO2 (4)

CD2 (5)

1:20 1:40

4.9 2.0

Cb 1.9

2.8 1.7

C 1.6

3.2 2.0

1.8 0

3.5 1.0

2.4 0.5

C 1.1

1:50 1:100 1:200

C C 1.6

C C 2.73

C 2.1 1.3

0.1 NDC ND

3.7 C 2.5

C 0.6 0

0.2 0 ND

0.4 0 0

C 3.6 1.2

2.9 1.2 C 2.7 1.0
1

aNeutralization Index = log
pfu/ml of control virus

pfu/ml of antiserum treated virus] , Casals, 1967.

bC = complete neutralization, no viral titer so an index cannot be computed.

CND = Not done because of the low neutralization index at the previous
dilution.
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Cross neutralization with antiserum to IHNV RB1 and its G protein

Six of the isolates (RB1, TA1, ER, HA1, CO2, and CD2) showed

significant neutralization (index __ 1.7) at a 1:100 dilution of antiserum to IHNV

RB1 (Table 7). The other four isolates had poorer neutralization at a 1:100

dilution of antiserum. One of these isolates, NS, showed intermediate

neutralization; while the other three, LE, DW2, and DW3 had questionable

neutralization. A similar neutralization pattern appeared with antiserum

directed against the G protein of IHNV RB1 (Table 8). Significantly

neutralized at a 1:40 dilution of this antiserum were four of these isolates.

Two IHNV isolates, CO2 and CD2 that had been neutralized significantly by

anti-IHNV RB1 serum, showed only intermediate neutralization with

antiserum to IHNV RB1 G protein. The LE isolate, type 2, and DW2, type 3, in

this case also showed intermediate neutralization. Only two isolates, DW3

and NS, both type 3 IHNV, were poorly neutralized. They showed

questionable neutralization indices.

By comparing both sets of results a poorly neutralized group of isolates

emerged that includes LE, DW2, DW3, and NS IHNV isolates.

Cross neutralization of IHNV isolates with antiserum to IHNV CO2 and its G

protein

Two loosely defined neutralization groups were established with these

antisera. At a 1:20 dilution of anti-IHNV CO2 serum, LE, DW2, DW3, and CO2

were weakly neutralized and showed questionable neutralization indices

(Table 7). All other isolates were significantly neutralized (Table 7) except

NS, which had an intermediate neutralization index.
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Using antiserum directed against the G protein of IHNV CO2, two

groups again emerge. At a 1:100 dilution of this antiserum six isolates (RB1,

TA1, ER, HA1, CO2, and CD2) were significantly neutralized. NS gave an

intermediate neutralization index. The three other isolates were not

neutralized at all. Even at a 1:50 dilution of this antiserum only DW3 was

questionably neutralized (Table 8). The neutralization indices for LE and

DW2 could not be considered neutralizing. Again, LE, DW2, and DW3

proved to be antigenically different from the other isolates tested. NS

appeared to occupy a position between the two groups.

Determination of IHNV Serotypes

Comparison of the neutralization indices (Table 7 and 8) indicated that

immunological differences existed among the IHNV isolates tested. These

differences indicated variants of IHNV existed (Casals, 1967). To determine if

these differences also constituted a basis for serotypes, two methods were

employed. The first procedure employed was that used to serotype influenza

virus (Archetti and Horsfall, Jr., 1950), rabies virus (Schneider et al., 1973),

and to group infectious pancreatic necrosis virus, IPNV, a birnavirus that

infects salmonids (Okamoto et al., 1983).

Analysis for serotypic differences between IHNV RB1 and CO2 was

performed by the method of Archetti and Horsfall, Jr. (1950). By this

procedure antibody neutralization titers were determined and the antigenic

difference values, 1/r, were calculated (see legend Table 9). The level of

neutralization selected will determine how stringently the viral strains will be

compared. If 1/r = 1, there was no antigenic difference. Serotypic difference



81

Table 11.9. Cross Neutralization Antigenic Relatedness Testa

Low Stringency Test (90% neutralization)

Serum Virus Titer Ratiob

RB1 CO2 RB1 CO2
Anti IHNV RB1 200c 160 1 0.8 (ri)
Anti IHNV CO2 40 20 2 (r2) 1

r valued = r )n--.'2 =1 26 1/r = 0.79
1

High Stringency Test (98% neutralization)

Serum Virus Titer Ratio

RB1 CO2 RB1 CO2
Anti IHNV RB1 G 15 6 1 0.4 (ri)
Anti IHNV CO2 G 200 150 1.33 (r2) 1

Anti IHNV RB1 Ge 40 30 1 0.75 (r3)

(electroeluted)

r value = riF(72.0.729 1/r = 1.37

r value = r2)Fc r7= 0.999 1/r = 1.00

aArchetti and Horsfall, Jr. 1950.

bTiter ratio = dilution of antiserum neutralizing 90% (98%) of heterologous virus
dilution of antiserum neutralizing 90% (98%) of homologous virus

cNumbers are the reciprocal of the antiserum titer giving the designated
neutralization of the homologous virus.
d

r value = r ),F7---
1

r2 1/r = antigenic relatedness value

1/r = 1 identity 1/r = 2 = 50% relatedness 1/r = 4 = 25% relatedness

eThis antiserum was included because it had a greater neutralizing titer than
that prepared from Triton X-100 extracted G protein of IHNV RB1.
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Table 11.10. Comparison of Divergent IHNV Isolates to Antiserum to IHNV
RB1a.

Isolate Antiserum to Amount Amount of IHNV
and Type IHNV-RB1 IHNV expected to be

dilution neutralized neutralized at 1:5
dilution

RB1 (1) 1:100 157b

DW2 (3) 1:50 209 2090

DW3 (3) 1:40 4333 34664
LE (2) 1:50 43 430

CO2 (4) 1:100 63 1262

a Serotyping method of Kapikian et al., 1967.

b Indicates multiple of control IHNV titer = pfu/ml of control IHNV
pfu/ml of antiserum treated IHNV

Table 11.11. Comparison of Divergent IHNV Isolates to Antiserum to IHNV
CO2a.

Isolate Antiserum to Amount Amount of IHNV
and Type IHNV CO2 G IHNV expected to

protein dilution neutralized neutralize at 1:10
dilution

CO2 (4) 1:200 45b

DW2 (3) 1:20 Complete Complete
DW3 (3) 1:20 814 1628

LE (2) 1:20 287 574

NS (2) 1:50 Complete Complete

RB1 (1) 1:200 40 800

a Serotyping method of Kapikian et al., 1967.

b Indicates multiple of control IHNV titer = pfu/ml of control IHNV
pfu/ml of antiserum treated IHNV
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was defined as 1/r greater than 2 (less than 50% antigenic similarity). The

two-way cross neutralization antibody titer ratios were determined for antisera

to IHNV RB1 and CO2 and to their respective G proteins (Table 9). At a 10-

fold neutralization index (n.i. = 1) for antisera to IHNV RB1 and IHNV CO2, the

1/r value (antigenic difference) was 0.79. The 1/r value was 1.37 for antisera

to IHNV RB1 G protein and IHNV CO2 G protein at a 50-fold neutralization

index (n.i. = 1.7). When the two isolates were compared using antiserum to

IHNV RB1 G protein that was electroeluted and the antiserum to IHNV CO2 G

protein, the 1/r value was 1.00. Thus, no serotypic difference between IHNV

CO2 and RB1 was seen at low (10 fold neutralization) or high (50 fold

neutralization) stringency tests of serological relatedness. This was true with

both antiserum to the entire virus or the G protein alone.

With Rhinoviruses distinct serotypes were based on the inability of a

twenty-fold excess of the limit dilution of antiserum that neutralizes 32-320

TCID50 of homologous virus to neutralize 3-320 TCID50 units of the

heterologous virus (Kapikian et al., 1967; Schneider et al., 1973). IHNV RBI

was neutralized significantly (n.i. = 2.2) at a minimum dilution of 1:100 of anti-

IHNV RB1 serum (Tables 7, 10). At twenty times this amount of antiserum (1:5

dilution), the weakly neutralized IHNV isolates would all be significantly

neutralized. IHNV CO2 was significantly neutralized (n.i. = 1.7) with

antiserum to IHNV CO2 G protein at a minimum dilution of 1:200 (Tables 7,

11). At twenty times this amount of antiserum (1:10 dilution) all poorly

neutralized IHNV isolates would be significantly neutralized. Again, a

comparison of the most divergent (least neutralized) groups to antisera

against IHNV RB1 and IHNV CO2 G protein showed no basis for serotype

designation by this analysis (Tables 10, 11).
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DISCUSSION

The envelope glycoprotein of IHNV has been purified and shown to

induce protective immunity in fish against challenge with either homologous

or heterologous types of virulent IHN virus. Thus, IHNV was similar to rabies

and vesicular stomatitis virus, both mammalian rhabdoviruses with envelope

glycoproteins that were solely responsible for inducing neutralizing antibody

and protective immunity in the host (Cox et al., 1977; Kelley et al., 1972).

Both methods of immunization, i.e. immersion or inoculation, produced

the same level of protection in all but one experiment. Immersion

immunization was almost as effective as inoculation at all levels of virus

challenge. There appeared to be no difference in protection between

immersion and inoculation delivery when fish were challenged with low

concentrations of IHNV. These low virus concentrations were more

representative of the levels of virus found in the environment (Mulcahy et al.,

1983). The only case where immersion failed to be as effective as direct G

protein injection was observed in the cross-challenge experiment with Type 2

HA1 (Hagerman Valley) IHNV (Figure 2, Table 5A). This result may be an

artifact of the small number of fish in the experiment. A survey of the data

indicated that immersion is an effective and practical method of vaccination.

Vaccine-induced protection was more clearly demonstrated when the

challenge virus dose was sufficient to produce an LD50 but not so great as to

overwhelm the immune system. At dilutions of IHNV of 1:10,000 and

1:100,000 the immunized fish were completely protected. At virus challenge

dilutions of 1:100 to 1:1000, 2- to 10-fold reductions in mortality still occurred

in the vaccinated fish. Yet, control unimmunized fish were killed at levels of
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50% to 100% (Figures 2-6, Tables 5A-5E). Statistically significant protection

was afforded by the G protein vaccination.

Type 1 IHNV was very virulent in kokanee salmon and produced 90%

mortality at 1:100 dilution of the virus. In contrast, the same virus IHNV RB1 in

rainbow trout was less virulent and produced mortalities of 70% at 1:100

dilution and 50% at 1:1000 dilution. The vaccination of rainbow trout with

purified glycoprotein from Type 1 IHNV RB1 was much more effective in

inducing a protective response (Tables 1 A and 1B). It was possible that the

virulence exhibited by Type 1 IHNV for kokanee salmon was an adaptation

which permitted that virus type to grow more rapidly in that genus. In that

case, it was probable that the virus would mount a pathogenic infection

sufficiently rapid to overwhelm the fish immune response. Similar effects

have been observed for foot-and-mouth disease vaccination trials (Kleid et

al., 1981).

Protection to the Type 2 IHNV HA1 (Hagerman Valley) infection was

demonstrated by a 2-3 fold-reduction in mortality. This level of protection is

similar to the Type 1 kokanee results (Table 1A). However, with Type 3 IHNV

ER (Elk River) a seven-fold reduction in mortality was achieved at a 1:100

dilution (Figure 4). This was analogous to the Type 1 Rainbow trout

experiment (Table 1B).

Vaccination and subsequent challenge with Type 4 IHNV CO2

(Coleman River) gave results similar to HA1 Type 2 and RB1 Type 1 Kokanee

experiments (Table 1A, 5A and 5B). A 2-fold level of protection was present

at 1:100 dilution; nearly 7-fold reduction in mortality was found at 1:1000

dilution of IHNV (Table 5D, Figure 5).
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The protection from heterologous challenge with Type 5 IHNV CD2

(Cedar River) was somewhat intermediate to the protection described above.

The reduction in mortality was 2 to 3 fold at all dilutions except the injected

group of fish at 1:100,000 dilution where no mortalities occurred (Table 5E,

Figure 6). This result may be caused by a virus strain that kills even at low

dilutions. To protect against this greater virulence, higher vaccine dosage or

booster immunization may be required.

The level of protection can also be assessed by determining the

amount of virus required to produce an LD50 in the immunized groups. This

comparision showed that both methods of vaccination were effective (Table

6). Immersion increased the required dose 10-200 times that of the control,

injection increased the dosage 20-400 times that of the control to produce an

LD50. The required dose may be even greater because in some cases an

LD50 was not obtained in the immunized groups. For example, 2 x 106

TCID50 /ml of IHNV ER produced less than 20% losses in the immunized fish.

Although these experiments were carried out for only one month, the

cumulative mortality data suggest that the duration of immunity should last

longer than that period of time. These studies did not include any

experiments that accurately measured the duration of immunity because

salmon and trout are refractory to the pathogenic effects of IHNV infection

after 6 months (Pilcher and Fryer, 1980). A method to detect fish neutralizing

antibodies by other means than virus challenge is being developed for these

studies. ELISA and other immunological methods employing goat anti-trout

globulin serum are being tested. In addition, the effect of a booster dose on

the duration of immunity is being determined.
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The serological comparison of ten distinct IHNV isolates from various

geographic locations and representing all five biochemically defined types

(Hsu et al., 1986) confirmed that there are differences in neutralization

(McCain et al., 1971). The distinctions found among isolates in neutralization

indices was not great (Table 7 and 8). However, these antisera permitted the

distinction of two groups: a group of readily neutralized IHNV isolates

including RB1, CO2, ER, CD2, HAI , and TA1, and a group of poorly

neutralized isolates DW2, DW3, LE and NS. Among the poorly neutralized

group, all were type 3 IHNV viruses with the exception of LE, type 2. Another

type 3 isolate, ER, was highly neutralized by all antisera. This isolate was

also neutralized by monoclonal antibodies to RB1 and to SRCV an isolate

from California (Arakawa et al., 1986). The LE isolate was most poorly

neutralized by antisera to IHNV CO2 and its G protein. The other three IHNV

isolates, DW2, DW3 and NS, were neutralized to an equivalent extent by all

the antisera., No clear correspondence of biochemical type to neutralization

index was evident. Therefore, differences in the N protein (type) was not

related to neutralization epitope diversity on the G protein. The poorly

neutralized isolates were true IHNV variants as defined for rabies viruses and

rhabdoviruses in general (Schneider et al., 1973; Wagner et al., 1972).

Further research with monoclonal antibodies is required to clarify the number

of neutralizing epitopes that are distinct and which are held in common.

It was believed that the IHNV RB1 and CO2 would be the most distinct

serologically because of the difference in apparent molecular weight of the G

proteins and previously reported neutralization differences (Hsu et al., 1986;

McCain et al., 1971). A comparison of the cross neutralization data between

these two isolates was made by procedures used in assigning serotypes to
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influenza and rabies viruses and to rhinoviruses (Archetti and Horsfall, Jr.,

1950; Schneider et al., 1973; Kapikan et al., 1967). Using the cross

neutralization ratios method of Archetti and Horsfall, Jr. (1950), IHNV CO2

and RB1 were found to be more than 50% related and thus comprised a

single serotype (Table 9). Using the method of Kapikian et al. (1967), which

required only a one way cross neutralization, all ten IHNV isolates were

compared using four antisera preparations (Tables 10 and 11). By this

method, even the poorly neutralized group of IHNV isolates described above

fall into a single serotype group. Thus, although there were variations in

neutralization indices with the four antisera, only a single serotype was

defined for IHNV. This result confirmed the protection experiments in that a

conserved epitope(s) responsible for eliciting a serum neutralizing response

exists among IHNV isolates.

These experiments clearly indicated that the viral glycoprotein alone,

devoid of any other component of the virus particle is able to confer immunity.

A second important point established by these experiments was that the IHNV

variants (Type 1 to Type 5) have a conserved antigenic site(s) and this

indicated that a vaccine developed to the G protein of one strain will elicit a

protective response in fish to all IHNV variants. Therefore, the production of a

recombinant vaccine based on a single type of IHNV was possible. Fish in

any geographic area may be protected from endemic as well as exotic IHNV

types and the development of a more costly polyvalent vaccine may not be

necessary. Although IHNV isolates have been determined to be highly

related antigenically, important questions about strain host specificity and

virulence need to be explored. A group of variant IHNV isolates has been

described based on minor differences in neutralization indices. The use of
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monoclonal antibodies now being produced to IHNV proteins and

understanding of host specificity will provide information concerning the strain

diversity of IHNV.
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CHAPTER 3

Biochemical Differences in the Glycoprotein of a Temperature Sensitive Strain

of Infectious Hematopoietic Necrosis Virus (IHNV)
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INTRODUCTION

There is considerable biochemical and biological evidence for the

existence of true variants of infectious hematopoietic necrosis virus (IHNV).

Recently, many isolates from the Pacific Northwest region of the United States

were grouped into five types on the basis of differences in virion protein

banding patterns. The isolates differed in nucleocapsid protein, N, migration

on SDS-PAGE. One isolate from Coleman National Fish Hatchery, California

(CO2) was distinguished by a glycoprotein, G, of greater molecular weight

(Hsu et al., 1986). Similarly, ten IHNV isolates were found to have

considerable variation in the single-step growth rate in tissue culture (Mulcahy

et al., 1984). The most unique isolate again was from Coleman National Fish

Hatchery in California. This IHNV isolate exhibited dramatically reduced

growth in vitro at 180C. The optimal growth temperature for IHNV is 160C.

IHNV disease has been controlled to an extent at this hatchery by raising the

water temperature to 180C (Ross et al., 1960). Other IHNV isolates, however,

still produce disease at this temperature (Hetrick et al., 1979). Also, the

Coleman IHNV isolate exhibited the smallest mean plaque diameter (Mulcahy

et al., 1984; Leong et al., 1981).

There is a serological difference in IHNV isolates from California in

comparison to those from Oregon and British Columbia (McCain et al., 1971).

Host species specificity by various IHNV isolates has also been reported

(Chen, 1985; Hsu et al., 1986). These differences can be considered

evidence for describing variants of IHNV based on the definition accepted for

rabies virus variants and rhabdoviruses in general (Schneider et al., 1973;

Wagner et al., 1972). In this report, we compare the glycoprotein of the CO2

strain with that of the standard IHNV strain, RBI, which had previously been
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extensively characterized (Hsu et al., 1986; Kurath and Leong, 1985; Leong et

al., 1981). The differences in the glycoprotein, G, were biochemically defined

by endoglycosidase digestions.

MATERIALS AND METHODS

Cells and virus

The IHNV isolates RB1 and CO2 were grown in CHSE-214 cells as

described previously (Engelking and Leong, 1981; Hsu et al., 1986). For 35S

methionine labeled virus, CHSE-214 cells were infected with a multiplicity of

infection of 0.01. When 20-25% cytopathic effect was observed, the medium

was removed and replaced with methionine free MEM (Select Amine, GIBCO)

containing 10 liCi/m1 35S labeled methionine (NEN DuPont). Virus

purification was performed as previously described (Chapters 1 and 2).

Polyacrylamide gel electrophoresis (PAGE)

Proteins were electrophoresed on discontinuous denaturing SDS

polyacrylamide (PA) gels as described by Laemmli (1970). A 3% acrylamide

stacking gel and a 9% acrylamide separating gel were used. The PA gels

were stained with 0.1% Coomassie brilliant blue (CBB) stain and dried

destaining onto cellulose sheets. If the proteins were 35S methionine

labeled, the gels were dried and exposed to x-ray film (Kodak X-AR-5) for one

to five days.
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Staphylococcus aureus V8 protease digestion

The G protein of IHNV RB1 and CO2 labeled with 35S methionine was

subjected to limited proteolysis using Staphylococcus aureus V8 protease (V8

protease) (Miles Laboratories). V8 protease specifically cleaves at the

carboxyl side of aspartic acid or glutamic acid residues under these reaction

conditions. The G protein was isolated from 9% PA gels by Coomassie

brilliant blue staining and the gel slice placed into the well of a second 15%

PA gel. The gel slice was overlayed with varying amounts, 2-6 jig, of V8

protease. The material, G protein and protease, was electrophoresed into the

stacking gel and the currrent turned off for 30 minutes for digestion to occur.

The current was then returned and electrophoresis performed in the normal

manner (Cleveland et al., 1977). The gel was dried onto filter paper and

overlayed with x-ray film. Exposure of the film was from 2 to 10 weeks.

RNA purification

CHSE-214 cells were infected with IHNV CO2 or RB1 at a multiplicity of

infection of 10 and 0.5 µg /ml of actinomycin D was added.. Uridine

radioactively labeled with 3H (ICN) was added to 10 pei/mIto the medium at

six hours post infection. When 25-35% cytopathic effect (CPE) was observed,

the cells were taken and the RNA was extracted (Maniatis et al., 1982; Kurath

and Leong, 1985). The mRNA was purified by oligo dT cellulose column

chromatography as described by Kurath and Leong (1985). Ribosomal RNA

(rRNA) was extracted from .E, ma that had been grown in minimal medium

with 1 pei/mI3H uridine (Maniatis et al., 1982). Baby hamster kidney cells

(BHK-21) were grown in minimal essential medium (MEM, GIBCO) with 2%
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dialyzed Fetal Bovine Serum (Sterile Systems) and 10 I.LCi/m1 3H uridine.

Calf thymus rRNA (18S and 28S) was purchased from Pharmacia.

RNA agarose gel electrophoresis

RNA treated with glyoxal (McMaster and Carmichael, 1977) was

electrophoresed on 1% agarose gels in 10 mM phosphate buffer (pH 7.0).

The glyoxal was extensively de-ionized by two passes over five 10 ml AG501-

X8 columns (BioRad) and kept frozen at -200C until used (Kurath, 1985). RNA

treated with 5 mM methylmercuric hydroxide (Alfa Products) was

electrophoresed on 1% agarose gels containing 5 mM methyl-mercuric

hydroxide (Bailey and Davidson, 1976) in 50 mM borate buffer (E buffer)

(Maniatis et al., 1982). Tritiated labeled RNA electrophoresed on glyoxal gels

was visualized by fluorography using En Hance (NEN, DuPont) per

manufacturer's directions. The gels were dried and exposed to x-ray film

(Kodak X-AR-5) for 24-48 hours at -700C.

RNA-DNA hybridization

The plasmid pG8, which contains a cDNA copy of the entire

glycoprotein gene of IHNV RB1 (Koener et al., 1987), was purified and

digested with the restriction enzyme Pst1 (BRL) per manufacturer's directions.

The digested plasmid DNA was electrophoresed on a low melting

temperature agarose gel and the fragment containing the copy of the G gene

was located by ethidium bromide staining (Maniatis et al., 1982). This

fragment was cut from the gel and used to produce a 32P-labeled probe using

32P-labeled o dCTP (ICN), random hexamer primers and DNA polymerase I

(large fragment) (Boehringer Mannheim) per manufacturer's specifications.
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The unincorporated 32P nucleotides were removed by Sephadex G-50

column chromatography (Kurath and Leong, 1985). The probe contained 1 to

5 x 107 cpm per gg of DNA.

The mRNA of IHNV CO2 was denatured with 5 mM methyl mercuric

hydroxide and electrophoresed on a 1% agarose gel as above. The gel was

overlayed with a nitrocellulose filter and transferred ("Northern" blotted) in an

electroblotting apparatus (Hoefer Scientific Instruments) per manufacturer's

directions. The hybridization to the above G specific probe was carried out by

the methods of Thomas (1983). Autoradiography of the washed and dried

filter was performed as above.

Endoglycosidase digestions

Endogylcosidases cleave carbohydrate (CHO) moieties from proteins

at internal bonds near or at the protein linkage (Figure 8). These enzymes

have various CHO specificities and optimum reaction conditions. All

endoglycosidases (Endo D, Endo F, Endo H, and 0-glycanase) were used

according to manufacturer's specifications (Boehringer Mannheim). Briefly

the various reactions contained:
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Substrate: IHNV purified, 10 gg for CBB staining; 250,000 cpm of 35S

labeled virus for autoradiography.

1%

0.5 mM

20 mM pH 7.6

1 I.U.

10 mM

Triton X-100

Phenylmethyl sulfonyl fluoride

EDTA

Trasylol (Aprotinin)

13 mercaptoethanol

Endo Specific Buffers:

Endo D citrate phosphate

Endo F potassium phosphate

Endo H TRIS

0.01 M pH 6.5

0.01 M pH 7.2

0.01 M pH 7.2

0-glycanase potassium phosphate 0.01 M pH 7.2

denaturant

protease inhibitor

- protease inhibitor

protease inhibitor

reducing agent

The reactions were incubated at 370C for 18 hours. The samples were mixed

with SDS sample buffer, boiled and subjected to PAGE as above.

Densitometer scans and molecular weight determinations

The Coomassie brilliant blue (CBB) stained polyacrylamide gels (PA

gels) or the autoradiograms of PA gels were scanned with a soft laser

scanning densitometer (Biomed). The peaks and relative areas of such peaks

were determined by a data acquisition and interperative program for an Apple

Ilc computer, Videophoresis II (Biomed) (Figures 5 and 6). The molecular

weights of the proteins corresponding to the peaks was determined using the

Molecular Weight II program (Biomed). The molecular weights for the

endoglycosidase digested G proteins were calculated from the average of at

least six separate experiments and gels. The weights were determined using
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the above program and protein molecular weight standards (BioRad) for CBB

stained gels or 35S labeled IHNV proteins for autoradiograms as gel

molecular weight markers (Figure 11).

RESULTS

Comparison of the mRNA of IHNV RB1 and CO2

Tritium (3H) labeled messenger RNA (mRNA) was isolated and purified

from CHSE-214 infected cells with IHNV RB1 or CO2. The mRNA from both

isolates, denatured with glyoxal and electrophoresed on 1% agarose gels,

exhibits identical banding patterns as determined by autoradiography (Figure

1). Five mRNA bands were noted and correspond to those previously

described for IHNV RB1 (Kurath and Leong, 1985). The mRNA band 2

(Kurath, 1985) contains the mRNA for the G protein. The G protein of IHNV

CO2 was approximately 3.5 kilodaltons (kd) larger than that of IHNV RB1. If

the IHNV CO2 G protein consisted of about 35 more amino acid residues than

G protein of IHNV RB1, then the mRNA 2 of IHNV CO2 should be about 35 kd

(about 105 additional nucleotide bases) greater in molecular weight. By

scanning laser densitometry of the autoradiogram, the two bands comigrated

(0.004 to 0.001 inch difference) and thus showed essentially no difference in

molecular weight (data not shown). The molecular weight as determined by

the Molecular Weight II program (Biomed) and by a log molecular weight

versus distance migrated plot was 5.75 x 105 daltons, the reported weight for

mRNA 2 (Kurath, 1985). The mRNA 2 of IHNV CO2 should have exhibited

migration distance of 0.02 to 0.025 inches to account for an additional
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Figure 111.1. Gel analysis of glyoxal denatured RNA. Lanes A and E Baby

Hamster Kidney (BHK) cellular RNA denatured with glyoxal. Bands

correspond to 28S ribosomal RNA (rRNA) upper band and 18S rRNA lower

band. Lane B undenatured BHK cellular RNA. Lane C polyadenylated RNA

from CHSE-214 cells infected with IHNV RB1. Lane D polyadenylated RNA

from CHSE-214 cells infected with IHNV CO2.
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Figure 111.2. Gel analysis of methyl mercury denatured RNA. Lane A from

left; 16S and 23S rRNA of E. coli; lower and upper bands respectively. Lane

B, polyadenylated RNA from CHSE-214 cells infected with IHNV CO2. Lane

D, 18S and 28S rRNA from calf thymus (Pharmacia); lower and upper bands

respectively. Stained with ethidium bromide and photographed while

illuminated with ultraviolet light (Maniatis, 1982).
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Figure 111.3. Hybridization of the 32P labelled plasmid, pG8, containing the

G gene of IHNV RB1 to the mRNA of IHNV CO2, which has been transferred to

a nitrocellulose filter. Lane A from left; rRNA of E. coli. Lane B, mRNA

(polyadenylated) of IHNV CO2. Lane C, calf thymus rRNA. Procedures

described in material and methods section.
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105 nucleotide bases. Another comparison was performed with methyl

mercury hydroxide denatured mRNA from the two isolates because Kurath

and Leong had shown that the relative migration of these mRNA species was

different in the two denaturing gel systems. Even in this gel system, the two

mRNA-2 bands comigrated. Molecular weight determinations were not

performed because of the non-linearity in migration of methyl mercury treated

RNA (Kurath, 1985).

This similarity in the size of mRNAs suggested that the G protein genes

of the two viruses encode proteins of the same size. To determine if there was

nucleic acid homology between the G protein mRNA of IHNV CO2 and the G

protein gene of IHNV RB1, a hybridization experiment was performed.

Polyadenylated RNA from CHSE-214 cells infected with IHNV CO2 was

isolated and purified. The mRNA of IHNV CO2 was denatured with methyl

mercury and run on an agarose methyl mercury gel and transferred to a

nitrocellulose filter. When this filter was hybridized with a 32P-labeled specific

RB1 G gene cDNA probe, pG8 (Koener et al., 1987), a single band was

detected (Figure 3). The band corresponded to the IHNV CO2 mRNA 2

(Figure 2). This indicated a close similarity in nucleic acid sequence between

the G genes of RB1 and CO2.

Staphylococcus V8 protease digestion

These experiments suggested that the molecular weight difference G

protein of IHNV CO2 was not due to the additional amino acid residues. Also,

the similarity in amino acid sequence to IHNV RB1 G protein was indicated by

the close nucleic acid homology. In order to detect possible minor changes in
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Figure 111.4. Gel analysis of V8 protease digestion products of IHNV CO2 and

RB1 by autoradiography. Lanes A, C, and E IHNV RB1 G protein digest with 2

pg, 4 pg, and 6 gg of V8 protease respectively. Lanes B, D, and F IHNV CO2

G protein digested with 2 pg, 4 pg, and 614 of V8 protease respectively.



Figure 111.4.

40 0

A B C D E F

106



107

Figure III.5A. Laser densitometer scan of V8 protease digestion products of

IHNV RB1 G protein from an autoradiogram. Ten peaks were determined by

computer analysis of this digestion with 2 gg of V8 protease. Top (T) and

Bottom (B) of gel are noted.
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Figure III.5B. Laser densitometer scan of V8 protease digestion products of

IHNV RB1 G protein from an autoradiogram. Ten peaks were determined by

computer analysis of this digestion with 4 .i.g of V8 protease. Top (T) and

Bottom (B) of gel are noted.
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Figure III.5B.

1

T " '
1 i 1 i 1 i

iii
IHNV RBI. 4 UG V8 PROTEASE

POSITION AREA HEIGHT AREA/HEIGHT

110

1) .115" 1623 55.31 12.984
2) .158" 3097 73.009 18.77
7) .485" 1563 29.204 23.682
4) .893" 5380 35.841 66.42
5) 1.378" 4628 27.876 73.46
6) 2.065" 7231 100 31.996
7) 2.203" 402 53.54 33.248
8) 2.657" 4350 26.106 73.729
9) 4.112" 976 10.619 40.667
10) 4.853" 2065 31.858 28.681
11) 4.988" .-,J4 11.504 .,n

TOTAL: 34988
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Figure III.5C. Laser densitometer scan of V8 protease digestion products of

IHNV RB1 G protein from an autoradiogram. Eight peaks were determined by

computer analysis of this digestion with 6 lig of V8 protease. Top (T) and

Bottom (B) of gel are noted.
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IHNV RB1 V8 DIGEST (6UG)

Figure III.5C.

J

j

POSITION AREA HEIGHT AREA/HEIGHT

1) .122"
2) .895"

3) 1.459"
4) 2.097"
5) 2.222"
6) 2.718"
7) 4.947"
8) 4.997"

6279 100 25.362
5285 34.146 62.917
3471 23.577 59.845
7185 93.496 31.239
2082 45.122 18.757
1315 13.008 41.094
616 16.667 15.024
88 23.171 1.544

TOTAL: 26281

112
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the amino acid sequence of IHNV CO2 G protein, Staphylococcal V8 protease

(V8 protease) partial digestions were employed. PA gel purified 35S

methionine labeled G protein from IHNV RB1 and CO2 was digested with V8

protease and subjected to SDS-PAGE on 15% PA gels (Cleveland et al.,

1977). From the deduced amino acid sequence of the G protein of IHNV RB1,

56 aspartic acid and glutamic acid residues were present which were

potential cleavage sites for V8 protease digestion (Koener et al., 1987). Of

these sites, ten would produce fragments containing methionine residues that

would be radioactively labeled if G protein was totally digested. At the three

concentrations of V8 protease used for digestion of the G proteins a similar

banding pattern was observed (Figure 4). The banding patterns as analyzed

by scanning densitometry exhibit 8-10 specific V8 protease products for IHNV

RB1 (Figure 5A, 5B, 5C) and 6 to 8 specific products for IHNV CO2 (Figures

6A, 6B, and 6C). At the greatest V8 protease concentration (6 gg) both G

proteins have lost two digestion product bands (Figures 5C and 6C); less

accessible sites may be cleaved with the additional enzyme. This further

digestion gave either smaller or unlabeled peptides. These limited V8

protease digestions suggested some amino acid sequence heterogeneity

between the two IHNV isolates. Specifically, there are three bands of G

protein peptides that are present in IHNV RB1 that are not seen in IHNV CO2

V8 protease digested G protein. In the V8 protease digest of IHNV CO2 G

protein there is one peptide band visible that is not present in the IHNV RB1

digest (Figure 7). However, there is a very close correspondence in the

majority of V8 digestion peptides; this correlates to the nucleic acid sequence

homology exhibited in the hybridization experiment. The amino acid

sequences must be very similar.
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Figure III.6A. Laser densitometer scan of V8 protease digestion products of

IHNV CO2 G protein from an autoradiogram. Eight peaks were determined by

computer analysis of this digestion of IHNV CO2 G protein with 24 of V8

protease. Top (T) and Bottom (B) of gel are noted.
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Figure III.6A.

IHNV CO2 VS DIGEST (2UG)

POSITION AREA HEIGHT AREA/HEIGHT

1) .175" 5769 100 23.741
2) .901" 12172 56.79 88.203
3) 1.747" 7797 47.777 67.181
4) 2.064" 11270 71.193 64.913
5) 2.576" 10186 41.564 100.851
6) 3.95" 261 5.761 18.647
7) 4.637" 720 18.93 15.652

TOTAL: 48131
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Figure III.6B. Laser densitometer scan of V8 protease digestion products of

IHNV CO2 G protein from an autoradiogram. Eight peaks were determined by

computer analysis of this digestion of IHNV CO2 G protein with 4 gg of V8

protease. Top (T) and Bottom (B) of gel are noted.
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Figure I11.6B.

T

IHNV CO2

POSITION

VS DIGEST (4UG)

AREA HEIGHT AREA/HEIGHT

1) .059" 6150 77.717 47.007
2) .795" 7137 49.457 78.429
3) 1.541" 4910 47.283 56.437
4) 1.827" 6172 100 33.543
5) 1.947" 3989 59.783 36.264
6) 2.295" 3318 35.87 50.273
7) 3.587" 961 10.326 50.579
8) 4.231" 2642 42.391 33.872

TOTAL: 35279
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Figure III.6C. Laser densitometer scan of V8 protease digestion products of

IHNV RB1 from an autoradiogram. Six peaks were determined by computer

analysis of this digestion of IHNV with CO2 G protein 6 lig of V8 protease. Top

(T) and Bottom (B) of gel are noted.



T
IHNV CO2 V8 DIGEST (6UG)

POSITION

1) .059"
2) .767"

3) 1.584"
4) 1.881"

5) 2.399"
6) 4.464"

Figure III.6C.

119

B

AREA HEIGHT AREA/HEIGHT

3595 100 14.673
2107 32.245 26.671
1741 22.041 32.241
4755 49.388 39.298
899 11.837 31
487 15.51 12.816
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Figure 111.7. Overlapping laser densitometer scans of IHNV RB1 and CO2

G proteins digested with 2 pg V8 protease. Heavy lines indicate non-identical

peaks. R identifies peaks from IHNV RB1 G protein. C identifies peaks from

IHNV CO2 G protein. Top (T) and Bottom (B) of gels are noted.



Figure 111.7.

T
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Endoglycosidase Digestion

Since the nucleic acid and amino acid sequences of the two IHNV

strains are apparently similar, an examination of the carbohydrate structure of

the two proteins was made by specific endoglycosidases. It was possible that

the molecular weight difference of 3,500 daltons was due to differences in

glycosylation.

Endoglycosidase D, Endo D, has a limited set of N-linked

oligosaccharide substrates. Endo D will cleave only high mannose

oligosaccharides without the "critical mannose" substitutions for hydrogen

(see Figure 8). Fucose residue attachment is non-inhibitory. When IHNV RB1

and CO2 were treated with Endo D no apparent oligosaccharide cleavage

occurred (Figure 9A).

Endoglycosidase H, Endo H, has a broader specificity for N-linked

oligosaccharides than Endo D. It will remove high mannose or hybrid

structures from glycoproteins (Figure 7). It will not cleave complex type

structures. The digestion of IHNV RB1 and CO2 with Endo H produced G

protein products of differing gel mobility in SDS-PAGE (Figures 9A and 9B).

Hybrid or high mannose carbohydrate structures existed on the G protein of

IHNV and were removed by Endo H. The molecular weights were determined

from laser scans of Coomassie Brilliant Blue stained gels and

autoradiograms. The G protein molecular weights after Endo H digestion for

RB1 and CO2 respectively were 63.0 and 65.5 kilodaltons (Figure 11).



Glycosidase Substrate Specificity

Figure 111.8.

ENDOGLYCOSIDASE D

Substrate

x Mannose

y Mannose

123

IMannose GIcNAc GIcNAc-Asn

z

High mannose: x = Mannose Mannose or H
y . H or GIcNAc
z = H or Fucose

Will not cleave Mannose 6 or larger mannans, hybrid structures or
complex structures.

ENDOGLYCOSIDASE F

Substrates: Figure as above with these modifications. Cleavage at the
same site

High Mannose: x and y = one or more Mannose z = H

Hybrid structure: Biantennary x = Mannose Mannose
y = NANA-Gal-GIcNAc
z = H or Fucose

Complex structure: Biantennary x and y = NANA-Gal-GIcNAc
z = H or Fucose

Will not cleave bisected hybrid structures, tri- or tetraanatennary
structures.
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GLYCOPEPTIDASE F (Part of Endoglycosidase F complex)

Substrates

x

w - Mannose

u Mannose

7nnose

z

GIcNAc GIcNAc -

(Fucose)

-Asn

High Mannose Structures: w, x, and y = one or more Mannose
u and z = H

Hybrid Structures: w and x = Mannose
y and/or z = NANA GaIGIcNAc
u = H or GIcNAc
(Fucose) usually absent

Complex Structures: y and w = NANA - Gal GIcNAc
x and z = H or NANA - Gal GIcNAc
u = H or GIcNAc
(Fucose) occasionally present

ENDOGLYCOSIDASE H

Substrates

(Mannose)n - Mannose

z Mannose GIcNAc- -GloNAc - Asn

x Mannose

High Mannose Structure: n = 2 - 150 x = (Mannose)1 -2
y and z = H

Hybrid Structures: n = 2
x and/or y = NANA - Gal GIcNAc
z = H or GIcNAc in bisected hybrids

Will not cleave complex structures
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ENDO 8-N acetylgalactosaminidase (0 glycanase)

Substrate:

CHOs -- Serine or Threonine

Will not cleave N-linked carbohydrates

Abbreviations: Asn, asparagine; Gal, Galactose; Glc, glucose
GIcNAc, N-acetylglucosamine; H, hydrogen
NANA, N-acetylneuraminic acid; CHO, carbohydrate.
Adapted from Biochemica Information, Boehringer
Mannheim, Ed. J. Keesey, 1987.
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Figure III.9A. Gel analysis of the digestion products of IHNV RB1 and CO2

from Endoglycosidases D, F, and H. This analysis is an autoradiogram of 35S

methionine labeled IHN virions. The extreme left and right lanes are

undigested IHNV RB1 and CO2 respectively. The virion proteins of IHNV CO2

are labeled. From the left the next two lanes are IHNV RB1 and CO2 digested

with Endo D. The middle two lanes contain the Endo F digestion products as

noted. The final two lanes contain the Endo H digestion products as noted.

Figure III.9B. Gel analysis of the G proteins of IHNV RB1 and CO2

digested with Endoglycosidases F and H. This analysis is a CBB stained gel

of purified IHN virions. The extreme right and left lanes are molecular weight

markers (BioRad). In descending order the proteins are: phosphorylase B

(92,500); bovine serum albumin (66,200); ovalbumin (45,000); carbonic

anhydrase (31,000); soybean trypsin inhibitor (21,500); and lysozyme

(14,400). The lanes are designated RB1 or CO2 to indicate the isolate. The

middle left lanes designated Endo F have been treated with Endo F. The

middle right lanes desginated Endo H have been treated with Endo H. The

IHNV proteins are noted on the left side. The undesignated lanes contain

undigested IHNV RB1 or CO2.
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Figure 111.10. Gel analysis of the digestion products of IHNV RB1 and CO2

from 0-glycanase and Endoglycosidase F. The four lanes on the left contain

IHNV RB1. Lanes from the left contain respectively undigested, 0-glycanase

digested, a combination of 0-glycanase and Endo F digested, and Endo F

digested IHNV RB1. The right four lanes contain IHNV 002. Lanes from the

right contain respectively undigested with virion proteins labeled, 0-glycanase

digested, 0-glycanase and Endo F digested, and Endo F digested IHNV CO2,

as labeled.
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Figure 111.11. Diagrammatic representation of a PA gel containing the G

protein of IHNV RB1 and CO2 and resultant products from Endo F and Endo H

digestion. IHNV RB1 G protein is shown on the left. IHNV CO2 G protein is

shown on the right. The average molecular weights in kilodaltons (kd) of the

G proteins and products is given in the table below the diagram. Molecular

weight determinations are from a computer program, Molecular Weight II

(Biomed) as noted in the material and methods section.



FIGURE 111.11. Diagrammatic representation of the migration of G proteins of
IHNV RB1 and CO2 on PA gels before and after endoglycosidase
digestion.

NON-TEMPERATURE
SENSITIVE

RB1

A----r Glycosylated 66.5 Kd

3.4-3.6 Kd

ENDO H Digest

10.2 Kd

TEMPERATURE SENSITIVE

CO2

--AA Glycosylated 70 Kd

4.5-4.7 Kd

111L ENDO H Digest

15.4 Kd

ENDO F Digest ENDO F Digest
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Molecular weights of G protein as determined by densitometer scanning.

VIRUS GLYCOSYLATED ENDO H DIGEST ENDO F DIGEST

CO2 70.0 Kd 65.5 Kd 54.6 Kd

RB1 66.5 Kd 63.0 Kd 55.3 Kd

G protein

difference
3.5 Kd 2.5 Kd -0.7 Kd

(002 -RB1)

Abbreviations: kd = kilodaltons; PA = Polyacrylamide.
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Endoglycosidase F, Endo F, is an enzyme preparation that also

contains glycopeptidase F, and together these enzymes show a broad range

of substrate oligosaccharides (Figure 8). Only the most complex bisected

hybrid structures or tri- and tetraantennary complex forms of oligosaccharides

are resistant to Endo F cleavage. IHNV RB1 and IHNV CO2 G proteins were

digested to smaller molecules of similar size as shown by the mobility on

SDS-PAGE (Figure 9A and 9B). The molecular weight of Endo F treated

IHNV RB1 G protein was 55.3 kilodaltons and for IHNV CO2 G protein was

54.6 kilodaltons (Figure 11). The carbohydrates that remained from Endo H

digestions were sensitive to Endo F digestion.

Endo B-N acetylgalactosaminidase, 0-Gylcanase, will remove 0-linked

carbohydrates attached to either serine or threonine of glycoproteins. The

digestion of IHNV RB1 and CO2 G protein with this enzyme showed no

apparent change in electrophoretic mobility. When a combination of 0-

glycanase and Endo F was used, no differences in mobility was found as

compared to Endo F digestion alone of the G proteins. No 0-linked

disaccharide appears to be present on IHNV G protein in either RB1 or CO2

(Figure 10).

DISCUSSION

Differences among the forms of oligosaccharides that are N-linked to

the G protein of IHNV CO2 and IHNV RB1 have been demonstrated. High

mannose (Mannose-5) type of oligosaccharides did not appear on mature

forms of the IHNV glycoprotein. The difference in molecular weight of the G
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protein between IHNV CO2 and IHNV RB1 appeared to result from differences

in the attached carbohydrates.

Endoglycosidase D, which cleaves only the high mannose-5 form of

oligosaccharides from glycoproteins (Figure 8), demonstrated that this form

was not present on IHNV CO2 or RB1 glycoproteins (Figure 9A). Mannose-5

glycosylated proteins are early intermediates in the formation of glycoproteins

in the Golgi. These structures are normally formed by glycosidases in the

endoplasmic reticulum and latter mannosidases in the cis cisternae of the

Golgi (Kornberg and Kornberg, 1985). This suggested that normal trimming

and glycoprotein processing occurs in fish cells. The mannose 5 structure is

the basic structure for the attachment of additional sugars in the Golgi

apparatus. Interestingly, a VSV temperature sensitive mutant, ts045, is

blocked at this stage of processing at the restrictive temperature. At reduced

temperature VSV (ts045) is processed normally and the carbohydrates of the

G protein are not Endo D sensitive (Chatis and Morrison, 1981).

A comparison of the mobilities of the IHNV RB1 and IHNV CO2

glycoproteins after endoglycosidase H digestion yielded interesting

differences between these IHNV isolates. This enzyme digests

oligosaccharides of a high mannose or hybrid variety from glycoproteins

(Figure 8). The glycoprotein of digested IHNV RB1 migrated at an apparent

molecular weight of 62.9-63.1 kilodaltons (kd) or 3.4 to 3.6 kd smaller than the

fully glycosylated G protein (Figures 9A and 9B). Digestion of IHNV-0O2 with

Endo H resulted in an apparent molecular weight reduction from 70 kd to

66.3-66.5 kd, a difference of 4.5-4.7 kd (Figures 9A and 9B). The size

difference in the Endo H digestion products of the two strains suggests that in

IHNV CO2 this oligosaccharide contributes about 1 kilodalton of the 3.5
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kilodalton total difference in molecular weights of the two glycoproteins

(Figure 11).

Endoglycosidase F digestion produced G protein molecules from IHNV

CO2 and RB1 that migrated at approximately the same molecular weight.

Endo F, a mixture of two enzymes, cleaves all carbohydrate structures from

glycoproteins except the most complex tri- and tetraanternnary forms (Figure

8). The IHNV CO2 G protein digested with Endo F was about 54.6 kilodaltons

in molecular weight from laser densitometer scans. The IHNV RB1 G protein

similarly digested was 55.3 kilodaltons (Figures 9A and 9B). The small

difference of 700 daltons in molecular weight indicated no more than six

amino acid differences in the composition of the G protein (Figure 11). This

correlated to the V8 protease digests which produced similar, but not

completely identical, peptides from the G proteins and indicated differences in

amino acid residues (Figures 4 and 7). The molecular weight (55.3 kd) of the

Endo F digest G protein of IHNV RB1 corresponded closely to the deduced

molecular weight of RB1 G protein of 56795 daltons (Koener et al., 1987). The

Endo F digestion also indicated that the oligosaccharides remaining from

Endo H digestion were of a complex type and differed in size between the two

isolates (Figure 8). Since the peptide portion of the G protein was essentially

the same, the complex type of glycosylation must account for the 2.5 kilodalton

difference in molecular weight unaccounted for by the Endo H sensitive

portion. Thus, there were differences in both Endo H and Endo F sensitive

oligosaccharides that were N-linked to the glycoprotein, G in these two IHNV

isolates. These differences appear to account for most, of the 3.5 kilodalton

molecular weight difference of IHNV CO2 G protein to the G protein of non-

temperature isolates (Figure 11).
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Since the two virus isolates are grown in the same cell line, the

changes in oligosaccharide processing must be directed by the viral protein.

The lack of any major differences in the Staphylococcal V8 protease peptides

of IHNV CO2 and RB1 G proteins indicates changes of very few amino acids,

possibly four differences (Cleveland et al., 1977). A temperature sensitive

mutant of VSV (tI-17) showed only one or two amino acid differences in the

glycoprotein compared to the wild type VSV glycoprotein by tryptic digest

analysis (Robertson et al., 1982). A similar phenomenon has been reported

for rabies virus (Wunner et al., 1985).

IHNV CO2 exhibited Endo H sensitive and Endo F sensitive

oligosaccharides which are larger than their non-temperature sensitive

counterparts (Figures 9A, 9B, and 11). The carbohydrate differences may

explain the temperature sensitivity of the CO2 isolate. In a temperature

sensitive mutant of VSV (tI-17) the modification of the G protein carbohydrate

was altered. VSV (tI-17) had a larger G protein than the wild type VSV. VSV

(tI-17) was still glycosylated at both normally utilized arginine residues of the

G protein; however, additional sialic acid and fucose residues were attached

to complex structures. An additional branched structure of the

oligosaccharide side chain of VSV (t1-17) G protein also occurred (Robertson

et al., 1982). These investigations suggested that the changes in G protein

carbohydrate processing were caused by amino acid changes in the

glycopeptide t1-17. Robertson (1982) concluded by tryptic peptide analysis

that 1 or 2 amino acid changes or deletions had occurred in the t1-17

glycoprotein.

Differences in the glycosylation may account for differences in serum

neutralization titers for different IHNV isolates (McCain et al., 1971) (Chapter
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1). Larger carbohydrates could mask neutralizing epitopes. Antigenicity may

be altered by the sugar side chains, although they do not appear to directly

participate in immunological reactions (Kornfeld and Kornfeld, 1985). The

carbohydrates may be involved in tertiary structure formation of the G protein

and alter epitopes. These structural alterations have been suggested to

present "weakly" binding epitopes to the immune system and "hide" other

epitopes (Elder et al., 1986). Changes in glycosylation can be a method of

escaping antibody recognition (Vandepol et al., 1986). Variants of both rabies

virus (Wunner et al., 1985) and influenza virus (Skehel et al., 1984), which

have new glycosylation sites that prevent monoclonal antibody binding, have

been selected. Using polyclonal antiserum, Vandepol (1986) was able to

select a neutralization resistant VSV variant (ts 631-488-ab30) that had

additional glycosylation at a newly formed site in the major neutralization

epitope A. Recent work in this laboratory has confirmed the difference in

neutralization of CO2 by antiserum prepared against IHNV RB1 (Chapter 2).

Interestingly, antiserum to IHNV CO2 is more effective in neutralizing IHNV

RB1 than itself. This suggests that IHNV RB1 has neutralization epitopes that

are more exposed than those of IHNV CO2.

Determination of the number and type of amino acid differences that

exist between the CO2 isolate G protein and that of RB1 will provide

information concerning glycosylation determinants. Computer modeling may

explain structurally how these elongated oligosaccharide chains occur on the

G protein of IHNV 002. Further work with glycoprotein inhibitors and semi-

intact cells (Beckers et al., 1987) may lead to relevant data concerning

glycoprotein processing in fish. In summary, the glycosylation of IHNV
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provides a fertile field for a myriad of important biological and biochemical

studies.



138

SUMMARY

1. The glycoprotein, G, of IHNV has been shown conclusively to be the

only viral protein to elicit and react with neutralizing antibodies. Monospecific

antibodies directed against the three other structural proteins of IHNV do not

neutralize IHNV nor do they enhance the neutralization by anti-IHNV G protein

specific serum. The G protein monospecific antisera react with native,

denatured, and unglycosylated forms of the G protein. Therefore, an

epitope(s) required in neutralization is stable to these procedures and does

not require the carbohydrate moieties. Furthermore, fish immunized with the

G protein develop a protective response to subsequent IHNV challenge. The

development of a subunit vaccine for IHNV disease based on the G protein is

feasible.

2. IHN viruses have been isolated from many geographic locations and

several salmonid hosts. This diversity of strains was examined to determine

cross protection and immunological relationships. It was shown that

vaccination with the G protein of the standard IHNV RB1 type 1 isolate would

induce a protective response in salmonids to challenge from the other four

types of IHNV. Furthermore, cross-neutralization indices provided evidence

for a common neutralization epitope(s) among the ten IHNV strains examined.

There were differences in neutralization indices among these strains and a

divergent group of four isolates NS, LE, DW2 and DW3 was identified.

However, only a single serotype of IHNV is represented by the strains tested.

The results confirm that a subunit vaccine for IHN disease could prevent

infection from any of the strains in the environment.
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3. A temperature sensitive IHNV isolate from Coleman National Fish

Hatchery (CO2) has a glycoprotein, G, that is 3.5 kilodaltons larger than that of

the non-temperature sensitive isolates. Comparison of the mRNAs for the G

proteins of IHNV CO2 and RBI showed that they were of similar size and were

homologous. The G proteins also exhibited little difference in amino acid

sequence as determined by Staphylococcal V8 protease digestion. However,

differences in the forms of oligosaccharides linked to the G proteins were

demonstrated. These differences appeared to account for the G proteins'

molecular weight difference. The altered carbohydrates of IHNV CO2's G

protein may modify the host immunological response by "hiding" epitopes or

directing antibodies to other epitopes.
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