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Introduction

Aim. To develop an amperometric biosensor based on immobilized uricase (1.7.3.3) from
Arthrobacter Globiformis and a platinum disk electrode for the detection of uric acid in bio-
logical fluids. Methods. To obtain a highly selective detection of the uric acid concentration,
an additive semi-permeable polymer film was formed on the surface of a platinum disk elec-
trode by electro-polymerisation of m-phenylene diamine. The enzymatic selective layer was
formed on the poly-m-phenylene diamine membrane using uricase immobilized in BSA matrix
by a non-toxic crosslinking agent — poly(ethylene glycol) diglycidyl ether (PEGDE). Results.
An influence of possible interfering substances — ascorbic acid, cysteine, urea, glucose, glu-
tamic acid and lactic acid — was studied. Almost no effect of these electrochemical compounds
on the biosensor re-sponse was found, indicating that the selectivity of the developed biosen-
sor is very high. The bio-sensor characteristics were determined: detection limit 0.001 mM
(s/n = 3), linear working range 0.008—0.218 mM, sensitivity 165 pA*mM-! cm2. The biosen-
sor stabi-li-ty and reproducibility were studied and shown. Conclusions. The developed bio-
sensor was validated by comparing the results of the urine samples analysis provided with the
biosensor and the spectrophotometric method (correlation coefficient r = 0.99).This biosensor
is found to be promising method for uric acid detection in the real samples.

Keywords: uricase; amperometric biosensor; uric acid; m-phenylene diamine; poly(ethylene
glycol) diglycidyl ether.

Uric acid (2,4,6 — trihydroxypurine) is an end A number of diseases, sometimes very serious,
product of the purine metabolism in humans. are known to be caused by the violations of
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purine metabolism, generally declared as a
significant increase of uric acid in the blood.
It can result for instance, in the development
of hyperuricemia (Lesch—Nyhan syndrome) [1]
and gout [2-3]. According to the epidemio-
logical studies, on average 0.01-0.37 % of
adults worldwide suffer from gout, caused by
the kidney failure, as well as hematological
diseases, myocardial infarction, and heart fail-
ure [2]. Several medical investigations dem-
onstrated that an increased level of uric acid
in human serum was a risk factor for cardio-
vascular disease [4]. The normal level of uric
acid ranges from 240 to 520 uM in blood se-
rum and 1.4 to 4.4 mM in urine [5], increasing
by 3—4 times under at pathology.

Therefore, the determination of uric acid
concentration in biological fluids is important
in the laboratory practice. A number of meth-
ods are used for the analysis — chemical [6],
enzymatic-colorimetric [7], chemiluminescent
[8-9], fluorescent [10], voltammetric-colori-
metric [11], enzymatic-spectrophotometric
[12], mass spectrometric [13], high perfor-
mance liquid chromatography [14], capillary
electrophoresis, and amperometry [15].

However, despite the noticeable diagnostic
importance of the quantity of uric acid con-
centration, its analysis is not widely used in
clinical practice because of the low specificity
and complex procedure of the existing me-
thods.

The Biosensors can be considered as a good
alternative method of the uric acid detec-
tion [16].

In this work an amperometric biosenor for
the determination of uric acid has been deve-
loped using a promising method of the uricase
immobilization with poly(ethylene glycol) di-

glycidyl ether (PEGDE) on the transducer
surfaces. PEGDE, an important component of
the redox hydrogels, is broadly used in the
commercial devices. It is a non-toxic chemical,
which is utilized for the enzyme fixation. It
contains two epoxy groups able to react with
the amino-, hydroxyl- and carboxyl groups of
enzymes [17]. Under the influence of tem-
perature PEGDE reacts with amino groups of
the enzyme at higher rate and forms a matrix
for uricase immobilization on the electrode
surface, which is very similar to the matrix
formed with glutaraldehyde.

Previously it was shown [18] that the im-
mobilization with PEGDE has a slight effect
on the enzyme catalytic parameters and at the
same time the immobilized enzyme is stable
and selective.

Materials and Methods

Materials

Uricase (1.7.3.3.), 15-30 U/mg of protein from
Artrobacter globiformis, production of
“Sigma” (Germany); uric acid (99% purity),
production of “Sigma” (Hungary); 99% etha-
nol, production of “Fluka” (Germany); bovine
serum albumin (BSA) (fraction V), production
of “Sigma” (Germany); poly(ethylene glycol)
diglycidyl ether (Mn 500), production of
“Sigma” (Japan); 1,3 phenylenediamine, pro-
duction of “Sigma-Aldrich Chemie GmbH;
borate buffer (Na,B,0,x10H,0-HCI), pH 8.5,
Na,HPO,-7H,0 and KH,PO,-H,0, production
of “Helicon” (Russia); 3 % solution of hydro-
gen peroxide (Teteriv, Kiev region, Ukraine);
Na,SO,-10H,0, production of Mikhailovsky
chemical reagent factory (Russia). Polymix
buffer solution (NaH,PO,, Na,B,0O,, Tris-HCI,
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KCl, NaON and citric acid) production of
“Helicon” (Russia). All chemicals used were
of analytical reagent grade.

A scheme of measuring setup

Amperometric measurements were carried out
in the 2 ml electrochemical cell using a poten-
tiostat/galvanostat PalmSens (Netherlands pro-
duction) controlled by the PalmSens PC pro-
gramme (Fig. 1). The three-electrode circuit
consisted of platinum working, platinum aux-
iliary and Ag/AgCl reference electrodes [19].

The amperometric platinum transducers
were studied with regards to the signal repro-
ducibility and reliability by cyclic voltam-
perometry in the potential range of 0 to +1.0 V
versus the Ag/AgCl reference electrode
(a speed of potential involute was 0.05 V/s).
The experiments were carried out in 5 mM
borate buffer, pH 8.5.

Procedure of deposition of additional
poly-m-phenylene diamine membranes
on the surface of amperometric platinum
electrodes

The unmodified amperometric platinum trans-
ducers are characterized by their sensitivity to
a variety of electroactive substances. To im-
prove the transducer selectivity two appro-
aches were used: reduction of working poten-
tial and deposition of semi-permeable mem-
branes on the transducer surface. Such mem-
branes are permeable for small compounds,
such as hydrogen peroxide, and are a barrier
for diffusion of bigger compounds to the elec-
trodes. For the membrane deposition, a bare
transducer was immersed in 1 mM solution of
m-phenylene diamine (m-PD), afterwards five
cyclic voltammograms were obtained (if more
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than five cycles of polymerization are per-
formed the membrane becomes too dense,
which results in the significantly reduced sen-
sitivity of the transducer to hydrogen pero-
xide). m-Phenylene diamine was dissolved in
10 mM potassium-phosphate buffer, pH 7.2.
The initial potential was 0 V, the end potential
+0.9 V, the rate of potential change was 0.2 V/s
in the presence of 5 mM m-phenylene diamine.
Before the subsequent deposition of the biose-
lective membrane, the surface of poly-m -PD-
modified transducer was thoroughly washed
with distilled water. The technique of deposi-
tion of the poly-m-phenylene diamine mem-
brane was adapted from [20].

The cyclic voltammogram of poly-m-PD
electropolymerisation demonstrates a decrease
of the peak values in each next cycle caused
by the formation of a polymer film on the
working electrode surface.

Preparation of bioselective membrane

To prepare an uricase-based bioselective ele-
ment the required amounts of the enzyme and
BSA were dissolved in 20 mM phosphate buf-
fer, pH 8.5, with addition of glycerol for the
enzyme stabilization and prevention of early
drying of the solution on the transducer sur-
face. The obtained solution was mixed with
PEGDE just before the membrane preparation.
The final mixture contained 50 mg/ml uricase,
50 mg/ml BSA, 5 % of glycerol and 40 mg/
ml PEGDE in 20 mM phosphate buffer,
pH 8.5. The prepared mixture was immedi-
ately deposited on the sensitive surface of
platinum disk electrode; 0.1 pul was needed to
cover it completely. For immobilization the
electrode was placed in the oven at 55 °C for
2h (see Fig. 1).
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Fig. 1. Scheme of the enzyme immobilization by PEGDE [18].

Preparation of uric acid solution.

5 mM solution of uric acid in the 5 mM borate
bufter, pH 8.5, was prepared just before the mea-
surement. For complete dissolution of uric acid
the solution was heated to 50 °C. pH of uric acid
solution was adjusted to pH 8.5 with IM NaOH.

Procedure of measuring substrates
in model solutions

Biosensor measurements of the uric acid con-
centrations were carried out at room tempera-
ture in an open electrochemical cell filled with
working buffer (mostly 5 mM borate buffer,
pH 8.5) at vigorous stirring. Before addition
of uric acid, the transducers were kept in the
working buffer solution until the stable signal
(base line) was obtained. The substrate con-
centration in the electrochemical cell was
changed by adding aliquots of the substrate
stock solutions. The experiments were carried
out in at least three replications.

Statistics

Statistical package Microsoft Excel 10 was
used for statistical analysis of the results, the

average values and standard deviations were
calculated; the results were considered as reli-
able at p < 0.05.

Results and Discussion

Transducer optimization

The biosensor selectivity depends on two
major factors — selectivity of an enzyme (an
enzyme-substrate reaction) and selectivity of
a transducer (influence of electrochemical
interferents). To minimize the effect of in-
terfering substances, it was created a semi-
permeable selective membrane, which pre-
vents an access of undesirable active com-
pounds to the transducer surface. An addi-
tional polymeric membrane obtained by
electrochemical oxidation of water-soluble
monomer phenylene diamine was used for
the purpose. The best sensitivity and selectiv-
ity were reported in case of meta-phenylene
diamine, whereas ortho-phenylene diamine
provided high sensitivity but low specificity,
para-phenylene diamine - low sensitivity and
selectivity [20].
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The selectivity of bare electrodes and elec-
trodes coated with poly-m-phenylene diamine
to possible interferents was studied via as-
sessing their sensitivity response to uric acid,
ascorbic acid, cysteine, glutamic acid, urea,
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lactate, glucose. As shown in Fig.2 (A), bare
electrodes responded to a wide range of in-
terfering substances, whereas the polymer-
coated electrodes almost did not react to
them.
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Fig. 3. Calibration curves for the uric
acid sensitive biosensor. Measurement
conditions: 5 mM borate buffer (pH 8.5),
at potential of +0.4 V versus reference
electrode.
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Hence, in practical measurements, the min-
imal sensitivity of transducer to possible inter-
fering substances can be neglected and this
design of transducers can be successfully used
for the further development of the biosensor
for uric acid analysis.

A comparison of the sensitivity of bare and
modified electrodes to hydrogen peroxide
showed that after deposition of a poly-m-phen-
ylenediamine layer onto the platinum electrode
surface, the sensitivity to H,O, decreased
slightly (see Fig.2 (B)).

Biosensor

All known methods for the enzymatic deter-
mination of uric acid using uricase are based
on the enzymatic oxidation of uric acid with
production of allantoin, hydrogen peroxide and
carbon dioxide:

Uricase

Uric acid +H,0 + O, —
— Allantoin + H,0O, + CO,

Decomposition of electrically active sub-
stance hydrogen peroxide results in generation
of electrons, which can be registered by am-
perometric transducer

H,0, — 2H* + 2¢-

In the work presented, we used uricase for
creation of the biosensor and the enzyme was
immobilized on the transducer surface by poly
(ethylene glycol) diglycidyl ether crosslinking.

The measurements were generally carried
out at room temperature in an intensively
stirred electrochemical open cell system. The
typical dependence of the biosensor response
on the uric acid concentration (calibration
curve) is presented in Fig. 3.

As can be seen from Fig 3 the apparent
Michaelis-Menten constant (Km) is 0.06 mM
and I/max = 22 nA for uricase immobilized in
a bioselective membrane. A linear dependence
of the biosensor response was observed in the
range of uric acid concentration 0.008 —
0.218 mM (s/n =3), with the sensor sensitivity
of 165 pA-mM-!-cm2 (the calibration curve
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presented in linear coordinates). Under the
conditions described, the time of biosensor
response was about 5-10 s. The presentation
of the biosensor calibration curve in semi-
logarithmic coordinates gives the possibility
to extend the linear dynamic range and to shift
the range of uric acid detection to higher con-
centration.

A low value of Michaelis—Menten constant
(0.06 mM) indicates that immobilized uricase
in the BSA-PEGDE layer has high affinity to
uric acid. The detection limit of the uricase
biosensor was estimated as 0.001 mM (s/n =3).

Since the biosensor working characteristics
strongly depend on the experimental condi-
tions, it was important to examine an effect of
ionic strength and pH on the biosensor re-
sponse. The dependence of amperometric bio-
sensor response on the NaCl concentration is
shown in Fig.4(A).
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An analysis of the impact of NaCl concen-
trations revealed a little effect on the response
of amperometric uricase-based biosensor.
Notably, it is typical for most enzyme ampero-
metric biosensors [21].

As known, each enzyme has a specific
working optimum pH value. For some enzyme
it can be changed after immobilization, shifting
into alkaline or acid region. This phenomenon
can be explained in the first place by the
change in conformation of immobilized en-
zyme and redistribution of charges within the
enzyme-BSA-PEGDE system. The pH-depen-
dence of the sensor response was investigated
for 3, 8 and 18 uM uric acid over the pH range
of 6.0-11.0 in the universal buffer solu-
tion [22]. The experimental results show (see
Fig.4 (B)) an atypical picture of dependence
of the biosensor responses on pH; it means that
the activity of immobilized uricase is weakly
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Fig. 4. Dependence of the response of amperometric uricase-based biosensor on the concentration of NaCl in a buffer
solution (A). Measurement conditions: 5 mM borate buffer, pH 8.5. Dependence of the response of amperometric bio-
sensors based on immobilized uricase on pH of polymix buffer solution (B) (2.5 mM NaH,PO,, 2,5 mM Na,B,0,
2,5 mM Tris-HCl, 2,5 mM KCI, 2,5 mM NaON and 2,5 mM citric acid). Measurement was carried out at potential of

+ 0.4 V versus reference electrode.
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Fig. 5. Correlation between the values of uric acid concen-
trations in urine determined by the developed biosensor
and the hospital standard spectrophotometric methods.

dependent on the pH changes in this range.
The form of curves can be explained by an
increase in the immobilized enzyme stability
and/or by the limitation of substrate diffusion
in a bioselective membrane [23]. The highest
activity was observed at pH 8.5, which was
chosen as optimal for further work.

The response reproducibility and opera-
tional stability, the most important biosensor
characteristics, were studied. The biosensor
responses to different concentrations of uric
acid were measured over one working day with
30-min intervals, the biosensor with immobi-
lized uricase being kept between measure-
ments in buffer solution at room temperature.
The biosensor was characterized by high re-
producibility (relative standard deviation of
the signals did not exceed 5 %) and high op-
erational stability (the bioselective element did
not lose its activity during 56 h).

To study long-term stability of the biosensor
developed, the responses to the same concen-
tration of substrate were evaluated with 100-

hour intervals between subsequent measure-
ments (data not presented). During the first
100 hours of storage, the biosensors lost 30 %
of the initial sensitivity. In 400 hours, the bio-
sensors still exhibited approximately 50 % of
their initial sensitivity. The loss of activity is
probably associated with the relatively low
stability of uricase.

Analysis of real samples

An efficiency of the developed biosensor for
in the analysis of real samples was evaluated
by comparing the values of uric acid concen-
tration in the urine samples of 15 volunteers
measured by the presented biosensor method
(axis Y) with the results obtained by spectro-
photometric method [24] (axis X) (Fig. 5).
A high correlation was demonstrated (correla-
tion coefficient r = 0.99).

Conclusion

The electrochemical biosensor based on the
poly(m-phenylenediamine) modified platinum
disk electrode as a transducer and immobilized
uricase from Arthobacter globiformis as a sen-
sitive element has been developed for detection
of uric acid in the presence of electrochemical
compounds. It provides a sensitive, selective
and rapid methods of uric cid analysis.

The amperometric biosensor for detection
of uric acid in biological fluids was developed
using uricase immobilization by a non-toxic
crosslinking agent — poly(ethylene glycol)di-
glycidyl ether.

The main characteristics of the developed bio-
sensor were estimated. The biosensor demon-
strated fast response (5s), high sensitivity and
selectivity, linear working range of 0.01 —0.22 mM
with detection limit of 0.001 mM (s/n =3).

131



O. A. Zinchenko, L. V. Shkotova, T. U. Kulynych et al.

The biosensor was tested when analyzing
the urine samples of 15 volunteers. The results
correlated with those obtained by the standard
spectrophotometric method. Thus, the develo-
ped biosensor can be applied for monitoring
the level of uric acid in urine at norm and
pathology during the medical examination of
population.
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BucokocejieKTUBHMI aMIIepOMeTPUYHUI
0ioceHCOp 1JIsI BUBHAYEHHSI CeYO0BOI KUCI0TH
B peaJIbHUX 3pa3Kax

O. A. 3inuenko, JI. B. IlIxotosa, T. 0. Kynuuuny,
O. O. 3inkina, O. I1. CongaTkin

Merta. Po3pobuTn ammepoMeTpryHuii 6i0ceHCOp Ha OCHO-
Bl iMMoO6imi3oBanoi ypikasu (1.7.3.3) 3 Arthrobacter
Globiformis 1 TIIaTHHOBOTO JTMCKOBOTO EJIEKTPOJIA JIIs
BHU3HAYCHHS CCUOBOI KUCIIOTH B OIiOJIOTIYHUX PiAHHAX.
Metoau. /[y NOCSTHEHHS] BUCOKOCEIICKTHBHOTO BH3HA-
YeHHsI KOHIIEHTPAIlii Ce40BO1 KMCIIOTH Ha IMOBEPXHi Ija-
THHOBOTI'O JIMCKOBOTO €JIeKTpoa c(hopMOBaHa JI0aTKOBa
HaIlBIIPOHMKHA MeMOpaHa HIIIXOM eJIeKTpOIoJiMepizartii
M-(eninenniamina. @epMeHTHHUI CeTeKTHBHIHN map cdop-

MOBaHHUI Ha TOMi-M-(peHUIeHniaMiHOBIT MeMOpaHi 3 BU-
KOPUCTaHHSIM ypiKa3u, 110 IMMOO1JTi30BaHa B MaTPHIIL
BCA, B sIKOCTI 3MIMBalOYOr0 areHTa BUKOPHUCTOBYBAIH
HETOKCUYHUI ITOTieTUIICHIIIKONb IUDIIUIHIOBHIL ecTep
(ITETE). Pe3ynbTaTn. JocnimkeHo BIUMB iHTEpdEPY-
FOYMX PEYOBHH: aCKOPOIHOBOI KHMCIIOTH, IUCTEIHY, CEU0-
BUHH, ITIOKO3H, TITyTAMiHOBOT KUCJIOTH, MOJIOYHOT KHCJIO-
TH Ha aKTHUBHICTH PO3pO0OJIEHOro 6GioceHCopy 1 IoKa3aHa
BIZICYTHICTh BIUIMBY IIMX €JIEKTPOXIMIYHO aKTUBHUX pe-
YOBHH Ha BIATYK 0i0CEHCOpa, IO CBITYUTH MPO IYKE
BHCOKY CEJIGKTHBHICTH PO3pO0JIeHOTO OioceHcopa.
BusHaveHi HACTYIHI XapaKTepPUCTHKH 0I0CEHCOopa: MiHi-
MallbHa KOHIIEHTparis, mo Bu3Hadaimacbk 0.001 MM
(s/n = 3), pobouwnit niHiitaui giamaszon 0.008—0.218 MM,
9y TIUBICTh 165 MKA-MM~! em2. TakoK JOCITIKeHi i mo-
Ka3aHi orepariifHa cTabiTbHICTs GioceHcopa i Horo cra-
OinbHICTD Npy 30epiranHi. BucHoBku. AnpoOanist po3-
pobiieHoro Oi0CeHCOopa MPH aHaI31 peabHUX 3pa3KiB cedl
TOKa3ajia XOPOITy KOPEIIAIII0 TaHKX 13 KIIACHIHUM CITeK-
TPO(POTOMETPHIHUM METOZIOM (KOe]iLlieHT KOPEJSLii I =
0.99). Takum yrHOM, TaHU# GI0OCEHCOP € TTEPCIEKTHBHUM
METOZIOM 1 MOXke OyTH 3aCTOCOBAaHHMU B MEIWYHIN JTia-
THOCTHIII JUTSI BU3HAYEHHSI CEY0BOI KUCIIOTH B pEasTbHUX
3pasKax.

KnmouoBi caoBa: ypikaza; amrnepomerpuynuii 0io-
CEHCOp; CeYoBa KUCIIO0Ta; M-(QeHIIeHAiaMiH; ITOJieTHIICH-
DTIKOJTh TUTITIITUIAIIOBHIA ecTep.

Bbicokoce1eKTUBHBI aMIlepoMeTpUuYecKuii
OuoOCeHCop 1Sl oNpeae/ieHUsl MOYeBOH KHCJIOThI
B peajibHbIX 00pa3uax

E. A. 3unuenxo, JI. B. llIkorosa, T. }O. Kynunuu,
O. A. Bunkuna, A. I1. CongaTkua

Measn. Pazpaborars ammepoMeTprudecKknii OMOCeHCOp Ha
OCHOBE MMMOOMIN3UPOBAaHHOHN ypukassl (1.7.3.3) u3
Arthrobacter Globiformis v ITaTHHOBOTO JTUCKOBOTO 3JICK-
Tpoza I ONpeNeIeH s MOYEBOH KUCIIOTHI B OHOIOrHye-
CKHUX JKUIKOCTAX. MeToasl. [ TOCTHKEHNS BRICOKOCE-
JIEKTUBHOTO OIIPE/IEIICHHsI KOHIEHTPAMA MOYEBOW KHC-
JIOTHI Ha TIOBEPXHOCTH IJIATHHOBOTO AUCKOBOTO JIEKTPO-
Jta 66112 chopMrpOBaHA IOTIOIHUTENBHAS MOTYTTPOHHUIIA-
eMasi MeMOpaHa mHyTEM DBIIEKTPOIOIIMMEPU3aLUN
M-peHneHmaMruHa. OepMeHTHBIN CeNeKTUBHBIN CITON
c(hopMHpOBaH Ha MONH-M-(hEeHIIICHIHaMUHOBOH MeMOpa-
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HE C WCIOJB30BAHMEM YPUKA3bl, UMMOOWIM3HPOBAHHOMN
B Marpuiie BCA, B KauecTBe CIIMBAIOIIETO areHTa UCIOJb-
30BaJI HETOKCHYHBIN JUTIHIAAMIOBEIA 3(DUp MOMUITH-
nerrukoist ([I21771D). Pesyabrarsl. VccnenosaHo Biu-
STHUE WHTEP(EPHPYIONTIX BEIIECTB: aCKOPOMHOBON KHC-
JIOTBI, [IUCTEMHA, MOUEBUHBI, IIFOKO3bI, TIIyTAMUHOBOM
KHCJIOTBI, MOJIOYHOH KHCIIOTHI Ha aKTHBHOCTH pa3pado-
TaHHOTO OMOCEHCOpa M MOKA3aHO OTCYTCTBHE BIIMSHUS
STHX ANIEKTPOXUMHUYECCKH aKTUBHBIX BEIIECTB HA OTKIIMK
OroceHcopa, YTO CBUJIETEILCTBYET 00 OYEHb BBICOKOH
CEJIGKTHBHOCTH pa3paboTaHHOro omocencopa. Ompene-
JICHBI CJIETYIOIINE XapaKTepUCTHKN OMoceHcopa: rpaHnd-
Hast onpenessiemast kouteHTpaist 0.001 MM (s/n = 3),
pabounii muHelHbI quarmazoH 0.008—0.218 MM, ayBCcTBH-
TeNBHOCTh 165 MKA*MM! cM 2. Tarke UCCIEN0BAHBI U
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MPOJEMOHCTPHPOBAHBI OIEPAlUOHHAs CTAOWUIBHOCTD
OHOCEeHCOpa U €T0 CTA0MIBHOCTD ITPU XpaHEHUH. BbIBOABI.
AmnpoOarysi pazpaboTaHHOTO OHOCEHCOpa MpH aHaIN3e
peabHBIX 00pa3LoB MOYH TIOKa3aJla XOPOLIYIO KOppeIis-
ILIUIO JTAHHBIX C KJIIACCHYECKUM CIEKTPO(POTOMETPUUECKUM
MeTonoM (KoddduimeHT koppemiun r = 0.99). Takum
00pa3oM, JaHHBII OHMOCEHCOP SBIISCTCS MEePCIEKTUBHBIM
METOJIOM M MOKET OBITh MCIOJIb30BaH B METUIIMHCKOM
JUArHOCTUKE IS ONPENeNIeHHs MOYeBOW KUCIIOTHI B pe-
AJIBHBIX 00pas3Iax.

KanouyeBble €JI0Ba: yprKasa; aMIepOMETPUIECKHUIA
OHOCEHCOP; MOUCBast KMCJIOTA; M-(DCHUICH THAMUH; TIOJTU-
STHICHIIIUKOIb JUTITUIAAIOBBIN dhHP.
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