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A murine monoclonal antibody (I2) reacts strongly with the nucleus of human cytomegalovirus (HCMV)-
infected human fibroblasts. Western blot (immunoblot) analysis using 12 demonstrated that a protein with an
apparent molecular mass of 58-kDa (E58) was expressed at 5 h after infection, and levels increased through
72 h. Immunoblot screening of an early cDNA expression library resulted in a positive clone which hybridized
to the right end of the Xbal C fragment of the HCMYV Towne strain. Further analysis demonstrated that the
E58-specific clone was homologous to the putative UL98 open reading frame, which has been proposed to
encode the viral alkaline exonuclease homolog. RNA analysis demonstrated a 3.0-kb RNA which is expressed
at early times after infection, as well as in the absence of viral DNA replication, and which is 3’ coterminal with
the pp28 (UL99) gene region. Insertion of the UL98 genomic sequence into a eucaryotic expression vector and
subsequent Western blot analysis using 12 demonstrated that the expressed protein comigrated with E58 from
infected cells. E58 also reacts specifically with a previously described antibody, anti-P,_,, which was proposed
to recognize a putative late 58-kDa protein. E58 comigrates with the putative late 58-kDa protein, indicating
that these two proteins are likely the same. Analysis of the UL98 promoter revealed a TATATAA sequence
located at nucleotide 142525. Insertion of the putative promoter 5’ to a reporter gene demonstrated that the
UL98 promoter was activated in cotransfection experiments with IE1 and IE2 proteins. These studies dem-
onstrate that UL98 is a bona fide early gene, which is consistent with its probable role as the viral alkaline

exonuclease gene.

Human cytomegalovirus (HCMYV) is an opportunistic patho-
gen affecting immunocompromised or immunosuppressed in-
dividuals (1). HCMYV is generally acquired early in life and in
healthy individuals causes benign or asymptomatic infections.
The virus remains latent in infected individuals and reactivates
to cause numerous clinical syndromes, some of which are life
threatening. In addition, HCMV crosses the placenta and can
infect the fetus in utero, which often results in congenital birth
defects of varying severity.

HCMV is a large, double-stranded, linear DNA virus whose
genome measures approximately 230 kbp. The sequence of the
AD169 strain has been determined, thereby offering significant
information regarding the genetic complexity of this virus (3).
However, relatively few genes have been analyzed, and a con-
siderable effort will be necessary to characterize this complex
virus. As in other herpesviruses, replication proceeds in a co-
ordinated way, with characteristic classes of viral genes being
expressed in a cascade-like manner. Three phases of virus gene
expression occur, and they have been described as immediate
early (IE), early, and late (5, 22, 40). From a broad perspective,
IE genes are thought to be responsible for regulating the
course of virus replication (reviewed in reference 32), early
genes are responsible for DNA replication (reviewed in refer-
ences 29 and 32), and late proteins are the structural compo-
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nents of the virus (reviewed in reference 8). This simplistic
version of virus replication probably represents a gross under-
estimate of the complexity of these three classes of virus genes.

While early genes have been defined as genes expressed in
the presence of viral protein synthesis and the absence of viral
DNA replication, they represent a complex class of genes that
have varied patterns of expression (reviewed in references 29
and 32). Some genes are expressed rapidly and at high levels
soon after infection, whereas others are expressed maximally
during the late phase of virus replication. In addition, early
genes are expressed at either increasing, constant, or decreas-
ing levels as infection progresses (2, 6, 9-11, 19, 23, 28, 31, 41).
Clearly, numerous influences must impact on the regulation of
early gene expression.

To date, only a few early genes have been extensively char-
acterized with respect to their regulation during infection.
Collectively, these studies imply that viral IE proteins are im-
portant for activation of early promoters and that specific pro-
moter sequences and cell-protein interactions are important
for the activation process (2, 6, 13-15, 20, 30, 34, 38). Impor-
tantly, the early phase of the virus life cycle is necessary for
preparing the cell for the onset of viral DNA replication. As
virus replication and spread are necessary for causing disease
and because poor or inefficient replication could result in la-
tency or persistence, it is vital that we understand the regula-
tion of this important phase of the virus life cycle.

In an effort to expand our knowledge of HCMYV early genes
and promoters, we have identified a murine monoclonal anti-
body (I2) that reacts with a viral protein in infected cells within
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the first 5 h after infection. We have used expression vector
cloning to identify the gene that encodes the I2-reactive pro-
tein. Our studies indicate that I2 reacts with an early 58-kDa
protein (E58) originating from UL9S, the open reading frame
(ORF) that corresponds to the putative alkaline exonuclease
homolog (3, 18). The E58 transcription unit is 3’ coterminal
with the true late pp28 (UL99) gene region, demonstrating
nested 3’ ends for genes of different kinetic classes. Lastly, our
studies raise questions about a previous report on the mapping
of the E58 protein (16).

MATERIALS AND METHODS

Cells and virus. The growth of human fibroblasts (HF) and the propagation of
HCMV (Towne) have been described previously (36, 37, 40). The DNA-negative
temperature-sensitive mutant £s66 has also been described elsewhere (33). In all
experiments, virus infections were carried out at 10 to 20 PFU per cell and cells
were harvested as described below.

Western blot analysis of viral proteins. HF were infected with HCMV and
harvested at the indicated times for total cell protein and Western blot (immu-
noblot) analysis as previously described (33). The proteins were reacted with a
1/500 dilution of monoclonal antibody 12 and detected by using the ECL chemi-
luminescent system (Amersham). Murine monoclonal antibody 12 was generated
as described in a previous study (27) and characterized in J. A. Nelson’s labo-
ratory. Antibody anti-P,_; was the gift of Stephen St. Jeor and has been described
previously (16). Molecular masses of proteins were determined by using rainbow
marker standards (Amersham).

Generation of an early cDNA expression library. To generate an early cDNA
library, poly(A)* RNA was isolated with the Fast Track system (Invitrogen) from
cells infected with HCMV for 24 h. Double-stranded cDNAs were synthesized
with the ZAP cDNA synthesis kit (Stratagene) and cloned into a lambda ZAP
XR expression vector exactly as recommended by the supplier. Analysis of the
primary library demonstrated that 9.1 X 10° independent clones were repre-
sented.

Immunoscreening with antibody I2. The HCMV early cDNA library was
plated at approximately 3,000 to 5,000 plaques per plate and transferred to
nitrocellulose membranes. The membranes were pretreated as recommended by
the supplier and reacted with a 1/500 dilution of 12. Individual plaques were
picked and subjected to three more rounds of screening to isolate pure plaques.
Plasmid pI2-3.1, containing the cDNA of interest, was rescued with helper phage
and subsequently characterized.

Characterization of I2-specific cDNA. To identify the location of the gene
encoding the I2-specific protein, the insert of pI2-3.1 was radiolabeled and
hybridized to Southern blots containing plasmid DNAs representing Xbal frag-
ments of the HCMV genome (provided by M. Stinski). DNA fragments that
proved positive for hybridization were digested with additional restriction en-
zymes and subjected to Southern blot analysis to further localize the 12-specific
region to the HCMV genome. The I2-positive cDNA clone was found to be ~1.8
kb long and was subsequently characterized by DNA sequence analysis using the
dideoxy chain termination method as described previously (33). Nucleotide se-
quence designations were as described elsewhere (3).

RNA isolation and Northern blot analysis. Cells were infected with wild-type
Towne strain or 566, and total cell RNA was isolated by previously published
procedures (33). Northern (RNA) blot analysis was performed as described
previously (33), using a probe corresponding to the 12-specific insert which was
excised from the vector by using Xhol and EcoRlI sites in the polylinker.

Expression of UL98 in eucaryotic cells. The construction of vectors expressing
E58 is described below (also see Fig. SA). HCMV IE1 expression vector pS-
VCC3 (6, 34) was digested with BamHI and SstII to remove the coding se-
quences of IE72. The DNA was recircularized by using a synthetic double-
stranded oligonucleotide (BLA-1) containing BamHI and SsfII cohesive ends
and internal Xhol, EcoRI, and Mlul restriction enzyme sites. To generate pE5S8,
the plasmid pMIEP-BLA1 was digested with Xhol and Mlul, and HCMV
genomic sequences between the Xhol (nucleotide [nt] 142712) and Mlul (nt
147055) sites were inserted. BLA-1, which contains no UL98-specific sequence,
was generated by annealing two complementary oligonucleotides (5'-GGCTC
GAGCTGCAGGAATTCGACGCGTG-3" and 5'-GATCCACGCGTCGAAT
TCCTGCAGCTCGAGCCGC-3'). To generate pE58.2, pES8 was digested with
SstIl and Xhol to remove 5’ linker sequences, and a double-stranded oligonu-
cleotide (BLA-2) was inserted into the SstII and Xhol sites. Oligonucleotide
BLA-2 contains E58-specific sequences 5’ to the Xhol site (nt 142712) to recon-
struct the ATG at nt 142701 of the HCMV sequence. BLA-2 was generated by
annealing oligonucleotides 5'-GGAGATCTATCATCATCTGGGGCGTC-3'
and 5-TCGAGACGCCCCACATGATGATAGATCTCCGC-3'. These con-
structs place the E58 coding sequence immediately 3’ to the major IE promoter
(MIEP). To generate a construct expressing the E58 cDNA, pI2-3.1 was digested
with Xhol and EcoRI and cloned into the analogous sites of the pMIEP-BLA1
construct. This places the cDNA coding sequences adjacent to the MIEP. Plas-
mids were transfected into COS cells and analyzed for protein as previously
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FIG. 1. Time course analysis of 12-reactive proteins. HFs were infected with
HCMV in the presence (+) or absence of phosphonoacetic acid or were mock
infected (lane M). Cells were harvested at the indicated times (in hours) after
infection and analyzed by Western blotting as described in Materials and Meth-
ods. The molecular mass of the I2-reactive protein is indicated (in kilodaltons).
Lane RB, rainbow markers.

described (35). Protein was detected by Western blotting using 12 as described
above.

Cloning of the UL98 promoter and expression in eucaryotic cells. The pro-
moter of the UL98 gene was isolated as a fragment by digestion with BsrFI (New
England Biolabs) at nt 142245 and 142666. The DNA was blunted, HindIII
linkers were added to the DNA, which was subsequently digested with HindIII,
and the fragment was cloned into the HindIII site of pSVOCATJ as previously
described (6, 34). The promoter was tested in HF for activation by IE proteins
exactly as described previously (6, 34).

RESULTS

Characterization of 12-specific proteins in HCMV-infected
cells. We have long been interested in the early events that
influence HCMYV replication (6, 12, 34). In an effort to identify
viral genes expressed early in infection, we evaluated a number
of uncharacterized murine monoclonal antibodies to HCMV-
infected cells. In immunofluorescence analyses, one antibody,
12, reacted strongly with the nuclei of AD169-infected cells at
12 h after infection. Control uninfected cells did not react with
this antibody (data not shown).

To extend these studies, cells were infected with HCMV
Towne strain and at various times after infection were har-
vested for sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and Western blot analysis. The data in Fig. 1 demon-
strate that a 58-kDa protein is readily detected by 12 h after
infection and that the level of this protein gradually increases
throughout the course of infection. Longer exposures of the
blot demonstrated that the protein was detectable in infected
cells at 5 h after infection (data not shown). In the presence of
phosphonoacetic acid, an inhibitor of virus DNA replication,
levels also increase at 72 h but not to the extent as in untreated
infected cells.

Localization of E58 coding sequences. To identify the gene
encoding the E58 protein, a cDNA library was prepared with
HCMV-infected cell RNA isolated at 24 h after infection. A
number of positive clones were identified and isolated after
multiple rounds of plaque purification (data not shown). One
clone, 12-3.1, was selected for further analysis. To identify the
location of the ES8 coding sequences, the cDNA insert was
hybridized to Southern blots of HCMV recombinant clones.
Our studies demonstrated that the cDNA insert hybridized to
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142,280
|
ACGGAGGCGTTGCTCTTTAAGCACGCCGECGCGGCCTGCCGCGCGTTGGAGAACGGTARG
Bsr FI 142, 340

IR2
CTCACGCACTGCTCCGACGCCTGTCTGCTCATTCTGGCGGCGCARATGAGCTACGGCGCC
DR1 IR1 142,400
DR2 I

TGTCTCCTGGECGAGCATGGCGCCGCGCTGGTGTCGCACACGCTGCGCTTTGTGGAGGCC

DR1 IR3 142,460
IR4 |

AAGATGTCCTCGTGTCGCGTACGCGCCTTTCGCCGCT TCTACCACGAATGCTCGCAGACT
DR3 IR3 142,520

t
ATGCTGCACGAATACGTCAGARAGAACGTGGAGCGTCTGTTGGCCACGAGCGACGGGCTG
142,580

__DR3 |
TATTTATATAACGCCTTTCGGCGCACCACCAGCATAATC TGCGAGGAGGACCTTGACGGT
TATA IRA 142, 640

|
GACTGCCGCCAACTGTTCCCCGAGTAACCGGGACGCGGARCGTGACGGTTGCTGAGGGGA
142,700

IR2___IR1 |
AAGGCAACAGAGRAGGTACAAACCCACCGGCGGGGAARATACCHBGECGCCGCCATCATC
Bsr FI DR2 142,760

* XhoI |
ATGTGGGGCGTCTCGAGT TTGGACTACGACGACGATGAGGAGCTCACCCGGCTGCTGGCG
METTrpGlyValSerSerLeuAspTyrAspAspAspGluGluLeuThrArgLeuleuAla

142,820

* !
GTTTGGGACGATGAGCCCCTCAGTCTGTTTCTCATGAACACCTTTTTGCTGCACCAGGAG
ValTrpAspAspGluProlLeuSerLeuPheLeuMETAsnThrPheLeuLeuHisGlnGlu
142,880

|
GGCTTCCGTAATCTGCCCTTTACGGTGCTGCGTCTGTCTTACGCCTACCGCATCTTCGCC
GlyPheArgAsnLeuProPheThrValLeuArgLeuSerTyrAlaTyrArgIlePheAla
142,940

* |
AAGATGCTGCGGGCCCACGGTACGCCAGTAGCCGAGGACTTTATGACGCGCGTGGCCGCG
LysMETLeuArgAlaHisGlyThrProValAlaGluAspPheMETThrArgValAlaAla
143,000

T c |
CTGGCTCGCGACGAGGGTCTGCGCGACATTTTGGGTCAGCGGCACGCCGCCGAAGCTTCG
LeuAlaArgAspGluGlyLeuArgAsplleLeuGlyGlnArgHisAlaAlaGluRlaSer

FIG. 2. Nucleotide sequence analysis of pI2-3.1 and comparison with the
AD169 sequence from nt 142221 to 143000. Homology of pl2-3.1 with the
published sequence (underlined), divergent bases characteristic of the Towne
strain (boldface bases above the sequence), the putative TATA moiety (under-
lined), and potential ATG translation initiation codons (asterisks) are indicated.
The Xhol site used for cloning manipulations and the locations of the BsrFI sites
used to clone the promoter are indicated. Direct repeats (DR) and inverted
repeats (IR) of interest are also shown. The ATG methionine at position 142701
is underlined.

a region of the HCMV genome overlapping ORFs UL98 and
UL99, within XbalI-C (data not shown). To confirm the loca-
tion of the E58 cDNA, sequence analysis of the 5’ end of the
cDNA was performed. The data in Fig. 2 demonstrate that the
5" end of the cDNA is homologous to the 5’ end of the pre-
dicted UL98 coding sequence beginning at nt 142877. While
the 3’ end of the cDNA was not confirmed, the cDNA ex-
tended ~1.8 kb from the 5" end at nt 142877. With the excep-
tion of two mismatched bases at nt 142941 and 142981, the
Towne sequence is identical to that of the AD169 strain within
the amino terminus of the protein. These data indicate that
E58 likely corresponds to the UL98 gene product.

Analysis of RNA from the E58 gene region. To address the
RNA originating from the E58 (UL98) gene region, Northern
blot analysis of RNA from HCMV-infected cells was per-
formed. Cells were harvested at 24 and 72 h after infection and
hybridized to the E5S8 cDNA. As a comparison, cells infected
with 1566, a DNA-negative temperature-sensitive mutant (33),
were analyzed in parallel. The data in Fig. 3 show an ~3.0-kb
RNA present in infected cells at 24 and 72 h after infection.
This is approximately the expected size of an RNA that would
initiate downstream of a putative TATA sequence at nt 142523
and terminate downstream of the pp28 (UL99) poly(A) se-
quence at nt 145,135. Consistent with the latter point is the
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FIG. 3. Analysis of pI2-3.1-specific RNA at early and late times after infec-
tion. Cells were mock infected (lane M) or infected with HCMV Towne strain
(lanes WT) or a DNA-negative temperature-sensitive mutant (lanes #s66) at
39.5°C and harvested at the indicated times (in hours). Molecular sizes of the
transcripts are indicated on the right in kilobases.

presence of the true late 1.6- and 1.3-kb pp28 (UL99) RNAs
that have been previously characterized (7, 16, 21, 24). These
data imply that the UL98 transcripts initiate immediately up-
stream of the UL98 ORF and are 3’ coterminal with the
downstream UL99 transcripts. Additional, larger transcripts of
5.5 and 7.0 kb are also present. These RNAs hybridize to
UL98- and UL99-specific probes (Fig. 3) (7), and recent stud-
ies demonstrate that they originate from further-upstream pro-
moters (41).

Comparative analysis of antibodies 12 and anti-P,_,. Earlier
studies of this region using an antipeptide antibody (anti-P,_;)
had identified a 58-kDa late protein that was concluded to be
the product of the 1.6-kb late mRNA from the pp28 gene
region (16, 17). This protein was proposed to be generated by
way of a translational read-through because the coding region
of the late 1.6-kb RNA was unable to encode a protein of 58
kDa (17). These studies were performed prior to the availabil-
ity of the HCMV sequence, which subsequently revealed an
ORF (UL98) that overlapped this region (3). In fact, P,_; is a
peptide within UL98. To determine whether ES8 (UL98) was
the same protein as previously described, we tested antibody 12
versus anti-P,_; in a time course analysis of viral proteins. Our
data in Fig. 4 demonstrate that these two antibodies give iden-
tical profiles when tested directly. Both antibodies react with
an early 58-kDa protein which accumulates with similar kinet-
ics. In addition, other, smaller proteins are evident and react
with both antibodies. The origins of these proteins are pres-
ently unclear. Also, use of anti-P, ; demonstrates E58 as early
as 5 h after infection. These data suggest that the two proteins
are the same.

Identification of the translation start site for E58. Several
potential ATG start sites exist at nt 142701, 142794, and
142884. To determine the location of the translation start site
for the E58 protein, we tested several expression constructs for
their ability to produce the E58 protein in eucaryotic cells. A
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FIG. 4. Comparative time course analysis of I2- and anti-P,_;-reactive proteins. Analyses were carried out exactly as described in the legend to Fig. 1 and in Materials
and Methods. Cells were harvested at the indicated times (in hours) after infection, and blots were reacted with I2 or anti-P,_; (ORF 2-1). Lanes RB, rainbow markers.

PAA, phosphonoacetic acid.

construct from Xhol (nt 142712) to Miul (nt 147055) was
cloned into the IE1 expression vector pSVCC3 (6, 34), replac-
ing the IE1 coding sequences with the E58 coding sequences as
described in Materials and Methods and the legend to Fig. SA.
This places the ES8 coding sequences under control of the
MIEP. This construct is capable of initiating at the two most
downstream ATG codons (nt 142794 and 142884) but not the
most 5’ codon (at nt 142701). Transfection of this construct
into COS cells and comparison with native protein produced in
HCMV-infected cells demonstrated that the COS cell-ex-
pressed protein migrated slightly faster than the native protein
(Fig. 5B). In addition, 12 and anti-P,_; gave identical profiles,
demonstrating that P, , is a component of ESS.

To directly test the ATG codon at nt 142701, we modified
our construct to insert sequences missing from the ATG to the
Xhol (nt 142712) site (pE58.2). Transfection of this construct
in COS cells yielded a protein that comigrated with native ES8
(Fig. 5C). These data demonstrate that the ATG at nt 142701
is likely to be the translation initiation site for the ES8 protein
and that the ORF extends to a TGA sequence at nt 144453.
This generates a theoretical protein of 65,273 Da according to
computer analysis.

In addition to testing the genomic constructs (pES8 and
pES8.2), the E58 cDNA beginning at nt 142877 was inserted
downstream of the MIEP by using X0l and EcoRI sites lo-
cated in the polylinker of the plasmid vector. Surprisingly, this
construct failed to express any detectable protein that reacted
with 12 or anti-P,; (Fig. 5B). This implies that (i) the ATG at
position 142884 may not be a functional start codon and the

truncated protein described above is likely to originate from
the ATG at nt 142794 or (ii) the ES8 ORF in the cDNA is
incomplete. Additional studies will be necessary to resolve
these possibilities.

Identification of the promoter for the UL98 gene. As stated
above, a putative TATA motif exists at nt 142523. This coupled
with the location of the ATG at nt 142701 indicated that the
promoter might lie within this general vicinity. To test this,
sequences between nt 142245 and 142666 were cloned 5’ to a
chloramphenicol acetyltransferase (CAT) reporter gene and
transfected into HF in the presence or absence of pSVH, a
construct that expresses IE1 and IE2 proteins (6, 34). The data
in Fig. 6 demonstrate that IE proteins efficiently activate the
ES8 promoter but that, like other early promoters studied, the
ES58 promoter is poorly activated in the absence of IE proteins.
Inspection of the putative ES8 promoter sequence reveals a
number of direct and inverted repeats which could be impor-
tant for regulating ES8 promoter activity (Fig. 2). This is con-
sistent with other early and late promoters which have been
shown to regulate expression through these types of repeats.
Collectively, these data indicate that the sequences between nt
142245 and 142666 contain a functional promoter that behaves
like other HCMYV early promoters.

DISCUSSION

In this study, we identified the protein product for the UL98
OREF, which encodes the putative alkaline exonuclease ho-
molog. In addition, we have examined its expression through-
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FIG. 5. Expression of E58 sequences in COS cells. (A) Generation of ex-
pression constructs. Line 1, parental IE1 expression vector pSVCC3, which has
been described previously (6, 34). Line 2, insertion of oligonucleotide BLA-1 into
the Sacll (S) and BamHI (B) sites of pPSVCC3 to generate pMIEP-BLAI. Line
3, insertion of E58 genomic sequences from Xhol (X) (Fig. 2) to Mlul (M) at
compatible internal sites within BLA-1 to construct the vector pES8. Line 4,
modification of pESS to include upstream sequences (BLA-2) missing from pE58
(shown below the line). BLA-2 was inserted from Sacll to Xhol to create the
vector pE58.2. The positions of the MIEP and IE1 3’ end and the ATG at nt
142701 (boxed) are indicated. Line 5, pI2-3.1 cDNA cloned into pMIEP-BLA1
at the Xhol and Mlul sites as described in Materials and Methods. H, HindIII; E,
EcoRI. (B) Western blot analysis of ES8 expression in COS cells. COS cells were
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J. VIROL.

out the course of infection and identified its promoter. Con-
sistent with a recent report, RNAs expressed from this region
are 3’ coterminal with RNAs encoded by the pp28 gene region
(UL99) demonstrating nested 3’ ends which are regulated by
different promoters. As is typical for other early promoters, the
ES58 promoter is poorly expressed when transfected into cells
but is readily activated by a plasmid expressing viral IE pro-
teins. Lastly, we have raised a question concerning the map-
ping of this protein by a previous study.

Our antibody, 12, reacted with a 58-kDa protein expressed
early in infection. This protein was of particular interest as it
was expressed by 5 h after infection and was present in the
nuclei of infected cells. In addition, this protein is readily
detectable by immunohistochemistry in the brains of AIDS
patients infected with HCMV (25a). Consequently, the 12 an-
tibody may be a valuable reagent for diagnostics. Our results
reported here demonstrate that E58 is the product of the UL98
OREF. Previous sequence comparisons demonstrated that UL98
was the likely homolog for the alkaline exonuclease gene (3,
18), an essential gene which is thought to be important for viral
DNA maturation (4, 25). A homology search demonstrates
that HCMV UL98 amino acids 276 to 286 (VYEIKCRYKYL)
are almost completely conserved among the various human
herpesviruses and may represent an active site for the viral
protein.

Our studies demonstrate that the ES8 protein is initiated at
an ATG sequence at position 142701. Inclusion of this ATG in
an expression vector resulted in a protein which migrated sim-
ilarly to the protein produced in infected cells. In contrast,
initiation at an ATG immediately 3’ resulted in a protein that
was truncated relative to E58 from infected cells. The protein-
coding content of the UL98 ORF is sufficient to encode a
protein of 584 amino acids, which would yield a theoretical
molecular mass of 65,273 Da.

A previous study had mapped a putative late 58-kDa protein
to the 1.6-kb late RNA from the pp28 gene region (16, 17). The
rationale was that RNA and protein were both expressed from
this region at late times and that an antibody to a 5 ORF
(ORF 2-1) was reactive to a 58-kDa protein. As the coding
capacity of the 1.6-kb RNA was insufficient to encode a 58-kDa
protein, the investigators proposed a translational read-through
of an in-frame stop codon to a downstream ORF. Inspection of
the sequence reveals two stop codons (Fig. 7) which would
have to be suppressed in order for a 58-kDa protein to be
expressed from the UL99 1.6-kb late mRNA. However, when
the HCMV sequence became available, we predicted that the
UL98 ORF was contiguous with ORF 2-1. Because the peptide
to which anti-P,_, reacts lies within the UL98 ORF, questions
arose as to the origins of the 58-kDa late protein. Our studies
demonstrate that an early 58-kDa protein is encoded by UL98
and that this same protein reacts with anti-P,_;. Both antibod-
ies used in this study (I2 and anti-P,_;) detect 58-kDa proteins
which have identical kinetic profiles during infection. In addi-
tion, they detect the same protein in UL98-transfected cells.

transfected with the indicated plasmids or mock transfected and analyzed as
previously described (33). Immunoblot analysis was done as for Fig. 1. Lanes
Mock, COS, mock-transfected COS cells; lanes E58 (XhoI-EcoRI), E58 cDNA
(pI2-3.1) cloned from the X%ol site in the polylinker to the EcoRI site in the
polylinker; lanes Genomic (X0l to Mlul), genomic sequences from X#ol to Miul
as described for panel A (pESS8); lanes Mock, HF, mock-infected HFs; lanes
72h,p.i., HFs infected with HCMV Towne for 72 h. (C) Comparative analysis of
pES8 and pES8.2 in COS cells. Analyses were done as for panel B. Lane 1,
mock-transfected COS cells; lane 2, pES8-transfected COS cells; lane 3, pE58.2-
transfected COS cells; lane 4, mock-infected HFs; lane 5, 72-h Towne-infected
HFs. The position of E58 is indicated (arrow).
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FIG. 6. Analysis of the ES8 promoter region and activation of the ES8 pro-
moter by viral IE proteins. HFs were transfected with 5 pg of the indicated target
promoter-CAT construct in the presence (pSVH) or absence (pSVOd) of viral
IE proteins as described previously (6, 34). Cells were harvested and assayed for
CAT activity as described in the text, and the data are expressed as percent
acetylation. The data are from a single representative experiment that was
performed five times.
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While we cannot exclude the possibility of a second true late
58-kDa protein which migrates with E58, our attempts to con-
firm this by using an antibody to the 1.6-kb mRNA downstream
ORF (ORF 2-2) were unsuccessful (data not shown).

Like other HCMV genes, UL9S is expressed as a nested
RNA which appears to be 3’ coterminal with RNAs from the
pp28 (UL99) gene region. Figure 7 represents a proposed
summary of the structure of the UL98-UL99 gene region. In
addition, there are other, larger RNAs of 5.5 and 7.0 kb that
also overlap this gene region. A recent study demonstrates that
several transcription units overlap within this region and are
also 3’ coterminal with the pp28 gene region (UL99) (41). Our
data are consistent with that study and extend those results by
characterizing the UL98 gene region and its protein product.
This multiple use of 3’ ends by RNAs of different kinetic
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classes has been demonstrated previously and appears to be a
common means for HCMV to utilize genetic information (2, 6,
7,9, 10, 19, 21, 28, 41). These data indirectly imply that HCMV
genes and RNAs may be regulated mostly at the level of their
promoters and 5’ sequences, since RNAs of different kinetic
classes share 3’ ends.

Our results suggest the presence of a functional early pro-
moter immediately 5’ of the UL98 gene region. At a position
87 bp upstream of the ATG lies a consensus TATA moiety.
Our location for the E58 promoter is consistent with studies
that mapped the 5" end of the UL98 mRNA (41). Insertion of
sequences from nt 142245 to 142666 into a reporter plasmid
resulted in an ES8 promoter-CAT construct responsive to IE
proteins in a manner similar to that of other early promoters
(2, 6, 12, 14, 20, 34). Within the promoter sequences are a
number of conserved direct and inverted repeats of 8§ bp or
more (Fig. 2). Sequences of this type have been shown previ-
ously to be important for activation of early and late promoters
by viral frans-acting proteins (2, 6, 7, 12, 31). In addition,
consensus sites for ATF/CREB (—82) and E2F (—127) are
located within the promoter (41). These transcription factors
have been implicated in regulating HCMV early genes (11a,
39, 41). Studies to identify the sequences important for ES8
promoter activation are in progress.

Despite the large amount of information gained by sequenc-
ing the HCMV genome, the majority of viral genes have not
been characterized, and it is unclear how they are regulated or
how they influence the virus life cycle. In particular, only seven
early genes have been previously studied in any detail, and they
represent a fraction of the genes expressed at early times after
infection. Early genes play a vital role in the preparation of the
infected cell for virus DNA replication (26), and it is generally
thought that cells which progress successfully through DNA
replication go on to produce infectious progeny. Our studies
reported here provide important new information on the struc-
ture and kinetics of expression of a previously undescribed
HCMV early gene. Studies of this type provide the basis for

L1.3 TATATAA

(144,126)
L1.6 TATTAA
(143,885)
E58 TATATAA AATAAA
(142,525) | | (145,153)
ATG TGA TAG TAA
I (142,701) (144,453) I (144,792)| |(144,969)
l uLes | |ORF 2-2|
ATG TAA
| (144,392) | (144,962)
UL99
» E 3.0
» L 16
» L 1.3

FIG. 7. Proposed structure of the UL98-UL99 gene region. The top line represents the HCMV genome and the relative positions of the E58, L1.6, and L1.3 TATA
sequences. Also shown are the polyadenylation signal (AATAAA) and relevant restriction enzyme sites. Sequence designations are as described elsewhere (3). ORFs
(stippled boxes) and the respective translation start and stop codons are shown below. The relative positions of the transcripts originating from this region are indicated
at the bottom of the figure (arrows). The black box in the UL98 coding region corresponds to the peptide to which anti-P, ; was prepared.
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assessing the regulatory events that influence the expression of
viral early genes.
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