ISSN 0233-7657. Buonoammepey u kierkd. 1998, T. 14, Ne 4

Biosensors based on conductometric detection
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S. A. Piletsky, T. A. Sergeeva, T. L. Panasyuk, A. V. El’skaya

Institute. of Molecular Biology and Genefics, National Academy of Sciences of Ukraine
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The present paper is a self-review on the development of about 20 conductometric biosensors based on
planar electrodes and containing different biological material (enzymes, cells, antibodies), bio-mimics or
synthetic membranes, inchiding 'mprinting polymers, as o sensitive element. Highly specific, sensitive,
simple, fast and cheap determination of different analytes makes them promising for needs of medicine,
biotechnology, environmental control, agriculture and food industry. Non-specific intcrference of back-
ground ions may be overcome by the differential mode of measurement, the usage of rather concentrated
sample buffer and additional negatively or positively charged membranes, which decrease buffer capacity
influence and extend a dynarmuc range of sensors response. For development of easy-to-use small
conductometric immunosensors several approaches seem to be promising: {) the usage of polyaniline as
electroconductive label for antibodies detection in competitive electroimmunoassay, i) the claboration of
multilayer structures with phtalocyanine films; jii) the usage of acrylic copolymeric membranes. The
advantuges and disadvantages of conductometric biosensors created are discussed. For future commer-
cialisation our effort are aimed to unite a thin-film technology with membranes deposition and to find the
ways of membrane stabilisation, including bio-mintics creation, utilisation of bloaffinity polymeric
membranes, imprinting polymers etc.

Introduction. The last decade has seen unprecedented
interest in the development of analytical devices for
the detection, quantification and monijtoring of dif-
ferent biological and chemical compounds. The dyna-

mic field of biosensors is covered by extensive number

of reviews [1—51.

As a rule a biosensor is a device containing two
functional parts: a bioselective membrane in direct
contact with a physical transducer, which transforms
the biochemical signal into the clectrical or optical
signal. The amplitude of this signal depends on the
concentration of the analysed compound (analyte) in
the sample. Biologically active materials used for
construction of biosensor systems can be divided into
two main groups: catalytic (enzymes, cells, tissues)
and noncatalytic or affinity {(antibodies, reccptors,
nucleic acids). Electrochemical (ampero-, potentio-,
and conductometric), optical, calorimetric, and acou-
stic transduccrs are currently uwsed in measuring
systems,
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The main efforts in biosensor development are
focused on the exploration of the various combi-
nations of biological components {(or their synthetic
mimics) with measuring principies, i. e. different
transducers.

The conductometric sensors are based on the fact
that many biochemical reactions in solution produce
changes in the electrical resistance (reciprocal con-
ductance) due to changes of ionic compounds. Con-
ductance measurements usually involve the resistance
determination of a sample solution between two
parallel electrodes.

The biosensors based on conductometric principle
scem 10 be the most advantageous in several aspects:
i) thin-film electrodes are suitable for miniaturisation
and large scale production using incxpensive tech-
nology; moreover, noble metals can be changed for
cheaper ones, e. g. Ni; i) they do not require
reference electrode, have no light sensitivity, the
driving voltage can be small to docrease power
consumption substantially; iii) large spectrum of ana-
lytes of diffcrent nature can be determined on the
basis of various rcactions and mechanisms,



The method for solution conduclance monitoring
was originally developed for determining chemical
reaction rates and only recently it has been applied to
reactions catalysed by enzymes [6—8 |, namely, ure-
ase [6, 91, proteases [8], oxidases [10], amidases
and peptidases |111].

Conductometry is a unique method for direcl
assay of many enzymes and their substrates. Ac-
cording to Lawrence |7] five factors allow the appli-
cation of conductometric methods for enzymalic ana-
lysis: 1} generation of ionic groups (e. g. amidases):
2) separation of unlike charges (¢. g. decarboxylases):
3) prolon migration (e. g. esterases); 4) changes in
the degree of association of ionic groups resulting
from chelation (e. g. kinases); and 5) changes in the
sizes of charge-carrying groups (¢. g. phosphatases).
Factors 1 and 2 give risc 1o very large coefficients and
make conductometry the assay method of choice.

Conductometric transducers for biosensing devi-
ces have been introduced by Watson et al. [12]. The
device consisted of an oxidised silicon wafer with
interdigitaled gold electrodes pairs on one surface in
a planar configuration.

The transducer ways tested for urea detection in
human scrum samples [12] and for the enzymes
penicillinase and  acyl amilamidohydrolase activity
study [13].

However, there was no sufficient progress in the
development of the conductometric biosensors due to
some disadvantages, mainly a very strong response
dependence on a sample buffer capacity and a pos-
sible influcnce of non-specific ions.

Taking into consideration rather attractive featu-
res of conductometric principle and a simplicity of
corresponding device, our efforts were aimed at the
claboration of different conductometric biosensors
with improved working characteristics.,

In this article we have reviewed our achievements
in the development of conductometric biosensors ba-
scd on planar electrodes and containing different
biological material (enzymes, cells, antibodies), bio-
mimics or synthetic merabranes, including imprinting
polymers, as a sensitive clement.

Enzyme-based conductometric biosensors. The
enzyme-bascd conductometric biosensors can be used
for both direct and inhibitory analysis.

In case of dircct analysis, the conductometric
biosensors for determination of glicose, urca, acetyl-
choline chloride, butvrylcholine chloride and penicil-
lin have been developed. The resulting conductivily
changes are produced by enzymatically catalysed
conversion of different substrates according to the
general scheme of reaction:
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Appropriate

Substrate - Charged product(s)

Fnzyme,

The conductometric enzyme biosensors, emp-
loying the inhibitory analysis, have been created for
organophosphorous pesticides and heavy metal ions
determination. The scheme for pesticide detection is
based on their ability to inhibit acetylcholinesierase
and butyrylcholinestcrase activity by phosphorylating
the serine OH™ group in enzymes active sites. In the
second case, immobilised urease can be inactivated by
heavy metal ions through their direct interaction with
the thiol group of the enzyme active site.

The assay protocol included measurement of the
biosensor response 1o a fixed concentration of the
specific substrate before and after the incubation of
the biosensor for a defimite time in a solution con-
taining inhibitor.

The main analytical characteristics of created
biosensors are presented in Table 1.

The biosensors demenstrated reproducible and
stable response to the addition of substrates with a
measurement time within 0.5—2 min. The influence
of pH, buffer capacity and ionic strength of the
samples on the biosensors response has been studied
earlier and will be discussed further [14—16].

It is worth noting that the urease and cholin-
esterasc-based conductometric biosensors may also
serve as reliable tool for the estimation of the overall
toxin level in liquid samples [17, 18].

However, all the e¢nzyme sensors presented in
Table 1 have becen shown to possess strong depend-
ence of their response on buffer capacity and ionic
strength. The possibility to overcome this difficulty
has been investigated on the glucose biosensor exam-
ple [19]. The dynamic range of its response is very
small and does not ¢xceed 2 mM, the response value
decreases 20-fold when the conceniration of buffer is
changed from 1 1o 10 mM. Further increase of the
buffer concentration up to 20—40 mM makes the
measurement of glucose concentration practically im-
possible |16, 20]. The reason for the Emited dynamic
range of the glucose sensor is a lack of oxygen for
biccatalytic oxidationn of glucose [21]. The response
dependence on buffer concentration may be explained
by some kind of <«carrier-mediated» transport of
protons («facilitated diffusion») out of the enzyme
membrane in the presence of mobile buffer species
[19].

We have studied different additional membranes
which may conirel diffusion of subsirates and pro-
ducts of the biochemical reaction, thus optlimising the
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Table |
Analytical charactecistics of the enzyme biosensars™ cregted
Statility
Subswoces Dynamic range, M Operational mo-de Time of analysis, min

Operational [ Ntorage
Ghucose 1074 —3-107 Kinetic 0.1-—-0.2 > 20 bs 90 day

(GO Steady-state I—2
Urea 16745 107 Kinetic 0.1—0.2 > 20 hs 30 day

(urease) Steady-state 1—3
AcChCI 10*—1.2-197? Kinetic 0.1—-0.2 > 10 hs 30 day

(AChE) Steady-state 1—2
BuChC! 10107 Kinetic 0.1—0.2 > 10 hs 30 day

(BuChliy Steady-state 1--2
Peuniciilin (Penicilinase) 1074 —1.5-107* Steady-state 1 > 20 hs 90 day
HSA (tripsin) 0.1—5 mg/ml Steadv-state 15 >2hs 30 day

Inhibitory analysis
Hg Wwe—5.107" Kinetic 20+ Disposable 30day
cu? 2107 — o™ Kinetic 20%* Disposable 30 day
ca** 5:-10°—2-10™ Kinetic 20%* Disposable 30 dav
Co™ 10755107 Kinetic 20%* Disposable 30 duy
PHe* 210751078 Kingtle 204% Disposable 30 day
sr* 1074 —5-107° Kinetic 204+ Disposable 30 day
DFP 5-107 1077 Steady-state 15%* > 2 hs 30 day
Trichlorfon 5107 —1907 Steady-state 15%+ > 2 hs 30 day
Paracxon-ethy 1078107 Steady-state 154+ >2hs 30 day
Paraoxon-methyl S50 —10™ Steady-state 15%=* > 2 hs 30 day

*Without additional charged membranes;, **measurement time inctudes preincubation with inhibitor

sensor operation in order to satisfy practical requi-
rements [19—-231.

It is shown in Fig. 1, that the deposition of a
negatively charged Nafion membrane (thickness abo-
ut 3.5 um} on the top of the enzymatic film extends
the dynamic range of the sensor up to a concentration
of glucose of 4 mM and makes the sensor response
practically imscnsitive to an increase of buffer con-
centration from 1 to 10 mM. In the following experi-
ments we tested {he dependence of the sensor res-
ponse on the Nafion membrane thickness (Fig. 2).
With an increase of the membrane thickness up to
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15 um the value of the sensor response increases, and
the dynamic range extends up to 10 mM con-
centration of glucose,

The results obtained can be inlerpreted in terms
of permselective properties of the additional Nafion
membrane formed. The presence of negatively char-
ged groups of the Nafion membrane blocks so called
«carrier-mediated» transport of protons through the
additional membrane, thus eliminating the effect of
mobile buffer species on the amplitude of the output
signal of bioscnsor. The additional Nafion membrane
also limils the diffusion of glucosc through the
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Fig. 1. Calibration curves for the steady-state response of the glucose

sensor with additional Nafion membrane in I mM (f), 10 mM (2),
20 mM (3) and 40 mM (4) phesphate buffer, pH 7.5
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Fig. 3. Calibration curves Tor stcady-staile response of the glucose
sensor without (/) and with one (2), two (3) and three (4) layers
of the additional 0.5 %, poly (4-vinylpyridine-go-styrene} membrane
in § mM phosphate buffer, pti 7.5

membrane which results in an extension of the sensor
dynamic rangc.

Ay for the positively charged membranc, Fig. 3
shows that 0.5 % poly(d-vinylpyridine~co-styrene;
membranes of different thickness exiend the dynamic
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Fig. 2. Calibration curves for steady-state response of the glucose
sensor without (/) and with one (2), two (3), three (4) and four (5)
layers of the additienal Nafion membrane in 40 mM phosphaie
buffer, pH 7.5
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Fig. 4. Calibration curves for cell-based conductometri¢ biosensor.
Mecasurements were performed in distilled water (/) or polymix
buffer (2) (pH 7.0, buffer capacity 2 mM/pH; cell concentration in
biomembrane 20 mg/ml; CaCly concentration 10 mM)

range of the sensor up to a concentration of glucose
of 30 mM.

This phenomenon may be explained by the
limitation of proton diffusion out of 1he membrane,
The decrease of response dependence on  buffer
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capacity due to this membrane depends on the buffer
type.

Cell-based conductometric biosensors. Yeast cell-
based conductometric biosensor with planar inter-
digitated gold elecirodes has been performed for the
quantification of ethanol in alcoholic beverages [24],
When ethanol is added to the tested solution, alcohol
molecules penetrate through cell membrane and are
oxidised in two steps by methylotrophic yeast Candi-
da boidinii 706 (wild type). First of all, alcohol
dehydrogenase (type 1) catalyscs the formation of
aceialdchyde in the oxidative utilisation of ethanol.
Then, acctaldehydc is converted to acetic acid by
acetaldehyde dehydrogenase. The resulting conducti-
vity changes due to the specific acidic metabolite
secrction out of the membrane are registered by the
sensor syslem.

Fig. 4 shows the calibration curves for ethanol
biosensor which are lirear in the range of analyte
concentration from 5§ mM to 100 mM,

The microbial sensor can be used with the same
biological membrane several times after 30 min inte-
rval needed for washing and system stabilising.
Relative standard deviation of the measurements ig
10—12 % for 15 repeated assays. A decrease of the
sensor oufput in slightly buffered sample solutions
has been found. The biosensor signal is stable for 12
days, when the syslem is operated 2 hours daily and
then stored at 4 °C.
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Fig. 5. Results of ethanol determination in different alcoholic
beverages (beer (1), vodka (2, coghac (3) and spirits (4))
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The results of ethanol determination in different
diluted alcoholic beverages by the cell-biosensor crea-
ted as compared to those obtained by method of gas
chromatography are presented in Fig. 5. It is shown,
that each value coincided relatively well with that
determined by the reference method with a corre-
lation coefficicnt 0.9988.

Conductometric immunosensors. Despite the ex-
cellent sensitivity of ELISA and fluorescent immu-
noassay, their application is limited sometimes by
short lifetime of labels, necessity of complex and
expensive equipment, relatively long time of analysis.
So alternative procedures may be of special interest
for express immunological testing.

For the development of casy-to-use small conduc-
tometric immunosensors scveral approaches seem to
be promising: i} the wsage of polyaniline as electro-
conductive label for antibodies detection in competi-
tive electroimmunoassay; i) the elaboration of multi-
layer structures with phthalocyanine films; iii} the
usage of acrylic copolymeric membrancs.

In the first case the conductometric scheme of a
senser is the same as described above. A non-
competitive mode of antibodies detection has been
employced with the usage of polyaniline (PA) as an
electrically conductive label. Various water-soluble
forms of PA with different molecular weights and
oxidation levels have been compared. The maximum
specific response has been observed for the PA-
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Fig. 6. Dependence of the sensor response with electroactive
polvaniline label on aotigen-polyaniline conjugate concentration



fraction of 45 kDa, synthesised in the presence of
0.2 mM ammonium peroxidisulfate. The sensor res-
ponse for the specific Ab-PA conjugate has been
revealed to be three times larger than for non-specific
one. Minimum guantity of labelled antibodies easily
detected is 50 ng/ml (Fig. 6). At the competitive
mode of antibodies dclection the sensor sensitivity is
lower, which nceds further improvement.

The second approach to conductometric immuno-
scnsor creation utilises iodine-sensitive phthalocya-
nine thin-films [25]. Excellent sensitivity of the
tetra-teri-butyl CuPc ttth-CuPc) to free iodine is
used in an aqueous medium to delect the peroxidase
reaction. To minimise intterfering effect of aqueous
electroiytes Au/Cr interdigitated planar electrodes
bearing ttb-Cu®¢ thin-films were overcoated with a
hydrophobic gas-permeable membrane. After optimi-
sing the scnsor working parameters the detection of
peroxidasc-labelled antibodies in the range of 0.1—
2 pug/ml has been demonsirated. Therefore, for the
first time, the chemoresisior based on organic scmi-
conductor, phthalocyanine, has been used as a con-
ductometric transducer ¥or biosensors operating in
aqueous media.

However, phthalocyanines main shortcomings are
evident: low conductivitly and rather slow response,
and this stimulates a search for alternative chemo-
resistive compounds exhibiting good chemical sensi-
tivity, high conductivity and fasicr rcsponse,

A new way to detect different antibodies or
antigens is based on the usage of copolymers of
acrylonitrile with acrvlic acid (26, 271. The films
cascd from such polvmer arc stable and flexible.
Electroconductivity (resisiance) of such membranes is
deterriined by iwo factors: properties of the polymer
surface and material porosity. Immunochemical reac-
tions between one of the immunocomponents being
immobilised within the porous membrane and ihe
other in analysed sample causes changes in the
membrane charge distribution and porous structure
which results in alteration of the membrane resistance
and can be used for development of immunosensors.
The response cf such sensor system depends on the
polymer composition and conditions of membrane
formation.

it has been shown that during Ab-Ag binding the
membrange concluctivity increases with the increase of
analysed Ag concentration. However, the porous stru-
clure musi be optlimised to ensure: i} maximum
binding of frec antigen in solution by biomembrane
with immobiliscd antibody; i) maximum influence of
the inmmunclogical reaction on the ion iransfer, res-
ponsiblc for the membrane eleciroconductivity; iit}
occurring of immunological reaction mainly inside of
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Fig. 7. Calibration carves for «bioaflinity» membranes based on
copolymers of acrylonitrit with acrylic acid ¢/ — 18 % polymer,
membrane 4.3 mm; 2 — 18 % polymer, membrane 0.2 mm; 3 —
16 % polymer, membrane 0.3 mm; 4 -— BSA; 5 — nan-specific
antigen)

Fig. 8. Possibic changes s imprimed polymer structurce under
reaction with tfemplate molecelcs inducing changes in conductance

micropores since the rate and value of immunosensor
response depends on this factor significantly.

Fig. 7 demonstrates that membranes prepared
from 18 %, polymer and characterised by more
ordercd structure, especially almost optimised poro-
sity, possess the highest sensitivity for specific anti-
gen.

Thus, the clectric method for detecting immunoc-
chemicaf reaction in solution has been developed. The
advantages of the immunosensor described are rather
high sensitivity (about § ng/ml of antigens can be
detected) and fast response (1—2 minutes) at satis-
factory specificity.

imprinting polymers in sensor design. Unfor-
tunately, the stability of antibodies, enzymes, cells
and other biological componenis often appeared limi-
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ted for the creation of commercialised devices for @
number of analytes. That is why the development of
simple, effective and technological methods for crea-
tion of highly-selective analytical systems withon:
unstable biological material is of great importance.
Stable synthetic mimics of receptor (or antibody)

L-Fhe

1300

atrazipe

iriczine

AP

-13t4) 4

stalic acid

-2560 ' r : .

T
0 10 20 30 40 O M

Fig. 9. Dependence of the response of imprinted polymer-basec
sensors on template concentration

and enzyme binding sites can be designed by imprin-
ting technigue, first reported by Wulff [5]. In gene-
ral, cross-linked polymers are formed around a mole-
cule that acts as a template, and this template is then
removed. An imprint containing reaclive groups with
binding capability remains in the polymer. The struc-
ture of well-defined cavities and arrangement of
functional groups are predetermined by the chemical
nature of the templale. Subsequent recognition occurs
via a combinatlion of reversible binding and shape
complementary (Fig. 8).

Using molecular imprinting approach new types
of polymeric membranes containing molecular recog-
nition sites for L-phenylalanine (E-Phe), 6-amino-1-
propyluracil (AP}, atrazine and sialic acid have
been prepared [28). The membrane synthesis inclu-
des radical polymerisation of ethylene glycol dime-
thacrylate and functional monomer in the presence of
template. Several substances—diethyl aminoethyl me-
thacrylate, methacrvlic acid, allylamine, or vinyl-
phenylboronic acid have been tested as functional
monomers, able 1o form covalent, ionic or hydrogen
bonds with corresponding templates. After splitting
off the template molecules, these polymers have been
used as materials for conductometric sensors, specific
for a corresponding template (Fig. 9). The sensors
created detect the analytes in solution in the range of
I—350 #M concentrations (Table 2).

Besides high sensitivity, analytical devices contai-
ning imprinted polymers are expected to be extremely
stable and operate in such conditions, where usual
biosensors arc ineligible, which is especially important
for heslth and environmental control and protection.

Table 2
Analytical characteristics of the wiatrix biosensors created
Stanility
Nubsiances Dyoamic renge, M Qpeeational mode Time of analysis, min r
Operauonal Storege

Atrazine** §-10°—5-107 Steady-state 40 3 month* 2 years
Triazine 10°—107 Steady-stare 40 3 month* 2 years
Cholesterot 10°—5-107* Steady-state 40 3 month* 2 years
L-Phenylalanine 1075 107° Steady-staie 4 3 month* 2 years
AMP 51070 —107° Steady-stale 40 3 month* 2 years
Sialic acid 5007—5-10" Steady-stale 40 3 month* 6 months
6-Amino- 1 -propyluracil** 510701071 Stcady-stale 40 3 month* 2 years

*Suability with regeneration; **ihe sensors were developed by Dr. Piletsky under supervision of prof. 1. Karube (Research Center for Advanced

Science and Fechnology, University of Tokyo, Japan).
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0. 1. Condamxin, C. B. Assdceur, H. 1. Kopnan, B. M. Apxunosa,
I A Kuask, C. A Hineyokud, T. A, Cepeeesa, T. JI. IHanacrox,
I B. Exbcoka

Giocencopn Ha OCHOBL KOHAYKTOMETPIT
Peaiome

Ocastd npucasiveno anarisy a8, acHux pobim 3 po3pobru 6ausvkoe 20
KOMOYKIMOMEMPUHUX BIOCEHCOPI8 HA (CHOBL HAUHAPHUX CALKM-
podia ma pisHomanimuaoco Dionodiunozo mamepiany (pepmenmu,
KATMUHY, QEMUNING ), CUHMEMLHEX MEMOPAN AK WYMALEUX eae-
MEHRMIG. Bucoxa CeAekmudricMe, 4YVMANGICHIL, HUILKG YiHA, NPO-
CIOMGA M EKCHPECHICMDb BHIHAMEHH DISHOMUHIHIX DEetOGUH
pofirame Biocencopu recbxionumu 0as nomped meduiunu, biomex-
HONOCHT, EKOROCH, CIALCBKOSO 20CNO0ADCIMed mMd XapuoGol NpomMuc-
aosocmi. Hpu arorisi peaseHuX 3paskis wecneutdiviuli enaug
QOHOGUX  EACKMPONIMIE MOXHG CYHIMEGD IMCHWLMU  3G60AKU
BUROPUCTIUHIG DUHEPEHIINNGED PEXKUMY SuMIpIOsMs, BinbuL KoH-
yernposanux Gypeprux posuinie, a maxox do0amKosux Hecamue-
HO YH NOMMUGHO 3upoxenuX membpawn, ki 3anobicaronts -
8061 GYepHOT CMHOCT A IOHHOTU ClAl POZUUHIE | POZLUPIOHIMD
Gunamiunuid Hanaion pobomu cencopia. Jas cmaopenHa  Miwi-
QUUGPHNX IMYHOCCHCOpIa By0 3anpononosano maxi nidxodu: q)
GUKDPUCMOHIE BORAHIAIRY A CACKIPONPOSIOuol MimKu npu eus-
HAYCHHD QHMUMEL 3 KGHICYPEHMAOMY [MYHOQRATIZ: ) CINBOPERHR
baeamowaposdix CRpyicmyp 3 aaickamu pmanouianiny; 6) duxopu-
CPQRHA QKPURCBUX CONOMIMEL X Mexmbpan. Obzosopenn nepesazy
ma Hedoniku pospolagRuX keadykmoMempuinux Biocencopia. ffo-
Onbiid KOMEILALIQUis 1marex Npuicdis NOE H3aHT 3 ROWYIOM
WLARXIG CMABIATIaREY wYIMAUGUX MeMOPAH Id CYMINEHMA MOR-
KOMAIGKOBIX MEXHONOE 3 HAHECCHHAM MeMOpan ¥ eOuromy
MEXHOAOSIHHOMY HIKAL

A. I Condamiun, C. B. Jasdeeuy, 3. 4. Kopnan,
B. H. Apxunoea, I A Aausie, C. A Muaeyrud, T. A. Cepeeesa,
T. JA. HNanaciox, A. B. Ervcras

BHOCEHCOPhI HA OCHOBE KOHAY KTOMETPHM

Pesiome

Q8305 HOCBRWEH (rEARIY coDomdennmx pafion. no pespabomie
GKOR0 20} KOHOYIMOMEMPIMeCKUX BUOCCHCOPOR HA DCHOGE NAUMAD-
HbLX JRCKMPOOUE b Pa3AuunaZ0 Buonrocuveckozo mamepuana { gep-
MEHMILL,  KACMKW, GHIWMENI) H CURMEMUNECKUX MewBpan ¢
K@UeCinge WYBCHIGUMOABHIXY  JACMeHMos. Bbicokusi  ceagkmua-
HOCMB, {YGCIMGUIMENLHDCHb, JWECAUTH, RPOCOMA U ODICIPONLL
onpedesenis PA3AIHOIX Gelecng JeJarnn BroceHcopsl Heobxolu-
MOIMU G Meduu,uHe. ﬁuamexuwzozuu, FOAGEUU, CERLCKOM X03ai-
cMse . ngeeol kpomoiterrocmi. [pu anaause pedaanHvtx 66-
DA3UGE HECAPKUGMPCKOS GAUARNE BOHOGIX JACKITPOAUINGE MOXHO
yempanure BRaCo04pA UCROFLIOBAHWIO (P penid abHOCO PRI
M UIMEPeRLL, DONee KORUEHMPUPOGUHHLIX Bydleprbix paciieopos,
a4 Mukxe OCHOAHUMEALHLIX DIPUNAMCALHO HAN HOROXUINERBHO
3QPAKEHHOIX MeMODUH, YMUHSUUIKWUX saninue OyiepHol emxo-
CHIN i HOHHOU Ciiibt PACHIGOPOG tt PACIUPRIOUIY OUHAMEHECIIE
duanason pafiorsl CeHCOPEs. AR COI0UHUR MUHNGHDOPHLIX UM MY
HOCEHCOPOG NPEORVNEHL! CACCYIouHe nOUXOdn a4} HCROALICBaHUE
ROALUHNARKA K@K exmponposodawet Memxu npu onpedescnur:
QRN 6 KOHEYREHIMHOM UMMYNOaHaau3e; 6) cosdanue mHOZ0-
CACHHOLY CHPYKMYP € HACHKIMU MG OCHOSE GMAROquanunda; a@)
HCHOABIIGAHUE GKPHAOGHIX COnOAUMEPHbX mMembpan., OOcyxdeHb!
RPeLUMYUELCIBY It HeOOCMamiKy pa3pabomuaiibiX KORAYIMOMenpu-
HELKUX BUOCCHCOPOE. HAanbHLliudst KOMMEMUGARSAuIL] AKux npu-
BOPO6 CERIAKA ¢ NCUCKOM TIYREL CRGOURLIALILIL LYBCIIGUMERDHBLY,
MEMOPUH it COGMEUEHIA MONKORNEHOWHOR MEXHOADLUU C HUHECE-
HiueM MeMOEpun ¢ edunom MErHOAOCHIECKOM HUKAL,
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