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SUMMARY

The glycoprotein E (gE) gene is a virulence-associated gene of pseudorabies virus (PrV). This paper reports the
first documented gE sequence analysis of a locally derived PrV. A comparative sequence analysis with other
herpesviral gE homologues was also performed to give an insight on where it stands among the pool of genes. The gE
gene of TK™gE* PrV features a typical type 1 membrane protein which starts with the initiator methionine and followed
directly with a 27-amino-acids signal sequence. Basically the gene could be divided into three distinct functional
domains: a 429-amino-acid ectodomain, a 26-amino-acid hydrophobic transmembrane domain and a 123-amino-acid,
highly charged cytoplasmic domain. A high degree of gE gene conservation was shared between TK"gE* PrV and
other PrV strains. Only 23 to 31% homology was found when compared among the gE proteins of alphaherpesvirus
from diverse animals. Despite the low overall level of identity, considerable similarity of cystein rich regions was
observed among gE genes, indicating some important sequences for the structure of these glycoproteins. Although,
the gE of PrV strains have closely conserved predicted N-linked glycosylation sites, they have no counterparts in the
homologous proteins of other alphaherpesviruses. Comparison of amino acid sequences with gE homologs indicated
a greater diversity of sequence in the N- terminal region of the protein. It also highlighted several features of the gE
protein conserved throughout the herpesvirus family which is also shared by TK gE* PrV. Characterisation of the
local PrV gE at molecular level may facilitate the construction of recombinant or chimeric PrV as vehicles for the

delivery of vaccine antigens to the host.
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INTRODUCTION

Pseudorabies virus (PrV) is a neurotropic
alphaherpesvirus that causes acute fatal disease in a
variety of mammals and birds. The pig is the only natural
- host for the virus (Enquist et al., 1999). The disease is
characterised by a variety of clinical signs in older pigs,
including encephalitis, pneumonia, increased
susceptibility to other respiratory pathogens and
reproductive complications. The most common mode of
transmission of the virus is via direct contact with infected
pigs and infected body secretion (Schoenbaum et al.,
1990). Although PrV has many genes that contribute to
viral infectivity, glycoprotein E (gE) is one of the most
studied genes because of its importance as a virulence
mediator and dissemination of PrV in every animal model
tested thus far (Tirabassi and Enquist, 1999). Previous
findings by Card er al. (1992) demonstrated that gE is
important for the transneuron transport of PrV in rats,
while Kimman e al. (1992) suggested that gE is important
for the transport of PrV through the porcine CNS.
Meanwhile, Jacobs ef al. (1993a) found that deleting
valine and cysteine from gE reduced the size of plaques
and reduced the virulence for mice to the same degree as
deleting the entire gE protein. Another study by Tirabassi
et al. (1997) reported that the N-terminal extracellular

domain of gE is sufficient to mediate gE-promoted spread
in the rat central nervous system (CNS), while the C-
terminal cytoplasmic domain of gE is required for gE
mediated virulence. However, the mechanism by which
gE accomplishes these two separable functions has not
yet been determined. Therefore, more work need to be
done to give clues for related functions of the gene.

In the present study, the gE gene sequence of a
locally derived TK™gE" PrV strain (Zeenathul,1999) was
molecularly characterised. Since PrV has similar genes
with other herpesvirus, a comparative gE sequence
analysis was also performed to determine the degree of
gene conservation among gE homologues. The data set
from this study may facilitate the construction of chimeras
or recombinant PrV as vehicles for the delivery of vaccine
antigens to the host.

MATERIALS AND METHODS
Virus

The PrV isolate (TKgE* PrV) considered in this
study has been described previously by Zeenathul
(2004). The TK defective (TK™) PrV which had been
derived from a local virulent strain, was established at
the Virology Laboratory, Faculty of Veterinary Medicine,
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Universiti Putra Malaysia (Zeenathul, 1999). The virus
was propagated in Vero cells and viral DNA was extracted
following established methods (Zeenathul, 2004).

PCR amplification of the full length PrV gE gene

Primers used to amplify the gE gene were designed
based from the published gl and gE sequences (Petrovskis
et al., 1986) and modification of previously established
¢E primers (Jacobs et al., 1993b). Forward primer, PrVgef
(5’-CAAGAT GACGTTGGC CGAGCTTCG-3") is located
upstream at nts -161 to -138 while the reverse primer R-
GE 11K (5-CGGAATGCGGGAGGACCGGTTATCCC-
3") extends downstream towards 11K gene (nts -3 to -28
of 11K gene). PCR was carried out in a 50ul reaction
mixture with an established thermal cycling protocol. An
initial pre-denaturation of viral DNA at 99°C for 3 min
was performed prior to addition of the remaining cocktail
mixture . The mixture was heated at 95°C for 2 min followed
by 30 cycles of 1 min at 94°C, 1 min at 65°C, and | minat
72°C, with a 5-min final extension at 72°C. PCR-amplified
DNA fragments were run on 1% agarose gel
electrophoresis and the gel was purified by QIAquick
Gel Extraction Kit (Qiagene, U.S.A.). The fragment was
subsequently cloned in PCR®-Blunt vector (Invitrogen,
USA).

Sequence analysis

The cloned gE gene was sequenced in an automated
DNA sequencer (ABI systems, USA). Sequencing was
done in both directions using M 13 forward and reverse
universal primers as well as gE specific primers for walking
along the gE gene as follows : (forward SPECF01 5°-TGC
GAC GCC GTG GCG GTG ACC A-3’ (nts 348 to 369);

forward PrVEQ5 5'- ACT ACG TGT ACG AGC CCT GCA
TC-3 (nts 829 to 851); reverse E04 5'-GTG GGC AGG
CTG GTG TAC ACC GGC G-3’ (nts 1422 to 1447) and
reverse geR 5'- TAA GCG GGG CGG GCATTC AAC
AGG-3’(nts 1732 to 1709). SDSC Biological WorkBench
3.2 was utilised to analyse the nucleotide sequences and
deduced amino acid sequences. For sequence
comparison, GenBank database was used. The GenBank
accession numbers of the sequences used for analysis
were bracketed as follows: PrV:Ea strain [AF171937.1],
PrV:Rice strain [PO8354], Canine herpesvirus (CHV)
[AAB67060.1], Bovine herpesvirus 1 (BHV-1) [Q08101],
Equine herpesvirus 1 (EHV-1) [M36299.1], Herpes simplex
virus (HSV-1) [P04488], Gallid herpesvirus 2 (GaHV-2)
[CAA48619.1] and Simian varicella virus (SVV) [Q045438].
Studies on homology search (as predicted by Statistical
Analysis of Protein Sequence), phylogenetic relationship
(Phylip’s Drawtree), multiple sequence alignment
(CLUSTAL W, TMAP), FASTA search, and codon
changes as well as amino acid determination were
included.

RESULTS

The G+Crich PrV DNA hampered PCR amplification
and led to laborious optimisation. In this study, various
PCR additives were tried; however, only DMSO was
helpful in amplifying a correct-sized DNA fragment from
the PrV DNA. Usage of heavy predenaturation up to 99°C
(Wang Haijian, Nanjing Agricultural University, Jiangsu,
China, pers.comm.) had partially solved the problems.
Considerable specificity was obtained when the
temperature of the primer annealing step was within 65°C-
70°C. Despite optimisation, multiple fragments were
generated during PCR®. Therefore, the amplification
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Figure 1: Purified PCR product of the TK gE* PrV gE gene. The PCR product of 1.93 kb containing the full-length gE
sequence was amplified using PrVgef (sense) and R-GE11K (antisense) primers. Lane 1: 1kb DNA ladder
(Fermentas); Lanes 2 to 4: gel purified PCR product.
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product of 1928 bp was gel purified prior to cloning in
pCR -Blunt plasmid for sequencing (Figure 1).

The full-length gE sequence of TK gE* Prv is
shown in Figure 2. The sequenced 1928 nucleotides (n)
constituted the terminal end of gl gene, foliowed by a
non-coding region, open reading frame (ORF) of gE,
terminal end of gE, and the beginning of the adjacent
11K gene. The ORF encoedes a putative protein of 578
amino acids with a calculated molecular weight of 62.7
kDA in unmodified form. The gE gene which features a
typical 1 membrane protein (Tirabassi et al., 1997), starts
with the initiator methionine {ATG) (Figure 2) and followed
directly with a 27-arnino-acids signal sequence. Basically
the gene could be divided into three distinct functional
domains: a 429-amino-acid ectodomain, a 26-amino-acid
hydrophobic transmembrane domain and a 123-amino-
acid, highly charged cytoplasmic domain (Figure 2). The
length of the entire coding region of TK gE* Prv gEis
identical to the PrV Ea strain but differs from the Rice
strain {Table I).

Multiple sequence alignment of gE homologous
protein was achieved by employing the CLUSTAL W of
SDSC Workbench 3.2 software allowing a Gap open
penalty of 10and a Gap extension penalty of 0.20 (Figure
3). Asitis true for the entire Prv genome (Petrovskis et
al., 1986), the gE gene is extremely rich in guanine and
cytocine. The gE genes of TK gE* PrV, Ea and Rice
strains have G+C contents of 73%, 74 % and 74.8 %,
respectively (NASTATS tool in Workbench). The codon
usage in these genes favour codons with G or C in the
third position. In the gE of TK gE* PrV, 97 % of the
codons have a G or C in the third position as depicted
from the Codon Usage Database (Source: GenBank
Release 138). Amino acids with the G + C-rich codons are
very abundant in the gE protein. The predicted gE of
TK gBE*PrV has 11 % alanine (A), 11% proline (P), 8%
- glycine (G), and 8% arginine (R) which is similar to that of
Ea strain (Figure 3); However, the Rice strain differed in

the alanine composition (12%). Among the gE
homologous, HSV-1 showed the highest percentage of
alanine {16%) and proline (12%) while CHYV, the least (2.3%
and 4.6, respectively). The range of glycine and arginine
composition among the homologues was 3.3-8% and 2.3-
8%, respectively. Overall, the composition of these GC
rich coding amino acids (aa) varied among the gE
homologues.

Homology search revealed 98% of aa similarity within
the TK™gE* PrV and the Ea PrV strain g gene sequences
(Table 1; Figure 4). Out of ten nucleotide variations {at n
position 237, 931, 1207, 1409, 1501, 1530, 1549, 1555, 1682
and 1842, respectively), six sites coded for non identical
amino acids. The most divergence was found in the C-
terminal region, consisting of the 5 amino acid {aa)
substitutions at aa position 470 (V6A); aa 501 (V61}; aa
517 (P6S); aa 519 (T6A) and at aa 561 (T6N) except for
ane specific region located at aa 403 (AGP) (Figure 3).
The presence of an aspartic acid (D} at aa position 128 of
the gE coding region, corresponded to an addition to the
aa abundance in TK gE* PrV and Ea strain (Table 1).
When comparison was performed with PrV Rice strain,
95 % homology was identified (Table 1}. However, both
TK gE* PrvV and Ea strain showed significant
discrepancies with Rice gE sequence, either in terms of
nucleotides or amino acids variations which are scattered
throughout the reading frame without particular region
preferences (Figure 3). The ranges of sequence identity
depicted from homology search to other gE homologous
protein are as shown in Table |.

Ten extremely conserved cystein clusters which
aligned perfectly at aa 118 (C)), 127 (C,)}, 132(C)), 142
(C,).275(C,), 284 (C)), 293 (C,), 301 (C), 320 (C,) and 332
(C,,), were presented within the gE PrV strains {Figure 3).
A considerable degree of cystein conservation was also
observed when compared to the rest of gE counterparts
(Figure 5). Interestingly, the above mentioned cystein
clusters that stretched along 2a 275 to aa 332 seemed to

Table 1: Comparison of ¢E glycoprotein of TK gE* Prv with other homologous proteins of the alphaherpesvirinae

Virus Acession Number of MW % identity of
(GI:Genbank Identification) amino acids KDa amino acids #
Local TK gE* Prv - 578 62.7 100
PrV: Ea strain AF171937.1 (GLE5764548) 578 62.6 98
PrV:Rice strain P08354 (GE138245) 577 62.3 95
Canine herpesvirus (CHV) AABG7060.1 (GL:2337934) 522 59.9 25
Bovine herpesvirus 1 (BHV-1) Q08101 (GI:1174953) 575 61.2 31
Equine herpesvirus 1 (EHV-1) M36299.1 (GIL:330787) 550 61.2 23
Herpes simplex virus (HSV-1) P04488 (GI:138240) 550 59.1 28
Gallid herpesvirus 2 (GaHV-2) CAA48619.1 (GL4067921) 498 55.1 23
Simian varicella virus (SVV) Q04548 (GI:549306) 604 67.6 25
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M R P F L. L R A A QL L A L L &AL A L &

1 atgcggecectttetgetgegegecgegcageteoctggegetgetggeectggegeteteo 60
T B A P 8§ L. 8 A E TIT P & B VYT EN PB 5

61 accgaggoccoogagecetetoegeegagacgaceceggygoccegtcaccgaggtecegagt 120
P S A E V WD DIL S T E A G DD UDUL N G

121 ccctegogccgaggtctaggacgacctectecacegaggeccggegacgatgacctecaacgge 180
D L D G OD D RUERAGVF G S A L A & L R E

181 gacctcgacggecgacgaccgeegegegggctteggeteggecocctegectecctgagagag 240
A P P A H L V BV 8 E G & N F T L D 2 R

241 gcgcecccocggcccatctggtgaacgtgtccgagggegecaactcacecectegacgegage 300
&G b & B ¥V L & B T W T F L P VYV E @ © D A&

301 ggcgacggcgccgtgctggeccgggatctggacgttectgecegtecgecggetgegacgec 360
vsg vaooOT ¥y g B E TR R P2 BLT YV L G R

361 gtgtcggtgaccacggtgtgettecgagaccgegtgecacecggacctggtgetgggecge 420
A C VvV P E A P E MG I G D Y L B P E V P

421 gecctgcgtececcgaggecccggagatgggecatecggegactacctgeoegeccgaggtgeeg 480
R L R R E P P I vV ™ P E R W &8 P B L 8 ¥V

481 cggctecggegegagccgeccategtcacceccggageggtggtecgecgecacctgagegte 540
L R AT P BN D T & L ¥ 7 L H DA B €€ P R

541 ctgcgggccacgeccaacgacacgggectectacacgetgecacgacgecteggggecgoegyg 600
A ¥V F F V A vV ¢ D R P P A P A D PV G FE

601 gcegtgttetttgtggeggtgggecgaccggecgeccgegecggeggacceggtgggecceo 660
AR H E P R F H 2 L @ FH S QL F 8 P G

661 gegcgccacgagecccgettecacgegetecggetteccactegecagetettetegecegayg 720
D 27 FP DL M P RV VYV S DM GED S R E N _F

721 gacacgttcgacctgatgecgegegtggtectcggacatgggegactegegegagaacttt 780
T A T EFE D W Y ¥ A R A P F R ¢ L L X Y N

781 accgecacgetggactggtactacgegegegegecccegeggtgectgetgtactacgtg 840
¥ E P C I ¥ H P R A P E C L R B V D P A

841 tacgagccctgecatcectaccacccgegogegeccgagtgectgcgeccggtggaccecggcy 900
¢ 8§ F T S8 P A R ARL VYV AR RAY A S C

901 tgcagcttcacctecgeeoggegegegegeggttggtggegegeegegegtacgeectegtge 960
¢ P L L, G DR WL TOAOGCUPFUDAUPF G E E

961 agccecgetgcteggggaccggtggetgaccgectgececttegacgecttecggegaggag 1020

vV H T N A T a2 D E & 6 L ¥ ¥V Lh ¥ M T H N

1021 gtgcacacgaacgccaccgeggacgagteggggetgtacgtgetegtgatgacccacaac 1080
6 H VvV A T W DY T L V A T A AUZEY NV TV

1081 ggccacgtegecacctgggactacacgectcgtegecacegeggcegagtacgtcacggte 1140
I1 K E L T A P A R A P G T P W G P G G G

1141 atcaaggagctgacggcccocggeccgggecccgggeaccecgtggggecccggeggeggce 1200
Db A 3 ¥ ¥ D & Vv T P A P P A R E W N

1201 gacgacgcgatctacgtggacggecgtecacgacgeocggogecgeccgegegeccgtggaac 1260
P.‘Y G R T T P G B L F V L. A L @ 5 F V M

1261 Q?gtacggccggacgacgcccgggcggctgtttgtgctgchctgggctccttcgtgatg 1320
g i Q v v 6 G A V W L C VvV L €C 8 R R R & A

1321 acgtgecgtegtogggggggecgtetggetetgegtgetgtgetocecggegecgggeggee 1380
S R P F R V P TR V R THMUL S5 P V ¥ T

1381 tecgecggecgtteccgggtgeccgacgegggtgeggacgecacatgeteteteecggtgtacace 1440
s L T H E D ¥ ¥ DG D DD DEE-A & V

1441 agcctgcccacgcacgaggactactacgacggegacgacgacgacgaggaggegggegte 1500
VvV R R R P A &8 P &€ & D 8 6 ¥ E &8 P ¥ T 8

1501 gtccgoccggeggeccgecteocececggeggggacageggctacgaggggecgtacacgage 1560
L Pp P E D E P &8 S DEDDSGULY ¥ R P E

1561 ctggacceccgaggacgagttcagcagocgacgaggacgacgggetgtacgtgegeececegag 1620
FE X PR B &8 F BN W F RDUPERK F E Vv I

1621 gaggcgccccgeteccggecttecgacgtetggttecgegatececggagaaaccggaagtgacyg 1680
T G BN ¥ 6 V T™ A NURILIL M SR P A *

1681 actggacccaactatggcgtgaccgccaaccgectgttgatgtecoccgececegettaa 1737

Figure 2: Nucleotide sequence and deduced amino acid sequence of the gE gene of (TK'gE* PrV). The sequence begins
with an initiator methionine (at position 1). The stop codon is indicated as *. The asparagines which may be
the potential sites of N-linked glycosylation are underlined.
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A) Signal sequences and N’terminus cystein clusters

Local TK gE'Prv
PrV:Ea strain
PrV:Rice strain
CHV

BHV-1:8T strain
EHV-1
HSV-1:strain 17
GaHv-2

SVV:DHV strain

Local TK gE'PrvV
PrV:Ea strain
Prv:Rice strain
CHV

BHV-1:ST strain
ERV-1
HSV-1l:strain 17
GaHv-2

SVV:DHV strain

Local TK gE'Prv
FrV:Ea strain
PrV:Rice strain
CHV

BHV-1:8T strain
EHV-1
HSV-1l:strain 17
GaHV-2

SVV:DHV strain

Local TK gE'PrV
PrV:Ea strain
PrV:Rice strain
CHV

BHV-1:ST strain
EHV-1
HSV-l:strain 17
GaHvV-2

SVV:DHV strain

Local TK gE'Prv
PrV:Ea strain
PrV:Rice strain
cav 4]
BHV-1:S8T:strain
EHV-1 t
HSV-l:strain 17
GaHV-2

SVV:DHV strain

Local TK gE'Prv
PrV:Ea strain
PrV:Rice strain
CHV

BHV-1:8T strain
EHV-1
HSV-1:strain 17
GaHV-2

SVV:DHV strain

(AF171937)
{ POB354 )
(AAB67060)
( Q08101 )
( M36299
( P04488
( can4se
{ Q04548

(AF171937)
( P08354 )
(ARB67060)
( Q08101 )
( M36299 )
( 204488 )
( cAA485 )
( Q04548 )

(AF171937)
( P08354 )
(AAB67060)
( Q08101 )
{ M362%9 )
( P04488 )
( CAR486 )
( Q04548 )

(AF171937)
( POB354 )
(ARB67060)
( Q08101 )
( M36299 )
( P04488 )
( CAR486 )
( Q04548 )

(AF171937)
( P0B354 )
(RRE67060)
{ Q08101 )
( M36299
( PO44B8
( CAA4BE
( Q04548

(AF171937)
( P08354 )
(ARB67060)
{ 008101 )
{ M36299 )
( P04488 )
( CAR486 )
( Q04548 )

10 20 30 40 50

IQDYINAAYTHERPFIQDKSKHKMETYTQSLLHTD

LETDSQISRERGNYT
# # #

PVTEVESPSAEVWDDLSTEAGD-—~=~ DDLNGDLDGDDRRAGFGSALASL
PVTEVESPSAEVHDDLSTEAGD-———— DDLNGDLDGDDRRAGFGSALASL
PVTEVESPSAEVWD-LSTEAGD-=~=~ DDLDGDLNGDDRRAGFGSALASL
-~VIVSEKSGEVIDGYSTNPPF -~~~ RG——————————— WVE
SVDTVETARAGAPVFLPGPAAR-—-—~ PDVRAVRGWSVLAGAESPEVPEP
--VELSEGAWAMIDGRDVLTPT -~~~ M TRVTKA -~ —= ===~ —WTF
SWRRVSVGEDVSLLPAPGPTGR-~~~~ GPTOKLLWAVE PLDOGEGPLHPSW
~-LDLLEGQSVAVDI PRYPPLT--——~ By TET - WIW

NAQELGDGNNEHVDLVNEEMTKNVLMKHGHRNFMDASILYKSVHGITHLH

PNL PN2 # 1
LDARGDGAVLAGIWTFLPVR AVSVT
DARGDGAVLAGIWTFLPVR AVSVT
LDARGDGAVVAGIWTFLPVR AVA
GISISNI®IERN--

# #2
REAPPAHL
REAPPAHL
REAPPAHL
LOTPPS
VCLDD. DVALD
LETPPG— DISVKK
VSLMPPKQVPETVVD.
ISS----I SMGYT

~--—L{SEDNI I IGKHEN

LAMAYAPPAPSATGGLRTD

ATBFODLLLGTSEY
AHORPTEVSVAENQQOLLLKVHIPQENEHTYTERWS FLPAAPCKLTEPSIQ

3 4 # #
ET. PDLVLG] EAPEMGIGDYLPPEVPRLRREPPIVTPERWSPHL
ET. PDLVLGI PEAPEMGIGDYLPPEVPRLRREPPIVTPERWSPHL
ET. PDLVLGI PEAPERGIGDYLPPEVPRLOREPPIVTPERWSPHL

IKTINYPLAVADFEISHNETKKINDVYFVEBSVF----PI1TTHEEC--1
DSTGDKEFVLADPHVSAQLGRNAGVLIAAAAEEDGGV Y FLYDRLIGDAG
LLTGEHGIALAE RRTDDVYFVRBEVF----PILAETRSV--L
FVWQERAAVVRRELVIHGVRETDSGLYTLSVGDIKDPARQVASVVLYVQP
RYGEEKILRVDRFVVNSGSLDRIASSQFHY IPN-———-~ VIIGTGRGKEL
QVCIKHGACIHDVVVDVDCIAESMEHTLVEIGYVVHASKAVHETWTVVEE

# ' ! # PN3

sv -—- LRAT LYTLHDASG---PRAVFFVA
sv - LRATPNDIGLY TLHDASG-~-PRAVFFVA
™v -- --RRATPNDIGLYTLHDASG-~~PRAVEEVA
e THVE INNSGI Y TLYENNDKWSHOSKILVT
DE-—===—mmmmmmmmme e ETQLALTLQVATAGAQGAARDEEREPATG
QI-——mmmmmm o HRATPSIAGVYTLHVS I DGMMKHSVVLLT

e E VPTPPPTPADYDEDDNDEGEDESLAGTPA
TI- FAESQTAGYYTRY TREBERPAVMDVLLY

'EDFANYGFDTPDVKPGVLKFEHMNAHHAGVYIWNLQGTHGENMYVTFLV

(continued)
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B) Cysteine clusters in N-terminal

Local TK gE'PxV
PrV:Ea strain
PrV:Rice strain
CHV

BHV-1:8T strain
EHV-1
HSV-1l:strain 17
GaHV-2

SVV:DHV strain

Local TK gE'PrvV
PrV:Ea strain
PrV:Rice strain
CHV

BHV-1:8T strain
EHV-1
HSV-1l:strain 17
GaHV-2

SVV:DHV strain

Local TK gE'PrV
PrV:Ea strain
PrV:Rice strain
CHV

BHV-1:ST strain
EHV-1
HSV-l:strain 17
GaHvV-2

SVV:DHV strain

Local TK gE'PrVv
PrV:Ea strain
PrV:Rice strain
CHV

BHV-1:ST strain
EHV-1
HSV~-1l:strain 17
GaHv-2

SVV:DHV strain

Local TK gE'Prv
Prv:Ea strain
PrV:Rice strain
CHV

BHV-1:ST strain
EHV-1
HSV-1:strain 17
GaHV-2

SVV:DHV strain

(AF171937)
( P08354 )
(AARE7060)
( 008101 )
( M362993 )
( P04488 )
( CAR486 )
( Q04548 )

(AF171937)
( P08354 )
(ARB67060)
( Q08101 )
( M36299
( P04488
( cAR486
( Q04548

(AF171937)
( P0B354 )
(RAB67060)
( Q08101 )
( M36299 )
( p04488 )
( CAR48E )
( Q04548 )

(AF171937)
( P08354 )
(RAB67060)
( Q08101 )
( M36299
( P04488
( cAR486
( Q04548

(AF171937)
( P0B354 )
(AAB67060)
( Q08101 )
( M36299 )
( BP04488 )
( CAR486 )
( Q04548 )

#
o+ I RPPAPADPVGPARHEPRFHALGFHSQLFSPGDTF
NG i e i s i RPPAPADPVGPARHEPRFHALGFHSQLFSPGDTF
T s DD S RPPAPLAPVGPARHEPRFHALGFHSQLFSPGDTF
e s KETVITKPKVYIKKHGGFFHVKNYHSHVEVERDEF
PTP—————— e GPPPHRTTTRAPPRRHGARFRVLPYHSHVYTPGDSF

VKKPPKQPQPRLRVKTFPPVTVPQVPVKTHT-DFVVHGYHSRVYADGESF
SGTPRLPPPP-——--APPRSWPSAPEVSHVRGVITVRMETPEAILFSPGETF
WVSVHG-——====~ QAPDRTMNIYITPPSTRVDLTFENFNAFLFNAGDTV
RENN- = ma—=y SIENHIDLPAVTPKPKGAEFHTWHYHSHVFSVGETF

PN4
DLMPRVVSDMGDSRE)
DLMPRVVSDMGDS
DLMPRVVSDMGDS

TLDWYYARAPP
TLDWYYARAPP-
TLDWYYARAPP

KIELNLESEIYDS--EFSASIDWYYMKTSS-E|

LLSVRLQSEFFDEAP-FSASIDWYFLRTAG-DeA
ELSVNLESHIVEP--SFSAETQWYYMESSSSEDLFRVEE
STHWE IHATAHDD-QTYSMDVVWLREDVET-SEAE

10
FDAFG---
FDAFG——-
FDAFG---

INTFSINAD

---------- EEVH ESGLYVLVMTHNGHVATWDYTLVATAAEYV
---------- EEVH ESGLYVLVMTHNGHVATWDY TLVATAAEYV
—————————— EEVH ESGLYVLVMTHNGHVATWDYTLVATAREYV

KHIKQHSNNVDLIFLNTPTNASGLYVFILKYNGHPEAWTY TLVSTVKNFM

AHLRPANNSVDLVFDDAPAAASGLYVFVLOYNGHVEAWDYSLVVTSDRLV

YFIQPAQNRVDLLFKDTPASATGLYVFVLLYNGHPEAWTY TLLSTANHEM

PGLAWQAASVNLEFRDASPQHSGLYLCVVYVNDHIHAWGHITISTAAQYR

AFLESDVP-~SFRLANAQPTDAGLYVIVCLYNGRPLAWTYVYLSTLETIL

SGLEIQNGGSALLFVNAAESMSGLYVFIIHFNGHVETVAY TVVSTIENFV
.. «ddd . - * . *

#
TVIKELTAPARAPGTPWGPGGGDDAIYVDGVITPAPPARPWNPYGRTTPG
TVIKELTAPARAPGTPWGPGGGDDPIYVDGVITPAPPARPWNPYGRTTPG
TVIKELTAPARAPGTPWGPGGGDDAIYVDGVTTPAPPARPWNPYGRTTPG
NVIKDMTRPLLSNNKMKKPEHSTQPPT I THER PGFKSKNWVDKY —————~
RAVTDHTRPEAAAADAPEPGPPLTSEPAGAPTGPAP-—————————————-
NVLTDVTRPRLGEHFYTDLGHKI ITPHPS-VATTEELGAWTRHY -—~~-—~
NAVVEQPLPQRGADLAE PTHPHVGAPPHAPPTHGA-——~——=—==—====

NVFEDVHKPGFGYNAVSADTP PTHTSAFKEGP-————====== T
NAIEEHGFPPEIHNVPSPSS VISETNTFP-=======—=== F
- *

(continued)
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##
RLEVLALGSFVMTCVVGGAVWLCVLC SRRRARSRPFRVEPTRVRTHMLSE

Prv:Ea strain (AF171937) RLFVLALGSFVMTCVVGGAVHLCVIL.CSRRRAASRPFRVETRARTHML 35
PrV:Rice strain ( P08354 ) RLFVLALGSFVMTCVVGGAVWLCVLCSRRRAASRPFRVPTRAGTRML SP
CHV (ARBE7060) IISVAVVSCITIVILIVVITFCVHQUIG- ~LNRKPYE L Iiw - PEFNT
BHV-1:8T strain ({ Q08101 ) ~WLVVLVGALGLAGLVGIARLAVRVCARRASQKRTYD I L~ ~—m—— PFGP
EHV~1 ( M38299 ) LAFLLVIICTCAALLVALVVWGCILY IR-~SNRKPYEVLN-————— BFET
H8V-1:strain 17 { P04488 ) LRLGAVMGAALLLSALGLSVWACMTCWRRRAWRAVKSRAS — ———— GKGP
Ganv-2 { CAA4B6 ) VIYSLLVSSMAAGVILVLLLFALLIVGLYKRHARHRTNGY-——-FQAYE
SVV:DHV strain { Q04548 ) KIYAGITGGFAVLALVCLALALVC T KREKFOHRS YWSDKARY G-~ ~~QST
## # # # #
Local TK gE'Prv YTSLPTHEDYYDGD~DDDEEAGVVRRRPASPGGDSGYEGPYTSLDPEDE
Prv:Ea strain (AF171937) YTSLPTHEDY YDED-DDDEEAGVIRRRPASPGGDSGYESSYASLDPEDE
Prv:Rice strain { P08354 ) YTSLPTHEDYYDGD~DDDEEAGDARRRPSSPGEDSGYEGEYVSLDAEDE
CHV {AAB67060) YHSIPTNERN-~IL~HFAEVTESDYSSDESFDSDS—EELNQRG~——mm
BHV-1:8T strain ( Q08101 ) YPSLEPTNE PLOVVVEVSDDEFSLOEDS FADDDSDDDGPASNPPADAYDL.
EHV-1 { M36299 ) YTSVPSNDPSDEVL-VFERLAS———DSDDSFDSDSDEELEYPPP-PKPA
HSV-l:strain 17 ( P04488 ) YIRVADSELYADWS--SDSEGERDQVPWLAPPERPDSPSTHEEGFE I LS
GaHV-2 ( cAn4g86 ) YSSLPSNDECVFGD-~~GDFNSPLSNTCEGLSRGLAGHSK-————————
SVV:DHV strain ( Q04548 ) YAGVEVDDFEDDTE VEVDEG= == e e e o e e e
* . .
#
Local TK gE'Prv SSDEDDG-——-LYVRPEEAPRSGFDVWEFRDPEKPE = rmw e me = VITGENY
PrV:EBa strain (AFL731937) SSDEDDG-——-LYVRPEEAPRSGFDVHERDPEKPE~——~—m~=~ VINGPNY:
PrV:Rice strain ( P08354 ) SSDEDDG--——--LYVRPERAPRSGFDVHWFRDPEKPE————— - VITHNGPNY:
CHV (AAB67060)  ————- ET----IQQGKKE--(SGYTIWFNEDLEES -~ - ~VSKKLNQFHE
BHV-1:ST strain { Q08101 ) GAPEPTSGFARAPANEIRSSRSGFKVWFRDEPEDD-—AAPARAPARPDY
EHV-1 { M36299 ) QLPPYQF----VDGGDAPSGRSGFKVWIRDTPEASPVPLEKPTLOGEDY
HSV-1l:strain 17 ( P04488 ) TAPSVYP-————— REDGHOSRROLTTEFGSGRPDRR ~— e vm wm o s 4
GaHV-2 { CAALE6 ) = e SRTPKQKGSRYHAWFADG-————=———————m— GPAR
SVV:DHV strain ( Q04548 ) = ———mmmmmmm— BECGGSGYTVYIDKRTR-—————————mmmmmm
# ##

Local TK gE‘Prv VTANRLLMSREA

PrV:Ea strain (AF171937) VTANRLLMSRPA

PrV:Rice strain ( P08354 ) VTASRLLNARDR

CHV (ABBB7060) KIINSLKSIQNE

BHV-1:8T strain ( Q081C1 ) VVRAARLKSILR-

EHV-1 ( M36259 ) RVASKLKSILK-

H8V-l:strain 17 ( P04488 ) QRSDSSVFH-———

GaHV-2 ¥ ( ChA48B6 ) IRRREV-—————

SVV:DHV strain ( Q04548 ) ————m—-—-——-

Figure 3: Amino acid sequence alignments of the gE gene of TKgE* PrV and homologous proteins. The bracketed
accession number indicates the retrieved location in GenBank. Perfectly conserved single amino acids are
indicated with an (*); conserved strong groups as (:); conserved weak groups as (\); and none consensus as
(-). A) represents the signal sequences (grey shaded) that were defined using the SignalP server; black
shaded cystein clusters particularly in PrV strains (1-4). B) particularly indicates the well conserved
cysteine clusters at the C-terminal (black shaded: 5-10). C) Amino acids variations in PrV strains are
indicated as # Potential N-glycosylation sites in PrV gE sequences are numbered PNI1-N5, while in the other
homologous, highlighted in blue shades.
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Figure 4: Phylogenetic relationships among alphaherpesvirus gE homologous proteins

show highest degree of alignment to these gE
homologous protein. Indeed, by insertion of minor gaps
in the multiple sequence alignment, more cystein residues
could be clustered as PrV gE counterparts, indicating the
conservation of some important sequences for the
structure of these glycoproteins (Figure 3A).
i The asparagines.(N) which may be the sites of N-
linked glycosylation' in gE protein of TK"gE* PrV are
located at positions aa 88, 94, 180, 259 and 344 (Figure 2).
The five predicted sites are closely conserved among
the PrV gE sequences (Figure 3). There are a considerable
number of N-linked glycosylation sites in CHV (9 sites),
GaHV-2 (5 sites), EHV-1 (4 sites), SVV (4 sites), HSV-1 (3
sites) and the least in BHV-1 gE (2 sites). Asingle sitein
both GaHV-2 and CHV (PN1 and PN3 in Figure 3) aligned
with that of gE PrV, but, the N-linked glycosylation
consensus tripeptide differed. Therefore, the gE of PrV
strains have no counterparts in terms of conservation of

N-linked glycosylation sites.

DISCUSSION

This study contributes to the first documented gE
sequence analysis of a Malaysian derived PrV. The ORF
which codes a polypeptide of 578 amino acids presents
typical characteristics compatible with the structure of a

viral glycoprotein: signal peptide, putative glycosylation
sites and a long C-terminal transmembrane alpha-helix.
The ORF of PrV strains revealed a striking collinearity
and a highest degree of sequence conservation when
compared to their homologues in other alpha
herpesviruses. Besides the six revealed amino acids
substitution, otherwise, the gE proteins encoded by the
Ea PrV strain, turned out to be the closest relatives of
TK™gE* PrV. This may point to a close cognate
relationship. Meanwhile, codon usage analysis indicated
a bias to GC-rich codon, which is in parallel to previous
documentation (Petrovskis ez al., 1986). Although codon
usage is least well understood in higher organisms,
significant correlation to gene expression levels, tissue-
specific patterns of expression, the degree of evolutionary
conservation of proteins, and the overall or regional
nucleotide composition of the genome had been
evidenced in herpesviruses (Cristillo et al., 2001; Porter,
1995). In order for any secondary structural element to
form in particularly, the gE gene, it is necessary to have
most amino acids within its sequence to have a high
propensity for that structure. The significant conservation
of GC-rich codons observed among the analysed PrV gE
sequences could address this notion. Identical
aforementioned GC-rich amino acids would therefore
cluster over these length ranges as this would favour a
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8-C-7-C-18-C-10 -C-111-C-12-C-3-C-103-COOH

o1 o X &

- 8-C-8-C-18- C- 6-C-156-C-14-C-41-COOH

TK gE’ Prv H2N-117-C-8-C-4-C-9-C-132-C

PrvV Ea H2N-117-C-8-C-4-C-9-C-132-C-

Prv Rice H2N-116-C-8-C-4-C-9-C-132-C- 8«
CHV H2N-12-C-50-C-9-C-5-C-9-C-143-C- 8-C-
SVv H2N-14-C-176-C-10-C-5-C-9-C-150-C- 8-C-
BHV-] H2N-75-C-8-C-5-C-9-C-168-( - ¥-L-
EHV-1 H2N-9-C-54-C-9-C-5-C-9-C-155-L - 8-t
GaHV-2 H2N-3-C-54-C-8-C-5-C-9-C-147-C- 8-«
HSV-1 H2N-13-C-3-C-44-C-24-C-182-C- 5«

- 8-C-7-C-16- C- 8-C-35-C-80 CMTC at 440-107-COOH

4 -C-7-C-18-C-8- C-113-C-6-C44-C-14-COOH

§-C-7-C-| B-C-11-C-119-C-128-COOH

| 8-C-10-C-110 CTC at 414-11-C-122-COOH

Figure 5: Spacing of cystein residues of PrV gE and homologous proteins. The number on the right of each cystein (C)
residue indicated the position in the amino acid sequence. The N-terminus and C-terminus of the sequence
are represented by H,N and COOH, respectively. Red font: highly conserved region; Bold: moderately conserved

sequence with a high preference for forming one particular
secondary structure. For instance, alanine has a high
preference for the a-helix. Hence evolution will select
sequences where alanines are clustered in order to favour
o-helix formation as presented in the study. If amino
acids were randomly distributed, the probability that a
stretch of amino acids would contain a high preference
for a secondary structural element would be decreased.
The characteristic nature of PrV gE and homologous
proteins as a type-1 membrane protein clearly evidenced
the regional gene conservation where amino acids of
similar hydrophobicity clustered in order to produce a
hydrophobic membrane spanning sequence or water-
exposed polar loop..

Based on the cystein similarities, all the 10 clusters
in the gE sequence of TK™gE* PrV, Ea strain and Rice
strain were strictly conserved. These clusters are likely
to form intramolecular disulfide bridges which are
important for the folding and function of the gE protein
(Fariselli et al., 1999). Despite the low overall level of
amino acid sequence identity among the gE proteins of
the diverse animal species, which is on the order of 23 to
31%, the cystein clusters were relatively well conserved
but the best homology resides in the third C- terminal
part of the protein where 6 cystein residues could be
alignedto the homologues of BHV-1, CHV, EHV-1, HS V-1,
SVV with 5 conservations in GaHV-2. The strong
conservation of cystein residues amongst all
alphaherpesviruse gE sequences investigated implied
some degree of conservation of the secondary and tertiary
structure of the proteins.

From the sequence analysis, TK gE* PrV gE protein
sequence contains five potential N-glycosylation sites,

which are well conserved both in position and number
among the different PrV strains. Surprisingly, the sites
are not conserved in other homologous gE protein
sequence. Although N-glycosylation consensus
sequence, NXT/S, also known as the sequon, are
abundant in proteins, but only two-thirds are
glycosylated, due to the fact that the folding of the protein
has enormous implication in the N-glycosylation
regulation (Pless and Lennarz, 1977). Any mutation in
the tripeptide consensus sequence would lead to a
nonglycosylated form of protein. For example, attenuated
PrV strain Bartha (PrV-Ba) expresses a nonglycosylated
gM (Dijkstra et al., 1997) due to a point mutation in the
DNA sequence specifying the sole conserved consensus
motif for N-glycosylation. Little is known, however, about
the influence of other residues at this position, nor of
those flanking the sequon, on the efficiency of N-
glycosylation (Shakin-Eshelman, 1996). The lack of
glycosylation of some sequons may be the result, at least
in part, of the presence or absence of specific residues at
or near the sequon. For instance, a proline (Pro) at the X
position was reported to be prohibitive for glycosylation
(Gavel and von Heijne, 1990).

CONCLUSIONS

In conclusion, the study revealed a significant
homology of gE of TK"gE* PrV to PrV Eaand PrV Rice
strains. Comparison of amino acid sequences with gE
counterparts indicated a greater diversity of sequence in
the N- terminal region of the protein and highlighted
several features of the gE protein conserved throughout
the herpesvirus family.
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