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Short communication 

The herpes simplex virus type 2 strain HG52 RL1 gene contains a 154 bp 
intron as predicted from sequence analysis 

June E.  Harland,  ~ Sa lwa  Bdour, ~ S. Moira  Brown I and Aiasdair R. M a c L e a n  z*,3 

1MRC Virology Unit and 2 Division of Virology, Institute of  Virology, Church Street, Glasgow G l l  5JR and 
3 Department of  Neurology, Southern General Hospital, University of Glasgow, Glasgow, UK 

The published sequence of the herpes simplex virus 
(HSV) type 2 strain HG52 neurovirulence gene RL1 
indicated that, unlike the HSV-1 homologue, the gene 
contains a 154bp intron. This intron contains six 
complete and one partial copy of a 19 bp repeat which 

encodes a stop codon; thus all three forward frames are 
blocked. By RT-PCR of poly(A) ÷ RNA, using primers 
on either side of the proposed intron, we have isolated a 
partial cDNA clone corresponding to the predicted 
spliced mRNA. 

We and others have previously demonstrated that the 
RL1 gene of herpes simplex virus type 1 (HSV-1) encodes 
a polypeptide, ICP34.5, which is required for virulence 
(Chou & Roizman, 1986; MacLean et al., 1991; 
Thompson et al., 1983, 1989). RL1 lies in the long repeat 
element of the genome between IE1 and the 'a '  sequence 
(Chou & Roizman, 1986, 1990; Dolan et al., 1992). We 
have demonstrated that, similar to HSV-1, deletion of 
sequences in an equivalent region of HSV-2 strain HG52 
also abolishes virulence (Taha et al., 1989a, b). Sequence 
analysis of this region in HSV-2 strain HG52 by 
McGeoch et al. (1991) demonstrated the presence of a 
coding region predicted to encode a polypeptide equiva- 
lent to ICP34.5. However, no polypeptide product has 
yet been identified. The putative ORF is interrupted by 
six complete and one partial copy of a 19 bp repeat which 
includes a stop codon (Fig. 1); this will block all three 
forward reading frames. Thus, unlike the HSV-1 equiva- 
lent, the HSV-2 strain HG52 RL1 gene is predicted to be 
interrupted by an intron. This intron is 154 bp in length 
and is flanked by excellent candidates for splice donor 
and acceptor sites (McGeoch et al., 1991). Only four 
other HSV genes are interrupted by introns, indicating 
that introns are not normally present in HSV genes. So 
far this is the only gene predicted to have an intron in the 
HSV-2 but not the HSV-1 sequence. In this paper the 
presence of an intron, as predicted by sequence analysis, 
is confirmed. 

Recently Langunoff & Roizman (1994) have identified 
in HSV-1 strain F an ORF encoding a polypeptide 
named ORF P running in the antisense direction to 
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ICP34.5. An equivalent ORF is also present in HSV-1 
strain 17. However, only the 5' end of ORF P is similar 
in HSV-2 strain HG52; the sequence similarity disap- 
pears when ORF P encounters the RL1 intron in HSV- 
2 (Langunoff& Roizman, 1994). This finding, in addition 
to the organizational differences between HSV-1 and 
HSV-2, led Langunoff & Roizman (1994) to cast doubts 
on the validity of the sequence analysis demonstrating 
the presence of the intron. This observation provided 
additional reasons to confirm that there was indeed an 
intron in the HSV-2 strain HG52 RL1 gene and to 
identify the precise end-points of the intron-exon 
boundaries. 

Two experiments were performed to confirm the 
presence of the intron: (i) a restriction enzyme fragment 
spanning the intron from a plasmid clone known to 
restore virulence to a virus deleted in RL1 was 
sequenced; and (ii) mRNA was isolated from cells 
infected with HSV-2 strain HG52 and cDNA spanning 
the intron was generated by RT-PCR using primers 
from either side of the intron. Sequence analysis was 
carried out on the cDNA. These approaches confirmed 
the previously published sequence of the RL1 intron and 
identified intron-exon boundaries in agreement with the 
published predictions (McGeoch et al., 1991). 

Sequence analysis of  the HSV-2 strain HG52 intron 

From a clone containing the BamHI g fragment, which 
encodes RL1 (Fig. 2), a 274 bp PflMI-FspI restriction 
enzyme fragment (positions 12497-12770) spanning the 
intron was identified from the published sequence 
(McGeoch et al., 1991) and subcloned into M13mpl9. 
This BamHI g clone had previously been shown to 
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( a )  Star to fexon2  \ /  Endofintron * * * Start of  intron \ /  Endofexon  1 

TGCACGCGCGGCGAGAAGCAC ACCTGCGGGC ....... CGTCAGGGGGTCGG AGGGGAGGCGTACCTTCCCGCGCGGCGCGTCCGCG 

\ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / 

(b) Start ofexon 2 \ /  Endofexon  1 

TGCACGCGCGGCGAGAAGCACACCTTCCCGCGCGGCGCGTCCGCG 

Fig. 1. (a) The wild-type non-coding strand at the proposed i n t r o n ~ x o n  boundaries and part  of  the intron of  the HSV-2 HG52 RL1 
gene. The underlined nucleotides are the bases marked as the exon boundaries in Fig. 3. The 19 bp repeat element in the intron is 
marked by a dotted line and the stop codon by an asterisk. (b) The sequence of the RL1 gene once the intron has been spliced out. 
Again the nucleotides highlighted in Fig. 3 are underlined. This sequence corresponds to the sequence in the c D N A  clones obtained 
from the poly(A) + RNA.  

(a) 

a 

(b) 

(0 

U L 

t-q 

BI 
v 

RL2 

I 

t ~  

ExonlI  _ Intron _ 

3" I ~  I ,, ) 
P \ / R  

N /  

a t 

I1R  II IRs 

H 
BamHI g 

a t 

RL1 

2 

ExonI  

1 5 '  

Fig. 2. (a) The HSV-2 strain HG52 genome is 
illustrated with (b) the BamHI g fragment en- 
coding RL 1 expanded. (c) A schematic diagram of  
the RL1 gene of  HSV-2 strain HG52, illustrating 
the locations of the primers used for cDN A P CR 
and the exou- int ron boundaries. Primer 1 runs 
from nucleotide positions 12493-12527 and 
primer 2 runs from 12754-12788. Nucleotide 
numbering is from McGeoch et al. (1991). The 
positions of the restriction enzyme sites PflMI (P), 
RsaI (R) and FspI (F) are also indicated. 

restore virulence to the RLl-negative virus 2604 (Taha et 
al., 1989a). The 274bp PflMI-E~pI fragment was 
isolated by gel electrophoresis and purified using a 
Wizard PCR purification kit (Promega). Following 
blunting with the Klenow fragment of DNA polymerase 
and T4 DNA polymerase, the fragment was ligated into 
the SmaI site of M13mpl9. Single-stranded DNA was 
prepared and sequenced by the dideoxynucleotide chain 
termination method (Sanger et al., 1977). The sequence 
obtained was in complete agreement with the published 
sequence (data not shown), supporting the conclusion 
that the HG52 RL1 gene contains an intron. 

Identification of  the intron-exon boundaries of  the 
HSV-2 strain HG52 RL1 gene 

Having confirmed the sequence analysis which suggested 
the presence of an intron in HG52 RL1 we wished to 
determine experimentally (i) the presence of an intron 

and (ii) if the intron~exon boundaries were the same as 
those predicted by sequence analysis. BHK-21/C13 cells 
(1 x 10 s) were infected with HSV-2 strain HG52 at a 
m.o.i, of 20 p.f.u./cell for 16 h at 37 °C and total RNA 
harvested as described by Chomczynski and Sacchi 
(1987). Poly(A) + RNA (mRNA) was isolated using 
Dynabeads coated with oligo(dt) (Dynal). First-strand 
cDNA from both total RNA and Poly(A) + RNA was 
generated by avian myeloblastosis virus reverse tran- 
scriptase (Promega) using random hexamer oligonu- 
cleotides as primers. Prior to cDNA synthesis, the RNA 
was denatured at 90 °C for 5 rain; the enzyme reaction 
was then incubated for 10 rain at room temperature, 
45 min at 42 °C and 10 rain at 98 °C. PCR was carried 
out on cDNA from both total and mRNA using Vent 
polymerase (Promega) and 35-mer primers specific for 
RL1 from either side of the intron (primer 1, nucleotide 
position 12493-12527; primer 2, 12754-12788; McGeoch 
et al., 1991; Fig. 2). The PCR conditions used were: 
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Fig. 3. An autoradiograph of a sequence gel of the cloned cDNA PCR 
fragment spanning the exon-intron boundaries. The horizontal line 
shows the split between the two exons. The nucleotides on either side 
of the splice sites are indicated. Above the line these correspond to 
nucleotide positions 12865-12700 and below the line to 12516-12530 
McGeoch et al., 1991). 

size to the expected product from spliced RL1 mRNA. 
In addition, the 296 bp product was also present, 
presumably due to contamination of the poly(A) + RNA 
by non-poly(A) + RNA (data not shown). To confirm the 
identity of the 296 bp band, the PCR product was 
digested with RsaI, which has a site within the intron and 
should produce bands of 106 bp and 190 bp (Fig. 2). 
Bands of these sizes were seen following gel electro- 
phoresis: the 142 bp band in the poly(A) + sample was 
not altered by RsaI digestion providing evidence that the 
intron was indeed absent (data not shown). The 142 bp 
product was gel-purified and cloned into Sinai-digested 
pGEM-3Zf(-)  (Promega). Following identification of 
positive clones, several were digested with EcoRI and 
XbaI, which span the SmaI site in the multicloning 
region of pGEM-3Zf(-),  and the insert then cloned into 
EcoRI- and XbaI-digested M13mpl9. Single-stranded 
DNA was prepared and sequenced by the dideoxy- 
nucleotide chain termination method (Sanger et al,, 
1977). Clones were obtained in both orientations. The 
sequence obtained was in complete agreement with the 
published sequence, precisely lacking the proposed intron 
nucleotides (Figs 1 and 3). These results confirmed the 
presence of an intron in the HSV-2 strain HG52 RL1 
gene and the splice donor-acceptor sites proposed by 
McGeoch et al. (1991). 

Thus, in conclusion we can state that the structure 
proposed for the HSV-2 HG52 RL1 gene is correct. The 
implication of the RL1 gene being spliced in HSV-2 but 
not HSV-1 is unclear especially with regards to the 
presence of an ORF P homologue in HSV-2 strain 
HG52. We are currently trying to construct a virus 
lacking the intron to determine if the presence of the 
intron has an effect on levels of expression of RL1 
mRNA, which we have demonstrated by Northern 
blotting to be a 1400 base poly(A) + transcript (data not 
shown). The size of this transcript corresponds to the 
predicted RNA start and poly(A) sites (McGeoch et al., 
1991). In addition, the effect of deleting the intron on the 
biological behaviour of HSV-2 strain HG52 will be 
determined. 

We would like to thank Dr Duncan McGeoch for critical reading of 
the manuscript and Drs Richard Elliott and Alistair McGregor for 
helpful discussions. 

initial denaturation for 5 min at 98 °C, followed by 
30 cycles of denaturation for l min at 98 °C and 
renaturation/extension for 5 min at 72 °C with a final 
elongation stage of 72 °C for 10 rain. From total RNA 
the main product identified was a 296 bp band corre- 
sponding to the predicted size of the unspliced primary 
RL1 transcript. From the poly(A) + RNA the main 
product identified was a 142 bp band corresponding in 
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