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ABSTRACT. The gene of Marek’s disease virus serotype 2 (MDV2) homologous to the UL52 gene of herpes simplex virus type 1 (HSV-1)
was identified and characterized. The MDV2 UL52 homologous gene encodes 1,071 amino acids with a molecular weight of 118.7 kDa,
which includes putative metal-binding site and overlapping region with the UL53 homologous gene. Although a putative polyadenylation
signal sequence was found in the downstream of the MDV2 UL52 gene, a MDV2 UL52 DNA probe reacted only with the polycistronic
6.3 kb transcript, representing the UL52 and the downstream genes of UL53 and UL54. Transcriptional pattern of this region of MDV2
was somewhat different from corresponding regions of HSV-1 and infectious laryngotracheitis virus. —kEey worps: Marek’s disease virus

serotype 2, transcript, UL52.
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Marek’s disease virus (MDV) causes a lympho-
proliferative disease known as Marek’s disease (MD) and
serious economic problems in poultry industry. The disease
is caused by pathogenic MDV serotype 1 (MDV1). MD
has been prevented by vaccination with attenuated MDV 1,
naturally nonpathogenic MDV serotype 2 (MDV2) isolated
from chickens and other birds belonging to the genus Gallus
[3, 14, 20], or herpesvirus of turkeys (HVT) which is
antigenically related to MDVs and is also termed MDV
serotype 3.

All three serotypes of MDV genome structures are similar
to those of other alphaherpesviruses [4, 9, 10, 16] and
numerous genes are homologous to and collinear with the
prototype sequence of herpes simplex virus type 1 (HSV-1)
[1]. Recently we constructed a restriction endonuclease
map of MDV2 and demonstrated a collinear relationship
among genomes of the three MDV serotypes [16]. Since
MDV2 is naturally occurring nonpathogenic and/or
nononcogenic strain of MDV in chickens, comparative
studies on the virus genome and its gene products with
those of oncogenic MDV1 might be a crucial for
understanding viral oncogenicity and natura immunity.
Especially studies on DNA replication mechanism for
MDV2 may lead to understand the pathogenic differences
among MDVs. The genome of HSV-1 was extensively
studied and contained seven essential DNA replication-
specific genes (UL5, UL8, UL9, UL29, UL30, UL42 and
UL52) [17]. Further, it was recently reported that the UL5,
UL8 and UL52 gene products constitute a heterotrimeric
helicase-primase complex, and the UL5 and UL52 products
have been shown to form a stable subassembly of HSV-1
[2, 7]. However, gene products and genomes relating DNA
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replication of MDV have not been studied sufficiently.

Except the UL42 homologous gene [11], all of these
genes have not been sequenced in MDV 2 and especially the
UL 52 homologous gene has not yet been identified among
the genomes of three MDV serotypes. In the present study,
we report the nucleotide and amino acid sequences of MDV 2
which turned out to be UL52 homologue encoding an
essential component for the viral DNA helicase-primase
complex, and the transcript of this gene.

The genomic libraries of restriction enzyme fragments
(BamHI and EcoRl) of MDV?2 strain HPRS24 [16] were
used in this study. The genomic BamHI fragment P (2.8
kb) was inserted into a plasmid pBluescript SK(+) vector
(Stratagene, La Jolla, CA) by standard procedures [18] and
then deleted by exonuclease I11 (Toyobo, Osaka, Japan) to
construct deletion clones as described previously [12]. DNA
sequences were determined on both strands using the Dye
primer cycle sequencing kit supplied by Applied Biosystems
(ABI, Foster city, CA) and then analyzed with a Model 377
ABI autosequencer as suggested by the manufacturer. The
junction sequences among the fragments (BamHI-T1 and -P
or -P and M2) were confirmed by the dideoxy-chain
termination method with the Dyedeoxy terminator cycle
sequencing kit (ABI, Foster city, CA). DNA sequences
were assembled and analysed with the UWGCG program
BESTFIT as described previously [12]. The GenBank
accession numbers included in this study were as follows:
HSV-1 (D10879), varicella-zoster virus (VZV; X04370),
bovine herpesvirus type 1 (BHV-1; AJ004801), equine
herpesvirus type 1 (EHV-1; M86664), pseudorabies virus
(PRV; X87246), Epstein-Barr virus (EBV; V01555), and
human cytomegalovirus (HCMV; X17403).

The resulting DNA sequence of the complete BamHI-P
fragment was comprised 2,837 nucleotides (nt) and encoded
an incomplete open reading frame (ORF) homologous to
the HSV-1 UL52 gene. Inthe MDV2 genomic DNA library
containing BamHI fragments, the BamHI-P fragment was
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Fig. 1. A: Diagram of the MDV 2 genome and restriction map units. The genome is organized into the unique long (U, ) and

short (Ug), internal repeat long (IR, ) and short (IRg) terminal repeat long (TR.) and short (TRg) regions. Polyadenylation
signals are indicated by open triangles. The locations and directions of the MDV2 UL51, UL52, UL53 (gK) and UL54
(ICP27) homol ogous genes are indicated by open arrows. The UL53 and UL 54 homol ogous genes and those of transcripts
were determined by Tsushima et al. [22]. The subfragment of Xhol-BamHI (847 bp) used as probe in the northern blot
analysisis shown as bold line. B: Schematic diagram of the transcriptional products in the MDV 2 sequenced region. The
possible locations and directions of the viral transcripts indicated by bold arrows. C: Panel shows the hybridization result
between total RNA with MDV 2- or mock-infected chick embryo fibroblasts (each panel of lane ‘v’ or ‘“M’). Molecular
sizes (kb) of the RNA markers (Gibco BRL, Grand Island, NY) are indicated at the |eft. Open arrowheads denote location

of 28S and 18SrRNA.

located in the right part of MDV2 unique long region and
positioned between BamHI-T1 and -M2 fragments [16] (Fig.
1A). The 3'- and 5'-end parts of BamHI-T1 and -M2
fragments included 138 bp of 5'- and 238 bp of 3'-end
homologous sequences of the HSV-1 UL52 gene,
respectively (Fig. 2). Further, the junction sites of BamHI-
T1 and -P, and -P and -M2 fragments were respectively
confirmed by dye terminator sequence method. From these
results, a complete ORF of 3,213 bp (nt 210 to 3,422)
encoding 1,071 amino acids was identified, which is similar
in length to the UL52 homologues of HSV-1 (1,058 amino
acids) [15], VZV (1,083 amino acids) [6], BHV-1 (1,074
amino acids) [19], and EHV-1 (1,081 amino acids) [21].
The MDV2 UL52 ORF was encoded by forward strand same
as the UL53 ORF, which started 19 nt before the end of the
UL52 ORF, creating an out-of-frame overlap (Fig. 2). An

equivalent overlaps exist in BHV-1 (23 nt) [19], and EHV-
1 (11 nt) [21], and HSV-1 (43 nt) [15]. When analyzed
putative transcriptional regulatory sites of the MDV2 UL52
homologous gene, no TATA-like sequences [5] for
transcription initiation was evident. However, a putative
polyadenylation signal sequence (AATAAA) [24] was found
at 192 bp downstream of the termination codon of the
MDV2 UL52 ORF (Fig. 2). Thisfeature was similar to that
of infectious laryngotracheitis virus (ILTV) [13] but
different from other alphaherpesviruses, BHV-1, EHV-1,
HSV-1and VZV [6, 15, 19, 21].

As shown in Fig. 1C, Northern blot analysis of the UL52
gene was performed using total cellular RNAs from MDV 2-
or mock-infected chick embryo fibroblasts as described
previously [12] (Fig. 1C each panel of lane ‘V’ or ‘M").
The probe of the MDV2 UL52 ORF, hybridized with 6.3,



IDENTIFICATION OF MDV2 UL52 HOMOLOGUE 685

1 GMCCAGTTTTCGCACTC%GTCGGCAGgCMTATCGCCATTTCTAATGTGATGGGCGTGGGGAGCATAAEATTGACGGCTTgTACCGCCTCCCTGAéACGATGCATMSTC;GTSGGQGG 120

UL52 homologue —g»- 4 G
121 MGACGAGGTAGACAGTGCTGTGTA'I'I'CCGGCTGAA‘ITTTTCTAGAGCGCCTTCTTAACCCGGCGTGCATI’GTGGCCMATCTTCTATTATGTCCGATATACCGGAGGATGCCGACCCTG 240
§SSTS H W <@ UL51 homologue

K c £ G g P <'T' BamHLP >
241 GGATCAAAGTITTGTTI'GCcGTI'GATGGTTGCGCCGTCTCGTTCTCCcTTGCACTTCTTACGGGTCAGGTCCCATCTATCMTCCCGTCTACGTTATCAGCCACTGGGATCCGGGCAATC 360

L LD c RDCGR ] c S @
361 GTI'TGTTAGATGTCCTI'I'GCCACCGCGCAGACGATCGCGACTGCGGMGMTACCGMTGMCGAGGAGATTTAMCGCGGTCTCCGACCCTCTMAAGTAGAGTTTTGCCTTCTCAGTC 480

MTRGLGGADLKLRTRAIFVCRFTSHSEINSI YV ASI ASG AP
481  AAATGACACGCGGTTTGGGCGGCGCCGATTTAAAAT TGCGGACGCGAGCGATATTCGTGTGCCGGTTTACTTCGCATTCCGAGATTAACTCCATCGTGGCTTCTATAGCTTCCGGAGCGE 600

ly sequenced region

previous|

1 0TDODLLI ATLSEYDTFRLHODDFNIALHISLACLSGKRARRNG
601 CTATTCAAACAGACTTATTAATAGCCACCCTCTCCGAATATGACACATTTCGCCTACATGATGACTTCAACATCGCCCTCCACATCTCTCTCGCCTGTTTATCGCAAAAGCGCCGCAATG 720
KEPAKSPDRNLLSI MNAGTFSGGRRARGLAGLTYLOYEZ KV YTAA
721  GGAAAGAGCCGGCAARATCACCGGATCGAAATCTGCTATCGATTATGGCGGGAACCTTTTCTGRAGGTCGECGCGETCTAGCCGGGC TGTATTTACAATACGAGCAAAMGTCACCGCGG 840
YRAVYYGGSTTTAFWYVSKFGPEEKSLVYVLALRYYLLOQALQAETE
841 CCTACCGACGTGTATATGGGGGGTCGACGACGACAGCGTTCTGGTACGTGTC TAAATTTGGACCGGAAGAAAAGAGCCTGGTCTTGGCGCTACGTTATTACCTTTTGCAAGCTCAGGCCG 960
PTG IATGYODLOATILKDI COTYAVPVEANPTGEFESTA®DLTSFEA
961 AACCTACTGGGATTGCTACGGGTTACGATTTACAGGCCATAAAAGATATCTGCGACACGTACGCTGTACCCGTAGAGGCCAATCCTACCGGGTTTTCGACGGCAGACTTGACATCGTTTG 1080
RLSAFCCVSNYANGPVARAFPLYVEHRIAADYVTEVYVDALKE
1081 CCAGATTATCGCGTTTCTGTTGCGTGAGCAATTATGCCAACGGTCCCGTAGCTAGGGCGTTTCCCCTATACGTGGAACACAGAA TTGCAGCCGACGTGACAGAAGTGGATGCATTGAAMG 1200
Y I ERDASGLKI SDLEFVKY I YLAYFECYNRAOQLARAHLRDIY
1201  AGTATATAGAAAGAGACCGGTCCGGGT TAAAGATTTCGGATTTGGAATTTGTCAAATATATTTACTTGGCTTACTTCGAGTGCTACAATCGTGCTCAATTAAGACGTCATTTGCGAGACG 1320
TVRACPEEDOVYYKRSSLGKHAYDNFFTHVYVRSRLNYVNDMHIACN
1321  TGACCGTGCGTTGTCCCGAAGAAGATGTCTACAAACGCTCGTCTC TGGGGAAACACGCAGTCGATAATTTCTTTACGCATGTGAGATCCAGACTAAACGTGAACGATCACATAGCATGTA 1440
VSPDOVYEMGNYLTRAFCRARTYPPSTMESDAREFTGICEFPS
1441  ACGTATCTCCGGATCAAGTGGAAATGGGAAACGTTTTGACCCGAGCATTTTGTAGGGCCAGGACCTATCCACCGAGTACCATGGAAAGCGATGCGCGT TTCACCGGGATTTGCGAACCCT 1560
SV [ I KRLOALESTLHKYGWPRARSETVYNMNMSETCANTLPEPIAS
1561 CGTCGGTGATTATAAAGCGTCTGRATGCCCTAGAATCGACATTACACAAATACGGATGGCCECGCGCACGGTCTGAAACAGTTAACATGATGTCAGAGTGCGCGAATTTGCCCATCGCTT - 1680
S ADSLRPPGLPLEHWPGTHCRGGPMIVKRLLALVSADAR.YVYGE
1681 CATCTGCCGATAGTCTTAGGCCACCCGGCCTGCCGCTAGAACATCCAGGCAC TCATTGCCGOGGTGGTCCAATGATCGTAAAGCGCCTACTAGCGC TAGTATCCGCAGATGCACGTGTCG 1800
DI GPTNMULTGIRESAVKGPLPI YRIGMSKOGKOQAFAVMYAD
1801 GGOACATAGGACCGACAAACATGCTCACCGGCATTCGGGAATCGGCCGTCAAGGGCCCTCTTCCGATTTACCGGATAGGCATGTCCAAAGGCAAACAAGCGTTTGCCGTGATGGTGGCCG 1920

CWDKI|PSPGlVKAHLSKLGRSGRAPEDDVIARDIFFTSE
1921 ATTGTTGGGACAAAATCATCCCGTCTCCGGGAATTGTGAAAGCCCATCTCTCTAAACTCGGCAGATCCGGTAGAGCCCCCGAAGACGATGTGATCGCCCGAGATAT TTTTTTACATCAG 2040
LERVTGHAAELPYFTCGPAEEOOY|NRNEVFNDNLIVGNI
2041 AACT[GAGCGAGTCACGGGCCATGCTGCGGAACTGCCGTAC'ITTACCTGCGGCCCTGCCGMGMCAACAGTACATMATCGCMCGMGTGTTCMTGACMTCTTATTGTGGGGMCA 2160
lLDVDVHLRTPVPVKLLHVANRGFRTGALKALSLLLPKAK
2161 TAATCCTGGATGTCGATGTGCACTTACGAACCCCCGTACCCGTCAAACTTTTGCATGTGGCAATGAGAGGTTT AGGACCGGTGCGCTCAAAGCGTTGTCTCTATTACTTCCAAAAGCAA 2280

7
|DHGSYPCYFYKTSCKKSRVVHVKHWMSSTTDFALDCDGP
2281 AAATAGATCACGGCTCGTACCCGTGCTACTTT ACMAACCTCGTGCMGAMWTCGTGCACGTMMCATTGGATGTCGTCTACTACCGACTTCGCTCTCGACTGCGACGGTC 2400
AVESADCELEMNMGFDDPLLMDOQIDDSI SRCESDASSLZPSTDA
2401 CCGCCGTCGMAGTGCAGACTGCGAACTAGMATGGGCTTCGATGACCCGTTACTTATGGATCAMTTGATGATTCCATCAGTAGATGTGAGTCAGATGCATCAAGTTTGCCGTCGGACG 2520
DLPCNCHEKIGLRVCIPVPPPYLLVGSRTI‘SGLARVLOOS
2521 CCGATCTGOCTTGTAACTGTCACGAAAAAATAGGATTGCGGGTCTGCATTCCGGTGCCGCCCCCGTATCTACTCGTAGGTAGCAGAACAATGAGCGGTCTGGCT. AGGGTACTGCAACAAT 2640
VLLERSFVEPIGSYLKNY.DIVDSGVYGHGRSLRLPFFGK|
2641 CGGTTCTGTTAGAACGTAGTTTCGTAGMCCTATCGGTTCGTATCTCAAMACTATGATATAGTTGATAGCGGAGTATATGGTCACGGTCGCAGCTTGCGGCTTCC TTTTTTGGCAAGA 2760
DETGLISGRLLPFCVIPERCGDAEOFVLSHLOPKTFHFHS
2761 TAGACGAGACCGGGCTTATATCAGGCCGCCTGCTTCCGTY GCGTGATACCGGAGCGCTGCGGTGACGCAGAACAGTTCGTTCTGTCTCATTTACAGCCTAAAACCT t TCACTTCCACA 2880
PMPEEDHASVVLKGLGGEYAGFFEKK|TINRDTFFGIRLS
2881 GTCCCATOCCCGAAGAAGATCACGCGTCTGTAGTTCTGAAGGGCE TAGGCGGAGAGTATGCCGGATTC TTTGAAAAAAAAATCACGATCAATAGAGATACGTT TTCGGAATCAGATTAT 3000
LAVALKARGVDINDSAAIVSFVTEHILDDIIOYMHDHIPD
3001 CCTTAGCGGTAGCTCTGAAAGCCAGGGGGGTTGACATTAACGACTCTGCGGCAATCGTATCATTCGTAACGGAGCACA AGATGACATAATTCAGTACATGCATGACCACATACCCG 3120
<- P-BamHI[-M2 ->
HAAEYNHYSVSCCVY I RPOMWI LLOLMANKTLGRAHGE FTTCVHER
3121 ATCACGCTGCGGAATATAATCACG CTGTTTCGTGCTGCGTCATTAGACCAGATTGGATCC TCTTGCAGC TAATGGCCAATAAMACATTGGGACGCGC TCACGGGTTTACGTGCGTGA 3240

on

FKHTRTTRMSSRSYLSLNIDAHGRLCACVY I 00CFAAKTLCGN

3241 GGTTTAAGCATACAAGAACGACTCGAATGAGTTCGCGTTCGTATTTGTCT TAAACATCGACGCACATGETAGGTTGTGCGCGTGTGTGATTCAGCAGTGTTTTGCGGCCAAGTGTGGAA 3360
U[?53h0mol(¥ue(K)—>KucPOGRTSIALSGIILCISTYAIALVIY

3361 ACAATMACTCCGTACTCTTFI'I’ACGGTGGATGTCGATTCGAMTGCCAGGCAGAACATCGATAGCCCTTTCGGGAATTATACTCTGCATCTCGACATACGCCATCGCTTTGGTGATCTA 3480

ly sequenced reg

T T M | A G S G C L S D T E S T P
3481 CACGACGATGATAGCTAMCACGGTTCTGGGTGCATCTATGCCGTCCTGGTAGACAGCGATCATCGCGATGCCAAMAT I T lACATGGGAGCCATACAATTCTACACTGGTATACACGCC 3600
Potential polyadenylatlon SI%nal ¢ Ty s
L S T G H
3601 GCTGGGGMI&M]’TACCATTGGACGGAGGATTTGGCGGHI AGCGATGTATGTMCACATATCTGATCAACGCGACGGATTTATTCGGACGCGCGTCTCACGCGTCCGCCAAGTCGAA 3720

previous

\

Fig. 2. Nucleotide sequence and predicted amino acid sequence of a portion of UL51 (nt < 190), UL52 (nt 210 to 3422) and
UL53 (nt > 3404) homologues. The predicted amino acid sequence is given in the single-letter code above the DNA sequence
and the stop codon is represented by asterisk. The previously sequenced regions are shown with bold arrows on the left. The
restriction and the potential polyadenylation signal sites are bold underlined.

4.2 and 1.9 kb transcripts, but the signals obtained at 4.2 rRNAs (Fig. 1C open arrows) as observed previous studies
and 1.9 kb are most likely caused by non-specific reactions  [11, 22]. Therefore we considered only 6.3 kb mRNA as a
of degraded viral RNA within the 28S and 18S cellular  viral specific transcript. In other viral genomes of HSV-1
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Table 1. Character and homology of predicted MDV2 UL52 gene product to other herpes-
viruses
Protein
Mol. mass

Virus Amino acids  (kDa)® Isoelectrict point® Identity and similarity®
MDV2 (UL52) 1071 118.7 6.87 -

PRV (UL52) 962 103.3 6.56 41.8/50.7
BHV-1 (UL52) 1074 113.9 8.46 38.4/45.6
EHV-1 (Gene7) 1081 119.0 6.44 39.8/49.6

VZV (ORF6) 1083 122.5 6.82 39.4/48.7
HSV-1 (UL52) 1058 114.4 6.42 41.3/50.6

EBV (BSLF1) 874 98.2 8.42 32.8/39.7
HCMV (UL70) 1062 120.9 8.16 28.6/36.8

a) Values are percentage similarity/identity, generated using the UWGCG program BESTFIT.
b) Molecular masses and isoelectric points of the predicted proteins were calculated from the

predicted primary translation products.

MDV2 623 PYFTCGPAEERQYINRNEVFNDNLIVGNIILDVOWV--HLRTPVPVK~LLHVAMRGFRTGA 679

PRV 510 --=-—--- P-|.-A.M.VS.H....AR.A.T....|...FR.AR...AGT.EA...... RAV 559
EHV-1 621 TALASSN.SALM...... I..8SS.A.S....... FF-~GIKRR..LG-M..L...... A.I 676
BHV-1 617 RSLGPAAPRO.Y.V....L..AR.A.T..V .FFRLK.PLP--RGD..G...S..R.. 673
vav 636 SKISSNIPKN.L...... L..T...IT.L..... F--.I.K.I.LG-I..AG..A..H.I 695
HSV-1 600 GGLD-AG--G.M.V....I..GA.AIT..... L.FIALKEPVPF-R-R..E.LGH..R.. 653
EBV 473 Y.SQNS~LS.[.LFVS.H.Y..PR.P.C.LV..L.LKIKGAPWSL--EEIYDLC.TV.REV 529
HCMV 603 DVASTS-P.T|.F.YT.H....ER.P.F.FVA.F.[LRLRDGVSGLARHTVFELC..L.R-V 660

* * * *

*  Kx *

Fig. 3. Alignment of the predicted an essential component of helicase-primase complex proteins of MDV2, PRV, EHV-
1, BHV-1, VZV, HSV-1, EBV and HCMV. ldentical amino acids and conservative substitution are indicated by
asterisks (*) and dots (.), respectively. The most conserved regions among the UL52 homologous proteins containing

the herpesviral primase DXD motif indicated by box.

and ILTV, the UL52 homologous genes were transcribed
into three different species of transcripts, 6.8, 4.5 and 2.8
kb for HSV-1 [23] and 5.8, 3.7 and 1.8 kb for ILTV [13],
respectively. Our recent study showed that the 6.3 kb
transcript was continuously recognized with 3.2 and 1.9 kb
transcripts using a number of probes of the downstream
genes from the MDV2 UL52 and possibly represent 3'-
coterminal with the above two transcripts [22] (Fig. 1B).
Although there is a potential polyadenylation signal
downstream of the MDV2 UL52 gene, we did not find any
UL52 gene-specific transcript, corresponding to those of
HSV-1 and ILTV. These result suggested that the MDV 2
UL 52 homologous gene is transcribed as a polycistronic 6.3
kb transcript corresponding to 6.8 kb transcript of HSV-1 or
5.8 kb transcript of ILTV.

The size and property of the identified MDV2 UL52 gene
are summarized in Table 1. The predicted protein of MDV2
UL52 exhibits homology to other herpesvirus helicase-
primase proteins (Table 1). In performing multiple sequence
alignments of the herpesvirus UL52 homologues, we
confirmed several conserved regions in the MDV2 UL52
homologue. A conserved region of variable hydrophobic
and hydrophilic characters containing within the UL52
homologue was particularly noticeable (data not shown).
One-third of the carboxyl-terminal region (Fig. 3 box) which

was one of the highest conserved region of the protein
contained two conserved aspartic acid (Asp) in common
(MDV2 residues 654 and 656). These Asp residues (DXD
motif) were separated by a variable hydrophobic amino acid
and were analogous to the bivalent metal-binding site of
DNA polymerase and several DNA primase [8]. These
residues were also conserved in beta- and gamma-
herpesviruses (Fig. 3). The role of the DXD motif was
studied in HSV-1 by introducing site-directed changes of
the UL52 gene [8]. The helicase activity of the HSV-1
holoenzymes was unaffected by any of the introduced
changes but the primase activity of the holoenzymes in vitro
was significantly reduced, suggesting that the HSV-1 UL52
gene product was an essential component for the viral DNA
helicase-primase complex. Although the viral helicase-
primase protein of MDV2 has not yet been isolated and
functionally tested, based on amino acid sequence homology
and existing the DXD motif, it was suggested that the MDV 2
UL52 homologous gene encodes a putative viral helicase-
primase component. The results obtained from the present
study would provide a framework for further studies on the
basic molecular biology of MDVs.
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