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Introduction

Aim. To investigate the formation of an intermediate layer of the immunosensor bioselective element
based on the recombinant protein A from Staphylococcus aureus with cysteine residue (SPA-Cys) and its
interactions with human IgG using the SPR spectrometer «Plasmon». Methods. The activity of the im-
mune components applied was tested by ELISA. The spectrometry of surface plasmon resonance was
used for studying protein immobilization on a gold sensor surface and interactions between the immobi-
lized SPA-Cys and human immunoglobulin. Results. A direct dependence of the sensor response on the
concentration of SPA-Cys in the range of 0.2 to 2 uM at its immobilization was demonstrated. The effi-
ciency of blocking nonspecific adsorption sites on the sensor surface with milk proteins and the direct
dependence of the sensor response on IgG concentration and surface density of immobilized SPA-Cys
were shown. Fitting the experimental data to a Langmuir plot yields a K value for SPA-Cys/IgG binding
8.5+0.7¢ 10° M (K, = 1.2 £ 0.1x 107 M"). The determined equilibrium binding constant indicates a
quite strong interaction and its value is consistent with the literature data. Conclusions. A successful im-
mobilization of SPA-Cys on a gold surface of the SPR spectrometer while preserving its high immu-
noglobulin-binding activity, selectivity and stability of the sensor response confirms the efficiency of
SPA-Cys as an intermediate component for the creation of the immunosensor bioselective elements.

Keywords: immunoglobulin, recombinant Staphylococcal protein A, surface plasmon resonance, pro-
tein immobilization, immunosensor, equilibrium binding constant.

ery, etc. As compared with existing standard analyti-
cal approaches, the biosensor methods of analysis ha-

The development of approaches and tools of analyti-
cal biotechnology can help significantly to upgrade
the quality of human life by improving the methods
of biomedical diagnostics, molecular engineering, en-
vironmental monitoring, food analysis, drug discov-

ve a number of advantages: they provide easy, fast,
accurate, highly sensitive, specific, and cheap proce-
dure of the measurement. Besides, the real-time mea-
surements are possible, while only a minimal probe
pretreatment is necessary. A biosensor is a self-con-
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tained device consisting of two functional parts. A
bioselective element is in direct contact with a phys-
ical transducer, which transforms the information
from biorecognition domain into an electrical or an
optical signal [1].

The use of the variety of immune components is
very attractive in this area of research. The immuno-
sensors seem to be promising and helpful technique,
offering a high specificity through the use of immune
molecules, simple operation, uncomplicated sample
preparation and high sensitivity [2]. The effective
immobilization of either an antibody or an antigen
on the sensing surface with preserving their func-
tional activity is an important step in achieving a
highly reliable immunosensor. This immobilization
step affects the sensitivity and specificity of the sen-
sor. However, during the immobilization of antibod-
ies their antigen-binding activity is usually much
lower in comparison with the same antibody activity
in a free state due to the low density of the antigen-
binding sites. The main reasons for this are believed
to be a random orientation of antibodies on the sen-
sor surface and a steric hindrance caused by the in-
fluence of the surface of a solid substrate.

Although physical adsorption does not require the
use of several materials and complex reactions, it
also leads to the serious drawbacks, such as the pro-
tein denaturation, very low stability and random ori-
entation of the proteins. So they experience confor-
mational changes that make their functional sites
inactive or inaccessible, leading to the complicated
interaction with the analyte [3,4]. The covalent im-
mobilization by coupling IgG to a chemically acti-
vated matrix ensures much more reliable attachment
to a sensor surface. However, this method has the
disadvantage that is a heterogeneous immobilization
and, therefore, some of the attachment sites interfere
with the protein functional regions.

Regardless of physical adsorption or covalent bin-
ding, the immunoglobulin molecules are arranged
on the substrate surface in a disordered manner, part
of the active sites is covered due to the direct contact
with the substrate, resulting in the loss of the recog-
nition combining ability of the target molecule [5]. A
specific orientation (or an oriented immobilization)
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is a promising alternative to physical adsorption or
covalent binding. It can be accomplished by using an
intermediate molecules directly attached to the sen-
sor surface. One of the best candidates for the role of
the intermediate molecule is immunoglobulin-bind-
ing Staphylococcal protein A (SPA). SPA selectively
binds the Fc-domain of antibody leaving the Fab-
region available to detect an antigen. The SPA mol-
ecule structure includes a signaling sequence [6], a
IgG-binding region consisting of five highly homolo-
gous domains, and a C-terminal anchoring part, which
attaches the protein to the bacterial cell wall [7, 8].
SPA molecules 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 [9]. The first use of SPA for the immuno-
sensing applications was reported by Muramatsu et
al. [10]. They designed a piezoelectric biosensor for
the human IgG detection by SPA covalently immobi-
lized via 3-aminopropyltriethoxysilane and glutaral-
dehyde. Prusak-Sochaczewski and Luong proposed
an idea of using SPA as an intermediate protein for
immobilization of the antibodies for the human se-
rum albumin detection. In that case, SPA was physi-
cally adsorbed onto the gold electrodes under condi-
tions close to the isoelectric point of the protein A
(pH 5.5) [11].

However, even if the antibodies are not randomly
connected to the surface coated with SPA, the pro-
tein A itself meets the same problem of the random
immobilization [12]. An alternative method for im-
mobilizing proteins is to use a genetic engineering
approach, in which a specific attachment site is se-
lectively introduced into a non-essential part of the
recombinant protein. It was shown that a single cys-
teine residue introduced into the C-terminal part of
the recombinant [gG-binding molecules can be used
for their immobilization on a thiol-containing solid
matrix [13]. It was also shown that the recombinant
protein A with a specially introduced cysteine resi-
due increases the reliability of protein immobiliza-
tion via thiol adsorption on the gold sensor surface
[12]. In our previous work [14] the original plasmid
pET24-SPA-6HisCys was constructed, the recombi-
nant protein A contained all five IgG-binding doma-
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ins, 6His-tag and C-terminal cysteine residue (SPA-
Cys) was obtained and its immobilization on a gold
sensor surface was demonstrated.

The optical biosensors based on the surface plasmon
resonance (SPR) allow direct registration in real time a
wide range of intermolecular interactions without any
labels [15]. Unlike the well-known, but extremely ex-
pensive bench-top SPR spectrometers «Biacore», SPR
spectrometers «Plasmon» developed at V. Ye. Lashkary-
ov Institute of Semiconductor Physics of National
Academy of Sciences of Ukraine are small, rather sim-
ple in operation, and much cheaper devices [16, 17].
Therefore, the aim of this work was to investigate the
formation of intermediate layer of the immunosensor
bioselective element based on the recombinant protein
A from Staphylococcus aureus with cysteine residue
(SPA-Cys), and its interactions with human IgG using
the SPR spectrometer «Plasmon.

Methods and Materials

NaCl, KH,PO,, sodium citrate, p-nitrophenyl phos-
phate, Tween 20 and bovine serum albumin (BSA)
were purchased from «Sigma» (USA), Na,HPO, —
from «Applichem» (Germany), skim milk powder —
from «Fluka» (Switzerland), MgSO, — from «Arte-
riumy» (Ukraine).

Human IgG was purified by affinity chromatogra-
phy as described in [14]. The genetically engineered
fusion protein containing five IgG-binding domains
of SPA and the bacterial alkaline phosphatase with
enhanced catalytic properties (SPA-BAPmut) was
obtained as described in [18].

1. Synthesis and purification of SPA-Cys

The recombinant Staphylococcal protein A with cys-
teine residue (SPA-Cys) was synthesized and puri-
fied as described earlier [14]. Briefly, the DNA se-
quences encoding the IgG-binding region of SPA,
His-tag and cysteine were genetically fused and ex-
pressed in E. coli in the soluble form using a modi-
fied auto-induction protocol. The purification of the
target protein was performed by immobilized-metal
affinity chromatography in the native conditions.
SPA-Cys was obtained in a functionally active state
with purity ~95 %.

2. Competitive ELISA

The wells of the immunological plate were coated
overnight at 4 °C with 100 pL 4 pg/ml IgG in car-
bonate buffer, pH 9, and then washed with PBS con-
taining 0.1 % Tween 20 (PBST). The surface of the
wells was blocked to prevent nonspecific sorption
with 150 pl 2 mg/ml of skim milk powder solution in
PBS. After 1 hour incubation at 37 °C the plates were
washed with PBST. The mixtures of 50 ul 4 pg/ml
fusion protein containing the IgG-binding domains
of SPA and the bacterial alkaline phosphatase with
enhanced catalytic properties (SPA-BAPmut) with
50 ul PBS or with 50 pl SPA-Cys solutions of differ-
ent concentrations were added to the wells. After 1 hour
incubation at 37 °C the plates were washed with PBST
and phosphatase buffer (0.1 M Tris-HCI, pH 9.5;
0.14 M NaCl, 0.015 M MgSO,), and 100 pl of sub-
strate solution (p-nitrophenyl phosphate in phosphatase
buffer) was added. After incubation for 30 min at room
temperature, color development was stopped with 1 M
NaOH (50 pL per well) and the absorbance was meas-
ured at 405 nm using the micro plate reader «Titertek
Multiskan MCC/340» (Germany).

3. SPR spectrometric analysis
of protein-protein interactions

The glass plates with a thin layer of gold were clea-
ned and mounted on the spectrometer prism as de-
scribed in [19]. SPR analysis was performed by us-
ing a measuring flow-cell of the spectrometer «Plas-
mon-4my» and the peristaltic pump «Ismatec» (the
pump speed of ~40 pl/min). At first the measuring
flow-cell was thoroughly washed by working buffer
solution (PBS) to stabilize the SPR signal. Then a
sample (usually 120 pl) was injected and incubated
with the pump switched off for 30 min for the pro-
tein immobilization on the sensor surface, and for 10
min for the interactions of immobilized components
with their molecules-partners. After that the measur-
ing flow-cell was washed by PBS again until there
was a stable SPR signal. To distinguish an actual
sensor response caused by the interactions between a
sample and the sensor surface or preliminary immo-
bilized components from the signal caused by the
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random fluctuations of medium refractive index, it is
necessary to wash the flow-cell before and after each
sample by the same buffer solution, and only then to
determine a value of the SPR response.

4. SPA-Cys/IgG binding

constant determination

To analyze the binding SPA-Cys and human IgG the
classic Langmuir model of heterogeneous binding

was used. In general, the interactions between im-
mobilized SPA-Cys and IgG is described by

[sPA]+[1gG e[ 4G]

where [SPA] is the number of available [gG-binding
sites of the immobilized SPA-Cys, [/gG] is immu-
noglobulin concentration in the solution, [4G] is the
number of complexes formed between the immobi-
lized SPA-Cys and IgG. The process is characterized
by equilibrium dissociation constant K. Langmuir
equation of the curve that describes this process is
written as follows:

[4G]- [1gG]-[4G ],
K, +[1gG]

Its linearized form, called the Skatchard equation,
permits to get simply and clearly a value of the equi-
librium constants and a value of the maximum num-
ber of SPA-Cys/IgG complexes:

[16]__[46]_ [s]..
[IgG]_ K, K,

In order to obtain the characteristic parameters one
can use the nonlinear least squares for the basic Lan-
gmuir equation or the least squares method for the
Skatchard equation.

Results and Discussion

Before applying the immune components for the bi-
osensor analysis, their activity was tested using the
competitive format of ELISA. The SPA-Cys soluti-
ons of different concentrations and a fixed concen-
tration of the fusion protein containing IgG-binding
domains of SPA and the bacterial alkaline phospha-
tase with enhanced catalytic properties (SPA-BAPmut)
were added to the immobilized human IgG. If SPA-
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Cys actively binds to the immobilized IgG and com-
petes with SPA-BAPmut, the results of ELISA will
be in an inverse proportion to the concentration of
SPA-Cys. The results shown in Fig. 1 confirmed our
expectations: the absorbance values while adding
SPA-Cys and SPA-BAPmut are significantly lower
than the control values (only SPA-BAPmut) and are
in the inverse proportion to the concentration of
SPA-Cys. We can conclude that SPA-Cys interacts
specifically with the immobilized IgG and demon-
strates a sufficiently high activity.

In the previous work [14], a possibility of the
successful immobilization of the recombinant SPA-
Cys on the gold sensor surface of SPR spectrometer
«Plasmon-4my» was demonstrated after the injec-
tion of a sample of the purified SPA-Cys into the
measuring flow-cell and its incubation there. In the
present work, the dependence of the immobilization
level on the concentration of SPA-Cys is investigat-
ed. A linear part of this dependence was observed in
the range from 0 to 0.5 uM SPA-Cys while 2 uM
SPA-Cys showed a close-to-saturation level of im-
mobilization (Fig. 2).

According to the conversion factor of the SPR re-
sponse into the value of surface density of the im-
mobilized protein [20], this value when using 2 pM
SPA-Cys was 1.1 £ 0.2 ng/mm?. Given the molecu-
lar weight of SPA-Cys (34.5 kDa), we can calculate
that in average approximately 51 nm? of the sensor
surface falls on one molecule of the immobilized
SPA-Cys. It means that a lot of free space (the poten-
tial sites for the nonspecific adsorption during the
next stages of the sensor work) is left. In this regard,
the need to block efficiently the nonspecific adsorp-
tion on these free sites becomes even more obvious.

An attempt to apply BSA as a blocking agent did
not give a satisfactory result: the saturation of the sen-
sor response was achieved after 3 consecutive injec-
tions of 0.2 mg/ml BSA into the measuring flow-cell,
and its growth (~ 0.08 angular degrees) corresponds
to ~ 0.8 ng/mm? only. Even taking into consideration
a bigger size of BSA molecules, the average value 41
nm? of the sensor surface per each immobilized pro-
tein molecules (SPA-Cys and BSA) indicates a quite
large area of the free sensor surface.
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Unlike BSA, the first injection of 0.2 mg/ml skim
milk powder into the measuring flow-cell caused a
very big sensor response. Washing the measuring cell
by PBS led to a moderate signal reduction (reflecting
a relatively small portion of weakly adsorbed milk
proteins compared with strongly immobilized ones).
Each following injections gave gradually decreasing
increment of sensor response, and four consecutive
injections of 0.2 mg/ml skim milk powder were nec-
essary to approach to the saturation of the sensor re-
sponse (~0.35 angular degrees). It corresponds to pro-
tein surface density ~3.5 £ 0.4 ng/mm?. In average,
approximately 12 nm? of the sensor surface falls on
one molecule of the immobilized SPA-Cys and milk
proteins. These values are in good agreement with pa-
rameters of the protein monolayer.

To check, whether the immobilized molecules of
SPA-Cys retain their immunoglobulin-binding activity,
human IgG was injected into the measuring flow-cell,
the sensor surface which was previously treated by
1 uM SPA-Cys and free sites of the chip were blocked
by milk proteins. The sensogram 1 in Fig. 3 shows that
three consecutive injections of 10, 20 and 40 pg/ml IgG
cause a significant sensor response that assumes its ac-
tive interactions with the immobilized SPA-Clys.

However, how much this result reflects the inter-
actions only between IgG and the immobilized SPA-
Cys, and to what extent the nonspecific interactions
with milk proteins or with bare portions of the gold
surface are involved? To answer this question, the
same IgG samples were injected into the measuring
flow-cell, the sensor surface of which was treated by
only milk proteins (without SPA-Cys). As seen in the
sensogram 2 in Fig. 3 the IgG injections in the ab-
sence of SPA-Cys cause almost no sensor response.
Thus, it is clear that IgG does interact with SPA-Cys,
and does not with milk proteins. Furthermore, the
sensogram 2 in Fig. 3 demonstrates a high efficiency
of the applied blocking procedure. Otherwise, 1gG
(in the absence of the immobilized SPA-Cys) would
cause a noticeable sensor response, as it could be ad-
sorbed on the unblocked sites of the gold surface.

For a further use of the prepared bioselective ele-
ment, an efficient regeneration procedure should be
applied. In fact, to this end, researchers use various
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Fig. 2. The dependence of the sensor response (index of immo-
bilization level) on the injected SPA-Cys concentration

solvents or reagents that change the pH and ionic
strength of the solution, acting on a charge of inter-
acting molecules and thus their tertiary structure
[21]. In this case, after treating the sensor surface with
a solution of 40 mM sodium citrate buffer (pH 2.5) [22]
the level of sensor signals almost backs to the values
that preceded the IgG injections (Fig. 3). It shows a
quite effective disruption of the links between the im-
mobilized SPA-Cys and IgG and the removal of the
latter. The subsequent injections of new IgG samples
showed that such regeneration procedure has not es-
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sentially affected the level of immunoglobulin-binding
activity of the immobilized SPA-Cys. Thus, the re-use
of the immunosensor bioselective element formed on
the basis of SPA-Cys is possible.

Does a level of the immobilized SPA-Cys influ-
ence on a value of the sensor response at IgG injec-
tions? To answer this question we conducted the fol-
lowing experiment with four bioselective elements
obtained at different SPA-Cys concentrations. As
shown in Fig. 4 the values of the SPR response are
directly dependent on the surface density of immobi-
lized SPA-Cys and on the IgG concentration, at least
in the range from 10 to 40 pg/ml.

To investigate the effect of storage time of the im-
munosensor bioselective element, formed on the basis
of SPA-Cys, on its properties, the IgG samples of the
same concentration (10 pg/ml) were injected within
some period of time into the measuring flow-cell, the
sensor surface of which was previously treated by 1 uM
SPA-Cys and was blocked by milk proteins. A gradual
decrease in the sensor response was observed, however,
the first ten days the immunosensor bioselective ele-
ment kept a relatively high immunoglobulin-binding
activity. Note that this experiment was conducted at a
rather high ambient temperature (25-27 °C) without
the use of any preservatives. So, there is some opportu-
nity for improving the achieved level.

The injection of the IgG samples of various con-
centrations (from 0.5 to 100 ug/ml or from 3 to
670 nM) into the measuring flow-cell with the sen-
sor previously treated by 1 uM SPA-Cys (surface
density ~1 ng/mm?) allowed us to get the depend-
ence of response on the IgG concentration. In turn,
the data presented in the coordinates mol/cm? of the
bound IgG vs. mol/l of the free IgG (Fig. 5), using
the Langmuir model yielded the values of equilibri-
um dissociation constant for IgG/SPA-Cys interac-
tion 8.5+ 0.7 10°*M (K =1.2+0.1 x 10’M ") and
the value [AG] = 1.5+ 0.1 x 107> mol/cm’. The
use of Skatchard plot provided very close data.

The equilibrium binding constant obtained for IgG
binding to the immobilized SPA-Cys indicates their quite
strong interaction and its value is consistent with the val-
ues for IgG binding to the immobilized SPA determined
by others researchers (K = 1.8-4.8 x 10" M) [23-25].
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In conclusions, when studying the process of im-
mobilization of the recombinant protein A from Sta-
phylococcus aureus with the C-terminal cysteine re-
sidue (SPA-Cys) on a gold surface of the SPR spec-
trometer the direct dependence on the concentration
of SPA-Cys in the range from 0.2 to 2 uM was re-
vealed. The efficiency of blocking the nonspecific
adsorption sites on the sensor surface with milk pro-
teins and lack of IgG interaction with them as well as
the direct dependence of the sensor response on the
IgG concentration and surface density of the immobi-
lized SPA-Cys were shown. The determined equilib-
rium binding constant for IgG binding to the immobi-
lized SPA-Cys indicates their quite strong interaction
and its value is consistent with the literature data.

The successful immobilization of SPA-Cys on a gold
surface of the SPR spectrometer while preserving its
high immunoglobulin-binding activity, selectivity and
stability of the sensor response confirms the efficiency
of SPA-Cys as intermediate component for the creation
of the immunosensor bioselective elements.

The bioselective elements based on SPA-Cys can
be used as a «universal platform» for the oriented
immobilization of antibodies against almost unlim-
ited variety of antigens, as well as for an express
screening of immunological status e.g., when testing
immunodeficiency.
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IIIP pocaixxeHHs popMyBaHHS IPOMIKHOIO LIApy
0iocesIeKTHBHOIO eJleMeHTa IMYHOCEHCOpPa HA OCHOBi
pexomo6iHaHTHOTO Gitka A S. aureus

O. E. Paukos, A. O. Baxmauyk, O. b. 'op6arioxk,
M. 1. Marnuuus, P. B. Xpucrocenko,
10. B. Yenin, O. I1. Congarkin

Mera. locmiguta GopMyBaHHS IIPOMDKHOTO miapy OGiocenex-
THUBHOTO €JIEMEHTAa IMyHOCEHCOpa Ha OCHOBI PEKOMOIHAHTHOTO
oinka A Staphylococcus aureus 13 3anumkoM nucteiny (SPA-
Cys) Ta #oro B3aeMoii 3 iMyHOIIOOYIIHOM JIFOAMHHM 3a JOIIO-
Mmoroto criekrpomerpa TP «Ilnazmon». MeToau. AKTUBHICT
BUKOPHCTaHUX IMyHOKOMIIOHEHTIB OyIa epeBipeHa 3a JI0MoMo-
ror0 iMyHO(EepMEHTHOTrO aHali3y. [y BUBUCHHS iMMOOLTI3aIiT
O1IKIB Ha 30JI0Tilf CEHCOPHIH MOBEPXHI 1 B3aeMOiH Mixk IMMOOi-
nizoBaHuM SPA-Cys 1 iMyHOIIOOYITIHOM JIIOIMHE 3aCTOCYBAJIN
CIIEKTPOMETPII0 MOBEPXHEBOTO IUIA3MOHHOIO pe3oHaHcy. Pe-
3yabratu. [IpogemMoncTpoBaHa mpsiMa 3aIeXXHICTh CEHCOPHOTO
BiAryKy Bin koHueHtpanii SPA-Cys B nmiamasoni Bix 0,2 no 2
MKM 1111 yac foro iMMo0imizarii. 3a JOIoMOrox OiIKiB MOJIOKA
BAOCS €(EKTHBHO 3HM3UTH PiBEHb Hecrenudiaaoi agcopOmii
Ha CEHCOPHIH oBepxHi. Byia mokaszana npsiMa 3ae:KHiCTh CEeH-
COPHOTO BiATYKY Bij KoHIeHTpaunii IgG 1 moBepxHeBOl rycTHHH
immo6inizoBanoro SPA-Cys. Anpokcumariist eKcliepriMeHTallb-
HUX JaHuX TpadikoM i30Tepmu JleHrmiopa ae 3HaueHHs K s
B3aemo/ii immo6inizoBanoro SPA-Cys i3 1gG 8,5+ 0,7 x 10% M
(K, =1.2£0.1 x 107 M™"). OTpumana BeIMYMHA PiBHOBAKHOT
KOHCTAaHTH 3B'sI3yBaHHS BKa3ye HA JOCUTH CHIIbHY B3a€MOJIIO, 1
i1 3HAYEHHS y3TO/DKYETHCS 3 JIITEpaTypHUMH AaHUMH. BucHo-
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BkH. YcmimHa iMmoOimizanii SPA-Cys Ha 30J0Till TOBEpXHi
criektpomerpa [1IIP npu 30epexenni itoro Bucokoi 1gG-3B's-
3yBaJIbHOT aKTHBHOCTI, CEJIEKTUBHOCTI Ta CTAabLILHOCTI CEHCOp-
HOTO BiAryKy miaTBeppkye epextuBHicTs SPA-Cys sk IpoMixk-
HOTO KOMITOHEHTA JUIsi CTBOPEHHsI 010CEJIeKTHBHOTO €IeMEHTa
iMyHOCEHcOopa.

KuaodoBi ciaoBa: iMmyHonoOyiiH, pekoMOIHAaHTHHH 01710k A
S. aureus, MOBEPXHEBUH TIAa3MOHHUN PE30HAHC, IMMOOLITI3aIis
0iKa, IMyHOCEHCOP, PIBHOBaYKHA KOHCTAHTA 3B'sSI3yBaHHSL.

TIIIP uceaegoBanusi popMupOBAHMSA NPOMEKYTOYHOIO
¢/101 0MOCEJEeKTHBHOIO 371eMEHTa HMMYHOCEHCOPa
HA OCHOBE PeKOMOMHAHTHOTO Oesika A S. aureus

A. D. Pauxos, A. O. baxmauyk, O. b. ['op6ariok,
M. U. Manumus, P. B. Xpucrocenko,
10. B. Yienun, A. I1. Congarkux

easn. VccnenoBars GpopMUpOBaHUE TPOMEIKYTOUHOTO CII0s1 OHO-
CEJIEKTHBHOTO 3JIEMEHTa HMMYHOCEHCOPa Ha OCHOBE PEKOMOH-
HaHTHOTO Oenka A Staphylococcus aureus ¢ OCTaTKOM LIUCTENHA
(SPA-Cys) u ero B3anMoJeHCTBHE C UMMYHOITIOOYIMHOM YeJo-
Beka ¢ nomornsto criekrpomerpa [P «Ilrazmon». Meroabl. Ak-
THBHOCTb HCIIONB30BAHHBIX MMMYHOKOMIIOHEHTOB ObIIa TpOBe-
pEHa ¢ OMOIIBI0 IMMYHO(EPMEHTHOTO aHamH3a. [ n3ydeHus
MMMOOHIM3AIMY OEJIKOB Ha 30JI0TOM CEHCOPHOM MOBEPXHOCTH U
B3aNMOJICHCTBUI Mexk a1y nMMoOm3oBaHHbIM SPA-Cys 1 ueno-
BEYECKHM HUMMYHOIIOOYITHHOM MPUMEHHIIN CIIEKTPOMETPUIO TI0-
BEPXHOCTHOTO MIa3MOHHOTO pe3oHaHca. Pesyabrarsl. [Ipome-
MOHCTPHUPOBaHA MpsiMasi 3aBHCHMOCTb CEHCOPHOTO OTKJIHKA OT
koHueHTpayu SPA-Cys B nuanaszone ot 0,2 1o 2 MxM nipu ero
nMMoOmIm3amy. C MoMOIIBI0 OEJIKOB MOJIOKa yranochk dddek-
THUBHO CHU3UTH YPOBEHb HecTelH(uuecKoi aacopOuu Ha CeH-
COpHOI1 NOBEPXHOCTH. bbula MokazaHa npsiMast 3aBUCUMOCTD CEH-
COPHOTO OTKJIMKA OT KOHIIeHTpauuu IgG 1 moBepXHOCTHOM MJI0T-
HOocTH MMOOMIH30BaHHOTO SPA-Cys. AnmpokcuManusi 3Kcre-
PUMEHTANIBHBIX JaHHBIX IpaduKoM H30TepMbl JIeHrMiopa naet
3Hayenre K, Uil B3aMMONEHCTBHS MMMOOHIN30BaHHOTO SPA-
CysclgG8,5+0,7x 10" M (K, =1.2+0.1 x 10’ M"). [Tonyyen-
Hasl BEJTMYMHA PAaBHOBECHON KOHCTAHTHI CBA3BIBAHMS yKA3bIBAET
Ha JIOCTaTOYHO CHJIbHOE B3aHMMOJEHCTBHE, U €€ 3HAYEHHUE COIIa-
CyeTcsl C JIMTePaTypPHbIMU JaHHBIMU. BbIBOABI. YeIemmHas uMMo-
omwmmzamms SPA-Cys Ha 30JI0TOH MOBEPXHOCTH CIEKTPOMETpa
IIITP mpu coxpaHeHHH ero BbICOKOH [gG-cBs3bIBatoIIeil akTHB-
HOCTH, CENEKTMBHOCTH M CTaOWIBHOCTH CEHCOPHOTO OTKIIMKA
noareepikaaeT adpexruBHOCTE SPA-Cys B KauecTBe MPOMEKY-
TOYHOTO KOMIOHEHTA Il CO3aHHsl OHOCENEKTHBHOTO IeMEHTa
UMMYHOCEHCOpA.

KiaoueBbie clI0oBa: MMMYyHODIOOYIHH, PeKOMOMHAHTHBIH
oenok A S. aureus, TOBEpXHOCTHBIM IUIA3MOHHBIH pPE30HAHC,
MMMOOMIM3anust 6esKa, MIMMYHOCEHCOP, pABHOBECHAsI KOHCTaH-
Ta CBA3bIBAHHUA.
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