
J°u~al~°f~`~ral~Vir°l~gy~.!.!~996)~`~77L3]!~3U3!`2~.~...Pr.~!nted!~Grea!~Bri~!~ ................................................ S H O R T  COMMUNICATION 

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 
3#-hydroxysteroid dehydrogenase 

Nicola J. Douglass, 1,2 Neil W. Blake,it Jeffrey J. Cream, 3 Bambos A. Soteriou, 1 Hong Yi Zhang, 1 
Agapi Theodoridou 1 and Leonard C. Archard ~ 

Department of Biochemistry, Charing Cross and Westminster Medical School, St Dunstan's Road, London W6 8RP, UK 

2 Department of Medical Microbiology, University of Cape Town, Observatory, 7925 Cape Town, South Africa 

Department of Dermatology, Charing Cross Hospital, Fulham Palace Road, London W6 8RF, UK 

Molluscum contagiosum virus (MCV) and vaccinia 
virus (VV) are serologically unrelated poxviruses 
with a disparate genome composition (MCV, 6 6 %  
G+C; W ,  3 3 %  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 HCV DNA cloned from four widely 
spaced regions throughout the MCV genome and 
identified a total of 11 potential open reading 
frames (ORF), designated CXI-1 1. These include 
HCV homologues of the VV genes encoding protein 
kinase 2, structural protein VP8, RNA polymerase 
35 kDa subunit and 3p-hydroxysteroid dehydro- 
genase. The position and orientation of the HCV 
ORFs was collinear to the VV genome, with the 
exception of the region around ORF CX1 1 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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The GenBank accession numbers of sequences reported in this paper 
are: U32423 (region CX1-CX2) ; U32424 (region CX3-CX7) ; 
U32425 (region CXS-CXIO) ; U32426 (region CX11 ). 

MCV replication has been demonstrated in human foreskin 
grafted to athymic mice (Buller et 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 endonudease 
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 et al., 1989) containing tandemly 
repeated sequences (Bugert et al., 1993). Initial sequencing 
studies on MCV type I (MCV-I) identified an open reading 
flame (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 W 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-I 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 et al., 1993). 

MCV-I was purified from human skin lesions and virus 
DNA extracted as described by Porter & Archard (1987). The 
HindlII, BamHI and C/aI restriction enzyme maps of MCV-I 
DNA are described by Porter & Archard (1992). HindIII 
fragments Q, C, E, I, JL, N, M, H, K R and Jl~ were eluted from 
agarose gels and cloned in the HindlII site of plasmid pUC1318 
(Kay & McPherson, I987) by standard methods. The recombi- 
nant HindIII 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-I ORFs are designated CX1-CX11 reading from left to right in the genome and are compared 
with the corresponding ORFs in W. 

fragments were recloned to give clones of MCV-I BamHI 
fragments M, N and L. Genomic MCV-I DNA was digested 
with ClaI and cloned randomly in the ClaI site of Bluescript 
KS(+) (Stratagene): recombinant plasmids containing C/aI 
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, HindllI ] and E or 
HindlII N and M, primers were designed to span the restriction 
sites. PCR sequencing using genomic DNA for the HindlI1 I 
and E or HindlII N and M junctions and a plasmid containing 
the HindlII 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. I) and analysis of these revealed marked 
similarity between MCV and W 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 
3fl-hydroxysteroid dehydrogenase (3fl-HSD) (A44L: Goebel et 
al., 1990; Johnson et 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 

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, II and VI of VVPK2 (Lin & Broyles, 1994) 
are conserved in the putative MCV protein sequence (Fig. 3 a), 
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 W ORF F9L. 

The 3158 bp sequence at the right end of the centrally 
located MCV-I ClaI F fragment is shown in Fig. 2(b). This 
contains three complete ORFs of 762 bp (CX4), 438 bp (CXS) 
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-]. The complete ORFs code for putative polypeptides of 
254 (CX4), 146 (CXS) and 183 (CX6) aa, resembling the 
products of VV ORFs L4R (42"8 % identity; 75"3 % similarity), 
LSR (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 ei aL, 1988) and W J3R encodes 
the poly(A) polymerase stimulatory subunit (Gershon et 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-I genome. Fowlpox virus (FPV) also lacks a TK gene in 
this position (Drillien et al., I987) but it has been located in the 
region corresponding to VV I4L (Binns et al., 1992). Fig. 2 (c) 
shows 1251 bp of MCV-I DNA, located at the left end of 
HindlII I and the right end of HindlII 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 183-1160 
respectively. CX10 encodes a putative polypeptide of 67 aa 
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(a) 
I ~GCTCACAGCTT~Gc~G~GGATcAGcCC~G~c~GT~CG~cGTcGCcCG~AGGCTcCCGCTGTcGcGCGTcGcGGTcGCGGAGCT~AATTTT 

C2 
101 GCA~AT~d~G~T~TC~AGT~T~GGAC~C~C~TG~AGCG~A~T~CAGCA~CG~GCCGCGA~GAGA~ACGGTC~GGGCGAC~AAA 

1 M A F S D S A S A 0 A P W S A V P A P R R D E T T V L G D E I 
201 TCTA~TTT~ACGT~TACG~A~CTCGAG~T~AGC~CA~TTG~TC~T~A~TGC~CATG~TGC~CTACTTCcG~AACTT~T~G~GCG~T 
32 Y F N Y V Y l Q l E l S D S W I P H g R M l R Y F R N F S R A A t 

301 GCTG~GCAT~G~GCACG~GTACGTG~CCCGTC~TATTTCCAGCAGAAGGAC~GCGCTTTGcGCCCGTC~CAAc~CTT~TAC~A~TGTccAcC 
65 L R I A S T E Y V N P S Y F 0 0 K D K R F A P V N N D F Y H L S T 

401 GGCGGCTACGGCATTGTCTTCCGCGTGG~GAGTACGTGGTC~GTTCGTCTTCGAGCCTGGCAGCCAGTTCCACCCCATGGATCTCACGTCCG~TACA 
9 8 0  G Y G | V F R V E E Y V V K F V F E P G S Q F H P N D L T S E Y T 

501C~GTGC~G~G~TT~T~TACAA~AA~CTG~GGGGCGA~GCG~CTGCTGGTGGTGCG~GCGCTGGC~ATGGGG~TCAA~TAC~GATTGG~TTCCTGTA 
132 V P R F L Y N N L R G O E R L L V V R A L A M G l N Y K I G F L Y 
601 CAC~CTCTAC~GCGCGTGCTGCACAT~GTCCTGCT~TGG~CGCATCCTGGACGGGCAGCCGCTGTCGCTAGCGTACTCGC~CCGCCAGGTGGCC~G 
165 T L Y K R V L H H V L L L A R I L D G O P L S L A Y S R R Q V A K 
701 CTCT~CGCG~GC~G~GCGCC~GTTCGTGCGCTTGCTGTCCTACTTCTA~CCGCCGTCATT~G~CAACCTCAACGTCATc~CC~TTCG 
198 L F A E R K D S A K F V R L L S Y F Y P A V % K S M L N V | N H F G 
801 GGCACAT~TA~TTTCTTC~G~C~GAAACGCGCC~CTACACCTATGAC~G~GGC~CATCATC~TTTTTCCGCTGG~CGCTGCTC~GCG~A 
~ 1 H  N I H F F E H E K R A N Y T Y D R G N I I V F P L A R C S A E K 
901 GGTCACCGCGGCG~CTGTGCC~GTTCGGCTTCGCGTCAG~GGTGCACTAC~TC~GTTCCTCTTCCTACAGATGGCGCTGCTATACATC~GATTTAC 
2 ~  V T A A N C A E F G F A S V V H Y V K F L F L Q N A L L Y I K | Y 

1001 G~CTGTCCTGCCA~ACTTTATCCACGTGGACCTC~GCCC~CAACATCTTGCTCTTCGACTCG~ACGCGAGATGCGCATCCACGTGGGCGAGCGTA 
297 E L $ C H N F I H V D L K P D N I L L F D S E R E H R l H V G E R S 

1101GCTACGTCTTCCGCGAGCCCGTACGCA~CGCGCTCMCGATTTTGACTTCTC~CAGGTTTCCGAAATCCCC~CAAGAAAATCACGGCCAGCCTGCGCGT 
3 3 1 Y  V F R E P V R S A L N D F D F S Q V S E I P N K K | T A S L R V 

1201 ~GAGCAGAACTGGTTCTATGACTTCCACTTTTT~TG~CACACTACTCAAGGTCTA~CCC~AGCTC~GCGC~ACG~GCCT~GAGC~GGCGCTGGGC 
3 ~  E Q N W F Y D F H F F V H T L L K V Y P E L E R D A A W S K A L G 

1301 GAGTTCCTGGTCTGCTGC~CCGC~CACCTGCGAG~GTTCCGCCTGCGC~TACGCCGCCTGCACCCCATTAG~TTCCTCGTGCGCTTCGTGG~G~GGG 
397 E F L V C C N R N T C E K F R L R V R R L H P [ S F L V R F V A R 0 

CX1 
1401ACCTTTTCTC~GACTGGATAAA~GCGAGCGCCGCCCTTAGCACGCTCTACGGCGCCTTCGTCGCGCGCTACCT~CGCAAGCT~GCCTCTACTCCAC~A 

4 3 1 L  F $ D W l M G E R R p * 
N A S A A L S T L Y G A F V A R Y L R K L S L Y S T T 

1501C~AACTCTGTGACCTGCGCCATCCACGTGGGCCGAATCGTCGGCACGCTG~AG~CTGTAGCGTCCGCAT~CT~AACCGCTGCAATAA~AACGAC~AGCT 
N S V T C A | H V G R l V G T L Q N C S V R l L N R C N N N D O L 

160l TAGCTTC~GTCTGCTG~TCG~GC~TT~G~AGAGACCGTC~CCTGCT~CCTCC~AGCAGCGC~CGGA~ATC~CC~CGCAAGT~GGCGTC~CCTG~AA 
$ F R L L L E A F A E T V N L L P P K Q R A E [ A A O V G V O L E 

1 ~ 1  GC~GCCAGCCACGAAGAGTCGCGCCTGGAGCGCA~TGCCGAGCGCACGCCGCTCTCGTGCA~GCAT~GACGTGCAGACGCT~ACGTGGGCACCTGCA 
A A S H E E S R L E R K C R A H A A L V Q S 1 D V O T L N V G T C | 

1801 TCGCGCCGCCCGGGCGTAGCCTAGCCATACAGGTCGTC~CTCGGGATCC 
A P P G R S L A I Q V V N S G S 

Fig. 2. (a) For legend see page 3117. 

which is 44"9 % identical and 75"4 % similar to that of W ORF 
Ad0L. 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 et al., 199I). 
Downstream of the MCV-I homologue of A29L is the start of 
ORF CX8 at position 1206, which shows 66"7% identity to W 
ORF A28L over the first 15 aa. 

Fig. 2(d) shows I506 bp of sequence from the right end of 
MCV-I HindlII fragment N and the left end of Hindll] M. This 
contains one complete ORF of 1248 bp at positions 70--1317 
(CXll) encoding a putative product of 354 aa which is 44% 
identical and 70"3 % similar to VV 3fl-HSD, the product of VV 
ORF A44L (Moore & Smith, 1992). This MCV-I ORF is in the 
opposite orientation to the W gene and a sequence to the left 
of CXlI (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, 1989a, b) which are conspicuous amongst 

the G-FC-rich coding regions of MCV. Elements with 
homology to VV early promoters were present upstream of 
ORFs CX9 and CXII and the W late motif TAAAT was 
present upstream of ORFs CX1-7 and CXI0 (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-I and W in the region between VV ORFs FgL 
and A45R. Seven complete MCV-I 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 3fl-HSD, 
thought to reduce host inflammatory response by inducing 
host steroid hormone synthesis (Moore & Smith, 1992), is 
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(a) 
HCV CX1 
W F9L 

HASA~AL~TLYGAFVARYLRKLSLYSTTNSVTCA~HVGR~VGTLQNCSVR~LNRCNNNDQLSFRLLLEAFAETVNLLPPKQRAE~AAQVGVDLEAASHEE 
HAETKEFKTLYNLF]DsYLQKLA~H~]PTNVTCA~H~GEV]GQFKNCALR~TNKCHSNSRLsFTLHVEsF~EV]~LLPEKDRRA~AEE]G!DLDDVPSAV 
* *  * * *  * * *  * *  * * * * * * * *  * * *  * *  * * * * * *  * * * * * * *  * * * *  * * *  

° .  , ,  . .  . .  1 ° .  - .  • • 

HCV CX1 
W F9L 

SRLERKCRAHAALVQS!DVQTLNVGTC[APPGRSLA|QWNSGS 
SKLEKNCNAYAEVNN~D~QKLD~GECSAPPGQHHLLQ[VNTG$AEANCGLGT[VKSLNK~YVPP~[ENRLPYYDPW~LVGVA~]LV[FTVA~C~RRNL 

• . .  • • , .  • • • • . 

HCV CX1 
W F9L ALKYRYGTFLYV 

k inase 
HCV CX2 
W FIOL 

NCV CX2 
W FIOL 

HCV CX2 
W FIOL 

HCV CX2 
W FIOL 

MCV CX2 
VV FIOL 

MAFSD SASADAPWSAVPAPRRDETTVLGDE I Y FNYVYGQLE LSDSW [ PHVRHLRY FRNFSRAALLR l ASTEYVNPSY FQQKDKR FAPVNND FYHLSTGGY 
HGVANDSSPEYQW- -HSPHRLSDTV] LGDCLYFNNIHSQLDLHQNi~APSVRLLNYFKNFNRETLLK [ EENDY [ NSSFFQQICDKRFYP] NDDFYH [ STGGY 
* * * * * * * *  * * *  * *  * * * * *  * * *  * *  * * *  * * * * * * * * * * * *  * * • * * * ~ • * * * * *  

• . .  • • •  = . •  • • • • • . . •  • • . • • • • • • l i b  

G! VFRVEEYWKFVFEPGSQFHPI4DLTSEYTVPRFLYNNLRGDERLLWRALAHGLNYK] GFLYTLYKRVLHHVLLLARILDGQPLSLAYSRRQVAKLFA 
G l VFI(] DNYWKFVFEATI(LYSPI4ETTAE FTVPKFLYNNLI(GDEKICL WCAWANGLNYICLT FLHTLYKRVLHHLLLL ] QTHDGQELSLRYSSICVF LICAFM 

. . • , . ~ . . i ~ . . ~ * * *  . * *  * . * . * * *  * * * * * *  * * *  * * * * * * * * * * .  * *  * * * * * * * * * . * * *  . • * * *  * * *  * *  * * 

ERKDSAKFVRLLSY FYPAV [ KSNLNV [ NflFGfll4] KFFEHEKRANYTYORGN [ | VFPLARCSAEk"VTAANCAE FGFASWHYVKFLFLQI4ALLY ] K l YELS 
ERKDS [ KFVI(LLSHFYPAV[ NSN [ NV] NY FNRHFHFFEHEKRTNYEYERGN [ ! ] FPLALYSADKVOTELA [ KLGFKSLVQY [ KF ! FLQHALLY ] K! YELP 
* * * *~ r  * * *  * * *  * * * * * *  * *  * * * *  * * * * * * * * * *  * *  * * * * * *  * * * *  * *  * *  * *  * * * * *  * * * * * * * * * * * * * *  

• . ° • • . • 

C- HNF ! HVDLKPDN ] LLFDSEREHR ] HVGERSYVFREPVRSALNDFD FSQVSE ] PNKK] TASLRVEQNWFYDFHFFVHTLLKVYPELERDAAWSKALGEF 
CCDN FLHADLKPDN ] LLFDSNEP] ] ] HLKDKKFVFNER! KSALNDFDFSQVAGI ! NKK! KNNFKVKHNWYYDFHF FVHTLLICTYPE ! EKD ! EFSTALEEF 
* * ~  ~ * * * * * r * * -  • ° *  * *  * *  * *  * * * * * * * * * * * *  * * * * *  * * *  * * * * * * * * * * * *  * * *  * * * * *  * *  

• . • •  . ° .  • ° °  • . ° 

LVCCNRNTCEK FRLRVRRLHP ] S F LVR FVARDL FSDM] NGERRP 
] He" TKTDCDKYRLk'VS [ LHP ! S F LEKF ] HRD [ FSDW[ NGGN- - 
o . *  * * • * * • *  * * * * * * *  • * •  * * • * * * * * * *  

(b) 

VP8 
HCV CX4 
W L4R 

HCV CX4 
W L4R 

HCV CX4 
W L4R 

HNALFENLFDEDAVC-AGSVSR-EDFLLWAGAKVKFPRSLLSHYR••RTHSRYELALVQ•ETVTGVVFTTVYNVRRNLGLEEREALSLPALEKYYLDK 
H~LLLENL[EEDT]FFAG~I~YDDLQHV~AGAK~KFPR~L~FNWPRTHSKYELELlHNEN]TGA~FTT~N~RNNLGLGD-D~LT~EA~ENYFL~P 

• • • •  ° •  . . . . . . . .  • • •  • • • • o  • . o 

ANDVLTLHVNNTNLEH•AAYRHRSRRLLNPVVFRAGAVPLALVFTSRKKLS•YREDTSQAAEDSTYTK•AANVALAGKYAGLLLLDVHTPGTALHLTAVY 
NNEV~PLl]NNTD~TAVIPK~SGRRKNKNHVlFRQGS~PlLC~FETRKKINWKEN~E~A~TE~-YTPlG~N~AL~KYAG~NVLNV~SP~T~HRLNA~Y 

* * * * * *  * * * * *  * * * *WW W*  * * * *  * * * *  * * * *  * * * * * * * 
. . . .  • • o ° ° • . o , • . . . . . . . .  • • • • • •  

GLDDRRELRKLADSTALENHQQSGALSEAHKLSDFRAVFEGLKKSVPLTNLEHXNE 
GFTNKNKLEKLSTNKELESYS-SSPLQEP]RLNDFLGLLECVKKN]PL]D[P-TKD 
* . .  * * *  ° * * •  * * * * t t  * .  * * *  * * *  

• • • . •  • • • •  . •  • •  

HCV CX5 
W LSR 

HCV CX5 
W LSR 

HS•TAR•Q•RSSVRLQPVF•E•RFEHAFLCGERYLW•VFFEALVALLLLRWFLG•ELRAAF•RRPRAPEDPLR•HVAGKRLACAGERLH•LGLH--GGP• 
H . . . . . .  ENVPNVYFNPVF~EPTFKHSLL~VYKHRL~VLFEVFWF~L~YVFFRSELN~FFHPKR[|P-DPIDRLRRAN~LACEDDKL~YGL~WMTTQT 
* * * * t W i t  * * * * *  * *  * * * * * *  * * * *  * * *  * * *  * *  

• • • *  • .  • •  • • o .  , • o • ° ° o  o •  - - °  

AALNLDGSEVRLPNCEAFLRGAGRANTDSAGEAGTDAGTGTDVGALLV 
SALS]NSKP]VYKDCAKLLRS]N . . . . . . . . . .  GSQPVSLNDV--LRR 

* *  * * *  * * *  * 
. . . . . .  • • • . • ,  • 

HCV CX6 
W J1R 

HCV CX6 
W J1R 

HDHK•YLLTHFFAEDSSFFKYLSE•DDDTALDDW4[VKHYHDVLLALLVRAKNKLEALGHCYE•LSEDFRALLHVRQLRELRQVHDRALLRLDAEPVHVS 
H~HNQYLLTHFFADD~SFFKYLA~QD~ESSLS~LQ~T~YL~FLLLLL~KNKLEAVGHCYE~LSEEYRQLTKFTD~QDFKKLFNKVP~VT~GR~LN 

• • o •  . . . . . . .  o •  • . . . .  • • o o . •  • •  • . . •  

HGYLADFVLSLVRLARE••LGEL•VP•RTRYVD•RDD•TLAY•LE|LHGTDVDSGAGAYALAR•EAEK]••VRRAL•GCs••RR• 
KGYLFDFVISLMRFKKESSLATTAIDP-IRYIDPRRDIAFSNW4DILKSNKVNNN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. ° • ° . . o .  . . . . .  

Fig. 3. (o, b) For legend see facing page. 



NCV CX7 
VV J]R 

~CV CX? 
W J]R 

HCV CX7 
W J3R 

NCV CX7 
W J3R 

~EAQA~ERPLLYFHELTQTQEY~AE~ERAAR~RF~AQGQLKLL~GELFFLNKLHRRENLAGTTWY~GSAPGGH]RYLVEHFRALGVPLRt~NLL~GRSHD 
MDW~LDKPF~YFEE~DNEL~YE~E~ANE~AKKL~YQGQLKLLLGELFFLSKLQRHG~LDGAT~Y~G~APGTH~RYLRDHFYNLG~|K~L~DGRHHD 

• . o * *  * *  • • • . , .  * ,  . . o , • . • *  ° 

~RLQGLSD~TL~TRFVDERYLHRRRQALRGARWL~DIRSRRG~EPSTEDLLYDYALQNSHL~LKP~AS~LK~R~PFPDQWLHNFY~CGKELL~PF 
P~LNGLRDVTLVTRFVDEEYLRS]KKQLHPSK~L]SDVRSKRGGNEP~TADLLSNYALQNVH]S~LNPVASSLK~RCPFPDQW~KDFY|PHGNKHLQPF 

• . . . .  . . . .  . . * * . • . 

APPFSAELRLL••HAGAP•RLRC]TLAAARDYEKKHFYLNN••RRR•VLNFDYPNQEYDFFHHFHLLNTVLCPRSFDSPTKKVLFL 
AP•YSAE•RLLs[YTGENNRLTRVTK•DWNYEKKNYYLNK•VRNKWVNFDYP•QEYDYFHHYFHLRTVYCNKTFPTTKAKVLFLQQ••FRFLN•PTT• 

• . • * • . * . . . .  . • o . * o .  

TEKVSHEPIQRK|SSKNSHSKNRNSKRSVRGNK 

(c) 

]SkDa RNA potymerase subuni t  
HCV CX9 HY~REEKTLR[DLPPsVA~F[K~GFRHHVR~.PTLALGWLANTTTA~NEE~LTAVESHPTRKVFHAF~EPVLEGTLHH~VHLKKT~EC~DAYV~HH~FD 
W AZ9L HQHPREEN~wELEP~LATF]KQGF~ML~KMPLLN]G~L~NT~TAvNEEWLTA~EH~PT~4K]FYKH~HK~LTREHGFL~YLKR~Q~ERDNY]TLYDFD 

W ~ k ~  • z k *  • ~ * e  e ~  • W W  W e e z k  ~ W  W e  ~ k ~ e e e r e e  e *  * * • t v  . k ~  e t k e  ~ r  z k  , w e  
. . .  . .  o ° . • . o . . ° . . . o  . . o  • ° .  

MCV CX9 YY•-RDDGTLSKLKKPKDL•ETLLHSFLEYRLKNTK••ELVAFSSGTQ]REELLTHLAGVLD]EVFTREHANVKVTFPEEPRSTCPFGV•AP•GQLR[F 
VV A29L YY]•DKDTNSVTHVDKPTEL•ETLLHVFQEYRL•SSQT[EL•AFSSGTV[NED[VSKLT•FLDVEVFNREYNNVKT]•DPDFVFRSPF]V•SPHGKLTFF 

W I ~  * dr  W ~ t  l i t  l k Z l ~ W l b  l k  l l t l ~ l l r e t ~ k  t t ~ W  W t V l k ~ l k W  d r  ~ ~ ~ t t  t z ~ z k  I t 1 ~  z k l ~ g t  ~ W ~  W W W 1~ 

NCV CX9 FEAYP~/VDTHQHLHAVLRLLERKLVADVRSSQ]LVTPELDFEGGVSKYDPASRHLLVRDHVTHS~VNFFGARAQLDTYHDFD~RVV~TERFLSALAEA-- 
VV A29L VEVYSWFDFKSCFKD] ~DFLE~AL~AN~HNH~KVG~DCDETV~SYNPE~G~LFVNDLHTHN[VNFFG~NSRLESYHRFD~TKVDVELF~KALSDAC~ 

• * o . •  . ° . . . .  • . .  . .  

HCV CX9 -FATLRALV 
W A29L K]LSASNRL 

NCV CXIO HEDVDEANLLHLLERLAGSGDDD--FGATLAA[REL[SA%KSKVLTLNKKSKKSARAGEHVPR . . . . . . . .  RE~ASH 
W A~OL HEDLNEANFSHLL[NLSNNKDIDAOYASTLSWHELLSAINFK]FN[NKKSKKNSKS]EQHPVVHHAASAGREFNRR 

* o  * o • . . .  . . *  . . . .  . . . . .  

(d) 

]B'HSD 
NCV CX11 
VV A60L 

NCV CX11 
W A40L 

NOV CX11 
W A40L 

HK~YAVTGGGGF~G~Y~VRALLQCERTL~ELR~DVR~GTK~SSRN~NW~Y~YCDVCDTARLCAALEGVDVL~HTAGLVDVHGEYSEDE|YRANVHGTH 
HAVYAVTGGAGFLGRY•VK•LLisADDVQE•RV•••VEDPQP•TSKVKV•NY[QCD•NDFDKVREALD•VNL••HTAALVDVFGKYTDNE•NKVNYYGTQ 

• • • . • , • • • . .  • o . •  • * . •  

SALSAC•CAG•RF•YTSS•E•GPN•RAEPFVGDEKTEYESCHQHCYPRSKAEAEELVLSSNGRRVRGGQRHLTCALRPPGVYGEGNQLLLRLAKNYVR 
T]LAACV•LG]KYL•YTSS•EA[GPNKHG•PF•GHEHTLYD]SPGHVYAKSKR•AEQLV•KANNSV•HNGAKLYTCCLRPTG•YGEGDKLTKVFYEQCKQ 

~GLH~PRT~CENALQ~R~Y~GN~A1~H~LAARALQEP~RLPGNAYFCYDHSPC~DYEAFNV~LL~SFGVELGGPRLPRALLTVAAYTNAALQWLLRQLG 
HG•••YRTVDDNA•HSR•Y•G•AAV•HH•LAAKY•QY•G•K•KGNAYFCYDY••SC•YD•FNLLLMKPLG[E•QG•R•P•k•4LKt4YACKND . . . . .  MKRIL 

HCV CX11 ]RFSPLLNPYTLAVANACFVIRTRICAREHHGYEP]HNWKQSRKNTTRWLRSQLAS 
VV A40L FRKPSLLNNYTLKISNTTFEVRTNNAELDFNYSPIFDVDVAFKRTRKWL--EESE 

• ° t l k W  W ~ ' t  . o t k .  ~ '  W l k  ~ t e  ~ ~ l k  I k ~ "  • • • • • 

Fig. 3. Amino acid alignments of the translated sequences from Fig. 2 and their W counterparts, tCV-I 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. HCV-I CX1 and CX7 are partial ORFs, Amino acid a(ignments were performed 
using ClustalV. The conserved catalytic domains of W protein kinase 2 are shown in (a). 



particularly interesting. A 3#-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 a restricted host range and cell tropism and is less 
pathogenic than the orthopoxviruses. Genes responsible for 
host range and pathogenici ty are generally located near the 
termini of poxvirus genomes and sequencing of MCV terminal 
regions (Bugert et aI., 1993, and our unpublished data for 
HindlII 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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