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Summary. We determined the nucleotide sequence of an 11059 bp fragment of
the pseudorabies virus genome located in the right part of genomic BamHI
fragment 3 and the adjacent part of BamHI fragment 6. Within this region eight
open reading frames were identified whose deduced amino acid sequences
exhibited homology to the UL6, UL7, ULS, ULS&.5, UL9, UL10, UL11, and
ULI12 protein products of herpes simplex virus type 1. Transcriptional analyses
indicated presence of 3’-coterminal mRNAs for genes ULS, ULS.5, and UL9 as
well as for genes UL6 and UL7, respectively, while UL10 was represented by
a very abundant unique transcript. Both gene arrangement and transcriptional
organization within this region of the pseudorabies virus genome thus parallels
the situation found in other alphaherpesviruses.

Introduction

Pseudorabies virus (PrV) is an alphaherpesvirus [46] with great economic
importance causing Aujeszky’s disease in pigs [ 54]. The PrV genome consists of
a linear double-stranded DNA of approx. 150 kbp. It is classified as a class II
herpesviral genome since it is divided into a unique long (U, ) and a unique short
(Ug) region by repeated sequence elements which bracket the Ug portion [7].
Within the alphaherpesvirus genomes gene arrangement appears to be largely
collinear with the exception of an inversion in the U, region [7] as well as
differences found at one end of the U, region [6, 15, 36, 52]. For the herpes
simplex virus type 1 (HSV-1) [36], varicella-zoster virus (VZV) [15] and equine
herpesvirus 1 (EHV-1) [52] genomes, complete sequence information is avail-
able, and the genomic sequence of bovine herpesvirus 1 (BHV-1) is currently
being assembled [49, 53]. In contrast, the genomic sequence for PrV is not
complete yet and it is estimated that approx. 70% of the viral genome have been
sequenced [ 38]. One of the remaining gaps in sequence information is located in
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genomic PrV BamHI fragment 3 between the ULS5 [16] and UL13 [19] genes,
and thus expected to contain genes encoding homologs of the HSV-1 UL6 to
ULI12 proteins.

HSV-1 UL6 is found associated with virus capsids [41], but it is not required
for capsid assembly. Mutants defective in ULG6 failed to process and encapsidate
viral DNA and only immature capsids accumulated in the nucleus [42]. A
protein product with unclear function is encoded by HSV-1 UL7. The
homologous BHV-1 UL7 was identified as a nonessential gene, whose protein
product is present in the cytoplasm of infected cells, but absent from mature
virions [48].

Genetic and biochemical studies revealed that seven HSV-1 genes, ULS,
ULS, UL9, UL29, UL30, UL42 and ULS52 are required for viral DNA synthesis
[40]. The ULS8 protein is part of the helicase/primase complex formed by
ULS5 and ULS52 gene products [14] and appears to be necessary for efficient
primer utilization [51]. UL8 protein interacts specifically with the UL9 pro-
tein [37], the viral origin-binding protein [22]. A similar mechanism of
DNA replication can be postulated for PrV since sequence determination of
the PrV genomic fragment BamHI-4 revealed UL9 consensus recognition
sequences located between the genes coding for gH (UL22) and UL21 [29].
A collinear location of this consensus sequence indicating presence of an
origin of replication has also been described for EHV-1 [45], whereas in
HSV-1, ori, is found between the UL29 and UL30 genes [46]. Besides its
origin-binding activity UL9 also functions as a DNA helicase on partially double
stranded templates [11]. The protein appears to be organized into at least
two separate functional domains. The C-terminal part is necessary for sequence-
specific DNA binding [17] whereas several motifs characteristic for the heli-
case superfamily have been identified in the N-terminal part of the protein
[34].

The HSV-1 UL10 gene encodes the virion glycoprotein gM [3] which has
also been identified in PrV [21]. Gene UL11 of HSV-1 encodes a virion protein
which is myristylated [31]. Functional studies indicate a role in virus egress [2].
The alkaline exonuclease, a DNase with a high pH optimum is encoded by
HSV-1 UL12. Studies using a deletion mutant in UL12, which is able to replicate
on noncomplementing cells, albeit with reduced titers, indicate a role of the
ULI12 protein in processing and packaging of viral DNA, probably by resolution
of branched genomic structures [35, 50]. A PrV mutant defective in UL12
exhibited reduced virulence in mice [20].

For a detailed understanding of various aspects of herpesviral replica-
tion, as well as for efficient mutagenesis and vaccine development, molecular
analysis of alphaherpesviral genomes is important. As a major step towards
our goal to gain complete sequence information for PrV, an economically
important pathogen in pig husbandry, we closed a gap between two already
sequenced regions of the PrV genome [16, 19]. In this paper we describe the
nucleotide sequence of PrV genes UL6, UL7, UL8, ULS.5, UL9, UL10, ULI11,
and UL12 as well as the transcriptional pattern of genes UL6 to UL10.
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Materials and methods
Plasmids and sequence determination

Plasmids containing genomic BamHI fragments 3 and 6 (pBam3, pBamo6) of PrV strain
Kaplan (Ka) [27] were kindly provided by T. Ben-Porat, Nashville, Tenn. Genomic
Kpnl-fragment L which encompasses the junction between BamHI fragments 3 and 6 was
cloned into vector pFBI-14 (Pharmacia, Freiburg, Germany). The approx. 17kb BamHI
fragment 3 was subcloned after cleavage with Kpnl and/or Sall into respective cleavage sites
of plasmid TN-77, a pBR derivative containing the multiple cloning site of phage M13mp18
[39]. Fragments located in the right portion of BamHI fragment 3 (see Fig. 1) were sequenced
as were the termini of the parental plasmids pBam3 and pBam6 and the part of Kpnl-
fragment L comprising the BamHI 3/BamHI 6 junction. For sequencing a set of overlapping
subclones was prepared by exonuclease 111/ S1 digestion [25] using a commercially available
kit (Pharmacia, Freiburg, Germany). Sequence was determined by the dideoxy chain
termination method [47] using double stranded plasmid DNA as template [24] and
pBR322-specific oligonucleotides as primers (New England Biolabs, Eggenstein, Germany).
Both DNA strands were sequenced at least twice on different nested deletion subclones.
Sequences were assembled using the program Assemble of the Wisconsin Genetics Computer
Group software package (GCG UNIX version 8) [18]. Open reading frames were predicted
by programs Frames and Condonpreference and comparison of amino acid sequences was
performed with Gap. Homology values as e.g. given in Table 2 represent percent identical
amino acids. Multiple sequence alignments were performed with programs Pileup and
Pretty. The nucleotide sequence described here has been submitted to the EMBL Data
Library and assigned the accession number X97257.

RNA isolation and Northern blot hybridizations

For RNA analysis pig kidney cells (EFN-R) [44] were infected with PrV Ka at a multiplicity
of infection (MOI) of 20. Cells were harvested 1, 2, 3,4, and 5 h p.i,, lysed, and whole cell RNA
was isolated as described [28]. Control RNA was isolated from mock-infected cells. For
hybridization double-stranded DNA fragments or single-stranded RNA probes were used as
shown in Fig. 1. DNA probes (probes 1-3, 5, 6) were labeled with *2P-dCTP using the Mega
Prime labeling system (Amersham, Braunschweig, Germany). For probe 4 the UL10 open
reading frame was cloned into vector pRc/CMYV (InVitrogen, Leek, The Netherlands) and
transcribed antisense in vitro using SP6 polymerase (Boehringer Mannheim, Germany) and
32p_CTP.

Results
Nucleotide sequence and gene arrangement

We determined the nucleotide sequence of the right portion of BamHI fragment
3 and the adjacent part of BamHI fragment 6 of PrV strain Ka thus closing a gap
between two regions of the PrV genome which have already been sequenced
[16, 19]. Our sequence comprises 11 059bp with an overall G+ C content of
75%. It is numbered from left to right with respect to the orientation of the PrV
U, region (Fig. 1). Numbering starts 324 bp upstream of the UL12 open reading
frame which has partially been sequenced before [ 19] and ends 108bp upstream
of UL6 in BamHI fragment 6 overlapping with the sequence published by Dean
and Cheung [16].
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Fig. 1. Location of the PrV UL6 to UL12 gene cluster. a Schematic diagram of the PrV
genome. Shaded boxes represent inverted repeat regions (TR =terminal repeat, IR =internal
repeat), which bracket the unique short (Uy) region and separate it from the unique long
region (U, ). A BamHI restriction fragment map is also presented. Inb the region analyzed in
this study is enlarged. Relevant restriction sites are given (B BamHI, K Kpnl, S Sall).
Positions of polyadenylation sites on both DNA strands are marked by asterisks. The
location and orientation of the identified open reading frames is indicated as is the position of
the repeat cluster (R). Arrows in ¢ indicate location of the identified transcripts using
hybridization probes shown in d

Computer analysis revealed several open reading frames (ORFs) whose
deduced amino acid (aa) sequences showed homology to predicted translation
products of HSV-1 genes UL6 to UL12 and corresponding homologs in other
alphaherpesviruses [15, 36, 52]. We designated these genes according to the
nomenclature in HSV-1 [5, 36]. Location of the predicted ORFs is depicted in
Fig. 1. Properties of the deduced polypeptides are compiled in Table 1 and amino
acid identities to homologous proteins of other selected herpesviruses are listed
in Table 2.

An open reading frame whose deduced protein product shares 44% identical
amino acids with the HSV-1 UL12 protein and 39% with the gene 48 product of
VZV starts at nucleotide (nt) 325 and ends at nt 1 774. This gene, designated PrV
UL12, has previously been partially sequenced in PrV strain NIA-3 [19]. No
consensus TATA box [10, 13] or poly A-addition signal [9, 23] was found
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Table 1. Properties of identified ORFs

Designation TATA? ATG? Stop* Poly A? Amino Molecular mass of
acids deduced protein (kDa)
PrvV-ULI12 -t 325 1774 1930 483 51
PrV-ULI11 1367 1734 1923 1930 63 7
PrvV-ULI10 3672 3585¢ 2406 2408 393 42
PrV-UL9 3485 3584 6113 8166 843 91
PrV-ULS8.5 -° 4703¢ 6113 8166 470 51
PrV-ULS8 5972 6112 8161 8166 683 71
PrV-UL7 9217 9129¢ 8331 8182 266 29
PrvV-UL6 11010 10951 9022 8182 643 70

*First nucleotide of TATA-box, initiation codon, stop codon and poly A signal is indicated relative to the
presented sequence

YFor UL12 and ULS.5 no putative TATA-boxes have been detected

°Alternative initiation codons are present. The most likely (see text) has been indicated

Table 2. Amino acid identity of deduced PrV proteins with homologous herpesviral gene products

Designation  Percentage identity

HSV-1 VZV EHV-1 HCMV EBV
Prv-ULI12 ULI12: 44% Gene 48: 39% Gene 50: 51% UL98: 29% BGLFS5: 29%
Prv-UL11 UL11:31% Gene 49: 25% Gene 51: 40% UL99: 25% BBLF1:23%
Prv-UL10 UL10: 32% Gene 50: 36% Gene 52: 40% UL100: 24% BBRF3:24%
Prv-UL9 UL9: 50% Gene 51: 47% Gene 53: 57% -2 -
Prv-UL8.5 ULS.5:47% - - — -
Prv-ULS ULS: 37% Gene 52: 37% Gene 54: 42% UL102: 24% BBLF2/BBLF3:23%
Prv-UL7 UL7:37% Gene 53: 40% Gene 55:43% UL103: 28% BBRF2:22%
Prv-UL6 UL6: 50% Gene 54: 52% Gene 56: 63% UL104: 27% BBRF1:27%

*No homologous gene described

immediately upstream or downstream of this ORF, respectively. The predicted
PrV strain Ka UL12 protein comprises 483 aa with a molecular mass of 51kDa.
The gene is conserved throughout the herpesviruses and multiple sequence
analysis of the deduced amino acid sequences shows several domains with
high conservation as indicated in Fig. 2. The HSV-1 homolog is characterized
by an amino terminal extension of approx. 100 residues with a high proline
content.
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1
PrV ULL2 t et et ienee tenenanane ooannnnnan
HSV-1 UL12 mestvgpacp pgrtvtkrpw alaedtprgp
VZV gene 48 ...t ettt
EBV BGLF5 ittt iiiit tiieitnnns anenananan
HCMV ULO98 e et e ittt titiitiane cnieannnnn
Consensus

51
PrV ULI2 e ettt ieiit teteiiiine teaeaan
HSV-1 UL12 1lppppgttsa vdpsshspvn pprdghatdt
VZV gene 48 v e tiiiiinine caenanaaan
EBV BGLFES5 it i ittt it iitiiiiins e
HCMV UL98 ¢ ettt iiiin ttiiniinnn ciinnnnenn
Consensus

101
PrV ULI2 e e ieieries veneennnne sananns maa
HSV-1 ULI12 pdiplspggt hardpdadpd spdldsMwsa
VZV gene 48 ..MarsglDr idispgpakk iarvggLghp
EBV BGLF5 delLe.dpmEe mtSy...... oo,
HCMV UL98 ssLdydddEe ltrllavwdd eplslfLmnt
Consensus -—L----- E- -———————— - L---

151
Prv UL12 aarTE1RfLIR gapr...... . .paaggaAp
HSV-1 UL12 laeTEeRhLR gllrgv ..Raplaigp
VZV gene 48 .ehhaid g ktspnm . .dcrgMtAg
EBV BGLF5 ...TF.R R speteafvrn ldRppgMpAm
HCMV UL98 ayriFakmliR ahgtpvaedf mtRvaal.Ar
Consensus —--Tg—R- R ---———---- --R---M-A-

201
Prv UL12 .glaapdaaa aaFggarppP apagvpaala
HSV~1 UL12 .gmvdrglgr hlWrltrrgP .paaadavAp
VZV gene 48 vtyttpgstn alFfktstqP gepRpeelAs
EBV BGLF5 fcdfvsslvg endskdgpsl ksiYwg..lqg
HCMV UL98 iaealervae rcddrhggsd dyvWlsrlld
Consensus  ————————=—= —-— Fom———- P -——-———- A-
Prv UL12 rWgadGPrFP
HSV-1 ULI1Z2 rWgpgGPcFs
VZV gene 48 kWsvsGPviP
EBV BGLF5 1stikngptk
HCMV ULS98 yeafvsgcLP
Consensus -W---GP-FP
Prv UL12 aalYaeaptp
HSV-1 UL12 fryCvg. ...
VZV gene 48 ealFId....
EBV BGLF5 ...pV cklI.....
HCMV UL98 gvspgIqFG ecyvm. ....
Consensus ————AV-EC

351
Prv UL12 FtFdetgapp pghdl.....
HSV-1 ULl12 FiFhepsd.l aeenv.....
VZV gene 48 FnFdmlntks psllvgtpri
EBV BGLF5 & it tiiiiinann
HCMV UL98 @ &ttt iiiis viiinnnnnn ]
Consensus F-F-—memmm oo CGLLID
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————————— L
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llvelarh..
lavvLeea. .
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350
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401 450
Prv ULIZ2 .GrLaPhrtqg as.PtaraYa rLLeRPdadt
HSV-1 ULl12 .GyLaP.vpk psdPtasa¥Ye dLMahrspea
VZV gene 48 tGtLnPhpaE knnPlgrtYt tLinRPtman
EBV BGLF5 .dfi..1ftD .fdPiypsYt aLykRPckrs
HCMV ULS8 sGrt..l1vE pcarvlYEIKC RyKYLrkkED ...... pfvg nvLrRhdaaa
Consensus -G-L-P---E --=-P----Y- -LL-RP----
451 500
Prv UL12 LRgFLySIar |f aDpAWrRgga edApptrrrc
HSV-1 UL12 FRaFirSIpk gDgAW. . .se ahAsgeKrrc
VZV gene 48 LRAFLytIkn dhveWkR1gF KggRal....
EBV BGLF5 FirFinSIar gDeAW. ..nL KdvRkrK.lg
HCMV UL98 vasLLgShpv hDaAlfRatL KrARplKppe
Consensus -R-FL-SI-- -D-AW-R--L K-AR--K---
501 550
Prv UL12 gafD..grhv W1lFsdPvdgr qdI..VpWas GEra......
HSV-1 UL12 saaD..ralv 11FgaPdlgr htIspVsWss GDlv......
VZV gene 48 telD..AhhL WVEFndPdigk gtIttIaWat GDta......
EBV BGLF5 pghDlvAdsL YVm...... t dpsenagRig ik........
HCMV UL98  plrEylAdlL iVFdakhlsd dnsdgdatit inaslglaag
Consensus ---D--A--L WVF--Pp-—-—-- --I--V-W-- GD-—-—----—--
551
PrV ULI2 ettt e ittt tetttenene oaennenene sanannnnnn LrVvp
HSV=1 ULI2 ¢ ettt ttene teoenonnne snnennnnne sannnennnn rr
VZV gene 48 «uue i inie ittt sttt caaeeana . .LgIP
EBV BGLEDS  teeeeeutee eeeeemnn e e drvp
HCMV UL98 pipfedentp ellgrlnvye varFs
Consensus  —T T T T T T T TS ST oo oS ——s memsom———es —m———mmmmm— o L-
Prv UL12 FP........ ...DrpaRPh LaTFf
HSV-1 UL12 FP........ .. .DcpPhPh LVTFIQG
VZV gene 48 FP........ ...alklRPf LVTFI
EBV BGLF5 v..rhsgggk pgrDcsPRvn iVTaff]
HCMV UL98 Yikkhpdper idfrdlPtvy LVsalf]
Consensus FP-——-—=--- -——- D--PRP- LVTFI
Prv UL12 PcEgnrtLdL .......... .aslcdVpPa
HSV-1 ULl12 saEegvtFrlL EdgagalGaa gpskasIlPn
VZV gene 48 PhEvgvpLrv Dtgaaaiyey ..nwptIpPh
EBV BGLF5 P....o.... L DpatctLGsd 1llldasV...
HCMV UL98  «iiiviee.. . .eeseLGce llaggrVfhc
Consensus P-E----L-L D----- LG-- -—-=-——--V-P-
701
Prv ULI12 edlRaraeeA Frvt...... ....AsRtwd SvaAdspaTa S.........
HSV-1 ULl12 kaiqgrssrlA Fddtlaelw. ....AsRsPg pgpRaaetTs sspttgrssr
VZV gene 48 gilkdtgnnA itsalrsLrw dnlhpaveee SvdcangtTs llratekpll
EBV BGLF5 sviRktlstA agswkayadn tfdtApWvPs glfAddesTp ..........
HCMV UL98 gftRhavstv LdrwsrdLsr ktnlpiWvPn Saneyvvssv prpvsp....
Consensus -=-R-=——- A F---——-L-- ----A---P- S--A-—--T- —————————-

Fig. 2. Amino acid comparison of UL12 homologous proteins. Multiple sequence analysis
was performed using the program Pileup. A consensus sequence created by using the
program Pretty is given below. Deduced amino acid sequences of HSV-1 UL12 [36], PrV
UL12 (this study), VZV gene 48 [15], EBV BGLF5 [1], and HCMV UL98 [12] were
compared. Identical or similar amino acids in at least three of five compared sequences are
shown as upper case letters and residues conserved in all sequences are marked with shaded
boxes. Conserved regions are boxed. Gaps were introduced for best alignment
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551 600
Prv UL9 Of. .BPPDRP VAADIADSG. ...EVATg RYIJVADVPED ELQELLRA
HSV-1 UL9 EgRC'DPEAS LPAQAAETE. ...EVGL% KYLRSDVAPA EIVALMRNIN
VZV gene 51 Sﬂ..*oDNDS CLTDFGPSGF MADNITAEME KYIMESINTE EQIKVFKALA
601 650
Prv UL9 NPVTREQFVG LEVIGECRAR gEmLRSERvF @ ave V.AIER
HSV-1 UL9 SLMGRTRFIY LBLEEA n% §uﬁTRSSAI§ VI INVTﬁE
VZV gene 51 CPIEQPRLVN Tglﬂ AC gl rEgLEAFDVﬁ 6 WFEVLDKTGE
651 700
Prv ULS LELAALAPDF PARgta R REARVAEAAG LFEGASPEVD SAAVAAAAAD
HSV-1 UL9 LELVALPPTL TPVHELLC L STiH.ARL HWDSAAGGSG RTFGPDDVLD
VZV gene 51 FSIATITTAP LTTHﬁlﬁFR R ‘YIgKT.L KWNPSTEGCV TQVLDTDINT
701 750
Prv UL9 .eia.. AELA PEIL VL'gH §LmATTAARR PURAALSA[G AGGG...AGP
HSV-1 UL9 LLTPHYDRYM O] LG ﬁN gTﬁGLLLSEE A IRVAD‘ES GCPP...RGS
VZV gene 51 LFNQHGDSLA Q!I VMREN MTEAKIILNR PUWRTTGEILD GCHNQCFRPI
751
Prv UL9 LSRGRHAALV FKVM%EEA”ﬁ VRVGREBRG
HSV-1 ULS  VSETDHAVAL §K11§GEL1 VQMAKS
VZV gene 51 PTKHEYNIAL [FRLIMWEQLEG ARVTKS
801 850
Prv UL9 AGLE-PmGtg RRGDFRGERY MYL....TQ.
HSV-1 UL9 HHI-|sEc-H HKRE nGAﬁF ] LRTHSSSAN.
VZV gene 51 INvgrsgC'ﬁ QRHS .QQEY K VYFQAHQMHL
851
Prv UL9 .GGFDAPIDA B ~LVPAEA$
HSV-1 UL9 .PNADIILEA B “ELPTE‘*
VZV gene 51 APHAEAMIQL BLSELSPGSW

Fig. 3. Amino acid sequence comparison of origin binding proteins. Comparison of the

predicted amino acid sequences of PrV UL9, HSV-1 UL9 [36] and the VZV gene 51 product

[15] is shown. Conserved amino acids in all sequences compared are boxed. The six highly

conserved motifs of DNA and RNA helicases are numbered. Leucine residues which may

form the leucine zipper motif are indicated by asterisks. Gaps were introduced for best

alignment. Arrows point to possible start methionines for PrV ULS.5. The predicted start for
HSV-1 UL8.5 [5] is marked by black arrow

A small ORF located in the same orientation and partially overlapping UL12
is predicted to encode a protein with a molecular mass of 7kDa comprising 63 aa.
A putative TATA box is located at nt 1367-1372 (5-TATTTA-3"). A poly-
adenylation signal (5-AATAAA-3') is found immediately downstream of the
gene at nt 1930—1935. Based on the overall collinearity of the alphaherpesvirus
genomes this ORF was named ULI11, although amino acid identity to the
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deduced HSV-1 ULI11 protein is limited (31%) and restricted to the N-terminal
part (data not shown). The HSV-1 ULI1 protein has been shown to be
myristylated and deduced UL11 homologous proteins of VZV (gene 49) [15],
EHV-1 (gene 51) [52], HCMV (UL99) [12], and EBV (BBLF1) [1], including
PrV (this study) all contain a conserved glycine residue which is predicted to
carry the myristyl moiety [31].

Downstream of the UL11 poly A signal a cluster of repeated elements is
located in which the sequence 5-GGGGGAGAGGAT-3'is repeated 18 times
(R; Fig. 1).

Sequence analysis of the PrV UL10 gene which encodes the abundant virion
glycoprotein gM has been described recently [21]. The UL10 open reading
frame starts at nt 3 585 and ends at nt 2 406.

In opposite orientation to UL10 with overlapping start codons a large open
reading frame is located whose deduced translation product shows strong
homology to the HSV-1 UL9 protein. The open reading frame starts at nt 3 584
and ends at nt 6113. A potential TATA box, 5-ATAA-3', is located 99bp
upstream, but a consensus sequence for polyadenylation was not detected
immediately downstream of the ORF. The PrV UL9 protein product comprises
843 aa with a predicted molecular mass of 91 kDa. Homology to respective
proteins in other alphaherpesviruses is high and amounts to 50% identical
amino acids with the HSV-1 UL9 polypeptide and 47% with the VZV gene 51
product. Similar to the HSV-1 UL9, the VZV gene 51 and the EHV-1 gene 53
products which constitute the origin-binding protein [11, 22, 33], the deduced
PrV UL9 protein specifies helicase motifs as well as a leucine zipper motif as
shown in Fig. 3. No UL9 homolog has been found in Beta-and Gammaherpes-
viruses, with the exception of human herpesvirus 6 (HHV-6B), a betaherpesvirus
[26].

In HSV-1 an open reading frame designated as UL8.5 that overlaps and is
in-frame with the 3’-terminal half of the UL9 gene has been described [ 5]. In PrV,
possible start codons at positions 4 703, 4 724, and 4 742 are located within and
in-frame with UL9 (see Fig. 3). Thus, the PrV ULS.5 protein could consist of the
carboxyterminal 470, 463, or 457 aa of the UL9 product, respectively. As judged
from the sequence, the third initiation codon is in the most favourable translation
initiation context [30].

Downstream of UL9 in the same transcriptional orientation an ORF
starts at nt 6112, overlapping by one base with the UL9 gene, and ends
at nt 8161. A putative TATA box, 5-TATAAA-3', is situated 140 nt up-
stream and a poly A signal is found at nt 8166-8171 immediately down-
stream from the ORF. The deduced 683 aa protein shows 37% amino
acid identity to the HSV-1 ULS8 protein and to the VZV gene 52
product.

PrV UL7 is transcribed in opposite orientation to ULS. Two in-frame start
codons were detected at nt 9 129 and nt 9 117. Both are in favourable translation
initiation context according to the rules of Kozak [30]. Assuming that transla-
tion starts at the first ATG (nt 9129) the gene is predicted to encode a protein of
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266 amino acids with a molecular mass of 29kDa. The sequence 5-TTTAA-3’
located at nt 9217-9 213 might function as TATA box while a poly A signal is
located at nt 8 182—-8 177. Comparison with the UL7 homologs in the other
alphaherpesviruses shows amino acid sequence identities between 37% (HSV-1)
and 43% (EHV-1).

In the same transcriptional orientation, and partially overlapping the UL7
gene, resides the UL6 ORF. The sequence 5-TAAA-3’ located at nt 11010—
11007 could represent a TATA box. With a start codon at nt 10951 and stop
codon at nt 9022 the gene is predicted to specify a 643 aa protein with a molecular
mass of 70kDa. Homology to the HSV-1 UL6 and VZV gene 54 proteins
amounts to 50% and 52% identical amino acids, respectively. Multiple sequence
analysis shows several motifs conserved throughout the herpesviruses (Fig. 4).

Tiranscriptional analysis

To determine the transcriptional pattern in the sequenced region, Northern blot
analyses were performed. For that purpose whole-cell RNA of PrV infected
EFN-R cells was isolated at 1, 2, 3,4, and 5 h after infection (Fig. 5, lanes 1-5). As
negative control, mock-infected cell RNA was also assayed (Fig. 5, lanes 0).
Location of the hybridization probes is shown in Fig. 1.

Probe 1, comprising most of the sequenced region, hybridized to six
RNAs of 1.3, 1.6, 2.4, 3.1, 3.6 and 5.1 kb (Fig. 5A). The most abundant
transcript, 1.6 kb in size, was first detectable at 2 h p.i. and increased in amount
until 5h p.i. The 1.3 kb transcript could be detected from 3 h p.i. until Sh p.i. The
2.4kbmRNA was already visible at 1 h p.i., increased in amount until 3 h p.i., and
decreased thereafter. The 3.1kb RNA showed similar kinetics as the 1.6kb tran-
script but appeared to be less abundant. The 3.6kb transcript was first de-
tected at 3h p.i. and increased until Sh p.i. The 5.1kb transcript gave only
a very faint signal being barely visible at 1 h p.i. and increasing in amount until
3hpi.

To assign transcripts to the predicted genes more specific hybridization
probes were used as indicated in Fig. 1. Probe 2 containing only UL7 sequences
hybridized to the 3.1 kb and 1.3 kb transcripts (Fig. 5B) while probe 3, specific for
ULSG, detected the 3.1kb transcript only (Fig. 5C). This indicates that the 1.3kb
mRNA represents the UL7 transcript, and the 3.1 kb transcript is structurally
bicistronic encompassing UL6 and UL7. Based on Northern blot and se-
quencing data, both transcripts appear to be 3'-coterminal, which is also
indicated by presence of a polyadenylation signal downstream from UL7. Probe
4, a single stranded RNA antisense to the UL10 gene (Fig. 5D), detected the very
abundant 1.6kb transcript. No signal was detectable with a probe in sense
orientation (data not shown). Additional Northern blots identified the 5.1kb
RNA as the UL9 transcript, the 2.4kb RNA as the UL8 mRNA, and a 3.6kb
RNA as the putative ULS.5 transcript (data not shown). A summary of the
transcript map is shown in Fig. 1.
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Fig. 4. Multiple sequence analysis of UL6 homologous proteins. Sequence alignment of
deduced PrV UL6, VZV gene 54 [15], HSV-1 UL6 [36], EBV BBRF1 [1] and HCMV
UL104 [12] proteins was performed by the program Pileup and a consensus sequence was
created with the program Pretty. Conserved amino acid residues in at least three of five
sequences compared are shown in upper case letters. Amino acids conserved in all sequences
compared are shown in grey shaded boxes. Regions of high homology are boxed
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Fig. 5. Mapping of transcripts in the UL6 to UL10 region by Northern Blot analysis. Whole

cell RNA from PrV infected pig kidney cells was isolated 1,2, 3,4, and 5 h p.i. and analyzed in

Northern blot hybridizations with probes 1 (A), 2 (B), 3 (C), and 4 (D). For location of

hybridization probes see Fig. 1. Lanes 0 contain RNA from mock-infected cells. Sizes of
transcripts are indicated

Discussion

In this study an 11 059bp fragment of the PrV genome located in the U, region
has been sequenced and analyzed. This result represents another important step
toward our goal to gain complete sequence information of the PrV genome.
Within this region eight open reading frames were identified which were named
PrV UL6, UL7, ULS, ULS8.5, UL9, UL10, UL11 and UL12 based on their
homology to respective HSV-1 genes [ 5, 36]. In addition, we analyzed transcrip-
tion from the open reading frames UL6, UL7, ULS, ULS.5, UL9 and UL10.
The PrV UL12 gene has partially been sequenced previously [19]. These
authors also analyzed transcription in this region and showed the presence of
3’-coterminal transcripts for UL14, UL13, UL12 and UL11 [20]. HSV-1 UL12
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encodes an alkaline exonuclease which appears to be involved in efficient egress
of capsids from the nucleus [ 50]. However, its precise role at the molecular level
is still unclear, although a function in resolution of DNA recombination
intermediates has been discussed recently [35]. Since amino acid sequences of
the UL12 homologous proteins are well conserved, it is likely that the PrV UL12
gene product executes a similar function. Inactivation of PrV UL12 resulted in
a strong reduction of viral virulence for mice [20], which indicates an important
role in vivo.

The predicted PrV ULI11 protein comprises only 63 aa with a calculated
molecular mass of 7kDa. The HSV-1 UL11 protein of 96 aa is associated with
cytoplasmic and nuclear membranes [4], and facilitates nucleocapsid envelop-
ment and egress from cells [2]. It is modified by myristic acid moieties [31].
Although the UL11 homologs exhibit only limited sequence homology, and sizes
of the deduced protein products differ, the glycine residue (aa 2 in the PrV
protein) which is predicted to carry the myristic acid is conserved throughout all
subfamilies of herpesviruses. However, the precise function of this modification is
not clear at present.

With the elucidation of the sequences for the UL9 and ULS genes of PrV, all
homologs to genes whose products are known to be required for origin-
dependent DNA replication in HSV-1 [40] have now also been identified in PrV
[6,8,16,43]. Generally, proteins involved in DNA replication are well conser-
ved. This is also true for PrV UL9 and ULS8 with 50% and 37% amino acid
identity to corresponding HSV-1 proteins, respectively. In addition, the deduced
PrV UL9 product contains six motifs indicative for the helicase superfamily
2 and a leucine zipper which may play a role in dimerization (Fig. 3) [32].

Two additional transcripts have been described in HSV-1 representing ORF's
UL9.5 and ULS.5 [5]. While no UL9.5 protein product has been described yet,
the ULS.5 polypeptide consists of the carboxy terminal 486 aa of the origin
binding protein, which is expressed as an independent protein during viral
infection. Sequence analysis shows presence of a corresponding ORF in PrV,
with three possible start methionines. The first initiation codon is predicted as
start codon for HSV-1 ULS.5 [5], while for PrV the third is the more probable
according to the rules of Kozak [30]. Northern blot analysis revealed a 3.6kb
transcript which could represent the PrV UL8.5 mRNA. It is detectable from
3 h pi. until 5h p.i. indicating delayed-early or late expression. As regards
a possible UL9.5 gene, an ORF in opposite orientation of UL10, and overlap-
ping UL10 and the 5'-terminal part of UL9 starts at nt 2 197 and ends at nt 3 865.
However, no putative transcriptional control elements were detected upstream
of this ORF, which is preceded by the repeat cluster, and no third position G/C
bias was predicted by the program Codonpreference. In addition, we were unable
to detect a possible UL9.5 transcript in PrV, although RNAs of very low
abundance might have escaped detection. Therefore, the presence of an UL9.5
homolog in PrV appears unlikely.

No function of any UL7 homologous protein is known at present. In BHV-1,
UL7 is not essential for viral replication in cell culture and the protein product
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was detected in infected cells but not in purified virions [48]. PrV and BHV-1
UL7 proteins share 50% identical amino acids. This high conservation probably
reflects common important functions which might become clearer after infection
of the respective natural host.

HSV-1 ULG6 codes for a capsid-associated protein [41]. Since amino acid
identity of HSV-1 and PrV ULG6 proteins amounts to 50%, it is reasonable to
assume that the PrV protein also represents a capsid constituent. Transcripts for
PrV UL6 and UL7 are 3'-coterminal sharing a common polyadenylation site
which parallels the situation in HSV-1 and BHV-1 [41, 48]. No functional
analysis of PrV UL6 or UL7 has been performed so far.

In summary, we established the sequence of an 11 059bp region of the PrV
genome and showed conservation of gene arrangement and transcriptional
pattern between PrV and other alphaherpesviruses.
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