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The murine cytomegalovirus Uy 80 open reading frame was cloned and the predicted amino acid
sequence compared with those from other herpesviruses. The open reading frame encodes a fused
protease-capsid assembly protein precursor and maintains conserved features including the active
site serine, conserved regions CD1 through CD3, the release and maturation sites, and a potential
internal cleavage site within the protease. However, the murine cytomegalovirus protease differs
in comparison with the other proteases because it contains a unique 15-16 amino acid insertion
between CD3 and CD1. The assembly protein sequences are relatively divergent, but they can be
arranged into groups defined by herpesvirus subfamily, with each group possessing a conserved
motif at its carboxyl terminus. ¢ 1994 acadenic Press, Inc.

MCMYV is a herpesvirus closely related to the human pathogen, HCMYV [1]. All members
of the herpesvirus family encode a unique serine protease in association with a capsid assembly
protein [2, 3); the associated ORF is designated U 80 in HCMV, APNG in SCMV and Uy 26 in
HSV-1. Transcription from this ORF produces multiple 3' co-terminal mRNAs in virus-infected
cells with the largest transcript encoding a fused precursor of the protease and capsid assembly
protein and a smaller, more abundant, transcript encoding the assembly protein alone [4]. The
protease is autocatalytically removed from the initial translation product at the “release” site and

IThe nucleotide sequence reported in this paper has been submitted to the GenBank/EMBL Data
Bank with accession number 1.34690.
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MCMV: murine cytomegalovirus; HCMV: human cytomegalovirus; ORF: open reading frame;
SDS: sodium dodecyl sulfate; nt: nucleotide; kb: kilobase pairs; SCMYV: simian cytomegalovirus;
HSV-1: herpes simplex virus type-1; EHV: equine herpesvirus; VZV: varicella-zoster virus; ILTV:
infectious laryngotracheitis virus; EBV: Epstein-Barr virus; HVS: herpesvirus saimari.
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further cleaves the assembly protein at a single “maturation” site; both cleavage sites have the
consensus sequence LxA/S or VxA/S (“/” denotes the scissile peptide bond and “x” denotes any
amino acid) [3, 5]. There is considerable interest in these proteases because they are necessary for
viral replication [6-8] making them attractive targets for antiviral drugs.

We have cloned and sequenced the MCMYV U 80 ORF. Alignment with other
herpesviruses shows that the MCMY protease is highly conserved and that the assembly proteins
can be grouped by herpesvirus subfamily.

EXPERIMENTAL PROCEDURES

Viral DNA Preparation MCMYV (Smith strain) was obtained from American Type Culture
Collection and propagated on murine cell line C127 in Earle’s minimal essential media containing
5% fetal bovine serum at 37° in a 5% (O atmosphere. Viral DNA was isolated from the media of
viral cultures as described previously [9].

Cloning of MCMV Up80 ORF Restriction endonuclease fragments of MCMV DNA were
separated by agarose gel electrophoresis and transferred to nylon membranes (0.45 pm,
PhotoGene, Gibco BRL) as described previously [10]. The membrane was prehybridized in 6x
SSPE (1x SSPE is 10 mM sodium phosphate buffer, pH 7.4 containing 150 mM NaCl and 1 mM
EDTA), 0.1% SDS, 1x Denhardt's solution (0.02% Ficoll, 0.02% polyvinylpyrrolidone, 0.02%
bovine serum albumin), and 100 pg/ml calf thymus DNA (Sigma) for 4 h at 51° before addition of
the radioactively-labeled DNA probe. Following hybridization for 8 h at 51° the membrane was
washed with 2x SSPE containing 0.1% SDS for 30 min at 20° before exposure of X-ray film
(Kodak X-Omat AR) at -80°. The probe was made by random priming (11] in the presence of
[32P]dCTP of a cloned DNA fragment encoding HCMYV U 80 protease region (HCMV AD169 nt
115198 to nt 115969) [12]. Several MCMYV Pstl fragments approximately 5 kb in size were
recovered from an electrophoretic gel, ligated into the Pstl site of pUC18 and the ligation mixture
used to transform Escherichia coli strain DH5a {13]. Clones containing 5 kb Pstl fragments were
further screened by hybridization to the HCMV UL80 probe as described above. Membranes were
washed with 2x SSPE, 0.1% SDS for 20 minutes at 20°, 30°, 35°, 40°, 45°, and 50°C with
exposure of X-ray film between washes.

DNA Sequence Analysis DNA sequence was determined using the dideoxynucleotide chain
termination method [14] with Thermus aquaticus DNA polymerase [15] (PRISM  Ready
Reaction DyeDeoxy Terminator Cycle Sequencing Kit, Applied Biosystems) on an Applied
Biosystems Model 373A DNA Sequencing System. DNA sequences were compiled using
University of Wisconsin GCG fragment assembly program.

RESULTS AND DISCUSSION

We used the HCMV U_80 protease sequence as a probe to identify the homologous
MCMYV UL80 ORF. Under low stringency wash conditions the HCMYV protease probe hybridized
weakly to a single 5-kb fragment in Pstl-digested MCMV DNA (Fig. 1B, lane 5), 18- and 5-kb
fragments in BamHI digests (Fig 1B, lane 3) and a single >20 kb-fragment in HindIII digests (Fig.
1B, lane 4). No hybridization signals were detected in Sall digests (Fig. 1B, lane 6). This was
probably due to cleavage of the MCMY U 80 ORF into three fragments at two Sall sites (see Fig.
3) coupled with moderate DNA sequence homology (59%) with the HCMV protease probe.
However, hybridization to the MCMV DNA fragments was specific because the probe bound only
to the expected Uy 80-containing fragment in HCMYV digests (i.e. 6.2-kb BamHI; Fig.1B, lane 7)
[12].

Several different 5-kb fragments were generated by digestion of MCMYV DNA with Pstl
(Fig 1A, lane 5). After cloning into pUCI18 [16], recombinants containing unique Pst] inserts
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j Electrophoretic gel (A) and autoradiograph (B) of MCMV DNA hybridized with HCMV
protease probe. The ethidium bromide-stained 0.8% agarose gel in panel (A) was used to make
the blot in panel (B) hybridized with a radioactively-labeled HCMV protease probe. Lane 1, DNA
size standards (bacteriophage lambda DNA digested with HindIII plus EcoRI); lane 2, Pstl digest
of pMON22203 (HCMYV BamHInt 112520 to Sall 117499 [1] containing the U1 80 open reading
frame cloned in pUC18); MCMV DNA digested with: lane 3, BamHI; lane 4, HindIII; lane 5,
Pstl; and, lane 6, Sall; lane 7, HCMV DNA digested with. BamHI. The sizes of the DNA lambda
standards are indicated on the left.

Fig. 2. Autoradiograph of MCMY DNA probed with MCMY Uy 80 probe. An 0.8% agarose
electrophoretic gel was transferred to-a membrane and subjected to hybridization with the MCMV
UL80-containing insert (Pstl) of pJML28. The blot was washed for 1 h at 65° before exposing
film for 14 h. Lane I, pMON22203 Pst digest; MCMV DNA digested with: lane 2, Pstl; lane 3,
EcoRI; lane 4, HindIII; and lane 5, Xbal; Pstl digests of independent 5-kb Pstt MCMYV fragments
cloned into pUC18: lane 6, pIJML23; lane 7, pYML24; lane 8, pJML28; and lane 9, pJML29.

were screened by hybridization to the HCMYV protease probe (data not shown). A single clone,
pIML28, was selected and further tested for hybridization to specific MCMV DNA fragments.

The MCMYV genome is collinear with HCMYV [17] and, therefore, a probe containing MCMYV Uy 80
should bind to the mapped MCMY restriction fragments HindIlI C, Xbal B, and EcoRI A each of
which is greater than 20 kb in size [18, 19]. When used as a probe, the pJML.28 Pstl insert bound
to single MCMYV EcoRI, HindIII and Xbal fragments of appropriate sizes (>20 kb) as predicted for
a probe containing MCMYV Uy 80 (Fig. 2, lanes 3, 4, and 5, respectively). The same probe
hybridized to a 5-kb MCMYV Pstl fragment (Fig. 2, lane 2), but not to other independent Psd
clones (Fig. 2, lanes 6,7, and 9). Based on these results pJML28 was chosen for DNA sequence
analysis.

Our initial sequence data was obtained using a degenerate oligonucleotide primer, 5°-
TATAAGCTTCCSCTNAAYRTCCAAYCAC-3’, that hybridized to the conserved CD2 region of
the protease [3, 20]. This primer generated DNA sequence encoding a polypeptide with the
conserved active site serine in the CD3 motif in addition to the I-site [20]. Sequencing was
completed for both strands using primers designed from accumulated sequence data and extended
beyond the 3’- and 5’-ends of the ORF (Fig. 3). The MCMYV U} 80 ORF encodes a 697 residue
protease-assembly protein precursor with a number of conserved features including the active site
Serl28 (Fig. 3, boxed) and the release and maturation cleavage sites at Ala269 and Ala655,
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CCGCGCCCCAGCGTCAGCAGGCACGCCAGCCTGATGATCTTCAACTCCTCCAGGCGCATGGACGACAGCGGCTGCCCCGACAGCAGCTTC
GTCGTGATGTGTAATATTAGATGATTGTCGTCCGACAGGTGCAGAAACCGCCCGACGCGGATCGTCTTCACCATGACGGGCGACGCCGET
T G D A A
CGCGCGCCGGACGCGGGATCGATGATCTACGTCGGGGGCTTCCTCACTCTGTATGACGAGGACCCTCAGGACGAACGCCTGCGGCTCCCT
R AP DA G S M1 Y V G G F L TL Y D ED P © D E R L R L P
CGCGACGTCGTGGCCAGGGAGCTGCGCAGAGCGGCGGCCGGGGGGCCCGCCGTGCCCCTCAATATCAATCACGACGAATCCTCCACGGTC
R ODV v A R EL R R AAAG G P AV P L N I N HDE S s T vV
GGCACCGTACGTCTCTTTGACGCCGAGGCCGGACTCTTCTGTCTGGGCCGGCTCAGCTCGCCCGCCTTTCTGGGGATCGTCGAGAAGGCC
G T V R L F D A E A G L F C L GG R L 8 S P A F L G I V E K A
GCGGGCAAATCCAAACTCGTCGCCCGCGGTCCCGCCAAGGGGCTGGAAGCGGACCCCGTCGTCGAGTATCTCAGCGCCGGGTTCCCCGCC
A G K $ K L VvV A R G P A K G L E A D 'V V E Y L S A G F P A
CTCTCGCTCTCCAGCTTCTCTCCCGACGCCGTCGCCGCTGLCCGCCGCCGACGCCGACACCTCGGAGAACTCCGGCGAGGAGGCCGAGGGA
L l’ L $ s ¥ s P DAV A A ADIMNMDAMDMADTT S E N S G EE A E ©
CAGCCGCGGCGGCAGACGACCGACTCGGGCGGCTTCTTCAGACACGTTTCGCTCTGCGGGT TGGGGAGGCGGAGGGGTACCTTGGCGGTE
QP RRQTTOD S GGFFRUHVYVSLCGUL G6RUERTERGTTL AV
Sal 1
TACGGACGAGATCGCGACTGGATAGTGGGGAGGT TCGCGGCTCTTACGCCGGACGAGAGGGCGGAGATCGCGCGTGTCGACGACGCGGCG
Yy 6 R D R D W I vV 6GR F A AL TP P ERAUE 1 A RV DD A A
Sal 1

CTCGGGGGCTGGGACGGAGACGCCGATCCCTTCGGTTCGGACTCATACGGCCTCCTCGCCAGCACGGTCGACGACGGTTACATCGCGGAG
L G G WD GDADU®PVF G S D S Y G L L A S TV DD G Y I A E
CGCCTCTGTCGCCTCAGATACGACAAGCGGCTGCTGGGTTTGCAGTCCAAGGAGACCTACGTCAAAGCCAGCGAGCTGCCGGCCGAGGET
R L ¢ R L R Y D KR L L G L Q@ 8 K E T Y V K A S E L P A E A
GACGACGGCCCCGAGCCGCAGAGTATTAGACGCGACGCTTCCCGGGACTCTGAGGAGCECGCCGCCGGCCGCGAGGAGATGGCTCAGTCG
D b G P E P Q 85 I R RD A S R D S E ER A A G R E E A Q S
TCTCACGGTCTGACACCGGCCGCAGTTTCCGTGCCCGGGACCGCCAACCCTGCCGCCTCCGCTTTCCCGGCCGACTGCGTCTACCTCAGT
s B G LT P A AV §$ VP G TANUP AA S A F P A D C V Y L 8§
CGGGATGCGCTGATGTCCATCCTGGCGGCCGCCGCGAAACAGAACGCCGTACCCGGCGCTTTAACGTCGCCGCAGCAGGCCTTGCCTCAG
R D AL M S I L A A A A K QNAV P GA LT S P Q Q A L P Q
GTGCCCTCTTATTACGGAATGCCGCCGGACGGTGTTCAGTATCATCTCCCGCCGCCACCACCACCGCCGTCTCACCATCGCGGCGGTGRE
v P S Y Y GMPPDGV QY HL P P PP PPP S HUETZ RTGSG GG
GGTACTTTCGATCCCCCTCTCCCACACGGGGGATACGGTCCTCCCTATCATCACCCGGACGCCTATCGGGGGGGATACCATCATCCGGAT
G T F D P P L P H G G Y G P P Y H H P D A Y R G G Y H K P D
CGCGACCCGCGCGGCGGAGTGCCCTACGAGGGCTGGTATCGCCCTCGCTACGACCCCGCCGEGGACGATCATCCCTCCTACAACAACAGG
R D P R G GV P Y E G W Y R P R Y D P A G D DUHUP S Y N N R
CGGGGAGACCGCTATCGGGCCGATCGCCCGCCTCAGCAGCAGCCCCTCTACAGCGGAGAGAGGAATAGGCGGCGGAGCCCTCCCGATTCG
R G DR Y RADURPUP Q Q P L Y R GEU RNIZ R RI R S P P D s
GACGACGACGATGACGATGACGACGAGGATCTCGAAGCCGGCGAGUGTACCCGGGGCAAGAGAACGCGGCAGAGAGGGAGCGCCGACTCE
p b Db DD P D ED L EA G ERTG G K R TR QR G S A D s
GGCAGGAAGAGGAGACGTCGGGGCGCGGCGCCCGACGACGATGGCGGTGACCTCTCCCTACCCGGAGAGCGGGGATATCCCAAGCGCACC
G R K R R R R G A AP D DD G GD L 8L P G E R G Y P K R T
GCCGGTGATCATCATCAGTCGGCGCCGCCGGCCTCCAGAACCGATGAGTTCGGAGAGGTGAGGGCGACTCTCAACGAGATCCGCAAAGAC
A G D HHOQSAPPASU RTTDETFGEV VTR RATTLUNTETITR R KD
ATCTCGCAGATCCGCGCGGCCGCCAGGGCCGAGGGCAACGGCGCGCGCCAGGACGCGGCCTCGGTCGGCTCTTCTGACCAGAAATGTGCC
1 $ QI RADAARABATETGNGA ARET D AR MAZSVYV G S SDQKC A
GCCCCACCCCCCGGAGCCACCGAGATGATGGCCTCGGAACCGCCGGCCGGCGGCACCGTCGTCGCCAGGATGGCCCTGGATCCGGCCGTG
A P P P G A T E MM A S E P P A G G T V V A R M A L D P A V
GCCGCCGCGACGGGGCATACCGCCGGGCTGCTTIACCGCCGGGAAATTGGTGAATGCTTCGTGCGAACCGACTCCCATGGAAGTGGGAGAA
A A AT G H T A G L L T A G K L VN A S CE P TP ME V G E
CCCTCGGGAGGAGGAACCTCGAGGANGGGGGGTGAGGCCAGCATGTTGGAGGTGAACAAACGGATGTTCGTGTCCCTCCTCAATAAAATG
P $ G G G T 58 R K GG G EA S M L E VN KRMUF V S L L N K M
GAATGAGTGATTCAGACACCGGACTAACGGAGTGAACGTGTGATTTATTTATTCTTTCATTCTTTCATTCTTTATACAGAGATTTTTCAT
£+
ATTGATTCACAGAATATACACACTAACCAGTAAAATAAGAATAAAAARAC (23°0)

Fig. 3. Nucleotide sequence and deduced amino acid sequence of the MCMYV U 80 open reading

frame. Nucleotides are numbered in the 5° to 3’ direction beginning at the first base of the initiator

ATG codon. The deduced amino acid sequence, numbered from the methionine initiating in the

protease domain, is shown below the nucleotide sequence using single-letter code. The initiator

methionines for the protease and capsid assembly protein, at positions I and 303, respectively,are

enclosed in circles and the active site serine is enclosed in a box. The release cleavage site, amino

acids 267 to 270, and the maturation cleavage site, amino acids 653 to 656,are underlined. The

positions of Sall cleavage sites are indicated above the nucleotide sequence.

respectively (Fig. 3, underlined) sharing the consensus VxA/S. The respective initiating
methionines for the protease and assembly proteins were assigned by alignment to the homologous

OREFs of other herpesviruses (see Fig. 4) and compliance with the rules of Kozak [21].
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Multiple sequence alignment with other herpesviruses indicates that the MCMV UL 80 ORF
possesses many of the common features of the protease and assembly protein (Fig. 4). The
protease domain, defined by the release cleavage site at Ala269, maintains conserved domains, CD1
through CDS5 [3, 20], and the release site (Fig. 4, “R-site”) with additional conservation of the
internal cleavage site found in other cytomegalovirus proteases (Fig. 4, “I-site”) [20, 22-24]. The
I-site has the sequence VEA/A for HCMV, INA/A for SCMYV and putatively VAA/A for MCMV.
In contrast to the other enzymes, MCMYV protease has a unique 15-16 amino acid insertion
following the I-site (Fig. 4, positions 166 to 181) that may constitute an extended loop in the
enzyme. In addition to CD1 through CDS5 [3, 20], we have designated two further regions, CD6
and CD7, that are conserved among herpesvirus proteases. CD6 (Fig. 4, positions 209 through
223) contains an invariant Phe plus 5 chemically conserved residues and CD7 (Fig. 4, positions
257 through 283) contains an invariant Leu and Arg residues plus 8 chemically similar residues.

The capsid assembly proteins show greater divergence among herpesviruses in comparison
to the proteases (Fig. 4). This is seen by the reduced incidence of invariant amino acids and the
greater number of gaps inserted to promote the alignment. The MCMYV assembly protein has a
predicted initiator Met at position 374 and a maturation site (Fig. 4, “M-site”) 42 residues from the
carboxyl terminus. Although the assembly proteins have diverged across the entire herpesvirus
family, it is evident they are more closely related within subfamilies as denoted in Figure 4 for the
respective alpha- (HSV, EHV, VZV, and ILTV), gamma- (EBV and HVS), and betaherpesviruses
(HCMYV, SCMV, and MCMY). Particularly strong conservation occurs within the betaherpesvirus
assembly protein sequences in two regions designated “a” and “b” (Fig. 4). Region “a” contains
conserved Arg and Glu residues plus 9 amino acids with similar chemical properties. Region “b”,
at the extreme carboxyl terminus, is more conserved with 9 invariant residues in addition to 6 with
chemical similarity in the motif MxxxNxRxFVxxLNKxE. Conservation at the carboxyl terminus
is also seen for the other herpesvirus subfamilies, but with different motifs. The alphaherpesvirus
assembly proteins have the motif, ADxFxxQMMxAR, while the gammaherpesviruses have the

Fig. 4. Amino acid sequence alignment of herpesvirus protease and capsid assembly protein
homologues. The deduced amino acid sequences of MCMYV Uj 80 and eight herpesvirus
homologues were compared using the University of Wisconsin GCG program PileUp. Deduced
amino acid sequences were obtained by translation of the respective nucleotide sequences retrieved
from GenBank for the herpes simplex virus type-1 Up.26 ORF (HSV), equine herpesvirus ORF
(EHV), varicella-zoster ORF 33 (VZV), infectious laryngotracheitis virus p80 ORF (ILTV),
Epstein-Barr virus BVRF2 ORF (EBV), herpesvirus saimari ORF (HVS), human cytomegalovirus
AD169 UL 80 ORF (HCMYV), and simian cytomegalovirus APNG ORF (SCMV). Five previously
noted conserved regions, CD! through CDS5 [2, 3],in addition to new regions designated here,
CD6 and CD7, are enclosed in boxes in the protease domain (positions I through 292). The
internal cleave site, I-site, is indicated by a line between positions 153 and 154 and the release
cleavage site, R-site, is enclosed in a box with a line through the scissile bonds between positions
292 and 293. The maturation cleavage sites, M-site, are underlined for each assembly protein
homologue at the appropriate locations within positions 737 to 776. The putative maturation
cleavage site for ILTV is underlined from position 670 to 673. The putative initiator methionines
for the assembly proteins (positions 374 to 813) are circled. 1dentical residues for the gamma- (y)
and betaherpesviruses (B) and those with 3 identical out of 4 in the alphaherpesviruses () are
enclosed in boxes to highlight the clustering of the assembly proteins within herpesvirus
subfamilies. Identical residues are indicated by asterisks (*) and chemically similar residues by
carets (A) within the conserved regions, CD6 and CD7, of the proteases and “a” and “b” in the
assembly proteins.
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HSY  YRGVLESGR. .......... Sjﬁ)ﬂ cm AGGQPAAG DPGVRGS... .....GKRNR YEAGPSESYC DQDEPDADY. ..PRvBGER.
HPSMYQAP|. PYWS.....V AN VG AT..KGSD PHVIQGSQCS PPLSPQUERH YARKRAKUWD ATTRODLEG. ..IMYPGER.
vZv  CHPGHFGGPY GFPG.....Y PPPNALIMOM SAFRMNAL merpcv NFPDKT.DVR RPGKRDFKYM DQRELDSF{S GESQMDGEFP SNINFPGEPT
ILTV  SHASTYPY] N’VYSSNFGQF QY DALISALE KNNKROGEYS ENNPRKRSAR TISEND. .
EBV  HTYHPHPHPP g;ﬁcu‘ RPSRS. ..
HVS  YPPQBYSGDN bsg . e
HCMV  YPGWGR.... ...... EPARSLHPSY . vpﬁ sm SP ...PPSGHER Y.DGEHRGOS QHQHRNGGSG
SCMV  YSAWLR.... ..... RPAY| DAVBRLE. .. .......... . p ...RRDPM MEEAERAAWE RGYAPSAYDH YVNNGEWSRS R........§
MCMV  HPDRDPRGGY PYEGWYRPRY] DPAGDDHPSY NNRRGDRYRA qapur SP PDSDDODDDD ........DE DLEAGERTGG KRTRQRGSAD
601 651 700
HSV  ..RGAPRGVD SRRAARMSPG v SETGGEL} .RTSAPYGMY TPVAHYRPQV GE...PEPTT THPARCPPEA VYRPPPHS..
EHV  ..SPRP...G ERRAGRPST. A QOEV] op GLY KPIPAVPPQY SQYOYIQPQH AVSAIVAPCL PGIPSQPT..
VZv  YITHRRRRVS PSYWQRRHRV N 1onrvE NGTQMPSHH TNIPEGTRDP RISILLKQLQ SVSGILSSQN TTSTP.....
ILTV .MVPAKKITT EQQLCEKKEP QIR TRQKEV) SSE LEN SNOESARETV_DASMPKRLKD. AQTHIKRKKE
ERV . .[NKRKRDPE EG see. . ATL SVNELQ) RETLSYG HTGVGY(PPQ GPCYT!
S L ;c ir: cene..WSLY L NISQLODDEK DLKQAAIN.. .. .GENR YPPHH .
HCMV  GHMKRRKETA PRSSSSSD RARKRLKSHV NSDGGSGGHA GSNQQQQORY DELRDAIHEL KAD . .SSTLLSAAL PSAASSEPTT
s¢ SA RI,ERD .SSDEE KARKRLKAKH GRONNNSG.. ..SDAKGDRY DDIREALQEL KRL%L 1 APRALLAPAQ LATPVASPTT
MCMY  SGRKRERRGA [§. . PODDG K......... .RTAGDHHQS Ap?;\skmi’;p GEVRATLNEI RKDISQ ARAEGNGARE DMSV@DQ
AN A KA AAAA
a
701 751 800
HSV  ....APYGEP QGPASHAPTE PYAPAACPPG PPPPPCPSTQ TRAPLPTEPA FPPAA..TGS QPEASNAEAG RLVNASSAAH VDVDTARMAD| LFVSDMMEAR
EHV  ....QAVLAP QVPAGEAPGS AKVVAAS... ..TAPQOAEQ ARAAPQQFEA VTSAAVLPVT QPQASSQTYD GLE FGRD...OAD| I 1%
VIV teiiiiieen senaeen HIDTVGCDVN AMEASSKAPL IQGSTADHAD) N c
ERV  VPRYV@HP ﬁr ARQA EAHQVP‘ESTI PEAG. PREDTNI TTEGHHRGKK Lyﬁ EPTTPKA KSVSAHEKSI LLNKRV A
WS L FRY] Gi; D@H. ..LL CVQQAP| . .. MVOQPNY APPPTE EAPKPS VH........ .IDASFAQDP demvaan
HCMV  TTVCTPTGEL TSGGGETPTA LLSGGAKVAE AGVY. CRLATASGSE AATIRGPSTR. ..GSSHCPAS VVLAARAAQA msqsppknE ‘
SCMV  TT..vviuss wseennsnce sneenss SH ASEP P SHGSKHAERG VVNASCRVAP PLEAVNPPKD .VDLNRR LEVAALNKME
MCMV  KCARPPPGAT EMMASEPP.. . AGGTVVAR DPAY. GHTAGL. KLY EPT PMEVGEPSGG GTSRKGGEAS M...LEVNKR MFVSLLNKME
""" - AAAS AR Arn ERRAR
M-site b
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motif FCXxELLNK (Fig. 4). The role of these conserved motifs is unknown, but their
conservation suggests that it will tolerate little variation. Since these motifs are specific to

herpesvirus subfamilies, it is possible they interact with other subfamily-specific components.
This possibility is particularly intriguing since cleavage at the maturation site (Fig. 4, underlined),
an event necessary for viral replication [6-8], separates this motif from the bulk of the assembly

protein.

In summary, sequence analysis of the MCMYV UL80 open reading frame shows that, with

the exception of a 15-16 residue insertion, the protease is conserved with other herpesviruses.
However, the capsid assembly proteins are clustered into groups defined by herpesvirus subfamily
with each possessing a conserved motif at the carboxyl terminus.
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