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ABSTRACT: Human immunodeficiency virus type 1 (HIV-1) causes a deadly infectious disease,
Acquired Immunodeficiency Syndrome (AIDS). As a first step to develop a reliable and fast
diagnostic procedure for HIV-1 infection, we cloned various immunodominant epitopes of HIV-
1 in bacterial expression vectors containing tac or trp promoter. While the protein level of
direct expression of gpl160 was low, trp E fused gp120, gp41 and p17-p24 were produced at
high levels (15-30% of total bacterial proteins) in E. coli. Since gp120 and gp41 contain relatively
conserved regions which can react with antibodies in the plasma from most of HIV-1 infected
individuals, these expression clones were used for large preparations of HIV-1 antigens.
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Acquired immunodeficiency syndrome (AIDS)
is a serious infectious disease which is prevalent
in all over the world. This disease is mostly
caused by Human Immunodeficiency Virus type
1 (HIV-1) which infects and kills a type of
immune cells, T4 cells (Papovic et al, 1984; Gallo
et al, 1984, Groopman et al, 1984). The
destruction of T4 cells leads to severe immune
deficiency which is turn causes many oppotunistic
infections in AIDS patients (Gluckman ef al,
1986; Fauci, 1988). The genome of HIV provirus
consists of 9749 bp and contains several gene
including two long terminal repeats (LTR), core
protein gene (GAG), RNA-dependent DNA
polymerase gene (POL), envelope glycoprotein

*Correspondence should be addressed.

encoding gene (ENV), trans-activating factor gene
(TAT) and negative effector gene (NEF) (Muesing
et al, 1985; Ratner et al, 1985).

The coat of this virus is consisted of env gene
products which provoke an immune response in
HIV-1 infected individuals in most cases. Env
gene encodes a precursor peptide (gpl60) which
is later processed to an external envelope glyco-
protein (gpl20) and a transmembrane protein
(gp41) (Veronese er al, 1985; Chakrabarti et al,
1986). While there are highly variable regions in
the viral env gene products, C-terminal portion
of gpl20 and N-terminal region of gp4l are
known to be quite antigenic and less variable
(Starcich er al, 1986). These proteins, therefore,
have been used as antigens to detect HIV-1 an-
tibody in HIV-1 infected individuals. Gag gene
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also produces pl7, p24 and pl5 protein through
proteolytic cleavage of 512 amino acids precursor
(Robey er al, 1985; Ratner et al, 1985). Although
these proteins mostly exist in the inner core of
the virus, they are able to elicit an immune
response in HIV-1 infected persons. It has been
shown that the immune response against HIV-1
begins before the depletion of T4 cells and the
plasma levels of antibodies against each gene
products changes according to the stages of HIV-
I infection (Seligmann er al. 1984).

Methods to detect the infected individuals
provide a vital key to curtail wide spread of the
virus. Several diagnostic tests were already
developed in a way to detect plasma antibdy
against HIV-1 (Chang er al, 1985; Dowbenko er
al, 1985). However these methods including
enzyme linked immunosorbent assay were time
consuming and labor intensive. As a first step to
develop the rapid and simple diagnostic
procedure, we attempted to clone immunodo-
minant regions of HIV-1 genes and expressed in
E. coli We report here successful expression of
gp4l and p24 and gpl20 in E. coli using various
expression vectors under different promoters.

METHODS

Bacterial expression vectors

Expression vector pATH1, pATH2 and pATH3
were obtained from Dr. Thomas Cunningham at
The University of Tennessee, U.S.A. pTTQI9
vector was from Amersham and pCT10 vector was
a kind gift from Dr. Myeong-Hee Yu at Korea
Institute of Science Technology, Genetic Engi-
neering Research Institute.

Construction of HIV-1 expression clones.

HIV-1 gene containing vector pSP64-BH10 was
obtained from R. Gallo at National Institute of
Health. U.S.A. Various regions of the viral gene
were digested with appropriate restriction enzymes
and ligated into expression vectors indicated
above. Plasmid DNA preparation and bacterial
transformation were performed as described in
Molecular Cloning (Sambrook et al, 1989). SDS-
Poly Acrylamide Gel Electrophoresis (SDS-
PAGE) for identifying expression levels was
performed as reported before (Laemmli, 1970).
Bacterial strains and media

E. coli strain HB101, RR1, and JM109 were used
as recipients of plasmids containing HIV-1 genes.
For the induction of trp promoter. bacterial
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cultures were grown overnight in M9 media sup-
plemented with 20 wg/m/ of L-tryptophan. M9
media contains 42 mM Na,HPO,, 22 mM
KH,PO,, 86 mM NaCl 187 mM NH.CI, 0.05%
Casamino acid, 0.1 mM CaCl. 1.0 mM MgSO,
0.2% glucose, 10 pg/m/ thiamine and 20 ug//ml
ampicillin. The overnight culture was diluted 1:10
with fresh M9 medium without tryptophan and
grown for 2 hours in intensive airation. 3-beta-
indoacrylic acid was added at the final concen-
tration of 10 ug/m/ and the cultures were
incubated 4 more hours before harvesting the
cells.

Induction of tac promoter containing plasmid
such as pCT10 and pTTQI9 vector was carried
out by incubation at 37C for 4 hours in the
presence of 1.0 mM isopropyl beta-D-thiogalacto-
side (IPTG) as previously described (Debore er
al, 1983).

RESULTS AND DISCUSSIONS

In order to obtain various epitopes of HIV-1
in large quantity, we constructed expression
plasmids for transformation of E. coli. First we
cloned various fragments of gpl60 gene in direct
expression vectors such as pTTQ19 or pCTIO.
Figure 1 shows strategies of construction for
pYYM-envl, pYYM-env2. 2.7 kb Kpn I fragment
corresponding to gpl60 was inserted into pTTQ
19 (pYYM-envl) and 2.1 kb Bam HI fragment
was put into pCTI10 vector (pYYM-env2). The
transcription termination in these expression
vectors was provided by the termination codons
in rrnBt112 and lac 14 adjacent to the inserted
HIV-1 gens. Bacterial cultures containing proper
expression vectors were induced in the presence
of 1.0 mM IPTG. Cell pellets were subjected to
SDS-PAGE to ascertain the inducerbility of each
genes. As shown in Figure 2, pYYM-envl and
pYYM-env2 produced a little elevated level of 110
kD and 100 kD protein, respectively, however, the
levels of expression were not sufficient enough
to use as antigens.

As the second effort to get higher levels of ex-
pression, we constructed trp E fusion plasmids
in which various sizes of env and gag gene were
linked to 3’-end of trp E gene. Fig. 3 shows the
scheme of pYYM-env4d construction which
represents the generation of other plasmids con-
taining different regions of env gene, pYYM-env5,
pYYM-env6 and pYYM-env7 (Fig. 6B). The sizes
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Fig. 1. The strategies of the plasmids pYYM-envi and pYYM-env2 construction.
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Fig. 2. SDS-PAGE analysis of expression of pYYM-envi
and pYYM-env2 plasmids in E. coli RRT strain.
Cells were incubated in the presence (+) or
absence (—) of IPTG for 4 hours. Arrows point
out expressed HIV-1 proteins.

and the enzyme sites of these plasmids are shown
in Fig. 6B. In Fig. 4, gp4l encoding gene was
inserted into a pATHJ vector which was origina-
ted from pATH2 and contained a hyroxylaminc
cleavage site in between trp promoter and a mul-
ticloning site. Different regions of gag gene (pl7
or pl7+p24) were isolated and ligated into the
trp E vector pATH3 as shown in Fig. 5. 430 bp
Cla I and Rsa I fragment of pl7 gene was ligated
with a synthetic oligomer containing Asn-Gly
linker and 15 amino acids of pl7 gene. Resulting
plasmid pYYM-gagl contains whole gag pl7 gene
at the 3'-end of trp E gene and the hydroxylamine
cleavage site. Asn-Gly sequence in between 3'-end
of Trp E and at the beginning of gag pl7
initiation codon. The plasmid pYYM-gag2 con-
taining pl7 and p24 was constructed from the
plasmid pYYM-gagl and pSP64-BH10 (Fig. 5). Ex-
pression of fused genes was controlled by trp
promoter in the pATH plasmid and cells conta-
ining these plasmids were incubated in
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Fig. 4. A construction scheme of the plasmid pYJM-
env2. pATHJ is a vector derived from pATHZ
with a synthetic Asn-Gly linker.

tryptophan  free medium supplemented by
tryptophan analogue (3-beta-indolacrylic acid). All
the fusion proteins except the clones pYYM-env7
and pYYM-env6 were induced at high levels (Fig.
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Fig. 5. Construction strategies of the plasmids pYYM-
gagl and pYYM-gag2.

6B). The levels of expressed proteins were 15-30%
of total bacterial proteins judged by densitometer
scanning. The sizes of induced proteins appeared
to be right judged from the size of insert DNA
in the plasmids. Also these expressed fusion
proteins were highly immunoreactive to AIDS
patients serum, which indicates that these
bacterial produced proteins contains HIV-1
antigen (data not shown). This demonstrates that
the trp E fused genes are appropriate clones for
further experiments to obtain large amount of
HIV-1 proteins.

There are numerous reports to show high level
expression of hybrid gene such as insulin A, B
chain, human growth hormone and beta-globin
in E. coli (Goeddel et al, 1979; Nagai et al, 1985;
Szoka et al, 1986). Heterologous fusion gene
expresion in E. coli is generally higher than direct
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A pannel: SDS-PAGE analysis of tro E fu-
sion plasmids. A, pYYM-env4; B, pYYm-env
5; C, pYYM-env6; D, pYYM-env7; E, pYIM-
env3; F, pYJM-env3; G, pYYM-gagl; H,
pYYM-gag2. B pannel: sobcloning of HIV-1
env and gag gene fragments into trp E fusion
vector..

expression provably due to the stability of the
gene product in bacterial cytoplasm and proper
folding of the proteins. In addition to this
advantage, fusion proteins can be produced to
facilitate purification procedure (Marston, 1987).
Bacterial fusion proteins, however, need to be
cleaved. To overcome this problem, we inserted
the synthetic oligonucleotide encoding Asn-Gly
linker which provides a hydroxylamine cut site
in between trp E and HIV-1 gene fragments. Thus
we could purify HIV-1 antigen aside from Trp
E protein. Preliminary study in our lab. showed
that the fusion protein derived from the plasmid
pYJM-env2 was successfully cleaved by the
chemical teatment of hydroxylamine.

Numerous reports indicated that some genes
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were hard to be expressed in E. coli (Marston,
1986). The lack of inducibility of the genes was
explained by several factors such as a harmful
sequence to bacteria and/or the inappropriate size
of the gene to be expressed. Certain genes
encoding very hydrophobic amino acid sequence
may be toxic to the host cells after being
expressed at high level. Also production of large
size of heterologous gene products can be a big
burden to the host bacteria, which will work as
a negative force to the cells. These might be the
reasons why the plasmid pYYM-env6 and
pYYM-env7 were not expressed well.
N-terminus portion of gp4l is an external
region of transmembrane proteins which binds
to the gpl20 with hydrophobic interaction
(Kowalski er al. 1987). Synthetic oligopeptide con-
taining 12 amino acid (bp 598-609) which falls

Jﬁ
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in this region showed strong antibody reactivity
due to its cyclic structure formed by a disulfide
bond, suggesting immunodomiant epitopes useful
to diagnose HIV-1 infection (Gnann er al, 1987).
In addition, N-terminus portion of gp4l has few
glycosylation sites, which is appropriate for E. coli
expression. pYYM-env2 in this report is the
plasmid that contains above mentioned N-
terminal region of gp4l, and will be used for
further experiments.

In this paper we report that gp120, gp4l and
pl7-24 were produced at high levels in the forms
of trp E fusion in E. coli. The levels of expres-
sion were 15-30 percent of total bacterial proteins,
which allow us to use the bacterial clones as
constant sources for mass production of those
proteins.
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