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The herpes simplex virus type 2 (HSV-2) genome codes for an envelope protein, glycoprotein G (gG), which
contains predominantly type 2-specific epitopes. A portion of this gG gene has been expressed as a fusion
protein in Escherichia coli. Expression was regulated by a lambda phage p, promoter. The 60,000-molecular-
weight recombinant protein was purified by ion-exchange chromatography. Amino acid sequence analysis
confirmed the N terminus of the purified protein. Mice immunized with recombinant gG developed antibodies
reactive with native HSV-2 protein, but not with HSV-1 protein, in an indirect immunofluorescence assay. The
serological activity of this purified recombinant gG protein was evaluated by immunoblot assay. This protein
was reactive with an HSV-2 gG monoclonal antibody. It was also reactive with HSV-2 rabbit antiserum but not
with HSV-1 rabbit antiserum. Of 15 patient serum samples known to have antibody to HSV-2, 14 were reactive
with this recombinant type 2-specific gG protein, and none of 15 HSV antibody-negative patient serum samples
showed reactivity. In agreement with the expected prevalence of HSV-2 infection, 27.6% of 134 serum samples
from random normal individuals had antibodies reactive with recombinant gG. This recombinant gG protein

may be of value in detecting HSV-2-specific antibody responses in patients infected with HSV-2.

Herpes simplex virus type 1 (HSV-1) and HSV-2 are
highly related viruses. Many of their counterpart gene prod-
ucts have similar molecular weights and common antigenic
determinants (8, 10, 12). Yet clinical manifestations of
HSV-1 and HSV-2 differ. The majority of primary genital
herpes infections and recurrent genital herpes infections are
caused by HSV-2. Nongenital herpes infections such as
common cold sores are caused primarily by HSV-1 (3).

Because of the strong serological cross-reactivity between
HSV-1 and HSV-2, serological diagnosis of infection with
HSV-2, especially in persons who have been infected with
HSV-1 as well, has been technically very difficult (4, 8, 12).

Recently, HSV-2 glycoprotein G (gG) (9, 13) has been
used as an antigen to determine type 2-specific antibody
responses. A monoclonal antibody to native HSV-2 gG was
used to affinity purify gG from viral lysate antigen prepara-
tions for use in the type 2-specific assay (7). This assay has
been useful in epidemiological studies (5), in the diagnosis of
HSV-2 infections, and in the screening of pregnant women
(1, 7, 15) and potential semen donors (11).

HSV-1 gG has been shown to be distinctly different from
HSV-2 gG (7, 9, 13). However, HSV-2 gG and HSV-1 gG
have similar signal sequences at their amino termini. In
addition, at their carboxyl termini they have segments of 153
homologous amino acids which contain the putative trans-
membrane anchor domains. HSV-2 gG, however, contains
an additional unique segment of 526 amino acids. This
unique segment contains the putative type 2-specific
epitopes observed with this glycoprotein (10).

We report here the cloning and expression in Escherichia
coli of this unique type 2-specific region of HSV-2 gG. In
addition, we describe the purification and serological activity
of this HSV-2-specific recombinant protein.
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MATERIALS AND METHODS

Plasmids. A plasmid consisting of the HindIII | fragment of
HSV-2 HGS2 inserted into the HindlIII site of pAT153 was
obtained from D. J. McGeoch, Institute of Virology, Uni-
versity of Glasgow (10).

Cloning and expression. The plasmid described above was
digested with restriction nucleases to isolate a fragment
representing approximately 95% of the HSV-2 unique region
of gG (Fig. 1). This fragment was inserted into a lambda p,_
promoter-based (14) expression vector, pTBI102. The result-
ing plasmid contained the HSV-2 unique sequence of gG
fused at its N terminus to the E. coli trpE leader and at its C
terminus to the a-peptide sequence of B-galactosidase. The
expression plasmid was transformed into an E. coli strain
containing the lambda cI857 repressor. Expression of the
fusion protein was induced by heat shock at 42°C for 15 min,
followed by growth of the culture at 37°C.

Patient sera. Sera from patients with herpes infections
confirmed by virus isolation were obtained from L. M.
Frenkel, University of California at Los Angeles School of
Medicine; A. Arvin and C. Prober, Stanford University; C.
Gleaves, Fred Hutchinson Institute, Seattle, Wash.; B.
Forgani, California State Department of Public Health,
Berkeley; and J. Kettering, Loma Linda University School
of Medicine, Loma Linda, Calif. The HSV type of each viral
isolate was confirmed by immunofluorescent staining with
type-specific monoclonal antibodies supplied by Syva Com-
pany. At the time that the serum samples were drawn, the
clinical histories of the HSV-2-infected patients indicated
that these infections were of the nonprimary recurrent type.
Sera from patients assumed to be infected with only HSV-1
were from adults from whom HSV-1 was isolated. When the
serum samples were drawn, these patients had histories of
recurrent oral herpes and had no histories of genital herpes.
Serum specimens from normal healthy adults were obtained
from volunteer blood donors in Oklahoma City, Okla.

Monoclonal antibody. A monoclonal antibody to HSV-2
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FIG. 1. Comparison of the amino acid sequences of HSV-1 gG
and HSV-2 gG. The proteins are drawn to scale. The boxed areas
show homologous sequences of HSV-1 gG and HSV-2 gG. HSV-2
gG has a segment of 526 amino acids not found in HSV-1 gG, as
indicated. The diagrams are adapted from reference 10. aa, Amino
acids.

gG was obtained from N. Balachandran, University of
Kansas (2).

HSV-1 and HSV-2 antibody enzyme immunoassays. HSV-1
and HSV-2 purified antigen enzyme immunoassays were
obtained from Whittaker Bioproducts and were performed
according to the manufacturer’s instructions.

Indirect immunofluorescence assays. HSV-1- and HSV-2-
infected HEp-2 cell monolayers on microscope slides were
obtained from Zeus Scientific, Inc., Raritan, N.J. BALB/c
mice immunized with 5 pg of purified recombinant gG were
bled 3 weeks after immunization. Preimmunization serum
samples and immunized serum samples were diluted and
assayed by indirect immunofluorescence according to the
manufacturer’s instructions.

Purification. The E. coli cell pellet was resuspended in 50
mM Tris, pH 8.1, and lysozyme was added to 0.2 mg/ml. The
suspension was kept on ice for 1 h and was then frozen at
—70°C for 2 h. After thawing, the lysate was adjusted to 2
mM MgCl,, and DNase I was added to 5 pg/ml. The lysate
was kept on ice for 30 min and was then centrifuged at 17,000
X g for 30 min at 4°C. The pellet (pellet 1) was resuspended
by sonication in 50 mM Tris (pH 8.1)-5 mM EDTA-5 mM
ethylene glycol-bis(B-aminoethylether)-N,N,N’,N'-tetraace-
tic acid (EGTA) containing nonionic detergents. This mate-
rial was centrifuged, and the resulting pellet was solubilized
in a chaotropic agent. The recombinant protein was subse-
quently purified by ion-exchange chromatography.

Amino acid sequence analysis. A 100-pl sample containing
approximately 10 pg of recombinant gG was mixed with an
equal volume of dialysis buffer (25 mM ammonium bicarbon-
ate, 0.01% sodium dodecyl sulfate [SDS]) and dialyzed
against 2 liters of dialysis buffer at room temperature in a
10,000-molecular-weight-cutoff Collodion bag (Schleicher
and Schuell). The sample was then centrifuged under a
vacuum until dry. The dried sample was reconstituted in 65
wl of 0.1% trifluoroacetic acid. Five microliters was analyzed
by gel electrophoresis, and the remaining material was
loaded (two aliquots of 30 pl each) onto an Applied Biosys-
tems sequencing filter which had been precycled with 1.5 mg
of Biobrene (Applied Biosystems). Amino-terminal se-
quence analysis was performed through 25 cycles on an
Applied Biosystems model 475 gas phase sequencer with
on-line detection of phenylthiohydantoin amino acids.

Immunoblot procedure. Purified recombinant gG was elec-
trophoresed on SDS—8% polyacrylamide slab gels. Proteins
were electrophoretically transferred onto nitrocellulose for
16 h at 60 mA by using transfer buffer composed of 25 mM
Tris hydrochloride and 192 mM glycine. The nitrocellulose
was blocked for 20 min in 1 M glycine-5% (wt/vol) nonfat
dry milk-1% (wt/vol) ovalbumin (blocking buffer) and was
then incubated overnight at 4°C with serum diluted 1:100 in
blocking buffer. After three 3-min rinses in phosphate-
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FIG. 2. Purification of recombinant HSV-2-specific gG. Samples
were applied to an SDS-8% polyacrylamide gel and stained with
Coomassie blue. Lanes: 1 and 4, molecular weight markers as
indicated; 2, detergent-extracted insoluble pellet from E. coli; 3,
purified recombinant HSV-2-specific gG (arrow). Molecular weights
are given in thousands.

buffered saline containing 0.05% Tween 20, the nitrocellu-
lose was incubated for 2 h at room temperature with horse-
radish peroxidase-labeled goat anti-human immunoglobulin
G and 10% fetal bovine serum in phosphate-buffered saline
containing 0.05% Tween 20. The nitrocellulose was again
rinsed and was then developed in substrate-chromogen
solution containing 0.2 mg of 3,3’'-diamino-benzidine-4HCI
per ml, 0.02% (wt/vol) NiCl,, and 0.05% (wt/vol) H,O, in 10
mM Tris hydrochloride, pH 7.5. The reaction was stopped
by rinsing the nitrocellulose in water.

RESULTS

Purification. Purity of greater than 80%, as estimated by
visual inspection of Coomassie blue-stained SDS-polyacryl-
amide gels, was achieved for recombinant HSV-2-specific
gG (Fig. 2). The recombinant protein, which appeared as a
doublet, had an estimated molecular weight of 60,000 when
electrophoresed to equilibrium on gradient SDS-polyacryl-
amide gels (3 to 18% polyacrylamide) (data not shown).

Sequence analysis. Sequence analysis of the purified pro-
tein confirmed the presence of the trpE leader sequence of
the recombinant fusion protein.

Recombinant-gG-immunized mice. Mice immunized with
purified recombinant gG produced antibodies that reacted
with HSV-2-infected cell monolayers in an indirect immuno-
fluorescence assay. The cytoplasmic immunostaining pat-
tern observed was identical to that produced by a native
HSV-2 gG monoclonal antibody (data not shown). No reac-
tivity was observed with HSV-1-infected monolayers. Pre-
immune mouse serum was not reactive with either HSV-1-
or HSV-2-infected cell monolayers.

Serological evaluation by immunoblot assay. A monoclonal
antibody produced to HSV-2 gG was reactive with the
recombinant protein by immunoblot assay. Rabbit antiserum
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FIG. 3. Reactivity of antibodies with recombinant HSV-2-spe-
cific gG in immunoblot assay. Purified antigen was probed with the
following antibodies: lanes 1, 2, and 3, human sera from patients
with HSV-2 infections; lane 4, rabbit anti-HSV-1 antiserum; lane 5,
rabbit anti-HSV-2 antiserum; lanes 6 and 7, human sera from
patients with HSV-1 infections only.

produced against whole HSV-1 was not reactive with the
recombinant protein; however, rabbit antiserum produced
against HSV-2 was reactive (Fig. 3). In agreement with
results of Coomassie blue staining, the immunoblot reactiv-
ity appeared as a doublet. As shown in Table 1, 95% of
patients with prior HSV-2 infection had antibodies reactive
to recombinant gG. No antibodies to recombinant gG were
detected in patients with prior HSV-1 infection or in patients
without prior HSV-1 or HSV-2 infection. Antibodies to the
recombinant protein were detected in only 27.6% of 134
serum specimens from random normal individuals. In con-
trast, both the HSV-1 and HSV-2 antigen enzyme immu-
noassays detected antibodies in 66.4% of these serum spec-
imens. A total of 33 of the 134 serum specimens were
negative by both the HSV-1 and HSV-2 antigen enzyme
immunoassays. No antibody to recombinant gG was de-
tected in these seronegative samples.

DISCUSSION

These studies represent the first reported expression of the
type 2 unique sequence of HSV-2 gG in procaryotic cells.
The successful expression of HSV-2-specific epitopes was
demonstrated by the reactivity of the recombinant gG with a
monoclonal antibody to HSV-2 gG, with anti-HSV-2 rabbit
polyclonal antibodies, and with antibodies from HSV-2-
infected patients. In addition, mice immunized with purified

TABLE 1. Serological reactivity of recombinant HSV-2-specific
gG with patient sera

. No. of %

Patient group patients Positive?
Prior HSV-2 infection® 15 95
Prior HSV-1 infection only“ 9 0
No prior HSV-1 or HSV-2 infection? 15 0

“ Reactivity was determined by immunoblot assay with recombinant HSV-
2-specific gG.

b Prior HSV-2 infection was established by virus isolation.

¢ Prior infection only with HSV-1 was established by isolation of virus from
patients with oral herpes and by no clinical history of genital herpes.

4 The absence of prior HSV-1 or HSV-2 infection was established by the
absence of HSV-1 or HSV-2 antibodies.
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recombinant protein produced antibodies reactive with
HSV-2 native protein. On the basis of its sequence, this
recombinant gG should contain more than 90% of any type
2-specific linear epitopes found on HSV-2 gG. When used in
the immunoblot assay, it is completely denatured; all of
these linear epitopes should be exposed. However, under
these conditions, the recombinant gG may have lost some
conformational epitopes. This may decrease its sensitivity
relative to that of native gG.

An advantage of this recombinant gG over viral gG is its
lack of any epitopes common to HSV-1 and HSV-2. On the
basis of its sequence, HSV-2 gG may have epitopes common
to HSV-1 gG on its N terminus and C terminus. McGeoch et
al. (10) confirmed the presence of one epitope common to
both types by using a rabbit antiserum prepared against a
synthetic peptide derived from an HSV-2 gG sequence near
the C terminus. This antiserum immunoprecipitated both
HSV-1 gG and HSV-2 gG. The successful elimination of
HSV common epitopes from this recombinant gG is shown
by the failure of the gG to react with anti-HSV-1 rabbit
polyclonal antibodies or with HSV-1 patient sera, as well as
its lack of ability to induce HSV-1-reactive antibodies in
immunized mice.

An additional advantage of recombinant gG is the econom-
ics of its production compared with that of cell culture-
produced viral gG. This should facilitate its incorporation
into a readily available diagnostic test.

The major value of a serological test using this recombi-
nant is its ability to distinguish type 2-specific antibody
responses in patients previously infected with HSV-1. In
tests with sera from normal individuals, the recombinant gG
was able to distinguish HSV-2-infected individuals from
HSV-1-infected individuals. It detected antibody in 27.6% of
these sera. This result agrees with the expected rate of
HSV-2 infection in a normal population (5). In contrast,
when these sera were tested with the HSV-1 and HSV-2
antigen enzyme immunoassays, antibody responses to
HSV-1 as well as HSV-2 antigen were detected in more than
60% of these normal sera. This is the expected infection rate
for HSV-1 alone (12) and is well above the expected rate of
infection for HSV-2 (5). As expected, the HSV-2 antigen
enzyme immunoassay detected antibody responses to anti-
gens shared by both HSV-1 and HSV-2 and was not able to
distinguish HSV-2-infected individuals.

Perhaps the most important application of recombinant
HSV-2-specific gG will be to identify pregnant women at risk
of transmitting HSV-2 to their infants at delivery. Perinatal
transmission is infrequent but results in high morbidity and is
often fatal in newborns (3, 5). Most infants with neonatal
HSV-2 infection are born to mothers with no history or
clinical signs of genital herpes (15). A sensitive and specific
serological test for HSV-2 infection may assist in identifying
pregnancies possibly complicated by recurrent maternal
HSV-2 infections.

It has recently been reported that one-half of women with
HSV-2-specific antibodies who reported no history of genital
herpes did in fact have clinically symptomatic genital herpes
(6). It has been suggested that screening certain populations
of women for HSV-2-specific antibodies and subsequently
instructing antibody-positive individuals on how to recog-
nize previously unrecognized symptomatic lesions may help
reduce the transmission of genital herpes.

The recent report of the transmission of HSV-2 by an
asymptomatic semen donor has prompted the need for
screening potential semen donors to identify those capable
of transmitting HSV-2 to recipients (11). The recombinant
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protein described in this report may provide an economical
method for a serological donor-screening test. The complete
utility of this recombinant protein in the diagnosis and
screening of HSV-2 infections will be determined by further
clinical investigations.

In summary, the unique type 2-specific region of the
HSV-2 gG gene has been expressed in and purified from E.
coli. This recombinant protein has been demonstrated to be
sensitive in detecting HSV-2 antibodies and does not cross-
react with HSV-1 antibodies. Use of this recombinant gG
may provide an economical means of producing an HSV-2-
specific antibody assay to diagnose and to screen for HSV-2
infections.

ACKNOWLEDGMENTS

We express our appreciation to Mark Sliwkowski, Roger Walker,
Robert Akita, Mike Ferrer, and Pia Johnson for their suggestions in
developing the process of purification of this recombinant protein
and to Rick Harkins for performing the amino acid sequence
analysis. We are also grateful to Stuart Rosenfeld, Dennis DiTullio,
and Millard Cull for the large-scale fermentation required for this
study.

REFERENCES

1. Ashley, R. L., J. Militoni, F. Lee, A. Nahmias, and L. Corey.
1988. Comparison of Western blot (immunoblot) and glycopro-
tein G-specific immunodot enzyme assay for detecting antibod-
ies to herpes simplex virus types 1 and 2 in human sera. J. Clin.
Microbiol. 26:662-667.

2. Balachandran, N., and L. M. Hutt-Fletcher. 1985. Synthesis and
processing of glycoprotein gG of herpes simplex virus type 2. J.
Virol. 54:825-832.

3. Corey, L., H. G. Adams, Z. A. Brown, and K. K. Holmes. 1983.
Genital herpes simplex virus infections: clinical manifestation,
course, and complications. Ann. Intern. Med. 98:958-972.

4. Forghani, B., N. J. Schmidt, and E. H. Lennette. 1975. Solid
phase radioimmunoassay for typing herpes simplex viral anti-
bodies in human sera. J. Clin. Microbiol. 2:410-418.

S. Johnson, R. E., A. J. Nahmias, L. S. Magder, F. K. Lee, C. A.
Brooks, and C. B. Snowden. 1989. A seroepidemiologic survey

10.

11.

12.

13.

14.

15.

RECOMBINANT HSV-2-SPECIFIC gG 781

of the prevalence of herpes simplex virus type 2 infection in the
United States. N. Engl. J. Med. 321:7-12.

. Langenberg, A., J. Benedetti, J. Jenkins, R. Ashley, C. Winter,

and L. Corey. 1989. Development of clinically recognizable
genital lesions among women previously identified as having
‘‘asymptomatic’’ herpes simplex virus type 2 infection. Ann.
Intern. Med. 110:882-887.

. Lee, F. K., R. M. Coleman, L. Pereira, P. D. Bailey, M. Tatsuno,

and A. J. Nahmias. 1985. Detection of herpes simplex virus type
2-specific antibody with glycoprotein G. J. Clin. Microbiol.
22:641-644.

. Lehtinen, M., V. Koivisto, T. Lehtinen, J. Paavonen, and P.

Leinikki. 1985. Immunoblotting and enzyme-linked immunosor-
bent assay analysis of serological responses in patients infected
with herpes simplex virus types 1 and 2. Intervirology 24:18-25.

. Marsden, H. S., A. Buckmaster, J. W. Palfreyman, R. G. Hope,

and A. C. Minson. 1984. Characterization of the 92,000-dalton
glycoprotein induced by herpes simplex virus type 2. J. Virol.
50:547-554.

McGeoch, D. J., H. W. Moss, D. McNab, and M. C. Frame.
1987. DNA sequence and genetic content of the HindIII | region
in the short unique component of the herpes simplex virus type
2 genome: identification of the gene encoding glycoprotein G,
and evolutionary comparisons. J. Gen. Virol. 68:19-38.
Moore, D. E., R. L. Ashley, P. W. Zarutskie, R. W. Coombs,
M. R. Soules, and L. Corey. 1989. Transmission of genital
herpes by donor insemination. JAMA 261:3441-3443.
Plummer, G. 1973. A review of the identification and titration of
antibodies to herpes simplex viruses type 1 and type 2 in human
sera. Cancer Res. 33:1469-1476.

Roizman, B., B. Norrild, C. Chan, and L. Pereira. 1984. Iden-
tification and preliminary mapping with monoclonal antibodies
of a herpes simplex virus 2 glycoprotein lacking a known type 1
counterpart. Virology 133:242-247.

Seth, A., P. Lapis, G. F. Vande Woude, and T. Papas. 1986.
High-level expression vectors to synthesize unfused proteins in
Escherichia coli. Gene 42:49-57.

Sullender, W. M., L. Yasukawa, M. Schwartz, L. Pereira, P. A.
Hensleigh, C. G. Prober, and A. M. Arvin. 1988. Type-specific
antibodies to herpes simplex virus type 2 (HSV-2) glycoprotein
G in pregnant women, infants exposed to maternal HSV-2
infection at delivery, and infants with neonatal herpes. J. Infect.
Dis. 157:164-171.



