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The results of studies in several laboratories suggest that a TATA box-containing promoter located in the
herpes simplex virus type 1 internal long repeat and long terminal repeat elements drives expression of the
latency-associated transcripts (LATs). In the present study, we show that expression of a 2-kb LAT-related
transcript can occur in the absence of this LAT TATA promoter, indicating the existence of a cryptic promoter.
By Northern (RNA) blot analysis, we have examined LAT expression by herpes simplex virus type 1 variant
strains KOS/29 and 1704, which contain deletions of the LAT promoter region. Our data indicate that KOS/29,
despite lacking the 203-bp fragment which contains the LAT TATA box, can express a 2-kb LAT-related
transcript during productive infection in tissue culture and in mouse trigeminal ganglia during acute infection
and reactivation. Similarly, strain 1704, which contains a larger deletion in this promoter region, also
expresses a 2-kb LAT-related transcript during tissue culture infection and reactivation of latently infected
trigeminal ganglia. However, LATs are not expressed with either virus during latency. Northern blot analysis
with a single-stranded, oligonucleotide probe demonstrates that the 2-kb LAT and LAT-related transcript are
colinear and share a large area of sequence similarity. These findings suggest the existence of a second
promoter in the LAT gene which can function during lytic infection and reactivation, at least in the absence of
the LAT TATA promoter. We propose that this cryptic promoter is located either in a proximal region
approximately 300 bp upstream of the start site of the 2-kb LAT or in a distal region starting over 1,226 bp

upstream of this site.

Herpes simplex virus type 1 (HSV-1) can remain latent in
nuclei of neurons innervating the site of infection (reviewed in
reference 12). During latency, the HSV-1 genome persists as a
nucleosomal-associated circular or concatameric episome (5, 9,
20, 24, 26, 27). The presence of any latently expressed,
virus-encoded polypeptides has yet to be conclusively demon-
strated (reviewed in references 11 and 37). However, various
groups have shown that the diploid gene encoding the latency-
associated transcripts (LATs) is the only actively transcribed
gene detected during latency (3, 4, 28, 38, 39). Northern
(RNA) blot analyses demonstrated that at least two of three
colinear 2-, 1.5-, and 1.45-kb LATs are expressed in latently
infected ganglia (17, 32, 36, 38, 42). On the other hand, only a
2-kb LAT was detected in HSV-1 infections of tissue culture
cells (17, 32, 33). A larger, transcribed region was detected by
in situ hybridization (3, 4, 21, 35) and, extremely rarely, by
Northern blotting as an 8- to 9-kb RNA (7, 49) shown to have
one promoter (22). Thus, it has been proposed that this large
LAT (minor LAT [mLAT]) is transcribed and quickly pro-
cessed to the more stable, smaller RNA species (reviewed in
reference 11).

Initially, the LATs were thought to function in regulating or
maintaining the latent state of the virus. However, studies of
HSV-1 LAT null mutants indicate that LAT expression is not
required for viral replication, establishment, and maintenance
of latency in trigeminal ganglia (7, 13-15, 35). Yet, LAT
function in affecting reactivation kinetics is suggested by a
significant delay in reactivation following explant cocultivation
of some HSV-1 LAT deletion mutants (18, 35). The question
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of whether LATs mediate their function as proteins or RNAs
remains unanswered.

Numerous investigators have been studying the transcrip-
tional and posttranscriptional events that regulate LAT expres-
sion (reviewed in reference 11). It is generally agreed that the
1.45- and 1.5-kb LATSs are splicing products of the 2-kb
transcript (34, 41, 44). Confusion remains regarding the syn-
thesis of the mLAT and 2-kb LAT. The nearest, apparently
functional TATA box is located almost 700 bp upstream of the
5" end of the 2-kb LAT (44). This region can drive the
expression of the chloramphenicol acetyltransferase gene in
transient transfection assays (47-49). Furthermore, Dobson
and collaborators (7) showed that this TATA box promotes
latent expression of a rabbit B-globin gene engineered in
recombinant HSV-1. Thus, the most popular hypothesis sug-
gests that the 2-kb LAT is a stable intron spliced from an
mLAT initiated near this TATA box (7, 10). Another hypoth-
esis proposes that the 2-kb LAT is not an intron but has a short
leader sequence near the TATA box (34, 49). Thus far, efforts
to find such a leader sequence have been unsuccessful. A third
hypothesis purports that the LAT gene has alternate transcrip-
tion start sites, including one located at the 5’ end of the 2-kb
LAT (34). Debates continue regarding the validity of these
hypotheses.

HSV-1 LAT promoter deletion mutants have been engi-
neered to study LAT expression and function in acute infec-
tion, latency, and reactivation. One such mutant is KOS/29 (7).
This mutant contains the smallest, most precise deletion of the
LAT promoter: removal of the LAT TATA box as a 203-bp
Pst1-Pst1 fragment in both copies of the gene. KOS/29 does not
express LATs during latency as shown by in situ hybridization
and Northern blot analysis (5, 7). Recently, we have shown that
KOS/29 reactivates normally in explant cocultivation assays of
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latently infected mouse trigeminal ganglia (6). In contrast, a
hypothermia-induced reactivation model indicates that KOS/
29 reactivates with reduced frequency in trigeminal ganglia and
with wild-type frequency in lumbosacral ganglia (29). Another
LAT promoter mutant, strain 1704, reactivates with reduced
frequency by mouse trigeminal ganglia explant cocultivation
assays (35) and by iontophoresis in the rabbit eye model (40).
Strain 1704 contains a 0.9-kb deletion in one copy of the LAT
TATA promoter region (see Fig. 1) and does not express LATs
or mLATSs during latency (22, 35).

In the current study, we reexamined LAT expression by
HSV-1 variant strains KOS/29 and 1704. We show that both
these LAT TATA promoter deletion mutants express a 2-kb
LAT-related transcript during acute infection in tissue culture.
The LAT-related transcript is very similar and may be identical
to the 2-kb LAT. The 2-kb LAT related transcript was also
expressed in trigeminal ganglia during acute infection and
reactivation of infection by KOS/29. These data indicate the
existence of a second promoter in the LAT gene which can
express a 2-kb transcript mapping to the LAT region. This
second promoter appears to be located either downstream or
upstream of the 203-bp PstI-Pst] fragment containing the LAT
TATA promoter.

MATERIALS AND METHODS

Cell culture and HSV-1 growth and titration. CV-1 cells
were grown in Eagle’s minimum essential medium supple-
mented with 5% calf serum at 37°C with 5% CO,. Subconflu-
ent CV-1 monolayers were infected with HSV-1 KOS(M),
KOS/29, strain 17, or strain 1704 at 1 PFU per cell. Virus was
concentrated from the medium as described previously (3, 4).
Virus stock titers were determined for CV-1 and BHK cells.

Lytic infection in tissue culture cells. Depending on the
experiment, subconfluent CV-1 monolayers were infected with
KOS(M) or KOS/29 (multiplicity of infection of 1) and with
strain 17% or strain 1704 (multiplicity of infection of 0.3 to 0.4)
to examine LAT expression during HSV-1 infection in cell
culture. At the times postinfection indicated in the figure
legends, cells were washed with phosphate-buffered saline and
harvested for RNA processing as described below.

Infection of mice and explant reactivation. Six-week-old
female BALB/c mice were infected with approximately 1 X
10° to 2 X 10° PFU of HSV-1 per eye (4, 32, 39). Groups of
four or five animals were sacrificed at 3, 4, 5, or 7 days
postinfection for acute infection or at least 4 weeks postinfec-
tion for latency. Following cervical dislocation, trigeminal
ganglia were removed and quickly frozen in liquid nitrogen.
For the reactivation experiments, trigeminal ganglia from
latently infected animals were incubated at 37°C for 1, 3, 5, or
7 days in tissue culture media supplemented with 5% calf
serum and 5% CO,. At the end of the incubation period,
trigeminal ganglia were either immediately processed for RNA
extraction or quickly frozen in liquid nitrogen. Tissues were
stored at —70°C until used for RNA extraction.

RNA extraction and Northern blot analysis. Pools of 8 to 10
fresh or frozen trigeminal ganglia were homogenized in gua-
nidium solution (4 M guanidium thiocyanate, 0.5% sodium
N-lauroylsarcosine, 100 mM B-mercaptoethanol, 25 mM so-
dium citrate [pH 7.0], 0.1% antifoam A; Sigma Chemical Co.)
for 20 s with a cell disrupter (Brinkmann Instruments Inc.).
Tissue culture cells were harvested in the guanidium solution
and homogenized as described for the trigeminal ganglia.
From these homogenates, total RNA was prepared by the
guanidium thiocyanate extraction-cesium chloride centrifuga-
tion procedure of Chirgwin et al. (1) as adapted by Spivack and
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Fraser (32). Northern blot analysis was performed as previ-
ously described (32), with a few modifications. Briefly, 5 or 10
ng per lane of glyoxal-treated RNA was electrophoresed,
vacuum blotted (LKB) to a nylon membrane (GeneScreen
Plus; NEN), and UV cross-linked by using a Stratalinker
(Stratagene). Hybridization was carried out overnight with
heat denatured *?P-labeled nick-translated DNA probes (32).
Filters underwent a series of two 25-min washes at 65°C, in
1x,0.5x%,and 0.1 x SSPE (1 x SSPE is 180 mM NaCl, 10 mM
monobasic sodium phosphate, and 1 mM EDTA [pH 7.7]) with
1% sodium dodecyl sulfate. Filters hybridized to oligonucle-
otides were prehybridized for 1 h and hybridized for 4 h at
37°C. Filters were exposed for autoradiography to XAR-5 film
(Eastman Kodak) for the times listed in the figure legends.

Preparation of *?P-labeled probes. An HSV-1 strain F
BamHI-B-containing plasmid was kindly provided by B. Roiz-
man at the University of Chicago (25). The LAT probe (a
0.9-kb BstEII-BstEII fragment) and the dual LAT-ICPO probe
(a 1.0-kb BstEII-BstEIl fragment) were generated by restric-
tion enzyme digestion of BamHI B, gel isolated, and purified
with Geneclean II (Bio 101 Inc.) (see Fig. 1B for the position
of these fragments in the LAT gene). Purified DNA fragments
were labeled by nick translation to a specific activity of 1 X 10%
to 5 X 10® cpm/pg of DNA as described previously (32).

A single-stranded 22-mer oligonucleotide (PR9) was also
used to probe Northern blots. Primer PR9Y hybridizes to
nucleotides 119520 to 119544 of the LAT genome, 59 nucle-
otides downstream of the 5’ end of the 2-kb LAT. This primer
was end labeled by using T4 polynucleotide kinase and
[y-**P]ATP.

RESULTS

KOS/29 expresses a 2-kb LAT-related transcript during
tissue culture infection. HSV-1 mutant KOS/29 contains a
203-bp deletion which eliminates the LAT TATA promoter in
both copies of the LAT gene (7) (Fig. 1). A *’P-labeled
LAT-specific probe (a 0.9-kb BstEII-BstEIl fragment) was
hybridized by Northern blot to RNA from CV-1 cells harvested
at 16 h postinfection with KOS/29 or KOS(M), the parental
virus. A 2-kb LAT-related transcript was expressed by KOS/29
at levels comparable to those of the 2-kb LAT made by
wild-type virus (Fig. 2). Similar results were observed when we
examined LAT gene expression in HSV-1-infected SYSY cells,
a cell line of neuronal origin (data not shown). These surpris-
ing results suggest that in tissue culture infection, the LAT
gene expresses a LAT-related transcript in the absence of the
TATA promoter by a cryptic promoter. This LAT-related
transcript appears to be identical to the 2-kb LAT by Northern
blot analysis.

We have used a single-strand oligonucleotide probe to
further clarify the relationship between the LAT-related tran-
script and the 2-kb LAT. In Northern blots, both these
transcripts are recognized by a 22-mer probe (PR9) that maps
to positions 119520 to 119544 of the LAT genome, 59 nucle-
otides downstream of the 5’ end of the 2-kb LAT (data not
shown). Thus, the LAT-related transcript and the 2-kb LAT
are transcribed from the same strand and share a large area of
sequence similarity.

KOS/29 expresses a 2-kb LAT-related transcript in acutely
infected trigeminal ganglia but not during latency. LAT
expression during acute infection and latency was examined to
determine whether this second promoter could function in vivo
in mice. Northern blot analysis showed that LAT expression
was undetectable in trigeminal ganglia of KOS/29-infected
mice during acute infection and latency (Fig. 3). As a positive
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FIG. 1. LAT region of HSV-1. (A) A linear representation of the HSV-1 genome, which consists of long and short terminal repeat elements
(TR and TRg, respectively), unique long and short elements (U and Uy, respectively), and internal long and short repeat elements (IR, and IR,
respectively). The diploid gene encoding the LATs maps to the TR and IR,. (B) BamHI B fragment encompassing part of the LAT gene in IR, .
The positions of neighboring (ICP 27, ULSS, UL56) and overlapping (ICP0) genes are marked. The LAT promoter maps at position 118773 within
a 203-bp Pst1-Pst] fragment. This promoter is thought to initiate transcription of the mLAT, a large, unstable, 8- to 10-kb RNA, which is quickly
processed to more stable 2-, 1.5-, and 1.45-kb LATs. The 5’ end of these stable LATs is thought to map at position 119460 (23, 45). The diagonally
striped boxes indicate the restriction fragments used as probes in our Northern blot analysis. The LAT probe is a 0.9-kb BstEII-BstEII fragment
(nucleotide positions 119198 to 120095). The LAT-ICPO probe is a 1.0-kb BstEII-BstEII fragment (nucleotide positions 120095 to 121053). (C)
Deletions in the LAT regions of HSV-1 mutants KOS/29 and strain 1704. Bracketed numbers indicate the nucleotide positions of corresponding
deletions made in the TR, (BamHI E). KOS/29 contains a 203-bp deletion in both copies of the LAT gene. Strain 1704 has a 942-bp deletion in
BamHI E and a 3,758-bp deletion in BamHI B.

control, we show that the LAT probe detects the accumulation
of the 2-kb LAT in trigeminal ganglia of mice infected with
KOS(M). ICP0 mRNA remained undetected during the
course of acute infection by either virus even though the 44
LAT-ICPO probe was shown to label both transcripts in other '
experiments (see Fig. 5 and 6). Both 2- and 1.5-kb LATSs were
expressed in the trigeminal ganglia of animals latently infected
with KOS(M). LATs and mLATSs were not detected by in situ
hybridization of trigeminal ganglia latently infected with
KOS/29 (data not shown).

To confirm the results from the acute infection experiments,
a separate group of animals was infected and LAT levels were
assayed in the trigeminal ganglia of mice sacrificed on the
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FIG. 2. LAT expression in CV-1 cells productively infected with

fourth or seventh day postinfection (Fig. 4). In this case, a faint
2-kb LAT-related transcript was visible on day 4 following
infection with KOS/29. This low-level RNA expression was
probably not detected in the previous experiment because of
the shorter exposure time. These RNAs were assayed in three
separate Northern blots to ascertain that there was no cross-
contamination of the samples. Furthermore, LAT-probe-pos-

KOS(M) or KOS/29. Total RNA was prepared from CV-1 cells
harvested at 16 h postinfection. Lanes: 1, 5 pg of RNA from
KOS/29-infected cells; 2, 5 ng of RNA from KOS(M) (the parental
wild-type virus)-infected cells; 3, 5 pg of RNA from mock-infected
cells. This blot was probed with the **P-labeled nick-translated LAT
probe (Fig. 1B). The autoradiograph was exposed for 7.5 h. The
locations of size markers (in kilobases) are indicated on the left. The
positions of 28S and 18S rRNA are marked by asterisks.
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FIG. 3. LAT expression during acute infection and latency in
mouse trigeminal ganglia. Mice were infected with HSV-1 KOS(M) or
KOS/29 after corneal scarification. RNA was prepared from trigeminal
ganglia of uninfected mice and mice sacrificed on 3, 4, 5, or 7 days and
6 weeks (latent) postinfection, as indicated above each lane. Each lane
contains 10 pg of total RNA. The Northern blot was hybridized to the
32P-labeled LAT-ICPO probe. This autoradiograph was exposed for 3
days at —70°C. The locations of size markers (in kilobases) are noted
on the left. The positions of 28S and 185 rRNA are marked by
asterisks.

itive cells were detected in trigeminal ganglia at 4 days
postinfection by KOS/29 by in situ hybridization (data not
shown). Figure 4 also shows that trigeminal ganglia infected
with KOS(M) accumulated both 2- and 1.5-kb LATs during the
course of infection. In these experiments, we were unable to
detect ICPO mRNA during acute infection by both wild-type
and mutant viruses. Deshmane et al. (6) have shown that
KOS/29 infection produced virus titers similar to those of
KOS(M) during acute infection of mouse trigeminal ganglia.
Thus, our observed differences in the levels of 2-kb transcripts
are not due to decreased viral replication by KOS/29 relative to
the parental virus.

A 2-kb LAT-related transcript is expressed by KOS/29
during reactivation of latently infected trigeminal ganglia.
Figure 5 compares LAT expression by KOS/29 and KOS(M)
during reactivation of latently infected trigeminal ganglia. In
these experiments, trigeminal ganglia were incubated in media
without a cell monolayer (as is usually done for explant
cocultivation). We noted that acridine orange staining of the

KOS(M) KOS/29

FIG. 4. LAT expression during acute infection in mouse trigeminal
ganglia. Mice were infected with KOS(M) or KOS/29 following corneal
scarification. RNA was prepared from trigeminal ganglia of uninfected
mice and mice sacrificed 4 or 7 days postinfection, as indicated above
each lane. Approximately 10 ug of RNA isolated from these trigeminal
ganglia was processed for Northern blot analysis and probed with the
32P-labeled LAT-ICPO probe. This autoradiograph was exposed for 10
days at —70°C. The locations of size markers (in kilobases) are
indicated on the left in kilobases. The positions of 28S and 18S rRNA
are marked by asterisks.
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FIG. 5. LAT expression during reactivation following explant cul-
tivation of latently infected mouse trigeminal ganglia. This northern
blot illustrates what happens to LAT expression during reactivation.
Trigeminal ganglia from mice latently infected with KOS(M) or
KOS/29 were explanted and incubated in tissue culture media at 37°C
for 1, 3, or 7 days, as indicated above each lane. Approximately 10 pg
of RNA isolated from these trigeminal ganglia was processed for
Northern blot analysis and probed with the **P-labeled LAT-ICPO
fragment. It was noted that acridine orange staining showed that lane
3 had a little more RNA than the other lanes (data not shown). The
right lane is a 7-day exposure of the day 7 lane. The autoradiographs
shown in the other lanes were exposed overnight at —70°C. The
locations of size markers (in kilobases) are indicated on the left. The
positions of 28S and 18S rRNA are marked by asterisks.

RNA gel indicated that lane 3 [KOS(M), day 7] may have had
a little more RNA than the other lanes (data not shown). This
was considered when comparing LAT and ICP0O RNA levels at
different times. This Northern blot shows that the wild-type
virus expresses both 2- and 1.5-kb LATSs at day 1 of reactiva-
tion. The levels of the 1.5-kb LAT appear to have decreased to
a greater extent than those of the 2-kb LAT by day 7. On day
7, ICPO mRNA was also detected, indicating that the cascade
of lIytic cycle HSV-1 gene expression had been initiated.
KOS/29 did not express detectable levels of LATs on days 1
and 3 of reactivation. By day 7, both a 2-kb LAT-related RNA
and ICP0O mRNA were detected in RNA from trigeminal
ganglia of KOS/29-infected mice. This is most clearly seen in
the far right lane, which is a 7-day exposure of reactivation on
day 7. A second reactivation experiment indicated that KOS/29
LAT gene expression occurred as early as day 5 postexplant
(data not shown). The 1.5-kb LAT was undetectable during
reactivation of trigeminal ganglia latently infected with KOS/
29. The data for KOS/29 LAT-related RNA expression suggest
the presence of a second promoter in the LAT gene which can
function in tissue culture infection, at low levels in acute
infection in trigeminal ganglia, and during reactivation of
latently infected trigeminal ganglia, at least in the absence of
the LAT TATA promoter. The 2-kb LAT-related RNA made
from this second promoter does not appear to be processed to
the 1.5-kb RNA found in ganglia from animals acutely and
latently infected with the wild-type virus.

HSV-1 variant strain 1704 expresses a 2-kb LAT-related
transcript during acute infection in tissue culture cells. We
have reexamined LAT expression by another LAT promotor-
less mutant, strain 1704, to begin delimiting the possible
location of this second LAT promoter. Strain 1704 contains a
3.5-kb deletion in the BamHI-B site which largely disrupts one
copy of the LAT promoter and 2-kb LAT (19) (Fig. 1).
BamHI-E has a 0.94-kb deletion encompassing the LAT
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FIG. 6. LAT and ICP0O mRNA expression in CV-1 cells produc-
tively infected with strain 17* or variant 1704. Total RNA was
prepared from CV-1 cells harvested 5 or 16 h postinfection with HSV-1
17* or strain 1704 as indicated above each lane. Approximately 10 pg
of RNA was loaded in each lane. This Northern blot was probed with
the *?P-labeled LAT-ICPO fragment. The autoradiograph was exposed
for 40 min at —70°C. The locations of size markers (in kilobases) are
indicated on the left. The positions of 28S and 18S rRNA are marked
by asterisks.

TATA promoter and some flanking sequences but not affect-
ing the 5" end of the 2-kb LAT. The Northern blot in Fig. 6
shows LAT and ICPO expression in CV-1 cells at 5 and 16 h
postinfection. The parental strain of 1704, HSV-1 17%, was
used as a positive control for LAT expression. As expected,
following wild-type virus infection, a 2-kb LAT and ICPO were

J. VIrOL.

first visible at 5 h and further accumulated at 16 h. A similar
pattern resulted from infection with strain 1704, albeit at a
lower level of expression. A 2-kb LAT-related RNA was also
made 5 and 10 days following reactivation of trigeminal ganglia
latently infected with strain 1704 (data not shown). Thus, the
second promoter for the LAT gene must be located outside the
940-nucleotide deletion in the LAT promoter region of strain
1704.

DISCUSSION

The data presented in this paper suggest the existence of a
promoter which can function in the absence of the LAT TATA
promoter during lytic infection and reactivation to produce a
2-kb transcript mapping to the LAT region. Wechsler et al.
have mapped the 5’ end of the 2-kb LAT from latently infected
rabbit trigeminal ganglia and human ganglia (43, 44). Wagner
et al. (41) used primer extension and S1 nuclease protection
experiments to map the 5’ end of the LAT to the position
shown in Fig. 7. The LAT-related transcript appears to be
indistinguishable by size from the 2-kb LAT in our Northern
blot analyses (Fig. 2 and 4 to 6). Furthermore, the LAT-related
transcript was recognized by both nonoverlapping probes
(LAT and LAT-ICPO) used to detect the 2-kb LAT (Fig. 2 and
4 to 6) (data not shown). This suggests that the 2-kb LAT and
LAT-related transcript must be colinear for at least a signifi-
cant length of sequence (approximately 1,000 bp). The region
of overlap is further delimited by the deletion in strain 1704
which pushes the 5" end of LAT-related transcript closer to
that published for the 2-kb LAT (Fig. 7). In addition, Northern
blot analyses demonstrate that the LAT-related transcript is
recognized by an oligonucleotide that maps 59 bp downstream
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FIG. 7. The location of the 2-kb LAT-related transcript and the cryptic LAT promoter. (A) PstI-Pstl deletion in KOS/29 and BstEII sites
important in mapping the 2-kb transcript and cryptic promoter from KOS/29 and 1704. (B) Relative positions of double-stranded (nick-translated)
probes and a single-stranded (22-mer) oligonucleotide used in detecting the 2-kb LAT and LAT-related transcript by Northern blot analyses. The
oligonucleotide (PR9) hybridizes to a sequence starting 59 nucleotides downstream of the 5’ end of the 2-kb LAT. The double-stranded,
nick-translated probes are described in the legend to Fig. 1. The fact that all these probes recognize both RNAs indicates that the 2-kb LAT and
LAT-related transcript share a large area of sequence identity (marked by the large, bold, colinear arrows). (C) Boxes with diagonal stripes show
that the cryptic LAT promoter may be located either in 300 bp remaining upstream of the 2-kb LAT or anywhere in the region starting more than
1,226 bp further upstream of this site. The 5’ end of the 2-kb LAT is positioned at nucleotide 6897.
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of the 5’ of the 2-kb LAT (data not shown). These data suggest
that in the absence of the LAT TATA box, the LAT gene can
express an RNA (LAT-related transcript) which is highly
homologous, possibly even identical, to the 2-kb LAT.

Our studies with HSV-1 variant strains KOS/29 indicate that
the cryptic promoter in the LAT gene can efficiently drive
LAT-related transcript expression during productive infection
of tissue culture cells. This cryptic promoter also functions
during reactivation by explant cultivation and, at low levels,
during acute infection of mouse trigeminal ganglia. In agree-
ment with the findings of Dobson et al. (7) and Deshmane and
Fraser (5), we did not detect KOS/29 LAT gene expression
during latency. Thus, transcription from this second promoter
may be regulated by a mechanism different from that control-
ling LAT TATA promoter activity. The LAT genes have been
placed in a separate HSV-1 gene kinetic class (the A gene class)
because they are the only viral genes transcribed during latency
in the absence of other viral gene products (33). Expression of
the LAT from the second promoter appears to be regulated
similarly to HSV-1 late (y) genes rather than A genes because
synthesis of the 2-kb LAT-related transcript by KOS/29 and
strain 1704 was observed during late times in acute infection
and reactivation (Fig. 2 and 4 to 6).

Another interesting property of LAT gene transcription by
KOS/29 is the absence of a 1.45- or 1.5-kb LAT. Various
groups have shown that these smaller LATs are splice products
of the 2.0-kb LAT (34, 42, 44). This splicing activity occurs
during latency in mouse trigeminal ganglia and may occur late
in infection (33) (Fig. 3 and 4). Our data show that during
reactivation of trigeminal ganglia latently infected with KOS/
29, a 1.5-kb RNA was undetected despite the significant
amounts of the 2-kb LAT-related transcript produced (Fig. 5).
One possible explanation is that there may be subtle sequence
differences that prevent splicing of the 2-kb LAT-related
transcript. Another possibility is that production of 1.5-kb LAT
occurs only during latency and, possibly, acute infection but
not during reactivation. This hypothesis suggests that during
late stages of acute infection by wild-type virus there may be a
mixed population of infected cells. One group of cells may be
acutely infected, producing only the 2-kb LAT, and another
group of cells may be latently infected, accumulating both 2-
and 1.5-kb LATs. Thus, the accumulation of the 1.5-kb LAT
during acute infection by KOS(M), shown in Fig. 4, may have
occurred in a group of cells that reached latency while other
cells were undergoing acute infection. This explanation also
accounts for the observation that the levels of 1.5-kb LAT drop
more rapidly than those of the 2-kb LAT following reactivation
of trigeminal ganglia latently infected with wild-type virus (6,
7) (Fig. 5). This may be due to the differential stability of
accumulated 2- and 1.5-kb LATs and/or to a decrease in
splicing efficiency of newly synthesized 2-kb LAT. Northern
blot analysis cannot distinguish between increased rates of
transcription and accumulation of a stable transcript.

Our data indicate that the 2-kb LAT-related transcript made
during reactivation of trigeminal ganglia latently infected with
KOS/29 is newly transcribed since we and others have observed
that this virus does not accumulate LATs during latency (6, 7)
(Fig. 3) (data not shown). Thus, new transcription seems to
cause accumulation of a LAT-related transcript during KOS/29
reactivation of latently infected trigeminal ganglia. This sug-
gests that in the wild-type virus, it is possible that the LAT
TATA promoter functions during latency to synthesize both 2-
and 1.5-kb LATs and the cryptic LAT promoter acts late in
reactivation to produce only the 2-kb LAT. The commonly
observed decrease in 1.5-kb LAT expression during reactiva-
tion may be due to a switch in transcription between the two
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promoters, one producing a spliceable 2-kb LAT and the other
producing a nonspliceable 2-kb LAT.

We have been localizing the cryptic promoter by examining
LAT expression by HSV-1 strain 1704, which has a large
spontaneous mutation encompassing the deletion in KOS/29.
More specifically, strain 1704 has a 3,758-bp deletion in the
unique long (U, ) and internal long (IR;) repeat elements
which disables one copy of the LAT gene and a 942-bp deletion
in the long terminal repeat element (TR, ) which removes the
LAT TATA promoter (16). This virus has been previously
shown not to express LATs or mLATSs during latency in mouse
trigeminal ganglia (21, 35). Yet, our Northern blot demon-
strates that a 2-kb LAT-related transcript is expressed by tissue
culture cells infected with strain 1704 to a level approaching
LAT expression by the wild-type virus. Furthermore, this
LAT-related transcript is also made 5 and 10 days following
reactivation of trigeminal ganglia latently infected with strain
1704 (data not shown). Thus, the fact that both KOS/29 and
strain 1704 produce LAT-related transcripts despite their very
different deletions indicates that the cryptic promoter is not an
artifact of the deletion juxtapositioning sequences to create an
active promoter element. We suggest that expression of this
2-kb LAT-related RNA is driven by a promoter located either
in the approximately 300 bp remaining upstream of the 5’ end
of the 2-kb LAT or in a region starting more than 1,226 bp
further upstream of this site (Fig. 7). Sequence analysis has
shown that there is no additional TATA box located between
the LAT TATA promoter and the start site of the 2-kb LAT
(45). The first functional TATAA sequences found upstream
of the LAT 5’ end are the TATA box for U, 56 in the BamHI
B fragment or U, 1 in BamHI E, both located approximately
2,300 bp upstream of the start site for the 2-kb LAT.

Interestingly, late in herpesvirus infections, significant
amounts of long viral transcripts accumulate (2). It has been
suggested that these transcripts represent long readthrough
products of viral genes which are synthesized late in the viral
infectious cycle, when transcript processing begins to break
down as the cell is dying. If this process is occurring late during
HSYV infection of neuronal cells, it is possible that readthrough
transcripts give rise to the 2-kb LAT-related transcript. How-
ever, this hypothesis would require that splicing of the 2-kb
LAT-related RNA from a long precursor still be efficient.

The cryptic LAT promoter may be a TATA-less promoter
like those commonly found in housekeeping genes. House-
keeping promoters and DNA sequences that may contain a
second LAT promoter element share two features: the absence
of a canonical TATA box and the presence of G+C-rich
regions (reviewed in references 8 and 30). Transcription by
many TATA-less promoters is driven by initiator (Inr) ele-
ments encompassing 17 bp around the transcription start site
(31; reviewed in reference 46). These Inr elements are also
found in TATA-containing genes and can function in concert
with a TATA box (31). Thus, the second LAT promoter may
be an Inr-like element functioning in the presence or absence
of the LAT TATA box. We have yet to determine whether the
LAT gene contains an Inr element due to the variability in Inr
consensus sequences.

The present data suggest the intriguing possibility that our
2-kb LAT-related transcript may be the 2-kb LAT. If this is
true, the synthesis of a 2-kb LAT-related transcript by LAT
TATA-promoterless strains KOS/29 and 1704 is consistent
with the idea that during latency the 2-kb LAT is a stable
intron derived from an mLAT, a large primary transcript (7,
10). Various groups have proposed that transcription of this
mLAT starts within 30 bp of the LAT TATA box and ends 8 to
10 kb downstream at a polyadenylation site (7, 49) during
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latent infection. This theory is supported by experiments with
several LAT promoter mutants (7, 21). Supporting this loca-
tion for the promoter during latency is the synthesis of only
globin RNA and not the 2-kb LAT when the globin gene is
inserted just downstream of the LAT TATA box (7). Our
results with KOS/29 and strain 1704 also support this concept.
However, we also show that a cryptic promoter is activated in
the LAT gene during nonlatent conditions, such as cell culture
or acute infections, or after reactivation in vitro. The location
of this promoter is not clear at present, nor is it clear how much
of the primary transcript is similar to the primary transcript
which is synthesized during latency. It is certainly not identical
to the latent primary transcript because of the 5’ deletions in
KOS/29 and strain 1704; however, it may share a common 3’
end. At present, we can be certain that the site of transcription
initiation is not the same as that used during latency. Thus, in
contrast to latent 2-kb LAT, the LAT-related transcript made
by KOS/29 and strain 1704 may be spliced from a much larger
transcript in these nonlatent conditions or it may arise from a
much smaller transcript with or without splicing.

The fact that KOS/29 expresses a 2-kb LAT-related tran-
script during reactivation does not explain why our laboratory
(6) has observed similar rates of reactivation by explant
cocultivation of trigeminal ganglia latently infected with
KOS/29 and KOS(M). The 2-kb LAT-related transcript does
not act in maintaining efficient (wild-type) reactivation kinetics
because strain 1704 has a slow reactivation phenotype (35)
even though it can express a LAT-related transcript in tissue
culture cells and during reactivation of latently infected tri-
geminal ganglia.

In summary, our data suggest that LAT gene expression may
be under the control of multiple promoters which act at
different times during the course of infection, latency, and
reactivation. Primary transcripts made from these different
promoters may give rise to different mature RNA species,
which perform distinct functions, and also to a 2-kb LAT with
a common function. Examining the effects of mutations in
these promoters on LAT expression may help our understand-
ing of the often conflicting data obtained from studies per-
formed with LAT HSV-1 mutants in the past decade.
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