
Influenza A virus causes acute infection disease. The

search for targets in the virus structure suitable for devel-

opment of therapeutic preparations is a very important

task. The viral nuclear export protein – NEP (or NS2,

14.4 kDa, 121 a.a.), which mediates many key processes

associated with the virus propagation cycle, can be such

target [1, 2]. NEP plays an important regulating role in

transcription and replication of the viral RNA by modu-

lating activity of the polymerase complex [2, 3].

Moreover, NEP participates in export of viral genetic

material from the nucleus of the host cell into the cyto-

plasm, thus being a mediator between viral ribonucleo-

protein (vRNP) complex with matrix protein M1 (vRNP-

M1) and the receptor of the nuclear export CRM1 [4-7].

Data are available in the literature on the effect of NEP

on other stages of the virus life cycle such as, for example,

the viral budding process. In this case NEP interacts with

the β-subunit of the FoF1-ATPase [8].

N-terminal and C-terminal domains are recognized

in the NEP structure. The latter is characterized by con-

formational rigidity and is crystallized in the form of a

dimer [9, 10]. The C-domain comprises two α-helices

(C1 and C2) that form an antiparallel amphiphilic hair-

pin. The hydrophilic surface of the hairpin that partici-

pates in interaction with M1 protein contains Trp78 sur-

rounded with a cluster of glutamic acid residues. The pro-

tease-sensitive N-terminus of the protein is conforma-

tionally mobile [11], which likely prevents crystallization

of the full-size protein. However, molecular modeling of

the 3D structure of the N-terminal fragment does not rule

out the possibility of formation in the region of two

antiparallel α-helices [1, 12]. The data available in the lit-

erature indicate that the N-terminal site containing two

nuclear export signals (NES) ensures interaction with

CRM1 [6].

The physicochemical and functional properties of

NEP are not fully understood. To investigate any protein

in vitro, sufficient amounts of homogenous protein prepa-

ration are required. Isolation of NEP from virions is labor

consuming, requires multistep chromatography, and does

not provide high yields [4]. In most studies, recombinant

variants of NEP were produced in various expression sys-

tems, either bacterial or eukaryotic [6, 13, 14]. However,
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in many cases the nature of the study does not require

protein isolation in a pure state, as interactions of NEP

with other biomolecules are investigated directly in a live

cell or via its immobilization on a solid support [6, 7, 15-

18]. NEP has also been produced in a cell-free protein

synthesis system [19]. Isolation of pure recombinant NEP

has been reported only in a few studies [4, 9, 11, 14, 19].

Systems based on E. coli BL21(DE3) cells with the NEP

gene under control of the T7 promoter can be considered

most efficient. The expressed protein was isolated either

by multistep chromatography [11] or by affinity chro-

matography on Ni-NTA agarose [9]. As a rule, no data on

protein yields are reported, but they do not exceed 4 mg

per liter of culture [20].

The objective of this study was to develop a conven-

ient highly efficient bacterial expression system for pro-

duction of recombinant NEP with N- and C-terminal

(His)6-tags, as well to determine some physicochemical

parameters of the protein.

MATERIALS AND METHODS

Tris (Merck, Germany), IPTG (MP Biomedicals

Inc., Germany), ATP, dATP, dGTP, dCTP, and dTTP

(SibEnzyme, Russia), tryptone, bacto agar, and yeast

extract (Difco, USA), SDS (Sigma, USA), and Ni-NTA

agarose (Invitrogen, Germany) were used.

The following enzymes were used: polynucleotide

kinase, T4 DNA ligase, DNA polymerase TaqSE, reverse

transcriptase AMV, and restriction endonucleases

(SibEnzyme). Treatment of DNA with enzymes was con-

ducted according to the manufacturer’s instructions.

Escherichia coli strains ER1821 and BL21(DE3)

(NEB, USA) and plasmids pET30a(+) (Novagen, USA),

pCYB4 (NEB), and pB1 [21] were used. Structures of

synthetic oligodeoxyribonucleotides (Syntol, Russia) are

presented in the table. Preparative phosphorylation of

synthetic oligodeoxyribonucleotides was carried out using

polynucleotide kinase [22].

Escherichia coli cells were cultivated in a DYT medi-

um (tryptone, 16 g; yeast extract, 10 g; NaCl, 5 g per

liter) with ampicillin (100 mg per liter) or without it.

Petri dishes with solid EHA medium (tryptone, 13 g;

NaCl, 8 g; Na-citrate, 2.4 g; glucose, 1.4 g; ampicillin,

100 mg per liter) were used for cloning. Preparation of

competent cells and transformation was carried out with

calcium treatment; DNA isolation and other genetic

engineering procedures were performed using standard

protocols [23].

The main buffer solutions used: buffer A (20 mM

Hepes-Na, pH 7.2, 0.5 M NaCl, 0.05% Triton X-100);

TE (10 mM Tris-HCl, pH 8.0, 0.1 mM EDTA).

Polymerase chain reactions (PCR) were conducted

in a TsikloTemp-107 programmable thermostat (ZAO

Resurs-Pribor, Russia). PCR conditions were optimized

empirically for each experiment. A minimum number of

cycles (8-12) were used in each case so sufficient product

was accumulated.

Primary structures of plasmid DNAs were deter-

mined with an ABI PRISM 310 automatic sequencer

(Applied Biosystems, USA) using 16-sqtl primer.

Name

20-NSr

44-NSl

15-ptmt

19-ptmb

16-sqtl

19-etl

17-ttr

51-chb

15-sqhr

17-PTl

18-PTr

17-Ptal

19-Ptar

19-Ptrl

21-Ptrr

50-nht

Oligodeoxyribonucleotides used in this work

Sequence (5′→3′)

AATAAGCTGAAACGAGAAAG

ATGGATCCAAACACTGTGTCAAGCTTTCAGGACATACTGCTGAG

CGGCCGCGTTGCTGG

GAGATTATCAAAAAGGATC

GCGGAGCCTATGGAAA

TGAGCAATAACTAGCATAA

GCAAAAAACCCCTCAAG

GAGGTGATGGTGATGGTGATGAGATCCGGGGTCAATAAGCTGAAACGAGAA

TGCTCAGAGGTGATG

TACGACTCACTATAGGG

ATGTATATCTCCTTCTTA

TTTGCTTTGTGAGCGGA

ATGGTTAATTTCTCCTCTT

GAGCTGTTGACAATTAATC

ATGAATCGATACCCTTTTTAC

ATGCACCATCACCACCATCACTCTGGAGGCACCATGGATCCAAACACTGT
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Protein preparations were analyzed with denaturing

SDS-PAGE according to Laemmli [24] using 12 and 15%

separating gels. Gels were stained with Coomassie G-250.

CD spectra were recorded on a Chirascan CD spec-

trometer (Applied Photophysics, UK) in a cuvette with

0.01-cm light pathlength.

Construction of plasmids. PCR screening for clones

with target plasmids. Some cells from a single colony on a

Petri dish were transferred using a sterile needle to a

0.5-ml volume tube and resuspended in 8 µl of TE buffer.

The suspension was covered with 10 µl of mineral oil, and

the tube was heated for 5 min at 98°C. Next, its content

was thoroughly mixed by shaking and separated by cen-

trifugation. An aliquot (1 µl) of the aqueous phase was

added to PCR reaction mixture with selected primers, 27-

30 cycles of PCR reaction was conducted, and the prod-

ucts were analyzed using agarose gel electrophoresis.

Colonies were selected based on the presence (or

absence) of PCR products of expected size.

Production of PCR-copy of NEP gene (363 bp). AMV

reverse transcriptase was used for production of cDNA

from viral RNA with 20-NSr primer. The product was

precipitated with ethanol and then amplified with phos-

phorylated primers p20-NSr and p44-NSl removing a

473-unit intron sequence in the beginning of the NEP

gene encoded in the influenza virus RNA.

pB-NEP plasmid (NEP gene, 2064 bp). A linear PCR

copy of pB1 plasmid (1701 bp, beta-lactamase operon,

replication origin from pUC19 plasmid, linker to restric-

tion endonuclease sites for RsrII, SexAI, and BstEII)

produced using 15-ptmt and 19-ptmb primers was ligated

with the 363-unit PCR fragment containing the NEP

gene and used for transformation of E. coli ER1821 com-

petent cells. PCR screening for the target clones was car-

ried out with primers 44-NSl and 16-sqtl. Primary struc-

ture of the plasmid in the inserted region was confirmed

by sequencing.

pBt-NEP plasmid (NEP gene, T7 terminator,

2123 bp). A DNA fragment with a terminator derived

from the T7 phage (59 bp) was produced by PCR copying

of the region in the pET30a(+) plasmid using p19-etl and

p17-ttr primers. The linear PCR copy of the pB-NEP

plasmid was produced using 20-NSr and 15-ptmt

primers. The linearized plasmid and the insert were

joined using T4 DNA ligase and used for transformation

of E. coli ER1821 cells. The target clones were screened

by PCR with primers 44-NSl and 17-ttr. Primary struc-

ture of the plasmid in the region of insert was confirmed

by sequencing.

pBt-NEPh plasmid (NEP gene, C-terminal (His)6-tag,

T7 terminator, 2156 bp). A C-terminal (His)6-tag was

inserted during production of linearized pBt-NEP plas-

mid using phosphorylated primers p19etl and p51-chb.

The PCR product was converted into a circular one by T4

DNA ligase and used for transformation of E. coli

ER1821 cells. PCR screening for the target clones was

carried out with primers 44-NSl and 15-sqhr. The pri-

mary structure of the plasmid in the region of the insert

was confirmed by sequencing.

EpT7t-NEPh plasmid (NEP gene, C-terminal (His)6-

tag, T7 terminator and promoter, 2233 bp). A DNA frag-

ment with the bacteriophage T7 promoter (77 bp) was

produced by PCR copying of the pET30a(+) plasmid

region using phosphorylated primers p17-PTl and p18-

PTr. A linear PCR copy of the pBt-NEPh plasmid was

obtained using primers 19-ptmb and 44-NSl. The lin-

earized plasmid and the insert were joined with T4 DNA

ligase and used for transformation of E. coli BL21(DE3)

cells. PCR screening for the target clones was conducted

with primers 17-PTl and 16-sqtl. The primary structure of

the plasmid in the region of the insert was confirmed by

sequencing.

Eptat-NEPh plasmid (NEP gene, C-terminal (His)6-

tag, T7 terminator, tac promoter, 2249 bp). A DNA frag-

ment with tac promoter (93 bp) was produced by PCR

copying of the region in the pCYB4 plasmid using phos-

phorylated primers p17-Ptal and p19-Ptar. A linear PCR

copy of the pBt-NEPh plasmid was produced using

primers 19-ptmb and 44-NSl. The linearized plasmid and

insert were joined by T4 DNA ligase and used for trans-

formation of E. coli ER1821 cells. PCR screening for the

target clones was carried out with primers 17-Ptal and 16-

sqtl. The primary structure of the plasmid in the region of

the insert was confirmed by sequencing.

Eptrt-NEPh plasmid (NEP gene, C-terminal (His)6-

tag, terminator, trp promoter, 2227 bp). A DNA fragment

with trp promoter (71 bp) was produced by PCR copying

of total genomic DNA of E. coli using phosphorylated

primers p19-Ptrl and p21-Ptrr. A linear PCR copy of the

pBt-NEPh plasmid was produced using primers 19-ptmb

and 44-NSl. The linearized plasmid and insert were

joined with T4 DNA ligase and used for transformation of

E. coli ER1821 cells. PCR screening for the target clones

was carried out with primers 19-ptrl and 16-sqtl. The pri-

mary structure of the plasmid in the region of the insert

was confirmed by sequencing.

Eptrt-NEP plasmid (NEP gene without affinity tags,

terminator, trp promoter, 2194 bp). The C-terminal (His)6-

tag in the Eptrt-NEPh plasmid was deleted by prepara-

tion of the linearized copy using phosphorylated primers

p20-NSr and p19-etl followed by conversion into circular

form with T4 DNA ligase and transformation of E. coli

ER1821 cells. PCR screening for the target clones was

carried out with primers 19-Ptrl and 15-sqhr. The primary

structure of the plasmid in the region of the insert was

confirmed by sequencing.

Eptrt-hNEP plasmid (NEP gene, N-terminal (His)6-

tag, terminator, trp promoter, 2227 bp). An N-terminal

(His)6-tag was inserted during production of the lin-

earized Eptrt-NEP plasmid using phosphorylated

primers p21-Ptrr and p50-nht. The PCR product was

converted into circular form with T4 DNA ligase and
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used for transformation of E. coli ER1821 cells. PCR

screening for target clones was conducted with primers

50-nht and 16-sqtl. The primary structure of the plasmid

in the region of the insert was confirmed by sequencing.

Expression and isolation of recombinant proteins.

Expression of NEP-C (NEP with C-terminal (His)6-tag) in

E. coli BL21(DE3) cells with EpT7t-NEPh plasmid. An

aliquot (1 ml) of overnight culture of E. coli BL21(DE3)

with EpT7t-NEPh plasmid was added to 100 ml of DYT

medium with ampicillin (100 mg/liter), the cells were

cultivated for 2 h at 37°C with intensive shaking, then

IPTG was added to 2-mM final concentration followed

by further cultivation for 16 h at 37°C.

Expression of NEP-C and NEP-N (NEP with N-ter-

minal (His)6-tag) in E. coli ER1821 cells. An aliquot

(0.5 ml) of overnight culture of E. coli ER1821 cells with

plasmids Eptrt-NEPh or Eptrt-hNEP was added to

100 ml of DYT medium with ampicillin (100 mg/liter)

and cultivated for 18 h at 37°C with intensive shaking.

Isolation of NEP-C from cytoplasm. Cells were pre-

cipitated with centrifugation, resuspended in 4 ml of

buffer A, and disrupted with ultrasound at 0°C. The cel-

lular homogenate was centrifuged (15 min, 4°C, 8000g)

and (NH4)2SO4 was added to the supernatant containing

NEP-C to 25% saturation at 0°C, then the precipitate was

separated by centrifugation. (NH4)2SO4 was added again

to the supernatant to 55% saturation at 0°C, and the

formed precipitate containing no less than 95% of the tar-

get NEP-C was separated by centrifugation. The precipi-

tate was dissolved in 0.3 ml of buffer A, the resulting solu-

tion was loaded on a 0.2-ml Ni-NTA agarose column

equilibrated with buffer A, and the column was washed

with buffer A (6 × 0.2 ml) followed by elution of NEP-C

with buffer A supplemented with 0.3 M imidazole (4 ×

0.15 ml). The resulting solution (0.6 ml) was mixed with

an equal volume of saturated at room temperature solu-

tion of (NH4)2SO4, and the precipitate containing NEP-

C was separated by centrifugation and dissolved in buffer

for further use. An aliquot of the produced preparation

was analyzed using 15% SDS-PAGE. The yield was eval-

uated from the intensity of staining of the NEP-C band in

comparison with staining of the band of a standard pro-

tein (BSA).

Isolation of NEP-C and NEP-N from inclusion bodies.

Cells were precipitated by centrifugation, resuspended in

4 ml of the buffer A, and disrupted by ultrasound at 0°C.

The cellular homogenate was centrifuged (15 min, 4°C,

8000g) and the supernatant discarded. The cell debris con-

taining inclusion bodies formed by NEP-C (NEP-N) was

resuspended in 0.54 ml of 1% aqueous solution of SDS.

The residue of cell components not dissolved under this

treatment was removed by centrifugation (5 min, 25°C,

12,500g). A 5 M solution of potassium acetate was added

to the supernatant to 1/9 of the total volume (60 µl), and

the formed precipitate of potassium dodecyl sulfate was

removed by centrifugation. The resulting supernatant was

mixed with (NH4)2SO4 to 25% saturation at 0°C, and the

resulting precipitate was removed by centrifugation. The

supernatant was mixed again with (NH4)2SO4 to 55% sat-

uration at 0°C, and the formed precipitate was separated

by centrifugation. The precipitate was dissolved in 0.5 ml

of buffer A, the resulting solution was loaded onto a

0.3-ml column with Ni-NTA agarose equilibrated with

buffer A, and then the column was washed with buffer A

(6 × 0.3 ml) followed by elution of NEP-C (NEP-N) with

buffer A supplemented with 0.3 M imidazole (4 × 0.2 ml).

The resulting solution (0.8 ml) was mixed with an equal

volume of (NH4)2SO4 solution saturated at room temper-

ature, and the formed precipitate of NEP-C (NEP-N)

was separated by centrifugation and dissolved in buffer for

further use. An aliquot of the preparation was analyzed

using 15% SDS-PAGE. The yield was evaluated based on

intensity of staining of the NEP-C (NEP-N) band in

comparison with a standard protein (BSA).

Crosslinking with glutaraldehyde. Protein solution

(6 µg of protein in 7 µl of elution buffer from the affinity

column (buffer A + imidazole)) was mixed with 0.5 µl of

glutaraldehyde solution in TE. The final concentration of

glutaraldehyde in the sample varied in the range 0.025-

1% (2.5-100 mM). The volume of the sample was adjust-

ed to 10 µl with buffer A. The mixture was incubated at

25°C for 8-20 min and analyzed using 12% PAGE.

Control crosslinking in the presence of SDS (final con-

centration 1%) was conducted in a similar manner.

Recording of circular dichroism spectra. Protein cir-

cular dichroism spectra were recorded in the range 190-

250 nm (far UV) in a cuvette with optical pathlength of

0.01 cm in 100 mM Na-phosphate buffer, pH 7.0, with

protein concentration of 0.12 mg/ml. CD is expressed in

molar ellipticity units [θ] = 3300 × ∆ε. The molar coeffi-

cient of dichroic absorption ∆ε was calculated per mol of

amino acid residues. The calculation was performed using

the equation ∆ε = ∆D/(C × l), where ∆D – measured

value of dichroism, C – protein concentration in M of

amino acid residues, l – optical pathlength in cm. The

average molecular mass of an amino acid residue was

assumed to be 120.7 g/mol. Spectra were recorded at

25°C with 1-nm step and 0.5-s accumulation time for

each step. The final spectrum was obtained by averaging

data from five scans and subtraction of the baseline (con-

trol). The spectra were smoothed using software supplied

with the instrument.

RESULTS AND DISCUSSION

To investigate NEP comprehensively, it is necessary

to have a highly efficient expression system and isolation

protocol for both the protein itself and its mutant forms.

Based on the literature data indicating that the best results

were achieved using cells of E. coli BL21(DE3) that gen-

erate RNA polymerase (RNAP) from bacteriophage T7
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in combination with a plasmid containing the gene of the

target protein under control of the promoter recognized

by T7 RNAP [9, 11], we decided to follow the same strat-

egy in this work. We attempted to create a similar system

(Fig. 1a) that could express NEP with C-terminal (His)6-

tag in the E. coli BL21(DE3) cells for its further purifica-

tion [25]. The short laboratory plasmid pB1 (1701 bp,

pUC19 origin of replication, β-lactamase operon) [21],

which allowed rapid rearrangement (mutagenesis) of the

target region via PCR copying of the entire plasmid [26],

was selected as the initial one. The expression plasmid

EpT7t-NEPh containing promoter and terminator of T7

RNAP as well as the NEP gene with adjacent 3′-end frag-

ment encoding C-terminal (His)6-tag was constructed on

its basis (Fig. 1a). The indicated structural elements were

inserted sequentially into the plasmid as described in the

“Materials and Methods” section. The required DNA

fragment with the NEP gene was produced in two steps:

(i) synthesis of cDNA by reverse transcription of the

respective region of total influenza A virus RNA using the

20-NSr primer (complementary to the 3′-end region of

the NEP gene); (ii) PCR copying of the cDNA with

simultaneous removal of a 473-unit intron in the NEP

gene precursor.

Induction of E. coli BL21(DE3) containing the

pET7t-NEPh plasmid with IPTG resulted in expression

of the target NEP-C (132 a.a.) containing the DPGSH-

HHHHHL amino acid fragment ((His)6-tag) at the C-

Fig. 1. Expression plasmids constructed in this work for production of preparations of NEP with (His)6-tag at N- or C-terminal. Designations:

Ampr, ampicillin resistance gene; ori, origin of replication from the pUC19 plasmid; t, T7-terminator; PT7, bacteriophage T7 RNA poly-

merase promoter; Ptac, inducible tac promoter recognized by E. coli RNA polymerase; Ptrp, trp constitutive promoter recognized by E. coli

RNA polymerase; His6, site encoding affinity tag DPGSHHHHHHL (a, b, c) or MHHHHHHSGGT (d).

a                                           b

c                                           d

(2233 bp) (2249 bp)

(2227 bp)(2227 bp)
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terminal found both in cytoplasm (one third) and in

inclusion bodies (two thirds). However, its total yield after

affinity chromatography on Ni-NTA agarose was not as

high as expected (no more than 2 mg per liter of culture).

Problems of low protein expression in systems based on

bacteriophage T7 RNAP were reported previously [27]

and were likely related to specifics of particular proteins

and difficulties with optimization of induction conditions

and propagation of producer cells.

To increase yield of the target protein, we construct-

ed another expression system where the NEP gene was

transcribed with E. coli RNA polymerase. For this pur-

pose, plasmid constructs were produced based on the

EpT7t-NEPh vector, where the NEP gene with the frag-

ment encoding N- or C-terminal (His)6-tag was under

control of either the IPTG-inducible tac promoter or the

constitutive trp promoter [28] (Fig. 1, b and c). The level

of expression of NEP-C in E. coli ER1821 cells with

Eptat-NEPh plasmid (Fig. 1b) containing tac promoter

was higher than in the case with the T7 RNAP system

(approximately 7 mg per liter of culture), and the protein

was found both in cytoplasm and in inclusion bodies

(Fig. 2a). The use of the plasmid with the strong trp pro-

moter (Eptrt-NEPh) resulted in significant increase in

the protein (NEP-C) yield (approximately 17 mg per liter

of culture) (Fig. 2b); moreover, practically all the protein

was found in inclusion bodies.

The Eptrt-hNEP plasmid was constructed (Fig. 1c)

allowing production of NEP-N with additional N-ter-

minal MHHHHHHSGGT fragment to investigate the

effect of (His)6-tag location on the properties of NEP.

The producer with this plasmid also exhibited high

yields of NEP-N (more than 20 mg per liter of culture).

In this case also, all the NEP-N was found in inclusion

bodies.

Special techniques were developed to isolate the pro-

tein from inclusion bodies. Following cell disruption, cell

debris with inclusion bodies was precipitated by centrifu-

gation, treated with 1% SDS, and separated from the

insoluble fraction of the debris by centrifugation.

Dodecyl sulfate was removed from the resulting solution

as the insoluble potassium salt by adding excess potassium

acetate. Then the target protein was isolated on Ni-NTA

agarose. Because the protein is small and has relatively

simple structure, we expected that this treatment would

facilitate efficient restoration of the native protein struc-

ture. Electrophoretic analysis of the NEP-N and NEP-C

in SDS-polyacrylamide gel is presented in Fig. 2. The

proteins produced with this method are practically

homogenous; furthermore, we found that the prepara-

tions of NEP-N and NEP-C isolated from inclusion bod-

ies contain less admixture than NEP-C isolated from

cytoplasm (Fig. 2, a and b). This phenomenon was

described before for other proteins. Moreover, special

Fig. 2. SDS-PAGE of preparations of NEP-C (lanes 1-3) and NEP-N (lane 4) isolated from cells with Eptat-NEPh (1, 2), Eptrt-NEPh (3),

and Eptrt-hNEP (4) plasmids. M, protein molecular mass markers.
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techniques were developed recently allowing targeted

production of protein in inclusion bodies [29].

The CD spectra of NEP-C and NEP-N in the far-

UV region were recorded and analyzed to confirm the

native structure of the proteins isolated from inclusion

bodies (Fig. 3). The spectra of the proteins with N- and

C-terminal (His)6-tags are practically identical and are in

good agreement with the literature data for NEP [11].

They demonstrate negative maxima at 208/209 and

221/222 nm characteristic for the spectra of a protein

with significant fraction of α-helices in its secondary

structure. The calculated fraction of α-helices estimated

using the Greenfield–Fasman method is 58% [30].

Hence, the CD data confirm secondary structure in

NEP-C and NEP-N that is practically identical to the

structure of natural NEP.

We found during work with preparations of NEP-C

and NEP-N that they are prone to aggregation over a

Fig. 3. CD spectra of NEP-C (1) and NEP-N (2) produced by

expression in E. coli cells with plasmids Eptrt-NEPh and Eptrt-

hNEP and isolated from inclusion bodies.
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wide range of conditions (pH, concentration, buffer

composition, ionic strength, temperature, and incubation

time were varied). This phenomenon was observed previ-

ously. For example, formation of insoluble deposits in

protein preparations was mentioned [11], although their

nature was not elucidated. Crosslinking experiments were

conducted to confirm the availability of aggregates in

NEP-C and NEP-N solutions. Glutaraldehyde was used

as a bifunctional agent as a reactant widely used for inter-

molecular crosslinking of proteins in complexes. This

approach allows demonstrating the ability of protein for

oligomerization [31, 32]. The results of electrophoretic

analysis of the products of crosslinking are presented in

Fig. 4. A significant amount of product is formed in the

reaction mixture that corresponds to the respective NEP

dimer based on its mobility (10-30%), as well as a certain

amount of oligomer (Fig. 4, a and b). The crosslinking

products were not formed in the presence of SDS (dena-

turing conditions). According to the literature, treatment

of NEP with another crosslinking reagent (ethylene gly-

col bis-succinimidyl succinate) did not result in forma-

tion of intermolecular bonds [9]. However, a deletion

variant of NEP consisting of the C-terminal domain pro-

duced significant amounts of the dimer under the same

conditions. The availability of crosslinked products in our

case indicate that the structure of glutaraldehyde corre-

sponds better to the distance between the functional

groups in the NEP aggregates that are linked. Hence, we

have demonstrated that the full-size protein is capable of

self-assembly with formation of oligomeric aggregates.

In conclusion, we have developed a new and highly

effective system for expression of NEP that allows pro-

duction of highly purified protein preparations with

(His)6-tag at the C- or N-terminal from inclusion bodies

with yields higher than 20 mg/liter. The features of the

produced plasmid constructs make them quite suitable

for conducting fast rearrangements and production of

mutant variants of the protein using the method of full-

size plasmid copying.
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