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We present a sequence of 2,220 nucleotides from a region of the genome of herpesvirus saimiri (HVS) which
includes the coding and putative regulatory sequences for the 52-kilodalton (kDa) immediate-early (IE)
phosphoprotein of the virus. The amino acid sequence predicted for this protein shows it to be homologous to
the EB2 transcriptional effector encoded by the BMLLF1 open reading frame of Epstein-Barr virus (EBV), the
IE 68-kDa protein of varicella-zoster virus, and the IE 63-kDa («27) protein of herpes simplex virus (HSV). By
measuring the function of the HVS 52-kDa-protein gene in transient expression assays, we also showed that it
can substitute with comparable efficiency for the EB2 product of EBV in the EB1-dependent activation of the
EBYV DR promoter. The a27 gene of HSV was an inefficient trans-activator in similar assays. We conclude that
the IE 52-kDa protein of HVS is structurally and functionally more similar to the homologous protein of the
human lymphotropic virus, EBV, than to the corresponding proteins from the neurotropic viruses, varicella-

zoster virus and HSV.

Herpesviruses all have large (>100 kilobase pairs) double-
stranded DNA genomes which encode more than 70 pro-
teins. However, these genomes differ markedly in their gross
composition and in the nature and organization of coding and
noncoding sequences. Herpesviruses are also diverse in
their biological properties, and a division into three major
subgroups (alpha-, beta-, and gammaherpesviruses) has been
proposed on the basis of these differences (18, 36). Thus, the
alphaherpesviruses are neurotropic viruses typified by her-
pes simplex virus (HSV) and varicella-zoster virus (VZV),
the betaherpesviruses are the cytomegaloviruses or salivary
gland infectious agents (e.g., human cytomegalovirus), and
the gammaherpesviruses are lymphotropic viruses exempli-
fied by the B-cell-tropic human herpesvirus, Epstein-Barr
virus (EBV), and by T-cell tropic viruses of the New World
monkeys (e.g., herpesvirus saimiri [HVS]). We wished to
understand the molecular basis for the differences between
neurotropic and lymphotropic herpesviruses and undertook
an analysis of the molecular biology of HVS, a virus with a
clear-cut lymphotropism in vivo which also undergoes a lytic
cycle of growth in nonlymphoid cells in tissue culture (12,
31).

Studies with representatives of each of the three major
herpesvirus subgroups have shown that the expression of
virus genes during productive cycles of virus growth occurs
in three main temporal phases (immediate-early [IE] or «;
early-delayed early [DE] or B; and late or v). The first class
of genes to be expressed, the IE genes, are defined as those
that can be transcribed efficiently in the absence of de novo
virus protein synthesis. The IE genes must therefore include
the virus-coded transcriptional effectors that are required to
permit high levels of transcription of the viral DE and late
genes. Despite their critical role in the regulation of virus
gene expression, there is evidence that the major IE genes of
herpesviruses are not products of conserved genes. Thus,
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detailed analyses of the regulation of transcription from the
HSYV genome have shown that there are five IE genes (i.e.,
ador IE 175K; a0 or IE 110K ; 22 or IE 68K; a27 or IE 63K;
and a47 or IE 12K), but have implicated the product of one
of these genes (IE 175K) as the major indispensable trans-
activator of DE and late transcription (28-30). However, the
protein products of the major IE genes of human cytomeg-
alovirus are not detectably related to IE 175K or to any of
the other IE genes of HSV (41, 42), and there is no homolog
of IE 175K encoded by the human lymphotropic herpesvi-
rus, EBV (1, 9). At least two EBV gene products have been
shown to be capable of activating lytic cycle gene expression
or of activating homologous or heterologous promoters in
transient expression assays; the product of a spliced tran-
script from the BZLF1 reading frame (EB1) mediates acti-
vation of a lytic cycle in cells latently infected with EBV and
is required for the efficient trans-activation of an early-DE
EBYV promoter by the BMLF1-encoded protein (EB2) (5, 7).
The product of BZLF1 has no known homolog in other
herpesvirus genomes, but the product of BMLF1 is homol-
ogous to the IE 63K (a27) protein of HSV and the IE 68K
(reading frame 4) protein of VZV (8, 9).

Our studies on the synthesis and properties of virus-
specified proteins in cells productively infected with HVS
identified a single major IE protein with an apparent molec-
ular weight of 52,000 (52K protein) (32). Preliminary results
of hybrid selection and in vitro translation experiments
suggesting a location of the 52K gene in EcoRI-I and
adjacent EcoRI-E (17) were confirmed by immune precipi-
tation of the in vitro translation products with a monoclonal
antibody directed against the IE 52K protein (32, 33; E. P.
Smith, Ph.D. thesis, Council for National Academic
Awards, London, United Kingdom, 1986; W. Hell, E. P.
Smith, and R. W. Honess, unpublished data). Subsequent
results from partial sequencing of EcoRI-I located parts of
the 52K coding region and suggested that the gene was
homologous to the BMLF1 (EB2) gene of EBV (14). In this
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FIG. 1. Location of the major transcription unit serving the gene for the IE 52K protein of HVS relative to relevant restriction
endonuclease cleavage sites within the EcoRI 1 and adjacent EcoRI E fragments (upper lines) from the light (L)-DNA coding sequences of
the HVS genome (lower lines; the L-DNA component is conventionally defined by Smal sites at 0 and 111 kilobase pairs and the conventional

right end by EcoRI plus Smal-J). kb, Kilobases.

report, we present the complete sequence of the HVS gene
and show that the IE 52K protein is homologous to the EBV
protein encoded by BMLF1 and that the IE 52K gene
product can act as an effector of gene expression which will
substitute for the EBV protein in a transient expression
assay.

MATERIALS AND METHODS

Cells and transfections. Vero cells (Flow Laboratories,
Inc., McLean, Va.) were grown at 37°C as monolayers on
80-cm? culture flasks in Dulbecco modified Eagle medium
containing 10% newborn calf serum. For transfection, con-
fluent monolayers were passaged 1:4 the previous day.
Transfections were performed essentially as described by
Graham and van der Eb (16), using supercoiled plasmid
DNA (constructs and amounts specified in text) to transfect
107 cells. DNA was mixed with 0.5 ml of 250 mM CaCl,, and
this was added dropwise to 0.5 ml of 2x HEPES (N-2-
hydroxyethylpiperazine-N'-2-ethanesulfonic acid)-buffered
saline (1% HEPES, 1.6% NaCl, 0.074% KCl, 0.25%
Na,HPO,, 0.2% dextrose) at pH 7.05. The solution was
mixed by shaking, and the DNA-calcium phosphate copre-
cipitate was allowed to form for 2 to 3 min before addition to
the culture medium (50 ml). The cells were left at 37°C for 6
h and were then glycerol shocked by tipping off the medium,
adding 1 ml of 25% glycerol in culture medium to the cells for
1 min, and rinsing twice, each time with 25 ml of fresh
medium. Medium containing 10% calf serum was added to
the cells, which were then incubated at 37°C until ready to
harvest.

Assays of CAT activity. Cells were harvested and assayed
for chloramphenicol acetyltransferase (CAT) activity essen-
tially as described by Gorman et al. (15). At 60 to 65 h after
transfection, cells were washed with phosphate-buffered
saline and scraped into 1 ml of 0.05 M Tris hydrochloride
(pH 7.5)-1 mM EDTA-0.15 M NaCl. The cells were pelleted
by low-speed centrifugation, suspended in 100 pl of 25 mM
Tris hydrochloride (pH 7.5), sonicated briefly, and centri-
fuged at 11,600 X g for S min. A 50-pl portion of the
supernatant was added to 70 pl of 1 M Tris hydrochloride
(pH 7.5)-20 pl of 4 mM acetyl coenzyme A (Sigma Chemical
Co., St. Louis, Mo.)-0.2 uCi of [**C]chloramphenicol (50
mCi/mmol; Amersham International) and incubated at 37°C
for 90 min. Chloramphenicol and its acetylated products

were extracted into 0.5 ml of ethyl acetate, which was then
evaporated under a vacuum. The pellets were dissolved in 10
wl of ethyl acetate and applied to plastic-backed chromatog-
raphy plates (Polygram SilG; Camlab). The different acety-
lated and nonacetylated forms of chloramphenicol were
separated by ascending chromatography in chloroform-
methanol (95:5, vol/vol) solvent, and the products were
visualized by autoradiography. Percent acetylations were
determined by scintillation counting, chloramphenicol-3-ac-
etate, chloramphenicol-1-acetate, and chloramphenicol-1,3-
diacetate being counted as a single acetylated product.

Plasmids. Plasmids pSVSM and pSVZ1 (encoding the
EBV BMLFI1-BSLF2 and BZLF1 open reading frames,
respectively) and pK-CAT (containing the EBV DR pro-
moter fused to the cat gene) were a gift from A. Sergeant and
have been described previously (5). The plasmids pGR162
and pIGA-15 contain the HSV type 2 (HSV-2) ICP27 (27)
and HSV-1 ICPO (13) genes, respectively, and pPOH3
contains the HSV-1 thymidine kinase gene promoter
fused to cat (27). These plasmids were kindly provided by P.
O’Hare. The plasmid pEcoRI-(I/E’) contains the HVS IE
52K gene and was constructed by insertion of the 1.35-
kilobase HindIII-EcoRI fragment from the left terminus of
EcoRI-E between the HindIIl and EcoRlI sites of pUCS (to
give pEcoRI-E’), followed by ligation of EcoRI-I into the
EcoRlI site of pEcoRI-E’. The plasmid pEcoRI-(I*/E’) con-
tains EcoRI-I in the inverse of the native orientation, thus
disrupting the 52K open reading frame (Fig. 1 and 2).

DNA sequencing. The EcoRI-I fragment of the HVS gen-
ome (Fig. 1) was obtained from a plasmid clone comprising
EcoRI-1 in pACYC184 (19). The sequence of EcoRI-I was
determined by using the dideoxy-chain termination sequenc-
ing method of Sanger et al. (39, 40) to sequence random
subfragments of EcoRI-I, essentially as described by
Bankier and Barrell (2). Sequencing of the 3’ end of the IE
52K gene, contained in EcoRI-E, and the EcoRI-I-E junc-
tion was done by using a directed approach, utilizing Pvull
and HindlIll sites in EcoRI-I and EcoRI-E, respectively, to
clone the EcoRI-HindIll and Pvull-HindIII fragments from
pEcoRI-(I/E’) into M13mp19 (Fig. 2). The sequence data
were assembled and analyzed as previously described (4).

RESULTS

Nucleotide sequence of the region of the 52K gene. Previous
results from limited DNA sequencing from convenient re-
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FIG. 2. Structure of a plasmid containing the intact regulatory and coding sequences of the 52K gene [pEcoRI-(I/E’); or p52K, see Fig.
5] and a plasmid in which the EcoRI I fragment is inverted, resulting in truncation of the reading frame for the 52K gene and removal of the
appropriately orientated adenylation signal [pEcoRI-(I*/E’)]. The location and orientation of TATA (TATAAA) and polyadenylation
(AATAAA) consensus sequences and the open reading frame of the 52K gene (stippled areas, orientation indicated by arrowheads) are based

on the DNA sequence shown in Fig. 3.

striction sites in the light (L)-DNA component of HVS DNA
comfirmed the location of the 52K gene and permitted the
prediction of its boundaries (14). On the basis of this
prediction, we determined the complete sequence of the
EcoRI-I fragment of HVS DNA and the adjacent region of
EcoRI-E. This sequence and aspects of its interpretation are
summarized in Fig. 3. The sequence contains two long open
reading frames each transcribed from left to right on the
prototype orientation of the HVS genome (Fig. 1 and 3).
Both of these reading frames have a codon bias similar to
that of other HVS genes (data not shown; see reference 4).
The first of these reading frames (PRO1) extends through the
left EcoRlI site (position 1) to position 617, and the second,
encoding the 52K gene product, starts at position 817 and
ends (within EcoRI-E) at position 2052. Database searches
of EBV-and VZV-encoded proteins (1, 8) confirmed that the
product of the first HVS reading frame (PRO1) is homolo-
gous to the product of the BSLF1 reading frame of EBV and
that the predicted product of the 52K reading frame is
homologous to the BMLF1-encoded protein of EBV (see
below and Fig. 4A).

Some interesting features are indicated on the DNA se-
quence. Downstream of the first open reading frame, but
before the 52K coding sequences, is a poly(A) recognition
sequence (position 616), followed six nucleotides 3’ by a
putative TATA box promoter element (TATAAA), which
could serve the 52K gene. There is another poly(A) recog-
nition site at position 2160 and a G+ T-rich sequence begin-
ning at position 2193. The likely poly(A) addition site of the
52K gene transcript would be predicted to occur between
these sequence motifs (3, 26). The sequence also contains
two potential binding sites for the transcription factor AP1
(22, 23) at positions 266 (CTGACTCA) and 703 (GT
GACTAA), the former in inverse orientation (Fig. 3). Single
AP1-binding sequences are also found in the 5'-flanking
regions of the homologous genes in EBV (BMLF1 [24, 43])
and VZV (8). In the entire genome sequences of VZV (125
kilobases) and EBV (175 kilobases), there are only S and 13
AP1-binding sequences, respectively. Since these sites are
rare within EBV and VZV and within the other regions of the
HVS genome that have been sequenced (40 kilobase pairs;
unpublised data), their occurrence upstream of the homolo-
gous 52K, BMLF1, and RF4 reading frames may be signif-
icant. The 5’ regions of both the 52K and BMLF1 genes also
contain two nonidentical palindromic sequences (a S-mer
and 11-mer in HVS, and 6-mer and 9-mer in EBV), but the
significance of these motifs is unknown.

Conserved and nonconserved features of predicted sequence
of 52K protein. Comparisons of the predicted amino acid
sequences of the HVS reading frames with the homologous
proteins of EBV and VZV by using a dot matrix program to
display regions of similar sequence are illustrated in Fig. 4A.
It is qualitatively apparent from these comparisons that the
sequences of the HVS proteins are more similar to their
EBV-encoded counterparts than they are to the homologous
products of VZV. These displays also show that the most
conserved regions of the proteins are in their carboxy-
terminal portions and that the amino-terminal regions of the
52K protein and its homologs have some degenerate se-
quence elements. A more precise illustration of the similar-
ities between the HVS 52K protein and its homologs in EBV
(BMLF1 [EB2]) and VZV (RF4 [IE 68K protein]) is provided
by the alignment shown in Fig. 4B and by the summaries of
the main properties of these sequences given in Table 1.
Thus, the N-terminal regions of these proteins contain an
acidic region followed by a basic region which is rich in
serine and arginine. In HVS and EBV, this region is also
proline rich. The C-terminal portions of the proteins are
more conserved; IE 52K and the BMLF1-encoded protein
share 42% similarity of amino acid sequence, and there is
37% similarity between IE 52K and the RF4 product. Im-
portantly, this region also contains three cysteine residues
conserved in all three proteins and five conserved cysteines
between IE 52K and the BMLF1 protein.

Nuclear localization signals have been defined for a num-
ber of nuclear proteins, including the adenovirus E1A (20)
and polyomavirus large T (35) proteins. These signals are
characterized by a preponderance of basic residues, lysine,
and arginine, and many also contain proline residues (e.g.,
adenovirus type 5 E1A, KRPRP; polyomavirus large T,
RKRPRP and PKKARED). Similar motifs are also found
within the proline-arginine repetitive N-terminal region of IE
52K (KRERQR, KRPR) and the BMLF1-encoded protein
(PRKK, KRRR) and may correspond to nuclear localization
signals for these proteins. In addition, there are several
potential threonyl-seryl phosphorylation acceptor sites (10),
mainly within the repetitive region of the N-terminal portion
of the proteins. Both of these products are known to be
phosphorylated and to localize in the nuclei of infected cells
(6, 34, 43).

Substitution of IE 52K protein for EB2 in activation of
transcription from EBV DR promoter. Others have shown
that the protein encoded by the BMLF1 open reading frame
of EBV is a potent trans-activator of heterologous genes, its
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FIG. 3. Sequence of 2,220 nucleotides from the EcoRI I and the adjacent EcoRI E fragments of HVS DNA (Fig. 1) with the predicted
protein sequences of the major open reading frames (single-letter code, upper case) and the location of some noncoding features annotated
on the sequence. The sequence contains two major open reading frames; the first (PRO1) crosses the left-hand EcoRlI site of EcoRI-I and is
homologous to 250 residues from the carboxy terminus of the BSLF1 reading frame of EBV. The second open reading frame encodes the 52K
protein (IE 52K) and is homologous to the BMLF1 reading frame of EBV (see Fig. 4A and B). Adenylation signals (AATAAA), the TATA
box (TATAAA), and AP1-binding consensus sequences (IGAGTCAG and GTGACTAA) are underlined as indicated.

own promoter, and at least one EBV early gene (5, 24, 43).
Specifically, the BMLF1-BSLF2-encoded protein (EB2) is
able to induce transcription from the DR promoter (21)
contained in the plasmid pK-CAT when cotransfected to-
gether with a plasmid containing the EBV BZLF1 open
reading frame into EBV-negative cells (5). This trans-acti-

vation is seen only in the presence of BZLF1. The results
shown in Fig. SA demonstrate that the 52K protein can
substitute for EB2 in the activation of pK-CAT in transient
expression assays. Samples (1, 5, and 10 pg) of pEcoRI-
(I/ E’) (p52K) were cotransfected into Vero cells with 1 ug of
pSVZ1 (containing the BZLF1 open reading frame under the
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TABLE 1. Summary of the general properties of the nucleotide and the predicted amino acid sequences of the
HYVS 52K gene and of the homologous genes of EBV and VZV
Properties HVS EBV VZV

Gene product IE 52K BMLF1 (EB2) RF4 (IE 68K)
Size of open reading frame (base pairs) 1,236 1,377 1,356
Composition (%G+C) 41 57 46
Observed %CpG/expected %CpG 1.38/4.11 4.47/8.21 5.90/5.35
Protein molecular wt 46,305 51,347 51,542
Hydrophobicity

Entire sequence —-22.8 —68.8 -54.1

N-terminal half —45.9 -72.5 -57.7

C-terminal half +23.8 +3.8 +3.6
% Contribution of selected amino acids

to N-terminal/C-terminal halves

P(5.1)° 13.1/4.4 11.4/4.8 5.3/3.5

S (7.6) 16.5/7.3 11.4/6.1 9.7/1.5

R (5.0) 9.2/3.4 11.8/6.1 14.6/7.1

C (2.5) 1.0/4.9 1.3/3.5 0.4/4.0
% Similarity to HVS sequence

N-terminal half 26 27

C-terminal half 42 37

C-terminal 50 amino acids 52 43

2 Mean percent contribution of indicated amino acids in a large sample of eucaryotic proteins; from reference 25.

control of the simian virus 40 early promoter-enhancer) and
1 pg of pK-CAT as the target. The pK-CAT plasmid was also
cotransfected with pSVSM (containing the EB2-coding se-
quences under the control of the simian virus 40 early
promoter-enhancer) and with either pSVZ1 or pUC8 DNA
alone. In all transfections, the amount of DNA was kept
constant by the addition of pUC8 DNA.

The level of uninduced expression from pK-CAT seen in
the absence of pSVSM or p52K was very low (<1% acety-
lation of chloramphenicol). However, when either pPSVSM
or p52K was cotransfected with pK-CAT and pSVZ1, there
was a very substantial induction of CAT activity (approxi-
mately 20-fold and 70-fold, respectively, at 1 ng of trans-
activator). That this activation by p52K is not due merely to
a nonspecific effect of transfection of these DNA sequences
was demonstrated by replacing p52K by pEcoRI-(I*/E’) in
these transfections. This plasmid contains EcoRI-I inverted
relative to EcoRI-E’ sequences, thus disrupting the most
conserved terminal 50 amino acids of IE 52K (Fig. 2; Table
1), and was unable to induce expression from pK-CAT in
this assay (data not shown). Also, the activation of pK-CAT
by IE 52K is dependent on the presence of pSVZ1, compa-
rable to the results of Chevallier-Greco et al. (5) using EB2
as a trans-activator.

Despite the dependence on the BZLF1-encoded protein
(EB1) for EB2- and IE 52K-mediated trans-activation of

expression from pK-CAT, the BMLF1-encoded product by
itself is able to trans-activate heterologous promoters in
transient expression assays (24, 43), indicating that the
dependence on EB1 for induction of the DR promoter
reflects the properties of this promoter, rather than those of
the IE 52K and EB2 trans-activators. The results shown in
Fig. 5B show that IE 52K is able to trans-activate the HSV
thymidine kinase promoter in the absence of EB1. We also
demonstrated that HSV ICP0O, which is capable of efficient
trans-activation of many heterologous as well as homolo-
gous promoters, is unable to induce high levels of CAT
expression from pK-CAT.

HSV homolog of IE 52K, ICP27, does not efficiently trans-
activate the DR promoter. The HSV homolog of the HVS IE
52K protein is the 63 kilodalton (kDa) IE protein ICP27 (8).
We therefore tested the ability of ICP27 (contained in the
plasmid pGR162) to activate the DR promoter of pK-CAT in
cotransfections with pSVZ1. The results of these experi-
ments (Fig. 5C) demonstrated that ICP27 is able to activate
the EBV DR promoter, and that this activation depends on
the presence of pSVZ1, as is the case for IE 52K- and
EB2-induction of pK-CAT. Increasing the dose of pGR162
from 5 to 15 pg did not increase the level of induction seen,
suggesting that maximum levels of induction were reached at
a dose of 5 pg of pGR162 and that ICP27 is a relatively poor
inducer of DR transcription.

FIG. 4. (A) Dot-matrix representations of comparisons between amino acid sequences of the first (PRO1; encoded by nucleotides 1 to 617
of Fig. 3) and second (reading frame for the 52K gene) open reading frames from the HVS DNA sequence with sequences of homologous
proteins encoded by EBV and VZV. In each panel, the HVS amino acid sequence is represented on the vertical axis. Panel 1, Comparison
between residues 8 to 212 of PRO1 and residues 638 to 842 of the EBV reading frame BSLF1. Panel 2, Comparison between PRO1 and
residues 876 to 1079 of VZV reading frame 6. Panel 3, Comparison between residues 1 to 412 of the open reading frame for the 52K protein
of HVS and residues 1 to 459 of the EBV reading frame BMLF1. Panel 4, Comparison of this 52K protein sequence with that of residues 1
to 452 from the IE 68-kDa product of reading frame 4 of VZV. The dot-matrix program used is similar in principle to the DIAGON program
of Staden (40a) and has been described previously (4, 14). The comparisons illustrated were obtained with a sliding window of 31 residues
and with all scores in excess of 10.8 per residue being recorded by a dot. (B) Alignments of the protein sequence from the major open reading
frame for the 52K protein (HVS) with homologous proteins of EBV and VZV. Gaps introduced to give these alignments are shown by dashes,
identical residues in pairwise comparisons are boxed, and residues which are the same in all three sequences are indicated by filled circles.
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FIG. 5. Comparisons of trans-activation of EBV and HSV DE
promoters by the IE 52K protein of HVS and homologous and
nonhomologous transcriptional effectors of EBV and HSV. The
figure shows measures of the CAT activity (Materials and Methods)
accumulated in Vero cells transfected with the EBV DR promoter
linked to the cat gene (pK-CAT) (A and C) or the HSV thymidine
kinase promoter linked to the cat gene (P TK-CAT) (B) together with
the indicated amounts (micrograms of each plasmid per 107 cells) of
effector and control (pUCS) plasmids. In this figure, pS2K refers to
the construct containing the intact 52K gene [pEcoRI-(I/E’) plasmid,
Fig. 2]). The pEcoRI-(I*/E’) plasmid had no effect in these assays
(data not shown). Cm, Chloramphenicol; Cm-1-Ac, chlorampheni-
col-1-acetate; Cm-3-Ac, chloramphenicol-3-acetate; Cm-1,3-diAc,
chloramphenicol-1,3-diacetate.

DISCUSSION

The complete sequence of the coding and upstream se-
quences of the 52K IE gene of HVS (Fig. 3) confirms and
extends previous conclusions (14) that the product of this
gene is homologous to the BMLF1-encoded protein (EB2) of
EBV, the IE 63-kDa protein (ICP27 [27]) of HSV, and the IE
68-kDa protein of VZV (RF4). Moreover, we also showed
that the HVS gene product, like its counterpart in EBV (5),
is an efficient activator of expression from the EBV DR
promoter in short-term expression assays. Although evi-

J. VIROL.

dence from studies in vivo (37) and in vitro (11) suggests that
ICP27 of HSV has effects on the regulation of late gene
expression, plasmids bearing this gene and those expressing
the 110-kDa IE gene of HSV (ICPO; a nonhomologous
protein with the ability to increase expression from a range
of promoters) were very inefficient activators of expression
from the EBV DR promoter. Although these results are
consistent with the possibility that the greater degree of
protein sequence similarity between the HVS and EBV
proteins is reflected in aspects of their function as effector
molecules, there is no evidence that these effector functions
involve a common mechanism. The observation that the
actions of both these HVS and EBV genes on the DR
promoter require the presence of the BZLF1 region (EB1) of
EBYV appears striking. However, this requirement was also a
feature of the low-level activities observed in response to
ICP27- and ICPO-expressing plasmids and may therefore be
a precondition for activation of expression from this pro-
moter by nonidentical pathways. Previous studies have also
shown that the BMLF1 product can activate a range of other
promoters without any requirement for BZLF1 (e.g., see
references 24, 38, and 43), and we have found that the 52K
gene can also increase expression from a.number of heter-
ologous promoters in the absence of EB2 (e.g., E3-, E4-, and
major late promoters of adenovirus type 2; J. Nicholas,
unpublished data). A detailed comparison of the essential
sequences in these effectors and in responsive promoters
will be necessary to establish the extent to which the
conserved elements in the sequences of these proteins
determine similarities in their effector functions.
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