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CONSTRUCTION, EXPRESSION AND PURIFICATION OF BRUCELLA
SPP. RECOMBINANT PROTEINS L7/LL12 AND SODC IN E. COLI

Abstract. Brucellosis is still an important public health problem as long as natural reservoirs of infection exist.
Currently, live attenuated vaccines based on strains S19, RB51 and Rev1 are used for the prevention of brucellosis in
animals, the main disadvantage of which is virulence for humans. However, animal immunization programs should
be implemented to reduce the incidence of humans. The development of safe and effective new generation vaccines
using “omix” technology is a promising direction of vaccinology. A number of immunogenic Brucella proteins that
elicit both a humoral and cellular immune response has been identified. The aim of these research was to optimize
the expression and purification conditions of the Brucella spp. recombinant proteins L7/L12 and SodC. As a result,
expressing plasmids pET/Br-L7/L12 and pET/Br-SodC were obtained. The parameters of target genes expression in
E. coli were established and the method for purification of recombinant proteins was optimized. Purification of the
L7/L12 protein was performed under hybrid conditions on HisPur agarose using a binding buffer containing 6 M
guanidine hydrochloride, a wash buffer with 20 mM imidazole and an elution buffer with 300 mM imidazole.
Protein SodC was purified under denaturing conditions with the addition of 1 % Triton X-100 and 1 % sodium
deoxycholate to the lysis buffer. Inclusions were solubilized with a buffer containing 8 M urea and 5 mM imidazole.
The target protein was eluted from HisPur agarose with buffer containing 8 M urea and 100 mM imidazole. The use
of modified purification protocols made it possible to obtain purified recombinant proteins with a yield of 13 mg/L
for the L7/L12 protein and 10 mg/L for the protein SodC, respectively. The specificity of the proteins was confirmed
by a Western blot. Immunization of mice with recombinant proteins led to the production of specific antibodies, the
titer of which in ELISA was 1:20480 and 1:20480, respectively.

Key words: Brucella spp., ribosomal protein L7/L12, superoxide dismutase, expression, protein purification.

Introduction. Brucellosis is one of the widespread zoonotic diseases causing great economic damage
to agriculture. According to the Joint FAO Expert Committee, brucellosis of livestock is prevalent in
almost the whole world and since animals with brucellosis are a source of infection for humans, this
disease is a high degree of danger [1-4]. The annual identification of farm animals and people reacting to
brucellosis in certain regions of Kazakhstan indicates an extremely unstable situation for this infection
and the real possibility of forming foci of brucellosis with varying degrees of activity of manifestations of
epizootic and epidemic processes in farms [5,6]. In this regard, this infection is a serious problem for
veterinary and medical science.
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Today, recombinant proteins having antigenic and immunogenic properties are widely used in the
development of prophylactic and diagnostic preparations, as well as candidates for vaccine against various
zoonotic diseases. A lot of work has been devoted to the study of immunogenic proteins of Brucella spp
and a number of proteins have been discovered, such as: L7/L.12, SodC, BP26, BCSP31, Omp16, Omp19,
Omp31, which have immunogenic properties that can be used for diagnostic purposes. These proteins are
conserved and their identity is 100 % between Brucella species [7-12].

In the study of Brucella antigens capable of inducing cellular immunity, a 12 kDa protein was
detected that causes lymphocyte proliferation and is a L7/L12 ribosomal protein. It was shown that
purified recombinant L7/L12 protein produced in E. coli stimulates CD4 T cell immunity in mice infected
with B. abortus. It was also shown that immunization of mice with the recombinant ribosomal protein
L7/L12 protects them from control infection with B. abortus. According to published data, L7/L12 is an
immunodominant B. abortus protein that elicits a cellular immune response (Th1 and CD8 + T cells) [13-15].

The periplasmic protein SodC (Cu-Zn superoxide dismutase) is one of the main enzymes of the
antioxidant system of microorganisms, which is considered as one of the universal mechanisms of the
pathogenesis of infectious diseases, and indicators reflecting shifts in the levels of antioxidant enzymes
are key factors in predicting the outcome of the disease. The researchers determined the protective effect
of the antioxidant enzyme SodC B.abortus, expressed in significant induction of T-cell proliferation and
production of gamma-interferon in infected mice. Thus, vaccination of mice with E. coli cells expressing
the SodC B.abortus enzyme formed a defense against brucella infection. The use for this purpose of
plasmid DNA, including the SodC gene B.abortus, also induced a humoral and cellular immune response
against the causative agent of brucellosis [8,16].

The purpose of these studies was the construction of expression vectors, the expression and
optimization of the purification conditions of the recombinant Brucella spp L7/L12 and SodC proteins, as
well as the production of specific sera to them. Recombinant proteins and their specific sera will be used
in the development of a vector anti-brucellosis vaccine based on sheep pox virus.

Materials and methods. Bacterial strains. The studies used the vaccine strain B.abortus S19
obtained from the laboratory of the collection of microorganisms of the Research Institute of Biological
Safety Problems RK ME&S — Science Committee, Kazakhstan. B.abortus S19 genomic DNA was
isolated using the PrepMan Ultra kit (Applied Biosystems, USA). For manipulation with plasmid DNA,
E. coli strain TOP10 (Invitrogen, USA) was used. For bacterial expression, E. coli T7 express strain (New
England Biolabs, USA) was used.

Construction of expression cassettes and obtaining producer strains. The Brucella genes L7/L12 and
sodC were amplified with the genomic DNA B.abortus S19 wusing pairs of primers
FP-L7/L12-5'-CGCATATGGCTGATCTCGCAAAGATCGT-3!, RP-L7/L12-5'-CGCTCGAGCTTGA
GTTCAACCTTGGCGCCA-3' and FP-SodC-5’-CGCCATGGTTAAGTCCTTATTTATTGC-3’,
RP-SodC-5’-CGCTCGAGTTCGATCAC GCCGCAGGCAAAA-3’, respectively.

Amplification was performed in 50 ul containing 5 ul of 10 x PCR buffer (Qiagen), 1 ul of 10 mM
dNTPs (New England Biolabs, USA), 0.1 pl of DNA, 1 pl of each primer (20 pMol/ul), 0.5 pul of Taq
DNA polymerase (2.5 units, Qiagen). Amplification conditions: 94 °C 5 min; then 30 cycles of 94 °C, 1
min, 50 °C, 1 min, 72 °C, 2 min, and 1 cycle of 72 °C, 7 min.

The obtained products were digested with respective enzymes Ndel — Xhol (L7/L12), Ncol — Xhol
(SodC) and cloned into the plasmid vector pET28b(+) (Novogen, USA).

As a result, recombinant plasmids pET/Br-L7/L12 and pET/Br-SodC were obtained containing the
sequence coding the SodC protein fragment (1-173 aa) and the C-terminal peptide LEHHHHHH; and the
sequence encoding the L7/L12 protein fragment (21-144 aa), the N-terminal peptide MSSHHHHHHSS
and the C-terminal peptide LEHHHHHH. Plasmids were sequenced to verify the integrity of the inserts.

Plasmids were transformed into E.coli cells, strain T7 express (New England Biolabs, USA). As the
result E. coli clones, producers of the recombinant proteins SodC and L.7/L.12, were obtained.

Gene expression. To expression the genes of the target proteins L7/L12 and SodC, bacterial cells
were grown in LB-kan (Luria-Bertani broth, containing 50 pg/mL of kanamycin) at 37 °C on a shaker
(250 rpm) to optical density OD600 = 0.6-1.0. Gene expression was induced by addition IPTG to final
concentration 1 mM to the bacterial suspension with subsequent incubation for 4 h at 37 °C. The cells
were harvested by centrifugation at 5000 x g for 15 min and stored at - 70 °C until further use. Aliquots
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selected before and after induction were examined by PAGE electrophoresis. The solubility of the
recombinant protein was determined using a BugBuster master mix reagent (Novagen, USA) according to
the manufacturer's instructions.

Protein L7/L12 purification. Cell pellet was resuspended in NB buffer (50 MM NaH,PO,, 300 MM
NaCl, 6 M guanidine hydrochloride, 10 MM imidazole, pH 7,4) at the rate of 5 ml of buffer per 1 g of
crude cell pellet. Suspension was incubated in ice for 30 min and sonicated. Cell lysate was clarified by
centrifugation at 3000 g for 15 min. The supernatant (soluble protein fraction) was filtered through a
0.22 um membrane and uploaded to HisPur ™ Cobalt Superflow (Thermo Scientific, USA) agarose pre-
equilibrated with NB buffer. The agarose resin was washed using NW buffer (50 mM NaH,PO,,
300 mM NaCl, 20 mM imidazole, pH 7.4), the protein was eluted with NE buffer (50 mM NaH,PO,,
300 mM NaCl, 300 mM imidazole, pH 7.4). The pure protein fraction was dialyzed against 10 times the
volume of the buffer (20 mM PBS, 300 mM NacCl, pH 7.4) overnight at 4°C.

Protein SodC purification. Protein purification was performed as [17] with modifications. Cells were
resuspended in buffer 1 (100 mM Tris HCI pH 8.0, 150 mM NaCl, 1 % Triton X-100, 1 % Sodium
deoxycholate) at the rate of 15 ml per 1 g of crude cell pellet. Lysozyme was added to the resulting
suspension to a final concentration of 1 mg/ml. Cell lysis was performed by freezing twice at - 70 °C and
thawing at 37 °C of the suspension. The cell lysate was incubated at 4 °C overnight, then centrifuged at
4 °C for 15,000 x g for 15 min. The pellet was washed successively with buffer 2 (100 mM Tris HCI, pH
8.0, 150 mM NaCl, 1 % Triton X-100), buffer 3 (100 mMTris HCI, pH 8.0, 1 M NaCl), buffer 4 (50 mM
Tris HCL, pH 7.5). The pellet was resuspended in buffer 5 (20 mM PBS, pH 7.4, 300 mM NaCl, 8 M urea,
5 mM imidazole, pH 7.4) and incubated at 4°C overnight to completely solubilize. The dissolved
inclusion fraction was filtered through a 0.22 pm membrane. Protein purification was carried out using
HisPur ™ Cobalt Superflow agarose. After sorption of protein, resin was washed with DW buffer (50 mM
NaH,PO,, 300 mM NaCl, 8 M urea, 5 mM imidazole, pH 7.4). Protein was eluted with DE buffer (50 mM
NaH,PO,, 300 mM NaCl, 8 M urea, 100 mM imidazole, pH 7.4). Refolding of the protein was performed
by dialysis sequentially against buffer 7 (20 mM PBS, 300 mM NacCl, 4 M urea, pH 7.4), buffer 8 (20 mM
PBS, 300 mM NaCl, 2 M urea, pH 7.4), buffer 9 (20 mM PBS, 300 mM NaCl, 1 mM DTT
(dithiothreitol), pH 7.4) and buffer 10 (20 mM PBS, 300 mM NaCl, pH 7.4). Protein concentration was
determined by the method of Lowry et al. [18], using BSA as a standard.

Polyacrylamide gel electrophoresis and Western blot. Electrophoretic analysis of polypeptides was
performed in 12 % SDS-PAGE under denaturing reducing conditions according to Laemmli [19]. For
visualization of proteins, Coomassie G-250 staining was used. For Western blot analysis, proteins were
transferred onto a nitrocellulose membrane and detected as described in [20] using anti-His (Cterm)/AP
antibodies (Invitrogen, USA) and sera from sick cattle.

Obtaining specific serum to recombinant proteins. Animal experiments were carried out in
accordance with applicable national and international legislation. The protocol was approved by the
Bioethics Commission of the RIBSP RK ME&S of the Republic of Kazakhstan (No. 6 dated
September 25, 2017).

To obtain specific sera, outbred white mice (females, 6-8 weeks old, weight 18-20 g) were
immunized with a target protein. Proteins were prepared as follows: purified protein was mixed with
Montanide Gel 01 (SEPPIC, USA) in a ratio of 9:1 (v/v). The final protein concentration was 150 pg/ml.
Before administration of the drug, animals were bled to obtain normal serum. Immunization was carried
out subcutaneously four times in a dose of 30 ug of protein. 14 days after the last injection, the animals
were bled. The serum was tested in ELISA (enzyme-linked immunosorbent assay).

ELISA. 96-wells plates were coated with the 2 mg/ml of affinity purified recombinant proteins in
0.05 M carbonate-bicarbonate buffer, pH 9.6 (100 uL/well), and incubated overnight at 4 °C. Plates were
washed four times with TBST buffer (150 MM NaCl, 20 MM tris-HCI, pH 7.5, 0,1 % tween-20) and
blocked with TBST containing 5 % fat free dry milk for 1 h at 37 °C. Double dilutions of test sera in the
blocking buffer, were added to wells (100 uL/well). Plates were incubated for 1 h at 37 °C and washed
three times with TBST. Anti-mouse immunoglobulin IgG conjugated to alkaline phosphatase (1:5000)
was added (100 pL/well) and the plates were incubated for 1 h at 37 °C. After washing, the substrate for
alkaline phosphatase (pNPP, Sigma, USA) was added into each well (100 uL). The plates were incubated
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for 30 min. Optical density was read at 405/630 nm on ELISA plates reader ImmunoChem-2100. Cut-off
values were determined using the mean optical density values from negative control sera plus three

standard

deviations.

Results and discussion. Construction of recombinant plasmids. A comparative analysis of the amino
acid sequences of the L7/L.12 and SodC proteins showed their high identity (95-100 %) for Brucella spp.
Using the SignalP [21] and TMHMM2.0 [22] software, the signal peptide was established for the SodC
protein, while transmembrane domains were absent in both proteins (figure 1).
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Figure 1 — The results of the analysis of the amino acid sequences of the target proteins
for the presence of signal peptides and transmembrane domains: A — L7/L12, B — SodC

Amplified DNA fragments encoding the L7/L12 and SodC genes were cloned into the pET28b(+)

vector. As a result, plasmids expressing recombinant proteins flanked at the N- and/or C-terminus by

6HIS oligopeptides were obtained (figure 2). The predicted molecular weights of SodC and L7/L12

proteins were 19.87 and 15.77 kDa, respectively. The obtained plasmids were transformed into E. coli

T7 cells.
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Analysis Entire Protein
Analysis Entire Protein Length 188 aa
Length 152 aa Malecular Weight 1987526
Molecular YWeight 15774.20 1 ricrogram = 50,314 pMales
1 micragram = £3.395 pMales Molar Extinction 5360
Malar Extinction 5690 caefficient
coefficient 1 A[280] carr. ta 3,71 mgjml
1 a[280] carr. ta 2.77 mgfml al280] of 1 0.27 all
A[2&0] of 1 0.36 AU gl
magjrl
Isoelectric Point 6.37
Isoelectric Point 6,10
Charge at pH 7 <575
Charge at pH 7 -5.07
1 MGSSHHHHHH SSGLVPEGSH MADLAKIVED LSALTVLEAL ELSELLEEKW 1 MESLFIASTM VLMAFPAFALE STTVEMYELL PTGPGEEVGT VWISELPGGL
51 GVSAAAPVAV ARAGGRAPAL AAEEKTEFDV VLADGGANEI NVIEEVRALT 51 HFEVNMEELT PGYHGFHVHE NPSCAPGEKD GEIVPALALG GHYDPGNTHH
101 GLGLKEAKDL VEGAPKAVEE GASKDEAEKI EAQLEAAGALK VELELEHHHH 101 HLGPEGDGHM GDLPRLSAMNA DGEVSETVWA PHLEELAEIE ORSLMVHVGE
151 HH 151 DNYSDEPEPL GGGGARFACG VIEDKELAALL EHHHHHH®*

A

B

Figure 2 — Prediction and analysis of amino acid sequences of recombinant proteins L7/L12 (A) and SodC (B)

The expression of genes encoding recombinant proteins. Induction of target genes expression
resulted in the production of L7/L12 (figure 3A) and SodC (Figure 3B) proteins. The molecular weight of
the recombinant proteins corresponded to the calculated values (figures 2, 3). As a result of gene SodC
expression, two protein products were formed (figure 3B, Tot), which is associated with the presence of a
signal peptide in the sequence of the recombinant protein. Modified protein (without signal peptide) was
in the soluble protein fraction (figure 3B, So), while unmodified protein formed inclusions bodies

(figure 3B, IN).

= . Pre Tot _u_ IN = - —P“ - - Tet TSs m
B . 0 ¥ —
© .. —— < —_—— —_—
35 - .

= — ; |
= . ‘ P

23 -
15 N T — .* -

15—

A . B ‘

after induction IPTG, So — soluble proteins

Figure 3 —
Electrophoretic analysis of proteins of the

cell lysate of E. coli strain T7, transformed
with plasmids pL7/L12 (A) and pSodC (B):

Pre — cell lysate before induction, Tot —
IN — inclusions. Recombinant proteins are
marked with asterisks

The expression of the target Brucella L7/L12 and SodC proteins was confirmed by the Western blot
using anti-His-antibodies (figure 4). Recombinant proteins also interacted with sera from brucellosis sick

cattle, which confirms their specificity (figure 5).

1 2 M M 1 2
35

15

—— )4 ——

Figure 4 —
Immunoblotting of proteins of the cell
lysate of E. coli strain T7, transformed with
recombinant pET plasmids, using serum to
polyhistidine. A:1 — cell lysate prior to
induction of L7/L12; 2 — after induction of
IPTG; B:1 — cell lysate prior to SodC
induction; 2 — after induction of IPTG



ISSN 2224-5308 Series of biological and medical. 2. 2020

M 1 2 1 2 M
Figure 5 — 35 l . 35

Immunoblotting of proteins of the cell
lysate of E. coli strain T7, transformed
with recombinant pET plasmids, using 25 o 25
serum from cattle with brucellosis:
A — serum from cattle with
brucellosis,
B — normal cattle serum.
1 — cell lysate L7/L12;
2 — cell lysate SodC. Recombinant
proteins are marked with asterisks

;
- 157
A B

B. abortus Cu-Zn cynepokcuaaucmytasa (SodC) 6suta naentudunuposana Beck et al. (1990) [23].
Using western blot, Betsy et al. (1990) proved that superoxide dismutase is found in most Brucella strains
and species except B. neotomae and B. suis biovar 2 [24]. Both SodC and L7/L12 are immunodominant
proteins and induce antibody production. Rajagunalan et al. (2014) in their studies, found antibodies to the
recombinant protein L7/L.12 of B. melitensis 16M in the sera from patients with acute brucellosis [25].
Proteins SodC and L7 / L12 were used in the development of DNA and vector vaccines. Recombinant
vaccines elicited an immune response in animals [13, 14, 26].

Protein purification L7/L12. At the first stage, the purification of L7/L12 protein was carried out
under native conditions (figure 6).

o =1 &
-5

Figure 6 — Electrophoretic analysis of the recombinant protein L7/L12 during the cleaning process:
M — molecular weight marker; 1 — total cell lysate; 2 — cell lysate after treatment with lysozyme;
3 — cell lysate after filtration through 0.22 pum; 4 — flow-through; 5-8 — wash fraction;

9-14 — fractions of purified protein. Recombinant proteins are marked with asterisks

As seen in the figure 6, lane 4, the cell lysate was not completely adsorbed onto resin. Washing the
agarose with a buffer containing both 20 mM imidazole (figure 6, lane 7, 8) and 10 mM imidazole (figure
6, lane 5, 6) resulted in the loss of the target protein. The target protein eluted with a buffer containing
both 300 mM imidazole (figure 6, lane 11-14) and 100 mM imidazole (figure 6, lane 9, 10) contained cell
protein impurities. Purification of the protein under standard native conditions according to the
recommendations of the resin manufacturer did not give satisfactory results. The protein purification
protocol was optimized.

Hybrid conditions were selected for purification (see the Materials and Methods section), which
made it possible to obtain a protein preparation with a high degree of purification without significant
losses at intermediate stages (figure 7). The yield of recombinant protein L7/L12 was 13 mg per 1 liter of
culture.
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Figure 7 — Electrophoretic analysis of the recombinant protein L7/L12 during the purification process using optimal
(hybrid) conditions. M — molecular weight marker; 1 — cell lysate after treatment with lysozyme; 2 — flow-through;
3-5 — washing fractions; 6-15 — fractions of purified protein. Recombinant proteins are marked with asterisks

SodC Protein Purification. Protein purification was performed under denaturing conditions (figure 8).
When purifying the recombinant SodC protein, there were also problems with its adsorption to agarose.
Only a small amount of protein was bound to the resin (figure 8, lane 2). Washing the resin led to the loss
of the target protein (figure 8, lane 3-6), and the protein eluate contained a significant amount of
impurities of cellular proteins (figure 8, lanes 7-10). An optimized purification protocol (see the Materials
and Methods section) made it possible to obtain a SodC protein preparation with a high degree of purity
(figure 9).

Figure 8 —
Electrophoretic analysis of recombinant SodC protein
during purification under denaturing conditions.
M — molecular weight marker;
1 — cell lysate after treatment with lysozyme;
2 — flow-through; 3-6 — wash fraction;
7-12 — fractions of purified protein.
Recombinant proteins are marked with asterisks

Figure 9 —

Electrophoretic analysis of recombinant SodC protein
during purification under optimal denaturing
conditions: M — molecular weight marker;

1 — cell lysate after treatment with lysozyme;

2 — flow-through; 3-4 — washing fractions;

5-10 — fractions of purified protein.
Recombinant proteins are marked with asterisks

As seen in the figure 9, a slight loss of the target protein was observed upon binding to agarose
(lane 2). Loss of the target protein during resin washing was not detected (lanes 3-4). There were no
impurities of cell protein in the eluate (lanes 5-9), which confirms the high purity of the obtained
recombinant protein preparation. The yield of purified SodC protein was 10 mg per 1 liter of culture.

In addition, mouse specific sera for recombinant SodC and L7 / L12 proteins were obtained. For this,
mice were immunized with triply recombinant proteins mixed with Montanide 01 gel (seppic, USA).
Recombinant proteins induced the production of specific antibodies in animals. The antibody titer in
ELISA for both SodC and L7 / L12 proteins was 1: 20480.

Purified recombinant proteins and their specific sera are suitable for use in the development of
specific diagnostic and prophylactic agents against Brucella spp.

Conclusion. As a result of studies, purified preparations of recombinant proteins SodC and L7/L12
were obtained. Optimal protocols have been developed for the expression and purification of recombinant
proteins in E.coli. The specificity of the obtained purified recombinant proteins was established using the
western blot with sera from animals with brucellosis. Highly active specific sera for recombinant proteins
were obtained, an antibody titer was 1:20480 for both the SodC and the L7/L12 proteins. Proteins and
26
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serums for them will be further used in the development of specific diagnostic and prophylactic agents
against Brucella spp.
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E. COLI-IE BRUCELLA SPP. L7/L12 ’KOHE SODC PEKOMBHUHAHTTBI BEJIOKTAPbI
KOHCTPYUPIJIEY, DKCIIPECCHUSAJIAY KOHE TA3AJIAY

Annoranusi. bpynennes nHpeKkuusSHbIH TaOUFH pe3epByapiapbl 6ap OOJIFaHABIKTAH, ICHCAYJIBIK CaKTayIbIH
MaHbI3/bI MpobieMackl Oonbn Kana Oepeni. KasakcraHHBIH Keke ayJaHIapbIHIA Kb CallblH afamMaapblH JKoHE
aybUl MIAPYAIIBUTBIFBIHAAFEl MaJIapAaH OpYLEIUIC3IiH aHBIKTATYybl IHAET OOMBIHINA TYPaKChI3, KYOBLIMAIBI
KaFTalIpl JKOHE IMapyallbUIBIKTApAaFsl 3MHU300THSUIBIK JKOHE SMUAEMUSIIBIK TPOLECTEPAiH OpTYpJi ACHrewaeri
OenceHai KepiHiCTepiMEeH OpyIeiuie3 ONIaKTapbIHBIH KaJbIITACTHIPYBIHBIH HAKThI MYMKIHIITIHIH 0ap eKeHiH
oinmipeni. Ocwiran GaiaHBICTBI, OYJI IHAET BETEpUHAPHS XKOHE MEIWIIMHA FHUIBIMBI YIIIiH YJIKEH MOceie OOJIBII
oteIp. Kasipri Tanma Opyneniesni Mas mapyamblIbIFbIHAA alabsH any yuriH S19 skone RBS51 mramnaps! Herizinge
aNBIHFaH Tipl aTTCHYHMPJICHTCH BaKIMHAJIAp KOJAaHbLIamsl. OnapiaslH OacThl KEMIIUTN — aJaMaapFa THTI3CTiH
xyKnansl ocepi. CoHma na amampaapiplH OyJl IHICTIICH aypyblH TOMEHIETY YIIIH aybll INapyIIbUIBIFBIHIAFbI
Mangapasl UMMYHAAy Oarmapiamaliapbl JKy3ere achIpbUTYBl KakeT. OMHUKCTI TEeXHOJOTHAJIApABI KOJIIaHa OTHIPHIIL,
KayiIici3 ykoHe THIMIII 0OJAaThIH JKaHa JQYip BaKIIMHAIAPBIH XKACAKTAy — BAKIIMHOJOTHUSHBIH ITEPCTICKTUBTI OaFbITHI.
Byriari kyHi angelH amy SkoHe Oanay, TpemapaTrTapAbl o3ipyiey Ke3iHIe, COHBIMEH Karap OpTYPJi 300HO3IIBI
aypyJapra Kapchl BaKIMHA jkacay OapbIChIHIA KOJAAaHBUIATHIH, aHTHTCHIIK JKOHE MMMYHOTEHIIK KacueTTepi Oap
PEKOMOMHAHTTHI O€JOKTap KEHIHEH KOJJaHbUIaasl. ['yMopamipl jKoHE jkacylla IESHreHiHIe HMMMYHIBI dKayan
KaWTapaThlH OpYIEIUTaHBIH OipKaTap MMMYHOTCHMI OCIOKTAaphl alKbIHAAIFaH OOJATHIH. ByJl MakajlaHbI jKa3yIbIH
Makcatbl Brucella spp. L7/L12 xone SodC pexoMOWHaHTTHI OENOKTapIbl OKCIPECCHsIay JKOHE Tazaiay
OapBICBIHAAFBl  JKaFgaimapAsl  OHTAaWIaHABIpYMEH OaimaHeicTel.  JKacamraH  SKYMBICTApABIH — HOTIDKECIHIE
akcrnpeccrsuiaiTeiH mwiasMunaneik JJHK pET/Br-L7/L12 xone pET/Br-SodC aneaapl. Tyrac rennepain E.coli -ne
SKCTIpecCcHsiIay NapaMeTpIiepi aHBIKTANAbI )KOHE PEKOMOMHAHTTHI OEJIOKTap/Abl Tazajay oJiCi OHTaWIaHIBIPBULIBL.
Hotmxecinge L7/L12 GenokTel Tazajiay YHIiH Kejeciged TMOpPHMATI jKaFraad TaHAalIbl: jKacyllanapbl JIN3UCTEY
OapbIcbIHAA KypaMbIHAa 6M TryaHHINH THApoXJopual 6ap Oydepai KomaaHy, KybII-alo OapbIChIHAA KYPaMbIHAA
20 MM wmmupgazon 6ap Oydepai kommany, HisPur araposaman tytac OGeJIOKTHI ditompiey OapbIChIHIIA, KypaMbIHIA
300 MM ummgaszon 6ap Oydepai konmany. SodC GeTOKTHI IeHATYpaISUIBI JKaFnaiina musuc oydepine 1 % TputoH
X-100 >xome 1 % HaTpHil HE30KCHXOJIATHI KOCBUIBIN Ta3alaHAbl. AJBIHFaH TyHOamap KypambiHza 8§ M MoueBMHA
xoHe 5 MM mmmupmazon Oap Oydepai Konmmana oTeIpbIN, epiTurin ansiaabl. HisPur araposaman Tyrac OGenoKThI
KypambiHga 8 M mMoueBuHa xonHe 100 MM nmuno3on 6ap Oydepai KoagaHa OTBIPHIN, TIOUpIIen anblHAbL. Tazanay
OapbICHIHBIH ©3TepPTUITeH JKaFJalilapblH KOJJAaHa OTBIPBIN, Ta3apThUIFAaH PEKOMOWHAHTTHI OeJIOKTap Kelecimen
Memmepne anslHasl: L7/L12 meFreiMabuibirsl 13 mr/a, SodC mereMapIeiFsl 10 MT/i1. BemokrapapiH, TemiMIimir
BeCTp OJIOTTHI KOJIaHA OTBIPBII pacTaiuabl. PeKOMOWHAHTTHI OeNOKTapMEeH THIIKAHAAPABI €Ty HOTIDKECiHIe
NDA-ne Tturpnepi 1:20480 xome 1:20480 colikec TemimMai aHTHACHENEpIiH TMaiga OOybl aHBIKTAJJIBI.
PexoMOMHAHTTBI O€NOKTap MEH oJlapFa aJbIHFaH capbicyiap Opyleiuiesre Kapchl KOW IIeHIeri BUPYCHI HeTi3ze
BEKTOPJIBIK BaKI[MHAHBI kKacayia KOJIaHbLUIATEIH 004 IbI.

Tyiiin ce3nep: Brucella spp., pnbocomainsik 6enok L7/L12, cynepokcuanucMyTasa, 3KCIPECccHs, Ta3anay.
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Hay4gHo-uccnenoBaTenbcKUil HHCTUTYT MPOOJIeM OHOJIOTHIECKON 0€30TTacCHOCTH
urt. ['Bapaeiickuii, Kopnatickuii paiion, KamoObuickas oomacts, Kazaxcran

KOHCTPYUPOBAHMUE, DOKCIIPECCHUA U OYUNCTKA PEKOMBUHAHTHBIX BEJIKOB
L7/L12 1 SODC BRUCELLA SPP. B E. COLI

AHHOTauusA. bpynennes npomomkaeT ocTaBaThCsl BaKHOW TPOOJIEMOH 3ApaBOOXPAHEHHUS, MTOKa CYIIECTBYIOT
€CTECTBCHHBIC pe3epByapbl WHQEKIH. EXerogHoe BEBIIBICHHE pPEarHpYIONIMX Ha OpyIleiuie3 CeIbCKOXO3si-
CTBCHHBIX JKMBOTHBIX W JIIOJICH B OTICNBHBIX paiioHax Ka3axcTaHa CBHICTEIBCTBYET O KpailHE HEYCTONYMBOM
CUTYAIIMH 10 TOH WHPEKIMH U O pealbHOH BO3MOXKHOCTH (POPMHUPOBAHUS 0YAroOB Opyliesie3a ¢ pa3HOl CTCIICHBIO
aKTUBHOCTH TPOSBJICHUS SMHU300THYECKUX U SMUAEMUYECKUX IPOIECCOB B XO3AHCTBaX. B CBs3M ¢ 3TUM MaHHAS
MHGEKIHS PEACTABIISET CEPhE3HEHITYIO TIPOOIEMY TSl BETEpUHAPHON M METUITMHCKOM HaykH. B HacTosee BpeMst
U IpO(MITaKTUKY OpyLiesuie3a y )KUBOTHBIX HCIIOIB3YIOT KHUBHIE aTTCHYHPOBAHHBIC BaKIIMHBI HA OCHOBE IIITAMMOB
S19 u RBS51, rmaBHBIM HEIOCTATKOM KOTOPBIX SIBJISETCS BUPYJIEHTHOCTH Ui YeJoBeKa. TeM He MeHee, MPOrpaMMbl
MMMYHU3AIIH )KUBOTHBIX JTOJKHBI TIPOBOAUTHCS, YTOOBI CHU3UTH 3a00JIeBaeMOCTh Jrojiel. Pa3paboTka Ge30macHbIX
1 3 (HeKTUBHBIX BaKIIMH HOBOTO TIOKOJICHHSI C MCIOJIh30BAHUEM OMHKCHBIX TEXHOJIOTHH SBISCTCS MEPCICKTHBHBIM
HaTpaBJIeHHeM BakIuHOIOTHH. CeromHs mpHu pa3paboTke MpOoGMIAKTHIECKUX M JAUATHOCTHYECKHX IPEernapaTos, a
TaKkKe B KadecTBE KaHIMIATOB HA BAaKIWHY MPOTHUB PA3JIMYHBIX 300HO3HBIX 3a00JIEBaHHMIA IIMPOKO HCIOIB3YIOTCS
peKOMOMHAHTHBIE Oenku, oONajaromie AHTUTEHHBIMH M HMMYHOTEHHBIMH CBOWCTBAMHU. YCTaHOBJICH P
MMMYHOTCHHBIX OCIIKOB OpYIIEeIUI, MHAYIMPYIOUINX KaK TYMOPAIbHBIH, TaK ¥ KICTOYHBIH HMMYHHBIN OTBET. Llenbio
JAHHBIX MCCIICIOBAHUH SBISUIACH ONTUMU3AIMS YCIOBUI YKCIPECCHU M OYHCTKH peKOMOWHAHTHBIX Oenkos L7/L12
u SodC Brucella spp. B pe3ynbraTe MpoBEICHHBIX UCCIICIOBAHUN MOTYUYCHBI dKcTIpeccupyromme miazmuaaeie JJHK
pET/Br-L7/L12 n pET/Br-SodC. Y cTaHOBIIEHBI TTapaMeTPhl IKCIPECCHUU TIENIEBBIX TeHOB B E.coli 1 ONTHMHU3UPOBAH
METOJI OYHCTKH PEKOMOWHAHTHBIX OeNKoB. B pe3ynbTaTe NpOBEACHHBIX pabOT s oducTku Oemka L7/112
o100paHbl THOPUIHBIE YCIIOBHUS C UCTIOJIb30BaHuEM Oydepa comeprkamiero 6M ryanuanHa THIPOXJIOPHIA Ha ITAIIe
nu3uca kietok, 20 MM umuaasona Ha stane oTMbIBKM U 300 MM nMuaa3onia Ha dTame AIIOUPOBAHUS LIEJIEBOTO
6enka c arapossl HisPur. benox SodC ounimanu B AeHAaTYypHPYIOIIMX YCJIOBHS C JOOABICHHEM B JIM3UPYIOMINH
oydep 1 % tputon X-100 u 1 % nesokcuxoiara HaTpus. Brirouenus comoOmmm3nposanu 0ydepoM, comepsKamim
8 M moueBHHB B 5 MM UMHUI030J1a. DIIFOUPOBAIN TesieBoi Oenok ¢ araposbl HisPur 6ydepom conepxamum 8§ M
moueBnHBl W 100 MM wumuposona. Hcmonb3oBaHne MOAM(DHIIMPOBAHHBIX IMPOTOKOJIOB OYHCTKH ITO3BOJIMIIO
TIOJIYIHUTh OYMINEHHBIE PEKOMOMHAHTHBIE OeJIKY ¢ BEIXoAoM 13 mr/im myst 6enka L7/L12 u 10 mr/n ans 6enka SodC,
coOTBeTCTBeHHO. CrienuduuHOCTh OEIKOB OblIa MONTBEpXkKICHA B BecTepH Oyore. VMMyHU3amus MBIIICH
PEKOMOMHAHTHBIME OCJIKaMU MPUBOJUIIA K BRIPAOOTKE CHENU(PUICCKAX aHTHUTEN, TUTP KOTOPHIX B UDA cocraBmn
1:20480 m 1:20480 coorBercTBeHHO. PekomOMHaHTHBIC OelkM W crenudHUYecKkue CHIBOPOTKM K HUM OyayT
HCTIONB30BaHBI IPHU pa3paboTKke BEKTOPHON MPOTHBOOPYIIEIIIE3HOH BaKIIMHEI HA OCHOBE BHPYCa OCITHI OBEIL.

KuaroueBble ciaoBa: Brucella spp., pubocomanbHbiii Oesok L7/L12, cymepokcmmaucMyTasa, dKCIPECCHS,
OYHCTKA.
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