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Abstract

Presence of antibody to the capsid protein p24 is the main diagnostic criterion, since this reflects reliable antibody
response to HIV infection. However, it takes about 6-8 weeks for -antibody production after infection and people who
are infected but antibodies are not produced yet are classified as seronegative. Therefore, there is a strong need for an
improved diagnostic method for better health security. As a first step for developing such an improved diagnostic
system, gag protein of human immunodeficiency virus type 1 was expressed in E. coli DH5a. The gag fragment of
HIV-1 (including a portion of pl7 and whole p24) was amplified by polymerase chain reaction (PCR) and BamH
I/EcoR 1 sites were created during PCR. The amplified DNA fragment was cleaved with BamH I/EcoR I and was
subcloned into the GEX-2T vector which had been digested with BamHI/EcoRI, resulting gene fusion with gst gene of
pGEX-2T. The recombinant DNA was transferred into E. coli DH5 a. The transformed bacteria were grown at 37°C for
3h and protein expression was induced with 0.1mM IPTG at 25'C for 3h. Recombinant gag protein or GST-gag fusion
protein was purified with glutathione-sepharose 4B bead and migrated as a single band when analyzed by 10%
polyacrylamide gel. These proteins were confirmed by immunoblotting with anti-GST goat sera or Korean AIDS
patients sera. The results of this study establish the expression and single step pulification of HIV-1 gag protein
which can specifically bind with Korean AIDS patients sera.
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Introduction

During the past 20 years, acquired immunodeficiency
syndrome (AIDS) has became a big threat to mankind.
AIDS is belived to be caused by human immunod-
eficiency virus (HIV). The World Health Organization
(WHO) estimated that by late 1993 HIV has already
infected about 10 million people worldwide[6]. The num-
ber of infected people in Korea continue to increase
every year and 570 cases of HIV infection were reported
by mid 1996[7].

HIV is taxonomically classified as a membrane of the
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family Retroviridae. The family Retroviridae consists of
several subfamilial genus. HIV is included in the subfa-
milial genus Lentivirus[2]. HIV genome has 2 long ter-
minal repeats (LTR), 3 major genes (gag, pol, and env)
and additional reguratory genes (rev, tat, nef, vif, vpr,
vpu, vpx). Biochemical and immunochemical analysis has
demonstrated that the nucleocapsid within each mature
virion is composed of two molecules of the viral single-
stranded RNA genome encapsulated by proteins prote-
olytically processed from the gag precursor polypeptide.
Cleavage products of the gag gene polyprotein Pr55 gag
by the viral protease include matrix protein MA (p17)
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which is located between the nucleocapsid and viral
envelope, capsid protein CA (p24) which forms the
capsid shell, and nucleocapsid protein NC (p9) which
binds to the viral RNA genome[5,10,13].

Most of HiV-infected people develop symptoms of
AIDS between 8 and 10 years after infection, but it is
not possible to predict how quickly any given infected
individual will develop AIDS symptoms[4,8,11]. Presence
of antibody to the capsid protein p24 is the main di-
agnostic criterion, since this reflects the infection of HIV.
If the antibody to p24 is detected in an enzyme-linked
immunosorbent assay (ELISA) or radioimmunoassay
(RIA), the person is classified as HIV sero-positive[6].
Although so far the detection of antibody to p24 has
been successful for diagnosis, there is a serious problem
for screening infected people because the infected but
antibodies are not produced yet, which usually takes 6-8
weeks after infection, are classified as sero-negative[3],
meaning the test needs to be improved for better health
security.

In this report, as a first step for develoing improved
diagnostic system, gag p24 gene was expressed in E.
coli. The g¢ag of HIV-1 was amplified by polymerase
chain reaction (PCR) and was subcloned into the GEX-2T
vector (Pharmacia). The recombinant DNA was trans-
formed into E. coli. Protein expression was induced with
IPTG and GST-gag fusion protein or gag protein was
purified and was tested whether Korean AIDS patient

sera can bind with.

Materialts and Methods

Materials

Restriction enzymes and DNA modification enzymes
were purchased from Promega. The Tag DNA poly-
merase and reagents for the PCR were obtained from
Takara. Sequanase, GST purification modules, GST de-
tection module, ECL western blotting analysis system,

and Hyperfilm ECL were purchased from Amersham

Pharmacia biotech. Synthetic DNA oligomers were pre-
pared from GenoTech (Taejon, Korea). Pooled sera from
Korean AIDS patients were a gift from [inseu Park
(Hallym university). A rabbit polyclonal antibody specific
for human or goat IgG was obtained from Sigma Co.
All chemicals unless otherwise noted were purchased

from Sigma Chemical Co.

Methods

Construction of HIV-1 Gag protein expression plasmid
All DNA manipulations were performed according to
standard procedures|[12]. Restriction enzymes and DNA
modification enzymes were used according to the
manufacturer’s instructions. The plasmid used to express
the authentic HIV-1 gag protein or as a fusion with
glutathione S-transferase (GST) was constructed as fo-
llows. A DNA fragment of the HIV-1 gag, corresponding
to nucleotides 921 to 1891(a portion of p17 plus whole
p24) was amptified by PCR (Perkin-Elmer 2400, Foster,
CA) with the synthetic DNA primers DG28 and DG29
(Table 1). The DNA primers used for PCR amplification
were designed to create BamH I and EcoR 1 for su-
beloning into the pGEX-2T vector. For the PCR reactions,
the HIV-1 plasmid pNI4-3 was used as the template.
The thermocycler conditions were set at 94°C (1 min),
42°C (1 min) and 72°C (1 min) for a total of 30 ampli-
fication cycles. One-tenth of the product was analyzed
on 08% agarose gels to ensure the amplification. The
amplified DNA fragment was cleaved with BamH
I/EcoR 1, and was ligated into the pGEX-2T plasmid
which had been previously digested with BamH 1/EcoR
I. Following transformation into E. coli DH5q, the
colonies were screened for the presence of the HIV-1 gag
DNA fragment by restriction digestion. After sequencing,

the final clone was designated pGEX-2T-gag.

DNA sequencing
For sequencing, DNA was prepared by using Wizard
Minipreps  DNA purification system (Promega) and

sequenced by using Sequenase version 2.0 sequencing
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Table 1. List of oligonucleotides used in this work

Sequence (5" — 3)

Oligonucleotides Polarity
DG 28 sense
DG 29 antisense
DG 8 sense
DG 9 antisense

kit (Amershampharmacia biotech) with primers DG8 and
DGI.

Expression of GST and GST-Gag fusion proteins

GST and GST-gag fusion proteins were expressed in
E. coli DH5 @. Bacterial cultures were grown for 3 h at
37°C in LB medium and protein expression was induced
with 0.1mM IPTG (isopropyl- 8 -D-thiogalactopyranoside)
for 3 h at 25°C. The bacterial cells were then collected
by centrifugation and lysed by freezing / thawing in 5
volumes of PBS buffer and sonicated. The bacterial ex-
tract was then clarified by centrifugation. The super-
natant was then incubated with glutathione resin
(Pharmacia) for overnight at room temperature. The
glutathione beads were washed sequentially with PBS
buffer. Bound GST or GST-gag fusion protein was eluted
with 5 volumes of 10mM reduced glutathione. The
eluted proteins were used directly or treated with

thrombin.

SDS-polyacrylamide gel electrophoresis and immun-
oblotting
The concentration of the protein was determined by
Follin-Lowry method[9]. The proteins were separated by
SDS-polyacrylamide gel electrophoresis and visualized by
coomassie brilliant blue staining. For immunoblotting,
proteins from SDS-PAGE were transferred to nitrocel-
lulose membranes by using the semidry transfer cell
{Trans-Blot SD, BioRad). The membranes were blocked
overnight with blocking buffer (80mM sodium phosphate
dibasic, 20mM sodium phosphate monobasic, 100 mM
NaCl, 03% Tween 20, 5% low fat dried milk) and

incubated for 4 to 6 h at room temperature or overnight
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AGGGAGCTAGAAGGATCCGCAGTTAATCCT
AGCTGGATTTGTGAATTCGCTCATTGCTTC
GGGCTGGCAAGCCACGTTTGGTG
CCGGGAGCTGCATGTGTCAGAGG

with goat anti-GST antibodies (1:1000) or heat inac-
tivated pooled Korean AIDS patients sera (1: 6000). This
was followed by three 10 min washes with PBST (80 mM
sodium phosphate dibasic, 20 mM sodium phosphate
monobasic, 100 mM NaCl, 03% Tween 20). Secondary
antibody (rabbit anti-goat or rabbit anti-human: Sigma
Co.) was added (1:1000), and the membranes were
incubated for additional 4h and then sequentially
peroxidase-conjugated donkey anti-rabbit antibodies (ECL;
Amershampharmacia biotech) were treated for 4 to 6 h
at room temperature. After three 15 min washes with
PBST, membranes were reacted with chemiluminescence
reagent (Amershampharmacia biotech) and exposed to
hyperfilm ECL.

Results

The pNL4-3 is a recombinant proviral clone that
contains DNA from HIV-1 isolates NY5 and LAV]1].
The gag of pNI4-3 is derived from NY5. Therefore, the
amplified gag used in this study is NY5 origin. pGEX-2T
vector has unique BamH 1 and EcoR T restriction endo-
nuclease cleavage site to permit the expression of
sequences introduced into the vector. A DNA fragment
of the HIV-1 gag, corresponding to nucleotides 921 to
1891(a portion of pl7 plus whole p24) was amplified by
PCR (Fig. 2A). BamH I and EcoR T site for subcloning
into the pGEX-2T vector were created during PCR
amplification. The amplified DNA fragment was cleaved
with BamH 1/EcoR I, and was ligated into the pGEX-2T
vector which had been previously digested with BamH
1/EcoR 1. The resulting plasmid pGEX-2T-gag contains a
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gag as a fusion with glutathione S-transferase (GST)
gene and a f-lactamase gene for selective growth in
ampicillin-containing media (Fig. 1, Fig. 2B). Because the
fusion gene is under the control of the tac promoter, the
lacose analog isopropyl 3 -D-thiogalactoside (IPTG) was
used to induce the fusion protein. The plasmid pGEX-
2T-gag was sequenced to confirm that the inserted
sequences have correct bases and that the junction re-
gions between gst and gag conserve translational reading
frame (Fig. 3).

The expression of HIV-1 gag protein from GEX-2T-
gag was next determined (Fig. 4A, 4B). The GST-gag
fusion proteins were easily detected from sonicated

lysate by staining with coomassie brilliant blue (Fig. 4A

HIV-1
gag
‘ 5LTR |p17 | 024

p15 l vif

lane 3). In the preliminary experiments, GST-gag fusion
protein induction was not much dependent on the IPTG
concentration (tested from 0.025 mM to 3 mM) and 0.1
mM was chosen for next experiments (data not shown).
The glutathione-Sepharose 4B beads were added to the
supernatant of the sonicated bacterial lysate and bound
GST or GST-gag proteins were eluted with reduced
glutathione. The eluted proteins were electrophoresed
directly or after treated with thrombin. The eluted GST-
gag fusion protein was almost pure and migrated as
single band. (Fig. 4B lane 5). Two bands were apparent
from GST-gag after thrombin digest (Fig. 4B lane 6).
However, the molecular weight of expressed gag protein

(approximately 27 kDa) was smaller than calculated

rev 3LTR

tat nef

vpr - vpu

g% p17 1 p24

TGA(stop)
e

pGEX-2T-gag

.
pBR322 Ori

Fig. 1. Construction of HIV-1 gag protein expression vector pGEX-2T-gag.
A segment of HIV-1 gag which includes a portion of p17 and whole p24 was amplified by PCR and cleaved with BamH
I/EcoR I It was ligated into the pGEX-2T vector which had been digested with BamH [/EcoR T so that the translational
reading frame was conserved between the gst and gag. Protein expression is under the control of fac promoter, which is

induced by IPTG.
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Fig. 2. A. Agarose gel electrophoresis of HIV-1 gag DNA
amplified by PCR. Arrow indicates the PCR prod-
uct, whose molecular size is approximately 900
bases. The segment of DNA was amplifieded by
using primer DG28 and DG29 and BamH 1/ EcoR
I sites were created during amplification. Lane 1,
size marker ( A DNA digested by Hind III); lane 2,
HIV-1 gag. B. Restriction enzyme digestion of pGEX-
2T-gag by BamH 1/EcoR 1. Inserted DNA fragment
is marked. Lane 1, size marker { A DNA digested
by Hind III); lane 2, pGEX-2T; lane 3, pGEX-2T-gag.

(approximately 33 kDa) based upon the cDNA sequence
with the notion that proteolytic cleavage of the expressed
protein occurred at the recognition sequences for
thrombin protease.

To confirm whether the induced protein from pGEX-
2T-gag transformed bacteria is really GST-gag fusion
protein, immunoblot analysis was performed (Fig. 5A,
5B). Goat sera against GST recognized the GST or GST-
gag fusion protein (Fig. 5A, lanes 4,5,6). The HIV-1-
related proteins, representing an GST-HIV-1 gag fusion
protein or gag protein were specifically recognized by
Korean AIDS patients sera (Fig. 5B, lanes 3,4). No
immunoreactive proteins were detected from DH5¢ or
GEX-2T transformed DH5¢ (Fig. 5B, lanes 34).

Discussion

In this work, the expression and purification of HIV-1
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Fig. 3. Nucleotide sequences of pGEX-2T-gag, which shows
junction regions between gst and gag gene.
BamH I and EcoR 1 sites created during amplification are
marked.

gag protein in E. coli was performed. The HIV-1 gag is
relatively less polymorphic and the protein itself is
stable compared with other HIV-1 proteins. At present
the presence of antibody to the capsid protein gag p24
is main diagnostic criterion. During the first few weeks
after infection, gag antigens are present in serum but
antibodies are not produced yet and people infected by
HIV within 6-8 weeks can be classified falsely as ser-
onegative when using the current test kit. Therefore,
current test kit has a severe problem and there is a
strong need for an improved diagnostic method for
better health security. This work is a first step for
solving this problem and long term goal is to develope
a diagnostic system to detect minute amount of antigen
in the human blood before antibodies are produced.
Segments of HIV-1 proviral DNA containing the gag
was inserted into the pGEX-2T vector so that the

translational reading frame was conserved between the
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Fig. 4. A. Expression of HIV-1 gag or related proteins in E. coli DHS5 ¢ harvoring the gst-gag fusion gene. Proteins
were analyzed by 10% SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and stained with coomassie
brilliant blue. A. SDS-PACE of whole cell lysate. Lane 1, host bacteria DH5«; lane 2, pGEX-2T transformed
bacteria; lane 3, pGEX-2T-gag transformed bacteria. B. SDS-PAGE of purified proteins. Lanes 1, 2, and 3,
proteins were purified with glutathione-Sepharose 4B bead. Lanes 4, 5, and 6, proteins purified with
glutathione-Sepharose 4B bead and then treated with thrombin. Lane 1, proteins from host bacteria DH5 ¢ ;
lane 2, proteins from pGEX-2T transformed bacteria; lane 3, proteins from pGEX-2T-gag transformed bacteria;
lane 4, proteins from host bacteria DH5¢; lane 5, proteins from pGEX-2T transformed bacteria; lane 6,

proteins from pGEX-2T-gag transformed bacteria.

gst and HIV-1 gag. However, the plasmid DNA when
transformed into E. coli DH5a expressed the smaller
HIV-1 gag protein than calculated based upon the
cDNA sequence (Fig 4B, lane 6; Fig. 5B lane 4). In order
to verify the reason, the whole cloned gag region of
GEX-2T-gag was sequenced and found no stop codon
within the open reading frame (data not shown). At
present it is not clear why there exists discrepancy in
molecular weight between what was expected and what
was migrated in the gel electrophoresis. One possible
explanation might be a cleavage by host protease. For
the Gag protein expression, the induction temperature
was critical. When the induction was performed at 37°C,
most of the fusion protein was found in the pellet as a
insoluble inclusion body. However, in case induced at
25°C, most of the fusion protein was recovered in the

supernatant of the sonacated lysate (data not shown).

The result of this study establish the expression and
single step purification of HIV-1 gag protein which can
specifically react with Korcan AIDS patients sera. The
HIV-1 gag protein from bacteria transformed with pGEX-
2T-gag is the result of the translation of the GST-gag
fusion protein and subsequent cleavage by the thrombin
protease. From the scale-up experiment of 250 ml culture,
about 05 mg of almost pure HIV-1 gag protein was
recovered (data not shown). Further works are going on
to develope rabbit antibody using the purified gag
protein and ELISA plates which can detect the viral gag
antigen from the blood of HIV-1 infected people before

antibodies are raised.
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Immunoblot analysis of the HIV-1 gag or related proteins.

Proteins were purified with glutathione-Sepharose 4B bead, fractionated by 10% SDS-polyacrylamide gel electrophoresis, and
transferred to nitrocellulose membrane. A. The membrane was reacted sequentially with anti-GST goat serum, anti-goat rabbit
IgG and peroxidase labeled anti-rabbit donkey IgG. The membrane was reacted with ECL detection reagents and exposed to
Hyperfilm ECL. Lane 1, whole cell lysate of host bacteria DH5¢. Lane 2, whole lysate of pGEX-2T transformed bacteria.
Lane 3, whole lysate of pGEX-2T-gag transformed bacteria. Lane 4, proteins from pGEX-2T-gag transformed bacteria which
was purified with glutathione-Sepharose 4B bead. Lane 5, protein from pGEX-2T-gag transformed bacteria which was
purified with glutathione-Sepharose 4B bead and then cleaved with thrombin. Lane 6, protein from pGEX-2T fransformed
bacteria which was purified with glutathione-Sepharose 4B bead and then cleaved with thrombin. B. The membrane was
reacted sequentially with Korean AIDS patients serum, anti-human rabbit IgG and peroxidase-labeled anti-rabbit donkey IgG.
The membrane was reacted with ECL detection reagents and exposed to Hyperfilm ECL. Lane 1, whole cell lysate of
pGEX-2T transformed bacteria; lane 2, whole cell lysate of pGEX-2T-gag transformed bacteria; lane 3, protein from pGEX-
2T-gag transformed bacteria, which was purified with glutathione-Sepharose 4B bead; lane 4, protein from pGEX-2T-gag
transformed bacteria, which was purified with glutathione-Sepharose 4B bead and then cleaved with thrombin; lane 5,
protein from pGEX-2T transformed bacteria, which was purified with glutathione-Sepharose 4B bead and then cleaved with
thrombin, showing no protein band.
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