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ABSTRACT. In the Marek’s disease virus (MDV) serotype 2 (MDV2) genome, a gene equivalent to the glycoprotein I (gI) of other
alphaherpesviruses was identified and sequenced. The primary translation product comprises 355 amino acids with a M, of 38.4 kDa. The
predicted amino acid sequence possesses several characteristics typical of membrane glycoproteins, including a N-terminal hydrophobic
signal sequence, C-terminal transmembrane and cytoplasmic domains, and extra-cellular region containing three potential N-linked
glycosylation sites. Compared to other MDV serotypes, MDV2 gl showed 49% identity with MDV 1 g, and 36% identity with HVT gI at
the amino acid level. In transcriptional analyses, a 3.5 kb mRNA which starts between 56 and 147 bps upstream of the potential
translational initiation codon of gI was identified as the gl-specific transcript. By a recombinant baculovirus, this potential gI encoding
region was expressed as two specific products 45 and 43 kDa. Both products were susceptible to tunicamycin treatment, indicating that
they were glycoprotein. Further, the expressed gl reacted with all chicken-antisera raised to each of the three serotypes of MDV (strains
GA, SB-1, and FC126), suggesting that gl is expressed by all three serotypes of MDV in infected cells and conserves common antigenic
epitope(s) beyond serotypes. — KEY WORDS: cross-reactive epitope, glycoprotein I, Marek’s disease virus serotype 2, recombinant

baculovirus.

Marek’s disease virus (MDV) is a cell-associated
herpesvirus which cause Marek’s disease (MD), a naturally
occurring T-cell lymphoma in chickens. The disease, caused
by pathogenic MDV serotype 1 (MDV1), has been prevented
by vaccination with attenuated MDV1 or herpesvirus of
turkeys (HVT) which is antigenically related to MDV1 and
is also termed MDYV serotype 3. The efficacy of MD
vaccine can be improved by co-vaccination with HVT and
MDYV serotype 2 (MDV2), which is a naturally avirulent
strain [6, 46]. All three serotypes of MDV genome
structures are similar to those of other alphaherpesviruses
[7, 11, 17, 38] and have numerous genes that are
homologous to and colinear with those of herpes simplex
virus type 1 (HSV-1) and varicella-zoster virus (VZV) [5].
The MDV2 genome differs in restriction endonuclease digest
patterns from those of either MDV1 or HVT [16, 44, 47].
However, molecular analysis of MDV?2 has lagged behind
other MDYV serotypes and alphaherpesviruses.

The surface glycoproteins of alphaherpesviruses play
prominent roles in the infectious process, and are
predominant targets for both humoral and cellular immunity
in the host. Among HSV-1 glycoproteins, glycoprotein I
(gl) elicits protective immunity against a lethal
intraperitoneal and ocular challenge with HSV-1 in mice
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[12, 13] as well as several other glycoproteins. Further,
antibodies to a recombinant gl of HSV-1 expressed by a
baculovirus system significantly prevent the establishment
of latency and neutralize the infectivity of HSV-1 in the
presence of complement. Based on these findings, it was
proposed that gl may be of value as part of a subunit vaccine
for HSV-1 [13]. HSV-1 gl forms a complex with
glycoprotein E (gE) that can bind the Fc portion of
immunoglobulin G (IgG) [21, 22]. VZV glycoprotein gplV,
homolog of HSV-1 gl, also forms a heterodimer with gpl
(gE) which is likely to be involved in the Fc receptor activity
induced on the surface of VZV-infected cells [28, 51]. The
significance of this receptor is obscure, although
involvement in a mechanism of immune evasion of the virus
by blocking effector functions requiring Fc recognition is
speculated [1]. The gl and gE complex of HSV-1 and the
homologous complex of pseudorabies virus (PRV) are
dispensable for virion entry but are required for efficient
cell-to-cell transmission and cell fusion [9, 54, 55].

In MDV1 and HVT genomes, the potential open reading
frames (ORFs) which are homologous to the HSV-1 gl gene
were reported [4, 53]. The gl homolog of MDV1 (MDV1
gl) was identified as a 45 kDa glycoprotein with an
unglycosylated 35 kDa precursor polypeptide in MDV1-
infected duck embryo fibroblasts (DEF) by
immunoprecipitation [3]. MDV1 gl-specific antisera
coprecipitated MDV1 gE with gl [3], suggesting that g and
gE of MDV1 can form a complex as observed in other
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alphaherpesviruses [14, 21, 55]. However, the role(s) of gl
and gE homologs of MDV in the course of infection and in
the protective immunity against MD has not yet been
studied.

Since MDV?2 is naturally occurring apathogenic or
nononcogenic strain of MDV in Gallus birds [26, 27],
comparative studies on the virus genome and its function of
MDV2 with those of MDV1 might be a crucial subject for
understanding viral oncogenicity and natural immunity. The
purpose of the present studies is to identify the gene
encoding gl homolog of MDV2 strain HPRS 24 (MDV?2 gI)
which might involve in protective immunity, and to
characterize its mRNA. We also expressed MDV?2 gl by a
baculovirus expression system, and investigated the
antigenic property of MDV?2 gl in relation to other serotypes
of MDV.

MATERIALS AND METHODS

Cells and viruses: Autographa californica nuclear
polyhedrosis virus (AcNPV) and recombinant AcNPV
(rAcNPV) were grown in Spodoptera frugiperda clone 9
(S9) cells in TC-100 medium (Gibco BRL, Grand Island,
NY) supplemented with 10% fetal calf serum (FCS), 0.3%
tryptose phosphate broth (TPB), and antibiotics. Primary
chicken embryo fibroblasts (CEF) were grown in an equal
amount of Medium 199 and Ham’s F-10 nutrient mixture
(Gibco BRL, Grand Island, NY) containing 5% calf serum,
10% TPB, and antibiotics. MDV2 (strain HPRS 24) was
passaged in CEF at least 30 times prior to use in this study.

Plasmids and cloning: Plasmid DNA manipulations were
performed essentially as described by Sambrook et al. [45].
A 9.1 kb BamHI-F fragment of MDV2 genome cloned in
pUC19 (Fig. 1A) was reported [38]. To obtain the complete
sequence of MDV2 gl ORF, a 2.6 kb Scal-Hindlll
subfragment (Fig. 1B) was cloned into pBluescript SK+ and
SK- vectors (Stratagene, La Jolla, CA), and then deleted by
exonuclease III to construct deletion clones. The plasmid
transfer vector for AcNPV, pAcYMI1, was described by
Matsuura et al. [30].

DNA sequencing and computer analysis of data: DNA
sequence was determined on both strands using an
autosequencer system (Applied Biosystems, Foster City,
CA). DNA and amino acid sequences were analyzed with
UWGCG (Versio 7.0) and run through a SUN SPARC serve
690MP. Homology searches from the GenBank and EMBL
databases were performed using the UWGCG program
FASTA [41].

Virus infection and isolation of total RNA: CEF were
infected with MDV?2 strain HPRS 24 or mock infected at 3
x 109 cells per a 60-mm-diameter dish. To prepare total
RNA, monolayers of virus- or mock-infected CEF were
harvested at 96 hr postinfection (PI) and treated with 0.05%
ethylenediaminetetraacetic acid (EDTA) in phosphate-
buffered saline (PBS). Total RNAs were extracted from
these lysates by ISOGEN (Nippon Gene, Tokyo, Japan)
according to the recommendation of the supplier.

Northern blot analysis: Three subclones from the BamHI-
F genomic DNA were used as probes, designated in the
order of their mapping as I, II, and III (Fig. 1D). Total
RNA (10 ug per lane) was fractionated on 1.2% agarose
gels containing 2.2 M formaldehyde as described by
Sambrook et al. [45]. RNA was transferred to nylon
membrane filters (Biodyne, Pall BioSupport, NY) by the
method of Southern [49]. DNA probes were radiolabeled
with [a-2P]JdCTP by the nick translation method as
described by Rigby et al. [43] using nick translation kit
(Boehringer Mannheim GmbH, Germany), and hybridized
to RNA on the filters under stringent conditions as
previously described [15].

5’-end amplification of cDNAs: To identify transcriptional
initiation site(s) of the upstream of the MDV2 gI homolog
gene, rapid amplification of cDNA end (RACE) method
[10] was performed. Total RNA (5 ug) was treated with
RNase-free DNase 1 (Boehringer Mannheim GmbH,
Germany) at 25°C for 30 min and heated to 94°C for 5 min
to inactivate DNase I. To synthesize first strand cDNA,
cach of the DNase I-treated samples was incubated with 10
units of reverse transcriptase (Gibco BRL, Gaithersburg,
MD) at 45°C for 2 hr in the presence of antisense primer-1,
5’-GATCCGTCGATCGCCATAAC-3’, and RNase inhibitor
(Toyobo Co., Ltd., Osaka, Japan). After first strand cDNA
was synthesized, ¢cDNA molecules were added
homopolymeric tails of dATP at the 3’-ends by terminal
deoxynucleotide transferase (Gibco BRL, Gaithersburg,
MD). The samples were then thermocycled using (dT),;-
adapter (5’-GACTCGAGTCGACATCGATTTTTTTTTTTT
TTTTT-3’) and adapter (5’-ACTCGAGCGACATCGA-3’)
primers, and another antisense primer-2, 5’-
GGACGCCGCACTCCAATGTG-3’ under the conditions of
denaturation (94°C, 1 min), annealing (§5°C, 2 min) and
extension (72°C, 2 min) for 30 cycles with the GeneAmp
PCR reagent kit and AmpliTaq DNA polymerase (Takara
Shuzo Co., Ltd., Kyoto, Japan). The RACE-amplified
cDNAs were cloned by a TA cloning system (Invitrogen,
San Diego, CA) and sequenced.

Construction of recombinant AcNPV: The SnaBl-Smal
fragment was excised from the cloned 2.6 kb Scal-Hindlll
fragment, and inserted into blunt-ended pAcYMI cloning
site (Fig. 5). The recombinant transfer vector was
designated pAcMDV2gl. The orientation of the inserted
fragment was confirmed by nucleotide sequencing of the
5’-junction region (data not shown). pAcMDV2glI and
BaculoGold-linearized baculovirus DNA (Pharmingen, San
Diego, CA) were cotransfected into Sf9 cells, and the
recombinant AcNPVs (designated rAcMDV2gl) were
obtained.

Preparation of antisera: Antisera against MDV2 (HPRS
24) and HVT (FC126) were prepared by repeated
inoculations of each of the virus-infected CEF (1000 PFU
per chicken) into specific-pathogen-free chickens. Chicken
polyclonal antisera against MDV1 (GA) and MDV2 (SB-1)
were kindly provided by Dr. K. Imai (National Institute of
Animal Health, Japan).
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Immunofluorescence analysis (IFA): Sf9 cells infected
with rAcMDV2glI or wild-type AcNPV (wAcNPV) at a
multiplicity of 10 PFU per cell were harvested 48 hr PI as
previously described [34], with the following modifications.
In order to examine total fluorescence, cells were smeared
on slides, fixed with acetone, and incubated with one of the
three serotypes of anti-MDV polyclonal antibodies for 30
min at 37°C. To examine cell surface immunofluorescence,
unfixed cells were suspended in ice-cold PBS containing
3% FCS and 0.1% sodium azide, and then incubated with
anti-MDV2 HPRS 24 polyclonal antibody for 30 min at
4°C. The cells were washed with PBS and further incubated
with fluorescein isothiocyanate-conjugated (FITC) rabbit
anti-chicken IgG (Cappel, Durham, NC) for 30 min at 37°C
or 4°C, respectively. The cells were washed again with
PBS and examined for fluorescence.

Immunoprecipitation analysis: Sf9 cells (1 x 106 per 35-
mm-diameter dish) were infected with rAcMDV2gl or
wACNPV at a multiplicity of 5 PFU per cell. At 24 hr PI,
the cells were radiolabeled for 12 hr with 50 uCi of
[**S]methionine (1175.0 Ci/mmol; New England Nuclear,
Boston, MA) per dish in Grace’s methionine-free insect cell
medium (Gibco BRL, Grand Island, NY) containing 1/10th
the normal concentration of methionine and 5% FCS. At
36 hr PI, the cells were lysed in ice-cold lysis buffer (1%
Triton X-100, 1% sodium deoxycholate, 1 mM PMSF, 0.15
M NaCl, and 0.02% sodium azide in 50 mM Tris-HCI, pH
8.0) with aprotinin (0.2 U/m/), and immunoprecipitated with
chicken polyclonal antibody and rabbit anti-chicken IgG
(Cappel, Durham, NC) as previously described [18]. The

immune complexes were precipitated with 2 to 4 mg of
Protein A-Sepharose CL-4B beads (Pharmacia, Uppsala,
Sweden), and analysed by SDS-PAGE as previously
described [33, 34]. For tunicamycin (TM) (Sigma Chemical
Co.) treatment, rAcMDV2gl- and wAcNPV-infected cells
were cultured in the presence of 10 ug of TM per m/ as
previously described [34].

RESULTS

DNA sequence analysis of the MDV2 gl gene: The
location of the MDV?2 gD and gl genes on the virus genome,
pertinent restriction endonuclease sites, and the sequencing
strategy are illustrated in Fig. 1. A pUC-based plasmid
library containing the BamHI fragments of the MDV?2 (strain
HPRS 24) genomic DNA was previously established in our
laboratory [38]. The nucleotide sequences of the MDV2
gD gene and a part of the HSV-1 protein kinase (PK) and gl
homologous genes have been submitted to the DDBJ, EMBL
and GenBank Databanks with the Accession No. D83055.

Based on the submitted DNA sequence, we cloned an
about 2.6 kb Scal-HindlIl subfragment from the BamHI-F
fragment (Fig. 1B), and then determined the nucleotide
sequence of a total of 1713 bp containing the putative
MDV2 gl homologous gene (Fig. 2). An ORF of 1065 bp
(position 193 to 1257) encoding 355 amino acids was
identified, which is reasonable length compared to gl
homologs of MDV1 strain GA (355 amino acids; [4]) and
HVT strain FC126 (366 amino acids; [53]). Two possible
initiation codons were located at positions 193 and 214.
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Fig. 1.

Diagram of the MDV2 genome. (A) The genome is organized into the unique long (U.) and short (Uy), internal repeat long

(IRp) and short (IRg), and terminal repeat long (TR,) and short (TRg) regions. (B) A 2.6 kb fragment between Scal and HindllI
sites from a 9.1 kb BamHI-F fragment was cloned, and the DNA sequence of a total 1713 bp containing the gl homologous gene
was determined. (C) The locations and directions of the gD, gI, and gE mRNAs as well as the 6.0 kb mRNA are indicated by bold
arrows. The ORF positions are shown as boxes. (D) The subclones used as probes in the northern blot analyses are shown as bold
lines. The approximate sizes of the subclones are as follows: 1, 0.9 kb; 11, 0.7 kb; II1, 1.1 kb.
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247 ATACTATGITTCCTATTTCTTGTCACGGGGACCCATTCTCTAATCT TCACCGOGACTTCETTATCCGCATCGACGGATCARTCGGCCATCGTTGCCTTCTGTGGACTCGACARAACGGTG 366
signal sequences primer-2 <g§-
59 X VY GR L FF LGCDSUV GV IS VYDGTTETITLERWNETS KTLTE KT CEF SV MY AA g8
367 ABTGTTTACCETAGACTTTTCTTCTICGGTGACTCCETTEETGTTATT TCTTACGATGCAACGACAGAAAT TCTCACATGCAACGARARAC TAAAGTCTTTCTCGGTCATGTATGCCGCG 486
99 L Y T D¢ P LAGSALTERGCRSAYV VY AaTO?2HDRVEKS® PV SETEKG GLLLC 138
487  TTGTATACCGACTGCCCCCTTGCAGCGTCTGCTTTATTTAGAGCATGTAGAAGCCCEGTGGTGTATGE TACCCCTCATGACAGEGTGAAGCCGGTTTC CGARRRAGGATTACTGCTGTGE 606
o| ®w s o w2 esDTc Ty v IR vs i AGCRI[VSS I FR TNV VY TS S S IE T 18
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847 GTGTATARTGICACTCCCAGATCGGTCGTTGGGACAAATACTGATACCATGTCAGCTTTTACTAATTCGACAACAARATC TGCTTCGACGAATTTAATCGCTATGAAGACTACTCATCCA 966
% © S T R R CNLRRALGPEKTL L YHNGES L AGTLCLTLUV L L T GCRAVUVYVKCEKT 208
967 CCAAGTACGCGGCGCTCTAACTTGAGGCGTGCCCTTCCARAATTAATATACATGTCTTCATTGGCAGGCCTGTGCCTTCTCGTACTATTAATTGGTAGAGCGGTTGTAAAGTGCARAACG 1086
transmembrane anchor
20 P X P K I Y K G D S T SDGTISTILTINSAYVDNDATFG CNTPATEKEVDZPSN-IS 338
1087  CCCAAACCCARAATCTACAAGGGCGACTCCACCTCTGACGECATCTCGCTTATCAATTCTGCAGTAAACGACGCAT TTCGGTGTAATCCTGCARAAGAGETTGATCCCTCGARTATTTCT 1206
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1207 GAAGGCGAGAAGCTGGAABACATGCAGAAAACCACCGGARATGTAGAARAGTAACCCTGCGAGCTTATGAGC TGGAATCGACCTTACATGCGCGAAGAAGTAGGCCGTAACTAAGTACATG 1326
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1327  TTAGAAGGGGAGGGGCGGGTTTTGACTTTTAAAAGCACACCGCGGGACCACGGCGGAATTATGC TTGATATACCCCGCCTACGTGGCATAATGTCTTGTCCGCGAATGCCCCTTTTCCTA 1446
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g 1567  ACGTGGACATGGATCTCTAATCGCTGCAACGAAACGGCGACTGGATACGTATGTTTAGACAGCGTTAATTGTT TTCATGACTTAATCGTTAAAATGGCCTGTTGGCGGTATTCCAAAGAG 1686
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1687 GTAATACTGCGCACTGCCAGATTCGTG 1713

\

Fig. 2. Nucleotide sequence and predicted amino acid sequence of a portion of gl (nucleotides 194 to 1258) homolog. The predicted
amino acid sequence is given in the single-letter code above the DNA sequence and the stop codons are represented by asterisks.
The ORF orientations are shown with bold arrows on the left of the sequence panel. Proposed gl mRNA transcriptional start
positions (O—) which were determined using two primers () by the RACE method as described in Materials and Methods are
marked. Restriction enzyme sites are boldly underlined. Potential N-glycosylation sites are boxed, and the predicted N-terminal
signal peptide and C-terminal transmembrane sequences are indicated above the deduced amino acid sequence.

Although a methionine codon exists directly before the  conserved region in three MDV gls (Fig. 3). A hydorphobic
hydrophobic region at position 214 in Fig. 2, the scanning ~ segment (residues 273 to 291) was predicted to be a
model for translation [25] favors more usage of the 5°-  transmembrane anchor element. Although no obvious signal
proximal initiation codon at position 193 (Fig. 2). No major peptide could be predicted from the computer analysis, the
cis-acting transcriptional regulatory sites (TATA-like ~ MDV2 gl ORF displays a markedly hydrophobic region
elements) were evident in the region 5° to this ATG (residues 12 to 29) at the N terminal that can function as a
initiation codon. Also, no canonical polyadenylation signal peptide.
consensus signal was found downstream of the TAA Comparison of the amino acid composition of the MDV2
termination codon. The nucleotide composition of the gl with other alphaherpesvirus gls revealed broad
MDV?2 gl ORF was 26.5% A, 27.0% T, 22.7% C, and 23.8% homologies with HSV-1 gl [32], VZV gplV [8], PRV gp63
G. [42], and their counterparts in equine herpesvirus type 1
Analysis of the predicted amino acid sequence of MDV2 (EHV-1; [2]), feline herpesvirus type 1 (FHV-1; [48]),
gl: The predicted amino acid sequence of MDV2 gl was bovine herpesvirus type 1 (BHV-1; [29]), HVT [53], and
deduced from the nucleotide sequence, as shown in Fig. 2. MDV1 [4] (Table 1). Multiple alignments indicated that
Analysis of the amino acid sequence revealed a number of  several amino acid residues, mainly located in the first half
features common to membrane-associated glycoproteins. of the protein, were conserved in the gls of all three MDV
The MDV2 gl contains three potential sites (NXT/S; where serotypes (Fig. 3) and other alphaherpesviruses (data not
X is any amino acid except proline and cysteine) for N- shown). Further features of these homologies are discussed
linked glycosylation, one of which was located in a highly ~ below (see discussion).
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MDV2 ;SLSNGHMAHWSAASKKHI LFFLFTVTGSHSLIFTGTSLSASTDQSAIVAFCGLDKTVNVYGRLFFLGDSVGVISYDZ%
o L LR PRGNSO AV M L RO P SRS AT
H/T L. MCHTGIACMVCVTLILFCIIIKTQCMVYRGSLVSTTVDQéiQIAéFéiéfV$$LYéKV££Mé$éYLEEI&Sé%
MDV2 ISAVVYATPHDRVKPVSEKGLLLCISDPRISDTGTYYIRVSLigg
- LA GH AV O PEK TRV DA DR T EVALAEL
HVT Igi&$$TR£éSéIH£QYRﬁéLA£T£IngMégééIYYIRfSiDGF
161 ~ 240
S e N S T R
MDV1 ?g%?IFTMVYIIRSSK?W NHSASSFQAHKL RYVDRMAFENYLIGHVGNLLDSDSELHAIYNLZPQSISTDINIVTTP
HVT NKSDYARTSIFVCNGSSG SNéﬁQk&SDE LIPHVNéIiééRiiTL$$éRlPéG$LT£QQlRKDMTTTAP%YRTIRRTT
241 320
MDV2 AFT??ITKSAST ...... NLIAMKTTHPPSTRRCNLRRALPKLIYMSSLAGLCLLVLLIGRAVVKCK .TPKPKIYKG
MDV1 FYDNSGTIYSPTVFNLEF. ] TGMWNTVLKYTLLRL%&FLTMIVLAIIAiA}YLVCERéR éLﬁﬁﬁ%iIG
HVT VNEGLLTAkféébibLNATNLPLPISNXIDYMSVIWRRVALRRIY AYi&iA%iiiLi&T&éSAHKRGSCSRRéAiiié
321 369
MDV2 DSTSDGISLINSAVNDAFGCNPAKEVDPSNISEGEKLENMQKTTGNVEK*
MDV1 éPRé$EAP£iTéi&$ES£QYDYNVKETPSDVIéKéLMéKLKKKVELLéREECV*
HVT NEPTTL%éIT$GNéé EKET%NVé;$iSbAélﬁéRiéiéIéMiRTE*
Fig. 3. Alignment of the predicted amino acid sequence of MDV2 gI homolog to those of the MDV1 [4] and HVT [53].

Alignment was carried out using the computer program FASTA (see Materials and Methods). Dots in sequence,

gaps;

vertical line, identities between amino acids; two vertical dots, high similarity between amino acids; single dots, low
similarity between amino acids; boxes, conserved cysteine residues; underline, N-glycosylation sites; asterisk, translational

termination sites.

Table 1.
pesvirus gl glycoproteins*

Homology among the predicted amino acid sequences of 9 alphaher-

MDV1 HVT EHV-1 PRV FUV-1 BHV-1 VZV HSV-1
MDV2 49 36 27 26 25 24 24 22
MDV1 - 39 27 27 24 24 25 23
HVT - - 26 28 25 26 26 21
EHV-1 - - - 28 39 32 29 25
PRV - - - - 29 28 30 26
FHV-1 - - - - - 36 25 28
BHV-1 - - - - - - 31 28
VZV - - ~ - - - - 28
HSV-1 - - - - - - - -

* Values were obtained using the UWGCG progrom FASTA [39], and are ex-
pressed as percentage identity. The entire gl amino acid sequences were used.
References: MDVI [4], HVT [S1], EHV-1 [2], FHV-1 [46], BHV-1 [27], PRV

[401, VZV [8], HSV-1 [30].

Transcritional analysis of the MDV2 gl gene: In order to
analyze the transcription of the gl gene, northern blot
analyses were performed. Probe I, which covers -1100nt to
-188nt to translational initiation of gl, specifically hybridized
to two abundant RNAs of approximately 6.0 and 4.2 kb
(Fig. 4-1). Probe II (+322 to +1011) hybridized to three
abundant RNAs of 6.0, 4.2, and 3.5 kb (Fig. 4-II). Probe
III, which localizes downstream of gl encoding region and

a partial gE homolog of MDV2, hybridized to a highly
abundant transcript of 2.0 kb, along with 6.0, 4.2, and 3.5
kb transcripts (Fig. 4-1II). However, when probed with a
Apal-BamHI fragment (shown in restriction map of Fig.
1B), which maps near to the Us/short terminal repeat (TRs)
junction, no transcript was detected (data not shown). Two
common transcripts of 6.0 and 4.2 kb were considered to be
a large read-through transcripts including both gD and gl
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.
285> o

188

Fig. 4. Northern blot analyses of MDV2 Us transcripts. Panels
[ through Il represent hybridization with probes I, II, and III,
as shown in Fig. 1D. The ribosomal RNAs 28S and 18S were
used as size standards. Molecular sizes of the transcripts are
shown in kilobases.

ORFs and possibly other genes of downstream encoded on
this strand in the MDV2 U, region as shown in Fig, 1C
[20]. The 3.5 kb transcript(s) detected by both probes II
and III probably overlap and may be 3’ coterminal with an
abundant 2.0 kb mRNA. These results indicated that gl is
transcribed most likely from 3.5 kb transcripts and possibly
from other 6.0 and 4.2 kb transcripts.

5’-end sequence of cDNAs amplified from the MDV2 gl
mRNA: To examine the gl-encoding mRNA transcriptional
initiation site(s), 5’-terminal of mRNA was cloned by using
the RACE method [10] and sequenced. We examined 27
clones in total. Among 15 clones which seemed to represent
5’-terminal of 3.5 kb mRNA, six clones were initiated at
”A” residue at the -147 position to transiational initiation
codon, while nine clones were initiated at ”G” residue at -
56 position. The remaining 12 clones contained a part of
the potential promoter region of MDV2 gl and seemed to be
amplified by the 6.0 and/or 4.2 kb transcript templates (data
not shown). These results suggest that the 3.5 kb mRNA
was initiated either or both -56 or -147 positions from the
potential translation initiation site of MDV?2 gI.

Baculovirus expression and characterization of gl: We
examined whether the recombinant gl expressed by
rAcMDV2gl is recognized using anti-MDV2 (strain HPRS
24) chicken serum by IFA. Specific fluorescence was
detected on rAcMDV2gl-infected cells regardless of fixation
of the cells (Fig. 6), while no specific fluorescence was
observed in rAcMDV2gI- or mock-infected cells using
normal chicken serum (data not shown). This result suggests
that the recombinant gl is recognized by anti-HPRS 24
chicken serum and located in the inside or outside of the
infected cells.

To analyze the size of the rAcMDV2gl, lysates from the
rAcMDV2gI- or mock-infected Sf9 cells were examined by
immunoprecipitation analysis using anti-HPRS 24 chicken
serum. The apparent M, of the recombinant protein showed
45 to 43 kDa (Fig. 7A). The different M, might be due to
the different degree of glycosylation in Sf9 cells. When

A

resulting gl region inserted

1278 bp

gD | 69 1068

~ i -
[ !
- - - -TATAAATACGGATCCGGGTTAT- - - -

Bam HI
blunt site

pAcYM1

Fig. 5. Construction of the transfer vector containing the
MDV2 gl gene. (A) Structure of the transfer vector plasmid
pAcMDV2gI used to produce the recombinant baculovirus
with the gI gene of MDV2 strain HPRS 24. (B) The thick
solid black arrow indicates the 1278 bp isolated gI fragment
that was inserted into the baculovirus vector. The gD and gE
designations show the location of the adjacent ends of these
flanking genes that have been removed. Nucleotide numbers
in the regions are indicated by brackets.

rAcMDV2gl-infected cells were treated with TM, an
apparently unique band of 35 kDa was detected. The
reduced size of the 45 kDa is relatively close to that of
unglycosylated MDV2 gl calculated as a M, of 38.4 kDa
from the amino acid sequence, suggesting both the 45 and
43 kDa polypeptides contained N-linked sugars (Fig. 7B).
Another diffuse minor band below the 35 kDa is considered
to be non-specific protein of the MDV2 gl-expressing cells.

The antigenic property of the rAcMDV2gl was further
examined by immunoprecipitation analysis using three
chicken antisera raised to MDV1 (strain GA), MDV?2 (strain
SB-1), or HVT (strain FC126), respectively (Fig. 8). All
antisera precipitated proteins of M, 45 and 43 kDa (lanes 2,
4, and 6), although the 43 kDa band was significantly fainter
than the 45 kDa band. By IFA, the specific fluorescence
was detected by all antisera (data not shown). These results
indicate one or more antigenic epitopes on gl are conserved
on all gls of three serotypes of MDV.

DISCUSSION

Studies on MDV2 genome may be important for
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Fig. 6.

Immunofluorescence analyses of rAcMDV2gl-infected cells. Acetone-fixed or unfixed infected Sf9 cells were

incubated with anti-MDV2 (HPRS 24) chicken serum followed by FITC rabbit anti-chicken IgG and examined by
fluorescence microscopy as described previously [34]. (A) rAcMDV2gl-infected cells, acetone-fixed; (B) rAcMDV2gI-
infected cells, unfixed; (C) wAcNPV-infected ells, acetone-fixed.

Fig. 7. Characterization of the recombinant MDV2 gl
(rAcMDV2¢gI) by immunoprecipitation. (A) Sf9 cells were
infected with wAcNPV (lane 1) or rAcMDV2gI (lane 2) and
incubated for 36 hr without TM. (B) Sf9 cells infected with
wACNPV (lane 3) or rAcMDV2gl (lane 4) and incubated for
36 hr with TM (0-36 hr PI). The positions of M, markers
(Electrophoresis Calibration Kit for low M, proteins;
Pharmacia) are indicated on the left of each panel.

understanding the biologically nononcogenic nature of the
virus. Our goal in the present and previous studies [19, 20,
24, 34-40] has been focused to dissect precisely on the
genomic structure and function of different viral proteins
among MDVs. In this communication, we described the
nucleotide sequence of a 1.7 kb segment on the MDV?2
BamHI-F fragment. Analysis of the DNA sequence revealed
two complete ORFs and two partial ORFs, all of which
orientated in the same direction. Three of them appear to
encode membrane-associated glycoproteins based on the
biochemical characteristics deduced from the amino acid
sequence and their apparent homology with glycoproteins

46.0

300 =~
Fig.8. Antigenicity of the MDV2 gl expressed by
rAcMDV2gl. Lysates of Sf9 cells infected with wACNPV
(lanes 1, 3, and 5) or rAcMDV2gI (lanes 2, 4, and 6) were
immunoprecipitated with antiserum of (A) MDV1 strain GA,
(B) MDV?2 strain SB-1, and (C) HVT strain FC126, as
described under Materials and Methods, respectively.

of other alphaherpesviruses. We propose to designate these
three putative MDV2 glycoproteins gD, gl and gE, on the
basis of their respective homologies with the HSV-1 gD, gl
and gE glycoproteins.

Alignment of the deduced amino acid sequence of MDV2
gl with other serotype MDV gl homologs showed many
conservative substitutions throughout the entire sequence.
The greatest similarity was apparent near the N termini,
where five cysteine residues are conserved (Fig. 3). Three
cysteine residues show the perfect alignment in gl peptides
of all MDV serotypes and other alphaherpesviruses. The
first and second cysteine residues are 12 amino acid residues
apart. At the same time, the second and third cysteine
residues are 11 residues apart as observed on HSV-1, VZV,
PRV, and EHV-1 {2, 31, 42]. In addition, the fourth and
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fifth cysteine residues are somewhat out of alignment with
those of other alphaherpesviruses (data not shown). The
positions of the N-linked glycosylation sites among the three
MDYV gl proteins are not conserved well, although the
asparagines at positions 160 and 221 of MDV2, and 147
and 210 of MDV1 [4] fall in very close alignment with each
other, as do the sites at positions 160 of MDV2 and 152 of
HVT [53]. The significantly conservative region between
MDV?2 gl and the other MDV gls indicates that these
sequences may be important for a similar tridimensional
structure and some common biological function of these
glycoproteins.

Transcriptional analyses revealed that the MDV2 gl gene
is transcribed as a part of polycistronic mRNA family (3.5
kb) in a manner analogous to MDV1 gl transcription in
which MDV1 gl mRNA (3.5 kb) contains both gl and gE
encoding sequences [50]. Moreover, when the downstream
of MDV2 ¢gI, which supposed to include the potential gE
ORF, was used as a probe, another abundant mRNA of
about 2.0 kb were found, in addition to the 3.5 kb mRNA.
In MDVI, the 2.0 kb gE-specific mRNA was also detected,
along with 3.5 kb mRNA by northern blot analysis [50].
Although the MDV2 gE gene is not completely analyzed,
there is no AATAAA or ATTAAA polyadenylation signal
in the downstream of the potential MDV2 gl homologous
gene (Fig. 2). Further, we confirmed that a Apal-BamHI
subclone, which is near to the U/TR, junction, was probed,
no transcript was detected. Therefore, two transcripts of
3.5 and 2.0 kb detected in the present study, might be similar
to those of MDV 1.

A recombinant baculovirus expressing MDV2 gI was
constructed and used to characterize this glycoprotein. In
MDV genomes, the primary non-processed gl polypeptides
deduced from the nucleotide sequences have a M, of 38.3
kDa of MDV1 [4], and 40.4 kDa of HVT [53]. In MDV1-
infected DEF, this protein is glycosylated to the mature
form of gl with an apparent M, of 45 kDa, and inhibited
synthesis of unglycosylated precursor polypeptide of a M,
35 kDa in the presence of TM [3]. Our recombinant MDV2
gl showed two major and minor bands on SDS-PAGE with
a M, of 45 kDa and 43 kDa, respectively. Further, TM
treatment reduced the apparent size of the expressed gl to
35 kDa, which is relatively close to that of unglycosylated
MDV?2 gl calculated as a M, of 38.4 kDa from the amino
acid sequence. Therefore, this size seemed to be reasonable,
because the molecular weight of the recombinant protein is
similar to those of MDV 1. Three glycoproteins, A antigen
(gpS7-65), B antigen (gp100, gp60, gp49), and gD homolog,
of MDV1 have been expressed by recombinant
baculoviruses and the recombinant proteins showed slightly
smaller sizes than those proteins expressed in MDV1-
infected CEF [34-36]. In HSV-I, the recombinant gl
expressed by the baculovirus was also slightly smaller than
the authentic proteins [13].

Overall identities of the Us glycoproteins among the three
MDYV serotypes are less than those of gene products in the
U, region [24, 52]. These results could suggest that the Uy

region has genes specific to the serotype because higher
DNA homology between MDV1 and HVT exists in the U
region, but not in the U region [17]. The recombinant gl
was recognized in IFA and immunoprecipitation analysis
by the antisera from chickens inoculated with each of the
three serotypes of MDV (strains GA, SB-1, and FC126).
The observation indicates that one or more antigenic
epitopes are conserved among the three serotypes as gB and
gC [34, 35]. Further, this results also suggest that gl is
actually expressed by all three serotypes of MDV in infected
cells.

The gB homolog (B antigen) of MDV is the only viral
protein so far identified which induces neutralizing antibody
[23], and elicits protective immunity [19, 33]. Our
characterization and efficient expression of the gl homolog
should lead to clarification for involvement of the
glycoprotein in immunity against MDV infection in future.
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