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Double-stranded cDNA was prepared from infectious hematopoietic

necrosis virus mRNA and cloned into the plasmid vector pUC8. A cDNA

clone (pG8) containing the entire coding region for the glycoprotein

(G-protein) of infectious hematopoietic necrosis virus was selected

by hybridization to a 32P-labeled probe. The restriction map and

nucleotide sequence of the mRNA encoding the glycoprotein of

infectious hematopoietic necrosis virus was determined using this

full-length cDNA clone.

The G-protein cDNA is 1,609 nucleotides long (excluding the

polyadenylic acid) and encodes a protein of 508 amino acids. The

predicted amino acid sequence was compared with that of the

glycoprotein of the Indiana and New Jersey serotypes of vesicular

stomatitis virus and with the glycoprotein of rabies virus, using a



computer program which determined optimal alignment. An amino acid

identity of approximately 20% was found between infectious

hematopoietic necrosis virus and the two vesicular stomatitis virus

serotypes and between infectious hematopoietic necrosis virus and

rabies virus. The positions and sizes of the signal sequence and

transmembrane domain and the possible glycosylation sites were

determined.

A cDNA fragment containing the gene encoding the

glycoprotein of infectious hematopoietic necrosis virus was inserted

into Autographa californica Baculovirus vectors under the control of

the polyhedrin promoter. Insect cells were cotransfected with the

Baculovirus recombinants and wild-type Autographa californica nuclear

polyhedrosis virus genomic DNA. Recombinant viruses were selected by

plaque assay and plaque hybridization. Gel electrophoresis and

Western blot analysis revealed the presence of a 66 kilodalton

protein identical in size to the glycoprotein of infectious

hematopoietic necrosis virus.
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CLONING, SEQUENCE AND EXPRESSION OF THE GLYCOPROTEIN

GENE OF INFECTIOUS HEMATOPOIETIC NECROSIS VIRUS,

A FISH RHABDOVIRUS

I. INTRODUCTION.

A. INFECTIOUS HEMATOPOIETIC NECROSIS OF FISH.

Infectious hematopoietic necrosis virus (IHNV) is a rhabdovirus

which infects young salmon and trout (Pilcher and Fryer, 1978). The

disease (IHN) was first reported in sockeye salmon from Washington

State in 1953 (Rucker et al., 1953). Since then, IHNV has caused

extensive mortalities in hatchery fish populations in the states of

Washington (Watson et al., 1954), Oregon (Yasutake et al., 1965) and

California (Ross et al., 1960). The disease is enzootic among wild

populations of sockeye salmon (Oncorhynchus nerka) in the Pacific

Northwest, Alaska and British Columbia and among chinook salmon

(Oncorhynchus tschawytscha) in the Sacramento River system in

California (Amend et al., 1973; Grishkowsky and Amend, 1976; Yasutake

et al., 1965). Outbreaks of IHN have also been reported in Japan.

(Sano et al., 1977) and in Taiwan (Chen et al., 1985). Other

susceptible salmon species are rainbow trout (Salmo zairdneri) and

steelhead trout (sea-run rainbow trout) (Pilcher and Fryer, 1978;

Winton et al., 1983).

IHNV produces a severe disease in juvenile fish with a rapid

onset of mortality and a variety of signs including distension of

the abdomen, hemorrhaging at the base of the fins, exophtalmia and

behavioral changes (Pilcher and Fryer, 1978; Winton et al., 1983).
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Internally, the viscera of the fish show hemorrhaging and there is

extensive necrosis of the kidney, spleen and pancreas (Pilcher and

Fryer, 1978; Yasutake et al., 1965).

Primary transmission of IHNV is thought to occur by congenital

infection or vertical transmission (Amend 1975; Mulcahy et al., 1983,

Pilcher and Fryer, 1978; Wingfield and Chang, 1970). In this model of

the virus life cycle carrier fish release virus in their ovarian or

seminal fluids during spawning and eggs are infected at this time.

The disease appears in the fry after hatching and fish that survive

an IHN epizootic become life-long carriers producing virus only at

sexual maturity. The virus cannot be detected at any other time in

the life cycle of these fish. The carrier state is not well

characterized and fish producing virus at spawning may not be

carriers. Instead these fish may have may have been reinfected at

some time in their migration from the sea to the spawning grounds.

Water transmission or horizontal transmission (Mulcahy et al., 1983;

Rucker et al.,1953; Wingfield and Chan, 1970) does occur and fish can

be infected by ingestion of virus-contaminated food (Amend 1976,

Wingfield et al., 1969), thus suggesting that other modes of

transmission may be important in the epidemiology of this disease.

At the onset of spawning, IHNV can be isolated from the semen,

ovarian fluid and many internal tissues (Amend, 1975), but the

location of the virus during the carrier state is not known.

Diagnosis of IHNV involves isolation of the virus from infected

tissues, replication of the virus in cell culture and neutralization

with anti-IHNV serum (American Fisheries Society, 1979; Leong et al.,
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1983). SDS-polyacrylamide gels may be used to identify the IHNV

protein pattern and to confirm the diagnosis (Leong et al., 1981;

Leong et al., 1983). Currently, control methods are limited to

avoidance procedures which consist of destruction of the fish stock

and quarantine of infected populations to prevent the spread of the

disease (Groberg, 1983).

B. INFECTIOUS HEMATOPOIETIC NECROSIS VIRUS.

IHNV is similar to the rhabdovirus prototypes, vesicular

stomatitis virus (VSV), and rabies virus in that it is a bullet-

shaped, enveloped virus. The viral genome consists of an unsegmented,

single-stranded RNA of 10.9 Kb with negative polarity and a

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

Kurath and Leong, 1985). The IHNV genome encodes six proteins as

compared to five proteins in VSV and rabies. The proteins consist of

a viral polymerase (L, mol. wt. 150,000), a surface glycoprotein (G,

mol. wt. 66,000), a nucleocapsid protein (N, mol. wt. 40000), two

matrix proteins (M1 and M2, mol. wt. 22,500 and 17,000) and a non-

virion protein (NV, mol. wt. 12,000) (Kurath and Leong, 1985). This

protein composition more closely resembles that of rabies virus

(Coslett, 1980; Hill, 1975; McAllister and Wagner, 1975; Sokol,

1971), than vesicular stomatitis virus (VSV) (Matthews, 1982).

There are two genera in the Rhabdovirus family: Vesiculovirus

(Vesicular stomatitis group) and Lyssavirus (Rabies virus group).

These genera are distinguished by their viral protein patterns as
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follows: the Vesiculovirus protein pattern consists of a polymerase

L, a glycoprotein G, a nucleocapsid protein N, a matrix protein M,

and a non-structural protein NS. The Lyssavirus protein pattern is

composed of a polymerase L, a glycoprotein G, a nucleoprotein N, and

two matrix proteins M1 and M2 (Coslett et al., 1980). On the basis of

its protein pattern, IHNV has been placed in the Lyssavirus (rabies-

like) genera of Rhabdoviruses. However, closer examination of other

rhabdoviruses may place IHNV in a separate category since it has six

viral proteins.

The genomic maps of VSV and rabies have been determined by UV

inactivation studies and the order of the genes on the VSV genome is

3'N-NS-M-G-L 5' (Abraham, 1976; Ball, 1976), and the rabies genome is

3'N-M1-M2-G-L 5' (Flamand, 1978). Recently, the gene order for IHNV

has been determined by R-loop mapping to be 3'N-M1-M2-G-NV-L 5'. The

NV protein has not been reported to exist in other Rhabdoviruses

(Kurath and Leong, 1985; Kurath et al., 1985).

C. INFECTIOUS HEMATOPOIETIC NECROSIS VIRUS GLYCOPROTEIN.

Like other rhabdoviruses, IHNV has a glycoprotein (G), which is

membrane-associated and located on the surface of the mature virion

(McAllister and Wagner, 1975). For VSV and rabies, the glycoprotein

is the only viral antigen which induces neutralizing antibodies and

protective immunity. Recently it has been shown in our laboratory

that purified IHNV glycoprotein induces protective immunity in

salmonid fry after intraperitoneal inoculation or immersion in a
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solution of purified glycoprotein. The challenges were performed

using live virulent IHN virus. The G protein is thus responsible for

the induction and binding of virus-neutralizing antibodies to IHNV

(Leong, in SPA report 1884).

The following chapters describe :

1) The detailed study of the IHNV glycoprotein gene at a molecular

level, its restriction map, nucleotide sequence analysis and a

comparison to the VSV and rabies virus glycoprotein genes.

2) The expression of the IHNV G protein in insect cells with

Baculovirus expression vectors, a eucaryotic system which is capable

of producing the protein in large amounts and with proper

glycosylation and processing, two aspects that are important for

further studies.
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II. NUCLEOTIDE SEQUENCE OF A cDNA CLONE CARRYING THE

GLYCOPROTEIN GENE OF INFECTIOUS HEMATOPOIETIC

NECROSIS VIRUS
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ABSTRACT

The nucleotide sequence of the mRNA encoding the glycoprotein of

infectious hematopoietic necrosis virus (IHNV) was determined from a

cDNA clone containing the entire coding region. The G-protein cDNA is

1,609 nucleotides long (excluding the polyadenylic acid) and encodes

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

compared with that of the glycoprotein of the Indiana and New Jersey

serotypes of vesicular stomatitis virus (VSV) and with the

glycoprotein of rabies virus using a computer program which

determined optimal alignment. An amino acid identity of approximately

20% was found between infectious hematopoietic necrosis virus and the

two vesicular stomatitis virus serotypes and between infectious

hematopoietic necrosis virus and rabies virus. The positions and

sizes of the signal sequence and transmembrane domain and the

possible glycosylation sites were determined.
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INTRODUCTION

Infectious Hematopoietic Necrosis virus (IHNV) belongs to the

family Rhabdoviridae and is a major viral pathogen of young salmon

and trout. The mortality rate is high for infected fish and death

results from the destruction of the kidneys and spleen (Amend, 1975;

Amend and Chambers, 1970; Amend et al., 1969). The genome of the

virus consists of an unsegmented single-stranded RNA of ca. 10.9 kb

with negative polarity (Kurath and Leong, 1985; McCain et al., 1974).

Although the virus is morphologically similar to vesicular stomatitis

virus (VSV) and rabies virus (Amend and Chambers, 1970; Hill, 1975;

McAllister and Wagner, 1975), the viral genome is unique in encoding

six, rather than five, viral proteins (Kurath and Leong, 1985).

These viral proteins include the virion polymerase (L), a surface

glycoprotein (G), two matrix proteins (M1 and M2), a nucleocapsid

protein (N), and a nonvirion protein (NV). These proteins have been

mapped on the viral genome in the following order:

3'-N-M1-M2-G-NV-L-5' (Kurath and Leong, 1985).

The glycoproteins of rhabdoviruses are integral membrane

proteins that are synthesized on the rough endoplasmic reticulum and

vectorially transported through the smooth membrane and Golgi

apparatus (Zilberstein et al., 1980). In a manner similar to other

transmembrane or secretory glycoproteins, they undergo signal

peptide processing and core glycosylation during this transport

(Bergmann et al., 1981). The viral glycoproteins of VSV and rabies,

influenza, and respiratory syncytial viruses are characterized by the
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presence of an N-terminal hydrophobic signal sequence that is cleaved

during transport and a C-terminal membrane anchorage domain (Collins

et al., 1984; Rose et al., 1982).

The IHNV glycoprotein, G, is a membrane-associated protein which

forms spike-like projections on the surface of the mature virion

(McAllister and Wagner, 1975). Anti-glycoprotein serum neutralizes

viral infectivity and immunization with purified glycoprotein

prevents subsequent lethal infection with IHNV (H. Engelking and J.

Leong, unpublished data). Immunological studies with polyvalent

anti-glycoprotein sera have indicated that the glycoproteins are

conserved among different geographic isolates of IHNV (Hsu and Leong,

1985). Yet, these isolates exhibit differences in virulence, species

specificity (M. Chen, Ph.D. thesis, Oregon State University,

Corvallis, 1985), growth properties (Muclahy et al., 1984) and in the

apparent molecular weight of the G protein (Hsu et al., 1986; Leong

et al., 1983; Leong et al., 1981). In order to begin an

investigation of the role of the glycoprotein in these events, we

produced a cDNA clone of the mRNA for G protein and determined its

nucleotide sequence. A comparison of the nucleotide and deduced

amino acid sequence with other available sequences of VSV and rabies

virus G genes revealed partial conservation of the sequence.
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MATERIALS AND METHODS

Cells and virus.

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

propagating IHNV was provided by J. L. Fryer, Dept. of Microbiology,

Oregon State University, Corvallis, Oregon. The cells were grown as

monolayers in minimal essential medium (MEM) (GIBCO Laboratories)

supplemented with 5% fetal calf serum, 2 mM L-glutamine, 100 IU of

penicillin per ml and 100 ug of streptomycin per ml. The IHNV used in

this study was isolated in 1975 from an adult steelhead trout at the

Round Butte Hatchery in Oregon. The fish cells were infected with

IHNV at a multiplicity of infection (MOI) of 0.001 and incubated at

15°C for seven days. At that time the supernatant was harvested and

centrifuged at 2500 x g for 10 min at 4°C. The cell-free supernatant

contained 0.5 x 108 to 1 x 108 50% tissue culture infective doses per

ml. Virus purification was performed on sucrose gradients as

described previously (Leong et al., 1981).

Synthesis and cloning of double-stranded cDNA.

Polyadenylated intracellular RNA was prepared from CHSE-214

cells that were synchronously infected with IHNV in the presence of

actinomycin D as described previously (Kurath and Leong, 1985). The

polyadenylated RNA was reverse transcribed to synthesize single-

stranded cDNA in a standard reaction containing an oligo dT12_ 18

primer (Collaborative Research, Inc.), placental RNase inhibitor

(ENZO Biochemicals, Inc.) and reverse transcriptase (Life Science
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Div., The Mogul Corp.). Double-stranded cDNA was prepared according

to the procedure of Gubler and Hoffman (1983) in which the second

strand of cDNA is primed by the RNA template in a replacement

reaction including RNaseH, E.coli polymerase I, and E.coli DNA ligase

(Bethesda Research Laboratories). The double-stranded cDNA was

tailed with oligo (dC) residues, annealed to PstI cut oligo (dG)-

tailed pUC8, and transformed into E.coli K12 strain C600 SC181

(Appleyard, 1954).

Plasmid preparations. colony blots and Southern blots.

Plasmid DNAs were isolated on a large scale by the procedure of

Holmes and Quigley (1981). Small scale plasmid preparations were

done by a modification of the alkaline procedure (Birnboim and Doly,

1979) as described previously (Kurath et al., 1985). Southern blots

were carried out as described by Maniatis et al. (1982) and Southern

(1975). Colony hybridizations were performed on Whatman 541 filter

paper by the method of Taub and Thompson (1982), and hybridized with

a 32P-labeled G-specific cDNA. The probe was made by nick-

translation of the 440 by insert of clone pG480, which contains

sequences from the 3' end of the coding sequence of the glycoprotein

gene (Kurath et al., 1985). Autoradiography was performed with Kodak

X-AR5 films with Dupont intensifying screens at -70°C.

Characterization of cDNA clones.

Purified plasmids were cleaved with the restriction endonuclease
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PstI (Bethesda Research Laboratories) to release the cloned insert

DNAs. Plasmid and insert DNAs were separated on agarose and

polyacrylamide gels, and the insert sizes were determined by

comparison to a standard DNA marker (Hind III restricted lambda DNA)

after ethidium bromide staining. For the acrylamide gels the Laemmli

gel system was used (Laemmli, 1970), but SDS was omitted from all

buffers. UV-illuminated gels were photographed with Polaroid type 47

film.

The PstI inserts were separated from the plasmid vectors by

electrophoresis on a low melting temperature agarose gel (Seakem, FMC

Corp.), and purified by phenol-chloroform extraction. The isolated

inserts were mapped by single and double restriction enzyme

digestions. Electrophoresis of the resulting fragments was performed

on polyacrylamide gels, and accurate sizing was done with Hinfl and

HaeIII pBR322 restriction fragment standards.

Determination of nucleotide sequences.

A cDNA clone containing the entire coding sequence of the IHNV

glycoprotein mRNA (pG8) was used for sequence analysis. A (G-NV)

clone encoding the carboxy terminus of the glycoprotein gene and

overlapping into the neighboring NV gene of IHNV (R. Gilmore and J.

Leong, unpublished data) was used to confirm the sequence at the

carboxy end of the glycoprotein gene. Suitable fragments were used to

clone in both orientations into the polylinker sequences of the

cloning vectors M13mp18 and Ml3mp19. The DNA sequence analysis was

done by the dideoxynucleotide method of Sanger et al. (1977). The
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entire sequence of the G8 insert was determined on both strands. In

one series, fragments generated by the restriction endonucleases TaqI

and PstI were subcloned into M13mp18 and Ml3mp19. In the other

series pG8 was digested with HindIII and random ends were generated

with fast Ba131 nuclease (International Biotechnologies Inc.) by

digesting for various times (1 to 5 minutes) under the conditions

recommended by the manufacturer. The mixture was digested with BamHI

and the resulting Ba131 deletion fragments were cloned into the BamHI

and the Smal sites of Ml3mp18. The nucleotide sequence data were

analyzed for translational open reading frames, restriction

endonuclease sites, and codon usage. Rabies virus, VSV and IHNV

hydropathicity profiles were determined by the program of Kyte and

Doolittle (1982).
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RESULTS

Cloning of the cDNA of the glycoprotein gene.

Poly(A)-containing RNA from IHNV-infected salmon cells was used

to synthesize oligo(dT)-primed single-stranded cDNAs. The

electrophoretic profile of the cDNAs consisted of prominent bands of

ca. 7.0, 1.6, 1.4, 0.9, and 0.6 kb (Fig.II.l.), which corresponded in

size to IHNV mRNA bands 1, 2, 3, 4, and 5 respectively (Kurath and

Leong, 1985). Double-stranded cDNA copies were prepared and cloned

into the PstI site of pUC8.

Twenty-five clones containing G-specific sequences were

identified by colony blot hybridization to a 32P-labeled probe from a

clone of the carboxy terminus of the G gene as previously reported

(Kurath et al., 1985). Seven clones containing inserts ranging in

size from 1,175 to 1,600 bps were isolated for further study. One of

these large clones, pG8, was used for the determination of the

restriction map (Fig.II.2.) and nucleotide sequence of the entire G

gene cDNA (Fig.II.3.). Three other clones with an insert size of ca.

1,600 bps were found to be identical to pG8 by single base sequence

analysis.

Sequencing strategy.

The clone pG8 was sequenced according to the strategy shown in

Fig.II.2. The DNA sequence of the viral insert in pG8 is shown in

Fig.II.3. in the messenger sense. The recombinant contains 1,609
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residues excluding 17 A's at the 3'end representing the oligo(dT)-

primed cDNA construction. The accuracy of the sequence was

ascertained by A-track sequence analysis of several of the smaller

clones. The precise delineation of the 3' terminus of the G gene was

determined by sequence analysis of clones containing the intervening

sequences between the G and NV genes (Gilmore and Leong, unpublished

data).

Nucleotide sequence of IHNV G gene.

There are two ATG start codons at positions 49 and 58 in the

cDNA clone, both within a single open reading frame encoding a

protein of 508 amino acids. The initial sequence of this single open

reading frame from positions 46 to 61 is ACAAIOACACCATGA. Both ATG

codons are preceded with A in the -3 position and the first ATG codon

has a G at the +4 position after the start of the ATG codon. The

optimal sequence for initiation by eucaryotic ribosomes has been

determined by a survey of the 5' ends of eucaryotic mRNAs (Kozak,

1981;Kozak, 1984) and defined by mutagenesis (Kozak, 1986) to be

ACCAIgG. The purine in the -3 position occupies a dominant position

for ribosome initiation and G in position +4 is also important.

Thus, there is a "Kozak's box" at the first ATG start codon of the G

gene open reading frame, and this suggests that the entire coding

sequence for the G gene has been obtained.

The termination codon, TAA, at position 1573 occurs 34

nucleotides upstream of the poly (A) tail. A survey of the 50 by

sequence preceding the polyadenylation site reveals no eucaryotic



16

polyadenylation signal. This finding is similar to that reported for

VSV (Gallione and Rose, 1983; Rose, 1980) in which the putative

polyadenylation signal, ATTATAAAAAAA, is not homologous to the

eucaryotic consensus sequence for polyadenylation.

Deduced Amino Acid sequence of G protein.

The deduced protein of 56,795 daltons has an N-terminal

hydrophobic signal peptide of 18 amino acids and a C-terminal

hydrophobic anchorage domain of 27 amino acids (Figs.II.3. and

II.4.A). There is a signal peptidase recognition sequence, Ala-X-Ser

at position 18, with the cleavage site located after residue 20.

There are five possible N-glycosylation sites (Asn-X-Ser/Thr) in the

gene at amino acid positions 56, 400, 401, 438, and 506. In all

probability, only one of the residues at 400 or 401 in the sequence

Asn-Asn-Thr-Thr is used, and the amino acid residue at 506 is

probably not used because it lies within the cytoplasmic domain of

the glycoprotein.
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DISCUSSION

The results in this paper show that the IHNV glycoprotein gene

has many features characteristic of the membrane-associated

glycoprotein gene of negative-stranded RNA viruses. The predicted

translation product of the IHNV G gene has a domain of 20 amino acids

at the N terminus which might act as a signal peptide. This includes

a central core of hydrophobic amino acid residues in the form of

three repeated pairs of Leu-Ile which is unusual for signal peptides

(Perlman and Halvorson, 1983). This finding may reflect a difference

in the membrane structure of fish and mammalian cells (Moore et al.,

1976). The threonine residues at positions 3,6,7, and 15 are found

at the beginning and near the end of the central core of the signal

peptide as has been reported for other signal peptides (Perlman and

Halvorson, 1983). Moreover, Ala at position 18 occupies a +4

position following the end of the central core sequence of Leu-Ile-

Leu-Ile-Leu-Ile. The placement of Ala at this position is a frequent

finding in other signal peptides.

The putative signal peptide cleavage site, Ala-Asn-Ser, at

position 18 is consistent with possible signal peptidase cleavage

sequences reported by Perlman and Halvorson (1983). These authors

examined presecretory signal peptides for 39 proteins from diverse

procaryotic and eucaryotic sources. Their studies indicated that Ala-

X-Ala, is the most frequently observed sequence preceding the signal

peptide cleavage site. However, the last amino acid position in that
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triplet could also be occupied by Gly or Ser; thus, Ala-Asn-Ser is a

permissible recognition sequence for the peptidase.

For most signal peptides, a beta turn in the protein structure

is typically found between the hydrophobic core and the signal

peptidase cleavage site. Upon close examination of the deduced amino

acid sequence of the signal peptide carboxy terminus (Figs.II.3. and

11.4.), a predicted beta turn in the protein structure appears at

Gly, residue number 17, which occupies a +3 position from the end of

the hydrophobic core (Chou and Fasman, 1974). Thus, a careful

analysis of the deduced sequence for the IHNV glycoprotein indicates

that the amino terminus has the salient features of other known

signal peptides.

The determination of the nucleotide sequence of the mRNA

encoding the IHNV G protein made it possible for us to examine the

extent of relatedness between the predicted amino acid sequences of

IHNV, VSV-NJ, VSV-Ind, and rabies virus. All four virus G proteins

are approximately the same size, with 508, 517, 511, and 524 amino

acids, respectively (Anilionis et al., 1981; Gallione and Rose, 1983;

Rose and Gallione, 1981). The IHNV G protein was compared with each

of the other viral glycoproteins in two way alignments by using a

computer program which provides an optimal alignment and a

statistical significance for the match (Doolittle, 1981). The IHNV

and VSV-NJ or VSV-Ind sequences have 93 (18.4%) and 108 (21.3%)

identities respectively, in the optimum alignment. A comparison of

IHNV and rabies virus glycoprotein sequences revealed 95 (18.8%)

identities. A resemblance score based on an arbitrary scoring system
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was computed for each comparison. Values greater than 80.0 indicate

significant resemblance well above what could be expected by chance

(Feng et al, 1985). For the IHNV:VSV-NJ, IHNV:VSV-Ind, and

IHNV:rabies comparisons the resemblance scores were 82.3, 82.7, and

81.8 respectively (Table II.1.). These scores indicate that there is

a similar evolutionary distance between IHNV and rabies virus and for

IHNV and VSV.

There are regions within the IHNV G protein which show

significantly greater homology with the other rhabdovirus G proteins

than is indicated by the overall resemblance scores. A sequence of

16 amino acid residues at positions 310 to 327 in IHNV and 15 amino

acids at positions 290 to 315 in rabies virus exhibits an amino acid

homology of 62.5% (Fig.II.5.). A different region of homology

greater than 50% was found between VSV-NJ and IHNV glycoproteins at

position 170 to 190 (11 of 20, 55%) and for VSV-Ind and IHNV at

positions 171 to 190 (12 of 19, 63%) on the IHNV sequence

(Fig.II.5.). None of these regions correspond in position to the

highly homologous region shared between rabies virus and VSV near the

carboxy terminus that was identified by Rose et al. (1982).

Cysteine and proline residues are often highly conserved amino

acids. Thus, the similar positioning of the cysteine residues in all

four proteins is notable. Of the 16 cysteine residues in IHNV G

protein, 9 were aligned with 9 of the 17 cysteine residues in rabies

virus G protein. For VSV-Ind, 12 of the 15 cysteine residues are

aligned with IHNV cysteine residues (Figs 11.5. and 11.6.).

Similarly, 6 of 29 proline residues in IHNV G protein were aligned
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with 6 of 27 proline residues in the VSV G protein. For rabies virus,

10 of 31 proline residues in its G protein were aligned with the

prolines of IHNV G protein. A three-way comparison of the VSV-Ind,

IHNV, and rabies virus glycoprotein sequences indicate that 7 of the

cysteine residues can be aligned among all three proteins (Fig.II.6.)

Following the algorithm of Kyte and Doolittle (1982), we

established the hydropathy profile for the IHNV glycoprotein

(Fig.II.4.A) and compared it with VSV and rabies virus. All four

proteins have hydrophobic signal peptides at their amino termini and

hydrophobic transmembrane segments at the carboxy termini. There were

no striking amino acid sequence homologies in any of these

corresponding domains. Yet, the positions of corresponding cysteine

and proline residues are maintained (Figs.II.5. and 11.6.). These

similarities point to a close evolutionary relationship among these

rhabdoviruses.

A computer prediction of the secondary structure of the G-gene

product is shown in Fig.II.4.B and is based on the Chou and Fasman

(1974) calculations for protein structure. Near the carboxy terminus

of the IHNV -G protein is a very long region of the polypeptide chain

that is free of beta turns. The length of this region (54 amino acid

residues) is striking because the same region in rabies virus is only

28 residues in length (Wunner et al., 1985). This region encompasses

the transmembrane domain, and the difference in fish and mammalian

cell membranes appears to be reflected in these glycoproteins.

The overall base content of the IHNV G gene is 52 mol% (G+C).

This base content is somewhat higher than the 40 to 46 mol% (G+C) for
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the VSV glycoprotein coding loci and the 48 mol % (G+C) for the

rabies virus glycoprotein gene. The codon usage for IHNV G protein

is given in Fig.II.3. Several interesting features emerge from these

data. First, there is a strong bias towards codons ending in C or G,

representing 62% of the 508 IHNV G-protein codons. For the

homologous gene in VSV, only 43% of the codons end in C or G. In

contrast to this, there is a bias against codons having the

dinucleotide CG in the first and second, or second and third

positions. For IHNV, on a random basis one would predict this

dinucleotide to occur 104 times within the G coding locus, whereas

only 30 are observed. On the other hand, if the frequency of codons

containing C in the third position and G in the first position is

considered (i.e. between adjacent codons), random assortment would

predict 37 CG pairs, and 34 such dinucleotides are found. In the VSV

genes encoding the G, M, N, and NS proteins, and for the rabies virus

G protein there is an overall deficiency of the CG dinucleotide

including adjacent codon positions and noncoding nucleotides (Rose

and Gallione, 1981).

Because vertebrate genomes are known to be low in CG (Swartz et

al., 1962), it is possible that this dinucleotide frequency is kept

low since the cytosine in the first position is a target for

methylation and, consequently, could be a potential site for mutation

(Heindell et al., 1978). This rationale may not be applicable to the

rhabdoviruses since infection probably does not occur via a DNA

intermediate. However, it may reflect a viral adaptation to utilize

the isoaccepting tRNAs present in the host cell.
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Asn-X-Thr/Ser sequences are known to be possible sites for

glycosylation of eucaryotic polypeptides (Hubbard and Ivatt, 1981;

Struck and Lennarz, 1980). Oligosaccharide side chains may help to

expose certain antigenic epitopes or receptor recognition sites to

the surface of the molecule and are, therefore, biologically

important sites in the infection cycle of the virus. It would seem

reasonable that these sites would be conserved. When these possible

N-glycosylation sites on the IHNV G protein were compared with those

sites on either rabies virus or VSV, the glycosylation site at

position 56 was identified as one shared with the rabies virus G

protein at the corresponding position.

The presence of a very hydrophilic domain extending from amino

acid 365 to 450 which is not evident in either VSV or rabies virus

was also noted. Within this region are two potential glycosylation

sites, the first at position 400 or 401 (these are overlapping

sites), and the second at position 438. It is not known if any or

all of these sites are glycosylated in the mature, native protein.

However, this region is unique to IHNV, is exposed at the outer

membrane, and thus may represent an important antigenic site.

Because immunity against IHNV is elicited by the viral glycoprotein

(Engelking and Leong, unpublished data), this unique hydrophilic

region may be a candidate for further study in the production of a

subunit vaccine against IHNV infection.

Comparisons of structural features such as overall amino acid

homology, potential glycosylation sites, the cysteine positions,

transmembrane regions, or the signal peptide domain, between IHNV and
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other rhabdovirus G proteins provide strong evidence for relatedness

in the three-dimensional structure of these proteins. Future studies

on the processing and transport of the IHNV G protein in fish cells

may enable us to compare these processes in these diverse species.



Fig.II.l.
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Reverse transcription of IHNV mRNA: 32P- labeled first

strand cDNA was prepared by reverse transcription and analyzed by

electrophoresis on an alkaline agarose gel. (A)32P- labeled Lambda

DNA digested with Hind III was used as a marker. (B) Identities of

the cDNA bands in the autoradiogram are indicated.
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Fig.II.2. Physical map and sequencing strategy for the cDNA clone

pG8 of the IHNV glycoprotein gene. Double lines represent cDNA and

thin lines represent vector DNA

(A) The IHNV G cDNA is located between the Pst I sites of pUC8. The

solid arrow indicates the orientation on the cDNA in pUC8. The cDNA

clone pG480 is located at the 3', end of the mRNA.

(B,D) Restriction map and endonuclease cleavage sites used for DNA

sequencing within the cloned fragment.

(C) Sequencing strategy. Arrows indicate the regions sequenced and

the direction of sequencing.
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Fig.II.3. Nucleotide sequence of the IHNV G mRNA, the predicted

glycoprotein sequence, and the codon usage.
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Codon Usage:
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11/UCC/trp

5/CUU/leu 2/CCU/pro
14/CUC/leu 15/CCC/pro
4/CUA/leu 7/CCA/pro
14/CUC/lau 5/CCC/pro

5/CAu/his
13/CAC/his
5/CAA/six
5/CAG/gls

0/CCU/arg
2/CCC/arg
3/CCA/arg
5/CGC/arg
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Figure 11.3.
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Fig.II.4. Hydropathy plot and secondary structure of the IHNV

glycoprotein. (A) Hydrophobicity is shown by positive values.

Relative hydropathy values reflect a mean of ten consecutive amino

acid residues by the'method of Kyte and Doolittle (1982), and were

plotted against the amino acid sequence number. (B) Predicted

secondary structure and hydropathy of the IHNV glycoprotein gene.

Open circles indicate hydrophilic regions and shaded circles indicate

hydrophobic areas. The radius of a circle over a residue position is

proportional to the average hydrophilicity or hydrophobicity as

calculated for that residue and the next five residues. Numbers

correspond to amino acid residues from the NH2-terminal methionine.

The black open hexagonal structures point to predicted glycosylation

sites at asparagine residues 56, 400, 401, 438, and 506. Rapid zig-

zag lines indicate beta-sheets with alpha-carbons alternating above

and below the chain. Random coils are represented as gently

undulating straight lines and alpha- helices are shown as sine waves.

This model of the IHNV glycoprotein was generated by E. Golub,

University of Pennsylvania (1985).
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Fig.II.5. Comparison of the G protein sequences of IHNV, VSV and

rabies virus. The IHNV G protein was compared with the VSV and

rabies virus G proteins in two-way alignements by the method of

Doolittle (1981).
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RV MVPQALLFVPLLVFPLCFGKFPIYTILDKLGPwS PIDIHHLSCP NNLvvEDEGCTNLSGFSYMELKVGYILAI
IHNV MDIMITTpLILILITCGANSQWKPDTASESDQPIwSNPLFTYPEGCTLDKSKvNASQLRCPRIFDDENRGL IAYPTSI

* * ** * * * *

100

RV K MNGFTCPWTTEAMINTvGYVT iirxRKEFRPTPDACRAAYNWKMAGDPRYEESLHNPYPDYRWLRIVKITKE

IHNV RSLSVGNDLGDIHTQGNHIHKVLYRTICSTGFGGQTIEKALvEMSTKEAGAY=AAALYFPAPRCWITDNVQNDL
* * * * * * * * * * *

200

RV SLVIISPSVADLDPYDRSLHSRVFPSGKCSGVAVSSTYCSTNHDYTIWMPE MPRLGMSCDIFINSRGKRASKGS

IHNV IFYYTTQKSVLRDPYTRDFLDSDFIGGKCTKSP CQTHWSNvVwMGDAGIPACDSSQEIKIHLFvDKISNRvVKAT
*** * * *** * * ** * *

RV ETCGFVDERGLYKSLKGACKLKLCGVLGLRLMDGTWVAMQ ISNETINCPPDQLvNLHDFRSDEIEHLVVEELVR KR

IHNV SYG HHPWGLHR ACNIEFCGKQWIRIDLGDLISVEYNSGAEILSFPKCEDKTMGMRGNLDDFAYLDDLVKASESR
* ** ** ** * * **

300
RV EECLDALESIMITICSVSFRRLSHLRKLVPGFGKAYTIFNKTL MEADAHYKSvRTwNEILPSKGCLRvGGRCHPHvNG

IHNV EECLEAHAEIISTNSvTPYLLSKFRSPHPGINDVYAMEKGSIYHGMCMTvAvDEVSKDRTTYRAHRATSFIKWERPFGDE
**** * * * ** ** * ** *

400

RV vFFNGIILGPDGNVLIPEMQSSLLQQHMELLESSvIPLVHPLADPSTvFKDGDEAEDFVEVHLPDVHNQvSGVDLGLPN

IHNV wEGFHG LHGNNTTIIPDLEKYVAQYKTSMMEPMSIKSV PHPSILAFYNETDLSG ISIR KLDSFDLQSLH
* * * ** * * * * **

500

RV WGKYVLLSAGALTALMLIIFLMICCRRVNRSEPTQHNLRGIGREVSVIPQSGKIISSWESHKSGGETRL

IHNV WSFWPTISALGGIPLVLLLAVAACCCWSGR PPTPSAPQSIPMYHLANRS
** * * ** * * *

VSV MKCLLYLAFLFIGvNC KFTIVFP HNQKGNWKNVPSNY HYCP SSSDL NWHNDLIG TAIQ

IHNV MDTMITTPLILTLITCGANSQTVKPDTASESDQPIWSNPLFTYPEGCTLDKSKVNASQLRCPRIFDDENRGLIAYPTSIR
* * * * * * * * * * ** * *

100

vsv vKMPKSETAIQADGWCHASKWVITCDFRWYGPKYITQSIRSFTPSVEQCKESIEQTKQGTwLNPGFPPQSCG YATVT
IHNV SLSVGNDLGDIHTQGNHIHKVLYRTICSTG FGGQTIEKALVEMKLSTKE AGAYDTTTAAALY FPAPRCQwYTDNV

* * * *, * * * ** * *

200

VSV DAEAVIVQVTPHHVLvDEYTGEwVDSQFINGKCSNYICPTVHNSTTWHSDYKVKGLCDSNLISMDITFFSEDGELSSLCK
IHNV QNDLIFYYTTQKSVLRDPYIRDFLDSDFIGGKCIKSPCQTHwsNVVwMGDAGIPA CDSS QEIKIHLFVD KISNRVV

* ** * ** ** ** *** * * * * *** * *

vsv EGIGFRSNYFAYEIGGKACKMQYCKHwGvRLPSGvWFEMADKDLFAAARFPECPEGSSISAPSQTSVDvSLIQDvERIL
IHNV KATSYGHHPWGLH RAGMIEFCGKQW IRIDLGDLISVEyNSGAEILSFPKC EDKTMGMRGNLD DFAYLDDLVKAS

** * * * * * ** * *

300
vsv DY SLCQETwSKIRAGLPISPVDLSYLAPKNPGIGPAFTIINGILKYFETRYIRVDIAAPILSRMvGMISGITT ER

IHNV ESREECLEAHAEIISTNSVIPYLLSKFRSPHPGINDVYAMEKGSI YHGMCMTVAVDEVSKDRITYRAHRATSFIKWER
* * * * ** ** **

400

VSV ELWDDWAPYEDVEIGPNGVLRISSGYKFPLYMIGHGMLDSDLHLSSKAQvFEHPHIQDAASQLPDDESLFFGDTGLSKNP
IHNV PFGDEWEGFHGLHGNNTTIIPDLEKY VAQYKT SMMEP MSIKS VPHPSI LA FYNETDLSGIS

* * * * * * * ** * * * **

500

VSV IELVEGWFSSWKSSIASFFFIIGLIIGLFLVLRVGIHLCIKLK HTKKRQIYTDIEMNRLGK

IHNV IRKLDS F DLQSLHWSFWPTISALGGIPLVLLLAVAACCCWSGRPFTPSAPQSIPMYHLANRS
* * ** * * *** * * *

Figure 11.5.
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Fig.II.6 A schematic representation of a three-way comparison of

the G protein sequences of IHNV, VSV, and rabies virus. The N-

terminus is located on the left side. The stippled areas represent

the signal peptide at the N-terminus and the transmembrane domain at

the C-terminus. The hatched areas represent the homologous region

between IHNV and VSV and the homologous region between IHNV and

rabies virus. Potential glycosylation sites are indicated by open

circles. The solid vertical lines represent matching cysteine

residues. Only those cysteine residues which are matched in at least

two of the G proteins have been included in this representation.
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Table I. COMPARISON OF G-PROTEIN HOMOLOGY

Virus

% Homology (no.

VSV-G

of identical amino acids)

RV -G IHNV-G

VSV-G X 20.6% 21.3%

(105) (108)

RV-G 84.4 X 18.8%

(95)

IHNV-G 82.7 81.8 X

The percent homology between the respective viruses are shown

with the actual number of identical amino acids given in

parenthesis. The numerical resemblance score for the

respective virus pairs was computed by R. Doolittle (11).

VSV-G Glycoprotein gene of VSV-Indiana strain.

RV-G - Glycoprotein gene of rabies virus - ERA strain.

IHNV-G - Glycoprotein gene of IHNV - Round Butte strain.

X Identity
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EXPRESSION VECTORS
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ABSTRACT

A cDNA fragment containing the gene encoding the glycoprotein of

infectious hematopoietic necrosis virus was inserted into Autographa

californica Baculovirus vectors under the control of the polyhedrin

promoter. Insect cells were cotransfected with the Baculovirus

recombinants and wild-type Autographa californica nuclear

polyhedrosis virus genomic DNA. Recombinant viruses were selected by

plaque assay and plaque hybridization. Gel electrophoresis and

Western blot analysis revealed the presence of a 66 kilodalton

protein identical in size to the glycoprotein of infectious

hematopoietic necrosis virus.
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INTRODUCTION

Autographa californica nuclear polyhedrosis virus (AcNPV)

belongs to the animal virus family Baculoviridae. The Baculoviridae

are pathogenic for arthropods belonging predominantly to the insect

orders Lepidoptera, Diptera and Hymenoptera. These viruses are

characterized by a large rod-shaped nucleocapsid surrounded by a

lipoprotein envelope, and a double-stranded covalently closed

circular DNA (ccDNA) genome of 88 to 160 kilobase pairs. There are

three subgroups of baculoviruses,two of which occlude their virions

in large protein crystals: 1) the nuclear polyhedrosis viruses

(NPVs), have many virions included inside intranuclear crystals, 2)

the granulosis viruses (GVs), have only one virion included inside

cytoplasmic crystals, 3) the non-occluded baculoviruses. The matrix

of these occlusion bodies is composed predominantly of a single type

of protein, termed polyhedrin in NPVs, and granulin in GVs.

Polyhedrin and granulin are closely related proteins of about 29,000

mol.wt. and because they allow the virus to remain stable

indefinitely outside the insect they play an essential role in the

transmission of the virus among insects in nature. This is not true

for passage of NPVs in cell culture, where non-occluded extracellular

virus particles are the infectious agents.

The gene encoding the polyhedrin protein is the most highly

expressed eucaryotic animal virus gene known. It was found that up to

17% of the total alkali-soluble protein of a virus-infected insect

was polyhedrin (Quant et al. 1984). In infected insect (Spodoptera



47

frugiperda) cell cultures, polyhedrin accumulates to very high

levels, accounting for 50-75% of the total stainable protein of the

cell detected on SDS-polyacrylamide gels. Because the polyhedrin gene

is not essential for virus replication or stability in cell culture,

it can be altered by recombinant DNA techniques and foreign genes can

be substituted for the natural gene in the baculovirus genome,

without adversely affecting the viral infection process. In recent

years, the polyhedrin.gene region has been used to express genes from

many sources, including bacteria, viruses and mammals (Smith et

al.,1983b; Pennock et al., 1984; Maeda et al., 1985; Miyamoto et

al., 1985; Smith et al., 1985; Kuroda et al.,1986; Inumaru and Roy,

1987; Jeang et al., 1987; Overton et al., 1987; St.Angelo et al.,

1987). In addition to providing a promoter which allows high levels

of expression, inactivation of the polyhedrin gene due to insertion

of foreign genes results in mutants that do not produce occlusions in

infected cells. These occlusion-negative viruses form plaques that

are different from plaques produced by wild-type viruses, and this

distinctive plaque morphology is used to screen for recombinant

viruses (Smith et al., 1983).

Therefore, the polyhedrin gene provides: 1) a nonessential

region of the AcNPV genome in which to insert foreign DNA, 2) a very

strong promoter which directs transcription late in infection, and 3)

a genetic marker to select for recombinant viruses.

Here we describe the cloning of the glycoprotein gene of

infectious hematopoietic necrosis virus (IHNV) into two expression

vectors pAC373 and pAC611 derived from AcNPV. The cDNA of the IHNV
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glycoprotein gene is 1,609 bps long, has a 5'non-coding region of 48

nucleotides, two ATG start sites at positions 49 and 58, and a

termination codon TAA at position 1,573 (Koener et al., 1987). The

single reading frame encodes a protein of 508 amino acids, which

translates into a M.W. of about 56,795. Upon cotransfection of

Spodoptera frugiperda insect cells with these plasmids and intact

AcNPV DNA, recombinant virus was isolated containing the gene for the

glycoprotein of IHNV in the polyhedrin region of its genome. When S

frugiperda cells were infected with the recombinant virus, the

infected cells produced IHNV glycoprotein.

MATERIALS AND METHODS.

Cells and virus

The following procedures were adapted from Summers and Smith,

1986. AcMNPV,E2 was provided by M.D.Summers, Dept. of Entomology,

Texas A&M University, Texas, and the Spodoptera frugiperda cell line

Sf9 (Fall Armyworm Ovary) was purchased from American Type Culture

Collection (ATCC No.CRL 1711). Sf9 cells were maintained at 27°C in

Grace's insect tissue culture medium (Gibco) supplemented with TC

Yeastolate, Lactalbumin Hydrolysate (Difco)(Hink, 1970), 10% fetal

calf serum (HyClone) and lx Penicillin-Streptomycin-Fungizone mixture

(Whittaker, M.A.Bioproducts). AcNPV was used to infect cells at a

multiplicity of infection of 1 to 10 depending on the experiment

(Summers and Smith, 1986). For infection, Sf9 cells were seeded at

an appropriate density into flasks and allowed to attach for at least
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1 hour. The medium was removed, virus was added and the cells were

incubated at 27°C for 1 hour. Fresh medium was then added and the

cells were incubated at 27°C for 2 to 4 days. To collect

extracellular virus, the infected cell medium was transferred to a

centrifuge tube and the cells were pelleted at 2,500 rpm for 10 min.

The supernatant was collected into a fresh tube and stored at 4°C.

Purification of extracellular virus DNA

Cell cultures were infected for 36 to 48 hours. Infected cells

were removed by pelleting at 2,500 rpm for 10 min in a low speed

centrifuge. The supernatant was transferred to ultracentrifuge tubes

and the extracellular virus (ECV) was pelleted at 100,000 x g for 30

min. The pellets were resuspended in 4.5 ml extraction buffer (0.1 M

Tris, 0.1 M EDTA, 0.2 M KC1,;pH-7.5 ), 200 ug proteinase K were added

and the suspension was incubated at 50°C for 1 to 2 hours. A 10%

Sarcosyl solution (0.5 ml) was then added and the incubation was

continued at 50°C for another 2 hours. The sample was extracted twice

with phenol-

chloroform, without vigorous shaking and using wide-mouth pipettes to

avoid mechanical shearing of the DNA. The DNA was then precipitated

in 2 volumes of absolute ethanol, incubated at -80°C for 10 min. and

pelleted at 2,500 rpm for 20 min. The pellet was resuspended in 0.1

x TE buffer (1 mM Tris, 0.1 mM EDTA, pH-8.0) and stored at 4°C.

Cloning genes into AcNPV transfer vectors
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The Baculovirus expression vectors (BEVs) pAC611 and pAC373 used

in these studies were provided by M.D.Summers, Dept. of Entomology,

Texas A&M University, Texas. The IHNV glycoprotein (G) gene was cut

out of its parent plasmid pT7(2) and ligated into pAC611 or pAC373.

In all cases the recombinants were tranformed into Escherichia coli

JM101 cells and grown on LB agar plates containing 100 ug of

ampicillin per ml. Four different constructs containing the G gene

were generated using the following strategies:

1) The G gene was cloned into the PstI site of pAC611. (Fig.

III.3a).

The G gene was excised from pT7 with the restriction enzyme PstI

(Bethesda Research Laboratories). The insert was purified on a low

melting temperature agarose gel and ligated into the unique PstI site

of the multiple cloning site of the vector pAC611. Calf intestinal

phosphatase (Boehringer-Mannheim) was used to dephosphorylate the

restricted ends of the vector. The orientation of the G gene in the

BEV was determined by XbaI (Bethesda Research Laboratories)

digestion.

2) The G gene was cloned into the Smal site of pAC611. (Fig.III.

3b).

The G gene was removed from its plasmid with BstXI (NEBiolabs)

and HindIll (Bethesda Research Laboratories) and gel purified. The

3'overhang of the insert was blunt-ended with T4 polymerase and the

5'end was filled in with Klenow polymerase (BRL). The vector pAC611

was cut with Smal (BRL), dephosphorylated with calf intestinal

phosphatase and then ligated to the blunt-ended G gene.
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The restriction enzyme XbaI was used to determine the orientation of

the insert.

3) The G gene was put between the BamHI and KpnI sites of

pAC373. (Fig. III. 3c).

For this construct the G gene was first subcloned into the

plasmid vector pUC19 and in a second cloning step it was put into the

BEV pAC373. The BstXI and HindIII cut G gene was blunt-ended as

described above and ligated into the unique Smal site of pUC19. The

construct was transformed into JM101 cells and LB agar plates

containing X-Gal and IPTG were used to screen for recombinants.

Positive clones containing the 1,600 by G insert were selected and

cut with the restriction enzymes BamHI and KpnI. The released insert

was gel purified and ligated into the BEV pAC373 which had also been

cut with BamHI and KpnI. This unidirectional cloning strategy results

in recombinants which all have the insert in the right orientation.

4) The G gene was cloned into the BamHI site of pAC373. (Fig.

III. 3d).

In this case the unique BamHI site of pAC373 was blunt-ended

with Klenow and was dephosphorylated with calf intestinal

phosphatase. The G gene was cut with BstXI and HindIII, blunt-ended

and ligated into the vector. The orientation of the insert was

determined by cutting the recombinant plasmid with the restriction

enzymes KpnI and XbaI.

Plasmid DNA isolation and Colony blots
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Small scale and large scale plasmid preparations were carried

out by the boiling method of Holmes and Quigley (1981). Colony

hybridizations and dot blots were performed as described by Maniatis

(1982) and hybridized with a 32P-labeled G-specific cDNA. The probe

was made by nick-translation of the 1,600 by insert of the clone pG8,

which contains the whole coding sequence of the glycoprotein gene in

pUC8 (Koener et al.,1987). Autoradiography was performed using Kodak

X-AR5 film with Dupont intensifying screens at -70°C.

Transfection of Sf9 cells

The recombinant plasmids were used to generate recombinant

baculoviruses as described previously (Summers and Smith, 1986).

Plasmids containing foreign genes are transferred to the AcNPV genome

by recombination in milm, using a modification of the calcium

phosphate precipitation technique. Insect Sf9 cells were seeded into

25ml flasks at a density of 2.5x106 cells per flask and were allowed

to attach for at least one hour at 27°C. In a microfuge tube, 2 ug of

AcNPV viral DNA and 3 ug of pAC recombinant plasmid were mixed

together with 950 ul HEBS/CT solution (1.37 M NaCl, 0.06 M

D(+)glucose, 0.05 M 'Cpl., 0.007 M Na2HPO4.7H20, 0.2 M HEPES, pH -7.05-

7.1 ). The pH of this solution is very critical. If it is below 7.0,

the DNA will not form a visible precipitate and the transfection will

be very inefficient. If the pH is too high, a precipitate with very

large particles will form and many of the cells will die. At the

correct pH, a very fine precipitate will form over the cells that

will give them a "milky" appearance and the particles will be just
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visible at 400x magnification. Fifty ul of 2.5 M CaC12 were added to

the DNA/HEBS/CT mixture and after a 30 min. incubation at room

temperature, the mixture was added to the cells that had previously

been covered with fresh culture medium. After a 4 hour incubation at

27°C the medium was replaced with fresh medium. The flasks were

incubated at 27°C for 4 to 7 days until the infection

was at an advanced stage.

Plaque Assays

Virus from the transfection mixes was diluted 10-1 to 10-5 in 1

ml samples of Grace's culture medium. Sf9 cells were seeded into

60x15 mm cultures dishes at a density of 2.5x106 cells per dish in

Grace's culture medium. The cells were distributed evenly and allowed

to attach for at least one hour at 27°C. After the cells had

attached, the medium was removed and one ml diluted virus inoculum

was added to each plate. The plates were incubated for one hour at

27°C. At the end of this incubation period, the viral inoculum was

removed and replaced with 4 ml of 1.5% low gelling temp. (SeaPlaque)

agarose overlay (resuspended in culture medium). The overlay was

allowed to solidify and the plates were incubated with high (80-100%)

humidity at 27°C for 4 to 6 days until plaques were well formed.

Visual screening for recombinant viruses

The inverted dishes were examined for plaques under a dissecting

microscope at a magnification of 30-40x. Against a dark background
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the wild-type plaques look very refractile with a slight yellow

color, whereas the recombinant (occlusion-negative) plaques are less

refractile and white. Each plaque was then examined under an inverted

phase microscope at 400x for the absence of polyhedra.This method

proved to be useful for checking the efficiency of the transfection,

but it was difficult to locate recombinant plaques with certainty.

Plaque hybridizations

To identify recombinant viruses by plaque hybridization, a

plaque assay was set up as described above. After 6 days of

incubation, the edges of the agarose were loosened with a sterile

spatula, the agarose was lifted away from the dish and dropped cell

side up onto a larger petri dish. A dry nitrocellulose (NC) filter

was placed on top of the cells on the agarose. Orientation markings

were punched through the NC filter and the agarose disc with a

sterile needle. A circle of Whatman 3 MM paper was saturated with

solution A (0.05 M Tris-HC1, pH-7.4; 0.15 M NaC1) and placed on top

of the NC filter. The paper was tamped down firmly in order to bring

the NC filter in contact with the cells and to force out any air

pockets. After one min. the Whatman paper was removed and the NC

filter was placed cell side up on a Whatman filter saturated with

solution B (0.5 N NaOH, 1.5 M NaC1). The agar averlay was stored at

4°C under 100% humidity. After 2 to 3 min. the NC filter was lifted

off and air-dried. It was then transferred to a Whatman paper

saturated with solution C (1.0 M Tris-HC1, pH-7.4; 1.5 M NaCl), left

on again for 2 to 3 min. and air-dried. In a last step, the NC



55

filters were gently immersed into a petri dish filled with solution D

(0.3 M NaCl, 0.03 M Na Citrate) and again dried on paper towels. When

all filters had been prepared, they were baked for 2 hours at 80°C

under vacuum.

Next, the baked filters were hybridized with a suitable labeled

probe and after the autoradiogram had been developed the positive

areas were aligned to the original agarose. Fairly large (several mm)

areas of agarose surrounding each positive were picked and

transferred to 1 ml of medium. Insect cells were infected with part

of this inoculum and for those plaques that were still occlusion-

positive, the plaque assay process was repeated.

SDS-Page. Immunoblotting and Immunoprecipitation

Monolayers of Sf9 cells in 25m1 flasks were infected with

recombinant virus or wild-type AcNPV, as described above. After a 1

hour adsorption, the inoculum was removed and 5 ml of culture medium

was added. The cells were incubated at 27°C for 4 to 6 days.

Cells were mixed with an equal volume of 2x concentrated sample

buffer (10% glycerol, 5% mercaptoethanol, 3% SDS, 62.5 mM Tris-HC1,

pH-6.8, 0.03% bromophenol blue), boiled for 5 min. and the lysates

were resolved by electrophoresis on 9% polyacrylamide slab gels

prepared as described by Laemmli (1970). The gels were stained in

0.1% Coomassie Brilliant Blue in 10% aqueous acetic acid containing

30% methanol.

The proteins were blotted onto nitrocellulose filters using an

electroblotting apparatus as described by Towbin et al.(1979). The
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blot was incubated with a 1:250 dilution of rabbit anti-IHNV

glycoprotein serum . The bound antibody was detected using goat anti-

rabbit IgG horse radish peroxidase complex (Sigma) following the

manufacturer's protocol. 4-Chloro-l-naphthol was used as a substrate

for the peroxidase.

Immunoprecipitation was used to determine if the expressed

glycoprotein was secreted into the supernatant. Cell supernatant was

mixed with RIPA buffer (1% sodium deoxycholate, 1% Triton-X100, 0,2%

SDS, 150 mM NaC1,50 mM Tris-HC1, pH 7.4), IHNV glycoprotein antiserum

and a suspension of protein A-Sepharose CL-4B beads (Pharmacia).

Following an 8-hour incubation at 37°C, the beads were recovered by

centrifugation, washed 3 times with cold RIPA buffer, and the immune

complexes bound to the beads were removed by boiling for 5 min.in

Laemmli buffer. Aliquots of the supernatant were analyzed by

electrophoresis on 9% polyacrylamide slab gels and stained with

Coomassie Brilliant Blue.



57

RESULTS

Construction of the recombinant vectors

The strategy for the construction of the insect vectors

containing the IHNV glycoprotein gene is shown in Fig. 111.3. A

complete cDNA copy of the glycoprotein gene was placed under the

control of the AcNPV polyhedrin promoter using the tranfer vectors

pAC611 and pAC373 as described in the Materials and Methods. For

each vector two recombinants were obtained pAC611-G1, pAC611-G2,

pAC373-G3, and pAC373-G4. In both vectors pAC611 and pAC373,the ATG

translation initiation codon for the polyhedrin protein was deleted

(Summers and Smith, 1986). The plasmids also contain a total of 6

kilobases of the baculovirus AcNPV sequences immediately surrounding

the polyhedrin gene to serve as sites for in vivo recombination with

wt AcNPV DNA.

Figures 111.3 and 111.5 show the details of the recombinant

vector constructs.

The construct pAC611-G1 contains in its PstI site the entire G-

cDNA, including G residues at the 5'end and at the 3'end, and an

untranslated leader sequence of 48 nucleotides at the 5'end. To

select the recombinants containing the insert in the right

orientation, Xbalrestriction digests were performed. The enzyme XbaI

cuts the 1.6 kb G gene once, generating a 900 by and a 700 by

fragment (Koener et al.,1987). In pAC611 the digests resulting in a

700 by fragment are those that have the insert in the right

orientation for expression.
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For the pAC611-G2 recombinant, the G gene was cut at the 5'end

with the enzyme BstXI, which cuts exactly in front of the first ATG

site of the G gene (Koener et al., 1987) and at the 3'end, the gene

was cut out of its parent plasmid with HindIII. Both ends were

blunt-ended as described in Materials and Methods and the gene was

cloned into the Smal site of the vector pAC611. An XbaI restriction

digest was performed and those recombinants generating a 900 by

fragment were the ones with the G gene in the right orientation.

The pAC373-G3 construct contains the BstXI and HindIII cut,

blunt-ended G gene, which had first been cloned into the Smal site of

pUC19 and had then been subcloned into the BamHI and KpnI sites of

pAC373, as described in Materials and Methods.

The recombinant pAC373-G4 was made by ligating the BstXI and

HindIII cut, blunt-ended G gene into the blunt-ended unique BamHI

site of pAC373. Restriction digests with BamHI and KpnI generated an

1,160 by fragment in the case of a recombinant with the G gene in the

right orientation.

Dot blots were performed and hybridized to a 32P-labeled probe

prepared by nick-translation of the isolated G gene. The results in

all four cases confirmed that the recombinants were carrying the

glycoprotein gene, as'shown in Fig. III. 4.

Construction of recombinant baculoviruses

To transfer the IHNV glycoprotein gene into the AcNPV genome, S

frugiperda cells were co-transfected with AcNPV DNA and each of the

recombinant baculovirus vectors, as described in the Materials and
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Methods. Plaques produced from each transfection were screened under

the microscope for polyhedrin negative phenotype. Plaque

hybridizations using a G-specific 32P-labeled probe were performed to

confirm the results. After a second cycle of plaque purification and

plaque hybridization, recombinant viruses containing the G gene were

isolated from the infected insect cells and stocks of the recombinant

viruses were obtained through infection of monolayers of insect

cells.

Expression of the IHNV glycoprotein in S. frugiperda cells

Monolayers of S. frugiperda cells were infected at high

multiplicity with AcNPV or the recombinant baculoviruses, as

described in the Materials and Methods. Six days p.i., the infected

cells were lysed with sample buffer and the lysates were

electrophoresed on SDS-PAGE gels (Fig. 111.6). The recombinants

synthesized a major protein species that migrates with an estimated

size of 66,000 Da, similar to that of the IHNV G protein (McAllister

and Wagner, 1975). The virus-produced IHNV G protein was analyzed by

immunoblotting using rabbit anti -IHNV G protein serum, as described

in the Materials and Methods (Fig. 111.7). Lanes containing

different concentrations of infected cell lysate react positively

with the antiserum, whereas lanes containing mock-infected or AcNPV-

infected samples do not show a reaction with the antiserum. The size

of the protein as determined by gel electrophoresis corresponds to

the size of the glycosylated form of the G protein. Indeed,

deglycosylation studies using endoglycosidase H and endoglycosidase F
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have been performed on IHNV glycoprotein purified from fish cells

(Engelking et al.,unpublished results). The deglycosylated protein

migrates noticeably lower on polyacrylamide gels (55,000 Da).

Additional studies will have to be conducted to confirm whether the

baculovirus-produced IHNV G protein is glycosylated. The levels of

expression appeared to be similar with recombinant virus constructed

using the pAC611 or the pAC373 tranfer vector. From optical scans of

the stained gels using a densitometer, the amounts of protein were

estimated to represent about 43% of the total infected cellular

extract. To determine if the G protein is secreted into the

supernatant,immunoprecipitation experiments were done and the

products were analyzed by PAGE. No detectable amounts of G protein

could be found in the tissue culture supernatant, which suggests that

the G protein is not secreted in large amounts or that it is anchored

in the insect cell, possibly by means of its transmembrane region

which was described earlier (Koener et al., 1987).
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DISCUSSION

The results of these studies show that recombinants between

AcNPV DNA and the IHNV glycoprotein gene expressed the G protein in

cultured cells of S. frugiperda. Two baculovirus vectors were

employed pAC611 and pAC373 and the vector difference appeared to have

no effect on the level of expression of the G protein. The amount of

protein produced was about 43% of the total insect cell extract and

although it does not quite reach the levels of polyhedrin synthesis

(50% to 75% of the total stainable protein), this is a high

expression level for a foreign protein in this baculovirus system. At

the beginning of these studies several aspects that were likely to

influence expression itself or expression levels had to be

considered. In all four constructs the 3'end was cut from inside the

parent plasmid pT7-2 with either PstI or HindIII, leaving 12 to 15 G

residues and a non-coding region of about 50 nucleotides after the

TAA stop codon at position 1,573. This stop codon should be the one

that the baculovirus system uses and the subsequent nucleotides

should not affect the size or the processing of the expressed G

protein. Changes in the 5'end of the G gene however might affect the

expression process and expression levels. The 5' end of the G gene

differs in each of the four constructs (Fig. III. 5).

The recombinant pAC611-G1 has 12 G residues at the 5'end

followed by a non-coding region of 48 nucleotides and the two ATG

sites at positions 49 and 58 are the same as in the original cDNA

clone (Koener et al., 1987). The sequence is ACAATGGACACCATGA.
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In the three other constructs, the 5'end was blunt-ended after

being digested with BstXI,which starts the sequence of the G gene in

each case at the first ATG site and removes all G residues. When

ligated into the Smal site of pAC611 or of pUC19, the 5'end sequence

reads CCCATGGACACCATGA. This is the case for pAC611-G2 and pAC373-

G3.

The fourth construct pAC373-G4 has the G gene cloned into the

blunt-ended BamHI site and has the following 5' sequence

GGATCAIgGACACCATGA. When the first putative ATG start sites of each

construct are compared to the "Kozak's box" ACCATGG (Kozak, 1981,

1984, 1986) they all have a G in the position +4 and pAC611-G1 and

pAC373-G4 have a purine (A) in the -3 position, which is favored over

the C in -3 in the two other constructs.

It was thought that the 5'G residues in pAC611-G1 might lower or

inhibit expression. However, all four recombinants expressed the G

protein in comparably high levels under our experimental conditions.

Although the presence of carbohydrates has not been directly

demonstrated, the polyacrylamide gel electrophoretic analyses

indicate that the baculovirus-produced G protein may be glycosylated.

The G protein band migrates at about 66,000 Da. It is known that the

G protein when processed in CHSE-214 cells (Chinook Salmon embryo

cells) is glycosylated (Engelking et al., unpublished results). After

deglycosylation, the protein band size is reduced from 66,000 Da to

about 55,000 Da. Western immunoblots were done on the polyacrylamide

gels to confirm that the expressed protein corresponds to the IHNV G

protein. A single protein band with a mol. wt. identical to that of
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the IHNV G protein reacted positively with rabbit anti-G protein

serum. Immunoprecipitation experiments show that the G protein is

not present in detectable amounts in the tissue culture supernatant.

Only cell lysates contained the expressed protein, which suggests

that after being processed it is not secreted in detectable amounts

by the insect cells. The G protein has a hydrophobic signal peptide

at its amino terminus and a hydrophobic transmembrane segment at its

carboxy terminus (Koener et al., 1987). It has been reported

previously that foreign proteins undergo posttranslational

modifications when expressed in the baculovirus system. In the case

of the G protein it can be speculated that the signal peptide is

cleaved off and that the protein is transported from the nucleus to

the insect cell membrane and that it is then inserted in the cell

membrane through its transmembrane region. Further studies will have

to be undertaken to prove or disprove this hypothesis and to

determine the exact location of the protein within the insect cell.

This system will allow us to prepare relatively large quantities

of G protein that should be processed in a similar manner to that

produced in vivo. Thus it will be an excellent tool to study these

processes in detail and to get a better understanding of the role of

the G protein in the biology of the IHNV. It is known that the G

protein is responsible for antibody formation in infected fish, but

very little is known about the immunological events that take place

when fish are infected or vaccinated. Further studies of the IHNV G

protein will help to elucidate some of these problems.
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Fig.III.l. The infectious cycle of Autographa californica nuclear

polyhedrosis virus (AcNPV). This figure was modified from Summers and

Smith, 1986.
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Fig.III.2. General strategy for cloning foreign genes into

Baculovirus vectors and cotransfection of insect cells to generate

recombinant baculoviruses.



Polyhedrin Cleavage Sites
Promoter

Flanking
Sequences

Plasmid

Polyhedrin
Promoter/

Cleavage

Foreign Gene

Ligation
Foreign

Baculovirus DNA

Insect Cell in
Tissue Culture

Cotransfection

Polyhedrin gene

Recombination

Recombinant Baculovirus
(Polyhedrin minus)

Figure 111.2.

67



68

Fig.III.3. Construction of recombinant Baculovirus vectors containing

the glycoprotein (G) gene of infectious hematopoietic necrosis virus.

The G gene was removed from its parent plasmid pT7-2 by restriction

enzyme digest and subcloned into the Baculovirus vectors pAC611 and

pAC373.

a) Construct pAC611-G1 contains the G gene in the PstI site of

pAC611.

b) Construct pAC611-G2 contains the G gene in the Smal site of

pAC611.

c) Construct pAC373-G3 contains the G gene between the BamHI and

KpnI sites of pAC373.

d) Construct pAC373-G4 contains the G gene in the BamHI site of

pAC373.

The restriction maps of pAC611 and pAC373 were modified from Summers

and Smith, 1986.
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Fig.III.4. Dot blot of the recombinant Baculovirus vectors. Purified

recombinant plasmid DNA from pAC611-G1, pAC611-G2, pAC373-G3 and

pAC373-G4 was blotted onto a nitrocellulose membrane and hybridized

to a G gene specific 32P-labeled DNA probe. The pAC611 and pAC373

vector DNAs as well as pUC19 DNA were included in the analysis as

negative controls.
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Fig.III.5. Predicted sequences of the four recombinant Baculovirus

vectors through the polyhedrin leader to the first ATG translation

initiation codon of the IHNV glycoprotein. The AcNPV sequence is

shown in the upper lines (Hooft van Iddekinge et al., 1983). The

pAC611 and pAC373 sequences were taken from Summers and Smith, 1986.

The additional sequences of unknown origins in pAC373 have been

described previously by Matsuura et al., 1986.
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Fig.III.6. Analysis of proteins by SDS-PAGE. Spodoptera frugiperda

cells were infected with the recombinant baculoviruses Ac611-G1,

Ac611-G2, Ac373-G3 and Ac373-G4. Cell lysates were analyzed by

electrophoresis on a 9% polyacrylamide gel and stained with Coomassie

Brilliant Blue (lanes 3 to 6 and 8 to 11 ). Samples of cells infected

with wild-type AcNPV (lanes 1 and 13 ) and uninfected cells (lanes 2

and 12 ) were included for comparison. Lane 7 contains purified IHNV

proteins. Mobilities of the IHNV proteins are indicated.
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Fig.III.7. Analysis of proteins by Western immunoblot. Spodoptera

frugiperda cells were infected with recombinant (lanes 1 to 4 ), or

wild-type AcNPV (lane 7 ) or were mock infected (lane 6 ). Lane 5

contains purified IHNV proteins. After electrophoresis on SDS-PAGE

the proteins were blotted onto a nitrocellulose membrane. The blot

was analyzed with rabbit anti-IHNV antiserum as described in the

Materials and Methods.
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