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Gene 50 is the only immediate-early gene that appears to be conserved among the characterized gamma-
herpesviruses. It has recently been demonstrated for the human viruses Epstein-Barr virus (EBV) and
Kaposi’s sarcoma-associated herpesvirus (KSHV) that ectopic expression of the gene 50-encoded product in
some latently infected cell lines can lead to the induction of virus replication, indicating that gene 50 is likely
to play a pivotal role in regulating gammaherpesvirus reactivation. Here we demonstrate that the murine
gammaherpesvirus 68 (gHV68) gene 50 is an immediate-early gene and that transcription of gHV68 gene 50
leads to the production of both spliced and unspliced forms of the gene 50 transcript. Splicing of the transcript
near the 5* end serves to extend the gene 50 open reading frame, as has been observed for the gene 50
transcripts encoded by KSHV and herpesvirus saimiri (Whitehouse et al., J. Virol. 71:2550–2554, 1997; Lukac
et al., Virology 252:304–312, 1998; Sun et al., Proc. Natl. Acad. Sci. USA 95:10866–10871, 1998). Reverse
transcription-PCR analyses, coupled with S1 nuclease protection assays, provided evidence that gene 50
transcripts initiate at several sites within the region from bp 66468 to 66502 in the gHV68 genome. Functional
characterization of the region upstream of the putative gene 50 transcription initiation site demonstrated
orientation-dependent promoter activity and identified a 110-bp region (bp 66442 to 66552) encoding the
putative gene 50 promoter. Finally, we demonstrate that the gHV68 gene 50 can transactivate the gHV68 gene
57 promoter, a known early gene target of the gene 50-encoded transactivator in other gammaherpesviruses.
These studies show that the gHV68 gene 50 shares several important molecular similarities with the gene 50
homologs in other gammaherpesviruses and thus provides an impetus for future studies analyzing the role of
the gHV68 gene 50-encoded protein in acute virus replication and reactivation from latency in vivo.

Murine gammaherpesvirus 68 (gHV68; also referred to as
MHV68) was isolated from a bank vole, and it infects outbred
and inbred mice. The genomic sequence of gHV68 is available
and confirms its close relationship with other gammaherpesvi-
ruses (39), including Epstein-Barr virus (EBV) and Kaposi’s
sarcoma-associated herpesvirus (KSHV or human herpesvirus
8). gHV68 can acutely infect multiple organs of mice, including
the spleen, liver, lung, kidney, adrenal, heart, and thymus (27,
36). Infection has been associated with splenomegaly and
pneumonitis and with a fatal arteritis in mice lacking respon-
siveness to gamma interferon (36, 38, 41, 42). An association
with gHV68 and the development of lymphomas has been
reported (35). It has been shown that gHV68 can establish a
latent infection in the spleen (36, 37, 41), and B cells and
macrophages carry latent gHV68 (43). Because of its genomic
structure and association with lymphomas and evidence that it
establishes a latent infection in B lymphocytes, gHV68 has
been suggested as a murine model for EBV and KSHV infec-
tion (8, 23, 30, 33, 35, 39, 40).

In the case of reactivation of EBV, entry into the lytic cycle
involves the coordinated expression of two immediate-early
gene products, Zta and Rta, encoded by the BZLF1 and
BRLF1 genes, respectively (see reference 22). Only KSHV
appears to encode a homolog of Zta (K8 gene product), al-
though there is no evidence supporting a role for the KSHV

Zta homolog in reactivation from latency (15). In contrast,
there are obvious homologs of EBV Rta (gene 50-encoded
product) encoded by the sequenced gammaherpesviruses (her-
pesvirus saimiri [HVS], KSHV, and gHV68 gene 50). In addi-
tion, both the EBV and KSHV gene 50-encoded products have
been shown to be capable of triggering the reactivation of
latent virus (19, 26, 34, 47), indicating that a role for the Rta
homologs in triggering virus replication is likely conserved
among all gammaherpesviruses.

Here we analyze transcription of the gHV68 gene 50 and
determine the structure of the gene 50-encoded transcripts. In
addition, the transcription start site and putative gene 50 pro-
moter are mapped. We and others have demonstrated that
gHV68 infection of mice provides a tractable small-animal
model for determining the role of specific host and viral genes
in regulating gammaherpesvirus pathogenesis. The current
studies provide the necessary molecular information for future
characterization of the role of gHV68 gene 50 in acute repli-
cation and reactivation from latency and demonstrate a com-
mon mechanism for gene 50 transcription shared among
gHV68, EBV, HVS, and KSHV.

gHV68 gene 50 is an immediate-early gene. To determine
the size(s) of the gene 50 transcript, as well as to assess at what
stage of viral infection gene 50 is expressed, RNA from
gHV68-infected murine NIH 3T12 fibroblasts was prepared in
either the presence or the absence of the protein synthesis
inhibitors cycloheximide and anisomycin. Since these antibiot-
ics act at different sites, the use of a double block provides a
more effective inhibition at concentrations of drugs which are
not generally toxic to cells. In the absence of protein synthesis
inhibitors, several transcript species were apparent on North-
ern blots (Fig. 1). At exposures which readily demonstrated
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gene 50-hybridizing transcripts in RNA prepared from cells
infected in the absence of protein synthesis inhibitors, few or
no detectable gene 50-hybridizing transcripts could be detected
in RNA prepared from cells infected in the presence of cyclo-
heximide and anisomycin (Fig. 1, left panel). However, longer

exposures revealed the presence of a predominant ca. 2.0-kb
gene 50 transcript and a lower abundance of a ca. 2.9-kb
transcript, while the larger ca. 5.0- and 10-kb transcripts, de-
tected in RNA prepared from cells infected in the absence of
cylcohexmide and anisomycin, were not detectable in RNA
from cells infected in the presence of these inhibitors (Fig. 1,
right panel). This is consistent with low-level production of the
2.0- and 2.9-kb transcripts in the presence of protein synthesis
inhibitors, while generation of the larger transcripts is com-
pletely inhibited in the absence of ongoing protein synthesis.
Stripping and hybridizing the Northern blot with a probe for
the cellular cyclophilin transcript demonstrated that equivalent
amounts of polyadenylated cellular RNA were loaded in each
lane (Fig. 1, bottom).

This analysis demonstrates that the transcription of gene 50
is enhanced by ongoing viral infection, suggesting that either a
newly synthesized viral protein and/or an induced cellular fac-
tor augments the transcription of gene 50. In the case of EBV
infection, transcription of the immediate-early BZLF1 and
BRLF1 genes is very weak in the absence of ongoing protein
synthesis (11). This has been hypothesized to largely reflect
positive feedback regulation by the BZLF1-encoded protein
Zta (9, 32).

Presence of both unspliced and spliced gene 50 transcripts
in gHV68-infected cells. We screened a cDNA library gener-
ated with RNA isolated from gHV68-infected NIH 3T12 fi-
broblasts. RNA was prepared from infected cells harvested at
(i) 8 h postinfection in the presence of the protein synthesis
inhibitors cycloheximide and anisomycin, (ii) 12 h postinfec-
tion in the presence of the herpesvirus DNA polymerase in-
hibitor phosphonoacetic acid, and (iii) 24 h postinfection in the
absence of any inhibitors. Equal amounts of RNA from each
preparation were pooled together, followed by purification of
polyadenylated RNA and generation of cDNA (custom cDNA
library synthesis by Stratagene Inc., La Jolla, Calif.). The initial
identification of gene 50 cDNAs was accomplished by PCR
screening phage DNA prepared from multiple sublibraries,
each containing ca. 50,000 recombinants. A total of ca.
1,000,000 independent recombinants were screened with PCR
primers specific for the gHV68 gene 50 sequences. Eight can-
didate gene 50 cDNA clones were initially identified, and one
was successfully purified (clone 50-1). Sequence analysis of
cDNA clone 50-1 revealed that this clone extended from bp
66642 to 69462 in the viral genome and was unspliced (Fig. 2A
and B). This region contains the entire open reading frames 49
and 50. Clone 50-1 also contained a poly(A) tract downstream
of the gene 50 open reading frame, indicating that the polyad-
enylation signal at bp 69434 was utilized (Fig. 2). Since both
gene 49 and gene 50, which are on opposite strands of the viral
genome, are present in clone 50-1, the presence of the poly(A)
tract downstream of gene 50 confirms that this cDNA clone
corresponds to a gene 50 transcript. Five short ATG-initiated
open reading frames, ranging from 28 to 40 codons in size, lie
upstream of the gene 50 open reading frame in the 50-1 cDNA
clone. Based on the size of clone 50-1 [2.8 kb without the
poly(A) tract], it is likely that this cDNA corresponds to the
less abundant 2.9-kb gene 50 transcript detected by Northern
analysis (Fig. 1).

Because clone 50-1 did not account for the structure of the
predominant ca. 2.0-kb gene 50 transcript, coupled with the
fact that in EBV, HVS, and KSHV it has been shown that the
predominant gene 50 transcript contains a splice near the 59
end of the transcript (19, 21, 34, 44), we designed PCR primers
to assess the splicing of the gHV68 gene 50 transcript. Using
an upstream PCR primer positioned near the 59 end of the
gene 50 transcript (as defined by the cDNA clone 50-1), a

FIG. 1. Northern blot analysis of gene 50-encoded transcripts. Ten micrograms
of polyadenylated RNA prepared from NIH 3T12 fibroblasts infected with gHV68
at a multiplicity of infection of 7 for 8 h was loaded in each lane. Cells were either
(i) mock infected, (ii) infected in the absence of any inhibitors, or (iii) infected in the
presence of the protein synthesis inhibitors cycloheximide (final concentration, 40
mM) and anisomycin (final concentration, 10 mM) (gHV68 1 CHX) in a volume of
2 ml of Dulbecco’s modified Eagle medium containing 10% fetal calf serum for 1 h.
After a 1-h incubation, an additional 15 ml of medium was added (with or without
the indicated inhibitors), and the flasks were incubated at 37°C under a 5% CO2
atmosphere until harvesting. Infected cells were harvested 8 h postinfection, and
total RNA was prepared as previously described (3). RNA blotting was carried out
by fractionating RNA on 1.2% agarose gels containing 6.6% formaldehyde, 40 mM
MOPS [3-(N-morpholino)propanesulfonic acid] (pH 7.0), 10 mM sodium acetate,
and 1 mM EDTA, followed by capillary blotting in 203 SSC (13 SSC is 0.15 M NaCl
and 0.015 M sodium citrate, pH 7.0) onto Hybond nylon membranes (Amersham
Corp.). The RNA was covalently cross-linked to the nylon membrane by exposure to
shortwave UV light, followed by hybridization with a 32P-labeled gene 50 probe
overnight and washed under standard conditions (29). The upper left panel shows a
1-day exposure of the blot, while the upper right panel shows a 12-day exposure of
the lane containing RNA isolated from cells infected in the presence of cyclohexi-
mide and anisomycin. The migration of molecular weight standards is shown to the
right of the blots. The blot was stripped and rehybridized with a 32P-labeled rat
cyclophilin probe (6) to assess RNA loading (lower panel). All probes were radio-
labeled by the Megaprime DNA labeling system (Amersham, Arlington Heights,
Ill.) in accordance with the manufacturer’s protocol. The gene 50 fragment was
generated by PCR with a sense primer which extended from bp 68660 to 66682 in the
viral genome and an antisense primer which extended from bp 69176 to 69154 in the
viral genome (see Fig. 2B for the location of probe relative to gene 50).
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downstream PCR primer positioned near the 59 end of the
gene 50 coding sequence, and RNA prepared from cells in-
fected in the presence of cycloheximide and anisomycin, we
amplified by reverse transcriptase (RT) PCR a 1,515-bp prod-
uct representing the amplification of the unspliced transcript
and a more abundant 649-bp product (Fig. 2C). The presence
of both products was dependent on the addition of RT to the
reaction mixture (data not shown), demonstrating that this
analysis was specific for gene 50 transcripts and could not be
accounted for by the presence of contaminating genomic
DNA. Sequence analysis of the shorter product revealed the
presence of a splice with an intron extending from bp 66796 to
67660 (Fig. 2B and 3A). Notably, introduction of the splice
significantly extended the gene 50 open reading frame (Fig.
3A). Based on the genomic sequence, the predicted gene 50
ATG translation initiation codon is located at bp 67907, while
the spliced form extends this open reading frame to encode an
additional 94 amino acids. The predicted amino terminus of

the gene 50 product encoded by the spliced transcript shows
significant homology to the gene 50 products encoded by HVS,
KSHV, and EBV, indicating that this region is likely to be
functionally important (Fig. 3B). Furthermore, splicing of both
the HVS and KSHV gene 50 transcripts also serves to extend
the coding sequence by juxtaposing to the gene 50 open read-
ing frame, present in the second exon, an upstream translation
initiation codon present in the first exon of the spliced form of
the gene 50 transcript (12, 19, 34). Notably, alignment of the
putative gene 50-encoded proteins reveals extensive homology
in the amino-terminal half of these proteins (Fig. 3B). This
suggests that the extension of the gene 50 open reading frame
by splicing is likely to be functionally important.

The predicted size of the spliced gene 50 transcript [ca. 1.8
kb, without the poly(A) tract], based on the 59 and 39 ends of
the cDNA clone 50-1, corresponds closely to the size of the
predominant ;2.0-kb gene 50 transcript detected by Northern
analysis. Utilization of other PCR primer combinations, in

FIG. 2. (A) Schematic illustration of the gene 50 region of the gHV68 genome (39). The locations of the putative viral genes adjacent to gene 50 are indicated,
as are the locations of consensus poly(A) signals, which are indicated above (for those associated with the R strand of the viral genome) and below (for those associated
with the L strand of the viral genome) the map of the viral genome. The asterisk denotes the poly(A) signal which was utilized in the transcript from which the cDNA
clone 50-1 was generated. (B) Schematic structure of the cDNA clone 50-1, which is unspliced and contains viral sequences from bp 66642 to 69462. Below the schematic
of the cDNA clone 50-1 is the deduced structure of the ;2.0-kb spliced gene 50 transcript, based on RT-PCR analysis (see discussion in text). The small arrowheads
below the spliced transcript denote PCR primers used to amplify the spliced form of the gene 50 cDNA. Also shown is the position of the gene 50 probe used in the
Northern blot shown in Fig. 1. The solid black arrow indicates the gene 50 open reading frame, which is extended by the splice to the upstream exon, as illustrated in
Fig. 3. The grey arrowheads indicate the presence of small (encoding .25 amino acids) open reading frames upstream of gene 50. (C) RT-PCR analysis of gene 50
transcripts. The structures and sizes of the RT-PCR products obtained employing the indicated PCR primers (arrowheads) are shown to the left of the ethidium
bromide-stained agarose gel. The viral genomic coordinates (39) of the PCR primers employed for each reaction were as follows: PCR 1, upstream primer bp 68638
to 68660 and downstream primer bp 69176 to 69154; PCR 2, upstream primer bp 67386 to 67407 and downstream primer bp 68161 to 68141; PCR 3, upstream primer
bp 66646 to 66667 and downstream primer bp 67385 to 67364; and PCR 4, upstream primer bp 66646 to 66667 and downstream primer bp 68161 to 68141. Also shown
is an ethidium bromide-stained agarose gel of the PCR products generated with the primers indicated. A negative control RT-PCR, to detect the presence of
contaminating viral genomic DNA in the RNA preparation, is shown (primers for PCR 2 were used to amplify DNA present in a cDNA synthesis reaction lacking
reverse transcriptase [PCR 2, no RT]). All the PCR products visible by ethidium bromide staining were cloned and sequenced.

VOL. 74, 2000 NOTES 2031



2032 NOTES J. VIROL.



which either the upstream or downstream PCR primers were
located within the intron defined by the RT-PCR discussed
above, failed to detect any alternatively spliced products (i.e.,
only the anticipated products amplified from the unspliced
gene 50 transcript were observed) (Fig. 2C). In addition, a
control primer pair located near the 39 end of gene 50 yielded
the anticipated size fragment, consistent with the absence of
splicing within the gene 50 open reading frame (Fig. 2). Using
primers upstream of the 59 end defined by the cDNA clone
50-1, coupled with a primer downstream of the gene 50 splice
acceptor site, we were able to demonstrate the presence of
spliced gene 50 transcripts with an upstream primer hybridiz-
ing to viral sequences from bp 66526 to bp 66547 (data not
shown). The latter result demonstrates that at least some of the
spliced gene 50 transcript initiates upstream of the 59 end
defined by the cDNA clone 50-1.

Identification of a candidate gene 50 promoter. Based on the
sizes of the gene 50 transcripts observed in the presence of
protein synthesis inhibitors (ca. 2.0 and 2.9 kb), it is likely that
the site of transcription initiation maps in the region just up-
stream of the region defined by cDNA cloning and RT-PCR
analyses (unless there is an additional upstream splice). We
therefore evaluated the genome region from bp 66242 to 66652
for the presence of the gene 50 promoter. Initially, a relatively
large region extending from 10 bp downstream of the 59 end of
cDNA clone 50-1 to 400 bp upstream of the 59 end of clone
50-1 was cloned in both orientations upstream of the luciferase
reporter gene (Fig. 4A, reporter constructs 1 and 2). This
region exhibited orientation-dependent promoter activity in
two different cell lines, consistent with the presence of the gene
50 promoter mapping to this region of the viral genome (Fig.
4A). The sense promoter-driven reporter construct (construct
1) was ca. 100-fold more active than the antisense promoter-
driven reporter construct (construct 2) (Fig. 4A). Deletion
analysis of this region defined a 110-bp region (from bp 66442
to 66552) that exhibited constitutive activity in both cell lines
examined, and again the observed activity was orientation de-
pendent (Fig. 4A, reporter constructs 10 and 11). Further
truncation of either upstream or downstream sequences re-
sulted in a significant loss or abrogation of promoter activity
(Fig. 4A, reporter constructs 5, 6, 12, and 13). Thus, this anal-
ysis demonstrated that there is a candidate gene 50 promoter
that maps to the region extending from bp 66442 to 66552 in
the gHV68 genome. Furthermore, this appears to be the only
promoter present within the 400-bp region immediately up-
stream of the 59 end of the cDNA clone 50-1 that is functional
in the cell lines tested. As indicated above, this does not rule
out the possible presence of a more distal promoter that may
be involved in driving gene 50 expression, although the utili-
zation of such a promoter would undoubtedly require addi-
tional splicing to generate the appropriately sized gene 50
transcripts.

Notably, the deletion of sequences from bp 66602 to 66652,
in the context of sequences extending upstream to bp 66242,
resulted in a significant loss of luciferase activity in both cell

lines (Fig. 4A, reporter construct 3). Further deletion of se-
quences from bp 66552 to 66602 restored luciferase activity to
levels seen with the full-length fragment (Fig. 4A, reporter
constructs 1 and 4). These results indicate the presence of a
potent negative regulatory element in the region from bp
66552 to 66602, as well as the presence of a positive regulatory
element in the region from bp 66602 to 66552. Alternatively, it
is possible that the observed changes in reporter gene activity
may reflect alterations in the presence or absence of small
upstream open reading frames which may alter the efficiency of
translation of the luciferase reporter gene.

Analysis of the sequence of the minimal region exhibiting
promoter activity revealed several potential transcription fac-
tor binding sites (Fig. 4B) (25). Notably, there is a candidate
TATA box located at bp 66439 to 66444. As shown below, S1
nuclease protection analyses defined several potential sites of
transcription initiation downstream of this TATA box, suggest-
ing that this TATA box may be functional. In addition to the
candidate TATA box, putative MEF2 and IRF binding sites
and an E box were identified (Fig. 4B) (25). Elucidation of the
functional significance of these sites requires targeting of ap-
propriate mutations to the minimal gene 50 promoter-driven
reporter construct. Ultimately, determination of the signifi-
cance of the identified promoter to gene 50 activity will require
the introduction of specific mutations into the viral genome.

Mapping of the 5* ends of gene 50 transcripts. Having
mapped the putative gene 50 promoter, we next mapped the
sites of transcription initiation from transfected gene 50 pro-
moter-driven reporter constructs. We chose to use the longest
promoter construct containing the gHV68 sequences, extend-
ing from bp 66242 to bp 66652 (Fig. 4A, reporter construct 1).
NIH 3T12 and RAW cells were transfected with either a con-
trol reporter plasmid lacking the gene 50 promoter or the gene
50 promoter-driven reporter construct, and total cellular RNA
was prepared 48 h posttransfection. Several 60-nucleotide sin-
gle-stranded oligonucleotide probes antisense to the gene 50
transcript were hybridized to RNA from the transfected cells,
and the formation of specific hybrids was assessed after S1
nuclease digestion. The regions to which these probes were
designed to hybridize are depicted in Fig. 4A (S1 nuclease
probes S10 to S14). Two of these probes, S11 and S12, repro-
ducibly yielded specific protected fragments (Fig. 5). Based on
these results, there appear to be several clustered regions of
transcription initiation (Fig. 3A, 4B, and 5), which could arise
through either (i) multiple sites of transcription initiation from
the gene 50 promoter or (ii) degradation of the 59 end of gene
50 promoter-driven transcripts.

To extend this analysis to virus infection, we subsequently
generated polyadenylated RNA from mock-infected and
gHV68-infected NIH 3T12 fibroblasts (infected in the pres-
ence of cycloheximide and anisomycin). This RNA was ana-
lyzed with the S1 nuclease probes described above. As shown
in Fig. 5, only the S12 probe reproducibly resulted in specific
protection, although the level of protection was relatively mod-
est. Sporadic protection was also detected with the S11 probe

FIG. 3. (A) Nucleotide and deduced protein sequences of gene 50 and its product (39). The deduced protein sequence is above the nucleotide sequence. The
genome coordinates are to the right of the nucleotide sequence. The arrowheads above the 59 untranslated sequence indicate candidate transcription initiation sites,
determined by S1 nuclease protection analyses (see Fig. 5 and discussion in text). The nucleotide sequence shown in lowercase letters denotes the genomic sequence,
based on nuclease protection analyses, upstream of the site of transcription initiation. The polyadenylation signal utilized in cDNA clone 50-1, located at bp 69434 in
the viral genome, is boxed, as are the splice acceptor and donor sites. The spliced form of the gene 50 transcripts extends the open reading frame to encode an additional
94 amino acids (extended amino-terminal sequence is in shaded box above the nucleotide sequence). (B) Alignment of the predicted gene 50-encoded proteins of
gHV68, HVS, KSHV, and EBV. The alignment was performed by Clustal analysis using MegAlign (DNASTAR) and is presented without further editing after the initial
alignment. The first in-frame methionine encoded within the second exon of the spliced form of the gene 50 transcript is denoted by a shaded circle for the gHV68,
HVS, and KSHV gene 50-encoded proteins.
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by using RNA isolated from infected cells, but not uninfected
cells (data not shown). Taken together, these results are most
consistent with the hypothesis that the 59 end of the gene 50
transcript is unstable, resulting in the production of a hetero-
geneous population of transcripts containing distinct 59 ends.

Whether the postulated instability of the gene 50 transcript is
important for regulating the levels of gene 50 protein produced
during infection remains to be assessed. Notably, protection of
the full-length S12 probe was also reproducibly observed with
RNA isolated from infected cells. This result raises the possi-

FIG. 4. (A) Identification of the gene 50 promoter. The structures of gHV68 genomic fragments used to map the gene 50 promoter are shown, along with the
genomic map coordinates. All viral genomic fragments were cloned upstream of the luciferase reporter gene in the pGL2 Basic vector (Promega, Madison, Wis.). The
arrows pointing right indicate the genomic fragments that were cloned in the sense orientation, with the luciferase gene downstream of the putative gene 50 promoter,
while the arrows pointing left indicate the genomic fragments that were cloned in the opposite orientation. The indicated reporter constructs (2 mg) were transfected
into both the murine macrophage cell line RAW (RAW 264.7) and the human EBV-negative Burkitt’s lymphoma B cell line DG-75. RAW cells were transfected with
the lipid-based transfection reagent SuperFect according to the manufacturer’s protocol (Qiagen, Santa Clara, Calif.). DG-75 cells were transfected with DEAE-
dextran, as previously described (28). Cells lysates were prepared 48 h posttransfection and assayed for luciferase activity (7). The data were compiled from three
independent experiments for each cell line, and the standard error of the mean is shown. Also shown are the positions of the single-stranded probes used in the S1
nuclease protection analyses (see text for discussion and Fig. 5). The boxed region denotes those sequences which, based on this analysis, are required for gene 50
promoter activity. Relative luciferase activity is the fold increase (mean 6 standard error of the mean) over that observed with the parent pGL2 Basic reporter construct
(Promega), which was assigned a relative activity of 1.0. (B) Computer analysis of the minimal gene 50 promoter for the presence of transcription factor binding sites.
The gene 50 promoter sequenced was analyzed by MatInspector Professional software (23). IRF, interferon response factor; MEF2, myocyte enhancer binding factor
2; E box, binding site for the E family of bHLH transcription factors.
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bility that transcripts that initiate upstream of the identified
gene 50 promoter also exist. Further studies are required to
address this issue.

The gHV68 gene 50-encoded protein transactivates the
gHV68 gene 57 promoter. To assess whether the gene 50 tran-
scription unit identified here encodes a functional gene 50
transactivator, we cloned the 50-1 cDNA (see Fig. 2B for
structure) into a eukaryotic expression vector (pBK-CMV;
Stratagene Inc.) under the control of the human cytomegalo-
virus immediate-early promoter. Introduction of this construct
into NIH 3T12 fibroblasts led to readily detectable expression
of the spliced form (and presumably the unspliced form) of the
gene 50 transcript (data not shown), demonstrating that the
ectopically expressed gene 50 transcript is appropriately pro-
cessed. To assess transcriptional activation activity of the
gHV68 gene 50 protein, we determined whether it could trans-
activate the gHV68 gene 57 promoter. The gene 57 promoter

has been shown in other gammaherpesviruses to be a target of
the gene 50-encoded transactivator (14, 18, 45). Thus, the
luciferase vector with (57pLuc) and without (pGLuc) the gene
57 promoter was cotransfected with either the control expres-
sion vector (pBK) or the gene 50 expression vector (pBK50)
(Fig. 6). Notably, the gene 57 promoter exhibited very low
basal activity but was strongly transactivated (;700-fold induc-
tion) by the gene 50 protein (Fig. 6). Weak gene 50 protein
transactivation of the luciferase vector was also observed (;10-
fold induction) (Fig. 6). Thus, these results demonstrate that a
functional gene 50 protein is expressed from the 50-1 cDNA
clone and provides further evidence that the spliced form of
the transcript identified here encodes the gene 50 transactiva-
tor.

Conclusions. We have shown here that the gHV68 gene 50
is transcribed at low levels in the absence of de novo protein
synthesis, but it is expressed at much higher levels in the pres-

FIG. 5. Mapping of the 59 ends of the gene 50 transcripts by S1 nuclease protection. Analysis of transcription initiation from the putative gene 50 promoter in
transiently transfected NIH 3T12 or RAW cells. The bp 66242 to 66652 gene 50 promoter-driven luciferase reporter construct, or the parent pGL2 Basic reporter
construct (Promega), was transfected into NIH 3T12 and RAW cells by the lipid-based transfection reagent SuperFect (Qiagen) as described in the legend to Fig. 4.
RNA was prepared (3) from cells harvested 48 h posttransfection, and 40 mg of total RNA was hybridized with 4 ng of the indicated single-stranded oligonucleotide
S1 nuclease probes, which had been 32P labeled at the 59 end with T4 polynucleotide kinase (Boehringer Mannheim, Indianapolis, Ind.) (24, 46). The sequences of the
probes used were as follows: S11, 6653159-GTTTCAATTCTCATGGTCACATCTGACAGAGAAAAGGAACAGTATGAGAAATTTATGAAC-3966472; S12, 6650159-
GAAAAGGAACAGTATGAGAAATTTATGAACATACTTAAGAATCTTTCAAATTGTACTGAT-3966442 (see Fig. 4 for locations of the S11 and S12 probes).
Following hybridization overnight at 42°C, the reaction mixture was digested with 300 U of S1 nuclease (Promega) as previously described (24, 46). The protected
fragments were recovered and fractionated on a 10% denaturing acrylamide gel. Chemical cleavages of the 32P-labeled oligonucleotide probes (G 1 A rxn) were used
as size markers in the indicated lanes. The right panel shows an analysis of transcription initiation from the gene 50 promoter in gHV68-infected NIH 3T12 cells. NIH
3T12 cells were either mock infected or infected at a multiplicity of infection of 7 in the presence of cycloheximide (final concentration, 40 mM) and anisomycin (final
concentration, 10 mM) (1 CHX). Total cellular RNA was prepared (3) from cells harvested 8 h postinfection, followed by isolation of polyadenylated RNA with the
PolyA Spin mRNA Isolation kit (New England Biolabs, Beverly, Mass.). Ten micrograms of poly(A) RNA isolated from mock-infected or gHV68-infected cells was
hybridized with 32P-labeled S12 probe, followed by digestion with S1 nuclease as described above. In parallel, total RNA isolated from NIH 3T12 and RAW cells
transfected with the bp 66242 to 66652 open reading frame 50 luciferase reporter construct was also hybridized with the S12 probe, as described above. Protected
fragments were fractionated on a denaturing 10% acrylamide gel.
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ence of ongoing viral infection. In addition, our analysis dem-
onstrated that the predominant gene 50 transcript is spliced at
the 59 end of the transcript, resulting in a significant extension
of the gene 50 open reading frame. Whether expression of
gene 50 from the unspliced transcript(s) also gives rise to a
functional protein remains to be assessed. It is notable that for
KSHV, HVS, and gHV68, extension of the gene 50 reading
frame requires the presence of the spliced transcript, while in
EBV both the spliced and unspliced forms of the gene 50
transcript (BRLF1 gene) are predicted to encode the same
gene product (Rta). Thus, it is possible that this reflects a
fundamental difference in the regulation of gene 50-encoded
protein expression in EBV.

Initial mapping and analysis of the putative gene 50 pro-
moter indicated that it is constitutively active in both a murine
macrophage cell line (RAW) and a human B lymphoma cell
line (DG-75). Further characterization of this promoter may
identify cell lines or cell types in which the gene 50 promoter
exhibits lower basal activity. Such cells may be useful for gain-
ing insights into the regulation of the establishment of viral
latency and virus reactivation, as has been the case for EBV
and regulation of the BZLF1 immediate-early gene (1, 2, 4, 5,
9–11, 13, 16, 17, 21, 31). In addition, this analysis provides the
basis for generating a gene 50 knockout virus. The latter will
allow a direct assessment of the role of gene 50 in virus repli-
cation, both during infection of permissive cells and during
reactivation from latency.
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