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MynesTugmcumninHapoHcTb HaHObnonorum
cTopua cosgaHns bnovmnos.

onektpon Knapka.
Ob6Lwne npuHUMnbl U YCTPONCTBO BMOCEHCOPOB

[TpmeHeHne BMOCeHCOpPOB



1. MynbTnancumnnmMHapHoCTb HaHOOUonornn

YUncneHHbIn Xnmuns
aHanus

bBrnoxumus dn3nka

HaHOOuonorus
\/

Buonoruga
XumMmumnyeckas

NHXXEeHEeHUA

HaHoTexHonoruns BuonHxxeHepus

Upesn: ncnonb3oBaTtb NpeaenbHO MUHUATIOPU3NPOBAHHbIE YCTPOUCTBA ANS
NonyYeHus pe3ynsTaTtoB Ha MakpOYpPOBHE.

PesyanaT: aHanuTu4eckme dbrnoumnnol, MOJIEKYINAPHbIE MOTOPbI

Ha3HayeHune: aHann3 Xugknx cMecem XMMUYEeCKUX COeQNHEHNI, onpeaeneHme

CBOWCTB MOJIEKYyNApHbIX 06pasoBaHui
MacwTab: B 1 cM2 10000 aHann3aTopoB



1. MynbTnancumnnmHapHocTb 6MoceHcopa

“Polymers
“Disposable
“NMembranes
Tmmoebilization

IChemistry Physics
*Synthetic biorecepton “Uplics
“Electrode matenals

*Semiconductor

Biology

*Brorecognition nwlcculux
“Protein engineenng
“Receptor technology

TDNA

—® BIOSENSOR (¢

Electronics

*( ."|'~l0.'|cn:lr<'-nic:~
“Silicon technology
“Data processing
“Control

Instrumentation
“Fortable
“Microinstrumentation

Market Oppurtunity
*On-line
“In-vivo, implantable

Molecular Electronics
*Bioelectronie?
“Nolecular electronic device




2. UcTtopusa co3gaHnsa omoumnos

Baxwneiiiueil Bexo#t B pasBHTHH OUOXMMHH OBLIO OTKpHITHE OpatbsiMu byxHepamu
npouecca OpoxeHUs B QUIbTPATE APOXIKEBBIX KJIETOK, 06OIOYKH KOTOpBIX ObLIM pa3pyiue-
Hbl PACTUpAHHUCM C TIeCKOM. Benen 3a Tem B 1926 r. CamHep cymen HOIyYUTH KPHCTAIUIH-
UECKYIO ypeasy M TAKAM 00pa3oM moKasall, 4To (PepMEHTH MMEIOT SBHO OEIKOBYIO IpHPOaY.
Hns 3roro mMarmdeckas poiib GEPMEHTOB MPENMOIOKHATEILHO CBOMUIACH K HX OpraHmyec-
KOMY BIUVIETCHUIO B XU3HEHHBIA IIponecc. BonpIIMHCTBO HccnemoBaTeeil rmoJjlarajio, 4ro
¢ pepMeHTAMH cremyeT o6pamaThes Kak co CKOPOIOPTALMMHUCS MPOAYKTAMH, TAKMMH, KAk
CBEXME AHIA, M HEPEel U3MEPEHUSIMH HJIH MCIOJIb30BAHHEM HX CICHyeT XpaHUTb HA XOJIOIE.

O OmoceHcOpax, T.€. CEHCOpaX, BKJIFOYAROIIHMX 6n0ﬂornqe§xnﬁ marepuaa (puc. 1.4),
BriepBhIe coobmanock Ha cummnosuyme New York Academy of Sciences B 1962 r. [6]. B aTom
COOOImICHNH GBUIO MPEMIOKCHO HCMOJNb30BATh (PePMEHTHBIE NMPeobdpa3oBaTesM, «BCTPOCH-
Hble» B MeMOpaHnbl (Tak, 4TO TMOJiydaeTcs moaoOHe CaHIBUYA), YTOOBL CACIATH 3JICKTPO-
XUMHUECKHE ceHCcopnl (pH, monsiporpaduyeckue, MOTEHNHOMETPHYCCKHE A KOHAYKTOMET-
pudeckne) Oojiee COBEPIUEHHBIMH. B pe3yiibTate MOJYYHJMCh CEHCOPHI, CHCHU(DUICCKH
YyBCTBUTEIBHBIC K ONMPENETIECHHBIM CyOCTpaTaM, MOCKOIBKY OHH NCTCKTHPOBAJH o6pa3OBa:
HHE IPOAYKTA (CPMEHTATHBHON PpEAKIHMU MM PACXO[ ONHOr0O #3 y4aCTBYIOIIUX B ITOH
peaknuy Bemects. Onucana, B YaCTHOCTH, KOMOMHAIINS TTIIOKO300KCHAA3H! ¢ O,-2JICKTPOIOM
Kiapka ans onpeaescHus TIIOKO3bI IO YOBUIH CONEPXKaHUA KHCIOPOA TMPH MPEBPALICHUH
IJIFOKO3bl B TJIIOKOHOBYRO KHCJIOTY M IEPOKCHI BOOOpPOHA.



buouunbl B Poccuun




3. PepMeHTHbIUN aAnekTpop Knapka

IlepBbiil hepMEeHTHBIN
3J1EKTPOI. [noko3a + O, — [nokoHOakTOH + H,0,
H,0

Knapk, Jlaiionc 1962.

o [1roKOHOBas
BBenu TepMuH «(hepMEHTHBIM Db
BIIEKTPOID»
NATURE. VOL. 214, JUNE 3, 1267
GLUCONIC
GLUCOSE ©p 702 ACID
ENIYME GEL

LAYER
o+— PLASTIC
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Ag
l ANODE

L
CATHODZ

Fig. 1. Principie of enxyme ¢cloctirode,



PepmMeHTHbIN AnekTpopn Knapka

[lepBasi, npennoxeHHass Kiapkom cuctema OCHOBa-
Ha Ha 37eKTpoae, uaMmepsiouieM B 1u(pPy3MOHHO-KOH-
TPOJAUPYEMOM pPEXKUME KOJMYECTBO IOIJIOLLIEHHOTO
Kucaopoaa. beuio npuMeHeHo 00ab110€e YMCI0 OKCHUIA3,
MCMOb3YIOLIUX KUCIOPOI AJIS1 CEAEKTUBHOTO OKHMCJIE-
HUS YIJI€BOAOB, AaMUHOKHUCJIOT, OpraHM4YECKUX KMUCJIIOT.

B koHeuHOM BapuaHTe 3eKkTpoa Knapka nucnoab30BaIu:

DepMeHT: TIIFOKO300KCH/1a3a

DJIeKTPO: TUIaTUHOBLIM Npu HanpsbkeHun + 0,6 V . Ha HEM 3akperuien
(bepMEHT B MEMOPaHOBOM «COHABUYE». DNEKTPO AaET CUTHAJ OT pe3ysbTara
B3anMOACUCTBUS pepMeHTa ¢ cyocTpaToMm. LleneBoe onpeennsieMoe BENECTBO:

Glucose Oxidase

[ 1oko3a + O, — [ nwokoHonakToH + H,0,
H,0

[TIOKOHOBAs
KUCJIOTA

Ha3znayeHue: U3MEpeHUE YPOBHS IITIOKO3bI B KPOBH.
YcerpoiictBo: Yellow Springs Instrument (Model 23 Y SI) nosiBunocs B 1974

roay



Ucnonb3oBaHue cenekTuBHOU MeMOpaHbI B
anekTpope Knapka

Haznauenue memOpansbl B Yellow Springs Instrument: npegoTBparuTh
BJIUSTHUE JIPYTUX JICKTPUIECKU-AKTUBHBIX BEIIECTB HA TTOKA3aHUS.
[Tpu nonspuzanuu MmeMOpansl Ha +0.6V, OCHOBHOE BIIMSHUE HA
n3mepenue H202 npoucxoaut 3a c4€T aCKOPOMHOBOM KUCIIOTHI.

Kpurepuu BbI0Opa coueTaHust «MeMOpaHa-(pepMeHT»:
* MeMOpaHa MeXTy IEKTPOJIOM U ci1oeM (hepMeHTa JOJDKHA MPOMYCKATh
H202, 1 oqHOBpEMEHHO MPEIOTBPAIIATh TPOXOKICHUE ACKOPOMHOBOM K-
Thl U IPYTHUX BIUSIONIAX HA U3MEPEHUE B-TB

* MemOpaHa Mexy ciioeM (pepMeHTa 1 00pa3oM J0IKHA IIPOMYyCKaTh
cyOcTpaT/aHajauT K CJIOK (pepMeHTa

B YSI: cioit pepMenTa Haxoauiacs MEeXAY LEI0I1030-alleTaTHOM
MemOpaHoi u nonukapooHarHo (Nucleopore polycarbonate membrane.)



NMpuHuMnuanbHaa cxema MoceHcopa

3amadue; HauauTe Ha
cxeme P, rioe
IIPOUCXOOUT MEPEHOC

- Cxema hbepMeHTaTUBHOM peakumn  SIIEKTPOHOB?
E+S=— ES— E+P

/'\ E - pepmeHT, S — cyberpar, ES - npome-
XXYTOYHbIN KOMMNNeke, P — npoaykT (pukcupy-
eTca pusnyeckum npeobpasoBaTenem)

Puc. 1. lNpuHunnmanbHaa cxema BuoXmMmMmn4eckoro
ceHcopa: 1 — nccneayemsoliin pactesop, 2 — kopnyc
BuoceHcopa, 3 - nonynpoHuuaemas membpaHa (ans
MEXaHMN4YeCcKoro yaepxaHua duocnos), 4 — cnon 6uo-
matepuana, 5 - duanyeckun npeodbpasosBaTesb
(anekTpoa, Nbe30oKpucTan, ONTOBONOKOHHbI MaTe-
| puanunT.a.), 6 - ycunutenb curHana, 7 — camonucely,
Onpepnensemoe (ancnnen, uMdpPoBON UK CBETOBOM yKa3aTesb).
BELWECTBO S




[Moyemy namepAaTbL CUNy TOKa yaooHo?

B o6mem ciayyae S viim P 1OJKHBI OBITh AJIEKTPOXUMHUYECKU AKTUBHBI,
TO €CTh CIIOCOOHBI OBICTPO U KeJIaTeJIbHO 00paTUMO OKHUCIISATHCS WU
BOCCTAHaBJIMBATHCS HA DJIEKTPOJIC MPU HAJIOKEHUH Ha HETO
COOTBETCTBYIOIIETO MTOTECHIAAJIA.

Torna cuia Toka (IOTOK AIEKTPOHOB) OYAET OJJHO3HAYHO CBSI3aHA C
KOHILICHTPAIMEN U3MEPIEMOro KOMIIOHEHTA. 1 mosTtomy Hanbolee
yI0OHO U3MEPSTh CUJTY TOKA.

Hanpumep, B anekrpoje Kiapka npoucxoauT peakius:

[ 1roko3a + O, — [1okoHoaakToH + H5,0,
H,O

[TIOKOHOBAas
KUCJIOTA

W mepeknch BOIOPO1a BOCCTAHABIMBAETCS JI0 BOJBI C BBIJCICHUEM 2-YX
AJIEKTPOHOB, YTO U (PUKCUPYETCS KaK U3BMEHEHHUE DJICKTPUYECCKOIO
IMOTEHIIHAJIA Ha SJIEKTPOJIE.



MexaHn3mbl nepeHoca 3N1IeKTPOHOB OT
cyOcTpaTa K aneKkTpoay

[Ipu ancopbuum pepMEeHTOB Ha TBEPAbIX MOBEPX-
HOCTSIX (MeTalabl, KepaMuka, MOJMMEpbl) OHU, Kak
MMpaBUJIO, COXPAHSIIOT CBOK CTPYKTYPY M KaTaJIUuTUYEC-
KYIO aKTUBHOCTb. DPEepMEHT B peXKMUME aMIIEpPOMETPU-
YeCKOro OMoceHCcopa MposIBASIET 3JIEKTPOKaTaIUTUYEC-
KYI0 aKTUMBHOCTb, TO €CTh YCKOPSIET Mpolecc oOMeHa
3JCKTPOHAMU MEXKIAY CYOCTpaTOM U 3JAEKTPOIOM.

TpaHcnopT a1eKTpoOHOB e
M.0. OCYyLLECTBINEH "
HECKOSTbKUMU MY TAMM: 1 2

1 MeauaTopHbIN 2 NnpaAMou



MexaHn3mbl nepeHoca 3N1IeKTPOHOB

|. IlepeHOC 371€KTPOHOB MPOTEKAET C IMOMOLIBIO
M HY3MOHHO-MOABUXKHOTO ITPOMEXKYTOYHOTO HU3KO-
MOJIEKYJIIPHOTO MEePEHOCYUKA TEKTPOHOB — MEAUATO-
pa. Cxemy npoiecca MOXXHO MpeACTABUTb B BUIE

S+E—P+E E°+M—E+M°
MO DneKTpoa M*—e-

rae E u E” — okucneHHas u BoccTaHOBIEHHas (DOPMBbI
aKTUBHOTO LieHTpa dhepmeHTa; M u M” — okucaeHHas u
BOCCTAHOBJEHHas (hopMbl MEAMATOpA.

Menuatop n101KeH ObITh 1OCTATOYHO cnieuuduyec-
KM cyocTpaToM (hepMeHTa U ObITh 3J1€KTPOXUMUYECKU
aKTMBHBIM Ha 9JICKTPOAE U3 JaHHOro Matepuana. Meau-
aTOPHBIM MEeXaHU3M TPaHCIOPTAa 3JAEKTPOHA JOCTATOYHO
IUMPOKO MCIOJAb3YETCSl [JIs1 MPOBEACHUS 3JEKTPOXU-
MUYECKUX (DEpMEHTATUBHbBIX peaKLuii.



MexaHn3mbl nepeHoca 3N1IeKTPOHOB

2. [lpoucxoaut npsiMOi 371E€KTPOKATATUTUYECKUM
MEPEHOC 3JIEKTPOHOB MEXAY 3JICKTPOJIOM U AKTUBHBIM
ueHTpoM ¢epmeHTa. Hanpumep, B atmocdepe Kuciao-
pola B TMPUCYTCTBUU MEIbCOAECPXKALICH OKCUOAA3bl —
nakka3sbl U3 Poluporoz versicolor, copdbupoBaHHOII Ha
3JIEKTpOJax M3 pa3JMyHbIX MaTepuaaoB, YCTaHABIMBaA-
€TCsl MOTEeHUMAa, OJM3KUU K TEpMOAMHAMUYECKU paB-
HOBECHOMY MOTEeHUUany Kuciaopoaa. Ilpu stom numeer
MECTO CTaausl TEPEHOCA IJEKTPOHOB M3 3JIEKTPOAa Ha
aKTUBHBIN LEeHTp (pepmeHTa. OnucaHo 1 3JeKTpoKaTa-
JJUTUYECKOE BOCCTAHOBJICHUE TMEPOKCHUAA BOAOpOIA C
MOMOILLIbO UMMOOUJIM30BAHHON MEePOKCUIa3bl, MPOTE-
KAILLEe MO TAKOMY K€ MEXaHU3MY.

3. Ilpu BKIOYEHUU (PEPMEHTOB B OpPraHUYECKUE
MOJYIPOBOAHUKM (OpraHMYECKME METalabl) MOXHO
Ha0a0IaTh MEPEHOC 3JEKTPOHOB MEXIY aKTUBHbBIM
LEeHTpOM (epMEHTa U JOMEHAMU B MOJIYTPOBOIHUKE.
Bce 3T MexaHM3Mbl TPAHCIIOPTA 3J€KTPOHOB aKTHBHO
MCIIOAb3YIOTCSI PU KOHCTPYUPOBAHUU OUOCEHCOPOB.



3. O6wume npnHUMNbI PYHKUMOHUPOBAHUA U

YCTPOUCTBO OMOCEHCOpPOB

[TpnHUMnNManbHasa cxema bnoceHcopa

BewiecTBo,

KOHLIEHTPAUMOHHbIN [—=| BbuocenekTop |—| TpaHcabiocep

CUrHarll

depmeHThl KneTtku

AHTUTENA Peuentopsbl

HYKJ’IeI/IHOBbIe KNCNOTbI

INeKTpn4ecKknn

=g

3anucb 1 npeodbpasoBaHmne MHpopMaLnn

CATIHAr



[MpnHUMnManbHas cxema bnoceHcopa

YcTponcTtBo bmoceHcopa
BunoceHcop = buopeuenTop + npeodpasoBaTernb.

Analyte
. YcuneHue n
N3amepumbin perncTpaLs
» carian —
_ CuUrHana

BuopeuenTop [TpeobpasoBaTenb NnepeBoanT
pacnos3HaeTt 6uoy3HaBaHue B U3MepPSIEMbIA CUTHAn:
onpegensiemoe TpaHccopMUpPYyeT KOHLEHTPaLUOHHbLIU
BELLECTBO CUrHan B 3N1eKTPUYECKUMN.

+: 1. OnpegeneHne BelwlecTB 0e3 peareHToOB
2. Okcnpecc-aHanuna

Mpumep: aHann3aTopbl rMOKO3bl B KPOBU



CneuundmyHoCTbL OMOCEHCOpa

B ocHOBe neXxmT NpuHLUKUN bnoy3HaBaHUA: peakums
brnopeuenTtopa cneuyndunyHa.

» . EcTb curHan
.. > G

O
\u =
O HeT curHana
O

Immobilized
Bioreceptor

BruopeuenTopbl: depMeHTbI, aHTUTENa, HYKIENHOBbIE
KUCNOTbI U Ap.

NCKYCCTBEHHbIE pacno3HaloLme 3NEMEHTHI:
anTamepsbl, NenTUabl, NONUMEpPbI, NONyYeHHble
METO0M MOJIEKYIIIPHOWN nevaTtu



TpU BO3MOXHbIX CMOCO0a aNeKTPOXMMUYECKOM
AeTeKuuun gnd uamepeHusd KorimdyecTtBa rioKo3bl

Glucose + oz Slucose Oxidase Gluconic Acid + HZO2

Measures Oxygen Consumption
Measures Acid Production

/Immobilized Glucose Oxidase

- Meoasures Hydrogoen Paroxide Production

Glucose

[ns onpeneneHns rmioko3bl MOryT ObiTb MCMOMNb30BaHbI:
- KUCITOPOAHbIN AaT4YMK — NOTpebneHne rmiKo3bl — U3MepPSieM TOK
- pH oaTymK - KOHUEHTPAaLMS TMIOKOHOBOW KUCIOThI - U3MEPSIEM HanpsiXkeHue

- NEPOKCUAHBIV AaTyKK - KOHUeHTpauma H,O, - nsmepsiem ToK



CnocoObl aNeKTpoxnmMmmnyeckou getekumm gnsa
U3MepeHnd KonmyecTBa rNMoOKo3bl

Cxema pepmMmeHTaTnBHOM peaxkumn

- Ha katoae (punaunyeckuni TpaHCcabCeP):

$

6no- | depmeHTaTUBHAS peakums
) CeHCopa | (Guonoruyeckuii TpaHcabCcep):
r
(| S(red) + 0, + H,0 250 5(0x) + H,0,
(Fnwoko3a) (FnokoHoBasA
Il Tvn Kucnora)
@,/6 61o-
y 5 CeHcopa| HaaHope: H,0,— O, +2H" + 2¢
- |
3
CybcTpar S
(caxap)

Puc. 3. Cxema paboTbl rMioKO3HOro GuoceHcopa: 1 — nccnengyemsiii pactesop, 2 — kopnyc 6uoceHcopa, 3 — BHeLWHAs
MmembBpaHa, 4 — Cnom rMKo30Kcnaasbl, 5 — BHYyTPEHHAA ra3onpoHmuaeman membpana, 6 — nnaTtuHOBbIV 3nekTpoa (Npo-
BONIOKA) ANA BOCCTAHOBAEHUS KNCNopoaa, 7 — ycunutens curHana, 8 — camonucel, (aucnnen, umdpoBom nim CBETOBOW
ykazatenb uT.a.).
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ANropuTtMm KOHCTpyupoBaHusa 6MoceHCOpoOB

3apaTb onpeaensieMmoe BeLWeCcTBO

Bbibop nogxoasawiero onopelenTtopa

Bbibop noaxoasilero metoga uMMmobmnnmsaumm
Bbibop noaxoasiLero npeodbpasoBarens

KoHCTpynpoBaHme buoceHcopa ¢ 3agaHHbIM
npegenom n3aMepeHusa, MMHUMmn3aumen nomMmex

Co3paHune paboyero ycTtpomncTea



owme napamMmeTpbl OLUEHKU KOMMepP4YeCKUX

bnoceHcopoB
1. CooTBETCTBME Cpebl B KOTOPOWU MPOUCXOOUT N3MEPEHNE U
CuUrHarna

2. TOYHOCTb 1 BOCNPOM3BOAUMOCTb PEe3yIibTaToB
3. YyBCTBUTENBHOCTb M OCTATOYHOE pa3peLLEHNE

4. [InHammka namepeHms
5. CKOpPOCTb OTBETA
6. HeuyBCTBUTENLHOCTL K TEMNepaType (TemnepaTtypHas
KomMneHcauua)
7. HeyyBCTBUTENLHOCTL K 9KNEKTUYECKMM U Op.
BO34EUCTBUAM Ccpeabl

5. BO3MOXXHOCTb TECTUPOBAHUA N KannbpOBKU
9. HageXXHoCTb 1 BO3MOXKHOCTb CaMO4NarHOCTUKN
10. INpoyHOoCTL
11. HeobxogmMmMocCTb 00CNyXMBaHUS
12. KanutanbHble 3aTtpaThbl

13. NepemeHHble 3aTpaTbl U BPEMS KU3H
14. Yno6cTBO ANd nonb3oBaTens

15. [laT4mK He OOIMKeH 3arpsisHATb cpeay rae NpoucxoauT
n3mepeHmne



Bonpoc: Cdepbl npumeHeHnss bMoceHCOpoB

O630p pblHKa buoceHcopos B CLLUA

Million Dollars
180

160 +
140 1
120 +
100 +
a0 +
60 T
4 +
20 +

0+ +
1985 1950 135§

Industrial
and Other

Medical
and
Consumer

Agricultural
and
Environment

2000

Ounenka ppiHKa OnoceHcopoB B 1990-e
PbIHOK OueHka (MInH. gonnapos)
MeauuunHa n xupyprusa 220
BeTepuHapusa n c/x 105
Okpyxarowas cpega M MOHUTOPUHT 67
Ge3onacHoCTH
MOHUTOPUHI 3a NPOMbILUNEHHbIMU 59

npoueccamum



I IpOrHo3bl pa3sBUTUA U Npou3BoauTenu

bnoceHcopoB
[MporHo3 P&S Market Research: mnpoBoin pbIHOK BMOCEHCOPOB K

2020 gocturHet 22,49 munnuapaa gonnapos.
[MobanbHbIM PbIHOK CTPEMUTENBHO pacLUMpPAETCA.

[TpnynHa: orpoMHOE KONMYeCcTBO BOSIbHBIX cCaxapHbiM AnabeTom 2
TMna. B EBpone, cornacHo gaHHbiM MexagyHapogHom
denepauunn anabeta (IDF), B 2013 rogy npnbnunantenbHo 52
MUIIMOHA YENoBEK CTpadanu caxapHbiM anabeTom.

CKOpOCTb pacnpocTpaHeHNs1 BUOCEHCOPHLIX YCTPOUCTB ANd
anabeTnkoB BbllLee Bcero B EBpone, CesepHon Amepuke, Kutae

INlnpepbl no npousBoaACTBY OMOCEHCOPOB:
« Siemens Healthcare

« Abbott Laboratories

« Johnson and Johnson

 Hoffmann La Roche

* Medtronic Inc.

« Bayer AG



OcHOBHbIe HanpaBfeHnst NPUMEeHeHuUs

bunoceHcopoB
Comparison of sensing modes: (a) bioreactor; (b) clinical
applications; (c) military or environmental monitoring




OnpepeneHne cynepToKCUHOB U 60eBbIX
OoTpaBNAKLMNX BellecTB

Apel, 6rniokupyowme B LIHC auetunxonnHacTtepasy - rpynna
doocpoopraHnN4ecknx cCoeanHeHNN.

[lo aHanorM4YHOMy MexaHu3My AeNCTBYHT OOMbLUNHCTBO
necTUUMaoB.

" /P"’IIO
3omaH — hocdopopraHmyeckoe BellecTBo, becLBeTHas \

XXNMAOKOCTb, UMetoLast, No pa3HbiM AaHHbIM, 3anax 6ok, 3'f)|\/|aH
kKaMmdoopbl UK cnadblin 3anax CKOLEHHOMO CeHa. CHy  HiG
O6osHauetus: GD, EA 1210, PFMP T S
(R) (S)
BoeBoe oTpaBnsioLlee BellecTBOBoEBOe OTpaBnsoLLEee ST T
BELLECTBO HEPBHO-NapannTu4eckoro aenctaus. o mHornum o S HC
CBOWCTBaM O4YeHb MOXOX Ha 3apuHboeBoe oTpaBnsoLLee HC O b o
BeLLeCcTBO HepBHO-NapanuTuyeckoro genucrteuns. o mHormum | o, Hscit%

CH, HsC

CBOMCTBaM O4YeHb NOXOX Ha 3apwH, O4HAKO TOKCUYHEE ero
bornee 4yem B 2,5 pasza. CTOMKOCTb 30MaHa HECKOMbKO BbILLE3OMEDLI 30MaHa
4yeMm y 3apuHa. icnonb3yeTca cMecb



OnpepeneHne cynepToKCUHOB U 60eBbIX
OTpPaBNAOLUX BeLlecTB

CyLecTBYylOT BMOCEHCopPbI AN AeTeKUUM 3TUX COeaUHEHUN.
B ocHOoBe onpeaeneHns nexar peakumm:

ALIETHIXOIMHACTEpA3a
dUCTUIXOIHH -

ALESTHUIXOIHH3CTEpa3a

» XOJIMH + YKCYCHAas KMCI0T4,

XoMHOKCHAA3a
xoauH + O, "% H,0, + OKCHXOIHH,

H,O o H O+ 2¢.

2 Tepokcuaasa
B 31eKTpOKaTATUTHYECKOM PEXUME




OnpepeneHne cynepToKCUHOB U 60eBbIX
OoTpaBNAKLMNX BellecTB

MexaHn3m onpeneneHus:

NHIMBNTOP (3apuH, 30MaH) ONOKNPYET aKTUBHOCTb
aLUeTUIIXONMHACcTepPasbl B KOHEYHOM UTOre yMeHbLUas
nepoKCcuaa3HbIN INEKTPOKaTaNIMTUYECKUMN TOK Yepes
NOBEPXHOCTb 3r1eKTpoaa.

YyBCcTBUTENBHOCTL BroceHcopa go 1072 M.

[lepeHoC aNekTPOHOB MeXay aKTUBHbIM LEHTPOM dbepMeHTa U
ANEeKTPOaOM MPOUCXOAUT 3a CYET UCMONb30BaHMSA A8 UMMOOK
nusaumm cepmMeHToB B MaTpumLe NPOBOAHUKOB U
NONynpoBOAHMNKOB [BYX KINaCCOB:

1: nONUNUPOI, NONIMaHUINH, NONIUMEP METUMNEHOBbIA CUHUIA;

2: CONn Ha OCHOBEe TeTpauuaHXMHOOMMETaHa.



AHanuTuyeckue BO3MOXHOCTMU nMPpUMEeHeHUA

bunoceHcopoB

[IpriMeHEeHUSsT KJIETOUYHBIX OMOCEHCOPOB JOCTATOY-
HO MHOroo0pa3Hbl. Co3maHbl OMOCEHCOPDI 1151 CEIeK-
TUBHOIO OIpeaeJeHus1 PeHOJI0B, MpoJruHa, IJIyTaMu-
Ha, TUPO3MHA, MOJOYHON M aCKOPOMHOBOM KHCJOT,
r1H0KO3bl. MHTEpeCcHbIE BO3BMOXHOCTU CBSI3aHLI C aHa-
JIM30M cyab@aT-MoHa, aMMOHMSI, MOHOMETUJICYJIb(a-
Ta. YHUKaAJIbHbBIE BO3MOXXHOCTHU 00ECEeUNBaAIOT KJIETOU-
Hble OMOCEHCOpPLI WIS SKCIIpecc-aHaliM3a KauyecTBa
BOJIbI U CTOYHBIX BOA. CyILLIECTBYET METO/I OTIPEAECICHUS
BITK (Ouonornueckoro norpedjeHUsT KUcaopoaa) —
aHaJIM3 Ha OTPENEIEHUE COBOKYITHOCTU OPraHUYECKUX
COEIUHEHU M, KOTOPbIE MOT'YT OBLITH UCITOJIL30BAHbI MUK-
poopraHmM3MaMu. TpaduMLIMOHHBIA METOI TpeOyeT s
MOJYYEHUST JAaHHBLIX HECKOJbLKO IHei. buoceHcop ¢
MMMOOMIN30BAHHBIMU KJI€TKAaMU MO3BOJISIET MOJIYYaTh
3TU XK€ pe3yJbTaTbl B T€YEHUE HECKOJLKHUX MUHVT.



3ApaBooxpaHeHue n buoceHcopbl

1. Measurement of Metabolites The initial impetus for advancing sensor technology came
from health care area, where it is now generally recognized that measurements of blood
gases, ions and metabolites are often essential and allow a better estimation of the
metabolic state of a patient. In intensive care units for example, patients frequently show
rapid variations in biochemical levels that require an urgent remedial action. Also, in less
severe patient handling, more successful treatment can be achieved by

obtaining instant assays. At present, the list of the most commonly

required instant analyses is not extensive. In practice, these assays are performed by
analytical laboratories, where discrete samples are analyzed, frequently using the more
traditional analytical techniques.

2. Market Potential. There is an increasing demand for inexpensive and reliable sensors to
allow not only routine monitoring in the central or satellite laboratory, but also analysis
with greater patient contact, such as in the hospital ward, emergency rooms, and
operating rooms. Ultimately, patients themselves should be able to use biosensors in the
monitoring and control of some treatable condition, such as diabetes. It is probably true to
say that the major biosensor market may be found where an immediate assay is
required. If the cost of laboratory maintenance are counted with the direct analytical
costs, then low-cost biosensor devices can be desirable in the whole spectrum of analytical
applications from hospital to home.



3ApaBooxpaHeHue n buoceHcopbl

3. Diabetes. The 'classic' and most widely explored example of closed-loop drugcontrol is probably to
be found in the development of an artificial pancreas. Diabetic patients have a relative or absolute
lack of insulin, a polypeptide hormone produced by the beta-cells of the pancreas, which is essential
to the metabolism of a number of carbon sources. This deficiency causes various metabolic
abnormalities, including higher than normal blood glucose levels. For such patients, insulin must be
supplied externally. This has usually been achieved by subcutaneous injection, but fine control is
difficult and hyperglycaemia cannot be totally avoided, or even hypoglycaemia is sometimes induced,
causing impaired consciousness and the serious long-term complications to tissue associated with
this intermittent low glucose condition.

4. Insulin Therapy. Better methods for the treatment of insulin-dependent diabetes havebeen sought
and infusion systems for continuous insulin delivery have been developed. However, regardless of
the method of insulin therapy, its induction must be made in response to information on the current
blood glucose levels in the patient. Three schemes are possible (Fig. 1.6), the first two dependent on
discrete manual glucose measurement and the third a 'closed-loop' system, where insulin delivery is
controlled by the output of a glucose sensor which is integrated with the insulin infuser. In the
former case, glucose has been estimated on 'finger-prick' blood samples with a colorimetric test strip
or more recently with an amperometric 'pen'-size biosensor device by the patient themselves.
Obviously these diagnostic kits must be easily portable, very simple to use and require the minimum
of expert interpretation. However, even with the ability to monitor current glucose levels, intensive
conventional insulin therapy requires multiple daily injections and is unable to anticipate future
states between each application, where diet and exercise may require modification of the insulin
dose. For example, it was shown that administration of glucose by subcutaneous injection, 60 min
before a meal provides the best glucose/insulin management.



CxemMbl MHCYJIMHOBOU Tepanuu C NpUuMeHeHuem

bnoceHcopoB
Oiocoss Masurament gyl iminksireton Advantages Disacvantages
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Tpe6oBaHUA K BXXMBNISieMOMY OMOCeHCOopYy ANs
KOHTpPONS rMIOKO3bl

1. JInHenHbIn curHan B gnanasoHe 0 - 20 MM ¢
paspelleHnem 1 mM

2. CneundonyeH ans rroKo3bl; HE 3aBUCUT OT

N3MEHEHNS KOHUEHTPaLUMU METAbONNTOB U

YCITOBUIN OKpPYXatoLlen cpeabl

bunocoBmecTuMble

4. ManeHbKun --- Bbi3bIBAET MUHUMASIbHOE
noBpexgeHne TkaHu BO BpeMsi BBeAeHUS

5. BHelwHssa kannbpoBka un apend <10% 3a 24 4aca
Bpema oTknnka <10 MUH

6. [lpooomknTenbHOE BPEMA XU3HU - HE MEHEE
HECKOJTbKUX AHEWN, NpeanovYTUTENIbHO HECKOMbLKO
Hegenb

w



3ApaBooxpaHeHue n buoceHcopbl

e 5. Artificial Pancreas. The introduction of a closed-loop system,
where integrated glucose measurements provide feedback control
on a pre-programmed insulin administration based on habitual
requirement, would therefore relieve the patient of frequent assay
requirements and perhaps more desirably frequent injections.
Ultimately, the closed-loop system becomes an artificial pancreas,
where the glycaemic control is achieved through an implantable
glucose sensor. Obviously, the requirements for this sensor are
very different to those for the discrete measurement kits. As
summarized in Table 1.4, the prolonged life-time and
biocompatibility represent the major requirements.



KROHTpPONb NPOU3BOACTBEHHbIX NpoLeccoB
OnoceHcopbl

Tpu MmeTona KOHTPOJISI OMOPEAKTOPOB:

1. Off-line distant: central laboratory coarse control with significant time lapse
2. Off-line local: fine control with short time lapse
3. On-line: real-time monitoring and control

On-Line Control. Method 3 is most desirable, which allows the process to follow
an ideal pre-programmed fermentation profile to give maximum output. However,
many problems exist with on-line measurements including in situ sterilization,
sensor life-time, sensor fouling, etc. Some of the problems can be overcome if the
sensor is situated so that the sample is run to waste, but this causes a volume loss,
which can be particularly critical with small volume fermentations.

Off-Line koHTpoOJBb. MeHee KecTKue TpeOOBaHUs K OMOCEHCOpaM



MpenmyLiecTBa KOHTPOMSA NPOU3BOACTBEHHbIX
npoLeccoB

* YIYUYIIIEHHOE Ka4€CTBO MPOJIYKTa, YMEHBIIIEHUE H0JIK Opaka

* YBEJIIMUCHHUE BBIXO/A

* YIIPABJIISIEMOCTH MPOIECCA 11 HACTPOUKHU ONTUMAJIBHBIX YCIOBUHN B
TEUEHUE BCeU (pepMEeHTaALIUU

* CHIDKEHHE TpeOOBaHUM K CHIPHIO. BapbupoBaHue XapaKTepUCTHK MOKET
OBITH KOMIICHCUPOBAHUE TOYHBIM PETYJIMPOBAHUEM MAPAMETPOB.

* YMEHBIIICHUE YEJI0BEUYECKOro (pakTopa

* IOBBIIIEHUE ITPOU3BOAUTEIIBHOCTA U YPOBHS aBTOMATU3AI[UU

* OBBIIIICHUE SHEPTOI(YEKTUBHOCTH



BoeHHOe npumeHeHUe

® KONTMYECTBEHHbLIE TECTbI HA OCHOBE MOHOKITOHANbHbIX
aHTuTen gnga onpegeneHna (to Q-fever, nerve agents, yellow
rain fungus, soman, etc.) B 60eBbix ycnoBuax. O6bI4HO 3TH
namepeHns Tpedyrot 40 20 MUHYT.

e OOHapyXeHne BCEX BO3MOXHbIX TOKCUMHOB CUCTEMaMU Ha
OCHOBe aueTmnxornunHa (13-20 HeobxoanmbIX Oenkos

NO3BOSIAKT OOHAPYKNTb 00 95% BEPOSATHLIX TOKCUHOB)



MOHMUTOPUHI OKpYyXaloLeun cpeabl

* 1. Air and Water Monitoring. Another assay situation which
may involve a considerable degree of the unknown is that of
environmental monitoring. The primary measurement media
here will be water or air, but the variety of target analytes is
vast. At sites of potential pollution, such as in factory effluent, it
would be desirable to install on-line real-time monitoring and
alarm, targeted at specific analytes, but in many cases random
or discrete monitoring of both target species or general
hazardous compounds would be sufficient. The possible
analytes include biological oxygen demand (BOD) which
provides a good indication of pollution, atmospheric acidity, and
river water pH, detergent, herbicides, and fertilizers
(organophosphates, nitrates, etc.). The survey of market
potential has identified the increasing significance of this area
and this is now substantiated by a strong interest from industry.



MOHMUTOPUHI OKpYyXaloLeun cpeabl

* 2. Tuning to Application. The potential for biosensor technology
is enormous and is likely to revolutionize analysis and control of
biological systems. It is possible therefore to identify very
different analytical requirements and biosensor developments
must be viewed under this constraint. It is often tempting to
expect a single sensor targeted at a particular analyte, to be
equally applicable to on-line closed-loop operation in a
fermenter and pin-prick blood samples. In practice, however,
the parallel development of several types of sensor, frequently
employing very different measurement parameters is a more
realistic.



[lepcnekTUBHbLIE HanpaBneHUAa NCNOoSib30BaHUSA
OnoceHcopoB

« KnuHunyeckaa anarHoctuka n bmomeauumHa
* C/X W BeTEpMHapHble aHanu3bl

« KOHTpOSNb npoLeccoB: epMeHTaumns, aHanns nmLeBbIX
NPOOYKTOB U HAaNMUTKOB

* NMNPon3BoaCcTBO N aHAJIN3 B MI/IKpO6I/IOJ'IOFI/II/I:
6a|<Tep|/|aanb|e N BUPYCHbIE aHal1n3bl

« dapmaueBTUYECKUN N NIeKaPCTBEHHbLIN KOHTPOIMb
« KOHTpOnb NPpoM3BOACTBEHHbLIX BbIODPOCOB

« KoHTponb 3arpsi3HEHUIN, MOHUTOPUHT LUAXTHbIX,
MPOMBbILLIEHHbIX N TOKCUYHbIX ra30B

 BoeHHoOe gerno



TectnpoBaHue KP 1
Pann KP 1

TecTt Ha Temy «BnoceHcopbI»

1. HaHobuonorua He Bknto4yaeT B cebsa 0bnacTb 3HaHWI:
A. YucneHHbIn aHanus

b. Buoxnmus

B. Xumus

. dnsuka

[. Skonorusa

2. Npun npoekTMpoBaHnUM U co3gaHnm BUOCEHCOPOB YYMUTLIBAIOT:
A. dnsunyeckmne, XuMn4eckme n MMKpobronorm4yeckne 3akoHbl
B. dunsnyeckme n xsmummyeckme 3akoHbl

B. ®usunyeckue, xummyeckmne, MUKPOOMONOrm4eckmne 3akoHbl, dNMeKTPOHHbIE TEXHOMOMUN U1
OPUEHTUPYIOTCA Ha TpeboBaHUSA pbiHKa.

Nr.na.



NMpuHuunbl KNaccudgpmkaumm UoceHCoOpPoB

* 10 crnocoOby JeTEKTUPOBaHUS LIENeBoro aHanuTa
°* MO TUMY NCNOJIb3yEMbIX

bnopeLenTopoB
* 0 MexaHn3my npeobpasoBaHus curHana



buopeuenTopbl 3TO...

buoJlorpyecKkye KOMIOHEHTHI

Llesibie opranu3mel
Tkanu

Knerku

Opranenibr

MemOpanbl

depMeHTBI

Komnonentnt depmenToB
Peuentopul

AHTUTENIA

HyxnenHoBBIC KECAOTHI
OpraHugeckue MOJIEKYbI



Knaccudmkaumm 6MoceHCOpOB no Tuny peuenTtopa

Pererirop Tumn 6mocerncopa
Depment Adduunsiii / Raraantnueckuii
Anrnreno / AnTuren Adduunbtii (IMMYHOCEHCOD)
Hyrnennossie kuciaorst / JIHR Raramrunyeckuii
McrycerBennblil (cnHTeTIUECKIE) OOMATepHal AppunnbI
Rerounsie crpyrrypst / Roerkn Raranunrnyeckuii
Monodop AppunHbI

AdcprHHbIE peuenTopbl HE BIUSIOT NN HE U3MEHSAIOT LIENIEBON aHanNuT
(buomapkep)

KaTtanntuyeckume peuentopbl KaTannusanpyroT BUOXMMNYECKYIO peaKkLnIo.
BonbWWHCTBO (PEPMEHTOB - KaTanuTUyeckne peuenTopbl.

Ecnn dbepmeHTbl He NO3BONAT OOHAPYXUTb aHaNNUT, UCMONb3YIOT
aHTUTEnNa, Kak BbICOKO CENEKTUBHbIX PELIenTOPOB.

BbiBOA: YYyBCTBUTENBHOCTbL OMOCEHCOpPA — ero BaXHasi XapakTepucTuka




TpeboBaHMs K YyBCTBUTENBHOCTN OMOCEHCOPOB

Tun aHanuTa + KOHKpeTHOE BELLECTBO =
TpeboBaHUA K KOHEYHOMY AManasoHy
OOHapy>XnMBaeMbIX KOHLIEHTpaLWiA
(4yBCTBUTENLHOCTL).

UyBCTBUTENLHOCTbL PELENTOPOB MO HEKOTOPLIM
aHanusnpyemoro sellectsa (aHanuTa):

Meta6onutbi:> 10° monb/n,

FopmoHbI: 107'°-107° monb/n, n xenatenbHbl
ypoBHu o 102° monb/n.

Bupycsl: xenartensHo 1072 monb/n.



[nana3oHbl 0OHapyXeHus, HeobxoauMblie ans
HEKOTOPbIX KITMHUYECKN Ba)XHbIX aHANNTOB

METABOLUITEE

BoiBog: Cyaqa no
npegenam
oOHapyxeHus,
Ona garyuka
aHTUreHa
cnenyet
McnonbL3oBaTb
pasnunyHble
noaxoabl
N3MepeHnsd
KOHUEHTpauum
MOHOB.

Log congeneation [mal H)

-14

Filg. 1.13. Detection ramnges required for some clinically Important anatyies,



depMeHThLI Hanbonee YacTo UCMNOoNb3yeMble
ana cosgaHmnst boMoceHcopoB

AMuUraaiuH B-Immkoxuaaza
Acnaparu AcrniaparuHasa
XonaecTepuH XonaecTepos okcuaasa
Croxuble 3(UpsI XUMOTPHUIICUH

[ 110K03b1 [1K0300KCH 1a3a
[lepokcua Bogopoaa Kartanasa
Jlunuaer Jlunazsa
[Mennuunaaun G [lenmuunaunasa
beaku Tpuncun
Kpaxman Awmunasa
Caxapo3sa HuBeprasa
MoueBuna Ypeasa

Mouesas kucaora Ypuxkasa



MMmmyHoaHanns3 n JJHK-3oHabI

B nmMmMyHoaHanu3e cBs3biBaHWE
aHTUTENa n aHTUreHa NpUBOAUT K
YBENMNYEHNIO MONEKYIAPHON MacChl U
obbema, 3a HUM OObIYHO cneayeTt
doTOMETPUYECKUU, PAANOAKTUBHBLIN UK
Oaxke depMeHTHbIN MapKep.



NHK-30HAbI

B aHanuse JHK-3onaa rubpungmnsaums Huten HK-aHTureHa
NPMBOAUT K YBENUYEHMIO MOSIEKYNAPHON MaccCbl 1 0bbeMa.
ObHapyXeHune 3Toro cobbITUA Takoe Xe, Kak 1 npu
NMMMYHOaHanuse.

Papguounsoronsl - cyiectByetrT MHOXeCTBO MNMpn4inH 3aMeHbl
PaanoOn30TOMNHbIX METOK Ha HEPAAMNOAKTUBHDbIE,

(DOTOMeTpVIFl - HU3KaA 4yBCTBUTEJIbHOCTb

depMeHTbI - Hanbonee nepcnekTMBHas dopmoa
MapKUPOBKM!.



Bbunomonekynbl - peuenTopbl
A IgG antibody

1. AHTUTena. benku; cocTaBrnaoT OKOMO 20%TceN (ock A Key )
obuero 6enka nna3mbl, Ha3bIBaKOTCH
NMMYHOrobyrnmHamu (ig). Camble NnpocTble
aHTUTena Y-obpasHble MOJeKyrbl C 4BYMS
NOEHTUYHbLIMU CanTaMu CBA3bIBAHUSA N4
aHTUreHa.

NH, TERMINUS

—S—S_l
— o

AHTUreH - npakTnyeckn nrobas Makpomonekyna,
cnocobHas MHAyUMPOBaTb MMMYHHbIA OTBET.

FC  —

T
NIVHO AAVIH

AHTUTENO UMeeT 6a30BYH0 CTPYKTYPHYIO €ANHULLY,

COCTOSLLYH N3 YETbIpex NoNnMnNenTUaHbIX Lueneun =% -

- OBYX NErkmx uenemn n AByX TAXenbIX Leneu. COMUS
AHTUTENO 00pPaTUMO CBSI3bIBAETCHA CO W PEESY
cneymdonyeckum aHTUreHOM. P

- Hadvy CH Chain

AHTUTENO - HE KaTanuaaTtop.

i
BOHSC Co0E



Bbunomonekynbl - peuenTopbl

2. PeuenTopHble bOernku.

BenkoBble Mosiekynbl Co cneumduyecknm CpoacTBOM K
ropMoHaMm, aHTuTenam, depmeHTam 1 apyrum 6Mosiorm4yecku
aKTUBHbIM coeagnHeHnaM. B 0CHOBHOM cBsi3aHbl C MeMbpaHom
(puc. 1.9¢). CyLecTByOT rOpMOHasIbHbIE PpeLenTopbl, BKYCOBbIE
peuenTopbl, OOOHATENBbHbIE PpeLENnTopPbI ANst OOOHAHUS,
doTopeuenTopbl 4N4 rnas n 1.4. PeuentopHble 6enkn otBevatoT
3a OTKPbITME N 3aKpbITUEe MEMOpPaAHHbIX KaHaNoB 414 TpaHcnopTa
cneunuyecknx MetabonunTos.

.ﬁ(ﬁ‘:',- MEcaelpmue

P P50
SVRALT <lisnacetk
ESND Zn A8 hi 1SS RERBAK
HILAYER o g H 3 PIFY
F [ [ 5oy g
T R

‘[ramvéanensrane
praep

Sotraccitulss

ey A

Fig. 1.9. Sioreceptor molecutes used for Biasensor applications:
{a) enzyme; {h} antibody: {c) protein receptor



3. AHK - monekyna-peuenTtop (reHoceHCcop)

[MpnHUMN
KOMMNINEMEHTAPHOCTMW. T34A
‘thymine (A:T) and cytosine:guanosine (C:G)
36 A

20 A

Double-Stranded DNA

Hybridization Principle



3. OHK - monekyna-peuenTtop

If the sequence of bases composing a certain part of the DNA molecule is known, then
the complementary sequence, often called a probe, can be synthesized and labeled with an
optically detectable compound (e.g., a fluorescent label). By unwinding the double-stranded
DNA into single strands, adding the probe, and then annealing the strands, the labeled probe
will hybridize to its complementary sequence on the target molecule.

DNA biosensors have been developed for the monitoring of DNA-ligand interac-
tions [26]. Surface plasmon resonance was used to monitor real-time binding of low molec-
ular weight ligands to DNA fragments that were irreversibly bound to the sensor surface
via Coulombic interactions. The DNA layer remained stable over a period of several days
and was confirmed using ellipsometry. The sensor was capable of detecting binding effects
between 10 and 400 pg/mm?. Binding rates and equilibrium coverages were determined
for various ligands by changing the ligand concentration. In addition, affinity constants,
association rates and dissociation rates were also determined for these various ligands.

Another type of biosensor uses a peptide nucleic acid as the biorecognition element [33].
The peptide nucleic acid is an artificial oligo amide that is capable of binding very strongly
to complimentary oligonucleotide sequences. Using a surface plasmon resonance sensor,
the direct detection of double stranded DNA that had been amplified by a polymerase chain
reaction (PCR) has been demonstrated.



3. OHK - monekyna-peuenTtop

Vo-Dinh and coworkers have developed a new type of DNA gene probe based on
surface-enhanced Raman scattering (SERS) detection [16, 49]. The SERS probes do not
require the use of radioactive labels and have great potential to provide both sensitivity and
selectivity via label multiplexing due to the intrinsically narrow bandwiths of Raman peaks.
The effectiveness of the new detection scheme is demonstrated using the gag gene sequence
of the human immunodefficiency (HIV) virus [ 16]. The development of a biosensor for DNA
diagnostics using visible and near infrared (NIR) dyes has been reported [48]. The system
employed a two-dimensional charge-coupled device and was used to detect the cancer
suppressor p33 gene.



KneTku Kak peuentopbl OMoceHcopa

. Knetku — 1oCTynHbIN OMOJIOTMYECKUIA MaTEPU -
an. MIcrionb3yroT KJIeTKU pacTeHUM, )KMBOTHBIX, YeJIO-
BEKa, HO HaAuOOJIbLIEE TMPUMEHEHHUE HALLIA KIETKH
MUKPOOPTaHU3MOB, KOTOPbIE€ KYJIBTUBUPYIOTCS, JIETKO
BOCITPOU3BOIATCS U MOAAEPXKUBAKOTCS B YMCTON KYJb-
Type. B oTsimuue ot (pepMeHTOB MpU UCITOJIb30BAHUU
KJIETOK HE TPEOYETCS IOPOTOCTOSILIINX CTAAUN OUUCTKH.

2. UMmerouiecs MeToabl UMMOOUIMU3ALIUU T103BO-
JSTIOT TIOJIYUUThL KJIETKU, coxpaHstouie okono 100%
AKTUBHOCTU (PEPMEHTOB M CITOCOOHDLIE (PYHKLIMOHUPO-
BaThb JOCTAaTOYHO JIMTEJIbHBIE MPOMEXYTKU BPEMEHHU.
KieTku coxpaHsitoT Bce HauboJiee BaXKHbI€ CTPYKTYPbI U
MPOSIBISIIOT OOJIbLIYIO CTA0OUILHOCTL. B HEKOTOPBIX Ci1y-
yasiX KJIETKU COXPAHSIIOT >KM3HECTIOCOOHOCTh U aKTUB-
HOCTb (PepMEHTHBIX CUCTEM B T€UEHUE HECKOJIbKUX JIET.



KneTku Kak peuentopbl OMoceHcopa

3. KireTku coxpaHs10T, KaK MpaBUIO, BCE CUCTEMDbI
KM3HeoOecrneueHs, BKIwUass (epMEHTHbIe CTaauu
pereHepallii KodpaKToOpoB. DTO MO3BOJISIET MPOBOAUTD
CJIOXKHBIE TTocJienoBaTe/IbHble peaKLuU, OCYIIECTBIISIS
MHOTOCTaAUHBIE TTPOLIECCHI.

4. JIns1 MHOTUX TUIIOB KJIETOK, OCOOEHHO MUKpPOO-
HBIX, pa3padoTaHbl 3P (MEeKTUBHLIE METOAbLI TEHETUYEC-
KUX OIepaluii, JarlUIMe BO3MOXHOCTL IOJAyYaTh MY-
TAHTBI C BLICOKUM COAEPKaHUEM TOTO UJIM MHOTO OeJiKa
WA pepMEHTA, YTO JAaE€T BO3MOXHOCTD ONIEPUPOBATEH C
BbICOKOA((PEKTUBHLIMU KaTaIUTUYECKUMHU CHCTEMa-
MU. [TOoCKOIBKY KJIE€TKM COXpaHSIOT arnmnapaT OMOCUH-
Te3a 0eJika, MOTEeHLMAJIbHO MOTYT OBLITL pa3padoTaHBbI
BbICOKO3((PEKTUBHBIE METOIbI TEHOAUATHOCTUKMU.



KneTku Kak peuentopbl OMoceHcopa

3. KireTku coxpaHs10T, KaK MpaBUIO, BCE CUCTEMDbI
KM3HeoOecrneueHs, BKIwUass (epMEHTHbIe CTaauu
pereHepallii KodpaKToOpoB. DTO MO3BOJISIET MPOBOAUTD
CJIOXKHBIE TTocJienoBaTe/IbHble peaKLuU, OCYIIECTBIISIS
MHOTOCTaAUHBIE TTPOLIECCHI.

4. JIns1 MHOTUX TUIIOB KJIETOK, OCOOEHHO MUKpPOO-
HBIX, pa3padoTaHbl 3P (MEeKTUBHLIE METOAbLI TEHETUYEC-
KUX OIepaluii, JarlUIMe BO3MOXHOCTL IOJAyYaTh MY-
TAHTBI C BLICOKUM COAEPKaHUEM TOTO UJIM MHOTO OeJiKa
WA pepMEHTA, YTO JAaE€T BO3MOXHOCTD ONIEPUPOBATEH C
BbICOKOA((PEKTUBHLIMU KaTaIUTUYECKUMHU CHCTEMa-
MU. [TOoCKOIBKY KJIE€TKM COXpaHSIOT arnmnapaT OMOCUH-
Te3a 0eJika, MOTEeHLMAJIbHO MOTYT OBLITL pa3padoTaHBbI
BbICOKO3((PEKTUBHBIE METOIbI TEHOAUATHOCTUKMU.



Bbunomonekynbl - peuenTopbl

3. Opyrue. B npuHuune, rnodblie OMOMONeKyrsbl
MOJIEKYNAPHbIE COOPKMN, KOTOPbIE CNOCODHLI
pacrnosHaBaTth LleneBon cyocTpar (= aHanuT),
MOrYyT ObITb MCNONb30BaHbI B KA4ECTBE
buopeLenTopos.

dakTnyeckun, 3To MOryT BbITb MEMOpPaHHbLIE CPe3bl
NN uerble KNeTKu.

BuopeuenTtopam TpedyeTcs noaxoasiias cpena
ONa nogaepXXaHusa nx CTPYKTYPHOM LENOCTHOCTU U
bnopacnosHatoLen akTUBHOCTM.



KneTtku - peuenTtopbl

1.2.1.4. Cellular Bioreceptors Cellular structures and cells have been used in the de-
velopment of biosensors and biochips [12]. These bioreceptors are either based on biorecog-
nition by an entire cell/microorganism or a specific cellular component that is capable of
specific binding to certain species. There are presently three major subclasses of this cate-
gory: I)cellular systems, 2) enzymes and 3) non-enzymatic proteins. Due to the importance
and large number of biosensors based on enzymes, these have been given their own clas-
sification and were previously discussed. One of the major benefits associated with using
this class of bioreceptors is that often the detection limits can be very low because of signal
amplification. Many biosensors developed with these types of bioreceptors rely on their
catalytic or pseudocatalytic properties.

Microorganisms offer a form of bioreceptor that often allows a whole class of com-
pounds to be monitored. Generally these microorganism biosensors rely on the uptake
of certain chemicals into the microorganism for digestion. Often, a class of chemicals is
ingested by a microorganism, therefore allowing a class-specific biosensor to be created.
Microorganisms such as bacteria and fungi have been used as indicators of toxicity or for the
measurement of specific substances. For example, cell metabolism (e.g., growth inhibition,
cell viability, substrate uptake), cell respiration or bacterial bioluminescence have been used
to evaluate the effects of toxic heavy metals. Many cell organelles can be isolated and used as



KneTku - peuenTtopbl

bioreceptors. Since cell organelles are essentially closed systems, they can be used over long
periods of time. Whole mammalian tissue slices or in vitro cultured mammalian cells are used
as biosensing elements in bioreceptors. Plant tissues are also used in plant-based biosensors
because they are effective catalysts as a result of the enzymatic pathways they possess [9].

A microbial biosensor has been developed for the monitoring of short-chain fatty acids
in milk [34]. Arthrobacter nicotianae microorganisms were immobilized in a calcium-
alginate gel on an electrode surface. To this gel was added 0.5 mM CacCl, to help stabilize it.
By monitoring the oxygen consumption of the anthrobacter nicotianae electrochemically, its
respiratory activity could be monitored, thereby providing an indirect means of monitoring
fatty acid consumption. Detection of short-chain fatty acids, ranging from 4 to 12 carbons
in length, in milk was accomplished with butyric acid being the major substrate. A linear
dynamic range from 9.5-165.5 uM is reported with a response time of 3 min. Methods for
shortening the response time and recovery time of microbial sensors are also discussed.

Many proteins often serve the purpose of bioreception for intracellular reactions that
will take place later or in another part of the cell. These proteins could simply be used for
transport of a chemical from one place to another, such as a carrier protein or channel protein
on a cellular surface. In any case, these proteins provide a means of molecular recognition
through one or another type of mechanism (i.e. active site or potential sensitive site). By
attaching these proteins to various types of transducers, many researchers have constructed
biosensors based on non-enzymatic protein biorecognition.



KneTtku - peuenTtopbl

Detection of endotoxin using a protein bioreceptor based biosensor has been reported
[17]. The liposaccharide endotoxin is a causative agent in the clinical syndrome known as
sepis, which causes more than 100,000 deaths annually. This work describes an evanescent
wave fiber optic biosensor that makes use of a covalently immobilized protein, polymyxin B,
as the biorecognition element. The sensor is based on a competitive assay with fluorescently
tagged lipopolysaccharide. When this sensor was applied to the detection of lipopolysac-
charides in E. coli, detection of concentrations of 10 ng/mL in 30 s was reported.

Lipopeptides have been used as bioreceptors for biosensors [3]. A lipopeptide contain-
ing an antigenic peptide segment of VP, a capsid protein of the picornavirus that causes
foot-and-mouth diseases in cattle, was evaluated as a technique for monitoring antigen
antibody interactions. The protein was characterized via circular dichroism and infrared
spectroscopy to verify that upon self-assembly onto a solid surface it retained the same
structure as in its free form. Based on surface plasmon resonance measurements, it was
found that the protein was still fully accessible for antibody binding. This technique could
provide an effective means of developing biomimetic ligands for binding to cell surfaces.



BbnomumeTnyeckume peuentopbl

MeToabl KOHCTPYMPOBAHUS:
-reHHasA NHXeHepus
-MONy4YeHne UCKYCCTBEHHbIX MEMOpaH
-MOMNEeKYNsApHbIE OTNeYaTKu

TexHuka MOJTEKYJIAPHbLIX OTMNEYaTKOB:

and molecular imprinting. The molecular imprinting technique, which has recently received
great interest, consists of mixing analyte molecules with monomers and a large amount of
crosslinkers. Following polymerization, the hard polymer is ground into a powder and the
analyte molecules are extracted with organic solvents to remove them from the polymer
network. As aresultthe polymer has molecular holes or binding sites that are complementary
to the selected analyte.



BbnomumeTnyeckume peuentopbl

PekoMbUHaHTHas TeXHUKa

Recombinant techniques, which allow for the synthesis or modification of a wide
variety of binding sites using chemical means, have provided powerful tools for designing
synthetic bioreceptors with desired properties. Development of a genetically engineered
single-chain antibody fragment for the monitoring of phosphorylcholine has been
reported [27]. In this work, protein engineering techniques are used to fuse a peptide
sequence that mimics the binding properties of biotin to the carboxyterminus of the
phosphorylcholine-binding fragment of IgA. This genetically engineered molecule was ca-
pable of being attached to a streptavidin monolayer and total internal reflection fluorescence
was used to monitor the binding of a fluorescently labeled phosphorylcholine analog.



BbnomumeTnyeckume peuentopbl

NcKycCcTBEHHbIE MEMOPaHbI

Bioreceptor systems also used artificial membranes for many different applications.
Stevens and coworkers have developed an artificial membrane by incorporating ganglio-
sides into a matrix of diacetylenic lipids (5—-10% of which were derivatized with sialic
acid) [5]. The lipids were allowed to self-assemble into Langmuir-Blodgett layers and were
then photopolymerized via ultraviolet irradiation into polydiacetylene membranes. When
cholera toxins bind to the membrane, its natural blue color changes to red and absorption
measurements were used to monitor the toxin concentration. Using these polydiacetylenic
lipid membranes coupled with absorption measurements, concentrations of cholera toxin
as low as 20 pg/mL were capable of being monitored.



NMpuHuunbl KNaccudgpmkaumm UoceHCoOpPoB

* 110 CNOCO0Yy AEeTEKTUPOBaHUSA LIENEBOrO

dHalinTa
* MO TUMY UCNoNb3yeMbix bruopeLenTopos

* N0 MEXaHN3MY Npeobpa3oBaHUS
curHana
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Ucnonb3yemMble npeobpa3oBaTenm
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OTKyAaa anekTpnyeckum ToK npu namepeHuu
KOHUEeHTpauum aHanurta?

*DNEKTPUYECKMNE N SNEKTPOXNMUYECKNE DUOCEHCOPLI OCHOBAaHbI Ha
N3MEPEHNN INEKTPUYECKNX BENMNYMH, KOTOPbIE UBMEHSIKOTCS B CUCTEME
Npv B3auModencTBUN MeXay PeLenTopoM U aHanmuToM.

Onpenenenue psiga KauyeBbIX MeTa00IMTOB. MHO-
rue (pepMeHTbI OCYILIECTBIISIIOT OKCHUAA3HYIO peaKLIHIO C
pa3/IMYHBIMU BELIECTBAMMU (IJIFOK03a, aMUHOKMCIIOTHI)
c oOpa3zoBaHMeM MepeKucu Bogopona. B atom ciayuae
MEPOKCUIA3HBIN 3JIEKTPOI MCIIOJIL3YETCS IS TpaHC-
(popMallMi KOHLEHTPALLMOHHOIO CUTHAaJIa B 2JIEKTPHU-
yeckyro @opmy. [lpu coBMeCcTHOM MMMOOMIM3ALUU

IBYX PEPMEHTOB — OKCUIAa3bl U TIEPOKCHUIA3LI TPOXOISIT
CJIEAYIOLLIME MPOLIECCHI:

AH2 3 02 Okcuaasa A+ HzOz,

H,0, IMepokcuaasa = H,0 +2¢".
B SJICKTPOKATATITUTUYCCKOM DEXKHNME

B ycnoBusx, Koraa TMMUTUPYIOLLEN SABISIETCS TEP-
Bas CTaaus, BEJIMYMHA TOKa JUHENHO CBsI3aHa C KOH-
LieHTpauueil metabonura AH,.



VICIIOJIbsyCMDbIC 11PCO0PAsS0OBAlCIIN.
BonsTamnepomeTtpuyeckue,

aMmnepomMeTpunyieckKkue

Peakunmn bruonorn4yeckoro pacrno3HaBaHNA H4HaCTO reHepPUnpPyroT
XUMn4eckme BeectBa, KOTopble MOTryT ObITh N3MeEPEHDLI
ANNIEKTPOXNMNHECKNMUN METOOJaMMN.

Bonbmamnepomempu4yeckKkue CeHCOpPbl NO3BOSIANT OCYLLECTBNATb
oOHapyxeHue aHanuToB, ydacTteyoLwmux B O-B peakuusax. Mexay
pabouMM 3NEKTPOAOM M ANEKTPOAOM CpaBHEHUS yCTaHaBIMBAETCS:
donkcmpoBaHHasi BennynHa pasHoCTU NOTEHLMArIoB, Nocrie Yero
OCYLLECTBMAKT KOHTPOSb 32 U3BMEHEHUEM HaANPSAXXeHUs B LIENMU,
KOTOpOE NponopLmMoHanbHO KOHLEHTpaUMM O4HOro U3 NpoAyKTOB
aHanutuyeckomn peakuumn [18].

AmMmnepomeTpus rno H202 (nnu 02) - U3AMEPSAIOT NAPOU 3NEKTPOAO0B.
Hanps»xeHue nogaetcs Ha OgMH U3 3NEKTPOOO0B OTHOCUTENBHO
anekTpoaa cpaBHeHUA (06bI4YHO Ag / AgCl Unu KanomenbHbIN),
Lenesble YacTtmubl (H202 nnu 0O2) BOCCTaHaBNMMBAKTCA Ha 3M1eKTpoae,
N 3TO reHepPUpPYeT ANEKTPNYECKUN TOK.



AnekTpoa Knapka — npumep
aMmnepomMeTpmUYeCcKoro npeoobpasoBartens

AmMnepomeTpulyeckme ceHcopbl

KucnopoaHeiin anextpos
dnektpoa Knapka:
» Katon (pabouuid anektpoa): nnatuHa, 3010TO

» AHoa (aneTkpoa cpasHeHusa) Ag/AgCl,
Pt = katon

AHopa = Ag/AgCl




AMnepomMeTpuyecKkmne 0 MocCeHCcopbI

OnpenensieMmbin

CyocTpar BuopeuenTtop npoayKT YpoBeHb, mM
choline choline oxidase H,0, 500
ethanol alcohol oxidase H,0, 0-10
formaldehyde f. dehydrogenase NADH 10-3
glucose glucose oxidase H,0,, O, 0-7g/L
glutamine glutamine oxidase H,0, 0-25
glycerol g. dehydrogenase NADH, O,
hypoxanthine X. oxidase H,O, 4-180
lactate lactate oxidase H,0, 1-40
oligosaccharides glgcoamylase, glucose H.O 0.1-2.5
oxidase 22
phenol polyphenol oxidase quinone

BoiBoa: AMnepomMeTpmnieckummn buoceHcopamm B OCHOBHOM
onpegenstoT H,O, (3a uckntoyeHnem NADH 1 xnHoHa) KoTopbIin
ABNAETCA OObIYHBIM MPOAYKTOM OKUCITUTENBHO-
BOCCTaHOBUTENbHbIX PEPMEHTOB.



[MoTeHUMomeTpu4yeckue npeobpasoBaTenm

 [MoTeHUMOMeTpPUYEeCKue ceHCopbl POPMUPYIOT
aHanUTU4YeCKNN CUrHars Kak pa3HoCTb NoTeHUKManos
MeXxay pabodnm Sf1IeKTPOAOM M ANIEKTPOAOM CpaBHEHUS,
NMMMOBMNN30BaHHLIMW B NOMYMNPOHULIAEMYIO MEMDpPaHY.
N3mepsoT MeMOpaHHbIN NoTeHuuan (oTcoaa u
Ha3BaHWE MNOTEHLMOMETPUSA), BOZHUKAIOLLNN B
pes3ynbraTe pasHulbl B KOHUEHTPaUMAX MOHOB H+ nnu
OPYrnx nonoXmTenbHbIX MOHOB HA MeMbOpaHe.

* [lpwn aTOM MOH-cenekTuBnbIN anekTpos (ISE)
NCMNOSIb3YeTCA B Ka4ecTBe npeobpasoBarena/ycunrtengd
curHana.

« Hamnbonee pacnpocTpaHEH - 3To pH-anekTpoa.



[MoTeHUMOMeTpU4eckmue bMoceHcopbl

OnpepensieMbiu

CybcTpar BuopeuenTop npoayKT YpoBeHb, mM
aspartam L-aspartase NH, 0.1-0.6

fats lipase fatty acids 0.005-0.05
glucose glucose oxidase gluconic acid 0.12-2 g/L

urea urease NH4, CO2 0.01-10

nitrite nitrite reductase NH, 1

penicillin penicillinase H* 0.2-70

sulfate sulfate oxidase HS

antigen or

antibody partner of couple complex 0-100 ppm

BoiBoa: [NoTeHUnomeTpuyeckme d1MoceHcopsl B
OCHOBHOM OrnpeaenstoT cogepXaHme KUCoT no
BennynHe pH (CO2 and NH3 onpenensatTcs KOCBEHHO
No n3ameHeHuo pH).



KoHaoykToMeTpuyeckue npeobpasoBartenu

KoHOykmomempu4yeckue CEHCOPbl OCYLLECTBAIOT
N3MepeHne aMNeKTponpoBOO4HOCTN pacTeopa B

Xo4e npoTekaHua aHanMTUYeCKOn peakumu.
KoHOYKTOMETpUYeCKne ceHCcopbl Mano npurogHbl Ans
NCMONb30BaHUA B KaTanUTUYECKUX peaKkumsix, rno LWMPOoKO
NPUMEHSAIOTCA B peakuunsax, rae ocyLlecTBNSATCS
atpPnHHbIE B3aMOeENCTBUA.



[Mpeobpa3oBaTenn: KOHAYKTOMETPUYECKMe

* MOHI/ITOpI/IHF NnpoBOANMOCTUN pacTBOpPa N3Ha4alribHO
NMPUMEHASICA KaK MeTO onpeaneneHnd CKOpoCcTtmn peakuni.

« MeToauka BKMoYaeT namepeHmne nsMmeHeHum
NpoBOANMOCTM N3-3a MUrpaLlum noHos. MHorue
CBsAA3aHHble C epMeHTaMn peakunm NpUBOOAT K
N3MEHEHNIO O0OLLEN KOHLUEHTPAaLMN MOHOB, MO3TOMY OHU
noaxoOAaT Ans npoBoasALmnMx ONOCeHCOPOoB.



MUMnenaHcHbIe npeobpa3oBaTenu

VIMnedaHCHbIe CEHCOPbl OCHOBAaHbI HA U3MEPEHUN
COMNPOTUBIEHUSA B INIEKTPOXUMNYECKON AYENKE UM HA
donkcnupoBaH U3MEHEHUA COMPOTUBNEHUS MPU
BapbMpOBaHUN BONbTaMNEPMETPUHECKUX XapaKTEPUCTUK.



doTomMeTpUuyecKue npeodpasoBaTenu

B ¢dpoTOMeTpunu CBET OT MHOMKATOPHOW MOSIEKYbI ABMAETCS
N3MEPEHHbLIM cUrHanom. Ytobsl STOoT meToa padoTtan, oaunH 13
peareHTOB UNU NPOAYKTOB peakumn bnopacno3HaBaHus
AomKkeH 6bITb CBA3aH C KONTOPUMETPUYECKUMU,
donyopeCcueHTHbIMU UM JTIOMUHECLEHTHBIMU MHONKATOPHbLIMU
moriekynammn. ObbIYHO ONTUYECKOE BOSTOKHO MCNONbL3YEeTCs ArS
HanpaBlieHNs! CBETOBbIX CUrHasI0B OT UICTOYHUKA K OETEKTOPY.



Opyrue npeobpasoBaTen 6MoCeHCOpPOoB

Tvn

npeo6pa3zoBaTens HTo n3mepser Mpumepbl

J[laTymkm Ha ocHoBe

[1be303nekTpnyeckumn 'ameHeHne macchbl
MuUKpobanaHca

ﬂ,maneKTquekme
KOHCTAHTbI

EMKOCTHBbIV [laTynkn aHTUTEN

TepmomeTpuyecknn Temnepatypa depMeHTHbIE TEPMUCTOPSI



[Mpeobpa3oBaTenu: Nbe303neKTpnuyeckme

B nbe303anekTpruyeckmnx n noBepxHOCTHbIX
aKyCTMYECKNX BOJTHOBbLIX YCTPOMCTBAX UCMONb3YeTCH
MOBEPXHOCTb, YyBCTBUTENbHASA K UBMEHEHNAM MaCChI.
OTn npeobpasoBaTenn NCMNONb3YITCA TaM, e peakums
H6rnopacno3HaBaHUs Bbi3bIBAET MI3MEHEHME MACCh.



[Mpeobpa3oBaTenun: EMKOCTHbIE

« Ecnu peakumnsi 6Mono3HaHnsa n3aMeHseT
AN3NEKTPUYECKYIO NPOHNLLAEMOCTb cpeabl B
OKpecTHOCTUK bmopeLienTopa, B KA4eCcTBe
npeobpa3soBaTesisi MOXKET UCMONb30BaTbCA MeTo/
N3MepPEHNS INEKTPUYECKON EMKOCTMN.

* [1lpumep peakumn aHTUreH-aHTUTENO:

 [TpeononoXum, 4To MONeKYnbl aHTUTEN
MMMOOUNN30BaHbl MEXAY ABYMSA MeTann4ecknmm
anektpogamu. Korga aHtureH nobaensiercs u
CBSA3bIBAETCS C aHTUTENOM, OXUOaeTcs, YTo
ON3NEeKTpuYecKas NpoHMLAEMOCTb cpeabl Mexay
[BYMS 3MeKTpoAaMmn 3HaYUTENbHO U3BMEHUTCS. JTO
N3MeHeHne NPUBOAUT K UBMEHEHUIO EMKOCTMW.



[Mpeobpa3oBaTenun: TepMoMeTpuUYvecKue

Bce xumunyeckme peakumm conpoBoXgaroTcAa NOrnoLeHmnem
(3HOOTEPMUYECKUM) UK BblOAeNEeHUEM (3K30TEpMUYECKNM) Tenna.
NamepeHuns H, (aHTanbnum) peakumm npu pasnmnyHbIX
Temneparypax no3BosiAT paccynuTaTtb S (QHTponuio) U G
(cBOBOOHYIO 3Hepruto [Mbbca) ans peakuum, a ,3Ha4unT, cobpaTtb
OCHOBHble TepMOoANHaAMUYECKMUE OaHHbIE.

[Tpumep 1: rugponus ATO aBnseTcs aK30TEPMUNYECKNM
NpoOLLEeCCOM:

ATP, +H O~ADP_ +HPO, +H*; AH_=-22.2kl (pH 7)

[Tpumep 2:

NUMMYHOpeaKums mexay aHTu-HSA n ero aHtureHom HSA gaet -30,5
k> / monb. [1ns aTon nocnegHen peakunm odLlee NoBbILLEHNE
TemnepaTtypbl Ha 1 MONb aHTUTENa cocTaBnseT nopsaka 10° K, Ho
MHOIMe peakuun, Katanmampyembole dpepmeHTamu, UMeroT bornee
BbICOKYIO AH 1 BbI3bIBalOT Donee nerko nuamepsieMblie U3MeHEHUS




Mpeobpa3oBaTenu: hepMeHTHbIe TEPMUCTOPbI

« [Ina 6buoceHcopHOro yctponuctea bmopacno3HaBarLlee
coeiMHeHne OOMKHO ObITb UMMODOMNM30BAHO Ha
4yBCTBUTENBHOM K TEMNepaType 3fieEMeHTE, CNOCOOHOM
oOHapyXMBaTb O4YEHb Marible UBMEHEHUSI TeMNepaTypsbl.

« PaspaboTtunkun: yHusepcuteT JlyHAa.

 [lepBOHa4YarbHO OHM UMMOBUNN30BanM rMKO300KCN a3y
N NEHULINITNNHA3Y B HEOOMbLLIOW KOMOHKE, TaK YTO
TEPMUCTOPbI KOHTPONMPOBAIN U3MEHEHNSA TEMMNEPATYPbI Ha
BbIXOJ€ N3 KONMOHKM YTOObI NONMy4YnTb TEPMUCTOP
dhbepMeHTa, YyBCTBUTENbBHbIN K IMIOKO3€ U NEHULIUITTINHY,
COOTBETCTBEHHO.



PepMeHTHbIe OMOCeHCOopbI Ha
OMNTOBONIOKOHHbLIX CeHCcopaXx, AeTeKTUpyrowime ¢ NOMOLUbIO
dorroopecueHUUn n
B3aMMOAeUCTBUU aHTUTENIa C aHTUreHoM (Ha onTpopaax)

OnpepensieMbiu

CybcTtpar BuopeuenTop YpoBeHb, mM

NnpPoAyKT
ethanol alcohol dehydrogenase NADH 0-1
glucose glucose oxidase O, 0.1-20
urease urease ammonia 0.3-3
lactate lactate monooxygenase pyruvate 0.5-1

penicillin penicillinase penicillinic acid 0.25-10



BuoceHcopbl HA NoneBbIX TPaH3UcTopax

CeHcopbl Ha OCHO8E 10/1e8bIX MPaH3UCMopP0o8 OCHOBAHbLI
Ha NCMONb30BaHNN NOH-CENMEKTUBHbLIX 3NEKTPOOOB U
NOTEHLUMOMETPUYECKUX CUCTEMAX, NPU STOM BXOQHOW
TPaH3UCTOPHbLIN 3NeMeHT NoOMeLLaeTca B aHann3npyembiu
PacTBOp. OTO CYLLECTBEHHO MOBbLILLIAET paspeLlatoLLyto
CNOCOBHOCTL M yny4dlwaeT aHanMTU4eckme BO3MOXHOCTH
brnoceHcopa.

UyBCTBUTENLHBIN Cron buocencopa pacrosiaraeTcs
HenocpeaCTBEHHO Na NOBEPXHOCTU MOH-CENEKTUBMNONO
areKkTpoaa, npeacrtasnds cobon BopoTa NoneBoro
TpaH3ncTopa.

cnonb3oBaHWe: HenocpeacTBeHHoe OOHapyxeHne
KOPOTKNX 6enkoB 1 NenTuaoB Mo BENUYnHe ux 3apsaa.



[Mpeobpa3zoBaTenu: noneBble TPAH3UCTOPbI

* KVpes - MMHMaTIopm3auus 1 MaccoBoe NPoun3BOACTBO.

» [loneBble TpaH3nUCTOpPLI (FET), LUMPOKO NCMNONb3yEMbIE B
NonynpoBOAHMKOBOMW MPOMBLILLITIEHHOCTU B MUKPOCXEMaxX NaMaTu u
NOrNYeCcKnx MMKPOCXemMax, pearmpyrot Ha U3SMeHeHue
3NeKTpu4ecKoro nons.

* [MpuHUMN: NoneBon TpaH3NCTOp cnocobeH oOHapyXnBaTb N3MEHEHUS
KOHLUEHTpaLuum MOHOB, No, BO3AeNCTBMEM NOH-CoaepKaLLmMX
pacTBopoB. CrnegoBaTternbHO, pH U KOHLUEHTpaLMsa MOHOB MOTYT ObITb
N3MepEeHbI C MOMOLLIbIO FET.

° +: FET npeobpasoBartesib MOXeT ObITb BCTPOEH B 3NTIEKTPOHHYIO CXEMY
06paboTKn curHanos.

CeroaHs B npopaxe ectb AaT4yuk pH Ha OcHoBe FET paaMepomMm C pyuyKy



BuoceHcopbl Ha NoneBbIX TPaH3ncTopax

CybcTtpar

glucose
urea
penicillin
triolein

Onpenensiembin

BuopeuenTtop npoayKT YpoBeHb, mM
glucose oxidase gluconic acid 0-20

urease COZ, NH3 0-6
penicillinase penicillic acid 0.2-20

lipase fatty acids 0.6-3

BbiBoA4: B HacTosiLee BpeMs PePMEHTDI
Hanbornee WMPOKO NPUMEHSIIOT B Ka4ecTBe
bnoceHcopoB. AHTUTENA NMEIOT
OorpaHU4YeHHOoEe NPUMEHEHNE.



MaTepMaHbl Aansa co3naHusAa pa3yiniHbIX

TUNOB OMOCEHCOpPOB

Carbon, FL
MoneKynb| Au, Ni, Ag/AgCl .
5 AmMnepomeTpuyecKui
nopeuenTopons AaTYUK
NMMOBUNN3YIOTCA B
~ MeTtannunyeckne
noaxoAsilen napsbl, oacuapi
mMaTpuue ans ~
obpasoBaHus TepMucTop!
Brnocnos, KoTopbIn \
3aTeM nomMmewjaeTcd
B 8:::“-— OMTOBOMNOKOHHbIE ;_ BUOCHON
HenocpeacTBEHHOW MPOBOAHMKY
6nusocTtu ot /
AaTt4yunka. MoBEPXHOCTHbIN
[ETEKTOP Mnasmbl

MaTtepuansl 7
KOHCTPYKUMIA Ans Quartz, glass, Ag. Au MoBepXHOCTHBIE

- aKyCTMYECKME BOSHbI,
npeo6pa303aTenev| rpaBYMETpUYECKme
TakxXe npmseneHobl AEeTEKTOPbI
Ha PUCYHKe. <3

Quariz

YrnepogHas nacra,
SNEKTPOHHbIN
nocpeaHvK, nunua,
3ANEeKTPONPOBOAHbLIN
nonumep

Crekno, MNBX,
NoHOMOpbI

’
MNoHo-cenekTnBHbIN

aneKkTpos

/ MonnmepHbie repMeTukm
) 7
NoneBble
TPaH3UCTOPbI

\ p-n junction, Si0, , Si N,

nekTpopg TMna
NpoBOJIOKa C
MOKPbITUEM x

PL, Cu, Fe, PVC

g
Si. PL Au



Knaccudpumkauma bmoceHcopoB B 3aBUCUMOCTHU OT HaANN4uUA
cneuuanbHbIX METOK U KpacuTteneu

JletekTupoBanne bBe3merounoe jeTekTupoBaHiie
¢ METROI OITHYEeCKOe MexaHIn4Yecroe dJIeKTpIYecroe

— ELISA; — [HOBEPXHOCTHBII1 — HCII0Jb30BaHe — HCI0Jb30BaHIe

— FRET,; [1JIa3MOHOBBIIT Pe30HAHC; | KAHTUJINBEPA; [10JIEBBIX TPAH3UCTOPOB

— HcroJb30BaHe | — nHrepepoMerpus; — NCHOJbL30BaHIE (ISFET, EnFET, HFET,

KBAHTOBBIX TOUEK | — 3JLIHITPOCOMETPIS; HaHOMEeXaHUYecKoro NanowireFET);
— METOJ] Ppe30HAHCHOTO OCIIJLIISITOPA; — HCIOJIb30BaHUE
3epraJja — MeToJl MUKpodatanca MUKPOMITIONTHBIX

KBapreBoro kKpucra.Jia

AIERTPOXUMIUECKITX
yerpoiicts (LPED)




TpeboBaHusA K UMMOOUNU3aLnUN Pa3fNINYHbIX
OvnopeuenTopoB U reHepupyemblie CUrHanbl

[atunk B BuoceHcope OomKkeH ObiTb CNocobeH N3MepsTb 3TOT CUrHan.

Complexity

hierarchy

Biolayer Type

"End of
{eg. Olmetory)

lissue

Whole Cell

Cell (

(eg. Mltod:ondrlon)

Biomembrane
(eg. Roeeptor)

Enzyme

Antibody

Main needs for

structural integrity

Intact Tissue Architecture

Nutrient / Oxygen Supply

Osmotic / pH Stability

Mechanic protection

pH / electrolyte stability

pI stability

Adequate retention

Typical signal
generated

Action potential

Metabolic end
product

Product of electron
chain

Released contents

Reaction product

Antigen uptake
mass change

EMF absorbance
change
{chromionphore)



UMmmMmoounusauma cdepmeHTOB Ha OMOCEHCOpaXxX

O6bI4HO NPOBOAUTCS ABYMA METOAGMM:

* $3myeckaa, Koraa (PepMeHT (PU3UYeCKU BKNHOYaeTCa B HOCUTESb

* Xumudeckas,koraa obpasyeTcs  KOBaANeHTHas  CBS3b  MexAy
(PEPMEHTOM U HOoCUTenem



Cnocoobl UMMOOUITN3aLUN PEPMEHTOB Ha
bnoceHcopax
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4 Mopnorxka 5
4 nepeKkpecTtHoe MeXMOIneKyndapHoe 5 NHKancynmpoBaHme B NOpnUCTyto

B3anmMogencTteume MaTpuLy



Cnocobbl UMMOOUNU3auum peuenTopoB ANA
BbISIBJIEHUSA NAaTOreéHHbIX MUKPOOPraHN3mMoB

1. Adcopbuyusi Ha nogepxHOcCMu 30/10ma

NpuKpenneHne aHTuTen kK cybctparty B criydanHom nopsigke, 6e3 HanpaeneHHOro
MPOCTPAHCTBEHHOIO OPUEHTUPOBAHUS.

+: NpocCTO OLICTPO

- aacopoumna peLenTopoB Nna NOBEePXHOCTU 30510Ta ABNSIETCS
HecneuncpuyecKon, 3Ha4YMT, HEBbICOKNE aHaNIUTUYECKUE XapaKTePUCTUKN
ceHcopa.

2. AeuduH-6uomuHo8bie cucmemabl - PELIENTOPSI @
NPUKPENNAOT K NOKPbITON aBUANHOM MOBEPXHOCTM. HNiNH

ABUAVH — rmukonpoTena, aHTaroHUcT buoTtuHa, obnagaer H H
CNOCOOHOCTbLIO 0Opa3oBbIBaTbL B OpraHn3me 61onornyecku 2 ; NN COOH
HeaKTUBHbIN KOMMNeKc ¢ 6uotnHom. CoaepKMTcst B ANYHOM S

6enke NTUL U penTUNnin. ABnavH

[Mpupoaa B3aMMoaencTBus - HEKOBaNeHTHas!, YTo No3BOSSAET
OCYLLECTBNATb MHOXECTBEHHYIO OTMbIBKY MOBEPXHOCTUN CEHCOpa
N UCMONb30BaTb €ro MOBTOPHO.

-: BbICOKasi CTOMMOCTb peareHToB

+: NPOCTO, HAAEXHO, ObICTPO



Cnocobbl UMMOOUNU3auum peuenTopoB ANA
BbISIBJIEHUSA NAaTOreéHHbIX MUKPOOPraHN3mMoB

3. MoHOCOMNHbIE CTPYKTYPLI, CNOCODHLIE K cCaMoCcbopke
(self-assembled monolayers - SAMs), nony4atot npu
AMYNbIMpoBaHNKU NITOCKMX MUKPOYACTML, 30510Ta B pacTBOpUTESE B
NPUCYTCTBUM NOBEPXHOCTHO-aKTMBHbIX BellecTs ([MAB).

OCHOBHOW pacTBOpUTESb: 3TaHona ¢ AgobaBkamu ancynbpmnaos Unu
TNOMNOB.

dopmmpoBaHmne 1 B3aMmMoaeNCTBNE MOHOCIIOE B OCYLLIECTBIAETCS
Npu peakumn pagmkanos C Cynb@uUaHbIMM rpynnamMu.
[TpucoeonHeHne bruopeuenTopa NPOUCXoanUT NOCPELCTBOM
TUONbHOW rPynnbl.

TuonkHas rpymmia —SH | THoJbl (MepKalITaHbl) | R—SH



[poBeaeHue namepeHnm ¢ NOMOLLbLHO
bunoceHcopa

CTaumoHapHbIN PEXUM U3MEPEHUS

CuuTtbiBarLWee

Buocexco reTT yCTPOUCTBO

000

AmMmnepmeTp

Ayenka

MarauTHas mewwanka




[poBeaeHue namepeHnm ¢ NOMOLLbLHO
bunoceHcopa

[lpoTOYHaA cucrtema
BuoceHcop nomelueH B 3NEKTPOXUMUYECKYHO
NPOTOYHYHO AYEUKY.
dneKkTpoxumuyeckas aYeuka cBa3aHa C
NepUCTanbTUYECKUM Hacocom, NPOKaYUBarOLLUM

6ypepHLIA pacTeBOp C MOCTOAHHOU CKOPOCTBLHO.

REGISTRATORE

SENSORE

CELLA POMPA

AMPEROMETRO

7

CAMPIONE SCARICO




[poBeaeHue namepeHnm ¢ NOMOLLbLHO
bunoceHcopa

[1pOTOYHO-NHXXEKLMOHHbIN aHanms

BuoceHcop nomelleH B 3NeKTPOXUMUYECKYHO
NPOTOYHYHO AYEUKY.

dneKkTpoxumuyeckas aYeuka cBA3aHA C
NepUcCTanbTUYECKUM Hacocom, NPOKA4YUBAFOLLUM

6ypepHLIA pacTeBOp C MOCTOAHHOU CKOPOCTBLHO.

REGISTRATORE

SENSORE

CELLA POMPA

AMPEROMETRO

7

CAMPIONE SCARICO




Co3pnaHue bnoceHcopa

Mornekynbl buopeuenTtopa, MMMOBMIIN30BaHHLIE Ha
noxogsen matpuue ansa dopmMmmpoBaHns brnocrnos
+

nogxogsawmm npeodbpasoBartenb

buoceHcop



Co3pnaHue bnoceHcopa

[TpeobpasoBaTenn MOHOCENEKTUBHOIO
3r1IeKTpoaa 1 NnosieBoro TpaH3ncTopa -
NnoTeHUnomMmeTpuiyeckKkmne npeoodpasoBaTenu;

[IpoBONOKA C NOKPbLITUEM -
aMmnepomMeTpuyeckue npeodbpasoBarTenu;

[ToBEPXHOCTHbLIN AETEKTOP MNia3Mbl N ETEKTOP
NOBEPXHOCTHbIX aKyCTUYECKMNX BOJIH
nbe3onpeoodpa3oBaTenu.



MembpaHbl anekTpoga Knapka

MepmenTHass MeMOpaHa

ol

O-K(TIIBIIO

0

Pt

Kopmye Pabdouunii anekTpoa

loamkapoonaruas
MeMGpana MemOpana u3

aluerara ne/ Lo a03bl

® Analvte Platinum
® 0, . electrode _
H.O Immobilized e
22 enzyme layer o \
o N 0 Q) DJIeKTPOa CPpaBHEHUs
R \ (Ag/AgCl)

Cellulose
acetate layer

.__‘



MemOpaHbl OMoceHcopa

MembpaHbl ABASOTCS OOAHUM U3 BaXKHEULLNX
KOMMOHEHTOB DMoceHcopa.
OHU ncnosnb3yTea ans
(1)npenoTBpalleHNs 3arpsa3HEHUS;
(2) ycTpaHeHue rnomex;
(3)ynpaerieHmne pexmmMmom paboTtbl bruoceHcopa.

[Tpumepbl:

1. Korga aHanuntom siBnsieTcs Heborbluas Mmorekyna, To
MemMbpaHa ¢ HebONbLLINM pasMepoM NOop MOXET
npenoTBpaTUTb NonagaHue MakpoMOneKyn, Taknx Kak
6enkun, B YyBCTBUTESIbHYIO 30HY.

2. TpaHcnopT 3apsXXeHHbIX MONEKYT MOXXHO
KOHTpONMpoBaTb C NOMOLLbIO MEMDOPAH MOHHOIO
obmeHa.



[MoKpbITUA ONs aMNePOMETPUYECKUX

MexaHu3m TpaHcnopTa

cknodeHne no pasmepy

NckntoueHune no 3apagy

[TonapHOCTL

CMeLLaHHbIN KOHTPOSTb

bnoceHcopoB

lNonycenekTuBHas nrieHKa MeMopaHbl
AueTar Luenntonossbl

[Maponu3oBaHHbLIN aueTaT Lensonosbl
da301MHBEPCUOHHbIN aueTaT Lennosnosbl
[NonnaHunux,

Monunuppon,

AKpUNoHNTPUn

BuHunnupugmH,
[Monnadgomp cynbqOHOBOW KUCMOTbI

docdonununasbl

AueTar uenntonoasb! - MonuuHMnnpmnanH



Pa3Butne bnoceHcopoB

Tpu nokoneHust N0 MeToay NpucoeamHeHnsa dnopeuenTopa K dfIEMEHTY
npeobpasoBarens.

1.MepBoe nokoneHne dopeLenTop pacnonaraeTcs B
HenocpeacTBeEHHOM BNM30CTM OT 6Ga30BOro Aartvynka 3a guanunsHoun
MemMbpaHon.

Bo BTOpOM 1 TPETLEM MOKONEHUN: UMMOBUNM3aumsa duopeuenTtopa
OOCTUraeTcs C NMOMOLLbIO CLUMBAKOLWNX peareHToB Unu

B YHKUNOHANbLHbLIX peareHTOB Ha rnoagxoadaue MoandounumMpoBaHHOM
MaTpuue npeobpasoBaTend Unu NyTem BKITIOYEHNSA B MOSIMMEPHYIO
MaTpuLy Ha NOBEPXHOCTb TPaHCOYKUMUN.

2.Bo BTOPOM NOKOMNeHUn oTAENbHbIE KOMMOHEHTBI OCTAOTCA MO
CYLLECTBY pasnnyHbIMn (HanpumMep, ynpasngatoLwasa anekTpoHuKa-
anekTpoa-bruomonekyna),

3.B TpeTbemM nokoneHnu Mmonekysrna buopeuenTopa CTaHOBUTCS
HEOTHLEMITEMOWN YacTbio 6a30BOro YyBCTBUTENBHOIO 3fIEMEHTA.



3 NoKorneHnsa bnoceHcopos

bl B

Dialize Receptor  Transducer Electronics
Ist generation: — SENSOR
S R
2nd ion: R
nd generation i SENSOR
BIOCHEMICALLY
MODIFIED SENSOR

R
3rd generation: 5 E.

BIOCHI



Conpsaxkenue dpepmeHTa "
3AEKTPOAHBIX PE€AKIIUU

I mokoaeHme: AETEKTUPOBAHUE CyOCTpaTa MAU IIPOAYKTA
(pepMEHTATUBHOU peakimn: L 4 § — FQ_y 4 P

11 ITOKOACHMC : NICIIOAB30BaHHE MEAUATOPOB:

Oxidase .
Analyte > Oxidized

/_\ Analyte
Mox M red : &N :
\ / Fe
<

"%Electrode*’:f;f;

II] moxoAeHMeE : npsamoit GruossexTpoKaTasns:




buocencop 1 moxoaenusn

(amnepomeTpus)
Oxidase g
Analyte 5. Oxidized
Analyte

& (0

I'sroxo3zoxcuaasza u O,-asekrpoa Kaapka




buocencop 11 nmoxoaenusn

b
Glucose Oxidase ; ;
Gliscse > Gluconic T //

acid LpA [/

/

— F¢ Fc {
< x;.f’
Fe

< 7 fj_.':f"" ,,-Electrodexﬂ"',.iﬂ",.iﬂ‘: /

0
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Potential, Volts vs. SCE

A. E. G. Cass, G. Davis, G. D. Francis, H. A. O. Hill, W. G. Aston, I. ]J.
Higgins, E. V. Plotkin, L. D. L. Scott, and A. P. F. Turner, Analytical
Chemistry 56, 667-671 (1984).



buocencop 11 moxoaenusn

Glucose

2

Gluc. ac.

B.A. Gregg, A. Heller. Anal. Chem. 62 (1990) 258



buocencop 111 nokoaenusn

ol
7
7
Z
Z
7z
7

A.IL.Yaropolov, V.Malovik, S.D.Varfolomeyev, I.V.Berezin. Proc. Russ. acad. Sci., 249
(1979) 1399



[TepcnekTnBbl pa3BUTUS DMOCEHCOPOB

1. O6paboTka AaHHbIX N pacno3HaBaHne obpa30B.

Ecnu Mbl cpaBHMM cywlecTByoLNE BUOCEHCOPBLI C HaTypanbHbIMM
(Hanpumep, HOC UnNun rnas), oHn dyayT oYeHb rpyobIMKU U
ynpoLweHHbiMn1. Monekyrbl pacno3dHaBaHUs B «€CTECTBEHHbIX
CeHcopax» He obs3aTeNibHO ABNAITCA BblCOKOCNEUNMUYHBIMA, HO
nepegada curHana yepes GMoMoneKkyrbl ABMSIETCS CIOXHOMN.
Cneunduka «ecTtecTBEHHbIX CEHCOPOB» COCTOUT B 0bpaboTke
cobpaHHbIX AaHHbLIX U pacno3HaBaHUA NOCPEACTBOM HEMNPEPLIBHOMO
npouecca oby4eHus.

OxunpaeTcs, YTo 3TOT PeXnM paboTbl C UCNOMb30BAHNEM AaHHbIX,
cobpaHHbIX OT HECKONbKMX OMOCEHCOPOB, OyAeT NCNONb30BaThLCH B
OyayLwem, NoCKOSbKY MOCTOSIHHO pacTyLLne BO3MOXHOCTM
MUKponpoLeccopoB obecrneyat ObICTpble BbIYUCIEHUS.



[TepcnekTnBbl pa3BUTUS DMOCEHCOPOB

2. MMKPOUHCTPYMEHT.

BuoceHcopbl TPETLENO NOKOSTIEHNSA MMELIOT BCTPOEHHYO CXEMY
0bpaboTkm curHanoB. Korga Takme gatymkm oo6begmnHSTCS C
MUKpOMacCLUTabHbIMW KranaHamMmu U npusogamu, paspabaTtoiBa€MbIMU B
HacTosiLlee BpeMS (C NCNOMNb30BaHNEM TEXHOSTOMMN MUKPOOBPaboTKN),
Ha KPEMHUEBOW MMacTUHE MOXET ObITb NOCTPOEH LENbIN
aHanUTUYECKUMN MHCTPYMEHT.



[NHK-Munkpoumn c cuctemoun getekumnm

ccD MICROSCOPE
DETECTOR SYSTEM
COMPUTER
MICROSCOPE
| OBECTIVE
| DNA
op\ncsx I BIORECEPTORS
0 ~ %%gﬁ
4 R
R SCANNING A
MIRROR XX X

HIGH-DENSITY MICROARRAY
CHIPS"




wUACNa CObMEeLwernHOW Avidl HOCTVHCCUROW
CUCTEMbI OMOYUIOB C MWUKPOYUTTOBbIMHA

AATUIAVyANAlA

'

Antibody Reflective Focusing Lens

Probe Optic
Bandpass Filter

- = .‘ ~‘.“\‘ \ )
; - Light Source

(LED, Diode Laser)
Sample Delivery
Platform

GRIN Lens Array

Detection Wavelength

' Selection Filter
Photosensor ' . '

Microarray Integrated
Electrooptic Chip



[TepcnekTnBbl pa3BUTUS DMOCEHCOPOB

3 MonekynsipHas aneKkTpoHUKa.

Kak MMHMMnamnpoBaTtb TpaH3UCTOp (0OpaTtnTe BHMUMAHUE, YTO
«TPAH3NCTOP» ABMNAETCSH CTPOUTENbHBLIM DITOKOM MUKPOMPOLIECCOPOB U
yuna namdaTu).

MHorne bruonorndeckme Monekysibl CnoCobHbl CUHTE3NPOBATb
CNOXXHble CaMOOpPraHM3yloLLNECS MOSIEKYNbI C, NO-BUONMOMY, TONbKO
HeobXxoaMMbIMWN 3MEKTPOHHBIMU CBOMCTBaAMU. 3TO FOBOPUT O TOM, YTO
MWHUMAarbHbIW NO pa3Mepy TPaH3UCTOP MOXHO NOCTPOUTb 3aMEHOM
KPpEMHUNSI HA BUOMOSEKYNSIPHBLIE KOMMOHEHTLI. OTa uaes npmeena K
NPeanoXeHNI0 MHOMMX MOSTEKYINSIPHbIX 3MEKTPOHHbLIX cuctem. B
npoLusioM MaTepuansl 1 MeToabl 06paboTkn, paspaboTaHHble ANs
NPUMEHEHUS B MUKPOSSTEKTPOHMKE, NCNONb30oBannch npu paspaboTtke
aatyunkoB. NoaTtomy nobble OyayLline paspaboTkm B obnacTtu
MONNEKYNSIPHOM SNEKTPOHUKN, KaK oXXnaaetcd, oyayT UMNopTUPOBaHbI B
ONOCEHCOPHbIE TEXHOSOMNU



CNACUBO 3A BHUMAHUE !



[lomallHee 3aaaHue



KoHTponbHasa no 3aTon nekumm



