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INTRODUCTION

Human immunodeficiency virus type 1 is a patho�
genic agent of a dangerous infectious disease—
acquired immunodeficiency syndrome (AIDS). This
disease has become pandemic in the 21st century. That
is why the problem of creation of a prophylactic
and/or therapeutic vaccine is presently especially
acute.

Recent research shows that a matrix protein (p17)
of HIV�1 plays a key role in AIDS pathogenesis. This
protein is one of the proteolysis products of the Gag
precursor protein and plays a structural function in a
virion. However, this protein is not only contained in
virions but also circulates in blood of HIV�infected
patients. It has been shown that p17 specifically binds
the receptor (p17R) which is expressed on the surface
of B�cells of peripheral blood and on the surface of
CD4+ and CD8+ T�cells stimulated by interleukin�2
(IL�2) [1] and natural killers [2]. The addition of p17
into PBMC culture stimulated by IL�2 enhances pro�
duction of proinflammatory cytokines IFN�γ and
TNF�α by these cells.

Incubation of monocytes stimulated by IL�15 with
the matrix protein decreases cell secretion of chemok�
ine MIP�1�α [3] and increases secretion of MCP�1

[4]. Inflammatory process mediated by monocytes
and MCP�1 production are considered to be impor�
tant stages of AIDS pathogenesis. In particular,
chronic proinflammatory activation of monocytes
(that is possibly supported by freely circulating p17) is
observed in HIV�infected patients with a high viral
load [5].

Plasmatic dendritic cells incubated with p17 show
typical immature phenotype, do not synthesize CD80,
CD83, and CD86 and do not increase HLA�DR pro�
duction level, however, they have enhanced synthesis

of CCR7
1
. Stimulation of plasmatic dendritic cells by

p17 does not induce INF�γ production [6].
P17 is supposed to promote HIV�1 replication in

vitro by modulation of cell proliferation and cytokine
microenvironment. Mononuclear cells of peripheral
blood infected by HIV�1 and that are cultured in the
presence of IL�2 and p17 indeed produce greater
amount of the virus than cells cultured in the presence
of only IL�2 [7].

Due to the discovery of p17 in lymph glands of
HIV�infected patients that have undergone highly
active antiretroviral therapy (HAART) it is supposed
that the protein can participate in recovery of viral rep�
lication which occurs in the break between the courses
or after therapy cancellation [8]. All these data con�
firm the possibility that exogenous p17 can act as a

1 CD80, CD83, and CD86 are clusters of differentiation 80, 83,
and 86, respectively; HLA�DR is human leukocyte antigen DR;
CCR7 is C�C chemokine receptor type 7.
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specific viral cytokine which creates a favorable envi�
ronment for HIV�1 replication, especially in such
organs as lymph nodes.

Clinical study has shown that the presence of a high
level of antibodies to p17 correlates with slow AIDS
progress, and vice versa the level of antibodies to p17
strongly decreases if asymptomatic infection proceeds
to AIDS. That is why the use of p17 in composition of
therapeutic and/or preventive immunogen against
HIV�1 is thought to be promising. However, a source
of recombinant p17 is required for further investiga�
tions including clinical trials.

The purposes of the work are the expression of the
gene of recombinant p17 in E. coli cells, optimization
of culturing and induction of synthesis of recombinant
p17 by bacterial cells, and also purification and devel�
opment of conditions of freeze�drying of recombinant
p17 from HIV�1 subtype A circulating on the territory
of the Russian Federation and a number of neighbor�
ing countries.

METHODS

Cloning of the p17 gene. Vector pET151/D�TOPO
(Invitrogen, United States) was used for creation of
the expression plasmid. Gene p17 was synthesized on
the matrix of pBMCgagNat plasmid containing full�
sized gag gene (Biomedical Center, St. Petersburg) by
PCR using Pfx DNA polymerase (Invitrogen, United
States) and primers p17Nat�For 5'�CACCATGGGT�
GCGAGAGCGTCAGTA�3' and p17Nat�Rev 5'�
TCAGGGGTAATTTTGACTGAC�3' (italic type
marks sequences that are necessary for inserting start
and stop codons into pET151/D�TOPO vector).

PCR was performed at the following conditions:
3 min at 95°C, 35 cycles (15 s at 95°C, 15 s at 55°C,
30 s at 68°C), 1 min at 68°C. Products of the PCR
reaction were separated by electrophoresis in 2% aga�
rose gel, isolated from the gel using DNA Extraction
Kit (Fermentas, Lithuania), and used for incorpora�
tion into vector. E. coli cells were transformed with
plasmid DNAs by electroporation using a GVI�1
high�voltage pulse generator (State Technological
University, St. Petersburg) using electric pulse with the
intensity of 10 kV/cm and the duration of 4 ms.
Recombinant clones were selected in selective LB
medium (Gibco BRL, United States) containing
ampicillin (100 μg/ml). The sequence of p17 gene was
determined by the Sanger method in a MEGA BACE
automatic sequenator (GE Healthcare, Sweden).

Culturing of E. coli cells for the expression of
recombinant p17. Fermentation of BL21p17Nat strain
cells was performed in 2l flasks with 250 ml of LB
medium containing ampicillin (100 μg/ml) on ther�
mostated shaker of the rotor type with the rotational
speed of 250 rpm at 37°C.

Protein synthesis induction by isopropyl�β�D�
thiogalactopyranoside. When OD600 reached the value

of 0.6–0.8, isopropyl�β�D�thiogalactopyranoside
(IPTG) was added into the cell culture up to the final
concentration of 1 mM. Then aliquots were taken after
certain intervals (from 15 min to 9 h) for OD600 deter�
mination and the analysis of cellular proteins by disk�
electrophoresis in PAGE. Cell culture without induc�
tion was used as the control.

Induction of the protein synthesis by lactose was
performed according to the method of Studier [9].
Fermentation was performed in PYP�5052 medium
containing 1% peptone (Gibco BRL, United States),
0.5% yeast extract (Gibco BRL), 50 mM Na2HPO4,
50 mM K2HPO4, 25 mM (NH4)2SO4, 2 mM MgSO4,
0.5% glycerol, 0.05% glucose, and 0.2% lactose
(Sigma�Aldrich, United States). PYP 5052 medium
with ampicillin (100 μg/ml) was inoculated with a sin�
gle colony of the producer strain. After that, fermenta�
tion was performed as described above for 16–20 h or
until the stop of the OD600 growth for 1 h. Then, an ali�
quot of cells was taken for protein analysis using elec�
trophoresis, and the remaining biomass was precipi�
tated by centrifugation at 9000g and used for isolation
of the recombinant protein.

Protein analysis. Electrophoresis of cellular lysates
and proteins was performed by dics�electrophoresis in
15% PAGE in denaturing reducing conditions [10]. Pro�
teins separated in polyacrylamide gel were transferred on
a nitrocellulose membrane (Bio�Rad, United States)
using electromigration. After that, p17 was visualized by
incubation of the membrane with the serum of an HIV�
infected patient diluted 1 : 100 in PBS�twin with 1%
solution of nonfat dry milk (Fluka, United States).

Disintegration of bacterial cells was performed
using the lysing solution B (20 mM K�,Na�phosphate
buffer, pH 7.8, 500 mM NaCl, 6 M guanidine hydro�
chloride (Sigma, United States)), pH 7.8, which was
added to moisty precipitate of bacterial cells (5 ml of
the buffer per 1 g of cells). Lysis was performed in a
rotor shaker at 200 rpm and room temperature for 1 h.
Cell disruption was controlled by their plating into
standard agarized LB medium containing ampicillin
(100 μg/ml). Then, cellular lysate was centrifuged at
15000g for 20 min, and the obtained supernatant was
used for purification of recombinant p17 using metal
chelate chromatography.

Protein purification. Ni�NTA sepharose
(GE Healthcare, United States) equilibrated with the
solution for cell lysis was added to the obtained super�
natant considering that 1 ml of the sorbent binds 40 μg
of the protein. Binding was performed at room tem�
perature and mixing on a shaker at 200 rpm for 1 h.
Then the sorbent was precipitated by centrifugation at
600 g, resuspended in small volume of the buffer for
cell lysis and spread on a PD�10 gravity column (GE
Healthcare, Sweden). The sorbent was washed by the
solution containing 20 mM K�, Na�phosphate buffer,
500 mM NaCl, and 8 M urea with a step pH gradient
(7.8, 6.0, 5.3). The protein was eluted by the solution
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containing 20 mM K�, Na�phosphate buffer, 500 mM
NaCl, and 8 M urea, pH 3.8–4.0. Fractions with p17
were joined and dialyzed against 500�fold excess of
5 mM Na�acetate buffer, pH 5.0, for 4 h. After that,
the second dialysis against 500�fold excess of 5 mM
Na�acetate buffer, pH 5.0, was performed for 12 h.

Lyophilization. Protein preparation in 5 mM Na�
acetate buffer (pH 5.0) containing 1% rheopolyglucin
and 1% sucrose (final concentration of the protein of
2 μg/ml) was freeze dried in a TG�5 instrument (Veb
Hochvacuum, Germany); in this case, the ratio
between the height of the protein solution and its
square in a flask (h/S) was varied. The following
parameters were varied in real�time mode: the tem�
perature of primary freeze of a protein sample, lyo�
philization time, speed and time of temperature rais�
ing, and time of protein final drying. Quality of lyo�
philized preparation was estimated by the appearance
of the formed tablet and the presence of defrosting
signs, and also light absorbance at 340 nm of the pro�
tein preparation was measured after its dissolution.

Protein concentration was determined according to
the Bradford method [11]. Volume of a sample was
adjusted to 1 ml by water, and then 1 ml of the Brad�
ford reagent was added. The mixture was stirred and
incubated at room temperature for 5 min. After that,

OD595 was determined. Protein concentration was
counted by the calibration curve plotted using bovine
serum albumin.

RESULTS AND DISCUSSION

Heterologous expression of genes of viral proteins
in E. coli cells allows us to obtain these proteins in the
pure state and practically unlimited amounts, avoiding
culturing of a dangerous pathogen [12]. However, it is
not always possible to reach a high level of gene expres�
sion of the target protein and to avoid significant loss
during its purification by the routine method. Instabil�
ity of recombinant producer strains, low expression
level, contamination of the recombinant protein by
bacterial proteins and lipopolysaccharides, and also
insoluble form of the target protein (inclusion bodies)
are the most common difficulties. The present work
for the first time describes the obtaining of recombi�
nant p17 of HIV�1 subtype A in E. coli cells by the
method lacking such complications.

Creation of the Producer Strain

For creation of the producer strain, natural p17Nat
gene encoding p17 of HIV�1 subtype A was amplified

Characteristics of lyophilized p17 preparations

h/S, cm–1 OD340 Appearance of a tablet

0.96 0.016 Compact porous with regular shape and smooth edges without 
signs of microdefrosting

1.4 0.019 Compact porous with regular shape and smooth edges, with a cap 
on the top, without signs of microdefrosting

1.9 0.016 Crumbly porous with changed shape and jagged edges, with a cap 
on the top, without signs of microdefrosting

+IPTG
Time after induction, h

kDa

p1
7 

co
n

te
n

t,

Induction time, h

–IPTG
(a) (b)

M 0 0.25 0.50 0.75 1 2 3 9 1

1 2 3 4 5 6 7 8 9 10

p17

35

30

25

20

15

10

5

0 1 2 3 4 5 6 7 8 9 10

28%

25

15

%
 o

f t
ot

al
 c

el
lu

la
r 

pr
ot

ei
n

Fig. 1. Electrophoregram of lysates of (a) E. coli BL21p17Nat cells after induction of expression by 1 mM IPTG: 1—molecular
mass markers; 2–9—lysates of E. coli BL21p17Nat cells at various time after induction; 10—lysate of E. coli BL21p17Nat cells
without induction (control); (b)—dynamics of p17 accumulation in E. coli BL21p17Nat cells after induction of expression by
1 mM IPTG.
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using specific primers. The PCR product was cloned
in a vector pET151/D�TOPO. Cloning resulted in
obtaining of the pET151p17Nat expression plasmid
the proper assembly of which and the absence of
mutations were confirmed by sequencing. Transfor�
mation of E. coli BL21[DE3]Star cells by this plasmid
resulted in obtaining of BL21p17Nat strain used in
further work.

Optimization of Induction of p17 Synthesis
by E. coli Cells 

Induction of synthesis of recombinant p17 in cells
of BL21p17Nat strain was observed as early as 15 min
after the addition of an inductor (IPTG) into culture
medium (Fig. 1). Dynamics of accumulation of the
recombinant protein was detected by densitometry of
an electrophoregram presented in Fig. 1a. In this case,
the portion of p17 is 5.2%. Maximum level of the pro�
tein expression (28% from total protein amount in a
cell) was observed 3 h after induction (see Fig. 1b),
while p17 synthesis in the control group (without the
addition of the inductor) does not occur. Decrease in
recombinant p17 content is observed 4 h after induc�
tion.

Induction of p17 synthesis was also performed
according to the method of Studier [9]. In this case,
the induction time was 16 h, and the average optical
density (OD600) of E. coli culture was 8 ± 0.5. The con�
tent of recombinant p17 in cell lysates was 26%
(Fig. 2). P17 production by Studier’s method was used
in further work as this procedure provided longer pro�
duction of the target protein due to a range of special
features of mechanisms of autoinduction of expres�
sion.

It was shown by immunoblotting that p17 synthe�
sized in E. coli BL21p17Nat specifically interacted
with blood serum of a HIV�infected patient (Fig. 3).

Solubility of recombinant p17 synthesized by
BL21p17Nat strain was determined by disk PAGE of
E. coli cells disrupted after expression induction by
IPTG; in this case, precipitate and supernatant that
had been formed after precipitation of insoluble frag�
ments of cellular membranes by centrifugation were
analyzed (Fig. 4).

It was shown that 91% of p17 was in supernatant,
i.e., it was soluble, and only 9% of the protein was
found in the precipitate, i.e., in insoluble form (see
Fig. 4).

When autoinduction by Studier’s method was
used, the temperature of 20, 30, or 37°C during cultur�
ing of bacteria and performing of induction of protein
synthesis practically did not affect the solubility of
obtained p17.

kDa 1 2
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Fig. 2. Electrophoregram of the lysate of E. coli
BL21p17Nat cells after autoinduction of expression by the
Studier’s method [9]: 1—molecular mass markers; 2—
lysate of E. coli BL21p17Nat cells 16 h after autoinduction
of expression.
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Fig. 3. Immunoblotting of lysates of E. coli BL21p17Nat
cells with blood serum of a HIV�infected patient: 1—
molecular mass markers; 2—lysate of E. coli BL21p17Nat
cells without induction by IPTG; 3—lysate of E. coli
BL21p17Nat cells 3 h after induction by 1 mM IPTG.
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Purification of Recombinant p17 

Lysate of induced cells was put in a Ni�NTA
sepharose column as described above. Elution of p17
was performed using step pH gradient (7.8; 6.0; 5.3,
and 4.0). In this case, p17 was eluted as the only peak
at pH 4.0. Purity of isolated and partially purified pro�
tein was 97% (Fig. 5).

Characteristics of the Producer Strain and Induction 
Conditions 

A high level of recombinant p17 synthesis was
achieved in the work. The content of recombinant p17
of HIV�1 subtype A was 28% of total protein amount
in a cell lysate 3 h after induction by IPTG (see
Fig. 1b). High yield of the protein is evidently con�
nected with properly selected expression system
including pET151/D�TOPO vector and
BL21[DE3]Star cells. The special feature of this
expression system is that transcription of mRNA of the
target protein is controlled by a T7Lac hybrid pro�
moter. T7 sequence is recognized by RNA polymerase
of the phage T7 encoded in E. coli BL21[DE3]Star
cells, and the sequence of lac operator is recognized by
lac repressor which is encoded in the vector that causes
effective repression of basic uncontrolled induction of
expression of the target gene and increase in the yield
of synthesized protein. The presence of a mutation in
the rne gene, encoding endoribonuclease E, in E. coli
BL21[DE3]Star cells enhances the stability of mRNA
that also increases the synthesis level of the target pro�
tein.

Decrease in content of the recombinant protein
that is observed 4 h after induction by IPTG can be
explained by the reaching of logarithmic phase of
growth by cells not expressing the recombinant protein
that can be seen in electrophoregram as an increase in
staining intensity of cellular proteins in comparison
with the recombinant protein (see Fig. 1, lane 9). This
effect can be connected with the fact that increase in
number of cells results in decrease in inductor amount
per cell that, in turn, should cause depression of
induction. Besides that, due to disruption of ampicil�
lin by β�lactamase secreted by plasmid�containing
cells, its concentration in culture medium can signifi�
cantly diminish. As a consequence, growth of cells
that lost the plasmid can begin. These cells will have
the advantage in speed of growth in comparison with
cells containing the expression plasmid and synthesiz�
ing big amounts of the recombinant protein. We have
not found synthesis of the recombinant protein caused
by so�called leakage of T7 promoter in the absence of
inductor that is often observed in this expression sys�
tem [13].

The obtained expression level of the recombinant p17
from HIV�1 subtype A in E. coli cells is significantly
higher than expression levels described for p17 from
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Fig. 4. Content of recombinant p17 in fractions of the
lysate of E. coli BL21pETp17Nat cells: 1—molecular mass
markers; 2, 3—precipitate and supernatant after centrifu�
gation of the lysate of E. coli BL21p17Nat cells induced by
1 mM IPTG, respectively.
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Fig. 5. Electrophoregram of p17 purified by metal chelate
chromatography in denaturing conditions: 1—molecular
mass markers; 2—lysate of E. coli BL21p17Nat cells after
autoinduction by the Studier’s method; 3—purified
recombinant p17.
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HIV�1 subtype B and subtype C (from 7.5 to 14% of total
amount of cellular protein, respectively) [14–19].

Autoinduction by 0.2% lactose by the Studier’s
method was used in the work besides induction by
IPTG. Autoinduction by Studier’s method is based on
the fact that culture medium contains two sugars—
glucose and lactose. After glucose depletion, effective
induction by lactose takes place. Moreover, there is no
need to monitor culture growth and add IPTG. Con�
sequently, autoinduction is a simpler and cheaper
alternative to induction with the use of IPTG in
expression systems based on lactose operon. In the
case of autoinduction, the content of recombinant p17
in cell lysate was 26%, and the yield of cell biomass per
unit of volume of culture medium was 5–6 times
higher than in the case of induction by IPTG. Conse�
quently, the use of autoinduction by Studier’s method
allows obtaining p17 with less material and labor costs,
which is important for its wide production.

In the case of synthesis in E. coli cells, recombinant
p17 is mostly soluble and only 9% are contained in
insoluble form (see Fig. 4). Data on solubility of
recombinant p17 from HIV�1 subtype A in the case of
heterologous expression in E. coli cells are in accor�
dance with the data obtained earlier for p17 from HIV�
1 subtypes B and C. In all cases described in literature,
p17 was predominantly in a soluble state [14–19].
Accumulation of p17 in producer strain cells in soluble
form indirectly confirms its proper conformation but
complicates the technology of its chromatographic
purification.

Special Features of Chromatographic Purification
of the Recombinant Protein 

There are several examples of chromatographic
purification of the recombinant p17 from HIV�1 sub�
types B and C described in literature [14–19]. In par�
ticular, p17 was expressed as a chimeric protein fused
with glutathione, maltose binding protein, or (His)10;
in these cases, it was impossible to obtain pure target
product using one�step affine chromatography.
Recombinant p17 underwent further purification
using ion exchange chromatography (SP sepharose)
and gel filtration. The yield of the protein was
14.7 mg/l for p17 from HIV�1 subtype B and 7.7 mg/l
for p17 from HIV�1 subtype C [19].

Purification of the recombinant p17 from cell
lysates in the present work was performed using metal
chelate chromatography. One chromatographic cycle
resulted in obtaining of recombinant p17 with the
purity of 97%. Moreover, the protein was eluted from
a column as a single peak at buffer pH of 4.0.

The method for culturing and purification of p17
from HIV�1 subtype A suggested in the work allowed
obtaining 28 mg of purified protein (purity of 97%) per
1 l of the culture.

Freeze�Drying of p17 Preparation 

An optimal regime for lyophilization of the target
product was selected (Fig. 6). Samples were frozen at
–27°C; after that, temperature was raised with a step
of 0.4°C/h for 14 h, and then the speed of temperature
increase was 3.1°C/h for another 14 h. Final drying of
the protein was performed at 25°C for 11 h; total lyo�
philization time was 39 h.

The description of obtained dried preparations is pre�
sented in the table. Neither of them forms aggregates in
course of dissolution, which is revealed by low OD340
value not surpassing 0.02; all preparations lack the signs
of defrosting that indirectly reveals low content of resid�
ual water. According to external characteristics of a tablet
(regular shape, smooth edges) the best preparation is the
one with the ratio between the height of the solution and
its square in a flask of 0.96 cm–1.

Consequently, the work resulted in creation of
E. coli producer strain of p17 from HIV�1 subtype A,
selection of conditions for cell culturing, and induc�
tion of synthesis of the recombinant protein and its
one�step purification using metal chelate chromatog�
raphy and obtaining of its stable lyophilized form that
is required for further use in medicine.
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