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Similarity in genome organization between Molluscum
contagiosum virus (MCV) and vaccinia virus (VV): identification
of MCV homologues of the VV genes for protein kinase 2,
structural protein VP8, RNA polymerase 35 kDa subunit and
3f-hydroxysteroid dehydrogenase
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Molluscum contagiosum virus (MCV) and vaccinia
virus (VV} are serologically unrelated poxviruses
with a disparate genome composition (MCV, 66 %
G+C; VW, 33% G+C). Molecular studies of MCV
have been hindered by the inability to propagate
the virus in cells cultured in vitro. We sequenced
7765 bp of MCV DNA cloned from four widely
spaced regions throughout the MCV genome and
identified a total of 11 potential open reading
frames (ORF), designated CX1-11. These include
MCV homologues of the VV genes encoding protein
kinase 2, structural protein VP8, RNA polymerase
35 kDa subunit and 3f-hydroxysteroid dehydro-
genase. The position and orientation of the MCV
ORFs was collinear to the VV genome, with the
exception of the region around ORF CX11 which is
inverted in the MCV genome.

Molluscum contagiosum virus (MCV) is the only species of
the genus Molluscipoxvirus and does not cross-react serologi-
cally with other poxviruses (Mitchell, 1953). MCV causes
raised umbilicated lesions in the epidermis of human skin
(Postlethwaite, 1970), specifically infecting differentiating
keratinocytes. The virus has not been cultured in vitro although
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MCV replication has been demonstrated in human foreskin
grafted to athymic mice (Buller ¢f al, 1995). MCV infection is
common in children, sexually transmitted between adults and
is frequently seen in immunocompromised individuals (Cotton
et al., 1987). In contrast to most poxviruses, the MCV genome
has a high G+C content (66%). Restriction endonuclease
analysis of the MCV genome shows no similarity to other
poxviruses and there is considerable variability in restriction
enzyme maps between three MCV subtypes (Porter & Archard,
1992). The genome has inverted terminal repeats (Porter &
Archard, 1987; Bugert ef al, 1989) containing tandemly
repeated sequences (Bugert ef al, 1993). Initial sequencing
studies on MCV type I {MCV-]) identified an open reading
frame (ORF) potentially encoding a 43 kDa protein, homolo-
gous to the vaccinia virus (VV) major envelope antigen (Blake
et al, 1991). Further studies identified a number of ORFs
potentially encoding limited homology to VV proteins (Bugert
et al, 1993; Hadasch et al, 1993) and apparent MCV
homologues of the VV genes encoding poly(A) polymerase
and small (22 kDa) and large (147 kDa) subunits of the DNA-
dependent RNA polymerase (Sonntag et al., 1995). The latter
occur within BamHI fragment A of MCV-1 DNA and their
arrangement is co-linear with the equivalent VV locus.

We now report the sequence of four widely spaced regions
of the MCV-I genome and the identification of putative MCV
genes by comparison to the VV genomic sequence (Goebel et
al,, 1990; Johnson ef al., 1993).

MCV was purified from human skin lesions and virus
DNA extracted as described by Porter & Archard (1987). The
Hindlll, BamHI and Clal restriction enzyme maps of MCV-1
DNA are described by Porter & Archard (1992). HindIIl
fragments Q, C,E, I, J;, N, M, H, Ky and Ji were eluted from
agarose gels and cloned in the HindIll site of plasmid pUC1318
{Kay & McPherson, 1987) by standard methods. The recombi-
nant HindIll C plasmid was digested with BamHI and sub-
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Fig. 1. Hindlll restriction enzyme maps of VV and MCV-I, showing the regions of MCV-I sequenced. Open reading frames are
indicated by arrows. The MCV-l ORFs are designated CX1-CX11 reading from left to right in the genome and are compared

with the corresponding ORFs in WV.

fragments were recloned to give clones of MCV-I BamHI
fragments M, N and L. Genomic MCV-I DNA was digested
with Clal and cloned randomly in the Clal site of Bluescript
KS(+) (Stratagene): recombinant plasmids containing Clal
fragments F, H and E were isolated. Each cloned MCV-I
fragment was sequenced using commercially available pUC
forward and reverse primers with the PRISM Ready Reaction
DyeDeoxy Terminator Cycle sequencing kit and the Applied
Biosystems model 373A DNA sequencing system. ORFs were
identified using DNA Strider 1.2 and potential protein
homologies were identified using BLAST searches. Sequences
of interest were extended by custom primer walking or
sequencing appropriate subclones with pUC forward and
reverse primers. The sequences reported here were determined
in both directions. Where sequences spanned two adjacent
cloned fragments such as BamHI L and N, HindIIl I and E or
HindIIIN and M, primers were designed to span the restriction
sites. PCR sequencing using genomic DNA for the HindlIll 1
and E or HindllI N and M junctions and a plasmid containing
the Hindlll C fragment including the BamHI L and N junction
(see Fig. 1) confirmed that these fragments were indeed
contiguous within the MCV genome. Repetitive sequencing in
both directions revealed no ambiguities.

Four regions of MCV-I DNA totalling 7765 bp were
sequenced (Fig. 1) and analysis of these revealed marked
similarity between MCV and V'V at the amino acid level. These
regions of MCV-I DNA correspond to VV ORFs F9L, F10L,
L3L to J3R, A28L-30L and A44L which include the VV genes
known to code for protein kinase 2 (FIOL), structural protein
VP8 (L4R), RNA polymerase 35 kDa subunit (A29L) and the
3p-hydroxysteroid dehydrogenase (38-HSD) (A44L: Goebel ef
al., 1990; Johnson ef al., 1993). The sequences of the expanded
regions of Fig. 1 are shown in Fig. 2. The 1850 bp MCV
sequence shown in Fig. 2(a) comprises the entire BamHI N
fragment plus 251 bp of the left end of BamHI M and reads
from right to left in the genome. A complete ORF of 1329 bp
(CX1) is present in position 110-1438, encoding a putative
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protein of 443 amino acids (aa) which shows 60-2% identity
and 80°5% similarity to VV protein kinase 2 (VVPK2). The
catalytic domains I, Il and VI of VVPK2 (Lin & Broyles, 1994)
are conserved in the putative MCV protein sequence (Fig. 3a),
suggesting that a protein expressed from this ORF would have
kinase activity. A partial ORF (CX1) extending from position
1422-1850 shows 44-4% identity and 72-2 % similarity at the
amino acid level to VV ORF F9L.

The 3158 bp sequence at the right end of the centrally
located MCV-I Clal F fragment is shown in Fig. 2(b). This
contains three complete ORFs of 762 bp (CX4), 438 bp (CX5)
and 549 bp (CX6) and two partial ORFs of 88 bp (CX3) and
863 bp (CX7). These MCV ORFs correspond to VV genes
L3L-J3R (Goebel et al, 1990), with the exception of the
thymidine kinase (TK) gene, J2R, not found at this position in
MCV-1. The complete ORFs code for putative polypeptides of
254 (CX4), 146 (CX5) and 183 (CX6) aa, resembling the
products of VV ORFs L4R (42:8 % identity; 753 % similarity),
L5R (31:8% identity; 60-6% similarity) and JIR (44:5%
identity; 74'2% similarity) respectively.

The partial 863 bp ORF (CX7) shows 57-2% aa identity and
80-7% aa similarity to VV J3R. VV ORF L4R encodes the
structural protein VP8 (Yang ¢f al., 1988) and VV ]3R encodes
the poly(A) polymerase stimulatory subunit (Gershon ef al.,
1991). The VV TK gene is located between ORFs JIR and J3R
(Hruby & Ball, 1982) but an MCV-I homologue was not found
in the corresponding location. Thymidine kinase activity has
not been demonstrated in MCV and it is not known whether
this gene is absent or situated in a different position in the
MCV-1 genome. Fowlpox virus (FPV) also lacks a TK gene in
this position (Drillien ef al., 1987) but it has been located in the
region corresponding to VV I4L (Binns ef al.,, 1992). Fig. 2(c)
shows 1251 bp of MCV-I DNA, located at the left end of
HindIIl [ and the right end of HindIll E and reading from right
to left in the genome. It includes two complete ORFs of 201 bp
(CX10) and 978 bp (CX9) at positions 80—280 and 1831160
respectively. CX10 encodes a putative polypeptide of 67 aa
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1 CGCTCACAGCTTCGCGAGCCCGGATCAGCCCCGCGCCAGCAGTCLGCCGTCGCCCGGCAGGCTCCCGCTGTCGCGCGTCGCGGTCGCGGAGCTTARTTYY

cxe
101 GCACATTAAR%EGCATTCTCGGACAGTGCCTCCGCGGACGCGCCCTGGAGCGCAGTCCCAGCACCGCGCCGCGACGAGACCACGGTCCTGGGCGACGAAA
1 M AF SDSASADAPWSAVPAPRRDETTVLGDE!I
201 TCTACTTTAACTACGTGTACGGGCAGCTCGAGCTCAGCGACAGT TGGATCCCTCACGTGCGCATGCTGCGCTACTTCCGCAACTTCTCGCGCGCCGLRCT
32 Y F N Y VY GQLETLTSDS SWTI!IPHVRMLRYTFRNTFSRAAL
301 GCTGCGCATCGCCAGCACGGAGTACGTGAACCCGTCCTATTTCCAGCAGAAGGACAAGCGCT TTGCGCCCGTCAACAACGACT TCTACCACCTGTCCACC
65 LR 1 ASTETYVNPSYTFOQKDIKTRTEFAPVNNDTFTYUHLST
401 GGCGGCTACGGCATTGTCTTCCGCGTGGAAGAGTACGTGGTCAAGTTCGTCTTCGAGCCTGGCAGCCAGT TCCACCCCATGGATCTCACGTCCGAATACA
986 6 Y 6 1 VF RV EEYVVKTFVFEPGSaQFHPMDLTSET VYT
501 CCGTGCCGCGCTTCCTCTACAACAACCTGCGGGGCGACGAGCGCCTGCTGGTGGTGCGCGCGCTGGCCATGGGGCTCAACTACAAGATTGGCTTCCTGTA
132 v PR F LY NNULRGDODERTLULUVVRALAMGLNYZKTIGTFTLY
601 CACGCTCTACAAGCGCGTGCTGCACATGGTCCTGCTACTGGCACGCATCCTGGACGGGCAGCCGCTGTCGCTAGCGTACTCGCGCCGCCAGGTGGCCAAG
165 T L Y KRV LHMVLLLARIULDTG G @PTULSLAYSRRG® GVACK
701 CTCTTCGCGGAGCGCAAGGACAGCGCCAAGTTCGTGCGCTTGCTGTCCTACTTCTACCCCGUCGTCATTAAGAGCAACCTCAACGTCATCAACCACTTCG
198L F A ER KD SAKTFVRLLSYFYPAVIKSNLNVINUHTFSG
801 GGCACATGATACATTTCTTCGAGCACGAGAAACGCGCCAACTACACCTATGACCGCGGCAACATCATCGTTTTTCCGCTGGCACGCTGCTCGGCGGAGAA
231 H M 1 HFFEMHEKRANYTYDRGNTITIVEFPLARTECS SATEHZK
901 GGTCACCGCGGCGAACTGTGCCGAGTTCGGCTTCGCGTCAGTGGTGCACTACGTCAAGT TCCTCTTCCTACAGATGGCGCTGCTATACATCAAGATTTAC
266 V T A AN CAEFGF ASVVHYVKXKTFLFLAQMALLYTIKXKTIFZY
1001 GAACTGTCCTGCCACAACTTTATCCACGTGGACCTCAAGCCCGACAACATCTTGCTCTTCGACTCGGAACGCGAGATGCGCATCCACGTGGGLGAGCGTA
297€E L S C H N F I HVDLIKT®PODNTILTLTFUDSETRTEMRIMNVGETRSTS
1101 GCTACGTCTTCCGCGAGCCCGTACGCAGCGCGCTCAACGATTTTGACTTCTCGCAGGTTTCCGAAATCCCCAACAAGAAAATCACGGCCAGCCTGCGCGT
33T Y VFREPVRSALNDTFDTFSQA@VSsSETIPNIKTKTIEITASLR RY
1201 CGAGCAGAACTGGTTCTATGACTTCCACTTTTTCGTGCACACACTACTCAAGGTCTACCCCGAGCTCGAGCGCGACGCAGCCTGGAGCAAGGCGCTGGGE
366 E @ N W F YD FHKFFVHTLLULEKXVYVYPETLTETRTDAAUWMWST KA ALSE
1301 GAGTTCCTGGTCTGCTGCAACCGCAACACCTGCGAGAAGT TCCGCCTGCGCGTACGCCGCCTGCACCCCATTAGCTTCCTCGTGCGCT TCGTGGCGCGEG
397E F L vCCNRSNTOGCEIKTERLRVRRLHEPTISTFLVRTFUVARTED
cx1
1401 ACCTTTTCTCCGACTGGATAA&?EGCGAGCGCCGCCCTTAGCACGCTCTACGGCGCCTTCGTCGCGCGCTACCTGCGCAAGCTCAGCCTCTACTCCACTA
431 L F S D W I NGERTU RTP *
M A S AALSTLY GATFVARYTLRIKTULSLYSTT
1501 CCAACTCTGTGACCTGCGCCATCCACGTGGGCCGAATCGTCGGCACGCTGCAGAACTGTAGCGTCCGCATCCTCAACCGCTGCAATAACAACGACCAGCT
NS VTCAILIIHVGRTIVGTLQAQNTC CSVRILNRTELECNNNDAGL
1601 TAGCTTCCGTCTGCTGCTCGAAGCCTTCGCAGAGACCGTCAACCTGCTGCCTCCCAAGCAGCGCGCGGAGATCGELGCGCAAGTGGGLGTCGACCTGGAA
§$ FRLLULEAFAETVNLLZPPI KU @RAETLIAAQVGVDLE
1701 GCCGCCAGCCACGAAGAGTCGCGCCTGGAGCGCAAATGCCGAGCGCACGCCGCTCTCGTGCAAAGCATCGACGT GCAGACGCT CAACGTGGGCACCTGCA

A AS HEESRLTERIKTCRAHAALUVG QS

DVQ@T LNV GTCI

1801 TCGCGCCGCCCGGGCGTAGCCTAGCCATACAGGTCGTCAACTCGGGATCC

AP P GRS L A
Fig. 2. (a) For legend see page 3117.
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which is 44:9% identical and 754 % similar to that of VV ORF
A30L. CX9 encodes a putative 303 aa protein which shows
44°5% identity and 69-5% similarity to the RNA polymerase
35 kDa subunit encoded by VV A29L (Amegadzie ¢t al., 19971).
Downstream of the MCV-I homologue of A29L is the start of
ORF CX8 at position 1206, which shows 66:7 % identity to VV
ORF A28L over the first 15 aa.

Fig. 2(d) shows 1506 bp of sequence from the right end of
MCV-1 Hindlll fragment N and the left end of Hindlll M. This
contains one complete ORF of 1248 bp at positions 701317
(CX11) encoding a putative product of 354 aa which is 44%
identical and 70-3 % similar to VV 38-HSD, the product of VV
ORF A44L (Moore & Smith, 1992). This MCV-I ORF is in the
opposite orientation to the VV gene and a sequence to the left
of CX11 (data not shown) is similar to VV A45R, which is
located to the right of VV A44L.

Analysis of the sequences 5" to MCV ORFs reveals motifs
consistent with known poxvirus early and late promoters
(Davison & Moss, 19894, b) which are conspicuous amongst

the G+Cmrich coding regions of MCV. Elements with
homology to VV early promoters were present upstream of
ORFs CX9 and CX11 and the VV late motif TAAAT was
present upstream of ORFs CX1-7 and CX10 (see Fig. 2). It has
yet to be determined whether these motifs are active in
transcription of MCV genes.

These results demonstrate collinearity in gene organization
between MCV-1 and VV in the region between VV ORFs FOL
and A45R. Seven complete MCV-1 ORFs have been identified
which, when translated, would show 32-60% aa identity and
61-81% aa similarity to their respective VV homologues (see
Fig. 3). Such a high degree of protein conservation in two
viruses which do not cross-react serologically and which have
genomes of disparate base composition implies the con-
servation of functions essential to poxvirus infectivity, such as
the kinase, structural protein and RNA polymerase subunit.
Conservation of a potential virulence factor, the 3g-HSD,
thought to reduce host inflammatory response by inducing
host steroid hormone synthesis (Moore & Smith, 1992), is
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cx3
R S ELF HAHRPIKPADTLUHAHRPIKA® QGDG GG ANU QK N_H
CGCGACTCGAGGAAGT GCGCGTGCGGTTTGGGCGCGTCCAAGTGCGCGTGAGGCTTTTGCCCGTCGCCGCCCGCGTTCTGCTTGTTCATTTACACGCAAA

Cx4
AAAAACCACTCTAAR;EAACGCCCTCTTCGAGAACCTCTTCGACGAGGACGCCGTCTGCGCCGGCAGCGTCTCGCGCGAAGACTTCCTGCTGGTCGTCGC
M N AL FENLFDEDAVCAGS VYV SRETDFLLVVA
CGGCGCCAAGGTCAAGTTCCCGCGTTCGCTGCTGTCCATGTACCGCGTGGTGCCGCGCACCATGTCGCGT TACGAGCTGGCGCTCGTGCAGTCCGAGACG
G AKVIKTFPRSLLULSMYRVVPRTMSR®RYELALVOQQSET
GTCACGGGCGTGGTCTTCACCACCGTGTACAACGTGCGCCGCAACCTGGGGCTGGAGGAGCGCGAGGCGCTGAGCCTGCCCGCGCTCGAGAAGTACTACC
VTGVY FTTVYNVRRNLGLTETERTEALSTL®PALEIKTYY YL
TGGACAAGGCGAACGACGTGCTTACGCTCATGGTCAACAACACCAACCTGGAGCACATAGCGGCCTACCGCATGCGCAGCCGGCGCCTGCTCAACCCCGT
DK ANDVLTLMVNNTNLTEI HTILIAAYRMRBRSRRLILNPVYV
GGTGTTCCGCGCGGGCGCAGTGCCGCTGGCGCTGGTCTTTACCTCGCGCAAGAAGCTCAGCATCTATCGCGAGGACACCAGCCAGGCGGCCGAAGACAGC
VFRAGAVPLALVY FTSRKTIKTIL STIYREHDTSQQAATEDS
ACCTACACCAAGATCGCGGCCAATGTGGCGCTGGCGGGCAAATACGCAGGGCTGCTGCTGCTTGATGTGEACACGCCCGGGACGGCGCTCATGCTGACCE
TYTKTITAANVALAGKYA AGLTULLLDVHTPGTALMLTA
CCGTGTACGGGCTGGACGATCGGCGCGAGCTGCGCAAGCTCGCGGACAGCACCGCCCTCGAGAACCACCAGCAGAGCGGCGCGCTCTCGGAAGCCATGAA
VYGLDDRRETLRIKTILADS ST ALENUHOQCQSGALSEAMEK
ACTCAGCGACTTCCGCGCCGTCTTCGAAGGGCTGAAGAAGAGCGTTCCCCTTACGAATTTGGAGATGATCAATGAGTGAGT GCCCCCCTCTTCAAGCGGT
L $SDFRAVFEGLIKTIKT SVPLTNLTEHMTINE®™
CAGGCCGGGCGCGGTAGCTCGTGCCTGTCGGCACATCTCTCAGGGCAGCGAAAAGTAGGGGGGTGGGGAGACT TGAGCCCAGAACATGTCGAGACCTTCC

TCCAGGGCACGATCGCGAGACCCCCGTTCCGAAAAGGAAACAACGAACGT TATCCCCTCCAAGAACGAGAAGAGCGTCCCCGTCCGTGTCGAGCTGCCCC
€X5
CCTCGAATTTCGAGAGAATAA‘?EAGCAGCACCGCACGCCAGCAGCAGAGGAGTAGCGTGCGCCTGCAGCCTGTTTTTATCGAGCCGCGCTTCGAGCACG
M S ST ARWQQQRS SV RLAQPVFITEZPRTFEWHA
CTTTCCTTTGCGGCGAGCGCTATCTCTGGATTGTCTTTTTCGAGGCACTCGTCGCGCTGCTGCTTCTGCGCTGGT TTCTGGGCTCGGAGTTGCGCGCCGC
FLCGERYLWI VFFEALVALTULLLRUWWEFILGSETULRAA
GTTCTCGCGTCGTCCGCGCGCGCCGGAGGACCCGTTACGTCAGATGGTCGCGGGCAAGCGCCTGGCCTGCGCGGGCGAGCGGTTGATGATCCTCGGGTTG
F SRRPRAPEDPLRQMY AGKR RLACLCAGETRTLMILGI!
CACGGCGGCCCCCAGGCCGCGCTGAACCTGGACGGCAGCGAGGTGAGACTGCCCAACTGCGAGGCTTTTCTGCGCGGCGCGGGGCGTGCAAACACTGACA
R GG6 P QAALNLDGSEVRLZPWMNTE CEATFTLRGAGRANTDS
GCGCGGGCGAGGCAGGAACGGATGCGGGGACCGGCACGGACGYGGGCGCTCTCCTTGTCTAACGCECTCCTCTCACGCCCTCTCGAGGCGGAAAGTCGTG
A GEAGTDAGTGTDVGATLLV *
CGCGTTCGGAACGCGTGAGGAGGCGGCACTGCTAGCGACGCGGACACAT TGCGAGGCACCGCCCGCCCGCGCTCGACAACGACAGGAACGCACCACGGCC

cxé
GACGGCACGGGCACGCGCGCGCCTTTCCGGCCTGTAAK¥EGACCACAAGCAGTACCTGCTAACTATGTTCTTCGCAGAGGACAGCTCCTTCTTCAAGTAC
M DHKO QY L LTMTFTFAETDSSTFTFKY
CTGTCGGAGCAGGACGACGACACAGCCCTGGACGACGTAATGATTGTCAAGCACTACATGGACGTGCTGCTGGCCCTGCTAGTGCGCGCCAAGAACAAGC
L SEQDDDTALDD DV MIVKHYMDVLLALTLVRAKNIKIL
TCGAGGCGCTTGGGCACTGCTACGAGCCGLYGTCCGAGGACTTCCGCGCGCTCTTGCATGTGCGCCAGCTGCGAGAACTACGCCAGGTGCACGACCGCGE
EALGHCYEPLSEDFRALTULMHKVYVRQLRETLRA® QGYVHDRA
GCTGCTGEGCCTGGACGCAGAGCCCGTGCATGTGAGCCATGGLTACCTTGCGGACTTCGTGCTCAGCCTAGTACGGC TGGCGCGCGAGCTGGGGGAGLTE
L LRLDAETPVHYV SHGYLADTFUVLSLVRLARTETLSTSGE:!L
TGCGTGCCACCGCGCACGCGCTACGTGGACCCGCGCGACGACCCTACGCTGGCCTACGTGCTGGAGATCCTGCACGGCACGGACGTCGACTCTGGLGCGG
CVPPRTRYVDPRDDPTULAYUVLETIULHKGTDUVDSSGASG

cx7

GAGCTTACGCTCTCGCGCGCCCGGAAGCCGAAAAAATAAGTCCTGTCCGGAGAGCGCTGCCTGGCTGCAGTCCTTCTCGCCGCCCTTAAATCGAGK?EGA

A Y AL ARPEARAETKTISPVRRALZPGTCSPSUR RREP®™ M E
GGCCCAGGCCATGGAGCGCCCGCTGCTCTACTTCCACGAGCTGACGCAGACGCAAGAGTACGACGCGGAGGTCGAGCGCGCCGCGCGCTCGLGLCTTCCCC
A Q@ A MERPLILYTFMHELTO QTOQETYUDA ATEVETRAARTSTR RTEFTP
GCACAAGGGCAGCTCAAGCTGCTCATCGGCGAGCTCTTTTTCCTGAACAAGCTGCACCGGCGCGAGATGCTCGCCGGCACCACGGTGGYTTACATCGGLT
A0 Ga1lXK1l1L1GETLFFLNIKTULHRREMLAGTTVVYTISGS
CCGCGCCCGGCGGGCACATCCGCTACCTGGTGGAGCACT TCCGCGCGCTAGGGGTGCCGCTGCGCTGGATGCTGCTCGACGGGCGCAGCCACGACTCGEG

AP GGHTIRYULVEHTFRALGYPLRMWMLLDGRSUHDS SR
TCTGCAAGGCCTGTCCGACGTCACGCTGGTCACGCGCTTCGTGGACGAGCGCTACCTGATGCGCATGCGGCAGGCGCTGCGCGGCGCGCGCGTGGTGCTG
LQGLSDVTITLVTRTFVDERTYTLMRMRO GALRGARVVYVL
ATCTCCGACATCCGCTCGCGTCGCGGCAGCGAGCCCAGCACGGAGGACCTGCTGTACGACTACGCGT TGCAAAACTCCATGCTGAGCATCCTGAAGCCCG
1 s DI RSRRGSEPSTEDLTUILYDYA AL QNS SMLSTILKP®PV
TGGCGTCCAGTCTGAAGTGGCGCTGCCCGTTTCCCGACCAGTGGCTGCACAACT TCTACGTCGTGTGCGGCAAGGAACTGCTGCAGCLCTTCGCGCCGLC

A S S L K WRTC®PTFPDQQWULHNTFYVV CGKTETLLOQPTFAPTP
GTTCTCGGCAGAGCTGCGATTGCTGAGCGTGCACGCGGGCGCGCCGCGCTTGCGCTGCATCACGCTGGCGGCCGCACGCGAT TATGARAAAAAAATGTTC
F S AELRLLSVHAGAPRILRTCTITLAAARDTYTETZKTKMETEF
TATCTCAATAACGTGATCCGGCGCCGCATCGTGCTCAACTTCGACTACCCGAACCAGGAGTACGACTTCTTTCACATGTTCCACCTCCTAAATACGGTAC
Y LNNVIRRRIUVLNEFDYO®PNOQETYTDTFTFUHMTFUHLLNTUVL
TGTGTCCTCGCAGCTTCGACAGCCCCACCAAGAAGGTGCTCTTCTTGCAGCAATCGAT

CPRS FDSPTIKIXKUVLTFL®GQO QS

Fig. 2. (b) For legend see facing page.
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cx10
AACGCGCTGCTTACGCTGGCTGCCCGACGGCGGCGAAGAATGCGAGCGACGCCAGTCCGTACTTATTTYTCCGTTTIAAATGGAAGACGTGGACGAGGCT
M ED VD E A
AACCTCCTGCACCTGCTGGAACGCTTGGCGGGCAGCGGCGACGACGACT TCGGCGCAACGCTGGCCGCCATCCGCGAGCTAATCAGCGCCATCAATTCAA
N L LHLLERTLAGSSGDODU D DTFU GATTLAATLIRELTISATINS SEK
cx9
AGGTGCTCACCCTTAATAAAAAATCAAAAAAAAGT GCGCGTGCGGGCGAGCATGTACCGAGAAGAGAAAACGCT TCGCATTGACCTCCCGCCCAGCGTGG
VL T L NKK S KK SARAGEMHVPRURENASIUH™
M YR EEKT LRI DL PP S VA
CCAGCTTCATCAAGCACGGCTTCCGGCACCACGTGCGCTGGCCCACGCTGGCGCTCGGCGTGGTGETGGCCAACACTACCACAGCCATTAACGAAGAGTG
S FI XKXH G FRHMHWVRWPTLALGVVLANTTITITATILINETEDW
GCTCACAGCCGTGGAGTCCATGCCCACGCGCAAGGTCTTCCACGCCTTCGTGGAGCCCGTGCTGGAGGGCACGCTGCACATGTGCGTGCACCTCAAGAAG
LT AVESMPTITRKVYTFHAFVETPVILETSGTLHMNECECVHLIKEK
ACGCAGAGCGAGGGCGACGCGTACGTGTCCATGCACGACTYTGACTACTACGTGGT GCGCGACGACGGCACGCTGAGCAAGCTCAAGAAGCCCAAGGATC
T @ S EGDAYV SHMHD FODY Y VVRDDGT LS KILIKTEKZPIKTIDOIL
TGCGCGAGACGCTGCTGCACAGCT TCCTGGAGTACCGGCTCAAGAACACCAAGAGCATCGAGCTGGTGGCCTTTAGCAGCGGCACGCAGATCCGCGAGGA
R ET L L HS FLEYRLIKNTIKST ESI1IELVATFSSGETOaal! RETE
GCTGCTGACGCACCTGGCCGGGGTGCTGGACATCGAGGTCTTCACGCGCGAGCACGCCAACGTGAAGGTGACCTTCCCCGAGGAGCCTCGCAGCACGTGT
L LT HLtEtAGVLDIEV FTREUHKANVIKVTITFPETETPRSTEC
CCGTTTGGCGTGATCGCGCCGCGLGGGCAGCTGCGCATCTTCTTCGAGGCCTACCCCTGGGT TGACACGCACCAGCACCTGCACGCCGTGCTGCGCCTGE
P F GVIAPRG QLRTITFFEAYPWVDTHOQQHLHAVLRIULIL
TGGAGAGGAAGCTTGTGGCCGACGTGCGCAGCAGCCAGATCCTTGTCACGCCGGAACTGGACTTCGAGGGCGGCGTGTCCAAGTACGACCCCGCGAGCCG
ERKLVADVRSSOQ@1!LVTIPETLTUDTFTESGS GV SKYDFPATSR
CATGCTGCTGGTCCGCGACATGGTGACCATGAGCATCGTTAACTTTTTCGGCGCGLGTGCGCAGCTCGACACCTACCACGATTTCGACATGCGTGTCGTG
M LLVRDMVYTMSITVNTFTFGARA ARQLDTYHDTFDMRVUVY
GACACCGAGCGCTTCCTGTCCGCGCTCGCGGAGGCTTTTGCTACCCTGCGCGCGCTCGTCTAATGGTGCGCGCTAGAGCGCGGCGCACAATCTCGCCGGC
DT ERF L S ALAEATFATTLRALUV®™
Cx8
TGTAAATGGACCCGCTCTCGGYCTTCTTCCTCGTGGTCGCCGCGGCCGLCG
M DP L SV F F L VYV AAARA

AGTCTCATGGTCATTTYTGTTTCGAAGT TTCACGCGTGAGTAGCAACAAAGAGGAAAAGAAACCCCTAGCAGACAACTGCGTCTCAAGACAAGTCACACT

CITGTTTGTTGTCCCACTCTCGAAAGTCGCGCTCTTTGCTTTCCTTGGTGAAGAGCCACGCCGCACT TGACAGGCACGT TCTTCCGAGACTGTCAAGTGT
cX11
CCGGCTCCAAAGTGAAAAAGAACTTCTCTTAGCACGGCACGCCCAAACTGCGGGCR?EAAGGIGTACGCGGTGACGGGTGGCGGTGGCTTCATCGGCAGC
M K VY AVTITGGGG F I G S
TACATTGTACGCGCACTGCTGCAATGTGAGCGCACGCTCATTGAGCTGCGCGTGAT TGACGTCCGATGGGGGACAAAAGTCTCCTCGLGGAACGTGAALG
Y I VR AL LQCERTTLIELRVYVYIDVRWMWGTIT KV S SRNVNY
TGGTCTACATCTACTGCGACGTGTGCGACACTGCGCGCCTGTGTGCCGCGCTCGAGGGAGTGGACGTGCTCATCCACACTGCGGGGCTAGTCGACGTGAT
VYI1YCDVCDTARLTCAALETGVDVLIHKTAGLVDVHM
GGGGGAGTATAGCGAGGACGAGAT Y TACCGCGCGAACGTGCACGGGACACACAGCGCGCTTAGCGLCTGCGTCTGCGCGGRCGTGCGCTITGTGGTGTAC
G EY S EDETIYRANVYHGT HSALSACVYVYCAGVRFUVVY
ACCAGCAGTATGGAGGTCGTTGGCCCGAACATGCGCGCGGAGCCCTTCGTTGGCGACGAGAAAACCGAGTACGAGTCTTGCCACCAGC&CTGCTACCCGC
T S S MEVV GPNMRAETPTFVGDEIKTTETYTESTCHOQHTCYFPR
GCAGCAAGGCGGAAGCCGAGGAGCTAGTGCTCAGT TCCAACGGGCGCCGAGTACGCGGGGGTCAGCGCATGCTTACATGCGCGT TGCGCCCGCCGGGTGT
S K AEAEETLVLSSNGRRVRGGQQRMLTCALRTPPEGYVY
CTACGGTGAGGGCAACCAGCTGCTGCTGCGGCTAGCAAAGAACTACGTGCGCATGGGCTTGCACGTGCCACGTACCGTGTGCGAGAACGCTCTGCAAAGC
Y G E GN @ L LLRLAKNYVRMGLHYPRTVCENALG G GS
AGGGTCTACGTTGGCAACGTGGCCTGGATGCACGTACTTGCCGCACGCGCGCTGCAGGAACCGGACTCGCGCCTGCCGGGCAACGCATATTTCTGTTACG
R VY VGENVANWMUHEVYVLAARALO QEPDSRLPGNAYFCTUYD
ACCACTCTCCGTGCATGGACTACGAAGCTTTCAATGTGATGCTCTTACGCTCGTTCGGCGTGGAGCTGGGCGGTCCGCGGCTCCCGCGCGCTTTACTGAC
H S PCMDYEA ATFNVMLLRSFGVELGGPRLPRALLT
CGTGGCGGCGTATACCAACGCCGCACTGCAGTGGCTGCYCCGCCAGETGGGCATCCGCTTCTCGCCTCTGCTCAACCCTTACACGCTCGCCGTTGCCAAT
VAAY T NAALG GUWLLRGLGIRTFSPLLNPYTTLAVAN
GCCTGCTTCGTCATACGCACGCGCAAGGCACGCGAGCACATGGGCTACGAGCCGATCCACAACTGGAAGCAGT CGCGCAAAAACACCACGCGATGGCTGL
A CFVIRTRIKAREWHMGYTET®PTIHNMW WK GESRKXNTTRWLR
GCTCGCAGCTCGCGAGCTAACTGCACCTTGCTAGAGCGAGCGCGGGCGGCGGACACTGGCACCGGAAGCATCGACAAGGAAAGGCACCCACCAGGAACGA
$ QL A S *

AAGTCGCTACCAAGAACAGAGAAAGGCACCCACCAGGAACAGGGAACAATCCCCCGCCAGGAACGAGGAAAGGCACACCCCTGTAACAAGGAAAAGGCAC

ACCCCG

Fig. 2. MCV-| DNA sequences with deduced amino acid sequences below. Potential promoter sequences are underlined. (a)
1850 bp of MCV-| DNA spanning the left end of BamHI L and the entire BamHI N fragment, reading from right to left in the
genome. (b) 3158 bp from the right end of MCV-] Clal F, reading from left to right. (¢) 1251 bp from the left end of MCV-
HindIll 1 and right end of Hindlll E, reading from right to left in the genome. (d) 1506 bp from the right end of Hindlll N and the
left end of Hindlll M, reading from left to right in the MCV-I genome.
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Fig. 3. (a, b) For legend see facing page.
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Fig. 3. Amino acid alignments of the translated sequences from Fig. 2 and their VV counterparts. MCV-| coding sequences of
< 100 bp have not been included in the alignments. Asterisks indicate identical amino acid residues and dots similar amino
acid substitutions. Dashes represent deletions. MCV-l CX1 and CX7 are partial ORFs. Amino acid alignments were performed
using ClustalV. The conserved catalytic domains of VV protein kinase 2 are shown in (a).




particularly interesting. A 38-HSD gene has also been reported
in FPV (Skinner et al,, 1994) and its presence in three distinct
genera suggests a fundamental role for this enzyme in poxvirus
replication in vivo.

MCV has arestricted host range and cell tropism and is less
pathogenic than the orthopoxviruses. Genes responsible for
host range and pathogenicity are generally located near the
termini of poxvirus genomes and sequencing of MCV terminal
regions (Bugert ef al, 1993, and our unpublished data for
Hindlll fragments C, H and K) indicates that the terminal
regions of MCV and VV differ considerably in coding
potential, suggesting that the determinants of restricted host
range and limited pathogenicity of MCV are located there.

The development of a system to culture MCV will aid the
functional analysis of these putative MCV proteins and may
reveal the presence of novel and biologically interesting genes
in this unusual virus.

We wish to thank the Advanced Biotechnology Centre at Charing
Cross and Westminster Medical School for use of the automated
sequencing facilities and Dr Colin Porter (Institute of Child Health) for
providing plasmid pUC1318.
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