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Introduction

Aim. Comparison of the IgG-binding activity of recombinant Staphylococcal protein A with introduced
C-terminal cysteine residue (SPA-Cys) or goat anti-human IgG antibodies (anti-IgG) after their immobiliza-
tion on a gold sensor surface of surface plasmon resonance (SPR) spectrometer. Methods. SPA-Cys or anti-
IgG were immobilized on a gold sensor surface to form two variants of a bioselective element of the immu-
nosensor. SPR spectrometry was used for the detection of IgG-binding activity of the immobilized proteins.
Results. The SPR sensor response to the immobilization of anti-IgG was more than two times higher than that
to the immobilization of SPA-Cys. However, there is almost the double advantage for SPA-Cys in the number
of immobilized molecules. Moreover, the bioselective element of the immunosensor based on SPA-Cys
showed a much better capability of binding IgG than the bioselective element based on anti-IgG. Conclusions.
Comparison of immobilization of SPA-Cys or anti-IgG on the sensor surface of SPR spectrometer, and the
interactions of immobilized proteins with human IgG demonstrated obvious advantages of SPA-Cys.

Keywords: antibodies, recombinant Staphylococcal protein A, protein immobilization, immunosensor,
surface plasmon resonance.

is the combination of a bioselective element that spe-
cifically reacts with an analyte and a physical trans-

The successful development of approaches and ana-
lytical tools of biotechnology will enable to upgrade
substantially the quality of life by improving the
methods of biomedical diagnostics, molecular engi-
neering, environmental monitoring, food analysis,
drug discovery, etc. For this purpose, in many cases,
the biosensors could be helpful. Their design feature

ducer that transforms the result of biological process
into the electrical signal suitable for further process-
ing and characterization [1, 2]. The use of variety of
immune components is very attractive in this area of
research. The immunosensors demonstrate high se-
lectivity through the use of immune molecules, sim-
ple operation, simple sample preparation and high
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sensitivity [3]. Furthermore, the biosensors based on
the phenomenon of surface plasmon resonance
(SPR) are applied to the label-free and real time de-
tection of various intermolecular interactions. SPR
spectrometer registers the changes of the refractive
index of a thin layer (~ 200 nm) of medium, adjacent
to the sensor surface. Immobilization of biomacro-
molecules and interaction of immobilized compo-
nents with their partner molecules alter the refractive
index of this layer and cause the SPR response [4].
An important step to achieve high efficiency of the
immunosensor is the preservation of the functional
activity of immune components during their immo-
bilization on the sensor surface. However, during the
immobilization of antibodies on the surface of phys-
ical transducers their antigen-binding activity is usu-
ally much lower in comparison with the activity of
the same antibodies in solution. The main reasons
for this are believed to be random orientation of an-
tibodies on the sensor surface and steric hindrance
caused by the influence of the surface of a solid sub-
strate [5]. To prevent this, it is necessary to create an
intermediate layer, which would include the immu-
noglobulin-binding proteins, such as Staphylococcal
protein A (SPA). It is known that SPA selectively
binds Fc-fragment of antibody, leaving available
antigen-binding sites [6]. The immunoglobulin-
binding region of SPA does not contain cysteine
residues [7, 8], so the immobilization of SPA is pos-
sible only by physical sorption on the sensor surface,
which is not always reliable. Genetically engineered
introduction into the recombinant SPA of the cyste-
ine residue, which interacts with the gold sensor sur-
face through exposed SH-group, improves the reli-
ability of SPA immobilization preserving its func-
tional properties. In the Institute of Molecular
Biology and Genetics NAS of Ukraine, the original
genetically engineered construct was created and the
recombinant Staphylococcal protein A with the in-
troduced C-terminal cysteine residue (SPA-Cys) was
obtained [9].

Species-specific antibodies, such as goat anti-hu-
man IgG antibodies (anti-IgG), are more traditional
immunoglobulin-binding proteins, which could also

be immobilized on a sensor surface as an intermedi-
ate layer for further immobilization of IgG.

The aim of the present work is the comparison of
IgG-binding activity of SPA-Cys or goat anti-human
IgG antibodies (anti-IgG) after their immobilization
on a gold sensor surface of the SPR spectrometer.

Materials and Methods

NaCl, KH,PO,, SDS, Bromophenol Blue and goat
anti-human IgG antibodies were purchased from
“Sigma” (USA), human IgG - from “Serotec”
(USA), Na,HPO, and glycerol — from “Applichem”
(Germany), Coomassie Brilliant Blue R250 and
Unstained Protein Molecular Weight Marker
SM0431 — from “Fermentas” (Lithuania), Tris-HCl
buffer solution (pH 8.0) — from “Helicon” (Russia),
milk proteins (Milk Powder “Fluka”, Switzerland),
other reagents and solvents were obtained from
“UkrOrgSyntez” (Ukraine). Sodium phosphate sa-
line buffer solution (PBS), which includes 10 mM
Na HPO,, 1.76 mM KH,PO,, 137 mM NaCl, 2.7
mM KCI, pH 7.4, citrate saline buffer solution
(SSC), which includes 15 mM sodium citrate and
150 mM NacCl, pH 7.2, and 100 mM carbonate buf-
fer solution (CB), pH 9.5 were used.

Human IgG was obtained also by affinity chroma-
tography using SPA-Cys-modified silica as de-
scribed in [9]. The synthesis and purification of re-
combinant SPA-Cys were described in [9]. The ho-
mogeneity of the proteins used was checked by 13%
SDS-PAGE.

The SPR spectrometer (“Plasmon SPR-4m™) was
used to study the protein-protein interactions (the
device and corresponding software have been devel-
oped at the Lashkaryov Institute of Semiconductor
Physics NAS of Ukraine). This computer controlled
optoelectronic spectrometer uses the optical phe-
nomenon of SPR in Kretschmann configuration. A
thin layer (50 nm) of gold, which was deposited on a
glass plate, is used as a sensitive element of the SPR
spectrometer. Just before the experiment, the gold
surface of the glass plate was purified by incubation
in a mixture of “piranha” (a mixture of 30% H,O,
and concentrated H,SO, in 1:3 ratio, WARNING:
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“piranha” reacts violently with organic compounds
and must be handled with extreme care) for 2 mi-
nutes. Then the plate repeatedly washed with water
and dried in air. The treated glass plate is mounted
on the prism of the device using the immersion lig-
uid that has the same refraction index as the prism
and the glass plate. The gold surface serves as a bot-
tom of a flow measuring cell (~20 pl). A silicone
rubber ring serves as the side walls. A plexiglass
cover contains input and output pipes, which the
buffer solution and investigated samples pass
through [10]. The flow rate of liquid (usually 40 pl/
min) is controlled by peristaltic pump «Ismatecy»
(Switzerland).

At the beginning of the experiment the measuring
cell was washed with the working buffer solution
(PBS, in some cases — CB or SSC), to obtain a stable
signal of the device — the baseline. For immobiliza-
tion of the proteins 120 pl of 1 pM protein solution
in PBS, CB or SSC was injected into the measuring
cell. After 25 min-incubation of the sample (the
pump was switched off) a flow of the working buffer
solution was used to remove the excess of the pro-
teins that were not immobilized.

To prevent non-specific adsorption of studied
components on the surface sites, which are left un-
covered with the immobilized protein, a sensor sur-
face was passivated with milk proteins. For this pur-
pose, 120 ul of 200 pg/ml milk proteins in the work-
ing buffer solution (PBS) were injected into the mea-
suring cell, then incubated at the pump switched off
for 20 min, after that the surface was washed with
PBS until stabilization of the sensor signal [11].

On the main stage of the experiment 120 pl of solu-
tions of different concentrations of IgG in PBS were
injected into measuring cell, incubated at the pump
switched off for 10 min, then the cell was washed with
PBS until stabilization of the sensor signal.

For regeneration of a bioselective element (de-
struction of bonds between the immobilized protein
and IgG as well as a removal of the latter), 120 pl
40 mM citrate buffer (pH 2.5) was injected into the
measuring cell, then the cell was washed with PBS
until stabilization of the sensor signal [12].
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Results and Discussion

In this paper the following proteins were investigat-
ed: recombinant Staphylococcal protein A with the
introduced C-terminal cysteine residue (SPA-Cys),
goat antibodies against human immunoglobulin (an-
ti-IgG), human IgG obtained from “Serotec”, and
human IgG obtained by affinity sorbent. All of them
are represented on the electrophoregram after elec-
trophoresis in 13 % SDS-PAG (Fig. 1). The only one
band, which moved a little faster than a marker pro-
tein of 35 kDa, is clearly seen on the lane 1. This is
consistent with the mobility of SPA-Cys (34.5 kDa).
All preparations of antibodies have two major bands
corresponding to heavy and light chains of IgG. The
presence of additional minor band (~ 33 kDa) in the
“Serotec” preparation of human IgG can be ex-
plained by the presence of some degradation prod-
ucts or residual serum proteins.

Fig. 2 shows the SPR sensogram representing the
immobilization of SPA-Cys on the gold sensor sur-
face. After prolonged washing of the measuring cell
by PBS and stabilization of sensor signal the differ-
ence between the signal before injection of 120pul of
1 uM SPA-Cys and after washing with PBS was al-
most 0,14 angular degrees (Fig. 2). This value repre-
sents the number of reliably immobilized SPA-Cys
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Fig. 1.The electrophoregram of the proteins in 13 % SDS-PAG.
1 — SPA-Cys, 2 — anti-IgG, 3 — “Serotec” human IgG, 4 — human
IgG obtained by affinity sorbent (used for comparison), 5 — a set
of molecular weight markers, 6 — milk proteins. The amount of
a protein, which was injected into each lane, is ~ 1 pg.
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molecules. According to the conversion factor of
SPR response into the value of the surface density of
immobilized protein [13], it is 1.35 ng/mm? (Table).
Given the molecular weight of SPA-Cys (34.5 kDa),
one can calculate that on average about 2.4 mole-
cules of SPA-Cys were immobilized for every
100 nm?. It does not indicate the formation of a dense
monolayer of proteins on the sensor surface. So, af-
ter the immobilization of SPA-Cys the free sites for
the non-specific sorption on the gold surface were
blocked with the injection of a solution of 200 pg/ml
milk proteins in PBS.

After immobilization of SPA-Cys and passivation
of the gold sensor surface the interactions of immo-
bilized SPA-Cys with IgG were investigated. The
level of the SPR sensor response was shown to be
directly proportional to the concentration of IgG, at
least in the range of 1040 pg/ml (Fig. 3). This fig-
ure also illustrates a successful regeneration of the
bioselective element. After treatment of the sensor
surface with a solution of 40 mM citrate buffer
(pH 2.5) [12] the SPR signal returned back almost to
the values that preceded the injection of the sample.
It demonstrates the effective destruction of the bonds
between immobilized SPA-Cys and IgG and the re-
moval of the latter. The subsequent injection of new
samples of IgG showed that the regeneration did not
affect the level of immunoglobulin-binding activity
of the immobilized SPA-Cys. Thus, it becomes pos-
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Fig. 2. The SPR sensogram representing the immobilization of
SPA-Cys (120 pl of 1 uM SPA-Cys was injected) on the gold
sensor surface. 4 — the sensor response that represents the num-
ber of reliably immobilized SPA-Cys molecules.

sible to reuse the bioselective element of the immu-
nosensor based on SPA-Cys.

At first, the immobilization of another immuno-
globulin-binding protein, namely, goat antibodies
against human immunoglobulin G (anti-IgG) was
performed under the same conditions as those during
the immobilization of SPA-Cys (1 pM of protein in
PBS). The sensor response after immobilization of
anti-IgG was more than two times higher than the
response we received after immobilization of SPA-
Cys (Fig. 2, Fig. 5, Table). After blocking the non-
specific sorption sites with milk proteins the injec-
tion of IgG solutions of concentration from 10 to
40 pg/ml showed that the sensor registered the inter-
actions of immobilized anti-IgG and IgG, but the
level of SPR sensor response practically does not
depend on the IgG concentration (Fig. 4). This may
indicate a rapid saturation of all available antigen-
binding sites of anti-IgG. In addition, the values of
the SPR sensor response during the interaction of
IgG with immobilized anti-IgG is significantly lower
than during the interaction with the immobilized
SPA-Cys (Fig. 4).

According to the conversion of the SPR response
into the value of the surface density of immobilized
protein [13], the values of the surface density were
calculated for the immobilized SPA-Cys and anti-
IgG, as well as for human IgG, which interacted with
the above mentioned immobilized proteins (Table).
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Fig. 3. SPR sensogram representing the interactions of the SPA-
Cys bioselective element with 120 pl of 10, 20 and 40 pg/ml
IgG. R — the base line after regeneration of the bioselective ele-
ment.
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Fig. 4. Comparison histogram of the SPR sensor responses at the
interaction of the bioselective element based on SPA-Cys or
anti-IgG with 120ul of 10, 20 and 40 pg/ml IgG

Given the molecular weight of SPA-Cys (34.5 kDa)
and IgG (150 kDa), we can also calculate the num-
ber of immobilized molecules per 100 nm? of the
sensor surface.

Although the sensor response after the immobili-
zation of anti-IgG was more than twice higher than
the response we received after the immobilization of
SPA-Cys, the obtained values of the surface density
expressed in molecules per 100 nm? show almost
two-fold advantage of SPA-Cys. Further calcula-
tions showed a clear advantage of SPA-Cys over
anti-IgG in binding human IgG, too. Regarding the
efficiency of two prepared bioselective elements for
IgG binding near 5-fold prevalence of that based on
SPA-Cys is observed. And the last line in Table cer-
tainly indicates a much better accessibility of bind-
ing sites of the immobilized SPA-Cys compared
with those of the immobilized anti-IgG: only one-
sixth of all immobilized molecules of anti-IgG bind
with IgG (at the injection of 40 pg/ml IgG) and al-

most every second molecule of the immobilized
SPA-Cys does it.

It should be noted that the increased sensor re-
sponse on the IgG addition to the immobilized SPA-
Cys can be also explained by vertical orientation of
molecule-dipole, which increases the interaction of
the molecules with the plasmon polariton electro-
magnetic field, which in its turn evokes some addi-
tional shift of the SPR curve toward larger an-
gles [14]. However, IgG molecule should not be re-
garded as a rigid rod, and it is not known how much
the orientation of IgG molecule at the interaction
with immobilized SPA-Cys differs from that at the
interaction with immobilized anti-IgG. Therefore, it
is quite difficult to determine to what extent the
above explanation is applicable to this case.

It is well-known that at the immobilization of an-
tibodies on the surface of immunological plate dur-
ing ELISA a carbonate buffer is used. So, to look for
more favorable conditions for the immobilization of
anti-IgG on the gold sensor surface 100 mM carbon-
ate buffer (pH 9.5) and SSC bufter solution (pH 7.2)
were applied. Unfortunately, as shown in Fig. 5, the
application of these buffer solutions does not lead to
an increased level of the immobilized anti-IgG.

The application of CB and SSC buffer solutions at
the anti-IgG immobilization did not also improve the
level of interactions (in PBS) of the immobilized
anti-IgG with human IgG: the binding level is in ac-
cordance with the level of anti-IgG immobilization
(Fig. 6). It should again be noted, that in most cases
there is no clear dependence of the sensor response
of the bioselective anti-IgG element on the concen-
tration of IgG. It may be associated with a relatively

Table. The surface density of the immunoglobulin-binding proteins immobilized on the sensor surface, and the number of

interacting IgG molecules.

Parameters Immobilized protein SPA-Cys Anti-IgG
Surface density of immobilized protein, ng/mm? 1.35 2.98
Number of molecules of immobilized IgG-binding proteins per 100 nm? 2.36 1.20
Surface density of IgG, which interacted with immobilized proteins, ng/mm? 2.67 0.49
Number of IgG molecules, which interacted with immobilized proteins, per 100 nm? 1.07 0.20
The ratio of bound IgG molecules to the number of molecules of IgG-binding protein 0.45 0.17
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Fig. 5. Histogram showing the dependence of the level of im-
mobilized anti-IgG on a gold sensor surface on the composition
of the buffer solutions at the immobilization

small number of available antigen-binding sites of
the immobilized anti-IgG, almost all of which be-
come occupied by IgG at the injection of the small-
est concentration of the latter.

Conclusions

Thus, the study of the immobilization of the recombi-
nant SPA-Cys or the goat anti-human IgG antibodies
on the gold sensor surface, and their interactions with
IgG demonstrated the significant advantages of SPA-
Cys. Although the level of the sensor response at the
immobilization of anti-IgG was higher compared to
that of SPA-Cys, but given the difference in the mo-
lecular weights of two proteins, there is almost two-
fold advantage of SPA-Cys in the number of immobi-
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Fig. 6. Comparison histogram of the values of SPR sensor re-
sponse at the interactions of the bioselective element based on
anti-IgG immobilized on a gold sensor surface in buffer solu-
tions PBS, SSC and CB with 120 pl of 10, 20 and 40 pg/ml IgG.

lized molecules. As a result, after further injection of
IgG solutions into the measuring cell the bioselective
element of immunosensor based on SPA-Cys demon-
strates a significantly higher ability to bind IgG, than
bioselective element based on anti-IgG.

Obviously, the bacterial synthesis of recombinant
SPA-Cys is much more convenient and profitable than
obtaining antibodies through the immunization of
animals. A consideration of bioethical issues also in-
clines in favor of SPA-Cys application. It also needs
to take into account the fact that SPA binds different
classes of immunoglobulins of many organisms (hu-
man, rabbit, mouse, efc.), therefore its application can
create so-called “universal” immunosensor platform,
while the specificity of anti-IgG is much narrower. All
these considerations together with our results clearly
indicate the good prospects of the recombinant pro-
tein SPA-Cys in the scientific research and for the
practical applications in the immunosensors.
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Busuenns B3aemonii IgG smonuuu 3 immo0inizoBanumu
anTu-IgG a6o pexombiHaHTHHM OliikoM A Staphylococcus
aureus 3a 10110MOI010 CIIEKTPOMETPIi NOBepPXHEBOro
TJIA3MOHHOTO PE30HAHCY

A. O. Baxmauyk, O. b. T'op6atiok, O. I. [TanuBona,
b. B. loncekoii, O. E. Paukos, O. I1. Connarkin

Mera. [TopiBHSHHS IMyHOIIOOYITiH-3BI3yBaIbHOI aKTHBHOCTI KO-
319nX aHTUTLI ipotH 1gG monunau (antH-IgG) abo pekoMOiHaHT-
Horo Oinka A Staphylococcus aureus 3 C-KIHIIEBUM 3aJTUIIKOM IIUC-
teiny (SPA-Cys) micns ix iMmoOisizanii Ha 30710Tiif ceHCOpHil 1mo-
BEPXHI CIIEKTPOMETpPA IOBEPXHEBOTO IUIA3MOHHOIO PE30HAHCY
(TITTP). Metomu. SPA-Cys a6o antu-IgG Oy immo06ini3oBaHi Ha
30J10Ti CEHCOPHI OBEpXHi U1t pOpPMyBaHHS ABOX BapiaHTIB 6io-
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CEJIEKTHBHOTO eNeMeHTy iMyHoceHcopa. Jocmimkenns IgG-
3B’A3yBaJIbHOI aKTHUBHOCTI IMMOO1TI30BaHNX OLIKIB POBOIMIIH 3a
nonomoroto criekrpomerpii [1I1P. Pesyabrarn. CeHcopHuii BiATyk
npH iMMo0imizanii anTu-1gG BUsIBUBCS OUTBII HIK YIBIYi BULLIUM 32
BIOryK, oTpuMaHuii mpu immobimizarii SPA-Cys. OnHak 1o Kinb-
KOCTi IMMOOITI30BaHHX MOJIEKYI — Maibke BOKpaTHA IepeBara 3a
SPA-Cys. Kpim Toro, GiocenekTuBHHI €l1eMEeHT iMyHOCEHCOpa Ha
ocHoBi SPA-Cys 3HauHo kpaite 38’s3ye [gG, HiX OioceneKTHBHUI
eneMeHT Ha ocHOBI aHTH-IgG. BucHoBkH. J{ocmimkenHs iMMo0i-
mizanii SPA-Cys a6o antu-1gG Ha ceHCOpHIli MOBEpXHi CIEKTpO-
merpa [1ITP, a Takox B3aemonii immo0inizoBanux 6inkiB 3 IgG npo-
JeMoHCTpyBaiio oueBn Hi niepearn SPA-Cys.

Kao4yoBi caoBa: aHTUTIIA, pekoMOiHAaHTHHI OUTOK A
Staphylococcus aureus, iMvmoOLIi3arist Oika, IMyHOCEHCOp, TO-
BEpPXHEBUI IUIA3MOHHUN PE30HAHC.

M3yuenue B3aumoneiicteus IgG yenoseka ¢
HMMOOMIN30BAHHBIMH aHTU-IZG WM peKOMOUHAHTHBIM
oesikoM A Staphylococcus aureus ¢ IoMomb10
CIEKTPOMETPHH NMOBEPXHOCTHOTO MJIA3MOHHOTO pPe30HAHCA

A. O. Baxmauyk, O. b. T'opbatrok, O. I. [TanuBona,
B. B. lonckoii, A. 3. Paukos, A. I1. ConpaTkux

Heas. CpaBHeHHE HMMYHOINIOOYIMH-CBSA3YIOIEH aKTHBHOCTH
KO3bMX aHTUTEN NpoTuB IgG venoseka (ant-IgG) nmm pexomou-
HaHTHOTO Oenka A Staphylococcus aureus ¢ C-KOHIIEBBIM OCTaTKOM
mucterHa (SPA-Cys) mocnie nx IMMOOMITH3AIMK Ha 30JI0TOI CeH-
COpHOI MOBEPXHOCTH CMEKTPOMETpPA MOBEPXHOCTHOTO TUIA3MOH-
Horo pe3oHaHnca (I1T1P). Mertoabl. SPA-Cys unu antu-1gG Obutn
MMMOOMIT30BaHbI Ha 30J10TOH CEHCOPHOM MOBEPXHOCTH sl (hop-
MHUPOBaHHUsI JBYX BapHAHTOB OMOCENICKTUBHOIO JJIEMEHTa HMMY-
HoceHcopa. Mccnenosanue 1gG-cBs3yroniei akTHBHOCTH IMMOOH-
JIN30BAHHBIX 6CJ'[KOB IpOBOAWJIA C TIOMOUIBIO CIIEKTPOMETPUU
[1TIP. Pe3yabraTsl. CeHCOPHBI OTKIIMK IPH MIMMOOMIN3ALMH aH-
T-1gG okasancs Gornee yeM BIBOE BBILIE OTKJIMKA, ITONTYYEHHOTO
npu umMmobmm3aim SPA-Cys. OfHako Mo KOTM4eCTBY HIMMOOH-
JIM30BaHHBIX MOJICKYJl — IIOYTH JIByKpaTHOE IPEHMYIIECTBO 3a
SPA-Cys. Kpome Toro, GMOCEIeKTHBHBIH 2IEMEHT IMMYHOCEHCO-
pa Ha ocHoBe SPA-Cys 3HauuTeNbHO Jiydlle cBs3biBaeT 1gG, yem
OMOCENeKTHBHBI dNeMeHT Ha ocHoBe aHTH-IgG. BhbIBoabI.
HUccnenosanre nmmobmmisarmu SPA-Cys win antu-IgG Ha cen-
copHoil nosepxHoctu cnekrpomerpa IIIIP, a taxke B3aumMoneii-
CTBHSI MIMMOOWIN30BaHHEIX OenkoB ¢ IgG mpomeMoHCTprpoBaIo
oueBuHbIe IpeuMyiiecTsa SPA-Cys.

KiawueBble cJoBa: aHTATENa, peKOMOMHAHTHBIA OEOK A
Staphylococcus aureus, iMMmoOmM3anus Oellka, IMMYHOCEHCOD,
MOBEPXHOCTHBIN MJIa3MOHHBIM pE30HAHC.
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