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Pancreatic Necrosis Virus (IPNV), were expressed in Escherichia coli and

characterized immunologically with antisera made to different serotypes of

IPNV. The entire VP2 gene was excised from the plasmid pUC19/A+SAK and

fragmented with restriction enzyme Sau3A1. The resulting fragments were

inserted into the pATH vectors 1, 2, or 3 to form fusion proteins with the trpE

protein which is under the control of the tryptophan promoter. Recombinants

expressing the IPNV-VP2 antigens were detected by direct colony immunoblot

with anti-IPNV sera and Western immunoblot analysis was used to further

characterize the virus-specific proteins. A 47 kDa reacting protein for the

recombinant plasmid pB10/pB13 and a 52 kDa protein for pA43 were found.

These proteins were serotypically distinct: pB10/pB13 was reactive with anti-

IPNV/Sp, anti-IPNV/Buhl, and anti-IPNV/EVE sera; pA43 was only reactive with

anti-IPNV/Sp sera, The nucleotide sequence of the pB10/pB13 insert was

determined and mapped on the VP2 gene.
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CHARACTERIZATION OF AN IMMUNOREACTIVE REGION
OF THE MAJOR CAPSID PROTEIN FOR

FOR INFECTIOUS PANCREATIC NECROSIS VIRUS

INTRODUCTION

Infectious pancreatic necrosis virus, IPNV, is an important fish pathogen that

causes disease in brook trout and rainbow trout. It has been isolated in Europe,

North America, and Asia. In fish hatcheries, an IPNV epizootic can cause

mortalities as high as 90% (Pitcher and Fryer, 1980). Presently, the only control

available for this viral disease is the total destruction of the infected fish,

disinfection of the hatchery facility, and restocking with fish that are certified

disease-free. These methods of control prove to be extremely costly for the

aquaculture industry; therefore, our research efforts have been to develop a

vaccine for prophylactic control of this disease. The work described in this

thesis centers on the identification of immunoreactive regions found on the

virion proteins of IPNV.

IPNV is a member of the Birnaviridae family (Brown, 1986). The

birnaviruses contain a bisegmented double-stranded (ds) RNA genome within

a nonenveloped, icosahedral capsid, approximately 60 nm in diameter. The

segments are designated A, with a molecular weight of 2.5 x 106 Daltons (Da)

and B, which is 2.3 x 106 Da. The larger segment A is polycistronic encoding

three proteins: VP2, the major capsid protein of 54 kDa; NS, nonstructural

protein of 27 kDa; and the minor capsid protein, VP3, 31 kDa (Chang et al.,

1978). The gene order is 5'-VP2-NS-VP3-3' (Huang et al., 1986) with a single

open reading frame of 2916 base pairs (bp) (Duncan et al., 1987). The

smaller segment, B, is monocistronic and codes for VP1, the viral RNA

polymerase of 105 kDa (Mertens and Dobos, 1982).
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For the Sp strain of IPNV, complete cDNA clones of both the A and B

segments have been constructed and a physical map locating the genes of

the A segment has been made (Huang et al., 1986). This work has been

extended to include the expression of the segment A encoded proteins in E.

coli (Manning and Leong, personal communication). Because these proteins

were processed in E. coli in a manner that appeared identical to that in the

infected cell, it became possible to consider mapping the IPNV epitopes

expressed in bacteria. The major capsid protein, VP2, is responsible for

inducing neutralizing antisera in rabbits and is presumably the

immunoprotective antigen. It was thus the obvious choice for the analysis of

the IPNV antigenic determinants as expressed in E. coll. This thesis describes

the characterization of at least two immunoreactive regions of VP2. The cDNA

of the gene for VP2 was isolated and treated with restriction enzyme Sau3A1

to generate fragments of the gene. These fragments were then fused in-frame

to the trpE expression vectors pATH 1, 2, and 3, following the procedure of

Gilmore et al. (1988). Screening and sequencing of the clones that were

positive by immunoblotting led to the identification of the sequences encoding

immunoreactive domains/epitopes.



LITERATURE REVIEW

Disease

3

Infectious pancreatic necrosis virus, IPNV, is a fish pathogen which plays a

significant role in the losses of hatchery-reared rainbow trout (Salmo

gairdneri) and brook trout (Salvelinus fontalis). IPNV infects fry, fingerlings and

occasionally yearling trout and salmon (Amos, 1985). This virus has also been

isolated from nonsalmonids such as bream, eels, white suckers, marine molluscs,

Atlantic menhaden in the Chesapeake Bay, and Southern flounder. IPNV is

prevalent in North America, Europe, Japan, Korea, Taiwan, and Chile, where it

has an important impact on the aquaculture industry (Pilcher and Fryer, 1980).

The clinical signs of IPNV are seen as an overall darkening of the fish,

exophthalmia, abdominal distension, and hemorrhages of the ventral area.

Internally, target organs exhibit petechiae which are often seen before death.

In the early studies characterizing the serotypes of IPNV, three major

serotypes were defined: VR299 (North American), Sp (European

Pathogenic), and Ab (European) (Hill, 1976; MacDonald and Gower, 1981;

Okamoto et al., 1983).

Diagnosis of IPNV is either done as a presumptive or confirmatory

diagnosis. If there is a history of an IPNV outbreak, the fish show typical IHN

pathological signs, and there is a clear demonstration of typical cytopathic

effects (CPE) in tissue culture, then the presumptive diagnosis is positive.

Serum neutralization is used as the method of confirmatory diagnosis, which

is followed by serotyping for positive identification (Pilcher and Fryer, 1980).

Both vertical and horizontal transmission of IPNV can occur. Horizontal

transmission has been demonstrated in infected juvenile fish and adult
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carriers, which release virus into the surrounding water. Virus have been

isolated from sperm and ovarian fluid. The vertical transmission of this virus

occurs even after the treatment of eggs with quantities of iodine capable of

inactivating IPNV (Bullock et al., 1976). This natural transmission of IPNV

makes prevention and control difficult. Spread of IPNV is facilitated by a

carrier state which is seen in fish which have survived an IPNV infection

(Hedrick et al., 1977).

Persistent IPNV infections may be due to either blocking antibodies

(Massey and Schochetman, 1981) or defective interfering (DI) particles (Ahne,

1977; Hedrick et al., 1977). Some virus cannot be completely neutralized and

this leads to chronic viral infection where the virus persists even in the

presence of neutralizing antibody. Other examples of chronic viral infections

are seen in chronic viral hepatitis, subacute sclerosing panencephalitis, and

Epstein-Barr virus (Massey and Schochetman, 1981). IPNV DI particles have

been demonstrated with electron microscopy (Ahne, 1977; Hedrick et al.,

1977). It is believed that DI particles may "interfere" with the disease process

by out-competing whole virions for the synthetic machinery of the host cell.

The routes of transmission of IPNV, which cause the virus to be continually

shed into the water, make IPNV a difficult disease to control. Presently, control

includes the elimination of entire fish stocks followed by complete disinfection

of the hatchery. This is economically unacceptable for many fish farmers and

has been the impetus for finding a feasible immunization program.

Characterization of the antigenic determinants of IPNV would facilitate this

effort.
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Proteins of IPNV

Infectious pancreatic necrosis virus, IPNV, is a member of the Birnaviridae

family (Brown, 1986). This virus is a nonenveloped, icosahedral,

bisegmented dsRNA virus. Serologically distinct members of the family also

include Drosophila X virus (DXV) and infectious bursa! disease virus (IBDV).

The virus produces four major proteins (Table 1).

Table 1. IPNV Viral Proteins

Coding Segment Protein MW Function

B VP1 105 RNA polymerase

A VP2 54 Major capsid protein

A VP3 31 Minor capsid protein

A NS 29 Putative protease

Segment A is polycistronic while segment B is believed to be monocistronic.

Reassortment studies (MacDonald and Dobos, 1981) and cell free translation

studies (Mertens and Dobos, 1982) were used to determine the products of

each segment of the dsRNA.

The sequence of the genome segment A for the Jasper strain of IPNV has

been determined (Duncan and Dobos, 1986). This segment has 3097 base

pairs (bp) with a single open reading frame (ORF) of 2916 bp. This ORF has

the capacity to code for a polyprotein of 106 kDa. There is a 5' flanking region

of 119 by and a 3' flanking region of 62 bp. IBDV also contains a single ORF

(Hudson et al., 1986) and its gene order is also 5'-VP2-VP4-VP3-3' (Hudson

et al., 1986).
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Currently two major events of the IPNV protein processing are being

investigated. Since only genomic size RNAs are seen in the infected cell, in

order to produce the three proteins encoded by segment A, either a precursor

polyprotein is synthesized or there is internal initiation of translation on a

polycistronic mRNA. Internal translational initiation has been supported by

Mertens and Dobos (1982) by demonstration of pulse labeling experiments

where all the proteins were labeled at the same rate. However, the discovery

that the A segment consisted of a single open reading frame suggested that a

precursor polypeptide was produced and processed by cotranslational and/or

post translational proteolytic cleavage. Azad et al. (1987), in work done on

IBDV, showed that the middle protein, VP4, was an autoprocessing protease.

The IPNV NS gene product has been found to be responsible for at least some

of the processing observed during in vitro translation (Nagy et al., 1987; D. S.

Manning, 1988, Doctoral thesis, Oregon State University). The monocistronic

segment B codes for the viral RNA polymerase. The polymerase activity was

demonstrated by Cohen (1975) and Mertens et al. (1982).

Mapping of antigenic determinants: Epitope mapping

An epitope is an antigenic determinant, a site on a macromolecule which

will react with specific antibody. For the study and characterization of proteins

of biological interest, epitope mapping has become a tool which has yielded

useful scientific information. One area of continual research is the use of

specific antigenic determinants to create vaccines that will not only be

antigenic but immunogenic as well. In the case of a viral vaccine, a

noninfectious subunit vaccine may be safest. The subunit (a region or portion

of the whole virion) chosen must be highly immunogenic. The best region for
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producing this type of vaccine may evolve from epitope mapping. Epitope

mapping has been used to characterize antigenic determinants. This

information has been valuable in unraveling protein conformation and the

structural requirements for enzymatic activity. The results of these studies

have led Jemmerson and Paterson (1986) to develop the following four

concepts of epitopes:

1. Antibodies first recognize the immunizing form of antigen.

2. Because antibodies are made to the presented native conformation,

the epitopes recognized are on the surface of the antigenic protein.

3. In any antigenic region there are overlapping epitopes to which more

than one antibody specificity can be expressed.

4. Not every region on the antigenic surface equals an epitope and not

every epitope will produce neutralizing antibodies.

Epitopes are either contiguous or discontinuous with relation to the proximity

of their residues (Arnon, 1986). Contiguous epitopes are those where the

residues lie close to each other in the polypeptide amino acid sequence.

Those epitopes whose residues are at separate and distant locations in the

linear structure of the protein are termed discontinuous. However, in

discontinuous epitopes the protein folding brings these residues together on

the protein surface. This classification of epitopes is the direct result of the

epitope mapping studies that have been published recently and reflect the

methods used for detection.

Several of the methods used for the identification of individual epitopes will

be discussed in this paper. Fine specificity, reactivity to peptides, monoclonal
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antibodies, proteolysis of the antigen-antibody complex, hydropathicity, and

crystallography are among those tests presently used to examine the

antigenicity of proteins.

In fine specificity analysis, a panel of structurally related antibodies

(directed against the same structure) may be used to locate binding sites on

proteins which differ by single amino acid substitutions. Thus, the location of

an epitope can be determined on a protein but the technique does not define

the boundaries of the epitope (Jemmerson and Paterson, 1986). Fine

specificity analysis has been successfully performed on cytochrome c,

lysozyme, myoglobin, hemoglobin (Benjamin et al., 1984), and insulin

(Schroer et al., 1983).

A second method for locating epitopes uses linear peptides that are

prepared by cleavage of the antigenic protein or peptide synthesis. In 1962,

Se la et al. reported that linear and branched amino acids were capable of

inducing an immune response; therefore, direct analysis of epitopes that were

both immunogenic and antigenic became possible. The first studies involved

the fragmentation of the native protein by chemical cleavage or enzymatic

proteolysis. The peptide fragments were then screened for immunological

reactivity or the ability to interfere with the binding of the whole antigen and its

antibody (hapten inhibition). Among those proteins which have been studied

with this method are: Tobacco Mosiac Virus (Benjamini et al., 1964), hen egg

white lysozyme (Shinka et al., 1962; Arnon and Se la, 1969), and sperm whale

myoglobin (Atassi, 1975). In 1971, two groups produced synthetic peptides of

egg white lysozyme (Maron, 1971; Pecht, 1971). In 1981, Wiley et al. localized

various antigenic sites on the influenza hemagglutinin (HA) using monoclonal
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antibody. Geysen et al. (1984) synthesized heptapeptide units and measured

reactivity using antibody made to the native protein. Also in 1984, Nunberg et

al. used a monoclonal antibody to identify the immunoreactive area on a

peptide encoded by a cloned fragment of DNA. This region was sequenced

and the boundaries of the epitope were determined.

Monoclonal antibody production has advanced the study of viral epitopes at

a rapid pace. Examination with monoclonal antibodies has allowed for the

analysis of viral protein structure (Gerhard et al., 1980). These antibodies can

also distinguish between viral strains. It has been possible to estimate the

mutation rate of an influenza virus determinant (detected by antibody) using

epitope mapping with monoclonal antibody (Laver et al., 1979). Monoclonal

antibodies have been used to analyze the envelope glycoproteins (gp70s) of

a murine retrovirus (Nimen and Elder, 1982). Synthetic peptides and

monoclonal antibodies have recently led to the characterization of the herpes

simplex virus polymerase peptide during viral infection (Thomas et al., 1988).

Monoclonal antibodies have demonstrated that the two components, Fl and

F2, of the fusion protein of respiratory synctial virus have common epitopes

(Samson et al., 1986). These procedures have advanced viral studies by

utilizing the fact that monoclonals react with a single epitope. This valuable

information is available even when the primary sequence is not known by the

examination of a protein epitope by epitope.

Another approach used to study epitope sites has been the proteolysis of

antigen-antibody complexes. This method has been used to successfully

analyze the epitopes of placental alkaline phosphatase (Jemmerson and

Paterson, 1986). Recently, the effect of monoclonal antibody binding on the

chemical modification of a protein was used to analyze an epitope of the
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protein, horse cytochrome c (Burnens et al., 1987). When the monoclonal

antibody was bound, the rate of acetylation of the residues, lysine and

threonine, was slower for the lysine and threonine residues located in the

epitope.

Computational analysis to derive hydropathicity plots of the protein

sequence (Rose, 1978) and to make surface predictions have been useful in

characterizing antigenic determinants. In addition, crystallographic studies

have provided the most accurate analysis of the structure of a given epitope.

Molecular engineering and advance protein sequencing has made it

possible to design synthetic material which could elicit antiviral immunity. To

design vaccines composed of synthetic peptides or complete pathogen

subunits does not require that all epitopes be identified. However, relative

affinities must be comparable between the "manufactured" antigen and the

native protein antigen. The properties that have been found to be most

important in determining epitope immunogenicity are spatial conformation and

accessibility of surface residues. These properties must be considered in the

construction of any vaccine.

Caswell-Reno et al. (1986) generated mouse monoclonal antibodies to

study the antigenic determinants of IPNV. A panel of five monoclonal

antibodies identified four or five different epitopes on the virion. One epitope

was found on VP2, the major capsid protein, and was common to all strains.

Two epitopes were located on the proposed minor capsid protein, VP3, and

two epitopes were located on the NS protein.

This thesis describes the use of polyclonal antibody to detect cloned

fragments of the VP2 gene for the location of immunoreactive regions.

Defining the regions which elicit antibodies that are effective in producing
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protection and removing this antigen from the context of the whole virion may

provide a way of producing large quantities of a vaccine.



MATERIALS AND METHODS
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Acrylamide, methylene-bis-acrylamide, TEMED (N, N, N', N'-

tetramethylethylenediamine), ammonium persulfate and gelatin were

purchased from Bio-Rad Laboratories (Biorad). Restriction enzymes were

purchased from Bethesda Research Laboratories (BRL), New England

Biolabs and International Biotechnologies Incorporated (IBI). RNasin was

purchased from Promega Biotech. Prestained and unstained molecular weight

markers as well as T4 polynucleotide kinase were purchased from BRL. Goat

anti-rabbit horseradish peroxidse conjugate (GAR-HRP), isopropylthio-D-

galactoside (IPTG), and calf intestine phosphatase (CIP) was obtained from

Boehringer-Mannheim Biochemicals. Complete and incomplete Freund's

adjuvant as well as all bacterial growth media were purchased from DIFCO.

Seakem agaroses were from FMC, Inc., and the nitrocellulose (NC) was from

Schleicher and Schuell. Fetal calf sera was purchased from Hyclone. Minimal

Essential Media (MEM) in Earle Salts was acquired from Grand Island Biological

Company (GIBCO). Deoxyribonucleoside triphosphatates and DNA polymerase

I were also procured from Biorad and Polyethylene glycol (PEG) was from J. T.

Baker Chemical Company. (35)S-dATP was purchased from Dupont New

England Nuclear. All other reagents including ampicillin, gentamicin sulfate,

DNase I, and lysozyme were obtained from Sigma Chemical Company.

Virus Growth and Purification

Four strains of IPNV were used in this study; Sp, Ab, and EVE were obtained

from Dr. R. P. Hedrick (University of California, Davis) and the Buhl, Idaho strain
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was obtained from Nancy Wood (International Aquaculture Research Center).

The virus was propagated in monolayers of CHSE-214 cells (Fryer et al., 1965)

at a multiplicity of infection (M01) of 0.05-0.1. Cells were grown at 170 C in

MEM in Earle Salts supplemented with 0.15% bicarbonate, 5-10% fetal calf

serum, 100 11J/m1 penicillin, 1004/m1 streptomycin, and 10 µg /ml of gentamicin

sulfate. Virus was harvested at approximately 80% CPE at 3-5 days post

infection. Cells were scraped into the medium, frozen at -200 C, then thawed

and centrifuged at 5000 xg for 15 min to remove the cells. The culture medium

containing the virus was adjusted to contain 2.2% NaCI and 5% PEG (20,000

molecular weight). This solution was stirred at 40 C for 4 hrs to concentrate the

virus. The virus was pelleted through 20% sucrose by centrifugation at 27,000

rpm for 1 hr. The supernatant was discarded and the virus-containing pellet was

resuspended in 2-3 ml of THE (25 mM TrisCl, pH 7.6; 100 mM NaCI; 1.0 mM

EDTA). A few drops of 40% CsCI was added to the suspension, vortexed

vigorously and centrifuged at low speed (2,000 rpm) for 5 min. The

supernatant containing virus was either stored at 4° C or further purified by

centrifugation through a step gradient consisting of 5 ml of 40% CsCI, 3 ml of

30% CsCI and 1.7 ml of 20% CsCl. The virus band was collected by side

puncture from the interface of the 40% CsCI and 30% CsCl. The virus band

was dialyzed three times in a thousand times greater volume of TBS (20 mM

Tris, 500 mM NaCI, pH 7.5). Purification was checked by sodium dodecyl

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and silver stain

analysis (Allen, 1980). In some cases further purification of the virus was

performed by layering virus on 1.33 g/cm CsCl. Again, collection of the virus

band was by side puncture and dialysis as above. Viral protein molecular
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weights were confirmed by comparison with protein molecular weight

standards on SDS-PAGE gels.

Polyvalent Antiserum Production

Three month old New Zealand white rabbits were immunized with purified

virus (0.5 ml, 1 mg/ml in TBS) which was mixed thoroughly with an equal

volume of complete Freund's adjuvant. This solution was injected

subcutaneously at two sites around the neck and intramuscularly at one site on

each hip. Booster injections were mixed with incomplete Freund's adjuvant

and were given on the third and fifth week after the initial immunization. One

week following the final booster injection the rabbits were bled by heart

puncture and exsanguinated. The rabbit sera were tested for reactivity by

ELISA and Western blot analysis. The rabbit sera were aliquoted and stored

at -700 C.

Plasmid Preparation and Restriction Enzyme Analysis

Plasmids were prepared by the procedure of Birnboim and Do ly, 1979

(Davis et al., 1986). Restriction enzyme analyses were done according to the

manufacturer's specifications.

Construction of Recombinant Plasmids

Plasmids containing regions of the IPNV-VP2 gene that were under the

control of the r1:42E promoter were constructed using methods described by

Maniatis et al. (1982). The plasmid, pUC19/A+SAK, contained the entire VP2

gene and a portion of the 5' end of the NS gene to the Kpn1 site (Figure 1).
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The VP2 gene was excised by digestion with restriction enzymes Pst1 and

Kpn1 and this 1.45 kb fragment was isolated on a low gelling temperature

agarose. The fragment was recovered from the gel by adsorption to a

glassmilk matrix (Geneclean, Bio 101, Inc.) as described by the manufacturer.

The isolated fragment was digested with restriction enzyme Sau3A1 and

approximately eight DNA bands were seen. These included DNA bands

running at approximately 360, 350, 269, 250, 180, 75 and 50 by with reference

to a 123 kb ladder. These DNA bands were separated in a preparative gel of

7% Nusieve agarose. Individual gel fragments containing these bands were

melted and ligated in gel to expression vectors pATH 1, 2, and 3 that had been

previously digested with BamH1 and treated with calf intestinal phosphatase.

Each ligation reaction was transformed into competent Escherichia coli,

DH5a strain. The transformants were selected on LB agar plates containing

ampicillin at 120 gg/ml.

The pATH expression vectors contained restriction sites in the trj2E gene

that permitted the insertion of any structural gene in any one of three different

reading frames (Gilmore et al., 1988). The placement of a structural gene in

the proper orientation in one of these vectors would lead to the inducible

expression of the cloned gene.

Immunological Detection of Fusion Protein

An immunological screening for viral antigen was used to select

transformant colonies which contained a region of the VP2 gene in the proper

orientation for bacterial expression. The transformant colonies were replica

plated onto nitrocellulose (NC) and the NC was overlayed on LB/amp plates.

After the colonies were grown for 6 hours at 370 C, the NC was transferred to
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LB plates containing 15 gg/m1 of indoleacrylic acid to induce expression of the

ME fusion protein. Incubation with induction was overnight. The colonies on

NC were then lysed by exposure to chloroform vapor for several hours, and the

NC was then placed in a lysis/blocking solution (3% gelatin, TBS, DNase I, and

lysozyme). Blocking was done on a rotator at room temperature for 1-2 hrs.

The colonies were gently rubbed off and incubated an additional 0.5 hour as

above. The NC was rinsed in TBS three times and placed in a solution of

1:500 rabbit polyclonal anti-IPNV sera/TBS for two hrs, after which the NC was

washed three times again in TBS. The NC was incubated in 1:1000 Goat anti-

rabbit conjugated immunoglobulin sera for 1 hr, and then rinsed three times in

TBS. Detection of positive colonies was made by the addition of the substrate

4CN. Positive colonies reacted with the substrate and gave a blue/purple color.

DNA Sequencing Analysis

Nucleotide sequence determination was done by subcloning of DNA

fragments produced by Xma1 and Xba1 restriction endonuclase digestion

(Figure 2) into the M13 sequencing vectors mp18 and mp19. Sequencing

was performed by the modified Sanger dideoxy chain termination method

(Davis et al., 1986).

Western Blot Analysis

Western blot analysis was used to demonstrate the fusion protein in E. D_oli

lysates. Positive colonies were grown in LB broth to mid-log phase.

Indoleacrylic acid (5 µg /ml) was added for induction of the ME promoter.

Cultures were grown overnight then centrifuged at 5,000 rpm for 5 min. Cells

were resuspended in 0.5 ml TE (10 mM Tris, 1 mM EDTA) and 200 III 2X
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Loading buffer. This mixture was boiled three minutes prior to loading.

SDS-polyacrylamide gel electrophoresis was used with a 9% separating

gel with a 3% stacking gel according to the method of Laemmli (1970).

Proteins were electrophoretically transferred to nitrocellulose 0.2 pore size

(Towbin et al., 1979). The NC was blocked with 3% gelatin/TBS for 30 min

followed by three rinses in TBS. The NC was then incubated for 2 hrs in

1:500 dilution of each antisera. This was followed by three rinses with TBS

and an incubation for 1 hr in 1:1000 dilution of GAR-HRP. Three washes

with TBS and development with substrate (10 ml 4-chloronapthol {4CN }, a

solution which contained 3 mg/ml in methanol; 25 ml H2O; 25 ml TBS; 40 gl

H202). The developed membrane was then washed in water and allowed to

dry in the dark.
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RESULTS

Construction of trpE Expression Plasmids

The strategy for locating an immunoreactive domain of VP2, the major

capsid protein of IPNV is shown in Figure 1. This was done by the generation

of recombinant plasmids containing fragments of the VP2 gene ligated to a

rpE gene under the control of a l_r_p promoter. Those colonies containing

recombinant plasmids with in-frame fusions to the VP2 gene resulting in a

recognizable VP2 determinant were detected with polyclonal rabbit antisera

made against IPNV. A DNA fragment of 1.45 kb containing the entire VP2

gene and the 5' end of the NS gene was isolated from the plasmid

pUC19/A+SAK as shown in Figure 1 and described in Materials and Methods.

After digestion with Sau3A1, the fragments generated were separated and

individually ligated to the tr4E expression vectors pATH 1, 2, and 3 at the

BamH1 site. There were seven fragment size groups produced by the

Sau3A1 digestion. The three pATH expression vectors permit insertion of a

structural gene into all three possible reading frames at the same restriction

site. The resulting protein is a fusion protein between the amino terminus of

E. coli tr2E and the inserted gene product.

Approximately 1100 transformants were generated and 250 were randomly

picked and screened for IPNV-specific antigen production. The colonies were

initially grown on nitrocellulose placed on LB/amp plates and then transferred

to plates containing the tryptophan operon inducer, indoleacrylic acid, for

overnight induction. Detection of positive recombinants with anti-IPNV/Sp

polyclonal antisera yielded two strongly positive colonies, B10 and B13, and two

weakly positive colonies, A43 and A44 (Figure 3). These positive colonies
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represented 0.016% of the colonies tested. All four colonies were derived

from ligations between the DNA fragments and the pATH 1 vector.

The sizes of the DNA inserted into these plasmids and eight additional

plasmids taken from nonpositive colonies from each fragment size group were

determined by digestion with Sma1 and Xba1. These enzymes cut at sites

outside the BamH1 site used for cloning in the pATH vectors and digestion of

the recombinant plasmids should release the complete insert. The results are

shown in Figure 4. The sizes of the DNA inserts released by digestion

correlated with the fragment size groups that had been ligated into the pATH

vectors. The strongly positive plasmids had an apparent size of 350 by as

estimated by gel electrophoresis.

Expression of the trpE Fusion Proteins and their Analysis by Western Blot

Cells from immunoreactive colonies were grown in LB broth and expression

of the trj2E fusion proteins was induced with indoleacrylic acid as described in

Materials and Methods. The proteins of the bacterial cells were separated by

SDS-PAGE and analyzed by Western blot. Cells containing either pB10 or

pB13 produced proteins with a strongly reactive band at 42 kDa. This band

was detected by antisera against the Sp, Buhl, and EVE strains of IPNV

(Figures 5, 6, and 7). The proteins of cells with pA43 exhibited a band at

52 kDa that was detected only with antisera directed to the Sp strain of IPNV

(Figures 5, 6, and 7). Although cells containing pA44 were positive by colony

immunoblot with anti-IPNV/Sp, the Western blot of proteins from these cells

were uniformly negative (Figures 5 and 6). The derivation of these IPNV

antigens from the VP2 gene was verified by staining with anti-IPNVNP2

serum (Figure 8). Induced proteins from cells with pB10 or pA43 were
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strongly reactive with the anti-IPNVNP2 sera. Table 2 is a summary of the

results obtained with the four antisera used in this study. A separate protein

band of 47 or 52 kDa was not observed in the SDS-PAGE gels of the induced

proteins by Coomassie blue staining (data not shown).

DNA Sequencing Strategy and Determination

The clone pB10 was sequenced according to the strategy shown in Figure

2. The DNA sequence of the viral insert in pB10 is shown in Figure 9 and is

comprised of 328 nucleotides encoding 108 amino acids (Figure 10). The

insert begins with nucleotide 411 with the first nucleotide being the start of the

open reading frame for VP2. The accuracy of the sequence was confirmed by

complete DNA sequence analysis of the inserted DNA in both directions of

M13 using M13mp18 and M13mp19. The DNA sequencing revealed that the

pATH 1 vector contained the inserts in the proper orientation for expression.
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DISCUSSION

This study located and characterized two immunoreactive regions of VP2 by

ligating cDNA fragments of the VP2 gene to a tryptophan expression vector.

Although seven size groups of fragments ranging from 50 to 350 by were

included in this study, immunoreactive colonies were found only in the 350 by

group. It was possible that a minimum of 350 by was required to generate

polypeptides with sufficient sequence to provide the appropriate secondary

structure for immunoreactivity. A similar observation was made with an

immunoreactive region for another virus, Infectious Hematopoietic Necrosis

Virus (IHNV), expressed in the pATH vector. The insert size of the IHNV

construction was 329 by (Gilmore et al., 1988). In addition, it was the pATH 1

vector that provided the proper reading frame at the BamH1 site for the ILLIE

IHNV glycoprotein fusion protein.

Four immunopositive colonies were detected after a screening of 250

recombinant ampicillin-resistant bacterial colonies. The immunoreactivity of

the proteins generated by these recombinants were tested against a battery of

serotype specific antisera. The results indicated that pB10 and pB13 reacted in

a similar manner to antisera for IPNV/Sp, IPNV/Buhl, and IPNV/EVE. In

contrast, the virus-specific protein expressed by pA43 only reacted with the

anti-IPNV/Sp sera and pA44 produced proteins that were not immunoreactive

on Western blots. The apparent molecular weight of the fusion protein

produced by pB10 and pB13 was 47 kDa. Since the traE protein has a

molecular weight of 37,242 Da (Yanofsky, 1981), this fusion protein contained

an additional 10,000 Da. This correlated well with an insert of 328 by

encoding a 108 amino acid peptide of approximately 11,000 Da. The
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combined molecular weight of the fusion protein should be 48 kDa, which was

very close to the size estimated by electrophoretic migration as 47 kDa. In the

case of pA43, the fusion protein size of 52 kDa suggested that the plasmid

DNA insert was composed of more than one 350 by fragment. Only one insert

size was observed in the Xba1 and Sma1 digest of pA43 DNA. A 52 kDa

fusion protein should have approximately 15,000 daltons or a 450 by insert in

the recombinant plasmid. A complete sequence analysis of this insert will

clarify this apparent discrepancy.

Sequence analysis identified pB10 and pB13 as having identical fragments

of 328 by which map to the 5' end of the VP2 gene from nucleotide 411 to 739.

This 328 by fragment encoded an epitope which was recognized by polyclonal

antisera. The inserts present in pA43 and pA44 have only been partially

sequenced at this time. The relative position of these VP2 gene regions were

located by comparison with the sequence of the A segment for IPNV/Jasper

(Duncan and Dobos, 1986). The nucleotide sequence of the IPNV/Sp and

IPNV/Jasper strains have been highly conserved (C. Mason and J. Leong,

personal communication). It appears from this comparison that the 5' terminus

of the DNA inserts for both pA43 and pA44 are similar and begin at the 3'

terminus of the pB10 or pB13 DNA insert.

The DNA sequence of the pB10 insert was compared with an analogous

region of the IPNV/Jasper VP2 gene and 86% of the nucleotides were

conserved between the two strains (Figure 9). A similar comparison was

made between the predicted amino acid sequence of the two virus strains

and there was a 96% homology with only two amino acid differences (Figure

10). This suggested that the nucleotide changes were made in the third position

of the codons.
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A hydropathy analysis of the deduced peptide sequence was made using

the Kyte and Doolittle (1982) parameters for the analysis (Figure 11). The

peptide was generated with a window of 19 amino acid residues and two

hydrophilic domains were identified between amino acids 99 and 207. These

domains

may compose the reactive epitopes detected in the Western blots. However,

any confirmation that these are, indeed, immunoreactive determinants will

await site-specific mutagenesis studies.
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Figure 1. Construction of expression plasmids containing the trj2E gene fused

to Sau3A1 fragments of the VP2 gene. The 1.45 kb cDNA fragment isolated

from the donor plasmid, pUC19/A+SAK, was restricted with Sau3A1 and

subcloned as described in Materials and Methods. An example of a

recombinant plasmid, pB10, is shown with a 328 by fragment inserted into the

BamH1 site of pATH 1.
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Figure 2. Strategy used to obtain M13 clones for DNA sequence analysis of

pB10.
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Figure 3. Immunodetection of recombinant colonies expressing the fusion

protein. Colonies were transferred from the original transformant plates to

nitrocellulose and after induction with indoleacrylic acid those recombinants

expressing an immunoreactive VP2 determinant were detected with anti-

IPNV/Sp sera. Immunopositive colonies were blue/purple. The positive

control was cells containing the recombinant pT72A and the negative control

were cells containing pATH 1 alone. Colony blot A shows two weakly positive

colonies, A43 and A44 (marked with arrows). Colony blot B shows two

strongly positive immunopositive colonies, B10 and B13 (marked with arrows).
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Figure 4. Determination of the size of the DNA insert in the recombinant

plasmids isolated from immunopositive colonies. Gel electrophoresis was on

a 2% agarose gel which contained plasmids that had been digested with

Sma1 and Xbal. Lanes 1 and 15 contain the DNA marker of 123 by

incremental ladder. Lane 8 is the X. Hindlll DNA marker. Lanes 6, 7, 2, and 3

show A43, A44, B10, and B13 respectively. The insert sizes of the DNA

inserts released by digestion correlated with the fragment sizes of the groups

that had originally been ligated into the pATH vectors.
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Figure 5. Reactivity of the tpENP2 proteins synthesized in bacteria with

antisera to the heterologous virus strain, IPNV/Sp. E. mil cells containing the

recombinant plasmids from immunopositive colonies were induced to produce

the irj2ENP2 fusion proteins and then analyzed with IPNV/Sp rabbit polyclonal

antisera. A: Lanes 1 and 2 are proteins from cells containing pATH 1 vectors

with no insert under uninduced (u) and induced (i) conditions. Lanes 3 and 4,

5 and 6, 7 and 8 contain the sets of proteins from pA44, pA43, and pB13 each

under uninduced (u) and induced (i) conditions, respectively. Lane 9 is

purified IPNV with the molecular weights of the viral proteins shown in

kilodaltons, as does Lane 1 in B. B: Lane 2 and 3 are E. mli cells without a

plasmid under uninduced (u) and induced (i) conditions. Lanes 4 and 5 are

proteins from cells containing pATH 1 vectors with no insert under uninduced

(u) and induced (i) conditions. Lanes 6 and 7 contain the proteins from cells

with pB10 under uninduced (u) and induced (i) conditions.
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Figure 6. Reactivity of the tri2ENP2 proteins synthesized in bacteria with

antisera to the heterologous virus strain, IPNV/Buhl. E. Ali cells containing

pATH taENP2 immunoreactive regions were induced and analyzed with

rabbit polyclonal antisera produced against IPNV/Buhl. Lanes 1 and 2 have

proteins from cells containing pATH 1 under uninduced (u) and induced (i)

conditions. Lanes 3 and 4, 5 and 6, 7 and 8, 10 and 11 are sets of proteins

from cells under uninduced (u) and induced (i) conditions for pA44, pA43,

pB13, and pB10, respectively. Lane 12 has the purified IPNV proteins where

VP2 at 54 kDa and VP3 at 31 kDa are indicated and Lane 9 has the

prestained markers.
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Figure 7. Reactivity of the tr_pENP2 proteins synthesized in bacteria with

antisera to IPNV/EVE. E. call cells containing pB10 and pA43 were induced to

produce La E fusion proteins and these proteins were analyzed by Western

blot with IPNV/EVE rabbit polyclonal antisera. Lane 1 has the prestained

marker proteins with their respective molecular weights shown on the left.

Lanes 2 and 3 show the proteins produced in cells containing pB10 under

uninduced (u) and induced (i) conditions. Lanes 4 and 5 contain the proteins

produced in cells with pA43 under uninduced (u) and induced (i) conditions.
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Figure 8. Reactivity of the tr_pENP2 proteins synthesized in bacteria to anti-

IPNV/VP2(sp) sera. E. agi cells containing pB10 or pATH 1 were induced to

produce ILI2E fusion proteins and the products were analyzed with antisera to

the VP2 protein of IPNV/Sp. Lane 1 has purified IPNV with VP2 at 54 kDa and

VP3 at 31 kDa. Lanes 2 and 3 have the proteins from cells containing pB10

under uninduced (u) and induced (i) conditions. Lane 5 has the prestained

marker (psm) proteins with their molecular weights marked in daltons on the

right.
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Figure 9. Nucleotide sequence and DNA sequence homology of the

immunoreactive epitope B10 of IPNV/Sp.
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DNA SEQUENCE of pB1ONP2 FRAGMENT

411
460

GG ATC TCA AGG AAA TAC GAC All' CAG ACC TCA ACA CIA GCC GCG GGT CIT

511

TAT GCT CIG AAC OGG ACG CTC AAC GCT GCC ACC TIT GAA (IOC AGT CIG TOT

562

GAG GIG GAG AGC CIG ACC TAC AAT AOC CTG ATG TOC CIA ACT ACG AAC CCC

613

CAG GAC AAG GTC AAC AAC CAG CTC GIG ACC AAA GGA GTC ACC GTC CIG AAT

664

CTA CCA ACA GGG ITC GAC AAA CCA TAC GTO CC CIA GAG GAC GAG ACA CCC

715

CAGGGTTTCAGTCAATGAACOGG OCC AGG AIG AGG TGC ACA GOT GCA AT'

739

GCA CCA CGA AGG TAC GAG ATC CT

DNA SEQUENCE HOMOLOGY
IPNV/Sp and IPNV/Jasper

411

JA IG ATC ICA CGG AAA TAC GAC ATC CAC; PLC TCA ACC crr CCC GC' GGT CIG

SP T Alt TCA ACG AAA TAC GAC ATT GAG AGC ICA ACA CIA GCC GCG OST CIT

JA TAT CCA CIC AAT GGG ACC CIG AAC GO' GCC ACC TIC GAA (LA ACT CIG TCT

S P T A T G C T CIG A A C G G G A C G CTC AAC GCi'GCC ACC T I T G A A GGC AGT CIG TCT

JA GAA GTA GAG ACC CTA ACC TAC AAC AGC ITG ATG TOC Ca ACA ACA AAC CCA

SP GAG GIG GAG AGC CIG ACC TAC AAT AEC CIG ATG TCC CTA ACT ACG AAC CCC

A
JA CAE GAC AAG GTC AAC AAT CAA CTA GIG ACC AAA (LA ATI' ACC GTC CIG AAT

:

SP CAE GAC AAG GTC AAC AAC CAS CIC GIG ACC AAA GGA GTC ACC GDC GIG AAT

JA CIA CCA ACT GGG TIT GAC AAG CCA TAC GTC OSC Ca GAG GAC GAG ACA CCA

SP CTA (CA ACA OGG TTC GAC AAA CCA TAC GTO CGC CIA GAG GAC GAG ACA CCC

JA CRAG GGC CCC CAE ICE ATG AAC (GA GCA AEG AEG ACID T2C ACA GCT GCC AEC

SP CA OCT CCT GAG ICA ATG AAC GOG GCC ACG ATG AEG IT ACA GCT TA ATT

Figure 9
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Figure 10. Comparison of the predicted amino acids of the IPNV/Sp

immunoreactive region, B10, with the same region in IPNV/Jasper. There

was 96% identity in this region between these two strains.
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Figure 11. Hydropathy plot of the immunoreactive region B10 of the major

capsid protein of IPNV. Hydrophobicity is shown by positive values. Relative

hydropathy values reflect a mean of 19 consecutive amino acid residues by

the method of Kyte and Doolittle (1982), and were plotted against the amino

acid sequence number.
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TABLE 2
Western Blot Analysis of Induced Fusion Proteins
trpE/VP2

PLASMID MW anti-SP anti-VP2
sp

anti-Buhl anti-Eve

pB10 47 K + + + +

pB13 47 K + nd + nd

pA43 52 K + +

pA44 - nd nd

pATH I ---- - - -

E.coli - - - .. - - -

IPNV - - - + + + +

nd = not done
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