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A PCR method to amplify DNA segments of the glycoprotein G gene of monkey B virus (BV) was achieved
by adding betaine to the PCR mixture, in spite of the high G1C content of this gene. No product was obtained
when DNA of human herpes simplex viruses (HSVs) was used as the template under the same conditions. Thus,
this PCR method is useful in discriminating BV from HSVs.

Herpesvirus simiae (monkey B virus [BV]) is a member of the
alphaherpesvirus subfamily containing the human herpes sim-
plex viruses (HSV types 1 and 2 [HSV-1 and -2]) (3). This virus
is a common pathogen in macaque monkeys (7). BV infection
is usually asymptomatic in monkeys, but its transmission to
humans leads to high mortality unless proper medical care is
taken immediately after infection (4). Accurate and rapid di-
agnosis of BV infection is critical for the safety of research or
animal care staffs who happen to have contact with BV-positive
monkeys or tissues.

Swab culture is a definitive method to detect BV, but it takes
a few days and requires a level 4 facility (4). PCR has been
applied to in vitro diagnosis to detect viral DNA with rapidity
and safety, and several PCR methods to identify BV have been
proposed (2, 9, 10, 11). However, one of these methods is not
applicable to rhesus monkey-derived strains (11), which have
caused most of the fatalities to date (7). The other methods
require digestion with restriction enzymes or Southern hybrid-
ization with radioactive probes in order to determine whether
the PCR product is derived from BV or from one of the two
HSVs (2, 9, 10).

There is considerable difference between the gG gene of BV
and that of HSVs (12). BVgG is, however, high in G1C con-
tent, which makes it difficult for this gene to be amplified by
PCR. Dimethyl sulfoxide (DMSO) is effective in the amplifi-
cation of some G1C-rich sequences (8). Recently, some in-
vestigators demonstrated that the addition of betaine (1-car-
boxy-N,N,N-trimethylmethanammonium inner salt) further
improved the amplification of G1C-rich sequences (1, 6, 13).
To discriminate BV from HSVs in a single step, we sought to
apply betaine to the amplification of BVgG.

Amplification of segments of BVgG. E-2490, one of the BV
strains from rhesus monkeys, was grown in a confluent mono-
layer of Vero cells in serum-free medium at Kalter’s Labora-
tory (Virus Reference Laboratory, South Texas Medical Cen-
ter, San Antonio). After UV irradiation in the presence of
psoralen, the virions were transported to Japan. Viral DNA
was purified by the sodium iodide method (5). Briefly, viral
protein was solubilized in 4.5 M sodium iodide, and then the
viral DNA was coprecipitated with glycogen in 50% isopropa-

nol. Two primer sets were synthesized to amplify two segments
of the BVgG gene, based on the published sequence (12). The
acronyms and sequences of the primers are as follow: gGS4
(forward, 59-CCGCGTACGACTACGAGATCC-39), gGAS4
(reverse, 59-GTTCGCGGCCACGATCCA-39), gGS5 (for-
ward, 59-CCCAGGACATGGCCTACGTG-39), and gGAS5
(reverse, 59-CGTCCCCTCCGTCGTTAC-39). Using an Ad-
vantage-GC Kit (Clontech), we prepared a PCR mixture (50
ml) containing 5% DMSO, 1 ml of BV DNA solution, and a 0.4
mM concentration of each of the forward and reverse primers.
This 1-ml solution was estimated to contain BV DNA extracted
from 800 50% tissue culture infective dose (TCID50) virions
(described below). After the initial denaturation (94°C, 5 min),
PCR was conducted for 35 cycles (94°C, 1 min; 55°C, 1 min;
72°, 2 min), followed by a final extension (72°C, 7 min). The
PCR products were subjected to electrophoresis on a 5% poly-
acrylamide gel, and the DNA bands were visualized under
illumination at 234 nm after staining with SYBR Green I
(Molecular Probes). In the presence of DMSO alone, no prod-
uct was observed with primers gGS4 and gGAS4 or with gGS5
and gGAS5 (Fig. 1, lanes 1 and 5). By the addition of 1.0 M
betaine, however, 209- and 191-bp products were amplified
with primer pairs gGS4-gGAS4 and gGS5-gGAS5, respectively
(Fig. 1, lanes 3 and 7). We confirmed by cycle sequencing that
the two products corresponded to nucleotides 1073 to 1281 and
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FIG. 1. PCR in the presence of various concentrations of betaine. Lanes 1
and 5, no betaine (0 M); lanes 2 and 6, 0.5 M betaine; lanes 3 and 7, 1 M betaine;
lanes 4 and 8, 1.5 M betaine. The two triangles indicate that the concentration of
betaine increased from lanes 1 to 4 and from lanes 5 to 8. Lanes 1 to 4, PCR with
primers gGS4 and gGAS4; lanes 5 to 8, PCR with primers gGS5 and gGAS5. The
positions of the 194- and 234-bp fragments of HaeIII-digested fX174 replicative-
form DNA are indicated to the left of the panel. The product obtained with
gGS4-gGAS4 was 209 bp; that obtained with gGS5-gGAS5 was 191 bp.
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1340 to 1530, respectively, in the published sequence of BVgG
(accession no. AB032191 and AB032192 in the DNA Database
of Japan [DDBJ]). We used the reaction mixture containing
1.5 M betaine in the experiments described below (Fig. 1, lanes
4 and 8).

Specificity of the PCR assays. HSV-1 (strain HF) and
HSV-2 (strain UW268) were grown, and the viral DNA was
purified by the sodium iodide method. We prepared a PCR
mixture containing HSV DNA extracted from virions whose
titer was 800 TCID50. No product was obtained when either
HSV-1 or HSV-2 was subjected to PCR with gGS4-gGAS4
(Fig. 2A, lanes 4 and 7, respectively) or with gGS5-gGAS5
(Fig. 2A, lanes 5 and 8, respectively) in the presence of 1.5 M
betaine. To confirm that the viral DNA was extracted from

HSV virions, control experiments were done with primers BV1
and BV2 in accordance with the PCR method of Scinicariello
et al. (9, 10), but the cycle number was increased to 35 in order
to match that of our assays. As reported previously, 128-bp
fragments of the ICP 18.5 genes of HSV-1 and HSV-2 were
amplified with primers BV1 and BV2 (Fig. 2A, lanes 6 and 9).
These results show the recovery of HSV DNA, excluding the
possibility of false negativity caused by insufficiency of the
template (Fig. 2A, lanes 4, 5, 7, and 8). Thus, we have devel-
oped a PCR method to specifically amplify segments of the
BVgG gene.

We found that the band intensity of the 128-bp product
obtained after PCR using 1 ml of BV DNA solution was equal
to that of HSV-1 or HSV-2 DNA extracted from 800 TCID50
virions. An example is shown in Fig. 2A, lanes 3, 6, and 9. Thus,
assuming the yield of viral DNA is constant in the sodium
iodide method and that the template BV DNA works as effi-
ciently as the HSV DNA, we estimated that the amount of BV
DNA in the 1-ml solution corresponded to the titer of 800
TCID50.

To further confirm the specificity of our PCR assays, we
amplified segments of the BVgG gene in the presence of both
HSV-1 and HSV-2 DNA or hepatitis B virus genomic DNA
(1,000 copies). As shown in Fig. 2B, contamination either by
HSV-1 and HSV-2 DNA or by hepatitis B virus DNA caused
no interference with amplification of the 209- and 191-bp frag-
ments of the BVgG gene.

Sensitivity of the PCR assays. Serially diluted BV DNA was
used to estimate the detection limit of our PCR method. At a
10-fold dilution, the 209-bp product was clearly observed after
amplification with primer pair gGS4-gGAS4, and the 191-bp
product was slightly detected with primer pair gGS5-gGAS5
(Fig. 3, lanes 2 and 5). The 100-fold-diluted BV DNA yielded
no product with either gGS4-gGAS4 or gGS5-gGAS5 (Fig. 3,
lanes 3 and 6). The 128-bp fragment amplified with primers
BV1 and BV2 was seen at dilutions up to 10-fold (Fig. 3, lanes
7 and 8). Thus, we could detect 80 TCID50 of BV at a 10-fold
dilution but could not detect 8 TCID50 of BV at a 100-fold
dilution, by either our method or that of Scinicariello et al. (9,
10). The sensitivity of these two methods appeared comparable
on the template BV DNA used in this study.

To our knowledge, this study is the first one to distinguish
BV from HSVs by PCR alone, when BV DNA of a rhesus
monkey-derived strain is used. Furthermore, our PCR method

FIG. 2. Amplification of the 209- and 191-bp fragments. Lane M, HaeIII-
digested fX174 replicative-form DNA. (A) PCR with BV, HSV-1, or HSV-2
DNA as the template. Lanes 1 to 3, BV (strain E-2490) DNA as the template;
lanes 4 to 6, HSV-1 (strain HF); lanes 7 to 9, HSV-2 (strain UW268). Lanes 1,
4, and 7, PCR with primers gGS4 and gGAS4; lanes 2, 5, and 8, PCR with
primers gGS5 and gGAS5; lanes 3, 6, and 9, PCR with primers BV1 and BV2
according to the modified method of Scinicariello et al. (9, 10). Note that 128-bp
products were obtained with BV and HSVs as the DNA templates. (B) PCR in
the presence of contaminating viral DNA. Lanes 1 and 4, BV DNA alone as the
template; lanes 2 and 5, BV DNA plus HSV-1 and HSV-2 DNA (800 TCID50
each); lanes 3 and 6, BV DNA plus 1,000 copies of hepatitis B virus genomic
DNA. Lanes 1 to 3, PCR with primers gGS4 and gGAS4; lanes 4 to 6, PCR with
primers gGS5 and gGAS5.

FIG. 3. PCR with serially diluted BV DNA as the template. Lanes 1, 4, and
7, nondiluted BV DNA; lanes 2, 5, and 8, 10-fold dilution; lanes 3, 6, and 9,
100-fold dilution. The three triangles indicate that the concentration of BV DNA
decreased from lanes 1 to 3, from lanes 4 to 6, and from lanes 7 to 9. Lane M,
HaeIII-digested fX174 replicative-form DNA. Lanes 1 to 3, PCR product ob-
tained with primers gGS4 and gGAS4; lanes 4 to 6, PCR product obtained with
primers gGS5 and gGAS5; lanes 7 to 9, PCR product obtained with primers BV1
and BV2 according to the modified method of Scinicariello et al. (9, 10).
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utilizing betaine may be applicable to the identification of
viruses, other than BV, whose genomes are also high in G1C
content.
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