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We have used a minigene construct of the herpes simplex virus type 1 (HSV-1) latency-associated transcript
(LAT) gene to analyze its transcripts in transient transfection assays. A 2.8-kb fragment of the approximately
8.5-kb LAT gene encompassing the 2.0-kb LAT was cloned into a eukaryotic expression vector downstream of
the cytomegalovirus immediate-early gene promoter. Northern hybridization of RNA isolated from transfected
COS-1 cells identified three LAT-specific transcripts, 3.4, 2.0, and 1.4 kb in size. Mapping of these transcripts
by Northern hybridization indicated that the 1.4- and 2.0-kb RNAs are nonoverlapping, while the 3.4-kb RNA
overlaps both smaller RNAs. Reverse transcription-PCR (RT-PCR) and partial sequencing of the 1.4-kb RNA
revealed that this RNA is the spliced exons of the 3.4-kb primary transcript. The 2.0-kb LAT appears to be an
intron accumulating after splicing of the minor LAT (mLAT) pre-mRNA. The splice donor and acceptor sites
for the 2.0-kb LAT identified in transfected and HSV-1-infected cells are identical. Mapping of the branch point
of this intron by RT-PCR in transfected and HSV-1-infected cells, as well as in latently infected murine
trigemial ganglia, shows that it is a guanosine. This branch site does not bear homology to consensus
mammalian branch site sequences. These data provide evidence that the 2.0-kb LAT is an intron of the mLAT
pre-mRNA with a unique branch point.

Herpes simplex virus type 1 (HSV-1) is neurotropic virus
capable of forming latent infections for the lifetime of an
individual. During latency, transcription is restricted to a single
diploid gene within the long repeat elements of the viral ge-
nome. Transcription of this gene generates a family of tran-
scripts known as the latency-associated transcripts (LATs) (49,
54, 58, 65) (Fig. 1). An 8.5-kb LAT is postulated on the basis
of in situ hybridization of infected tissues and the presence of
a promoter element mapping to its 59 end and of a polyade-
nylation signal near its 39 end (41). This transcript is referred
to as the minor LAT (mLAT) based on its abundance. Two
transcripts, the 2.0-kb LAT and the 1.5-kb LAT, are routinely
detectable by Northern hybridization (49, 54, 58, 65). These
RNAs are partially collinear and are thought to evolve by
differential splicing. The 1.5-kb LAT is observed only during
latency in neurons, whereas the 2.0-kb LAT is detectable in
productive infections in tissue culture and animals as well as
during latency (54, 55, 62). During productive infections, the
2.0-kb LAT is produced with the kinetics of a late gene, but
because it is synthesized in latency apparently without prior
viral gene expression, it is considered to be a unique class of
genes, known as the l class (55).

The 2.0-kb LAT does not appear to be polyadenylated (19,
44, 54, 62) and also lacks a cap at its 59 end (19) which maps to
a splice donor sequence GT (33, 34, 56, 62). It has been
proposed that the 2.0-kb LAT is a stable intron derived from
the larger 8.5-kb mLAT (20). Consistent with this proposal,
Farrell et al. (23) showed that the 2.0-kb LAT RNA could be
spliced out of a b-galactosidase transcript containing the LAT
sequences in transient transfections. Additionally, Wu et al.
(67) have recently shown that the majority of the 2.0-kb LAT
transcript is in a nonlinear structure, most likely a lariat. How-

ever, the spliced exons of the putative primary transcript
mLAT have never been detected.

Two promoters involved in the generation of the 2.0-kb LAT
have been identified. These are known as the latency active
promoter 1 (LAP1) (6, 20, 69–71) and the latency active pro-
moter 2 (LAP2) (26). The LAP1 promoter, mapping to the 59
end of mLAT, is the promoter of this putative transcript.
Speculation of a second promoter for the 2.0-kb LAT was
prompted by the observation that deletion mutants of the
mLAT promoter (LAP1) still produce 2.0-kb LAT during pro-
ductive infections in tissue culture and animals but not during
latency (43). Subsequently, a second promoter element, LAP2,
was mapped at or near the 59 end of the 2.0-kb LAT (26). This
promoter, which lacks a TATA box but has a putative initiator
element, may drive transcription of the 2.0-kb LAT during
productive infections (11, 43). Studies with virus mutants have
revealed that LAP1 operates primarily in latency (11, 20) and
LAP2 is mainly active in productive infections (11, 43). Since
the LAP2 promoter abuts the 59 end of the 2.0-kb LAT, it has
been proposed that the 2.0-kb LAT and the 8.5-kb LAT may
be separate transcripts generated by transcription from these
different promoters (26).

The functions of the LATs have not been clearly deter-
mined. Some LAT deletion mutants display a slow reactivation
phenotype (57) or appear to establish latency with reduced
efficiency (52). However, these phenotypes may be directly
attributable not to the LATs but to other newly identified
transcripts that overlap the LAT region (8, 35–37, 53, 68).
During latency, the LATs are nuclear localized; however, in
productive infections of tissue culture cells and SCID mice
brainstems, the 2.0-kb LAT is present in the cytoplasm (44).
We have previously shown that the majority of cytoplasmic
2.0-kb LAT is not associated with polysomes in productively
infected tissue culture cells (44), suggesting that this transcript
is not translated under these conditions. Nevertheless, the
preservation of the stability of the LAT intron in all isolated
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HSV-1 and HSV-2 strains suggests that this RNA may have
additional undiscovered functions.

In this report, we present evidence that the 2.0-kb LAT is an
intron (LATin) accumulating after splicing of the mLAT pre-
mRNA both in cells transfected with a LAT minigene expres-
sion vector and in cells infected with HSV-1. Additionally, we
report the detection of the spliced exons of mLAT (LATex) in
transiently transfected cells by Northern hybridization and in
infected cells by reverse transcription-PCR (RT-PCR). In
transfected cells, the 2.0-kb LAT intron localizes to the cyto-
plasm, demonstrating that LAT localization is not dependent
on viral gene expression. We have mapped the branch point of
the 2.0-kb LAT intron expressed by the LAT minigene vector
and HSV-1 by using a novel RT-PCR technique. We have
identified the branch point as a guanosine, the first identified
example of an intron using this nucleotide as a branch point in
vivo. These data imply that the stability of the 2.0-kb LATin
may relate to its unique branch point.

MATERIALS AND METHODS

Plasmids. The PstI-MluI restriction fragment of HSV-1 strain F DNA encom-
passing the 2.0-kb LAT coding region was previously subcloned into the vector
pGEM4Z (Promega) to yield pGEM4Z PstI-MluI (56). The HSV-1 DNA was
removed from this plasmid by digestion with restriction enzymes EcoRI and
HindIII and cloned into the eukaryotic expression vector pcDNA3 (Invitrogen)

at these sites to generate plasmid pcDNA3 PstI-MluI (Fig. 1C). pcDNA3 ex-
presses the neomycin resistance gene and contains a polylinker region flanked by
the cytomegalovirus (CMV) immediate-early (IE) gene promoter and the bovine
growth hormone gene polyadenylation sequence. Plasmid pcDNA3 PstI-MluI
DCMV was generated by deletion of the NruI-HindIII restriction fragment con-
taining the CMV IE promoter from the parent plasmid pcDNA3 PstI-MluI (Fig.
1C).

Cell culture and HSV-1 preparation. CV-1 cells were propagated and main-
tained in Eagle’s minimum essential medium supplemented with 5% calf serum
at 37°C with 5% CO2. Subconfluent CV-1 monolayers were infected with 1 PFU
of HSV-1 strain F or strain 171 per cell. Virus was concentrated from the
medium as described previously (17, 18). Virus titers were assayed on CV-1 and
BHK cells.

Cell culture and transfection. COS-1 cells were maintained and propagated in
Iscove’s media supplemented with 5% calf serum at 37°C with 5% CO2. Cells
(7.5 3 105 to 1.5 3 106) were seeded in 100-mm-diameter plates and grown
overnight. Monolayers at approximately 70% confluence were transfected by the
calcium phosphate precipitation method with 20 mg of plasmid DNA in 125 mM
CaCl2, 25 mM HEPES–140 mM NaCl–0.75 mM Na2HPO4 (pH 7.05) (4). After
16 h of incubation, cells were washed with phosphate-buffered saline (PBS),
shocked with 15% glycerol in PBS for 1 to 2 min, washed with PBS, and refed
with fresh medium. At 44 to 48 h posttransfection, cells were harvested for RNA
isolation as described below.

Cell fractionation, RNA extraction, and Northern hybridization. Transfected
cells to be fractionated were washed with PBS and harvested in reticulocyte
standard buffer (RSB; 10 mM Tris-HCl [pH 7.4], 10 mM NaCl, 3 mM MgCl2) at
4°C. After a 10-min incubation at 4°C, cells were lysed with the addition of 0.1
volume of 10% Nonidet P-40 and subsequent vortexing. Nuclei were isolated by
centrifugation through a sucrose cushion (0.33 M sucrose in RSB). Nuclear RNA

FIG. 1. The HSV-1 LATs. (A) Linear map of the HSV-1 genome. The 152-kb double-stranded DNA genome with its unique long region (UL) and a unique short
region (US) bounded by inverted repeat elements is represented. The terminal repeat long (TRL) and the internal repeat long (IRL) flank the unique long region, and
the terminal repeat short (TRS) and the internal repeat short (IRS) flank the unique short region. (B) The LAT region of the HSV-1 genome. The LAT region of the
genome is enlarged to show different transcripts that map to this region (LATs, L/STs, ICP0, g34.5, ICP4, UL54, UL55, and UL56). The relevant restriction enzyme
sites are shown. The putative 8.5-kb primary transcript mLAT and the postulated spliced exons of mLAT, LATex, are represented by dotted arrows. (C) The LAT
minigene expression vector. A 2.8-kb fragment of the mLAT gene encompassing the 2.0-kb LAT region was cloned into a eukaryotic expression vector containing the
CMV IE gene promoter to generate plasmid pcDNA3 PstI-MluI (pLAT). The CMV IE promoter and the postulated LAP2 promoter region are represented by
boldface lines. Transcripts expected if the 2.0-kb LAT is an intron are depicted. The DNA fragments used as probes are shown: A, 0.4-kb StyI-StyI; B, 0.9-kb
BstEII-BstEII; and C, 1.0-kb BstEII-BstEII. Positions of the oligonucleotide Tail and PCR primers specific for exon 1 and exon 2 of mLAT are indicated. BGH, bovine
growth hormone.
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was isolated from the pellet, and cytoplasmic RNA was isolated from the super-
natant (44).

RNA was isolated by the guanidium thiocyanate extraction-cesium chloride
centrifugation procedure of Chirgwin et al. (12) as modified by Spivack and
Fraser (54). Total RNA and nuclear RNA were isolated by homogenization of
cells or tissue, or nuclei, in guanidium thiocyanate solution (4 M guanidium
thiocyanate, 0.5% sodium lauroylsarcosine, 100 mM b-mercaptoethanol, 25 mM
sodium citrate [pH 7.0], 0.1% antifoam A [Sigma Chemical Co.]) for 20 s with a
cell disrupter (Brinkmann Instruments Inc.). To isolate cytoplasmic RNA, 0.1
volume of extraction buffer (1 M b-mercaptoethanol, 0.25 M sodium citrate, 5%
sodium lauryl sarcosinate) and guanidium thiocyanate (to a final concentration
of 4 M) were added to cytoplasmic extracts in RSB. COS-1 or CV-1 cells were
infected at 1 PFU per cell and harvested at 16 to 20 h postinfection for total
RNA.

Northern analysis was performed as previously described (44, 54), with some
modifications. Ten-microgram aliquots of glyoxalated RNA were electropho-
resed on 1.2% agarose gels, vacuum blotted to a nylon membrane (GeneScreen
Plus; NEN), and UV cross-linked. DNA probes were subfragments of the HSV-1
strain F BamHI fragment B (46). BamHI-B subfragments were generated by
restriction digestion, isolated by gel electrophoresis, and purified. The positions
of these fragments relative to the LAT locus are indicated in Fig. 1C. RNAs were
hybridized to heat-denatured 32P-labeled nick-translated DNA probes overnight
(54). Membranes were washed twice each in 13, 0.53, and 0.13 SSPE (13 SSPE
is 180 mM NaCl, 10 mM monobasic sodium phosphate [pH 7.7], and 1 mM
EDTA) with 1% sodium dodecyl sulfate for 20 min at 65°C (44). The oligonu-
cleotide Tail (59 CAAGAGGAAACCTCCCTCGGCCCCCGCGCTGCTTCTG
GGCCGCGGGGGCCGAGGAAGTGTG 39) was also used as a probe for
Northern hybridization. The position of this oligonucleotide relative to the 2.0-kb
LAT RNA is shown in Fig. 1C. The 32P end-labeled oligonucleotide was hybrid-
ized to RNAs as outlined above, and membranes were washed as indicated
except that washes were carried out at 50°C. All membranes were exposed for
autoradiography to Reflection film (Dupont) with an intensifying screen (Du-
Pont).

RT-PCR and sequencing of the LAT splice junction. cDNA was synthesized
from total RNA of transfected or infected cells with the Superscript preampli-
fication system (Gibco-BRL) as instructed by the manufacturer. Primers Exon 1
(59 GCTCCATCGCCTTTCCTGTTC 39) and Exon 2 (59 TGACGTCCTCGG
CGGCCTC 39) were used to amplify LATex cDNA from transiently transfected
cells. PCR amplifications were done with 2.5 U of Taq 2000 polymerase (Strat-
agene) in 60 mM Tris-HCl–15 mM (NH4)2SO4–1.5 mM MgCl2 at pH 10.0
(Invitrogen) with 1 mM each primer and 1 mM deoxynucleotides. Amplifications
consisted of 35 cycles of denaturation at 94°C for 1 min, annealing at 58°C for 1
min, and extension at 72°C for 1 min. PCR products were resolved by agarose gel
electrophoresis and visualized by ethidium bromide staining. The PCR products
were cloned into a TA cloning vector (Invitrogen) prior to sequencing by an ABI
Prism cycle sequencer.

PCR with primers Exon 1 and Exon 2n (59 TCCTCTGCCTCTTCCTCCTCG
39) was used to amplify LATex cDNA from HSV-1-infected cells (due to
mispriming with primer Exon 2 on viral cDNA). PCR amplifications were done
with 2.5 U of Taq polymerase (Fisher) in 60 mM Tris-HCl–15 mM (NH4)2SO4–
2.0 mM MgCl2 at pH 9.5 (Invitrogen) with 1 mM each primer and 1 mM
deoxynucleotides. Amplifications consisted of 35 cycles of denaturation at 94°C
for 1 min, annealing at 60°C for 1 min, and extension at 72°C for 1 min. PCR
products were resolved by agarose gel electrophoresis and visualized by ethidium
bromide staining. The 245-bp PCR product was cloned into a TA cloning vector
(Invitrogen) prior to sequencing.

Mapping of the 2.0-kb LATin branch point by RT-PCR. DNase-treated total
RNA isolated from transfected or infected cells or infected ganglia was tran-
scribed into cDNA with the Superscript preamplification system (Gibco-BRL) as
instructed by the manufacturer. cDNA was synthesized from transfected cell
RNA with primer Branch (the sequences of primers for mapping the LAT
branch point are shown in Table 1) at 50°C for amplifications with primers E and
End and at 42°C for amplifications with primer E and primer A, B, C, or D.
Primer Branch is complementary to the 59 end of the 2.0-kb LAT RNA, with the
addition of three degenerate nucleotides at the 39 end of the primer. PCR
amplifications with primers E and D, E and C, E and B, or E and A were done
with 2.5 U of Taq polymerase (Fisher) in 60 mM Tris-HCl–15 mM (NH4)2SO4–
2.0 mM MgCl2 at pH 10.0 (Invitrogen) with 1 mM each primer and 1 mM
deoxynucleotides. Amplifications consisted of 35 cycles of denaturation at 94°C
for 1 min, annealing at 60°C for 1 min, and extension at 72°C for 1 min. PCR
amplifications for the LAT branch point were done by using primers E and End
with 2.5 U of Taq polymerase (Fisher) in 60 mM Tris-HCl–15 mM (NH4)2SO4–
1.5 mM MgCl2 at pH 9.0 (Invitrogen) with 1 mM each primer and 1 mM
deoxynucleotides. Amplifications consisted of 35 cycles of denaturation at 94°C
for 1 min, annealing at 71°C for 1 min, with the temperature dropping 1°C every
4 cycles and the final 15 cycles at 66°C, and extension at 72°C for 1 min. PCR
products were resolved by agarose gel electrophoresis and visualized by ethidium
bromide staining. The PCR products were cloned into a TA cloning vector
(Invitrogen) and subsequently sequenced with an ABI Prism cycle sequencer.

cDNA was synthesized from infected cell RNA with primer Branch, BranchG,
or End or random primers at 50°C. PCR amplification of the viral LAT branch
point was done with primers E and End. Amplifications were done with 2.5 U of

Taq polymerase (Fisher) in 60 mM Tris-HCl–15 mM (NH4)2SO4–1.5 mM MgCl2
at pH 9.0 (Invitrogen) with 1 mM each primer and 1 mM deoxynucleotides.
Amplifications consisted of 35 cycles of denaturation at 94°C for 1 min, annealing
at 71°C for 1 min, with the temperature dropping 1°C every 4 cycles and the final
15 cycles at 66°C, and extension at 72°C for 1 min. PCR products were resolved
by agarose gel electrophoresis and visualized by ethidium bromide staining. The
300- and 250-bp PCR products were cloned into a TA cloning vector (Invitrogen)
and subsequently sequenced with an ABI Prism cycle sequencer.

RESULTS

The 2.0-kb LAT is an intron spliced from mLAT in transient
transfection assays and viral infection. To examine the expres-
sion of the HSV-1 2.0-kb LAT in transient transfection assays,
we constructed a LAT minigene expression vector. A detailed
map of the LAT locus and the expression construct is depicted
in Fig. 1. A 2.8-kb fragment of the mLAT gene encompassing
the 2.0-kb LAT RNA was cloned into the polylinker site of
vector pcDNA3 (Invitrogen), between the CMV IE gene pro-
moter and the bovine growth hormone gene polyadenylation
signal. The vector was transfected into COS-1 cells, and at 44
to 48 h posttransfection, total RNA, nuclear RNA, or cytoplas-
mic RNA was isolated and analyzed by Northern hybridization.
Additionally, total RNA was isolated from COS-1 cells and
from COS-1 cells infected for 16 h with HSV-1 strain 171 at a
multiplicity of infection of 1. The same Northern blot was
hybridized to three different probes (Fig. 2), mapping 59 to the
2.0-kb LAT (probe A), overlapping the 2.0-kb LAT as well as
the region upstream (probe B), and within the 2.0-kb LAT
(probe C) (Fig. 1C). Northern blots were also routinely probed
with plasmid pBSS (27), containing the human rRNA 59 ex-
ternal transcribed spacer, to verify that cytoplasmic RNA was
not contaminated with nuclear RNA (data not shown) (44).

Probe B detects the expression of three transcripts, 3.4, 2.0,
and 1.4 kb in size (Fig. 2, lanes 3 to 5). The 3.4-kb RNA is
mostly nuclear, the 1.4-kb RNA is mainly cytoplasmic, and the
2.0-kb RNA is similarly abundant in equal quantities of nuclear
and cytoplasmic RNA (Fig. 2; compare lanes 4 and 5). The size
and cellular distribution of these transcripts suggested that the
3.4-kb RNA may be the truncated mLAT primary transcript
and that the 1.4-kb RNA may be the spliced exons of this
transcript.

To clarify the relationship between these three transcripts,
the RNAs were mapped by reprobing this blot with two other
probes, one specific for sequences within the 2.0-kb LAT
(probe C) and one specific for sequences upstream of the
2.0-kb LAT (probe A). Two transcripts, the 3.4- and 2.0-kb
RNAs, were detected with probe C (Fig. 2, lanes 8 to 10). In
virally infected cells, this probe detects the 2.0-kb LAT as well
as the antisense ICP0 transcript (Fig. 2, lane 7). Probe A also

TABLE 1. HSV-specific oligonucleotides for intron branch
point mapping

Primera Sequenceb Locationb

A CTGGGAGGGAGACAAGAGGAAA 121418–121397
B CGAGGAAGTGTGCCCGGAAGAC 121357–121336
C AGACGCGCCACGCGGAGACTTC 121339–121318
D GGAGACTTCCGGGGCCGTCC 121326–131307
E GGGGCATCACTGTGTTACCC 121058–121077
Branch AGAAGCAGGTGTCTAACCTACNNN 119484–119464
End AGAAGCAGGTGTCTAACCTAC 119484–119464
BranchG AGAAGCAGGTGTCTAACCTACCCG 119484–119464

and 121344–
121342

a As indicated in Fig. 5.
b Based on published sequences (40).
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detects only two transcripts, the 3.4- and 1.4-kb RNAs (Fig. 2,
lanes 13 to 15). These results are consistent with the 3.4-kb
RNA being the primary transcript from which the 2.0-kb
LATin and the 1.4-kb LATex are spliced.

To verify this hypothesis, we demonstrated by RT-PCR and
sequencing that these exons are spliced together and identified
the splice donor and acceptor sites of the 2.0-kb LAT. Total
RNA from COS-1 cells transiently transfected with pcDNA3
PstI-MluI was amplified by RT-PCR with primers Exon 1 and
Exon 2, specific for the putative mLAT exons (Fig. 1C). PCR
products were separated by agarose gel electrophoresis (Fig.
3A). The major 275-bp PCR product was cloned into a TA
cloning vector, and several clones were sequenced. To deter-
mine if splicing of mLAT was also occurring in virally infected
cells and if the same splice donor and acceptor sites of mLAT
were recognized, total RNA from CV-1 cells infected over-
night with HSV-1 strain F was also amplified by RT-PCR with
primers specific for the putative mLAT exons. In this case,
primers Exon 1 and Exon 2n were used for PCR due to
mispriming of primer Exon 2 on viral cDNA. PCR products
were separated by agarose gel electrophoresis (Fig. 3A), and
the 245-bp PCR product was cloned into a TA cloning vector
prior to sequencing. The splice junction of the LAT exons
identified in transfected and infected cells was the same. The
sequence at the splice junction of the LATex is shown in Fig.
3B, with the corresponding sequences of the mLAT DNA. The
GT of the splice donor site at the 59 end of the 2.0-kb LATin
begins at nucleotide 119464, and the AG of the splice acceptor
site of the intron ends at nucleotide 121418 of the HSV-1
genome (40). This is in agreement with the previously pub-
lished splice donor and acceptor sites of the 2.0-kb LATin (23).
A minor 400-bp PCR product was also occasionally amplified
by RT-PCR from cells transfected with the LAT expression
vector. The splice donor and acceptor sites of the 2.0-kb LAT
at nucleotides 119464 and 121418 were used, but this product
contained an additional exon corresponding to nucleotides
119611 to 119739 of the LAT gene. The sequence at 119739 is
the splice donor site of the inner intron of the 2.0-kb LAT,
which was thought to be neuron specific (56). We attribute

these splicing events to overexpression of the LAT in trans-
fected cells relative to virally infected cells (Fig. 2) and note
that these products are not amplified from virally infected cells
(Fig. 3A).

The 2.0-kb LAT as a primary transcript expressed from the
LAP2 promoter could not be detected. The sequences for the
LAP2 promoter element lie within the LAT sequences present
in our minigene vector. To assess the contribution of this
promoter element to the synthesis of the 2.0-kb LAT in this
system, we deleted the CMV IE promoter element from this
vector, generating plasmid pcDNA3 PstI-MluI DCMV (Fig.
1C). Total RNA was isolated from COS-1 cells transfected
with the wild-type expression vector pcDNA3 PstI-MluI or the
CMV promoter deletion mutant pcDNA3 PstI-MluI DCMV
and analyzed by Northern hybridization with probe C (Fig. 4).
The amount of 2.0-kb LAT detected in cells transfected with
plasmid pcDNA3 PstI-MluI DCMV was low (Fig. 4, lane 1)
compared to the level detected in cells transfected with the
wild-type plasmid (Fig. 4, lane 3). By PhosphorImager (Mo-
lecular Dynamics) analysis, the ratio of LAT expression of
wild-type expression plasmid to this mutant was approximately
500:1 in this experiment and was consistently greater than
100:1 in different experiments. Thus, LAP2 promoter se-
quences do not contribute significantly to the levels of 2.0-kb
LAT observed in this system.

To determine whether the 2.0-kb LAT synthesized from the

FIG. 2. Expression of truncated mLAT, LATin, and LATex RNAs from a
minigene expression plasmid. COS-1 cells were transfected by calcium phosphate
with a LAT minigene expression plasmid (pLAT), and total RNA was prepared
from cells (T) or from nuclear (N) and cytoplasmic (C) fractions at 48 h post-
transfection. Total RNA was also isolated from mock-infected (2) or HSV-1
strain 171-infected (1) COS-1 cells at 16 h postinfection. RNAs were analyzed
by Northern hybridization. The same Northern blot was probed with three
different probes, A, B, and C (Fig. 1). The positions of RNA size markers (in
kilobases) are indicated. The three LAT RNAs, 3.4, 2.0, and 1.4 kb, are indicated
by arrows; the asterisk indicates the ICP0 mRNA.

FIG. 3. Identification of the LATin splice donor and acceptor sites. Total
RNA of COS-1 cells transfected with a LAT minigene expression plasmid or
CV-1 cells infected with HSV-1 was reverse transcribed into cDNA. PCR am-
plification of transfected cell cDNA (pLAT) or H2O was done with primers Exon
1 and Exon 2 (Fig. 1C). PCR amplification of HSV-1 cDNA or RNA from
infected cells (no RT) was done with primers Exon 1 and Exon 2n (Fig. 1C). The
PCR products were electrophoretically separated on a 2% agarose gel (A). The
sequence at the splice junction of the LATex cDNA is shown in panel B, with the
corresponding sequences of the mLAT DNA. Intron sequences are in boldface,
and the splice donor and acceptor sites are underlined. Consensus mammalian
sequences for splicing are also shown.
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LAP2 promoter is a primary transcript, we assayed for the
presence and abundance of the LATex by semiquantitative
RT-PCR using primers Exon 1 and Exon 2. Semiquantitative
PCR was done as previously described (16), using serial dilu-
tions of cDNA and selecting a number of cycles within the
linear range of template amplification. LATex cDNA was am-
plified from cells transfected with the wild-type expression
vector as well as the vector deleted for the CMV IE promoter
element. The ratio of LATex expressed by wild-type expression
plasmid to that expressed by the mutant was approximately
200:1 (data not shown). The difference in expression of LATex
assayed by RT-PCR corresponds to the difference in expres-
sion of LATin assayed by Northern hybridization. This finding
suggests that LAP2 promoter-driven transcription of the 2.0-kb
LAT may not initiate at the splice donor site in our LAT
minigene vector.

The branch point of the 2.0-kb LAT intron is a guanosine. It
was recently reported that a portion of the 2.0-kb LAT has a
nonlinear configuration, most likely a lariat (67). Because the
2.0-kb LAT is an intron, some of the molecules may be in a
lariat conformation. As such, the 2.0-kb LAT should be
branched. We used a novel RT-PCR technique to map the
branch point of this intron. DNase-treated total RNA isolated
from COS-1 cells transfected with plasmid pcDNA3 PstI-MluI
was the substrate for cDNA synthesis. Primer Branch used for
cDNA synthesis is complementary to the 59 end of the 2.0-kb
LATin, with three degenerate nucleotides at the 39 end to
extend the area of hybridization past the putative branched
nucleotide (Fig. 5; Table 1). cDNA was synthesized at 50°C for
identification of the LAT intron branch point. Due to limited
mispriming of this degenerate primer during cDNA synthesis
at 42°C, we were able to amplify a series of PCR products from
the 39 end of the 2.0-kb LATin by using primers E and D, E
and C, E and B, or E and A. Primer D begins 91 bases
upstream of the 39 end of the 2.0-kb LATin, and primer A
begins at the splice acceptor site at the 39 end of the 2.0-kb
LATin (Table 1). PCR products were amplified from the 39
end of the LATin with these primer sets for size comparison to
branch point PCR products (see below). Most intron branch
points lie within 100 bases upstream of the splice acceptor site
(42), and so we anticipated that the branch point PCR product

would probably be larger than the PCR product amplified by
primers E and D.

PCR amplification of the branch point was accomplished
with a primer complementary to the 59 end of the 2.0-kb LAT
(End) and an upstream primer (E) (Fig. 5; Table 1). The PCR
products were separated by agarose gel electrophoresis (Fig.
6A). Two PCR products of 250 and 300 bp are visible. These
PCR products were cloned into a TA cloning vector, and
several clones were sequenced. The nucleotide 59 to the splice
donor site of the intron in the 300-bp PCR product was the G
at position 121344 of the HSV-1 genome (40). In the 250-bp
PCR product, the nucleotide 59 to the splice donor site of the
2.0-kb LAT was the G at position 121283. These sequences are
shown in Fig. 7B and C, respectively, hybridized to the primer
Branch. Sequences 39 to the G at position 121344 show no
complementarity to primer Branch; however, the four nucleo-
tides 39 to the G at position 121283 are complementary to the
four nucleotides in primer Branch 59 to the 3 degenerate bases
at its 39 end (Fig. 7C). It is likely that the 250-bp PCR product
results from a misprime at the level of cDNA synthesis, al-

FIG. 4. Expression of the 2.0-kb LAT from LAP2. COS-1 cells were trans-
fected with the wild-type LAT minigene expression plasmid (CMV) or the LAT
expression plasmid deleted for the CMV IE promoter but still retaining the
LAP2 promoter sequences (LAP2). Total RNA was prepared from mock-trans-
fected cells (2) and cells 44 h posttransfection. RNAs were analyzed by Northern
hybridization with probe C (Fig. 1). The positions of RNA size markers (in
kilobases) are indicated.

FIG. 5. Mapping the 2.0-kb LATin branch point. A schematic diagram of the
2.0-kb LATin in a lariat configuration is shown with the primers used for cDNA
synthesis and PCR amplification of the branch point sequence. Sequences of the
primers and their locations in the HSV-1 genome are presented in Table 1.

FIG. 6. RT-PCR mapping of the 2.0-kb LATin branch point. (A) Amplifi-
cation of the 2.0-kb LATin branch point from transiently transfected cells. cDNA
was synthesized from total RNA of untransfected COS-1 cells (COS-1) or cells
transfected with plasmid pcDNA3 PstI-MluI (pLAT) by using primer Branch.
PCR amplification of cDNAs, RNA from transfected cells (no RT), and H2O was
done with the indicated primer sets. PCR products were electrophoretically
separated on a 2% agarose gel and stained with ethidium bromide. Positions of
DNA molecular weight markers are shown. The arrow indicates the PCR prod-
uct containing the branch point of the 2.0-kb LATin. (B) Amplification of the
2.0-kb LATin branch point from virally infected cells. cDNA was synthesized
from total RNA of CV-1 cells infected with HSV-1 strain F by using primer
Branch, BranchG, or End or random primers. PCR amplification of cDNAs,
RNA from infected cells (no RT), and H2O was done with primers E and End.
PCR products were resolved on a 2% agarose gel and visualized with ethidium
bromide staining. Positions of molecular weight markers are shown. The arrow
indicates the PCR product containing the LATin branch point.
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though we cannot rule out that the G at position 121283 is
another LATin branch point with this technique.

As a control for determining which nucleotide within the
branch point region was the nucleotide which had formed a
29-59 phosphodiester bond with the 59 splice donor site, RT-
PCR was also done on introns by using a yeast consensus
branch point sequence, 59 UACUAAC 39. The underlined A is
utilized as the branch site in this sequence (42). Sequenced
RT-PCR products revealed that the nucleotide 59 to the splice
donor site was the branched nucleotide (Fig. 7A). By analogy,
the G at position 121344, the nucleotide 59 to the splice donor
site in the LAT branch point PCR product, is the branched
nucleotide of this intron (Fig. 7B).

To identify the LATin branch point from virally infected
cells, cDNA was synthesized from total RNA of CV-1 cells
infected with HSV-1 strain F, using primer Branch, BranchG,
or End or random primers. In primer BranchG, the three
degenerate nucleotides at the 39 end of the primer are replaced
with the bases complementary to the branch point sequence of
LATin at position 121344 identified from the LAT expression
plasmid (Table 1; Fig. 7B). The LATin branch point was am-
plified by PCR with primers E and End. The PCR products
were separated by agarose gel electrophoresis (Fig. 6B). Again,

two major PCR products are visible at 250 and 300 bp. The
PCR products were cloned into a TA cloning vector (Invitro-
gen), and a number of clones were sequenced. The sequences
of these RT-PCR products were the same as those amplified
from cells transiently transfected with the LAT expression
plasmid. Therefore, the G at position 121344 is also the branch
point of the LATin in virally infected cells.

We have also amplified the LATin branch point from RNA
isolated from the trigeminal ganglia of latently infected mice.
BALB/c mice were infected as previously described (54) with
104 PFU of HSV-1 strain 171 per eye. After several months,
mice were sacrificed and trigeminal ganglia were removed for
extraction of RNA. The RT-PCR products obtained (data not
shown) were identical to those amplified from transiently
transfected cells and virally infected tissue culture cells (Fig. 6).
The sequences of several branch point PCR clones were iden-
tical to those amplified from transfected and infected tissue
culture cells (Fig. 7B and C). Thus, the LATin branch point in
latently infected neurons is also the guanosine at position
121344.

The tail of the 2.0-kb LAT is detectable in transfected and
infected cells. To determine if the tail of the 2.0-kb LAT
downstream of the branch point at nucleotide 121344 was
present on the 2.0-kb LAT, we reprobed the blot shown in Fig.
2 with probe Tail (Fig. 1C). An additional lane of this blot, of
total RNA isolated from CV-1 cells infected with HSV-1 strain
F at 16 h postinfection, is shown. The results are shown in Fig.
8. Probe Tail detects the 2.0-kb LAT in total, nuclear, and
cytoplasmic fractions of cells transfected with the LAT mini-
gene expression plasmid (lanes 3 to 5). Probe Tail also detects
the 2.0-kb LAT from COS-1 cells infected with HSV-1 strain
171 or CV-1 cells infected with HSV-1 strain F (lanes 2 and 6).
These data indicate that the tail of the 2.0-kb LAT is present
on at least a proportion of the 2.0-kb LAT molecules.

DISCUSSION

The data presented in this report provide evidence support-
ing the hypothesis that the 2.0-kb LAT is an intron spliced
from the pre-mRNA mLAT. Previously, Farrell et al. (23)
presented strong evidence in support of this hypothesis by
demonstrating that the 2.0-kb LAT could be spliced out of a
b-galactosidase transcript containing LAT sequences in tran-

FIG. 7. RT-PCR identification of branch points. (A) Identification of the
branch point of a yeast consensus branch site sequence (UACUAAC). A sche-
matic diagram of a primer hybridized to a yeast consensus branch site (UACU
AAC) of an intron is shown. The intron is depicted in a lariat conformation. The
branched nucleotide A is in boldface and underlined. The underlined splice
donor site, GU, at the 59 end of the intron is linked to the branch point A by a
29-59 phosphate linkage. The primer used for cDNA synthesis is shown in low-
ercase hybridized to the 59 end of the intron containing the splice donor se-
quence. The three degenerate nucleotides (n) of the primer for cDNA synthesis
are lacking in the primer for PCR. The arrow indicates the direction of synthesis.
(B and C) Identification of the branch point of the HSV-1 LATin. LATin is
depicted in a lariat conformation. The primer Branch used for cDNA synthesis
is shown in lowercase hybridized to the 59 end of LATin containing the splice
donor sequence. The underlined splice donor site, GU, is linked by a 29-59
phosphate linkage to the underlined branch point nucleotide. The arrow indi-
cates the direction of cDNA synthesis. The three degenerate nucleotides (n) at
the 39 end of primer Branch for cDNA synthesis are lacking in primer End used
for PCR. The branch point G at position 121344 (40) is in boldface and under-
lined (B). The G at position 121283 was also identified as a potential branch
point sequence with this technique and is underlined in (C). The sequence
identified in panel C may be a misprime at the level of cDNA synthesis due to
complementarity of the surrounding sequences to primer Branch.

FIG. 8. Detection of the tail of the 2.0-kb LAT. The Northern blot in Fig. 2
is shown hybridized with probe Tail. COS-1 cells were transfected by calcium
phosphate with a LAT minigene expression plasmid, and total RNA was pre-
pared from cells (T) or from nuclear (N) and cytoplasmic (C) fractions at 48 h
posttransfection. Total RNA was also isolated from mock-infected (2) or HSV-1
strain 171-infected (171) COS-1 cells at 16 h postinfection. An additional lane
of this blot, of total RNA isolated from CV-1 cells infected with HSV-1 strain F
at 16 h postinfection (F), is shown. The positions of the RNA size markers (in
kilobases) are indicated. The arrow indicates the position of the 2.0-kb LAT.
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sient transfections. This is the first report demonstrating the
splicing of the 2.0-kb intron (LATin) from within the context of
mLAT and the observation of the spliced exons of mLAT
(LATex).

Detection of the LATex during transfection and HSV-1 in-
fection confirms that the 2.0-kb LAT is an intron. Transient
transfection of our LAT expression plasmid generated three
LAT-specific transcripts 3.4, 2.0, and 1.4 kb in size. We did not
expect that the 1.4-kb transcript was the 1.5-kb LAT (Fig. 1B),
because this transcript is observed in latency only in small
amounts (54, 55, 62). In addition, the 1.4-kb RNA hybridizes
with probe A, which does not overlap the 1.5-kb RNA ob-
served during HSV-1 latency. The 1.5-kb LAT appears to arise
by splicing of a 500-base intron from the 2.0-kb LATin (56) and
therefore may be a twintron (LATwin) (13).

The nuclear localization of the 3.4-kb RNA and the mostly
cytoplasmic localization of the 1.4-kb RNA, as well as the sizes
of these transcripts, suggested that the 3.4-kb RNA is a trun-
cated mLAT pre-mRNA and the 1.4-kb RNA is the LATex.
Mapping of the transcripts by Northern hybridization (Fig. 2)
and RT-PCR and partial sequencing of the 1.4-kb LATex (Fig.
3) confirmed this hypothesis. The splice donor and splice ac-
ceptor sites of the 2.0-kb LATin, as determined by sequencing
of the splice junction of LATex cDNA, are the expected con-
sensus sequences CAG/GT and NYAG/G, respectively. Imme-
diately upstream of the splice acceptor AG is a stretch of 19
pyrimidines out of 20 nucleotides comprising the polypyrimi-
dine tract associated with the splice acceptor site. These sites
are the same as those identified by the Farrell et al. (23), used
in splicing the 2.0-kb LATin from a b-galactosidase transcript
in which the 2.0-kb LAT had been inserted. Significantly, al-
though the viral mLAT pre-mRNA and LATex transcripts are
not detectable by Northern hybridization, the same splice do-
nor and acceptor sites of mLAT are recognized in productive
viral infections (Fig. 3).

The mLAT pre-mRNA encodes a number of open reading
frames (36). The splicing of the mLAT to yield the LATex
mRNA generates a new open reading frame, which has previ-
ously been referred to as open reading frame B (ORFB) (36).
ORFB is not well conserved between HSV-1 strains F and 171
(36, 40, 66). The protein encoded by ORFB has not been
detected in productively infected cells (36), although it may be
expressed during HSV-1 latency or reactivation.

LATin localization to the cytoplasm is not dependent on
expression of other viral genes. The cellular localization of the
2.0-kb LATin is unusual. In transiently transfected COS-1
cells, a significant amount of the 2.0-kb LATin is cytoplasmic
(Fig. 2). Nevertheless, this corresponds to what is observed in
HSV-1-infected CV-1 cells and murine brainstem cells (44).
Additionally, the localization of the 2.0-kb LATin in trans-
fected cells demonstrates that no viral gene products are re-
quired for cytoplasmic LATin localization. In latently infected
neurons, the 2.0-kb LATin and the smaller 1.5-kb LATwin are
localized in the nucleus (54, 58, 59). It is unclear what cellular
mechanism mediates the localization of 2.0-kb LATin, but it is
likely related to the dynamic state of the cell. The murine
T-cell receptor b RNA introns IVS1Cb1 and IVS1Cb2 and the
human T-cell receptor b RNA intron IVS1Cb1 have been de-
scribed as relatively stable (47). However, unlike the LATin,
the murine IVS1Cb1 intron is localized in the nucleus (47). The
HSV-1 2.0-kb LATin is the only example now identified of a
naturally occurring intron localizing to the cytoplasm in vivo.

The mechanism by which mRNAs and snRNAs are exported
from the nucleus appears to involve RNA binding proteins
(21). From transport studies of retroviral RNAs, it has been
hypothesized that pre-mRNAs are retained in the nucleus due

to bound splicing factors (9, 31, 38). Unspliced retroviral
RNAs code for additional viral proteins and are able to over-
come blocked nuclear export. For HIV RNAs, this mechanism
involves binding to Rev (15). Like pre-mRNAs, introns are not
normally exported from the nucleus. Introns may be retained
in the nucleus by binding the same proteins involved in the
nuclear retention of pre-mRNAs. Because no viral proteins are
required for LATin nuclear export, it is unclear how the LATin
would overcome this potential block. Alternatively, lack of
intron nuclear export could be due to rapid debranching and
degradation of introns. The LATin appears to be resistant to
debranching enzymes and remarkably stable (50). As a result,
LATin may be available for nuclear export by binding the same
proteins involved in nuclear export of mRNA.

Generation of the 2.0-kb LAT from LAP2: intron or exon?
Although the LAP2 sequence elements are present in our LAT
expression vector pcDNA3 PstI-MluI, the promoter is not very
active in transfected COS-1 cells (Fig. 4). The levels of 2.0-kb
LAT produced by the pcDNA3 PstI-MluI DCMV vector were
consistently at least 100-fold less than that observed for the
wild-type expression plasmid pcDNA3 PstI-MluI (Fig. 4). If
the 2.0-kb LAT is produced as a primary transcript from LAP2,
this does not contribute significantly to the amount of LAT
observed in this system. Thus, the majority of the 2.0-kb LAT
produced by this vector is an intron accumulating after splic-
ing.

The small amount of 2.0-kb LAT produced by the LAP2
promoter may also be an intron. RT-PCR amplification of
LATex with primers Exon 1 and Exon 2 from cells transfected
with pcDNA3 PstI-MluI DCMV suggests that transcription of
the 2.0-kb LAT from LAP2 may initiate upstream of the splice
donor site of the intron (data not shown). Primer extension
analysis by Chen et al. (11) demonstrated that the 59 ends of
some transcripts initiating at LAP2 mapped upstream of the
splice donor site of the 2.0-kb LATin. This is consistent with
the LAP2 2.0-kb LAT also being an intron.

The 2.0-kb LAT intron branches at a guanosine. Notably
absent near the 39 end of the 2.0-kb LATin is the mammalian
branch site consensus sequence, YNYURAC, with the branch
point at the adenosine (42). The sequence UUCUAAC, a
consensus branch site, is present at position 1690 relative to
the 59 end of the 2.0-kb LATin. This sequence lies in the
smaller 500-base intron within the 2.0-kb LATin and is pre-
sumably utilized as the branch point in the splicing of this
intron to generate the 1.5-kb LATwin observed in latently
infected neurons (56). The lack of a consensus branch point
sequence and the unusual stability of the 2.0-kb LATin led us
to postulate that the branch site of this intron would be unique.

Using a novel RT-PCR technique, we have identified the
branch point of the 2.0-kb LATin, expressed in both trans-
fected and infected tissue culture cells as well as latently in-
fected neurons, as a guanosine. This is the first known example
of an intron utilizing this nucleotide as a branchpoint in vivo.
Additionally, the branch site of LATin, UUCCGGG, bears
little homology to the consensus mammalian branch site se-
quence YNYURAC. By Northern hybridization, the tail of the
2.0-kb LAT downstream of the branch point is detectable on at
least proportion of the 2.0-kb LAT in transfected and infected
cells (Fig. 8). Because exonucleolytic degradation of RNA ap-
pears to follow debranching of lariat intermediates (10), it is
likely that at least some of these molecules are in a lariat
conformation.

The HSV-1 2.0-kb LAT and HSV-2 2.3-kb LAT, which over-
all have little homology (50%), are highly homologous at their
39 ends (80%) (34, 39) due to overlap with the ICP0 mRNA
coding region on the opposite strand (Fig. 1B). The 39 ends of
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the HSV-1 and HSV-2 LATs are shown in Fig. 9. Interestingly,
there is a base change between the two viruses within the
branch site sequence of the HSV-1 LATin. The corresponding
sequence in HSV-2, UUCuGGG, has less homology to the
consensus mammalian branch point sequence YNYURAC
than the HSV-1 branch site UUCCGGG. Thus, it is unclear
whether this sequence in HSV-2 would be recognized as the
branch point of this intron.

The branch point G of the HSV-1 LATin at position 121344
is complementary to the last base of the ICP0 codon 621, GCC,
coding for alanine (39). In HSV-2, the corresponding G is
complementary to the last base of the HSV-2 ICP0 codon 663,
GCC for alanine (39). Changing the HSV-1 branch point
guanosine to the usual branch point nucleotide adenosine
would alter these codons to GCU, which still encodes alanine.
Thus, there appears to be no selective pressure maintaining
this nucleotide as a G. Indeed, the base preceding this G is
altered in HSV-2, yet the corresponding ICP0 codons in both
HSV-1 (CGG) and HSV-2 (AGG) encode the amino acid
arginine.

Splicing of the 2.0-kb LAT is unusual during the limited
splicing of HSV-1 infection. Of the more than 70 genes en-
coded by HSV-1, only 6 generate transcripts that are spliced to
any great extent (14, 25, 45, 63, 64; reviewed in reference 28),
although nominal splicing of a few other viral transcripts has
been reported (7). These six genes include the IE genes ICP0,
ICP22, and ICP47, the early gene UL15, the late gene glyco-
protein C, and LAT. The IE protein ICP27 disrupts splicing in
infected cells at early times after infection, presumably to favor
viral gene expression (51). Unspliced cellular and viral tran-
scripts accumulate in the nucleus at late times postinfection
(28). Consistent with this finding, only unspliced glycoprotein
C mRNA codes for protein (25). Splicing of LAT is unusual;
there is no accumulation of unspliced mLAT pre-mRNA de-
tectable by Northern analysis in productively infected cells at
late times postinfection. It is possible that the splicing of LAT
is independent of some elements of the splicing machinery
required by other transcripts, or that LAT requires other com-
ponents for splicing. Recently, a new class of rare genes con-
taining AT-AC introns has been described. These introns are
spliced by several newly identified snRNPs which form an
alternate spliceosome (60, 61). By sequence analysis, the splic-
ing of LAT appears to require the normal spliceosome, but the
branch site of the LATin bears little homology to consensus
mammalian branch point sequences and may therefore not be
recognized by the U2 snRNP.

Is LAT intron stability mediated through a guanosine
branchpoint? Some introns use nonadenosine branch points in
vivo (reviewed in reference 48). The second intron of the
human immunodeficiency virus type 1 (HIV-1) tat/rev pre-
mRNA branches mainly at a uracil (22). Selection of this
branch point is suboptimal, allowing some messages to remain
unspliced, which results in the generation of additional viral
proteins. Two cellular genes, the human growth hormone gene
and the calcitonin/calcitonin gene-related peptide I gene, also
have introns with unusual branch points. The first intron of the
human growth hormone pre-mRNA branches at a cytosine
(29). A uracil is the branch point of the third intron of the
calcitonin/calcitonin gene-related peptide I (1, 2). It has been
postulated that the use of uracil and cytosine rather than aden-
osine as branch points may be involved in regulation of splicing
of these pre-mRNAs, because selection of cytosine or uracil
branch points occurs rather inefficiently in vitro, while the exon
joining remains efficient (48).

The choice of this LAT branch point may be facilitated by
the secondary structure of the 39 end of the intron. The sec-
ondary structure of an RNA between a potential branch point
sequence and the 39 splice site may regulate splicing (5). A
schematic diagram of the potential secondary structure in this
region is shown in Fig. 10. There is a potential hairpin structure
between the polypyrimidine tract at the 39 splice site and the
guanosine branch point of this intron. The DG of this hairpin
is calculated to be 239.7 kcal/mol, using version 7.0 of the
GCG package software (Genetic Computer Group, Inc., Mad-
ison Wis.), which suggests that this is a stable stem-loop struc-
ture. This hairpin may be a critical element influencing the
selection of the LATin guanosine branchpoint. Additionally,
the LATin 39 end, which is detectable on at least a proportion
of the transcripts (Fig. 8), may also stabilize the intron. This
potential hairpin may augment the stability of this intron by
binding to proteins and/or blocking the branch point from
debranching enzymes.

Selection of guanosine branch points within a consensus
branch site sequence in vitro is inefficient and inhibits subse-
quent exon joining (24, 30, 48). The selection efficiency of the
2.0-kb LATin guanosine branch point was not determined.
Nevertheless, branch points at other nucleotides were not de-
tected, although using this RT-PCR technique, we have am-
plified branch point sequences of introns which do not accu-
mulate (Fig. 7A and data not shown). Additionally,
accumulation of unspliced mLAT pre-mRNA or splicing in-
termediates of mLAT is not observed during HSV-1 infection

FIG. 9. Sequence homology between the 39 ends of the HSV-1 and HSV-2 LAT introns. The sequences of the 39 ends of the HSV-1 2.0-kb LAT introns and the
HSV-2 2.3-kb LAT introns are shown with the consensus sequences for the mammalian branch point, polypyrimidine tract, and splice acceptor (AG) site. Identity is
indicated by lines between the sequences. The potential HSV-1 2.0-kb LAT intron branch point sequences identified by RT-PCR are underlined in the HSV-1 and
HSV-2 LAT intron sequences. The HSV-1 LAT intron branched nucleotide at position 121344 is in boldface. Spaces were introduced into the HSV-1 or HSV-2
sequences to preserve identity. n, m, and x indicate approximately 100, 12 to 20, and 0 to several nucleotides, respectively.
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or transient transfections with our LAT expression vector. This
may be due to the degradation of these intermediates. Alter-
natively, selection of the LATin branch point may not be in-
efficient or inhibitory to exon joining due to the surrounding
sequences which bear little homology to the consensus mam-
malian branch site sequence or to a novel branch point selec-
tion mechanism.

Most introns are rapidly degraded within seconds of release
from spliceosomes in vivo (reviewed in reference 42). The
degradation of introns is thought to involve debranching of the
intron followed by exonucleolytic cleavage (10). Guanosine
branch points are poor substrates for mammalian debranching
activity (3). The debranching of guanosine branch points oc-
curs at approximately 50% the rate of adenosine branch points
in vitro. Rodahl and Haarr (50) found that the 2.0-kb LAT
lariat RNA was a poor substrate for debranching activity in
vitro. In yeast cells, an intron containing the mutant branch
point sequence UACUACC, with the underlined cytosine
identified as the branch point, accumulated to high levels in a
lariat configuration in vivo and was not efficiently debranched
in vitro (32). Consistent with this finding, Wu et al. (67) have
shown that the majority of the 2.0-kb LATin is in a nonlinear
conformation, most likely a lariat. Together, these data imply
that the stability of the 2.0-kb LATin is related to its unique
branch point.

In conclusion, we have demonstrated that the 2.0-kb LAT is
spliced out of the mLAT pre-mRNA and that the resulting
stable intron has an unusual branch point—a guanosine. We
hypothesis that the selection of a guanosine branch point plays
a role in the extraordinary stability of the 2.0-kb LATin.
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