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Introduction

Aim. Engineering of recombinant Staphylococcal protein A with cysteine residue (SPA-Cys) for prepara-
tion of affinity chromatography stationary phase and formation of bioselective element of immunosensor.
Methods. DNA sequences encoding IgG-binding region of SPA, His-tag and cysteine were genetically
fused and expressed in E. coli. SPA-Cys was immobilized on maleimide-functionalized silica beads for af-
finity chromatography stationary phase preparation and on a gold sensor surface as a bioselective element
of immunosensor. Results. SPA-Cys was expressed at a high-level in a soluble form. The target protein was
purified and showed a high IgG-binding activity. The capacity of the obtained SPA-Cys-based affinity chro-
matography stationary phase was 10—-12 mg of IgG /ml. The purity of eluted IgG was more than 95 % in
one-step purification procedure. The developed SPA-Cys-based bioselective element of immunosensor se-
lectively interacted with human IgG and did not interact with the control proteins. Conclusions. The recom-
binant Staphylococcal protein A with cysteine residue was successfully used for the preparation of affinity
chromatography stationary phase and formation of the bioselective element of immunosensor.

Keywords: antibodies, recombinant Staphylococcal protein A, protein immobilization, affinity chro-
matography, immunosensor, surface plasmon resonance.

as the first protein that binds human IgG in a non-
immune manner (its Fc-fragment) [2]. Now it is one

The investigations of molecular mechanisms of the
pathogen—host interaction revealed microbial pro-
teins capable of non-immune binding with host im-
munoglobulins without the involvement of their an-
tigen-binding sites. Such non-immune binding of
immunoglobulins by bacterial cells through immu-
noglobulin-binding proteins allows the microorgan-
isms to evade the protective factors of the host body
[1]. Staphylococcal Protein A (SPA) was identified

of the most extensively studied immunoglobulin-
binding molecules. The SPA molecule structure in-
cludes a signaling sequence [3], IgG-binding region
consisting of five highly homologous domains, and a
C-terminal anchoring part, which attaches the pro-
tein to the bacterial cell wall [4, 5]. The SPA mole-
cules are highly resistant to the denaturing factors:
they are thermostable, resistant to a wide range of
pH (1-12), and are not destroyed by trypsin cleavage
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[1]. Due to the high affinity for the Fc-fragment of a
wide spectrum of immunoglobulins, SPA can be used
in biotechnology and health care, in particular, in test
systems for the immune diagnosis and also as the com-
ponents of affinity chromatography stationary phase
for the purification of antibodies or in the treatment
of patients who need the autoantibodies, immune com-
plexes, or immunoglobulins to be removed [1, 6].

Among immunological test systems, immunosen-
sors offer a high specificity, simple operation, easy
sample preparation and high sensitivity [7]. Using
the real-time label-free method based on the surface
plasmon resonance (SPR) spectrometry for the im-
munosensor development seems especially promis-
ing and attractive, because it can overcome serious
drawbacks of the methods based on molecular labels
applications (time- and cost consuming preparation
of the labeled components, a possible influence of la-
bels on interacting biomolecules, multi-step detec-
tion protocols, etc.) [8]. SPR spectrometer registers
the changes in the refractive index of a thin layer
(~200 nm) of media adjacent to a sensor surface. The
processes of biomacromolecules immobilization and
interactions of immobilized components with their
molecules-partners change the refractive index of
this layer and evoke the SPR response in real time.
However, the immobilization of antibodies on the
sensor surface usually leads to lowering their anti-
gen-binding activity. A random orientation of immo-
bilized antibody and steric constraints are believed to
be the main reasons of it. To prevent this, the interme-
diate layer could be created, which would include the
immunoglobulin-binding proteins, e.g. Staphylococ-
cal protein A. The SPA molecules can be physically
adsorbed on the sensor surface, though the genetic
engineering introduction of a cysteine residue to the
protein C-terminus was shown to increase the immo-
bilization level of SPA, its IgG-binding activity as
well as the further antigen-binding activity of the an-
tibody molecules immobilized through SPA [9]. The
efficient immobilization of SPA molecules, bearing
cysteine residues, on the gold sensor surface is medi-
ated by a strong thiol-gold interaction [10].

The introduction of a cysteine residue to the C-
terminus of SPA molecules opens up new opportuni-
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ties for the creation of IgG-specific stationary phase
for the affinity chromatography. The preparation of
such stationary phase is usually based on non-specif-
ic chemical coupling strategies. The common prob-
lems of these methods are the random orientation
and low yield of functional immobilized proteins.
The recent advances in synthetic chemistry have
been realized in the powerful, efficient and facile
methods of the site-specific protein immobilization
on a polymer matrix. The site-selective methods al-
low an attachment of uniformly oriented proteins to
the bioactive site freely accessible for further appli-
cations. The cysteine residue is highly suitable for
immobilization as its thiol group readily undergoes
the nucleophilic substitution reaction with electro-
philic reagents, or Michael addition to o,p-unsatura-
ted carbonyls (e.g., maleimides) to form stable thioe-
ther bonds. The maleimide groups strongly favor the
reaction with thiols at physiological conditions (pH
6.5-7.5) [11, 12]. The spherical polymeric particles
of monodisperse size are the most useful matrix for
many solid-phase separation and analytical process-
es. The thiol addition to maleimide is widely used
for the preparation of peptide and oligonucleotide
conjugates and arrays, biosensors, fluorescent labe-
ling of proteins and other biomolecules, etc. [13—15].
Therefore, we have employed thiol-maleimide che-
mistry for the SPA-Cys immobilization onto spheri-
cal silica beads.

The aim of the present work is the synthesis and
purification of recombinant Staphylococcal protein
A with cysteine residue that can be used for the prep-
aration of affinity chromatography stationary phase
and the immunosensors development.

Materials and Methods

NaCl, (NH,),SO,, KH,PO,, a-lactose, EDTA, SDS,
imidazole, TWEEN 20, TWEEN 80, Triton X 100,
Bromophenol Blue and bovine serum albumin (BSA)
were purchased from «Sigma» (USA), Na,HPO, and
glycerol — from «Applichem» (Germany), Dithiotrei-
tol (DTT), Coomassie Brilliant Blue R250 and Un-
stained Protein Molecular Weight Marker SM0431 —
from «Fermentas» (Lithuania), Guanidine hydrochlo-
ride, Urea and Tris-HCI buffer solution (pH 8.0) —
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from «Helicon» (Russia), kanamicin and MgSO, —
from «Arterium» (Ukraine), glucose — from «Farmak»
(Ukraine). Glucose Oxidase was obtained from Ins-
titute of Microbiology of National Academy of Sci-
ences of Belarus. High purity grade spherical silica
beads (2045 pm, pore size 60-80 A, 420-530 m?/g
surface area) and 3-aminopropyltriethoxysilane were
purchased from «Fluka» (Switzerland), chlorotrime-
thylsilane, N-hydroxysuccinimide (NHS) and N,N-
dicyclohexylcarbodiimide — from «Acros Organicsy»
(Belgium). Other reagents and solvents were obtai-
ned from «UkrOrgSyntez» (Ukraine). Amine con-
tent in polymers was quantitatively determined by a
Bromophenol Blue spectrophotometric assay [16].
3-Maleimidopropionic acid and its N-hydroxy-suc-
cinimidyl ester were synthesized as previously de-
scribed [17, 18].

1. Cloning and expression of SPA-Cys

DNA-sequence of SPA-Cys (917 b.p.) encoding the
protein starting from Ala37 and ending with Glu339
was obtained via PCR-amplification from chromo-
somal DNA of S. aureus, isolated with Genomic
DNA Purification Kit («Fermentas», Lithuania). A
pair of specific primers («Syntol», Russia): sn SPA
5'-ATCATATGGCGCAACACGATGAAGCT-
CAAC-3’ introducing Ndel restriction site and ATG
starting codon, and asn SPA-6His-Cys 5'-TACCTC-
GAGTCAACAGTGGTGGTGGTGGTGGTGTGC
GGCCGCTTCCTC-3', introducing 6His-tag for pro-
tein purification, C-terminal cysteine residue for site-
specific protein immobilization and Xhol restriction
site, were used for PCR amplification.

The spa-cys amplified DNA fragments were ligat-
ed with the Esherichia coli expression vector pET24a(+)
(«Novagen», USA) using Ndel and Xhol sites. The re-
sulting plasmid was used to transform E. coli Roset-
ta (DE3) host cells («Novagen», USA) for expression.

For expression of SPA-Cys, a modified auto-induc-
tion protocol, originally described by Studier [19],
was applied as follows: E. coli BL21(DE3) cells har-
boring the required plasmid were incubated at 37 °C
overnight in 2 ml of 2 x YT medium (17 g peptone
from casein, pancreatic digest «Fluka», 10 g of yeast
extract «Helicon», 5 g NaCl per 1 L of water) con-

taining 50 pg/ml kanamicin and 1 % glucose. For
large-scale production of SPA-Cys protein, 1:1000
dilutions of the overnight culture were used to inocu-
late 200 ml fresh 2xYT medium containing 50 pg/
ml kanamicin, 25 mM (NH,),SO,, 50 mM KH,PO,,
50 mM Na HPO,, ImM MgSO,, 0.05 % glucose, 0.2 %
a-lactose, 0.5 % glycerol. The cultures were allowed
to express for 18-24 h at 37 °C before the cells were
harvested by centrifugation at 3000g for 20 min. The
bacteria cells were disrupted by sonication on ice
with 10 mM Tris-HCI buffer solution (pH 8.0), con-
taining 1 mM EDTA. The cell lysates were precipi-
tated by spinning at 10000g for 20 min. The superna-
tant was used for protein purification. The protein
were analyzed by SDS-PAGE in 12 % gel [20]. The
aliquots of supernatants and pellets were sampled
and mixed with electrophoresis loading buffer con-
taining 7 % (w/v) SDS, 40 % (v/v) glycerol, 0.25 M
Tris-HCI1 (pH 6.8), 0.0005 % (w/v) bromophenol
blue and 100 mM DTT. Gels were stained with Coo-
massie Brilliant Blue R250. The protein concentra-
tions were measured by densitometry using BSA of
known concentration as a standard.

2. Purification of SPA-Cys

The purification of SPA-Cys was performed by im-
mobilized-metal affinity chromatography (IMAC) in
the native conditions. 1 ml HiTrap chelating column
(«GE Healthcare», USA) loaded with Ni** ions was
connected to the FPLC system («Pharmacia», Swe-
den) and equilibrated with sodium phosphate buffer
solution (pH 7.4) containing 300 mM NaCl and 10
mM imidazole with flow rate 0.5 ml/min. The soluble
protein fractions from lysates of the induced Rosetta
(DE3) cells carrying the plasmid pET24-SPA-6His-
Cys were filtered through 0.45 um-membrane PVDF
filter («Millipore», USA) and were applied to the col-
umn. The column was washed with the mentioned
buffer to remove non-specifically bound proteins, and
SPA-Cys was eluted with sodium phosphate buffer
solution (pH 7.4) containing 300 mM NaCl and 300
mM imidazole. The homogeneity of the purified pro-
tein was analyzed by SDS-PAGE in 12 % gel [20].
SPA-Cys concentration was determined using the val-
ue of A adsorption, calculated from the amino acid
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Fig. 1. Schematic representation of the synthesis of maleimide-modified matrix and its reaction with thiols. Sil — silica beads

sequence with Vector NTI software. For large-scale
purification procedure, a 26/20 XK column («GE
Healthcare», USA) packed with 20 ml of Ni-NTA
Superflow resin («Qiagen», Germany) was used.

3. Preparation of the maleimide-functionalized
silica beads

Aminopropyl-modified matrix 2 (Fig. 1) was obtai-
ned by the reaction of spherical silica beads 1 with
3-aminopropyltriethoxysilane in 95 % ethanol and
subsequent surface treatment with chlorotrimethyl-
silane in pyridine to block polar silanol groups, fol-
lowing the general procedure described for glass beads
amination [21]. 1.0 g of aminopropyl-silica was trea-
ted with 10 ml solution of reagent 3, hydroxysuccin-
imide ester of 3-maleimidopropionic acid, (1.2 mmol)
in dry DMF for 24 h at ambient temperature with
occasional stirring. The polymer was filtered off, wa-
shed with DMF (3 x 3 ml), and remaining free NH,
groups were blocked with 10 % acetic anhydride in
pyridine (5 ml, 10 min). The maleimide-functional-
ized silica beads 4 were collected by filtration, ex-
tensively washed with pyridine, chloroform, metha-
nol and diethyl ether, and dried in vacuum.

4. Immobilization
of SPA-Cys on maleimide-functionalized
silica beads

Immobilization of SPA-Cys on maleimide-function-
alized silica was performed by the method described
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by Mallik et al. [22]. Before immobilization, the ma-
leimide-functionalized silica beads were washed fi-
ve times with 1.3 M potassium phosphate buffer so-
lution, pH 7.0. Then 5 mL solution of SPA-Cys in
1.3 M potassium phosphate buffer solution, pH 7.0
with concentration 2 mg/mL was added to 0.5 g of
the maleimide-functionalized silica beads. This mix-
ture was degassed and the reaction was carried out at
4 °C for 36 h with shaking. The obtained affinity
chromatography stationary phase was separated from
the reaction mixture by centrifugation and was wa-
shed five times with 1.3 M potassium phosphate
buffer solution (pH 7.0). After washing we estimated
that about 2.1-2.3 mg of SPA-Cys was attached to 1
g of silica. The remaining free reactive groups were
blocked with 10 mM cysteine.

5. 1gG purification on SPA-Cys
affinity column

Before application, the affinity chromatography sta-
tionary phase was washed with at least 100 column
volumes of 70 mM potassium phosphate buffer solu-
tion (pH 7.4). Blood serum of immunized mice, di-
luted with the same buffer solution was loaded onto
the chromatographic column, containing 1 ml of the
equilibrated SPA-Cys-based affinity chromatogra-
phy stationary phase with the flow rate 0.5 ml/min.
The column was washed with the same buffer solu-
tion to remove unbound material, and bound anti-
bodies were eluted with 0.1 M Na-citrate buffer so-
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lution (pH 3.8). A purity of the eluted antibodies was
checked by 12 % SDS-PAGE.

6. SPR spectrometric analysis
of protein-protein interactions

SPR analysis was performed using a measuring flow-
cell of the spectrometer «Plasmon-4M» and the peri-
staltic pump «Ismatec» (the pump speed of ~40 ul/
min). At first the measuring flow-cell was thoroughly
washed by working buffer solution (PBS) to stabi-
lize the SPR signal. Then a sample (usually 120 pl)
was injected and incubated with the pump switched
off for 30 min for protein immobilization on the sen-
sor surface and for 10 min for interactions of immo-
bilized components with their molecules-partners.
After that the measuring flow-cell was washed by
PBS again until a stable SPR signal is obtained. To
distinguish an actual sensor response caused by the
interactions between the sample and sensor surface
or preliminary immobilized components, from the
signal caused by random fluctuations of the medium
refractive index, it was necessary prior to measuring
the SPR response to wash the flow-cell before and
after each sample by the same buffer solution [8].

Results and Discussion

To design the ORF of recombinant protein SPA-Cys,
four features were taken into consideration: 1) the
signaling peptide and a C-terminal anchoring part of
the natural SPA do not interact with immunoglobu-
lins (moreover, the C-terminal hydrophobic part
could cause some complications in the expression of
the recombinant protein); 2) the IgG-binding region
consists of five highly homologous domains (E, D,
A, B and C); 3) the presence of 6His-tag in the pro-
tein assures its efficient purification by immobilized-
metal affinity chromatography; 4) there is no cysteine
residue in the IgG-binding domains, and the addition
of cysteine residue to the C-terminus of the recom-
binant protein allows its reliable immobilization on
the gold sensor surface and on the maleimide-func-
tionalized silica surface. Therefore, we excluded the
sequences not required for IgG-binding (signaling
and a C-terminal anchoring parts of SPA) and the
designed ORF of recombinant protein SPA-Cys con-
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Fig. 2. Schematic representation of SPA-6His-Cys expression cas-
sette in pET-24a(+) plasmid vector
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Fig. 3. Electrophoregram of expression and purification of SPA-
Cys. 1, 4 — Ni-NTA purified SPA-Cys; 2 — soluble protein frac-
tions from induced Rosetta (DE3) cells carrying plasmid pET-24-
SPA-6His-Cys; 3 — proteins washed from the column with sodi-
um phosphate buffer, pH 7.4; 5 — molecular weight markers (from
top to bottom: 130, 100, 70, 55, 40, 35, 25, 15 kDa). Amount of
protein corresponding to 5-15 pl of induced E. coli culture was
loaded on each lane of 12 % SDS-PAGE. The arrow marks the
position of SPA-Cys protein

tained the sequences encoding all five IgG-binding
domains, 6His-tag and C-terminal cysteine (Fig. 2).
The auto-induction expression method, in contrast to
the more expensive IPTG induction method, does
not require large volumes of culture medium and
special equipment. Adtionally, prolonged cultivation
time (up to 24 hours) allows obtaining high yields of
recombinant protein [19]. The applied cultivation
conditions provided a high-level expression of target
proteins (~1 g/l E. coli culture). We have shown that
SPA-Cys (MW = 34.5 kDa) accumulated in bacteria
is in the soluble form. SPA-Cys was obtained at the
multi-milligram scale in a functionally active state
with purity ~95 % by one-step IMAC (Fig. 3). The
IgG-binding activity of recombinant protein was
confirmed by ELISA with rabbit IgG, and the pres-
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ence of the C-terminal cysteine residue — with the
Ellman's reagent.

The C-terminal cysteine residue provided the ori-
ented immobilization of SPA on maleimide-activated
matrix allowing the IgG-binding sites of SPA to be
exposed for the interactions with IgG. The synthesis

1 2 3
— 116
G e | 66
- -
_— 45
— 25
| 13

Fig. 4. Purification of IgG on SPA-Cys-based affinity chromatog-
raphy stationary phase. 1 — purified IgG; 2 — proteins of the blood
serum which were loaded on the column; 3 — molecular weight
markers (from top to bottom: 116, 66, 45, 35, 25, 18 kDa)
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of functionalized silica beads is shown schematically
in Fig. 1. The heterobifunctional cross-linking reagent
3 was used for the surface modification. This reagent
contains two functional groups of different reactivi-
ty, namely, maleimide residue able to interact selec-
tively with thiols, and hydroxysuccinimide ester re-
acting with amines to form an amide bond. Thus rea-
gent 3 allows the introduction of thiol-specific male-
imide groups into the amine-modified polymer.

The matrix amination was performed using the re-
action of spherical silica beads 1 with 3-aminopro-
pyltriethoxysilane [21]. The amine content in vari-
ous samples of aminopropyl-functionalized silica
beads 2 was in the range 100—150 pmol/g. The treat-
ment of this polymer with the amine-reactive reagent
3 in DMF resulted in the formation of modified ma-
trix 4 containing a thiol-specific function on a rela-
tively flexible linker. The concentration of maleim-
ide groups in the polymer sample was found to be ca.
70-90 umol/g (which corresponds to the difference
of amine content before and after the reaction with
3), coupling yields up to 75 %. The reaction of male-
imide-modified silica with thiols, including the pro-
teins containing free SH groups, leads to their cova-
lent attachment to the solid matrix (product 5, Fig. 1).

63.7

63.6

SPR response, ang. deg.

63.5
150 170 190
Time, min

Fig. 5. SPR sensogram representing the immobilization of 2 uM SPA-Sys on a gold sensor surface of SPR spectrometer «Plasmon-4m»»

Fig. 6. SPR sensograms representing the interactions of the bioselective element based on SPA-Cys immobilized on a gold sensor
surface with the solutions (all 40 pg/ml) of IgG (1), Glucose Oxidase (2) and BSA (3)
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The immobilization of SPA-Cys on the maleim-
ide-functionalized matrix was performed under
mild conditions. The obtained affinity chromatog-
raphy stationary phase was used for one-step puri-
fication of antibodies. According to the SDS-PAGE
results, the purity of IgG in eluted fractions was
over 95 % (Fig. 4). IgG-binding capacity of the
SPA-Cys affinity chromatography stationary phase
was around 10—12 mg/ml and it was stable in the
pH range from 2.0 to 11.0 and in the presence of 0.1
% detergent (TWEEN 20, TWEEN 80 or Triton
X-100), 8 M Urea, 6 M Guanidine hydrochloride,
70 % cthanol. Thus, the combination of efficient
expression systems and an optimal method for SPA
immobilization on silica beads resulted in a high
capacity of the affinity chromatography stationary
phase for the IgG purification.

For the SPA-Cys immobilization on a gold sensor
surface of SPR spectrometer «Plasmon-4my, a sam-
ple of the purified recombinant Staphylococcal pro-
tein A was injected into the measuring flow-cell and
incubated there. It led to a significant increase in the
sensor signal (Fig. 5). Further prolonged wash of the
flow-cell by PBS caused only a slight decrease in the
sensor signal. It means that only a small part of the
sensor signal was caused by weakly bound mole-
cules, and the major part of SPA-Cys molecules was
firmly immobilized on the gold sensor surface.

To check, whether the immobilized molecules
of SPA-Cys retain their immunoglobulin-binding
properties, human IgG was injected into the meas-
uring flow-cell. The sensogram (Fig. 6) shows that
the introduction of 40 pug/ml IgG causes a signifi-
cant sensor response without a noteworthy de-
crease during prolonged PBS wash. Obviously,
the SPA-Cys molecules immobilized on the gold
sensor surface demonstrated a high immunoglob-
ulin-binding activity.

At the same time, the injection of other proteins (BSA
and Glucose Oxidase, 40 pg/ml) does not cause notice-
able changes in the sensor response (Fig. 6). So, the cre-
ated bioselective element of the SPR immunosensor
based on the recombinant protein SPA-Cys demonstrat-
ed the high selectivity of sensor response. Further char-
acterizations of this bioselective element are in progress.

Conclusions

The purified recombinant Staphylococcal protein A
with cysteine residue was successfully used for the
preparation of the affinity chromatography stationary
phase and the formation of bioselective elements of
immunosensor. The affinity chromatography station-
ary phase based on SPA-Cys efficiently purified the
antibodies in functionally active form from serum in
one-step procedure. The bioselective element of the
surface plasmon resonance immunosensor based on
SPA-Cys showed high activity and selectivity.
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PexomoOinanTuuii 6ok A Staphylococcus aureus
i3 32 IMIIKOM LMCTETHY /IS IPUTOTYBAHHS CTalliOHAPHOT
(a3u adinnoi xpomarorpadgii Ta 118 po3podku iMyHOCEHCOPIB

O. b. T'opbatiok, A. O. baxmauyk, JI. B. JlyGeit,
M. O. Ycenxo, 1. M. Ipoznos, O. B. Oxynes, O. M. Kocrtenxo,
O. E. Pauxkos, B. A. Koparom

Merta. OTpumanss pexomOiHaHTHOTO Oinka A S. aureus i3 3a-
mmmikoM ucteiny (SPA-Cys) Ta Horo 3acrocyBaHHS 11 adiHHOT
xpomarorpadii Ta GopMyBaHHS 0I0CEICKTUBHOTO €JIEMEHTA IMY-
HoceHcopa. MeToau. ['eHHO-IHXEHEPHUMHI METOlaMH KOHCTpY-
1oBanK Ta excripecysanu B E.coli nocninosnicts JIHK, sika komye
Atk 1gG-38’s3yBanbHux nomeHiB SPA, His-tar i mucrein. Ot-
pumanuii pexomOinanTHM Oinmok SPA-Cys iMMo6imizyBaan Ha
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MaJIeiMil-aKTHBOBAHUX MIKpPOTpaHyJIaX CHIIIKAreNlto JUIsl MIPUro-
TyBaHHs1 0ioahiHHOTO COpPOEHTY Ta Ha 30JIOTIH CEHCOpHIi Mo-
BEpXHi 171 po3poOkH iMmyHOCeHcopa. Pesyabraru. Cunrezom y
E. coli 6yB orpumanuii 6i1ox SPA-Cys B po3unnHiii Gpopmi 3 BU-
COKUM BHX0A0M. OUHIIeHN peKOMOIHAHTHII O1JTOK A Ma€e BICO-
Ky [gG-3B’s13yBasibHy akTHBHICTE. €EMHICTH 6i0aiHHOTO COPOEHTY
3 immo0imizoBanuM SPA-Cys ckiagana 10—12 mr IgG/mn. Onxo-
crafiifHa nporenypa adiHHOI Xpomarorpadii CHPOBAaTKH KPOBi J0-
3BoJsie oTpuMyBath IgG 3 uncrtororo 6inb Hixk 95 %. [lokaszaHo,
o Oi0CENeKTHBHHN eNIeMEHT IMyHOCEHCopa, C(OPMOBaHUI Ha
ocHoBi SPA-Cys, BuOipkoBo B3aemoxie 3 I1gG moauau i He B3ae-
MOJIi€ 3 KOHTpOJIIbHUMHE Outkamu. BucHoBkH. PexoMOiHaHTHUI
6itox SPA-Cys OyB ycHilIHO BUKOPUCTaHHUHU ISl TPUTOTYBAHHS
craiioHapHoi ¢asu adinxoi xpomarorpadii i popmysaHHs Gio-
CEJICKTHBHOIO €JIEMEHTa IMyHOCEHCOPA.

KawuoBi cioBa: antutina, pekoMOiHaHTHHIA OOk A S.
aureus, iMmmoOimizamis Oinka, apiHHa Xpomarorpadis, iMyHO-
CEHCOP, MOBEPXHEBUH IIA3MOHHHI PE30HAHC.

PexoMOUHAHTHBIN GeJiok A S. aUreus ¢ 0CTaTKOM IMCTeHHA
JUISI IPUTOTOBJIEHUS CTallMOHAPHOI ¢a3bl adpuHHOI Xpo-
marorpadun u 115 pa3padoTKu HMMYHOCEHCOPOB

O. b. T'opbariok, A. O. baxmauyk, JI. B. [ly6eii,
M. A. Ycenko, 1. M. Uponos, O. B. Oxynes, A. H. Kocrenxo,
A. 3. Pauxos, B. A. Kopaiom

Hean. [TonyueHne pekoMOHHAHTHOTO Oesika A S. aureus ¢ ocrar-
koM nucrenta (SPA-Cys) u ero npumMenenue a1i1s ahGUHHOIM Xpo-
marorpadun U GOPMUPOBAHHST OHOCETCKTUBHOTO JIEMEHTa HM-
MyHOoceHcopa. MeToabl. [ eHHO-UHKXEHEPHBIMHI METOJaMH KOHC-
TPYHpOBaJIN M 3KcrpeccupoBanu B E.coli mocnenoBarenbHOCTD
JHK, xotopas xonupyer ra1b IgG-cBa3bBatonux 10MeHOB SPA,
His-Tar u nucrenn. [TomyueHHbIH pekOMONHAHTHEIN Oemok SPA-
Cys MMMOOWII30BAI HA MaJeMMH/-aKTHBUPOBAHHBIX MHKPO-
rpaHysax CHJIMKarelsist Jjs MPUIOTOBJICHHS OMOa(MHHOTO Ccop-
OeHTa W Ha 30JI0TOH CEHCOPHOW MOBEPXHOCTH Ui Pa3zpabOTKH
nmMMmyHoceHcopa. Pesyasrarbl. Cunresom B E. coli 6bu1 nosyden
6enok SPA-Cys B pacTBopuMOif (hopMe ¢ BBHICOKHM BBIXOIOM.
OuHIeHHBII PeKOMOMHAHTHBIN OelOK A MMeeT BBICOKYIO 1gG-
CBA3BIBAIOLLYI0 aKTUBHOCTD. Emxocth CHUHTE3UPOBAHHOIO C HC-
none3oBanueM SPA-Cys OnoaduHHOTO copOeHTa cocTaBisiia
10-12 mr IgG/ma. Omgrocranuiinas nporeaypa apduHHON Xpo-
Marorpadun CHIBOPOTKH KPOBH MO3BOJISIET momy4ars IgG ¢ amc-
toroii Oomee 95 %. IlokaszaHo, 4TO OHOCEIECKTUBHEIA SIIEMEHT
UMMyHOCeHcopa, chopmupoBaHHbii Ha ocHOBe SPA-Cys, n3ou-
parenbHO B3auMozeicTByeT ¢ IgG uenoBeka u He B3auMozeiic-
TBYET C KOHTPOJILHBIMU Oenkamu. BpiBoabl. PexoMOMHaHTHBII
6emmok SPA-Cys ObLT yCIICIITHO UCTIONB30BaH IS TPUTOTOBICHUS
CTaloHapHOH (a3bl ahGUHHOM XpomaTorpadun U GopMHPOBa-
HUSI OMOCEIeKTUBHOTO JIEMEHTa HMMYHOCEHCOpa.

KawueBble cl0Ba: aHTUTENA, PEeKOMOMHAHTHBIN OeoK A S.
aureus, mmmoOmM3anys Oenka, apduHHas Xpomarorpadust, M-
MYHOCEHCOP, TOBEPXHOCTHBIN IIa3MOHHBII PE30HAHC.
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