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The linear duplex DNA molecule of varicella-zoster virus is
120 000 bp in size and has the sequence arrangement Uy -IRg-
Us-TRg, where Uy, and Ug are unique sequences and IRg and
TRg are inverted repeats flanking Ug. The primary structure
of the cloned SstI g DNA fragment containing Ug (5232 bp)
and adjacent portions of IRg and TRg (426 bp of each) was
determined, and the following model for genetic expression
was derived from an analysis of the sequence. The region
specifies four mRNAs encoding primary translation products
with mol. wts. of 11, 44, 39 and either 74 or 70 kd. The
39-and 70-kd proteins have primary structures characteristic
of membrane proteins. The mRNAs encoding the 11- and
74/70-kd proteins extend from opposite sides of Ug into
IRg/TRg, thus sharing a common 3’ terminus. These pro-
teins do not share a common carboxy terminus because the
coding region for the 11-kd protein terminates at the junction
between Ug and IRg, whereas that for the 74/70-kd protein
extends into TRg. The analysis affirms the hypothesis that the
extent of inverted repeats in herpesvirus genomes is primarily
a result of constraints imposed by adjacent protein coding se-
quences.

Key words: varicella-zoster virus/DNA sequence/inverted
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Introduction

Man is host to five herpesviruses: herpes simplex virus
types 1 and 2, varicella-zoster virus (VZV), human cyto-
megalovirus and Epstein-Barr virus. VZV causes two com-
mon clinical conditions, chickenpox (varicella) and shingles
(herpes zoster), but the molecular biology of this virus has
lagged behind that of the other human herpesviruses and, in-
deed, behind that of some animal herpesviruses. This was
probably owing to difficulties associated with growth of VZV
in vitro. However, recent technical advances in this area have
allowed several groups to begin to characterize the genetic
material of VZV.

The linear double-stranded DNA molecule of VZV has a
guanine plus cytosine (G + C) content of 46% (Ludwig et al.,
1972), and the genome structure has been elucidated by elec-
tron microscopy and restriction endonuclease analysis
(Dumas et al., 1980 and 1981; Straus ef al., 1981 and 1982;
Ecker and Hyman, 1982; Gilden et al., 1982). The VZV
genome is represented structurally as Uy -IRg-Ug-TRg, where
UL (~ 100 000 bp) and Ug (~ 5000 bp) are unique sequences
and IRg and TRg (each ~ 7500 bp) are inverted repeats flank-
ing Ug. Virion DNA contains two isomeric genome ar-
rangements in equimolar amounts owing to inversion of Ug
(or IRg-Us-TRg) relative to Uy, and these are defined ar-
bitrarily as the P (prototype) and Ig arrangements. Davison
and Scott (1983) have excluded the presence of a precise ter-
minal redundancy greater in size than 20 bp. Straus et al.

(1981) reported the presence of superhelical circular DNA in a
proportion (5— 10% or more) of VZV nucleocapsids from all
of the virus strains they examined, but the significance of this
observation awaits explanation. Physical maps of VZV DNA
for eleven restriction endonucleases and cloned DNA
fragments are available (Dumas et al., 1981; Ecker and
Hyman, 1982; Straus et al., 1982 and 1983; Davison and
Scott, 1983).

No data are available at present on the genetic organization
and expression of the VZV genome. Therefore, the aim of
this study was to determine the DNA sequence of Ug and to
derive a model for transcription and translation of this
region.

Results and Discussion

The DNA sequence of VZV SstI g is shown in Figure 1.
The fragment is 6084 bp in size and consists of Ug (5232 bp)
flanked on each side by 426 bp of IRg/TRg. The G +C con-
tent of Ug is 42.8%, somewhat lower than that of the com-
plete VZV genome (46%, Ludwig et al., 1972), whereas the
G + C content of the portion of IRg/TRyg is slightly higher at
48.8%. No direct or inverted repeats of significant length
were found in Ug.

The size of Ug is consistent with that estimated previously
(Dumas et al., 1981; Ecker and Hyman, 1982; Davison and
Scott, 1983). The significantly larger size of Ug (8700 bp)
measured by Straus et al. (1982) using electron microscopy is
probably incorrect, since comparison of restriction profiles of
their strain with those of the strain used in this paper shows
little or no size difference in this region (Straus et al., 1981;
Dumas et al., 1981; Davison and Scott, 1983). It is likely that
the even larger size of Ug (14 700 bp) determined by Gilden et
al. (1982) using similar techniques is also in error, since they
detected no differences between the BamHI restriction endo-
nuclease profiles of their strain and that used by Straus et al.
(1981). It is significant that Straus ef al. (1983) did not detect
size variability in Ug in their analysis of the restriction endo-
nuclease profiles of several VZV strains.

Model for expression

Figure 2 shows that the distribution of the 572 stop codons
present in both strands clearly defines four open reading
frames (ORFs) capable of encoding proteins containing > 80
amino acids. Table I summarizes an evaluation of probable
sites for initiation and termination of transcription and trans-
lation for each ORF. The following criteria were used in the
analysis. (Sequences are given with respect to the non-coding
DNA strand, which is equivalent to the mRNA strand.) (i) Se-
quences immediately adjacent to first and subsequent in-
frame ATG codons were analysed, since Kozak (1981) con-
cluded from a detailed study of functional initiator codons
that the most common sequence is (A/G)--ATGG, and there-
fore postulated this sequence as most favourable for initiation
of translation. (ii) Computer-aided analysis of codon usage
was used to evaluate coding probability in the region of the
first and subsequent in-frame ATG codons (Staden and
McLachlan, 1982). (iii) The sequence at the beginning of each
ORF was examined for the presence of a promoter element
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GTGGTGUAAT
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TGTAAACGCA
ACATTTGCGT
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ATGGACCGGA
TACCTGGCCT
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GTATTACGCT
CATAATGCGA

5890
GTGTCAGGAT
CACAGTCCTA

6010
ATCGGGCGAC
TAGCCCGCTG

3140
CTCCGTCTCT
GAGGCAGAGA
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GTGCCGGTAA
CACGGCCATT

3380
TACCUGAAAA
ATGGGCTTTT

3500
GAATTAAAAA
STTAATTTTT

3620
AAGAATCCCC
TTCTTAGGGG
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TCCCETTCCT

3860
GGUGAATT
CTTAA

398G
ATAACGAATC
TATTGCTTAG

4100
TGGGTAAATC
ACCCATTTAG
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JAGGGCCGTG
GTCCCGGCAC
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CATAAAATTG
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4460
TTACGCGCAC
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ACAGAATGGA
TGTCTTACCT
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ATCGTTAGAG
TAGCAATCTC

3390
GTCCCTTAAT
CAGGGAATTA

3510
ACATCCAATT
IGTAGGTTAA

3630
CCCACATTCC
GGGTGTAAGG

3750
TTAAGAATCT
AATTCTTAGA

3870
GCGTGGTTTT
CGCACCAAAA

3990
CGGTCAGAGC
GCCAGTCTCG

4110
GGGGAGAGTC
CCCCTCTCAG

4230
GTATCGATAG
CATAGCTATC

4350
TAAATGTGGA
ATTTACACCT

4470
CGATTCAGCG
GCTAAGTCGC

4590
TTCAAGACGT
AAGTTCTGCA
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GTCAACCAAT
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CAGTGTATCA
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5310
ATACACCCGA
TATGTGGGCT

5430
GTGGATTTCC
CACCTAAAGG

5550
CAGTAGTACT
GIFCATCATGA

TRg

5670
TGGACGATTT
ACCTGCTAAA

5790
ACCGGGGCAA
TGGCCCCGTT

5910
TTCTTGGGAC
AAGAACCCTG

6030
TCGGAAGTCC
AGCCTTCAGG

3160
TATTCTACAA
ATAAGATGTT

3280
GATAACCCTT
CTATTGGGAA

3400
GATCCTCCAG
CTAGGAGGTC

3520
TATCGCCCAA
ATAGCGGGTT

3640
GTTGTAAACC
CAACATTTGG

3760

CCTAAQTATA AGTTAACACG

GGATTGATAT

3880
AAGTGACTAT
TTCACTGATA

4000
ATCCGTCTTG
TAGGCAGAAC

4120
TTCGCGAAAA
AAGCGCTTTT

4240
CGGGGAACGG
GCCCCTTGCC

4360
CCAACGTCAA
GGTTGCAGTT

4480
GATTTATGGA
CTAAATACCT

4600
GGTGGTGGAT
CCACCACCTA

4720
GTTTGATGAA
CAAACTACTT

4840
TACCTACGCC
ATGGATGCGG

4960
ATTTTCAGTT
TAAAAGTCAA

5080
GCGGTTATAT
CGCCAATATA

5200
AAATTGTGAA
TTTAACACTT

5320
GAGTTTGTCG
CTCAAACAGC

5440
GCCAACGGCC
CGGTTGCCGG

5560
TTTATGTCTC
AAATACAGAG

5680
CGAGGACTCG
GCTCCTGAGC

5800
CGCCGAGCGT
GCGGCTCGCA

5920
TCCAAGGGAC
AGGTTCCCTG

6040
GGCGTGTCCC
CCGCACAGGG

3180
TCAACAAGCT
AGTTGTTCGA

3170
GAGCCCTTTT
CTCGGGAAAA

3300
GGACGTTGTT
CCTGCAACAA

3290
GGTTACATGA
CCAATGTACT

3410
AAAATCTACT
TTTTAGATGA

3420
TATAATTATT
ATATTAATAA

3530
ATACAAAAAC
TATGTTTTTG

39
3660

3650
CGTTTGTTAA ATAGAACTAA

GCAAACAATT TATCTTGATT

3540
AAGAAGGGGC
TTCTTCCCCG

3770 3780
CCCACATTTG

TCAATTGTGC GGGTGTAAAC

3890
ATTCCGAGGG
TAAGGCTCCC

3900
TCGCCTGTAA
AGCGGACATT

4010
CGATACGATG
GCTATGCTAC

4020
ATTTTCACAC
TAAAAGTGTG

4140
ATAACTCACC
TATTGAGTGG

4130
GCGTACGATC
CGCATGCTAG

4260
CCACACAAAT
GGTGTGTTTA

4250
TTAATGCAAC
AATTACGTTG

4370
TACGGTGACG
ATGCCACTGC

4380
TGTTTAAAGG
ACAAATTTCC

4490
GTCCGGTACA
CAGGCCATGT

4500
CCGAGACTTG
GGCTCTGAAC

4610
GTGGATTGCG
CACCTAACGC

4620
CGGAAAATAC
GCCTTTTATG

4730
CTCGAATTAG
GAGCTTAATC

4740
ACCCCCCCGA
TGGGGGGGCT

4850
ACGTTTTTGG
TGCAAAAACC

4860
TCACCTGGAA
AGTGGACCTT

4970
GGTGATACGT
CCACTATGCA

4980
TTAGCTTGGC
AATCGAACCG

5100
TGTATCATCC
ACATAGTAGG

5090
TCTACGTGTT
AGATGCACAA

5210
CATGCAGATA
GTACGTCTAT

5220
ACTACACCGC
TGATGTGGCG

5330
GGATTATACG
CCTAATATGC

5340
TTTTTGTGGT
AAAAACACCA

5450
GGTCAGCCAC
CCAGTCGGTG

5460
CGGCGACTAC
GCCGCTGATG

5570
GTAATATTTT
CATTATAAAA

TAATCTGTAC
ATTAGACATG

5690
GAATCTACGG
CTTAGATGCC

5700
ATACGGAAGA
TATGCCTTCT

5810 5820
GTAAATTTAA ATAAAAAACA
CATTTAAATT TATTTTTTGT

5930 5940
CCGCAGCCCA GGTACGCGTC
GGCGTCGGGT CCATGCGCAG

6050
AAACAGCACC
TTTGTCGTGG

6060
AATATGCCAT
TTATACGGTA

3190 3200
CGTTTGTGTG ATTTACCCGC
GCAAACACAC TAAATGGGCG

3310 3320
ACGACAGAAA CTAAGTCCGT
TGCTGTCTTT GATTCAGGCA

3430 3440
CCTATAGTAG CGTCTGTCAT
GGATATCATC GCAGACAGTA

3550 3560
ATACAAAATG CGACACCAGA
TATGTTTTAC GCTGTGGTCT

3670
TTATCCCGGA TTTEATATT.
AATAGGGCCT AAAATATAAT

74
3800

GGCGGG! TTTTATGAAG
CCGCCCCTAC AAAATACTTC

70

3910 3920
GGACA GTTAATAAAC

ATACCCCTGT CAATTATTTG

790

4030 4040
CGATGAAGAC AAACTGGATA
GCTACTTCTG TTTGACCTAT

4150 4160
TTATATATGG CCACGTAATG
AATATATACC GGTGCATTAC

4270 4280
GTCTGCACAG GAGGATCTTG
CAGACGTGTC CTCCTAGAAC

4390 4400
AGATCTTAAT CCAAAACCCC
TCTAGAATTA GGTTTTGGGG

4510 4520
GAGCTTTTTG CCGTCATTAA
CTCGAAAAAC GGCAGTAATT

4630 4640
TAAAGAGGAT CAGTTGGCCG
ATTTCTCCTA GTCAACCGGC

4750 4760
GATTGAACCG GGTGTCTTGA
CTAACTTGGC CCACAGAACT

4870 4880
AGGGGATGAA AAAACAAGAA
TCCCCTACTT TTTTGTTCTT

4990 5000
AATGCATCTT CAGTATAAGA
TTACGTAGAA GTCATATTCT

5110 5120
CAACGCACCC CAATGCCTCT
GTTGCGTGGG GTTACGGAGA

5230 5240
ATATTGTCTG GGAATATCTC
TATAACAGAC CCTTATAGAG

5350 5360
GTATTTTAAC GGGCATGTTG
CATAAAATTG CCCGTACAAC

5470 5480
TAAACCCAAG GAAATTACCC
ATTTGGGTTC CTTTAATGGG

5590 5600
GGCTAAACGA ATGAGGGTTA
CCGATTTGCT TACTCCCAAT

5710 5720
AGAGTTTGGT AACGCGATTG
‘TCTCAAACCA TTGCGCTAAC

5830 5840
GTACGCTTTT ATCCGGTGTA
CATGCGAAAA TAGGCCACAT

5950 5960
AAAAAGCCTG TGACAAATTC
TTTTTCGGAC ACTGTTTAAG

6070 6080
CAATATCAGC CGCTCGCTGA
GTTATAGTCG GCGAGCGACT

3210
GACACCCAAA
CTGTGGGTTT

3330
TGTTAAGGAG
ACAATTCCTC

3450
GATCCTCACC
CTAGGAGTGG

3570
ATCCGATGTG
TAGGCTACAC

3690
AATAAACTAT
TTATTTGATA

3810
CCTTAAAGGC
GGAATTTCCG

3930
CTGTGGTGGG
GACACCACCC

4050
CAAACTCCGT
GTTTGAGGCA

4170
ATTATGATGG
TAATACTACC

4290
GGGACGATAC
CCCTGCTATG

4410
AAGGCCAAAG
TTCCGGTTTC

4530
CCTGTACGGG
GGACATGCCC

4650
AAATCAGTTA
TTTAGTCAAT

4770
AAGTACTTCG
TTCATGAAG"

4890
ACCCTACGCC
TGGGATGCGG

010
TACATGAAGC
ATGTACTTCG

5130
CTCATATGAA
GAGTATACTT

5250
ATATGGAGCC
TATACCTCGG

5370
AAGCCGTAGC
TTCGGCATCG

5490
CCGTAAACCC
GGCATTTGGG

5610
AAGCCTATAG
TTCGGATATC

5730
GAGGGAGTCA
CTCCCTCAGT

5850
TGTTTTAAAT
ACAAAATTTA

5970
CCCCGGGGCG
GGGGCCCCGC

GCTC
CGAG

3220
GGGTCCGGTA
CCCAGGCCAT

3340
GGGATAGAAA
CCCTATCTTT

3460
GCCATGGTTA
CGGTACCAAT

3580
ATGTTGGAGG
TACAACCTCC

3700
ATGCGTTTTA
TACGCAAAAT

3820
CGAGCTGGTA
GCTCGACCAT

3940
GGTATTGATG
CCATAACTAC

4060
ATATGAGCCT
TATACTCGGA

4180
ATTTTTAGAG
TAAAAATCTC

4300
GGGCATCCAC
CCCGTAGGTG

4420
ACTCATTGAG
TGAGTAACTC

4540
AGACGCAGCG
TCTGCGTCGC

4660
CCGTTTTCAA
GGCAAAAGTT

4780
GACAGAAAAA
CTGTCTTTTT

4900
CGCAGTAACT
GCGTCATTGA

5020
GCCATTTGAT
CGGTAAACTA

5140
TTCCGGTTGT
AAGGCCAACA

5260
TAGCTTTGGT
ATCGAAACCA

5380
ATACACTGTT
TATGTGACAA

5500
CGGAACGTCA
GCCTTGCAGT

5620
GGTAGACAAG
CCATCTGTTC

5740
CGGGGGTTCG
GCCCCCAAGC

5860
TTATTTTTTT
AATAAAAAAA

5980
GTCATATAAT
CAGTATATTA

3230
CCTCCCTGTT
GGAGGGACAA

3350
ATCACGTATA
TAGTGCATAT

3470
TTGTTATTGT
AACAATAACA

3590
CCGCCATTGC
GGCGGTAACG

3710
TTTAGCGTTT
AAATCGCAAA

3830
TACACGAGAG
ATGTGCTCTC

3950
GGGTTCGGAA
CCCAAGCCTT

4070
TACTACCATT
ATGATGGTAA

4190
AACGCACACG
TTGCGTGTGC

4310
GTTATCCCTA
CAATAGGGAT

4430
GTGTCAGTGG
CACAGTCACC

4550
CCCGCCATCC
GGGCGGTAGG

4670
GGTAAGAAGG
CCATTCTTCC

4790
CAATACTTGG
GTTATGAACC

4910
CCTCAACCAA
GGAGTTGGTT

5030
TTGCTGTTAG
AACGACAATC

5150
ACATTTACCT
TGTAAATGGA

5270
CTAATCTTAC
GATTAGAATG

5390
GTATCCACAG
CATAGGTGTC

5510
CCACTTCTAC
GGTGAAGATG

5630
TCCCCGTATA
AGGGGCATAT

5750
AGTTACACGG
TCAATGTGCC

5870
TTTCTATATA
AAAGATATAT

5990
TCGGCGCGGA
AGCCGCGCCT

VZV DNA sequence

3240
TCAACATATG
AGTTGTATAC

3360
TCCAACGGAT
AGGTTGCCTA

3480
AATAAGCGTT
TTATTCGCAA

3600
ACAACTAGCA
TGTTGATCGT

3720
TGATTACGCG
ACTAATGCGC

3840
CAGTCCATGG
GTCAGGTACC

3960
TTATCACGGG
AATAGTGCCC

4080
CAGATCATGC
GTCTAGTACG

4200
AACACCATGG
TTGTGGTACC

4320
CGTTAAACGG
GCAATTTGCC

4440
AAGAAAATCA
TTCTTTTAGT

4560
AGCATATATG
TCGTATATAC

4680
AAGCGGACCA
TTCGCCTGGT

4800
GTGTGTACAT
CACACATGTA

4920
GAGGGGCTGA
CTCCCCGACT

5040
AGTGGTTGTA
TCACCAACAT

5160
CGCCACATTT
GCGGTGTAAA

5280
ACGACGGGGG
TGCTGCCCCC

5400
TAGATCATTT
ATCTAGTAAA

5520
GATATGCCGC
CTATACGGCG

5640
ACCAAAGCAT
TGGTTTCGTA

5760
TGTATATAGA
ACATATATCT

5880
AAGGGATGGG
TTCCCTACCC

6000
TGCATTTATT
ACGTAAATAA

Fig. 1. DNA sequence of VZV Sstl g displayed with respect to the I genome arrangement. The junctions of U with IRg and TR are denoted by square
brackets. The following data from Table I are included: transcriptional promoter (boxed) and terminator elements (underlined) and initiation and stop codons
(boxed) defining the 11-, 44-, 39- and 74/70-kd proteins.
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Fig. 2. Distribution of stop codons (vertical lines) in the six reading frames ot VZV Sszl g. ORFs are numbered and internal in-frame ATG codons are shown

as arrowheads pointing in the direction of translation.

Table 1. Evaluation of probable sites” for initiation and termination of transcription and translation

ORF Location of Location of best initiator ATG" Location of Location of Approximate Location of Size of primary
ORF Local Codon best transcrip- AATAAA location of pro.lcin coding  translation
sequence® usage! tional promoter mRNA region product (kd)

1 734" - 429’ 716° - 803" 275 770" — 250" 734" - 429° 11
2 1131 -2309 1131 1131 1020 or 1054 2330 1050—2350 or 1131 -2309 44

1080 — 2350
3 2590 - 3651 2590 or 2977 = 2342 or 2415 3681 2380--3700 or 2590 - 3651 39

2440 3700
4 3788 — 5770 3902 3788 3674 or 3757 5810 3700—5830 or  3788—5770 or 74 or 70

3902 - 5770

3790 - 5830

Nucleotide locations from the upper strand in Figure 1. Numbers with a prime indicate nucleotides on the lower strand.

bFirst and 3 subsequent in-frame ATG codons evaluated.
“Evaluated according to the findings of Kozak (1981).

dEvaluated from codon usage in the 50 (ORF1), 200 (ORF2, ORF3) or 400 (ORF4) codons immediately prior to the appropriate stop codon.

“Possible initiator codons were not clearly differentiated.

similar to the consensus TATA(A/T)A(T/A), which is usual-
ly found 20— 30 nucleotides upstream from transcriptional
initiation sites (Corden et al., 1980). (iv) The sequence close
downstream from the end of each ORF was examined for the
presence of the element AATAAA, which is usually found
11—30 nucleotides upstream from transcriptional termina-
tion sites (Proudfoot and Brownlee, 1976).

Sites of initiation of transcription and translation are more
difficult to predict than those of termination for two reasons.
First, the transcriptional promoter is less well-defined in se-
quence than the termination element AATAAA,; thus, only
the elements close to the beginning of ORFs and most similar
to the promoter consensus are listed in Table I. Second, trans-
lation is not necessarily initiated at the first in-frame ATG
codon in an ORF, whereas the stop codon defining the end of
the ORF is a clear site for termination of translation. Kozak
(1981) has noted that the first transcribed ATG codon func-
tions as the translational initiator in the majority of mRNAs,
and in those cases where the first ATG codon is not used, it is
located in an unfavourable sequence environment and is
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almost always followed closely by a stop codon. However,
she has given two examples of mRNAs which encode two
proteins owing to initiation at the first and second ATG
codons, in one of which both proteins are coded in the same
frame (Preston and McGeoch, 1981).

It was concluded from the analysis shown in Table I that
translation in each of ORF1, 2 and 3 is initiated at the first in-
frame ATG codon, giving rise to primary translation pro-
ducts with approximate mol. wts. of 11, 44 and 39 kd, respec-
tively. The predicted mRNAs contain no ATG codons in any
frame upstream of the first in-frame ATG codon. It is possi-
ble that initiation of translation in ORF1 could also occur at
the second in-frame ATG codon, which is more favourable as
a potential initiation codon (Kozak, 1981), giving rise to a
slightly smaller protein.

The analysis of ORF4 is more difficult to interpret. It is
possible that the predicted mRNA does not contain the first
in-frame ATG, since one of the two transcriptional pro-
moters of best fit is located only ~ 30 nucleotides upstream.
However, although considerations of local sequence also



VZV DNA sequence
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Fig. 3. Model for the expression of VZV Sstl g. The approximate positions of non-coding regions of predicted mRNAs are shown as horizontal lines exten-
ding from open arrows, which indicate the locations and orientations of protein coding regions.

11 kd

MAGQNTMEGEAVALLMEAVVTPRAQPNNTTITAIQPSRSAEKCYYSDSEN
ETADEFLRRIGKYQHKIYHRKKFCYITLIIVFVFAMTGAAFALGYITSQF
VG

44 kd

MNDVDATDTFVGQGKFRGAISTSPSHIMQTCGFIQQMFPVEMSPGIESED
DPNYDVNMDIQSFNIFDGVHETEAEASVALCAEARVGINKAGFVILKTFT
PGAEGFAFACMDSKTCEHVVIKAGQRQGTATEATVLRALTHPSVVQLKGT
FTYNKMTCLILPRYRTDLYCYLAAKRNLPICDILAIQRSVLRALQYLHNN
SITHRDIKSENIFINHPGDVCVGDFGAACFPVDINANRYYGWAGTIATNS
PELLARDPYGPAVDIWSAGIVLFEMATGQNSLFERDGLDGNCDSERQIKL
IIRRSGTHPNEFPINPTSNLRRQYIGLAKRSSRKPGSRPLWTNLYELPID
LEYLICKMLSFDARHRPSAEVLLNHSVFQTLPDPYPNPMEVGD

39 kd

MFLIQCLISAVIFYIQVTNALIFKGDHVSLQVNSSLTSILIPMQNDNYTE
IKGQLVFIGEQLPTGTNYSGTLELLYADTVAFCFRSVQVIRYDGCPRIRT
SAFISCRYKHSWHYGNSTDRISTEPDAGVMLK ITKPGINDAGVYVLLVRL
DHSRSTDGFILGVNVYTAGSHHNIHGVIYTSPSLQONGYSTRALFQQARLC
DLPATPKGSGTSLFQHMLDLRAGKSLEDNPWLHEDVVTTETKSVVKEGIE
NHVYPTDMSTLPEKSLNDPPENLLIIIPIVASVMILTAMVIVIVISVKRR
RIKKHPIYRPNTKTRRGIQNATPESDVMLEAAIAQLATIREESPPHSVVN
PFVK

74/70 kd

MFYEALKAELVYTRAVHGFRPRANCVVLSDYIPRVACNMGTVNKPVVGVL
MGFGIITGTLRITNPVRASVLRYDDFHTDEDKLDTNSVYEPYYHSDHAES
SWVNRGESSRKAYDHNSPYIWPRNDYDGFLENAHEHHGVYNQGRGIDSGE
RLMQPTQMSAQEDLGDDTGIHVIPTLNGDDRHKIVNVDQRQYGDVFKGDL
NPKPQGQRLIEVSVEENHPFTLRAPIQRIYGVRYTETWSFLPSLTCTGDA
APAIQHICLKHTTCFQDVVVDVDCAENTKEDQLAEISYRFQGKKEADQPW
IVVNTSTLFDELELDPPEIEPGVLKVLRTEKQYLGVYIWNMRGSDGTSTY
ATFLVTWKGDEKTRNPTPAVTPQPRGAEFHMWNYHSHVFSVGDTFSLAMH
LOQYKIHEAPFDLLLEWLYVPIDPTCQPMRLYSTCLYHPNAPQCLSHMNSG
CTFTSPHLAQRVASTVYQNCEHADNYTAYCLGISHMEPSFGLILHDGGTT
LKFVDTPESLSGLYVFVVYFNGHVEAVAYTVVSTVDHFVNAIEERGFPPT
AGQPPATTKPKEITPVNPGTSPLLRYAAWTGGLAAVVLLCLVIFLICTAK
RMRVKAYRVDKSPYNQSMYYAGLPVDDFEDSESTDTEEEFGNAIGGSHGG
SSYTVYIDKTR

Fig. 4. One-letter amino acid sequences of predicted primary translation
products of VZV Ssrl g. The amino terminus of the 70-kd protein is in-
dicated by an arrowhead, and hydrophobic regions close to the termini of
this and the 39-kd protein are underlined.

favour the use of the second in-frame ATG codon, those of
codon usage favour the first. Moreover, two relatively un-
favourable out-of-frame ATG codons which are closely
followed by stop codons are present between the first and se-
cond in-frame ATG codons, and this would be an unusual
situation among mRNAs if initiation of translation occurs at
the second ATG. These observations make it unwise at pre-
sent to predict whether the primary translation product of
ORF4 has a mol. wt. of 74 or 70 kd.

A model for the expression of Sstl g is presented in Figure
3. More complex models have not been ruled out, but it is not
necessary at present to invoke RNA splicing since potential
transcriptional control elements are present near the beginn-
ing and end of each ORF. Sequences at the termini of
predicted mRNAs are relatively low in G + C content, and the
AATAAA element close to the end of each ORF is located
< 35bp upstream from the complementary sequence
TTTATT (ORF1, 3 and 4) or the closely related sequence
TTTATA (ORF2). Six of the remaining nine AATAAA se-
quences in Ss¢I g are present within the ORFs in either strand.
The ORFs are in close proximity, ~85% of Ug potentially
coding for polypeptide, and conservation of codon usage
within and between the ORFs is strong evidence that they do
indeed code for proteins.

An interesting comparison may be made between the loca-
tions of the junctions between Ug and IRg/TRg in the
genomes of herpes simplex virus types 1 and 2 (HSV-1 and
HSV-2) and VZV. In both HSV-1 and HSV-2, the two
mRNAs spanning the junctions share a common 5’ terminus,
but the encoded proteins do not share a common amino ter-
minus because the initiator ATG codons are located 8 and 40
nucleotides (HSV-1) or 1 and 33 nucleotides (HSV-2) inside
Ug (Watson et al., 1981; Murchie and McGeoch, 1982; Rixon
and Clements, 1982; J.L.Whitton and J.B.Clements, in
preparation). In VZV, the predicted mRNAs containing
ORF1 and ORF4 share a common 3’ terminus, but the en-
coded proteins do not share a common carboxy terminus
because the stop codon for ORF1 spans the junction between
Us and IRg, whereas that for ORF4 is located inside TRg.
The VZV data add weight to the interpretation of the above
HSV-1 and HSV-2 data proposed by J.L.Whitton and
J.B.Clements (in preparation) that the extent of IRg/TRg is
primarily a result of constraints imposed by the locations of
adjacent protein coding sequences. Therefore, the extent of
IRg/TRg could be limited when the two proteins coded by the
mRNAs spanning the IRg-Ug and TRg-Ug junctions cannot
possess a region of common primary structure at either the
amino or the carboxy terminus and retain their function, and
when the same sequence in IRg/TRg cannot encode dissimilar
amino or carboxy termini in two reading frames.

Features of predicted primary translation products

Figure 4 shows the amino acid sequences of the four
predicted primary translation products and includes features
derived from the hydrophobicity plots shown in Figure S.
Data for both the 74- and 70-kd proteins are included because
it is not possible to predict which of the two possible amino
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Fig. 5. Hydrophobicity plots of predicted primary translation products of VZV SstI g. The plot was computed by a program using the ‘hydropathicity”
parameters of Kyte and Doolittle (1982), and involved moving a window spanning nine amino acids along the sequence one amino acid at a time. Peaks in-
dicate hydrophobic regions and the amino terminus of the 70-kd protein is indicated by an arrowhead.

termini of ORF4 is correct. The 39- and 74/70-kd proteins
each show a marked hydrophobic region close to the carboxy
terminus, followed immediately by a region containing
several basic amino acids. This is a characteristic feature of
membrane proteins, the hydrophobic portion corresponding
to the transmembrane region (Tomita and Marchesi, 1975).
Moreover, the 39- and 70-kd proteins each have a hydro-
phobic region very close to the amino terminus which perhaps
corresponds to a signal peptide for membrane insertion (Emr
et al., 1980). This may indicate that ORF4 encodes the 70-kd
rather than the 74-kd protein. The 11-kd protein also
possesses a hydrophobic region close to each terminus, but
the lack of basic residues following that at the carboxy ter-
minus makes the properties of this protein difficult to predict.
The 44-kd protein lacks the characteristics of membrane pro-
teins.

In conclusion, the likelihood that two of the four genes en-
code membrane proteins will have a major influence upon
future investigation of the expression of SstI g, especially in
view of the fact that VZV induces at least four membrane-
associated glycoproteins with apparent mol. wts. of 62, 88, 98
and 118 kd (Grose, 1980; Grose and Friedrichs, 1982).

Materials and methods

Cloned DNA fragment

A recombinant plasmid containing SstI g (Davison and Scott, 1983) was
transferred from the original host (Escherichia coli strain HBI101) to a
modification-plus host [E. coli K12 strain DH1 (Hanahan, 1983)]. SstI g frag-
ment was isolated by agarose gel electrophoresis from plasmid DNA purified
as described previously (Davison and Wilkie, 1981).
DNA sequencing

The DNA sequence of Sszl g was determined from ~ 60 000 nucleotides of
data derived using the M13-dideoxynucleotide technology (Sanger ez al., 1977
and 1980). 957 of the fragment was sequenced on both strands.

Restriction endonuclease fragments or random fragments (400— 1000 bp)
generated by sonication were inserted into the Srmal site of vector M13 mp8
(Messing and Vieira, 1982). Recombinant phage DNA was prepared under
conditions of good microbiological practice from infected E. coli K12 strain
JMI101 (Messing er al., 1979) and sequenced using pentadecamer primer (New
England Biolabs), large fragment DNA polymerase [ (Bethesda Research
Laboratories) and [«-3P]dATP (PB 10204; Amersham International). Pro-
ducts were separated in thin 6% polyacrylamide-urea gels (Sanger and
Coulson, 1978). Each gel was bonded to one glass plate prior to electro-
phoresis and then dried prior to autoradiography (Garoff and Ansorge, 1981).
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Duata handling and analvsis

DNA sequence data were manipulated and analysed using the programs
described by Staden (1977, 1978, 1979, 1980), Staden and McLachlan (1982),
Pustell and Kafatos (1982a, 1982b) and Kyte and Doolittle (1982) in a DEC
PDP-11/44 computer operating under the RSX11M system.
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