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Earlier reports have localized mutations which affect the processing and transport of herpes simplex virus 1
glycoproteins to a region located between the genes specifying glycoprotein B and the major viral DNA-binding
protein (,I8). The nucleotide sequence of this region contains a single long open reading frame encoding a
780-amino-acid protein with a predicted molecular weight of 83,845. To confirm the existence of this protein,
rabbit polyclonal antibody was made against a synthetic peptide made according to the predicted sequence of
a hydrophilic domain near the carboxy terminal of the protein. This antibody reacted with an infected cell
protein of an apparent molecular weight of 95,500. We designated this protein infected cell protein 18.5
(ICP18.5). S1 nuclease analysis suggested that the 5.6-kilobase mRNA encoding ICP18.5 is initiated
predominantly from one site, but three weaker initiation Sites also seemed to occur within a 74-base-pair stretch
of DNA. This gene appears to be conserved in the Epstein-Barr virus (EBV) genome, inasmuch as 174 of the
780 amino acids of ICP18.5 align with corresponding amino acids predicted by the EBV open reading frame
BALF3. The EBV gene is located adjacent to the gene specifying a homolog of the herpes simplex virus 1
glycoprotein B.

Analyses of the gene directing the synthesis of the glyco-
protein B (gB) of herpes simplex virus 1 (HSV-1) revealed
that the 5' terminus of the gene overlaps the 3' terminus of an
open reading frame. A portion of the open reading frame was
sequenced at that time (4, 27). In this paper we report on the
complete nucleotide sequence of this gene. Pending analyses
of the regulation of this gene, we designated its product
infected cell protein 18.5 (ICP18.5).

Interest in the gene specifying ICP18.5 stems from unre-
solved questions regarding the gene organization in the
HSV-1 genome, specifically the significance and regulatory
interdependence of clusters of genes found throughout the
genome that (i) may be functionally related but apparently do
not share cis-acting sites such as transcription termination
and polyadenylation signals (e.g., the genes specifying gD
and gE [30] and the genes specifying the major DNA-binding
protein and DNA polymerase [29], (ii) genes that share
cis-acting sites but do not appear to be functionally related
(e.g., genes specifying a 42,000-molecular-weight protein
and the a trans-inducing factor (5, 14), and (iii) genes that
both share cis-acting sites and have clear functional related-
ness. One cluster that fullfils the last characteristic is that
specifying the subunits of the ribonucleotide reductase (8,
11, 24). The genes specifying gB and ICP18.5 may also fulfill
this characteristic. Specifically, these genes specify mRNAs
that are 3' coterminal (15). gB is an essential membrane
protein; virions produced in cells infected with temperature-
sensitive (ts) mutants in this gene lack the capacity to be
transported to the cell surface or to infect cells (23, 31).
Analyses of HSV-1 and HSV-2 ts mutants (7, 13, 15, 25)
carrying lesions mapping in the domain of the ICP18.5 gene,
i.e., between the transcribed sequences of the gB gene and
the coding sequences of the major DNA-binding protein
designated P8 or ICP8, suggest that the product of this gene
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affects translocation of HSV glycoproteins to membranes.
One mutant, HSV-1(KOS1.1) ts8 (13), shows wild-type
patterns and levels of protein synthesis, glycoprotein syn-
thesis, cell surface localization of glycoproteins, and sensi-
tivity to immune cytolysis. Another mutant, HSV-1(KOS)icr
ts78 (25), also exhibits wild-type patterns and levels of
protein and glycoprotein synthesis and intracellular accumu-
lation, but the amounts of glycoprotein trahsported to the
cell surface are at greatly reduced levels. Moreover, cells
infected with HSV-1(KOS)icr ts78 and maintained at the
nonpermissive temperature are resistant to immune
cytolysis by polyclonal anti-gB antiserum. The molecular
basis of the ts phenotype is not known. All the mutants
mapping in this region and characterized to date appear to
produce viral DNA in quantities equivalent to those pro-
duced by the wild-type parent.
Holland et al. (15) mapped a 5.6-kilobase mRNA to a

position overlapping the gB gene but 3' to the HSV-1 ,8
gene. Earlier reports from this (27) and another laboratory
(4) identified an open reading frame extending 5' from the gB
gene. The coding sequence for the putative protein product
of this mRNA spanned the upstream promoter and regula-
tory region of gB and terminated 10 nucleotides before the
translation initiation site of gB. The 3' terminus of this
mRNA appears to be coterminal with the mRNA directing
the synthesis of gB (15). To precisely define the 5' end of the
ICP18.5 mRNA transcript, S1 analysis was done with the
recombinant plasmid pRB2041, which contains a 550-base-
pair (bp) DNA fragment from HSV-1 BamHI-G cloned into
pUC9 (Fig. 1E). pRB2041 was digested at a NarI restriction
endonuclease site and was 5' end labeled. Infected cell RNA
was isolated as previously described (28) from confluent
Vero cell monolayers infected at a multiplicity of infection of
10 to 20 with HSV-1(F) (10). Si analyses of cellular RNA
harvested at 14 h postinfection protected one major and
three minor DNA fragments whose sizes were 192, 157, 151,
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FIG. 1. (A) Sequence arrangement in HSV-1 DNA showing the

location of the unique sequences of the L and S components (UL and
Us) and of the inverted repeats (anb, b'a',c', and ca) flanking the
unique sequences. The subscript n indicates the number of repeats
(>1) of the a sequence. (B) BamHI restriction endonuclease map of
the prototype arrangement of HSV-1(F) DNA. (C) Relevant restric-
tion endonuclease maps of the BamHI G fragment. S, Sall; B,
BamHI. (D) The domains of gB, ICP18.5, and 38. (E) The position
of the sequenced region and the DNA probe used for mapping the 5'
end of the ICP18.5 mRNA. Panels D and E are shown in relation to
the restriction endonuclease maps in panel C. (F) Hydropathic
analysis of HSV-1 ICP18.5. The hydropathic profile was obtained by
using the algorithim of Kyte and Doolittle (21) with a moving
window of seven residues. The subsequent profile was smoothed for
plotting by taking its average in a moving three-residue-wide win-
dow. The x axis of the plot is drawn at the average hydropathicity
value deducted by Kyte and Doolittle so that points above the line
are of above-average hydrophobicity and those below the line are of
above-average hydrophilicity. _, location of the sequence used
for preparation of the synthetic polypeptide. (G) Dot homology
matrix plot at the protein level between HSV-1 ICP18.5 and EBV
BALF3. ICP18.5 is represented on the horizontal axis and BALF3 is

and 118 bp, respectively (Fig. 2A), indicating that transcrip-
tion of the ICP18.5 gene may initiate at several sites. The
intensity of the protected fragments suggests that most of the
mRNA protected the 192-bp fragment, i.e., transcription
initiated 3' to this site occurred less frequently.
The nucleotide sequence of the ICP18.5 gene was deter-

mined by previously described procedures (27). A 6-
kilobase-pair SalI-BamHI subclone of the BamHI G frag-
ment (pRB2017) was subjected to a DNase I deletion
subcloning strategy as previously described (12, 17). One set
of derived clones contained staggered deletions from the
Sall site toward the BamHI terminus, whereas the second
set contained staggered deletions from the BamHI terminus
toward the Sail site. The DNA sequence of the terminal 200
to 300 nucleotides from each DNase I deletion subclone as
well as other clones obtained by conventional cloning tech-
niques was determined by the dideoxy sequencing method.
The DNA sequence of a region of 2,889 nucleotides was
obtained, beginning with the SalI site located 80 amino acids
from the carboxy terminus of the P8 gene and ending 7
nucleotides from the site of translation initiation of gB (Fig.
3). The sequence was determined in its entirety on both
strands. There is an overlap of 787 nucleotides with the
previously reported sequence of the genome domain 5' to the
coding sequences of the gB gene (27). Comparison of se-
quences of new clones as well as resequencing of old clones
indicated that the nucleotides reported to exist at positions
81, 87, 89, and 101 of the previously reported sequence (i.e.,
upstream from the transcribed domains of gB) (27) do not
exist. The sequence reported here overlaps with that of the
HSV-1(17) DNA polymerase and P8 genes (26) by 444
nucleotides. Our sequence of the carboxy terminal 80 amino
acids of the predicted structure of the 18 protein of HSV-
1(F) is in complete agreement with that of the reported
sequence of the HSV-1(17) protein (29).
The major ICP18.5 mRNA start site determined by Si

analysis (Fig. 2A) and located at nucleotide 347 (Fig. 3) is 21
nucleotides 3' to the sequence TTGTTT, which could serve
as a TATA box (3). The next most abundant mRNA species
has its 5' end located at nucleotide 421, 34 nucleotides 3' of
the sequence ATAGAA, which could also serve as a TATA
box. It is not immediately obvious which sequence serves
the TATA function for the two least abundant mRNA
termini which are located at nucleotides 382 and 388. Se-
quences with single-nucleotide deviations from the consen-
sus SP1 transcription-factor-binding sequence, GGGCGG
G G-(16), were found beginning at nucleotides A8, 273, and
J4'T The first translation initiation codon beyond the tran-
scriptional start sites was found beginning at nucleotide 547.
The environment of the start codon qualifies as one of
moderate efficiency (18-20) and should yield the predicted
5'-transcribed noncoding regions of 126, 159, 165, and 200 bp
for the four predicted mRNA start sites at nucleotides 347,
382, 388, and 421, respectively. The first in-frame stop codon
was found at position 2887, and its first nucleotide was
located 10 nucleotides 5' to the translation initiation codon of
gB. The predicted translated molecular weight of the 780-
amino-acid polypeptide encoded by the open reading frame
is 83,845. Codon usage patterns in this reading frame were
consistent with those seen in other HSV genes (data not

represented on the vertical axis. A dot is plotted if a score of
evolutionary relatedness (32) summed over a 19-amino-acid window
is equal to or greater than 222. Details of the procedure have been
described previously (26).

VOL. 60, 1986

0

01 1A A
A tu I -0, I -11LE1



1136 NOTES

shown). For the 2,889 nucleotides in the strand of DNA
shown in Fig. 3, 15.0% are adenine, 33.4% are cytosine,
35.6% are guanine, and 16.0% are thymine. Of the 780 amino
acids predicted in ICP18.5, the most abundant is alanine,
with 104 residues, and the least abundant are lysine and
tryptophan, each with 7 residues. The proline residues
account for 6.7% of the total amino acids. The acidic
residues, glutamic acid and aspartic acid, account for 11.8%
of the amino acid residues, whereas the positively charged
residues, arginine and lysine, account for 10% of the amino
acids, giving the ICP18.5 protein a net negative charge. The
average hydropathicity per residue determined by using the
hydropathic values of Kyte and Doolittle (21), is -0.13, i.e.,
a more hydrophobic average than the value of -0.4 deter-
mined to be the grand average hydropathicity of a large
group of proteins analyzed by Kyte and Doolittle.
The hydropathic profile of ICP18.5 determined by the

relative hydropathy as a function of position along the amino
acid sequence (21) revealed no regions remarkable for their
hydrophilicity (Fig. 1F). Several relatively hydrophobic
stretches, e.g., residues 360 to 380 and 525 to 560, were
suggestive of membrane-spanning segments. Given the pos-
sible role of ICP18.5 in processing and transport of viral
glycoproteins to the cell surface, it seemed plausible that
ICP18.5 might be a membrane-spanning protein itself, or
even a glycoprotein, since three potential N-linked
glycosylation sites (Asn-X-Ser or Thr, X, is not Pro) were
found in the sequence. Eisenberg (9) as well as Kyte and
Doolittle (21) have established guidelines for predicting
whether proteins may be membrane associated by virtue of
possessing one or more membrane-spanning segments.
Analysis of the ICP18.5 amino acid sequence by either of
these two methods failed to detect any membrane-spanning
segments. In addition, when the Epstein-Barr virus (EBV)
homolog of ICP18.5 (see below) was analyzed in a similar
fashion, no potential N-linked glycosylation sites were found
and no membrane-spanning segments could be predicted.
The hydrophilicity analysis (Fig. 1F) suggests that a

hydrophilic domain with the predicted amino acid sequence
of Leu-Ala-Pro-Arg-Leu-Pro-Asp-Gly-Gly-His-Asp-Gly-
Pro-Pro which corresponds to amino acids 767 to 780 may be
suitable for raising polyclonal antibody reactive with this
protein. The rabbit antiserum made against this synthetic
peptide reacted with an infected cell polypeptide which was
electrophoretically separated in denaturing polyacrylamide
gels and electrically transferred to nitrocellulose sheets (Fig.
2B). The observation that the apparent molecular weight of
this protein (95,500) was higher than the molecular weight
predicted from the nucleotide sequence of the gene (83,845)
was not unexpected. All HSV proteins analyzed to date
appear to be relatively rich in proline and exhibit an apparent
molecular weight higher than that predicted for the coding
sequences of their genes (6, 27, 28). Since this polypeptide
migrated between HSV-1 ICP18 and ICP19, we designated it
ICP18.5.
The published DNA sequences of HSV-1 gB (4, 27)

contain the region encoding the carboxyl terminus of
ICP18.5. As observed independently in several laboratories
(26; B. Barrell, personal communication; this report), the
carboxyl terminus of ICP18.5 displays significant sequence
homology with the BALF3 reading frame (2) of EBV located
adjacent to the BALF4 reading frame encoding a homolog of
gB. In the dot homology matrix shown in Fig. 1G, where
perfect identity between the sequences being compared
would appear as a solid diagonal line extending from the
lower left corner and extending to the upper right corner, a
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FIG. 2. (A) Autoradiographic images of the labeled DNA probe
fragments protected from digestion by S1 nuclease. The 5'-end-
labeled probe DNA molecules protected from digestion with S1
nuclease by hybridization with cytoplasmic mRNA from infected
cells were electrophoretically separated in denaturing 8% polyacryl-
amide gels with molecular size markers. The sizes of the protected
fragments are indicated in nucleotide numbers to the right of lane 7.
Lanes: 1 to 4, DNA sequencing ladder generated as described in the
text; 5, 5'-probe fragments protected by 12 to 14 h postinfection total
cytoplasmic RNA; 6 and 7, end-labeled 123-nucleotide ladder. (B)
Autoradiographic images and immune reactivity of polypeptides
from infected and mock-infected HEp-2 cells electrophoretically
separated in denaturing gels and then electrically transferred to
nitrocellulose sheets. Techniques for the synthesis of the peptide,
the raising of antipeptide antiserum in rabbits, and the subsequent
use of the antipeptide antiserum to detect an infected cell polypep-
tide were as previously described (1). Replicate cultures of HEp-2
cells were infected with HSV-1(F) (F) or HSV-2(G) (G) or were

mock infected (M) and then labeled with [35S]methionine (35S) from
8 to 24 h postinfection. Cell lysates were subjected to electropho-
resis in denaturing polyacrylamide gels and transferred electrically
to nitrocellulose sheets. Numbers to the left indicate infected cell
protein designations. Lanes: 1 to 3, autoradiographic images of
electrophoretically separated polypeptides in lysates of infected and
mock-infected cells; 4 to 6, reaction of rabbit polyclonal antiserum
(Ab) made against a synthetic polypeptide made according to the
predicted sequence of the last 14 amino acids at the carboxy
terminus of ICP18.5 with a polypeptide (-*) which migrates in
denaturing polyacrylamide gel between ICP18 and ICP19 of
HSV-1(F).
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GTC6ACGGACGCGGCCCT6AG TGGCGCACGAGGCCGAGGCCCTAGTCAGCCAACTCG6CAACGCCGGG6AGGTGTTTAACTTTGGGGATTTTGGCTGCGAGGAACGACACGCGACGCC 120

GTTcECGCGGC GGGCC GACCGGCATTTGCC6cGGCCGACGGGCGTTCCACGGGATGACCCGTTTGGGAGgECcmGGGCCCCCACCTGACGTTGGATATGCT 240

GTG G66GT G6GG66Tcx.6En T piGc6Gc7GG6GGATGTGTGTAATAAATTATTGCTACGACATCCGTGCTTGTTTGTGTTCCGTGTCTATATCTCTGGGCGGGCCGTGAT 360

TCCTCTCCGCGGTGTCTGG TCGA&WAACACGCCGCCGACTCCCGGCTTGCCGGTCGCGcGGCCCGGGGG6CCGCCCCGAATAGGGGGACCCGGGGCTtACCAGACGt 480~~AWAWAM~A~ ~ AMWA

letAlaAlaProValSerGluProThrValAlaArqGlnLysLeuLeuAlaLeu 18
C6TA6CGTAC 6CG6CCTCGGTCCACCGCATACTCCGGCCGCGGTACAGATCGGCGCCGCGAGATGEGcCCCCCGGTGTCCGAGCCCACCGTGGCCCGTC AATTGTTAGCCCTG 600

LeuGlyGlnValGInThrTyrValPheGlnIleGluLeuLeuAr Ar CysAspProHis ieGly.Ar1AsnAlaProProThrGluAlaG quArgAlaSerGlyAlaGlyAlaAla 58
CTC66XAGG6TGCAGACCrATGTGTTTCAGTAA CTGCTciaG6ccAAcG6@6CCCCchcTKTGC6 TsCGC GCG 72072

AlaSerSerGluAlaGlyPro l9Gl8ProAlaGlyAlaPheLeuThrProLeuSerVa9ThrLeuGluLeuLeuLeuGluTyrAlaTrDArGluGlyGluAraLeuLeuGlySerLeu 98
GCGTCGTCTGAGGCCGGGCCTG666CCAGCCGGGGCTTTCTCACCCCGCTGTCGGTCAiCCCTGGAGTTGCTGCTAGTACGCGT6CtC2GAGGGCGAGCGGCTCCTG61SAGCCTG 840

GluThrPheAlaThrAlaGiyAspValAAiValPhePheThrGluThrMetGlyLeuAlaAr ProC sProT rHisGInAr ValAr LeuAspThrT rGlyGlyThrValHisMet 138
GAGACGTTCGCGACCGC 6A6PCTCGCGGTGTTTTTCACGGAGACCATGGGCCTGGC CACCTGTCCGTATCACCAACGGGTCAGGCTGGATACGT;TGGEGG;CKCGTCC'ATATG 960

GluLeuCysPheLeuHisAspValGluAsnPheLeuL sGInLeuPsnTrCysHi'sLeulleThrProSerArqGlvAlaThrAlaLeuGluAr ValArqGluPheMetVaIGIlyAa 178
GAGCTGTGTTTCCTGCACGACGTCGAGAACTTTCTCQAGCTAAA4CT6TCCRCCTCATCACCCCCTCGCGC6GGGCCACCGCGCTGGAGCGCGTTCGGGAGTTTATG6GTGGGGGCG lO08

ValGl ySerG6yLeulleValProProGluLeuSerAspProSerHisProC sAlaValCysPheGluGluLeuCysValThrAlaAsnGInGlyAlaThrIleAlaAlaAlaTr Arq 218
GTGGG6rTCGGGCCTTATCGTCCCCCCGGAGCTTACGACCCGTCCCACCCCTGCGGTCTr TTTCGAGGAACTGTGTGTGACGGCGACCAGGCGACGATCGCCGCCGCCTGGG 1200

ThrVa lSerUal1ThrThr!SerProSerArA ArfrCysGIyTrThrProThrSerVaIlAarT rLeuProHisAl1aAl aGlyLeuSerAspA laAspArqAl aG 1vAilaLeuAra 258
ACCGTATCTGTAACCACGTCAqCCCCAG6CGC466RTC6GeT6DGC6CACGAGCGRCT6C G6 TGCCCCAGCCGCCGGCGCGCGz6C6GCCGAeC6cCGCGCGGCCCTCCGr 1320

Ua 161vPrCsA1aG1YProA A GI G61ArArAlaAlaProProVA11a61uAsnAspSerValArqLysGIuAlaAspAlaLeuLeuGluAlaHisAspVa 1 PheGInAla 298
GTTCACCTTGCTGGTCCTCACGCMGACGGCAGCCCCACCCGTCGCCGCGACTCGGTCCGCP4GGCCGAGCCCTGCTGGAGGCGCACGACGTTTCAGGCC 1440

ThrThrProGlyLeuTyrAlaIleSerGluLeuAr PheTrpLeuAlaSerGlyAspArgAlaGlvyGlnThrThrMietAspAlaPheAl'aSerAsnLeuThrAlaLeuAlaArqGluLeu 338
ACCACGCCCGGCCTGTACGCCAqTCAGCGAATTGCGATTCTG6CTCGCGTCCGGCGACCGeCGCCGGCCAGCCACCAT6ACCG6TTTGCCAGCAACCTGACCGCGCTGGCGCGCGAGTTG 1560

GInGlnGluThrAlaAlaaIJAlaValGIuLeuAlaLeuPheGlyrqArqAlaGluHisPheAspAr AlaPheGlySerHisLeuAlaAlaLeuAspMetUalAspAlaLeullelle 378
CAGCAGGGACGCCGCGGTGGCCGTGGACTGGCGCTGTTCG6SC6C6C6 GGAGCATTTCGATCGCGCGTTCGGCCCACCTGGCGGCGCTGGATATGGTGGACGCCCTAATAATC 1680

GlyGlyGInAlaThrSerProAspAspGlnIleG6uAlaLeulleAr AlaCysTyrAsPHisHisLeuThrThrProLeuLeuArqArqLeuValSerProGluGlnCysAspGluGlu 418
GGCGGTCAGGCCAGCCC64CGkTT6CAGACGAGCGCTCTCC GCGCGTG:CTACGA CACCACCTGACGAC6CC6CTCTTGC66C6CCTCGTCAGCCCCGACAGT6GCGACGAGG 1800

AlaLeuAeroArtVa lLeuAalAratMetGI |laG1 laG16lvProLvsGlv6IlAaGlyProRsAsPIMAsDGIvAspAr ValAlaValGluGluGlyAlaArq61L~euGlyAla 458
GCGCaGCGTCGTCiTGCGCGCATCCCGACG4CACCGGTCGCCGTiACGGGGGTTGGAGCT 1920

ProG lsGlu1 1 1uAsGuAlaProSerProArqAl a yThrGlyProGluThrTrpGlyAsp IleAlaThrGlnAlaAIaAlaAspV lAraGluArAr ArLLeuTvr 498
ACCGTCGCCGCGGCCG ACGGGGCCCGAGAT TCGCCACGCACCCGCGGACGTGCGGCTGTAC 2040

AlaAspArgLeuThrLysAr SerLeuAlaSerLeuGlyArgCysValArgGluGInArgGlyGluLeuGluLysMetLeuArgValSerValHisGiyGluValLeuProAlaThrPhe 538
GCGGACGCscTGACGAAGCGGTCGTTGGCCAGCCTG66GrGCTECGTCCGCGAGCAGC MWoCT66A6TGCTGC6GGGTCAGCGTCCACGGCGAGGTGCTGCCCGCGACGTTC 2160

AlaAlaValAlaAsnGl yPheAlaAlaArqAlaLeuLeuAlaAlaLeuThrAlaGlyAla ryThrVlIleAspAsnArqSerAlaProGlyUalPheAspAlaiA PheMletAr 578
GCCGCGGTCGCACGGTTT G66cCCTTCTCGCCGCCCTGACGGC c06T0TCATePCGCAACCTCGGCGCGGGCGcTGTTCGACGCGCACTTCAT6C6A 2280

AlaSerLeuLeuAr HisGInValAs ProAlaLeuLeuProSer IleThrHisArqPhePheGluLeuUalAsnGlyProLeuPheAspHisSerThrHisSerPheAiaG61nProPro 618
G6lCGCCCTGTCG6CA66CCGTACGCCGCT6Ecrc CCCCAGcPCACCCCA TCGTTTTccCGAGrPCTCGTCAGGCCCCrTCTTGTCACTCCACCCACAGCTTCCCCAGCCCCCC 2400

AsnThrAlaLeuTvrTvrSerVa1GluAsnUalGlyLeuLeuProHisLeuLysGluGluLeuAlaAr PheIleMetGlAlaG1yGIySerGlyAlaAsPTr AlaValSerGluPhe 658
ACACrGC TGTTTrACAGCGTCGAGAACGTGGGGCTCCTGCCG4CACrCTGAAGAGGACTCCCCGGl;TTCATCTGGG66CGGG66 TCGGGTGCTGATT1lCGsTCAGCGAATTT 2520

GInAr PheTurC sPheAs GyI leSerG ylleThrProThrGInArgAlaAlaTr ArqTyrIleArgGluLeuIleIleAlaThrThrLeuPheAlaSerVaITyrAr CysGI 698s!TTT!krTCT%TTW TTT6GGPTrAr6CACGCC6CAC TG TATATTCGCGAGCTGATTATCGCCACCACACTCTTTGCCTCGGTCTIC6T6C;6CM 2640

GluLeuGluLeuAr ArsProAsC SerArqProThrSerG1uGIylrqT rArqTvrProProGlyValTyrLeuThrTyrAspSerAs C ProLeuVulAlaIleVelGluSer 738
GAGCTCGAGTT rTC6Tc6rV!CCACCrTPICCGAGGCGTTCGTTrATCTC4CGATTCCAGTCGCTCC64TrrCM C'CGCGGTGCCATCGTCGAGAGC 2760

AlaProAsgGlIwlleGlyProArqSe1VaVlalValTyrAspAr AspValPheSerlIeLeuT rSerValLeuGinHisLeuAliProAr LeuProAs G1 isPG lv
778

GCCCCCGAl;CnATCGGCCC CGG1TCG6TGG6TCTACGACCGAGACGTTTTCTCGATCCTCTACTCGGTCCTCCAGCACCTCGCCCCCA6 6CTACCTS Cc,CMt 288 30

ProPro 780
CCCCGTAG 2889
FIG. 3. Nucleotide and predicted amino acid sequences of the domain of the ICP18.5 gene. _, polyadenylation site for ICP8 gene;

vis, transcription initiation sites of ICP18.5 mRNA indicated by the S1 analyses.

less than perfect but nonetheless well above background seen by using a minimum relatedness value of 235 for
diagonal of homology extends in patches for almost the plotting, compared with the value of 222 used in this study.
entire length of the molecules. The level of relatedness seen The amino acid sequences of ICP18.5 and BALF3 were
between BALF3 and ICP18.5 is less than that seen between aligned to demonstrate the areas of identity. In the alignment
the adjacent EBV reading frame BALF4 and HSV-1 gB (26), shown in Fig. 4, ICP18.5 residues 76 to 95, 132 to 221, and
where a stronger diagonal with less background detail was 487 to 732 were aligned by the alignment optimization
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1 MetAlaAlaProValSerGluProThrValAlaArgGlnLysLeuLeuAlaLeuLeuGlyGlnValGIlnThrTyrValPheGlnIleGluLeuLeuArgArgCysAspProHisIleGly
1 MetSerGlyLeuLeuAlaAlaAlaTyrSerGlnValTyrAlaLeuAlaValGluLeu---SerValCysThrArgLeuAspProArgSerLeu---------AspValAlaAlaValVal

41 ArgGlyAsnAlaProProThrGluAlaGluArgAlaSerGlyAlaGlyAlaAlaAlaSerSerGluAlaGlyProGlyGlyProAlaGlyAlaPheLeuThrProLeuSerValThrLeu
37 ArgAsnAlaGlyLeuLeuAlaGiuLeuGlu------------------------AlaIleLeuLeuProArgLeuArgArgGlnAsnAspArgAlaCysSerAlaLeuSerLeuGluLeu

81 GluLeuLeuLeuGluTyrAlaTrpArgGluGlyGluArgLeuLeuGlySerLeuGluThrPheAlaThrAlaGlyAspValAlaValPhePheThrGluThrMetGlyLeuAlaArgPro
70 ValHisLeuLeuGluAsnSerArgGluAlaSerAlaAlaLeuLeu ---------------------------------AlaProGlyArgLysGlyThrArgValProProLeuArg

121 CysProTyrHisGynArgValArgLeuAspThrTyrGlyGly---ThrValHisMetGluLeuCysPheLeuHisAspValGluAsnPheLeuLysGlnLeuAsn---------TyrCys
97 ThrPro---SerValAlaTyrSerValGluPheTyrG1yGiyHisLysValAspValSerLeuCysLeuIleAsnAspIleGluIleLeuMetLysArgIleAsnSerValPheTyrCys

157 HisLeuIleThrProSerArgGlyAlaThrAlaLeuGluArgValArgGluPheMetValGlyAlaValGlySerGlyLeuIleValProProGluLeuSerAspProSerHisProCys
136 MetSerHisThr------MetGiyLeuGluSerLeuGiuArgAlaLeuAspLeuLeuGlyArgPheArgGlyValSerProIleProAspProArgLeuTyrIleThrSerValProCys

197 AlaValCysPheGluGluLeuCysValThrAlaAsnGlnGlyAlaThrIleAlaAlaAlaTrpArgThrValSerValThrThrSerProSerArgArgArgCysGlyTrpThrProThr
174 TrpArgCysValGlyGluLeuMetValLeuProAsnHisG1yAsnProSerThrA8aGluGlyThrHisValSer---------------------------CysAsnHisLeuAlaVal

237 SerValArgArgTyrLeuProHisAlaAlaGlyLeuSerAspAlaAspArgAlaGlYAlaLeuArgValGlYProCysAlaGlyProAspArg---GlyGlyArgArgAlaAlaProPro
205 ProValAsnProGluProValSerGlyLeuPheGluAsnGluValAr8GlnAlaGiyLeuGlyHisLeuLeuGluAlaGluGluLysAlaArgProGiyGlyProGluGluGlyAlaVa1

276 ValAlaGluAsnAspSerValArgLysG1uAlaAspAlaLeuLeuGluAlaHisAspValPheGlnAlaThrThrProGlyLeuTyrAlaIleSerGluLeuArgPheTrpLeuAlaSer
245 ProGlyProGlyArgProGluAlaGluGlyAlaThrArgAlaLeuAspThrTyrAsnValPheSerThrValProProGluValAlaGluLeuSerGluLeuLeuTyrTrpAsnSerGly

316 GlyAspArgAlaGlyGlnThrThrMetAspAlaPheAlaSerAsnLeuThrAlaLeuAlaArgGluLeuGlnGlnGluThrAlaAlaValAlaValGluLeuAlaLeuPheGlyArgArg
285 GlyHisAlaIleGlyAlaThr---------------------------------------------------------------------------------------------------

356 AlaGluHisPheAspArgAlaPheGlySerHisLeuAlaAlaLeuAspMetValAspAlaLeuIleIleGlyGlyGlnAlaThrSerProAspAspGlnIleGluAlaLeuIleArgAla
292 ---GlyGlnGlyGluGlyGlyGlyHisSerArgLeuSerAlaLeu------------PheAlaArgGluArgArgLeuAlaLeuValArgGlyAlaCysGluGluAlaLeuAlaGlyAia

396 CysTyrAspHis---------------------HisLeuThrThrProLeuLeuArgArgLeuVal---SerProGluGlnCysAspGluGluAlaLeuArgArgValLeuAlaArgMet
32 7 ArgLeuThrHisLeuPheAspAlaValAlaProGlyAlaThrGluArgL euPheCysGlyGlyValTyrSerSerSerGlyAspAlaValGluAiaL euLysAlaAspCysAla-- -- ---

428 GlyAlaGlyAlaGlyGlyProLysGlyGlyAlaGlyProAspAspAspGlyAspArgValAlaValGluGluGlyAlaArgGlyLeuGlyAlaProGlyGlyGlyGlyGluAspGluAla
365 ---------AlaAlaPheThrAlaHisProGlnTyrArgAlaIleLeuGlnLysArgAsnGluLeuTyrThrArgLeuAsnArgAlaMetGlnArgLeuGiyArgGlyGluGluGiuAia

468 ProSerProArgAlaArgGlyThrGlyPro---GluThrTrpGlyAspIleAlaThrGlnAlaAlaAlaAspValArgGluArgArgArgLeuTyrAlaAspArgLeuThrLysArgSer
402 SerArgGluSerProGluValProArgProAlaGlyAlaArgGluProGlyProSerGlyAlaLeuSerAspAlaLeuLysArgLysGluGlnTyrLeuArgGlnValAlaThrGluGly

507 LeuAlaSerLeuGlyArgCysValArgGluGlnArgGlyGluLeuGluLysMetLeuArgValSerValHisGlyGluValLeuProAlaThrPheAlaAlaValAlaAsnGlyPheAla
442 LeuAiaLysLeuGlnSerCysLeuAlaGlnGlnSerGluThrLeuThrGluThrLeuCysLeuArgValTrpGlyAspValValTyrTrpGluLeuAlaArgMetArgAsnHisPheLeu

547 AlaArgAlaLeuLeuAlaAlaLeuThrAlaGlyAlaGlyThrValIleAspAsnArgSerAlaProGly---ValPheAspAlaHisArgPheMetArgAlaSerLeuLeuArgHisGln
482 TyrArg---------ArgAlaPheValSerGiyPro------TrpGluAspArgArgAlaGlyGluGiyAlaAlaPheGluAsnSerLysTyrIleLysThrHisLeuPheThrGlnThr

586 ValAspProAlaLeuLeuProSerIleThrHisArgPhePheGluLeuValAsnGlyProLeuPheAspHisSerThrHisSerPheAlaGlnProProAsnThrAlaLeuTyrTyrSer
517 LeuSerSerGluHisLeuHisAlaLeuThrHisSerLeuTyrThrPheIleThrGlyProLeuAlaGluGluSerGlyLeu---PheProProProSerAsnValAlaLeuAlaArgCys

626 ValGluAsnValGlyLeuLeuProHisLeuLysGluGluLeuAlaArgPheIleMetGlyAlaGlyGlySerGlyAlaAspTrpAlaValSerGluPheGlnArgPheTyrCysPheAsp
556 CysAspAlaAlaGlyThrLeuProHisGlnLysAlaPheLeuThrSerLeuIleTrp---ProGlyIleGluProSerAspTrpIleGluThrSerPheAsnSerPheTyrSerValPro

666 GlyIleSerGlyIleThrProThrGlnArgAlaAlaTrpArgTyrIleArgGluLouIleIleAlaThrThrLeuPheAlaSorValTyrArgCysGlyGluLeuGluLeuArgArgPro
595 GiyGlySerLeuAlaSerSerGlnGin---IleLeuCysArgAlaLouArgGluAlaVaLLouThrValSerLeuTyrAsnLysThr---TrpGlyArgSerLouIleLeuArgArgAla

706 AspCysSerArgProThrSerGluGlyArgTyrArgTyrProProGlyValTyrLouThrTyrAspSerAspCysProLeuVaLAlaIloValGluSerAlaProAspGlyCysIleGly
633 AspAlaValSerPro---------GiyGlnAlaLouProProAspGiyLeuTyrLeuThrTyrAspSerAs pArProLeuIleLeuLeuTyrLysGlyArgGly;TrpValPheLysAsp

746 ProArgSerValValValTyrAspArgAspValPhSeSrIleLeuTyrSerValLeuGlnHisLeuAlaProAr&LeuProAspGlyGlyHisAspGlyProPro
670 LeuTyrAlaLeuLeuTyrLeuHisLeuGlnMetArgAspAspSerAla

FIG. 4. Alignment of the HSV-1 ICP18.5 amino acid sequence and the amino acid sequence encoded in the BALF3 reading frame of EBV.
The alignment was manually constructed as described in the text. HSV-1 ICP18.5 is the upper sequence and EBV BALF3 is the lower
sequence. :, Identical residues between the sequences; --,gaps inserted to allow alignment of homologous seqments.

program of Lipman and Pearson (22). The remainder of the The longest stretch of uninterrupted identity ranges from
alignment was constructed manually by using the criterion ICP18.5 residues 723 to 729. Of the 780 predicted amino
that a gap would be inserted into a sequence only if it acids of ICP18..5, 174 or 22.3%< aligned with predicted
allowed a minimum of three residues to be brought into sequences of BALF3.
alignment. As seen in the homology dot matrix plot (Fig. The arrangement of the coding sequences of the ICP18.5
1G), the most homologous portions between the two pro- and gB genes indicates that a total of 10 bp separated the
teins occurred near the carboxy terminal of the molecules. third nucleotide of the last codon of ICP18.5 from the first



NOTES 1139

nucleotide of the initiation codon of gB. The predicted
transcription initiation site of gB (27) is within the coding
sequence of ICP18.5 and, since its mRNA is not spliced, the
promoter-regulatory domain of gB, although at this time
poorly defined, must also be located within the domain of the
ICP18.5 gene. An interesting issue which remains to be
resolved is the effect of transcription of the ICP18.5 gene on
the transcription of the gB gene and, conversely, the effect of
transcription of the gB gene on the expression of the 5' gene
specifying ICP18.5. Studies designed to define the relation-
ship between the expression of these two genes are in
progress.

Nothing is known of the function of the ICP18.5 protein
other than the phenotype of viruses carrying mutations in
this gene. The predicted amino acid sequence of the ICP18.5
does not indicate that its domain spans across cell or viral
membranes. We cannot exclude the possibility, however,
that it interacts with the inner surface of cell or viral
membranes or with membrane proteins.
The relationship between ICP18.5 and gB is of interest

primarily because the phenotype of ICP18.5 mutants sug-
gests that they affect membrane proteins and because the
gene specifying these proteins are not only juxtaposed but
actually overlap in domain. This overlap in domain observed
in the HSV-1 genome is conserved in the genome of the
EBV. Thus, the BALF3 open reading frame encoding a
putative protein related by sequence to ICP18.5 is juxta-
posed 5' to the BALF4 open reading frame expressing a
glycoprotein related by sequence to gB (2, 26). Of special
interest is the observation that the most closely related
domains of the ICP18.5 and the protein encoded by the EBV
BALF3 reading frame were those encoding the carboxyl
terminus of the protein and the promoter-regulatory domain
of the gB gene. If the conservation of homology is owing to
the function of the ICP18.5 and the corresponding BALF3
protein, this would suggest that the important functional
domain of ICP18.5 is located at the carboxyl end of the
protein. Alternatively, the sequence conservation would
suggest that the regulation of gB and its counterpart in the
EBV genome has special, well-conserved requirements.
This issue also remains to be resolved.
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