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Paspabomana cmpykmypHas cxema npubopa 045 3KCnpecc-0ua2HOCMUKY 8 00MAWHUX YCca08usax 3a6onesanull yeaosexa. llpu-
b0p eKatouaem: 1azep 045 8030yicoeHUs (PAYOpecUeHyuY Mapkepos (Hanouacmuy); gomoodemexmop 045 pecucmpauuu yYpoeHs uH-
MEeHCUBHOCMU (DAYOPEeCUCHYUU HAHOUACIUY, MUKPOKOHMPOALED; NOPUCMYI0 MEMOPaHY 045 3aKpenieHUss AHAAUSUPYEeMbIX aeeH-
M08; MUKPOHACOC 0451 NPOKAYKU AHAAUUPYEMOU JICUOKOCIU Hepe3 MeMOPaHy, MUKPOKAGNaHsl 045 YNpaeaeHus nodavei aHaiu-
3UPYemotl HCUOKOCMU HA NOPUCMYI0 MeMOpany,; ceemoghuavmp 560 HM 0451 Gbipe3aHus U3 0bujeco cneKkmpa ceema, 803HUKArueco

6 pe3yibmame d)ﬂyopecueﬂuuu b6uonocuvecKux KOMHOHEeHMOo8.

Karoueevie caoea: xoncoavubili 6uodamuuk, MUukpobaska, uHOUKayus 030youmeneil 3a601e6anuil, memaborumst, buomap-

Kepbl, anmamepbul, IKcnpecc-0uaeHoCmuKa

BBenenue

MukpoaaTuMKy TPUMEHSIIOT B Ta30BOM U OMOXU-
MUWYECKOM aHaJIM3aX, MEAULIMHCKUX U3MEPEHUSX, TIPU
OIpeleeHU MNOMJUHHOCTUA MpPoAaykKTa. OCHOBHBIM
3IeCh SIBISIETCSl YJABTPAuyyBCTBUTEIbHBIM MUKpOMEXa-
HUYECKMI CIOoCcOO0 C HCIOJIb30BaHMEM KOHCOJIBHBIX
MaTpull. OOTHON 13 aKTyaJbHBIX 3aJ1a4 B OMOMEIUIIH -
CKOI IWarHOCTHKE SIBJISIETCS OOecleYeHUe BHICOKOM
YYBCTBUTEIIEHOCTH M M30MPATEIEHOCTY aHATN30B. B xa-
YecTBe BEIIECTB IS METKM AaHTUTEHOB WMCIIOJIB3YIOT
opranmdeckue ¢yopoxpomsl. [TapamienrbHO ¢ pa3Bu-
THEM (JIYOPECLIEHTHRIX METOK U METOAUK UMMYHOJIO-
TMYECKOLO0 aHAIM3a IPOUCXOIUT NePeXo Ha JTa3epHbIe
WCTOUHUKU BO30YXIEHUSI U ONTOBOJIOKOHHbBIE CUCTE-
MBI TIepegaun curHana. BHeapeHue sTUX 31eMEHTOB B
COYETAaHUM C KOMITBIOTEPHOM 00paboTKOi MHPpOpMa-
LIMKA OTKPBIBACT IIMPOKUE MEPCIIEKTUBDI IJIsI CO3AAHUS
KOMMAKTHBIX PeTUCTPUPYIOLIUX YCTpoiicTB. Pa3pabort-
Ka (pM3UKO-TEXHOJOTHUYECKNX OCHOB CO3IAaHUS TIPU-
0opa 3KCIpecc-MHANMKAIUM BO30yauTeseil 3a0ojieBa-
HU, 0e3yCJI0BHO, aKTyaJlbHa IJIT OMOTEXHUYECKUX U
0COOEHHO TMAaTHOCTUYECKUX IIEJICH.

Ileav Hacmoswel paboms: — aHAIW3 MATEHTHOU U
Hay4YHO-TEeXHMYECKO MH(popMauu o padboTe U Mpu-
MeHeHUn MOMC-01omaTunKoB, a TaKXKe pa3paboTKa
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CTPYKTYPHOI CXeMbl M KOHCTPYKIIMH TPUOOpa 3KC-
Npecc-MHIAMKAIMY MUKPOOPraHUW3MOB W BO30OYIUTE-
JIeit 3a0o0yieBaHMII YeJoBeKa B MCCIIEIyeMOM OObeMe
QHAJIU3UPYEMOU XUAKOCTU [ TIPEeABapUTEIbHOM
MEIUIIMHCKON MUAarHOCTUKM B JOMAIITHMX YCIIOBMSIX.
OCHOBHbIE pe3yabTaThl PadOTHI CBSA3aHbBI ¢ pa3padoT-
KOM CTPYKTYPHOI, (PYHKIIMOHAJIBHON M BJIEKTpuYe-
CKOHl MpUHLUIMAIBHONW cxeM mnpudopa. Mukpoomo-
JaTYMKU TPUMEHUMBbI ISl OIUarHOCTUPOBAHUS U U3-
MepeHUsT pa3BUTUSI 00JIe3HU WU 3D GHEKTOB JeUeHUs.

Nuaukanus Bo30yauTeIeii 3a00J1eBaHMii YeI0BEKa
C MCHOJIb30BAHUEM MHUKPOIJIEKTPOMEXAHHYECKHUX
YCTPOMCTB M CHCTEM

KoHconu mnpeacraBisitoT co0oil MPSIMOYTOJbHbIE
MUKPOITOJIOCKM KPEeMHUS TOJIIUHONW MeHee 1 MKM
(puc. 1). AacopOLusi MOJIEKYJT pa3IWYHbIX BEILIECTB
(3a cueT B3aMMOIEUCTBUSI ATUX MOJIEKYJI C MOJIEKYyIaMU
peliernrtopa) MpUBOAUT K U3rudy mukpokoHcoau (MK)
BCJIEICTBME MTOBEPXHOCTHOIO HamnpsixkeHus. M3rud pe-
TUCTPUPYETCS OTKJIOHEHUEM Jla3zepHoro Jiyya. KoHcosb-
Hble Onomatunku (KBb/1) ucrnonb3yloT B pa3nnyHbIX Cpe-
Jlax: BaKyyMe, Ta3ax Wi XUIKOCTIX. [J1aBHBIe TTperMy-
mectsa Takux Kb/l — nx HebosbIIoNi pa3mep, ObICTpoe
BpeMs OTKJIMKA, BBICOKASI YyBCTBUTEIBHOCTh, IIPE00-
pa3oBaHUE CUTHAJIOB 0€3 MHIMKATOPHBLIX MEeTOK [1].




Puc. 1. Konconbnas matpuna [1]
Fig. 1. Console matrix [1]

ABTOpPBI pa0bOTHI [ 1] UCMOJIB3YIOT MAaTPUILY U3 BOCh-
mu MK. Kaxnas MK mokpeiTa 4yBCTBUTEILHBIM CJIO-
eM JJ1s1 o0ecrnedyeHUs] BbICOKOCTIeLM(UIYECKOTro MoJie-
KYJsipHOTO B3aumoaeicTBus. CrucreMa MoXeT (hUKCU-
pOBaTh OJHOBPEMEHHO HECKOJIBKO KapTWUH JJIs1 pa3iny-
HBIX aHaIn30B. 7151 3Toro kaxnyo u3 MK nokpsiBaroT
pa3HBIMU YYBCTBUTEJIbHBIMU CJIOSIMU. B razoobpa3zHoit
cpene KOHCTPYKIIMSI MCMOJb3YeTCsl KaK MCKYCCTBEH-
HBIM HOC JIJIS aHaJIN3a OBICTPOMCITIAPSIONINXCS TTAPOB U
3aIaxoB.

JatyrkaMu yrpaBisiioT B CTaTUYECKOM, AUHAMM-
YeCKOM M TeIJIOBOM pexXuMax. B cratmueckom pexu-
Me MIPOUCXOAUT MexaHudyeckuii oTkimk MK mocne
agcopOLIMKU MOJIEKYJ U3 aHaTIu3upyeMoit cpeabl. [1o-
BEPXHOCTHOE HaIpsDKeHUe MpUBOAuT K u3rndy MK c
oTKJIoHeHueM ~10 HM [1]. B nnHamMuuecKoMm pexume
MK kojebiieTcst B 4acTOTe€ pe30HaHca C MCIOJIb30Ba-
HUEM Ibe303JIEKTPUUECKOTo NpuBoa. st onpenese-
HUS1 MoJsieKysl aHanuTa MK mokpeiTa crieluaibHbIM
YyBCTBUTEJILHBIM MOJIEKYJISPHbIM ciioeM. [locne an-
CcoOpOLIMHU OIpeeISIEeMOro BelllecTBa YacTOTa PE30HaH-
ca MK ymenbiiaercs [1]. U3MeHeHUEe YaCTOThI pe30-
HaHca B 1 'l COOTBETCTBYET M3MEHEHUIO MACChI aj-
copbupoBaHHoro Ha MK ananuta nmpuMepHo B 1 mr.
B TtennoBoMm pexume pasznuuve B KoaddulimeHTax
JIMHEWHOTO paclIMpeHUs] KOHCOJBHOTO MaTepuasa
(HampuMep, MOHOKPUCTAJUTUUECKUN KPEMHUN U Me-
Tayu1 ToaurHoi 100 HM) BhI3bIBAe€T U3TMO KOHCOJIBHO-
ro gaTuyuvka (oMMeTaInuecKoil CTpyKTyphl). Temnepa-
TypHble M3MeHeHUs S...10 K BbI3BIBAIOT OTKJIOHEHUE
MK B HECKOJbKO HAHOMETPOB, KOTOPbIE MOTYT OBIThH
u3MepeHs! [1].

Mmeetcss He0O6X0AMMOCTh OOHAPYKEHUS U UIEH-
TUPUKALMA XUMUYECKUX U OMOJIOTMYECKNX BELIECTB,
TaKMX KaK HYKJEMHOBBIE KUCJIOTHI, O€JKU, HAPKOTU-
KW, B3pbIBUaThIC BEllIeCTBA, TOKCUHBI, (hapMalleBTUYE-
CKMe TperapaThbl, KaHLEpOreHHbIE BelllecTBa, Sbl,
ajiyiepreHbl U1 MHGUUMUPoOBaHHbIe KieTku [2]. ITpose-
JIeHe KJIMHWYECKUX HCCleOBaHUi TpeOyeT crieiu-
aJbHON TOATOTOBKM JIAOOPAaHTOB M MCMOJb30BAHMS
cnenuanbHOro obopynosanusi. CylecTByolIne 1ado-
paTopHble METObl aHAJIM3a UCIOJb3YIOT FA30BYIO KU~
KOCTHYIO XpOMOTrpauio /WK MacC-CIeKTPOCKOIMIO;

OHM TpeOyIOT MHOIO BPEMEHU M SIBJISIOTCSI JOPOTO-
crossimu. ITostromy KB/, criocoOHbIe TOUHO U 3¢-
(beKTUBHO OOHAPYXKUTh/TIOKA3aTh XUMUYECKHE U OMO-
JIOTUYECKME BELIECTBA, 00OecIeyar CyleCTBEHHYIO Bbl-
rofy B CTOMMOCTA M BpeMEHU aHaju3a.

Pazpaboran MeTonm mpeoOpa3zoBaHUS OMOMOJIEKY-
JIIPHBIX peaklMii B HaHOMEXaHWYecKoe AeHCTBUE C
WCIIOJb30BAaHWEM B3aMMHOW CBSI3U MEXAY ABYMS SIB-
JeHusiMu [2]. C ogHO# CTOPOHBI, 3TO U3MEHEHME T10-
BEPXHOCTHOT'O HaNpsIXKeHUsI, BO3HUKAIOIIIETO BCICICT-
Bue coeauHeHus JITHK u 3akperuieHusi pelienTopoB-
ymrang Ha MK, ¢ apyroit CTOpoHBI, 3TO HaHOpa3Mep-
Hoe oTkinoHeHue MK. MonekynsipHast cuia, sIBJISIO-
LIAsICS PE3YIAbTATOM aACOPOLIMM MOJIEKYJl, BBI3BIBAET
MOBEepXHOCTHOe HarpsbkeHne. MK crubaercs B pe-
3yJbTaTe HecneupuuecKoil agcopouuu 0eakoB [2].
Meton He TpeOyeT MHpUMEHEHUs! (IyOopecleHTHbIX
METOK, ONTUYECKOTO BO30YKAEHUS U OTHOCUTCS K Me-
TOMaM CBSI3bIBaHUSI JIMTAaHAOB B XKUIKOM cpene. B atux
clyyasix ucrnoisb3yercs: npoyHast MK. DT1o o3Hauaer,
yto 11060 MK umeer OoJbIION pa3Mep, 1100 MaTepr-
aj, U3 KOTOPOTrO OHA M3TrOTOBJE€HA, MMEET OTHOCU-
TeJbHO O0JbIIONW MOAyJb ynpyroctu FOHra. bosbiiue
MK MoryT yXyaiath 4YyBCTBUTEILHOCTD IIPU OOHApY-
JKEHUN MaJibIX KOJMYECTB LIeJeBbIX BellecTB. Kpome
toro, Takass MK 3auactyto TpebyeT MIUTENbHOTO BO3-
JNEUCTBUSI aHAIMTA JJI1 HAKOIUJIEHUs MOIAIOIEerocs
00HapYXEHUIO KOJIMYECTBA 3TOrO BElECTBA.

[IprMmeHeHNE GMOTATIMKOB TSI TMATHO3a V JICUCHUS
0ose3nm ommcaHo B padore [3]. Crioco0 Mmo3BoisieT
OIpeNeSUTh COCTaB BEIIECTBA B KUIKOCTSIX, BKIIIOYAs
KPOBb, U TIPOMYKTHI IbixaHus1. OnrcaHbl OMOIAaTYMKU,
KOTOpBIE TIOMPaXKaloT €CTECTBEHHO ITPOMCXOMSIINM
peakuusaM B Kietkax (Hanmpumep, B PHK-menu Hyk-
JIEOTUIOB). BromaTynKky MCITOIB3YIOT B KOMOWHAIIAYN
C CUTHaJIbHbIMU areHTaMu, YToObl 00ECIEYUTh MOKa3
Ha 3KpaHe OMOMapKepoB, MPUCYTCTBYIOIINX B BBIIOX-
HYTOM Bo3ayxe. B kauecTBe 01M0JaTUMKOB UCHOIb3YIOT
anTamepsbl, Kak HauboJsee 3¢h(heKTUBHBIE OTIPEACIUTE -
M eAVHNYHBIX MoJieKyn [3]. Oum oOmamaior Oojee
BBICOKOH CMelM(pUUHOCTbIO U HAIEXKHOCThHIO, YEM OC-
HOBaHHbIC HAa aHTUTEJAaX TMATHOCTUYECKHUE TEXHOJIO-
ruu. AntaMephl CIIOCOOHBI U3MEPUTh TAKUE KOHIIEH-
TpallMy JIMITAOA, KOTOpPble Ha HECKOJBKO IOPSIIKOB
HIDKEe, 4eM TIpM MCITOJIb30BAHWU TUArHOCTUYICCKUX
TECTOB C aHTUTeIaMu. 11 anTaMepoB 3TO OfHA AETeK-
THpyeMasl MOJIeKyJla Ha TPWIIMOH WJIM JaXe CEKCTHII-
JIMOH Apyrux Mojekya [3]. B ornuume oT aHTUTEN,
MPOMU3BOACTBO KOTOPHIX OCHOBAaHO Ha >KWBOTHBIX
/WA KyJIbTYPATBbHBIX TEXHOJIOTUSIX, TIPOU3BOICTBO
anTaMepoB MPOMCXOAUT B mpodbupke. CuHTE3 amnrta-
MepoB jelleB [3], MX MoJyyaloT peakliveit ¢ ydacTueM
noauMepasbl. Jlanee, Kak TOJBKO MOCIEA0BATEIbBHOCTh
LETIOYKH M3BECTHA, OHM MOTYT OBITh CUHTE3UPOBAHBI
W3 OTHENBHBIX €CTECTBEHHBIX W/WJIW CUHTETHYECKUX
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HYKJICOTUAOB. ATITaMepbl YCTONYMBHI K IJIUTEILHOMY
XpaHEHUIO MPU KOMHATHOM TemIiepaType.

buomapkep npeacrapisieT co00ii OMOXMMHYECKOE
BEILECTBO, Y KOTOPOTO €CTh OIpeieieHHast crieuu-
yecKast MOJIEKYJIIpHask 0COOEHHOCTh. DTO AeaaeT Ouo-
MapKep NPUMEHUMbIM JIJI1 AMarHOCTUPOBAHUS U U3-
MEpPEHMsST pa3BUTHS 00JIe3HM WM 3(PPEKTOB jeye-
HUsI. MeTaboauTh 1 OMOMapKephl, HAlICHHBIE B IbI-
XaHUM YeJOBeKa, BKIIIOYAIOT ONpeAeicHHbIE BelllecTBa
(tabn. 1). B pabote [3] onvcaH OMOJIOTUYECKUIA METOT
aHaiu3a o0pa3loB (IbIxaHUE U KPOBb). AHAJIM3 3a-
KJIo4aeTcsl B 0OHApyKeHUU aHAIUTOB (OMOMapKepOB)
B (DM3UYECKUX XKUAKOCTIX YeJI0BEeKa, UMEIOLINX OTHO-
IIeHNe K pa3IMYHBIM XU3HEHHBIM YCJIIOBUSIM MU 00-
JIE3HSIM, TAaKMM KakK OTbsIHEHUE, PaK, 00Je3Hb IMEUYEeHH,
MOYeK WM Iuader.

Crioco® oOHapy>KeHUsT MOJIEKYJISIPHOW CBSI3U /WU
UASHTU(MUKALMKM 1IeJIEBBIX BEIIECTB IyTeM MOHHUTO-
puHra otkjaoHeHuit MK (puc. 2) ¢ KoHTposeM obpart-
HOI1 cBSI3M omnucaH B padore [4]. B Tabn. 2 npencras-
JIEeHbl METOAbl OOHAPYXXEHUsI MOJIEKYJISIPHBIX CBSI3Ei.
I'pynimma 1 obecneuynBaeT HanMbOJI€€ BBICOKYIO CEJIEK-
TUBHOCTh M UyBCTBUTEIHLHOCTb MPU UACHTU(UKAIIAN
OMOMOJIEKY/ISIPHBIX BElIeCTB [4].

YCTpOMCTBO M TEXHOJIOTUS OIpeAeSIeHUsT MacChl
BeIlECTBa, OCHOBaHHAsI Ha PErMCTpallMy YacTOT pPe30-
Hupyoueiir MK, onucansl B padore [5]. MK nokpsita

Tabauua 1
MeTta60auThl M OHOMAPKEPDI, HAliICHHBbIE B ABIXAaHHH Y€JIOBEKA
MeTaboauTsl
WHunukatop Junardo3s
1 OroMapKepbl
Anpaerun DTaHon Or1nbsiHEHUE
AlleToH Conb aMMHOKUCIIOTH | JImabeT
AMMuak AMMHOKHCJIOTBI Ypemust
1 00JIe3Hb TIEYCHU
Oxwuce yraepona | [ToBerueHHslil mpo- | BHyrpeHHee
uent CO 3arpsi3HEHKME BO3IyXa
Xnopodopm lajnorennsupoBaH- BuytpenHee
HbIE BellleCTBa 3arpsi3HEHUE BO3IyXa
Juxnopbenson | [ajmoreHu3upoBaH- BuyrtpenHee
HbIE BellleCTBa 3arpsi3HEHUE BO3/IyXa
Auatunamua XosmH Kuireunsrit
OaKkTepuaIbHbIA POCT
Bonopon ['a3pl KMIIEYHMKA Herepnumocts
K JIaKTO3€
W3onpen KupHas kucioTa Mertabonnueckoe
HampsoKeHue
MeraHnaTuon MertuoHur Kuireunsrit
OaKkTepuaabHbI POCT
Metunatuike- | 2KupHas kuciora BuyTtpenHee
TOH 3arpsi3HEHUE BO3IyXa
O-TomonnH Mertaboaut Bponxorennast
KallMHOMBI Kapuuoma
Cynbbuast [MepokucneHHbII Hudbapxr Muokapna
MeHTaHa JIUTTAL
CepoBoaopon Metaboauszm IlepuonoHTanbHast
00J1e3Hb
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TpagweHT notenymana
Potential gradient

Puc. 2. Cxema o0HApyXKeHHs MOJEKY/ISPHO# CBSA3M MYT€M MOHHTO-
PHMHIa OTKJIOHEHHI KoHcou [4]

Fig. 2. Circuitry for detection of a molecular bond by monitoring of the
console deviations [4]

(bMKCHpPOBaHHBIM KOHTPAreHTOM, CITIOCOOHBIM B3aMO-
JIECTBOBATh C OMPENEISAEMON KIETKOW WMIJIU MOJIEKY-
noit. OnpeaersieTcs MCXoaHas yacTora pe3oHaHca MK,
MOKPHITONW (DUKCUPOBAHHBIM KOHTpareHToM. B pe-
3yJbTare 00pabOTKM pPacTBOPOM, KOTOPBIM B3anMMO-
JIeiCTByeT ¢ KoHTpareHToM, macca MK Boapactaer.
Peructpupyercs Bropas yacToTa pe3oHaHca. PazHulia
B UaCcTOTax J1aeT OCHOBaHUE 3asIBUTh, UTO OOHapyXkeHa
1ieJieBasd KJeTKa WIM MoJieKyja. YacToTHBIe XapakTe-
puctuku MK onpenesnsitorcs ONTUYECKUM METOAOM C
IOMOIIIbIO OTPAXKEHHOIO CBeTa U ABYX (POTOAETEKTO-
pPOB 10O MHTEP(PEPEHIIMOHHBIM METOIOM C MOMOILIbIO
ofHoro (¢oTomeTekTopa.

B pabote [5] onucaHbl BbICOKOUYBCTBUTEIbHbIE
KB/ a1t onpeneaeHUs XMKMUYECKOTO UM OUOJIOTH-
yeckoro BellecTtBa. Eciu paHee ObLIO TOCTATOYHO
U3MEPATL KOJWYECTBO BEIIECTBA IIOPSNKA MUKPO-
rpamMMma, TO CerofaHsl HaykKa 1 MpOMBIILIEHHOCTh UME-
0T NMOTPEOHOCTh B OOHAPYKEHUU OTACIbHON KJIETKH,
BHYTPUKJIETOYHOTO 3JIEMEHTa WJIM BEIeCTBA MacCOM
nopsiaka 1071 1. Hamnpumep, B UIEBOI ITPOMBIIILICH-
HOCTH JaXKe HUYTOXHO MaJible KOJMUeCTBAa HEKOTOPHIX
TOKCHHOB OBITh MOTYT BPEIHBIMUA U OMACHBIMU IS JITO-
neit. [lpumep — OGakrtepusi Escherichia Coli (E. Coli).
IMoBeilieHHOe BHUMaHue CMMW ycununo BoHeHUe
notpedbuteneit Kk npucyrcrBuio E. Coli B MSICHBIX TIPO-
IyKTaX, s0JJOYHOM COKe U Toberax JIOLepHbl (KOPM
JIJIsT KOPOB).

Cucrema [5] BKiIIOYaeT UCTOYHUK cBeTa, MK 1 ¢o-
toauon. OavH koHel, MK HemoaBMXXKHO 3aKperieH,
JPYroii KOHEL PEe30HUPYET MO ACHUCTBUEM BHEIIHEMN
cpenbl. YacTtora pe3oHaHca 3aBUCUT OT macchl MK.
®otoaunon reHepupyeT curHan. OTpakeHHBINH OT Bep-
mwHbI MK cBeT siBisieTcsl (PyHKIIMEN 4acTOThl BUOpa-
i MK. TToBepxHocTh MK mokpbiTa KOHTpareHTOM
JUTST CBSI3BIBAHUS C OTMpPEIeICHHBIM aHAIM3UPYEMBbIM
BeuiectBoM. OcaauBilieecss BEIIECTBO YBEJIMYUBAECT




maccy MK. IIpoueccop coequHeH ¢ GoToAMOa0M, BbI-
TTOJTHSIET TIPOrpaMMy OTpeAeICHUS MacChl aHATN3HUPYe-
MOTO BellleCTBa, YIEeP>KUBAeMOTO CBSI3YIOIIMM KOHTP-
areHtoMm. Jiimna MK 0,5...1000 mxm. MK pa3spaboraHa
JIJIs1 OOHApYXKeHUs BellleCTBa, BKJIHOYAIOIIETO MaToreH,
MUKPOOpPTraHu3M, 0akTepuio, BUPYC WIM HEKOTOPYIO
rpynny u3 31oro. CBsI3bIBAIOLIUNA KOHTPAreHT MOXET
BKJIIOUATb B ce0S1 aHTUTENO, KOTOPOE COEIUHSIETCS C
TaKMMM OOBEKTaMM, KaK KieTKa, ()parMeHT KJIETKHU
WJIM €€ DJIEMEHT.

KB/l nist o6HapyXeHUsI Ta30B U MapoB OMUCaHbI B
pabote [6]. [TokpwIThIe CITeIIMAIBHBIMU BEIECTBAMU,
MK noaBepraroTcss XMMMYECKOMY BO3AEHCTBUIO He-

CKOJIbKO 4YacoB. M3MepeHMsT MPOBOAAT IO MOMEHTA
nosipneHus1 noreHuuana Jlennapma—JIxxoHca (cocen-
HUE MOJIEKYJbl OTTaJKUBAIOTC, a Ha OOJBIIMX pac-
CTOSTHMSIX TIpUTsSTuBatoTcsi). Bo MHorux ciyvasix ao-
copO1ust MoJIeKyJsl Ha noBepxHocTM MK MoxxeT ObITh
HarpaBjieHa B 00paTHYI0 CTOPOHY MyTeM MPOCTOro Ha-
TPEeBaHMSI CUCTEMbl UJIM TTOMEIIEHUS €€ B BaKyyM.

PaszpaboTka npubopa ajig onpeaesieHNsA KOHIEHTPAIH
HAHOYACTHIL 0 HHTEHCHUBHOCTH (DJIyopeCeHIUI

IIpoBenenHble ucciaegoBanus [7, 8] mo3Bonmin
pa3paboTaTh M M3rOTOBUTh MAaKETHBLIN oOpasel] mpu-
6opa I 3KCIIpecC-IMarHOCTUKY B TOMAIIIHUX yCIIO-

Ta6auua 2

Mertonabl 00HAPYKEHHSI MOJIEKYJISIPHBIX CBsI3€i

Ne ni/m I'pynma meTomoB

IMpuHIIMT paGOTHI

Monudnkanum

1 OOHapyxeHue XxuMuyie-
CKUX CBsI3el (MOJIEKYJT)
MyTeM KOHTPOJISI 3a 3Ha-
YEHUSIMU OTKJIOHEHM it
MK. ®ukcupoBaHHOE OT-
KJIOHEHUE KOHCOJIA COOT-
BETCTBYET OIpe/esIeHHO-
My XUMUYECKOMY B3aUMO-
NEUCTBUIO (BEILIECTBY)

st o6HapyXeHUsT KOHKPETHBIX MO-
JIEKYJISIDHBIX CBsI3€l OTIpeie/ieHHbIE
BellleCTBa MPUKPETUISIOT K OTHOM
wi HeckoimbkuM MK. Hanmume nc-
KOMOTO BellecTBa MPUBOIUT K 0Opa-
30BaHUI0 XUMHMUYECKUX CBsI3eil (HO-
BBIX XUMWYECKUX COCTMHEHUIT) U K
otkJioHeHnsIM MK; oTkiioHeHUst
buKCcUpyeT OJIOK peTucTparun

B MukpocucreMe MOXeT ObITh UCIIOJIb30BAH MCTOYHUK YpaB-
HOBEIIMBAIOLLECH CHJIBI JJIs1 TIPUBEAEHUSI KOHCOJIM B M3HA-
yajibHOe TojiokeHne. Cula MOXET ObITh MATHUTHOM, 3JIEKT-
pPUYECKON WM pagualMoHHOM. biok oOHapyXeHUs U Mexa-
HM3M, KOTOPbIil TeHEPUPYET YPaBHOBEIIMBAIOLIYIO CHITY, CO-
eIMHEHBI ¢ 6JIOKOM 00pabOTKKM U KOHTPOJII UH(MOPMAIUH.
Komrbiotep peryivpyer o0OpaTHbIe CBSI3M, TOIIEPKUBAIOLINE
KOHCOJIb B (PMKCUPOBAHHOM TIOJIOXKEHUH TTyTeM GaJlaHCHPOB-
KU CHJIbI OTKJIOHEHHUsI U ypaBHOBeLInBaloliei cuibl. KoH-
LIEHTPAIUsT UCKOMBIX BEIIECTB B 0Opa3iie pacCUNUTHIBACTCS HA
OCHOBaHWW 3HAYECHUSI YPABHOBEILMBAIOLIEH CUJIbI

2 AHaM3 Ha OCHOBE aHTHU-
ten. JIroboe coenrHeHue,
MOJIEKYJIa UJTU UX TPYIITa,
IUTSI KOTOPBIX CO3IaHO aH-
TUTEJIO, MOTYT OBITh 00-
HapyXeHbl Pa3IMUHbIMU
npueMaMu UMMYHOJIOTH -
yeckoro aHanuza (ELISA,
BECTEpPH-OJIOTTUHT U T.II.)

Hckomoe BelliecTBO (aHTUTEH) WJTH aH-
TUTEJIO K UICKOMOMY BELLECTBY HPUCO-
€IMHEHO K HETOBIXHOI orope
(MpeaMETHOMY CTEKITy, CTEHKE Hpo-
OMpKM). AHTUTENIO K UCKOMOMY Belie-
CTBY TpeIBapUTENILHO TIOMEUAETCsI
GiryopeclieHTHO , (pepMEHTHOM W
npyroit MeTkoil. TakuM criocooomM Mo-
KeT ObITb OOHAPYKEHO MPUCOETUHE-
HUE aHTUTEJIa K UICKOMOMY BEILIECTBY
(IpsiMOit UMMYHOMEPMEHTHBII WIN
MMMYHO(IYOPECHEHTHBII aHAIN3)

Ecnu aHTUTEN0 MPUCOETMHEHO K OTOpe, TO MPUCOETUHEHNE
KCKOMOTO BEIIECTBA K HEMY MOXET ObITh OOHApPYKEHO C UC-
MOJIb30BaHUEM €ILE OAHOTO MEYEHHOI0 aHTUTENa (TPEXCIoi-
HbII aHAJIU3 WU HETNPsIMOil UMMYHOMITYOPEeCUEHTHBIN aHa-
JIM3). AHAJIM3 HA OCHOBE AHTUTEJl MOXET MHOI/A MOKa3biBaTh
HENPHUEMJIEMO BBICOKME YPOBHU HEBEPHBIX MO3UTUBHBIX U He-
TaTUBHBIX PE3YJIbTaTOB BCJAEACTBAE MEPEKPECTHON peakTHUB-
HOCTH aHTUT€HOB C Pa3JWYHbIMU aHTUTEJIaMM, HU3KOW aHTH-
FeHHOCTH MCKOMOTO BellleCcTBa (Beaylleil K HU3KOM 4yBCTBU-
TEJIBbHOCTH aHaJIN3a), HeCrenbrIecKoi aacopoLy aHTUTET
K pa3JIMYHbIM MOBEPXHOCTSIM U T.4. Meton a¢ddeKTUBeH npu
BBICOKMX KOHLIEHTpALMsIX NCKOMOTO BELIECTBA

3 AHanu3 Ha OCHOBE CKpe-
LIMBAHUSI OJIUTOHYKJIE-
OTHUIOB IS OOHAPYXKEHMUST
LIEJIEBBIX OJIMTOHYKJIMOTH -
OB, MTH(MOPMALIMOHHBIX
PHK, renomnoii JHK

U T.A.

IIpoba onuroHykieoTuaa, KOTOpoit
TMOMEYEHO LIEJIEBOE BELECTBO, CKpe-
1IMBAETCS C 0OPa3LOM, KOTOPBIA MO-
JIO3pEBAETCSl HA COIEPXKAHUE LieJie-
BOI HYKJIEMHOBOM KHCJIOThI

Bbruin pazpabotanbl JIHK-uumnbl, KoTopble conepkaT COTHUA
WU JaXe ThICSYM WHAWBUAYATbHBIX OJIUTOHYKJIECOTUIHBIX
npo6. CKpelMBaHKUe 1LIeJIeBOM HYKJICMHOBON KHUCIOTHI M MPO-
OBl OJIMTOHYKJIEOTHIa MOXET ObITh OOHAPYKEHO MPU UCTIOb-
30BaHUU (IYOPECLIEHTHBIX METOK, PaAMOAKTUBHBIX METOK

u T.0. CyLIeCTBYIOT OrpaHUYEHUS, CBSI3aHHbIE C UyBCTBUTEJb-
HOCTBIO U/WIK Cleln(PUIHOCThIO aHaIn3a. DTO CBSI3aHO C
TEM, 4TO CKPEIMBAaHUE HYKJIEMHOBOU KUCIOThl MOXET MpO-
U30UTU MEXIY MOCIeN0BATEIbHOCTSIMUA, KOTOPbIE B TOYHOCTHU
TOTMOJIHSIIOT APYT Apyra 4epe3 HeyJauHoe CKpelluBaHue, Be-
Qyliiee K HEBEPHbIM MO3UTUBHBIM pe3yJibTaTaMm

4 AHaJIu3 aKTUBHOCTHU
9H3UMOB ((h€PMEHTOB)

OrnpeaessiioT CKOPOCTh, ¢ KOTOPOi
SH3UMBI KATAIU3UPYIOT Ty WIK UHYIO
ouoxumuyeckyio peakuuio. OHa, B
CBOIO OYepe/ib, UBMEPSIETCS CKOPO-
CTBIO MpeBpalleHus cyocTpara Ui
CKOPOCTBIO HAKOIJICHUSI MIPOIYKTOB
peakuuu

[nst onpeneneHust GepMEHTAaTUBHOM aKTUBHOCTU UCTTOJB3YIOT
ceayolme MeToabl. XUMUYECKU — KOJUYECTBEHHOE OIpe-
JieieHre cyocTpara Uiu MPOAYKTOB C MOMOIIBIO XUMUYECKUX
peareHTOB. CreKTpoOTOMETPUYECKUIT — U3MEPEHUE CKO-
pocty hepMEHTATUBHOM peakliMKM MO M3MEHEHUIO TOTJIOLE-
HUs cyOcTpaTa IIpy XapaKTepUCTUYECKOI IIMHe BOJHBL. Ma-
HOMETPHUYECKHIT — OIpenesieHue KOJMYECTBA Ta3a, BbIACISIO-
merocsl B npouecce peakuuu. [lonasipumerpuueckuit — buk-
CUpYyeTCsl U”3MEHEHUE ONTUYECKOro BpallleHHsl. XpoMaTorpa-
(brueckuit — KOJIMYECTBEHHOE OIpeaesieHue cyocTpara Win
MPOAYKTOB C MOMOUIbIO PA3IMYHBIX BUIOB XpoMarorpaduu
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Fig. 3. Circuitry of the device for determination of the concentration of nanoparticles by the
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Fig. 4. Circuitry for detection of the cells marked by nanoparticles

BUSIX 3a00jieBaHUl yeaoBeKka. [Ipubop BKIIIOYaeT: Ja-
3ep JUisl BO30YyXeHus pyopeclieHIIMU MapKepoB (Ha-
HoYacTull); (HOTOAETEKTOP IJIsI PErucCTpalMUd YPOBHS
WHTEHCUBHOCTHU (PIyopeclieHLIMY HaHOYaCTHUIl; MUK-
DPOKOHTpOJLIEP.

MUKpOKOHTpOJUIEp HMCIOJbL3YeTCS  JJISl  pacuera
KOHILIEHTpalM aHAJTM3UPYEMOrO BElleCTBA 110 UHTEH-
CUBHOCTH (bJIyOpecLeHIIUM, I KaTMOpoBKU Nprubo-
pa, Il pacyeTa KOHIICHTpalUuu HAHOYACTUIL W/WIX
0MOJIOrMYECKOro Marepuaia u 1jsi o0ecreyeHus CBsi-
31 C TepCOHAJIbHBIM KOMITbIOTEpOM (puc. 3).

ITopucras memOpana (puc. 4) mpomyckaeT yepes I10-
PbI PACTBOP € OMOJOTMYECKMMY KOMITOHEHTaMU U 3a-
JIepXKUBaeT UCKOMBIN IETeKTUPYEMbI areHT (Hampu-
Mep, KieTky). Ha aTom Onosiornueckom areHTe (Ha ero
SIIUTOIIAX) aACOPOMPYIOTCS HAHOYACTULIBI, CBSI3aHHBIE
C aHTUTENIAaMU K JEeTeKTUPYEMOMY OHMOJOTMYECKOMY
areHty. Bo3OyxnmeHue diyopecueHIMN HAHOYACTULI
OCYILECTBIISIETCS MOTYITPOBOIHUKOBBIM JiazepoM. liu-
Ha BOJIHBI Jlazepa U JJIMHA BOJHbBI (iIyopeclieHIMU Ha-
HOYaCTUILl paziumyaiorcsd. Mexny ¢GOoTOOeTeKTOpOM U
nopucroii MemOpaHoii (puc. 5) pa3meniaeTcsl CBETO-
GUABTp, MPOMYCKAIOIINKA CBET C JJIMHOM BOJIHBI, U3-
JlyuaeMoOli HaHOYaCTULIAMU. DTO MO3BOJISIET BhIpE3aTh
13 OOIIETO CTIeKTPa CBET, BOSHUKAIOIINI B pe3yJIbTaTe
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diyopeclieHIIMM ~ OMOJOTMYECKUX

KOMITOHEHTOB. HNHTEeHCUBHOCTD
CBeTa, perucTpupyemMoro dorome-

TEKTOPOM, 3aBHUCUT OT KOJIMYECTBaA

CBeTOoANOAHbIN
VNHAMKaTOp
LED indicator

- T~ _— Biological cell
= ITopucraa memOpaHa
Porous membrane

|

|

|

|

|

|

| HAHOYACTUI Ha NOBEPXHOCTU IIO-
: pucrtoii MmemOpanbl. IlocnenHee, B
|

|

|

|

|

|

USB-uHTepdenc
USB-interface

CBOIO oYepenb, OymeT 3aBUCETH OT
KOJIMYECTBA NeTEKTUPYEMBIX OHMOJI0-
TMYECKUX KOMITOHEHTOB.

Ha ocHoBaHUM CTPYKTypHOM
CXeMBI pa3paboTaHa cxeMa DJIEKTpHU-
yeckas TMPpUHIMIIMAIbHAS Tpubopa.
Ona Bkmouyaer USB-moct CP2102,
MUKpoKoHTpouiep Picl6f887 u ¢o-
tonpueMHnK = TSL257. ®otompu-
€MHMK 00ecIreuyrBaeT PerucTpaLuio
W3MEHEHUST WHTEHCUBHOCTU CBeTa
2,93 MKBT/CM2 Ha Kaxnble 2 B npu
JUTWHE BOJTHBI 560 HM.

PazpaboTtaHbl ajroput™ pabOThI
MPOrpaMMHOro o0ecrevyeHusT MUK-
POKOHTpOJUIEpa M aJTOPUTM OOpa-

OCHOBAHMH OJIOK-CXEM aJITOPUTMOB
pa3paboTaHO HporpaMMHoe o0ec-
TeYeHne ¢ MCIOJIb30BAaHUEM sI3bIKa
nporpammupoBaHust C, cpeaa pas-
pabotku MP LAB.

Arnpo0aliysi MakeTHOro oopasla
npudopa 111 onpeaeaeHus] KOHIEH-
Tpal HAHOYACTUII TT0 MHTEHCHB-
HOCTU (pyiyopeclieHIMU OcCyllecTBiIeHa B MHcTUTyTe
XUMMU HOBBIX MaTepuanoB (r. MuHck). Jlis anpooba-
LIMM MaKeTHOro obpasua npubopa Obl1a coOpaHa 3Kc-
TepUMEHTaJIbHASI YCTAHOBKA C (PIIyOpeCLIeHTHBIM MUK-
pockorniom Planar MV1 (benapyce). B cinot ais mud-
poBoro (QoroamnmapaTra ObLUI IIOMelIeH (POTOAETEKTOP.
dnyopeciieHTHOEe M3MydeHre HaHovacTull CdSe/ZnS
rpoxonniio yepe3 cBetodmibTp 560 HMm. Ha npeamer-
HOM CTOJIe MUKPOCKOIa pa3Mellald CTeKJia ¢ Karuisi-
MU KOJIJIOMIHOTIO pacTBOpa HaHovacTull. [t ampoba-

|
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|
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Fig. 5. Circuitry of the device for determination of the concentration of
nanoparticles
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Puc. 6. Biok-cxema anropurMa paGoThl IPOrPAMMHOTO 00€eCTIeYeHNS
MHKPOKOHTpOJLIEpa

Fig. 6. Unit circuitry of the algorithm for operation of the software of the
microcontroller

[MpepbiBaHuA
Interrupts

[MpeobpaszoBaTthb B LPOBOE 3HAYEHUE
curHan garyumka
The digitized sensor signal value
¥
OTnpaBuTb 3HA4YEHWE NO BHELLHEMY.
NHTEpENCY KOHTponnepa
Send value on the external interface
controller

—7

BbiBeCTM TeKyLee 3Ha4YeHUe Ha MHAMKaTope
Output current value of the indicator

HactponTb nopThl M paboune perucTphbl
Configure ports and working registers

Bbixon 13 npepbiBaHust
Out of Interrupt

Puc. 7. Biok-cxema anropurMa o0paGOTKHM NpepbIBAHHS MPOrpaM-
MHOr0 o0ecnedyeHHsi MUKPOKOHTpOJLIepa

Fig. 7. Unit circuitry of the algorithm for processing of an interruption
of the software for the microcontroller

Tabnuua 3
Pe3ynbTaThl anpodanyu MakeTHOro o0pa3sia npudoopa

Table 3
Results of approbation of the model sample of the device

KoHueHTpauus
HaHOYACTUII, MT/MJI
Concentration of the
nanoparticles, mg/ml

TTokazanust mpubopa,
ycI1. ell.
Indicators of the device,
standard units

Ne obpasiia
Numbers
of the samples

1 0,5 854
2 0,125 218
3 0,03 52
4 0,008 15
5 0,002 4

LUK KUCIIOJb30BaJIU MsITh 00pa3LoB. Pe3yabTaThl n3Me-
PEHUI1 MHTEHCUBHOCTHU (DJIyOPECUEHTHOIO U3TyYeHUsI
HaHouacTtull CdSe/ZnS ¢ MUCIIOIbL30BaHEM U3TOTOB-
JICHHOTO MaKeTHOTo oOpaslia Mpudopa MpUBeIeHbl B
Tadma. 3.

PesynbTaThl anpobaiimy MakeTHOro obpasiia Mnpu-
Oopa 111 ompenaecHUs] KOHLEHTpaMK HAaHOYACTHII
M0 UHTEHCUBHOCTU (hJTyOpECLIEHIIUU MTOKA3aJIU €ro pa-
00TOCIOCOOHOCTh, 4 TaKXKe HEOOXOAMMOCTb U BO3-
MOXHOCTb JAJIBHEHUIIEH HAyYHO-UCCIEI0BATEIbCKON
1 OMNBITHO-KOHCTPYKTOPCKOU paboThl MO pa3padoTKe
KOHCTPYKLMU, KATMOPOBKE U U3roToBIeH0 MOMC-
BepcUU NpUbopa 111 IKCIPECC-UHAUKALIMA 3a00J1eBa-
HUM YeJIoBeKa.

HepCIleKTHBLl PA3BUTHA TCXHOJOTMH

PazpaboTaHHBII TEXHUYECKUHA TOAX0I MOXET OBITh
MpUMeHeH 1s1 n3roropiaeHrss MOM C-ycTpoiicTBa 3KC-
Mnpecc-IMarHoCTUKM 3a0ojeBaHUM yenoBeka. B atom
cllyyae B CTPYKTYPHYIO CXEMY MUKPOYCTPOMCTBa He-
00X0aMMO J00aBUTh MUKPOHACOC IJIs IPOKAYMBaAHUS
KMAKOCTU 4yepe3 MOPUCTYI0 MeMOpaHy U MMKpPOKJia-
MaHbl IS yIpaBjieHus Mofadeil XuaKkocTy (aHaau3u-
pyeMasi XUIKOCTb WM XHUIKOCTb C aHTUTEeJIaM1) Ha
nopuctyo MmeMopany. [IpoBeneHue npenBapuTeIbHBIX
AHAJIN30B B JIOMAIITHUX YCIOBUSIX TTO3BOJISIET YCKOPUTD
npolecc 60prObI ¢ 3a00I6BAHMEM U YMEHBIINUTD KOJIM-
YeCTBO aHAJIM30B, MPOBOAMMBIX B KITMHUYECKUX J1a00-
paropusix. [IpumepoM aHann3a B TOMAIIHUX YCJIOBUSX
SIBJIIETCSl YCTPOMCTBO JIsSI OTpeAesieHUs] MHCYIUHA B
KpOBMU 151 JTIOJiel ¢ caxapHbIM auaberoM. Poccuiickue
yuyeHbIe pa3paboTain 9KCIPeCcCc-TeCT IS AMarHOCTUKU
uHcysbTa [9]. OgHAaKO TaKUX MPUMEPOB OUE€Hb MaJlo.
ITpoBeneHNe KIMHUYECKON TUArHOCTUKM TpeOyeT 10-
POTOCTOSIIETO 000PYIOBAHUS U CITEIIMAIVICTOB BBICO-
Kol kBanudpukauuu. ITocTosSsHHO BO3HUKAET IOTPEO-
HOCTb B CO37JaHMU HOBBIX METOIMK M YCTPOMCTB IS
MpoBeaeHUsT ObICTPOIl BKCIpecc-AUarHOCTUKU B NIO-
MAaIIIHUX YCJIOBUSIX, TIOCKOJIBKY MHOTHE COBPEMEHHBIE
METOAMKM MMMYHOAaHajau3a MOCTAaTOYHO XOPOIIO OT-
pabotaHsl [10].
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3akioyeHue

PaspaboraHa cTpykTypHasi cxema mpuOopa 3KcC-
Mpecc-uHAMKALWU BO30yauTeNei 3a00eBaHuil Yeso-
Beka. PazpaboraHbl (pyHKLIMOHAIbHAS U 3JIEKTpUYe-
cKasl NMpUHUMITUAIbHASI CXeMbl MpUOOpa 3KCIpecc-uH-
JUKaluy Bo30yauTeeil 3adoneBaHuii. IIpoBeneHo Mo-
JeMpoBaHKe PaboThl MpUOOpa ¢ MPYMEHEHUEM CUCTEM
aBTOMaTUUYECKOro MpoeKTupoBaHusi. M3rorosiieH 3Kc-
MepUMEHTAbHBII 00pa3el] mpudopa 3KCIpecc-UHAN-
Kauuy Bo30yauTeneil 3abojieBaHMIA 4YeloBeKa B JI0-
MAaIlIHUX YCJIOBUSIX.
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MEMS for Pathogens Diagnostic

A concept was developed of a device for express diagnostics of human diseases in home conditions. The device consists of a laser
Jfor excitation of the fluorescence of markers (nanoparticles); a photodetector for recording of the level of the intensity of the nan-
oparticles’ fluorescence; a porous.membrane for fixing of the analyzed agents; a micropump for pumping of the analyzed liquid
through the membrane; microvalves for control of the supply of the analyzed liquid on the porous membrane; a 560 nm light filter
Jfor separation of the light resulting from the fluorescence of the biological components from the total spectrum. It would be expedient
to use the proposed concept for development and production of the microelectromechanical devices for the express diagnostics of hu-

man diseases.

Keywords: cantilever biosensor, micro-beam, indication of pathogens, metabolites, biomarktrs. aptamers, express diagnostics

Introduction

Microsensors are applied in the gas and biochemical
analysis, medical measurements, and for determination
of the authenticity of products. The ultrasensitive mi-
cromechanical method with the use of the console ma-
trixes is the basic method. One of the topical problems
of the biomedical diagnostics is to ensure high sensitiv-
ity and selectivity of the analyses. At that, the organic
fluorochromes are used as antigene markers. In parallel
with the development of the fluorescent markers and
techniques of immunological analysis there is a transi-
tion to the laser sources of excitation and fibre-optical
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systems of signal transmission. Their introduction in
combination with computer data processing opens
prospects for development of compact recording devic-
es. Development of the physicotechnological bases for
a device for express indication of the pathogens is top-
ical for the biotechnical and diagnostic purposes.

The aim of the work is analysis of information con-
cerning application of MEMS biosensors, development
of the operating principle and design of the device for
express indication of microorganisms and pathogens of
human diseases in the investigated volume of the ana-
lyzed HquidTor preliminary diagnostics in home con-




ditions. The basic results of the work are connected
with development of the structural, functional and elec-
tric circuitry of the instrument. The microsensors are
applicable for diagnostics and development of illnesses
or effects of treatment.

Indication of the pathogens of human diseases
with the use of microelectromechanicas devices
and systems

Microconsoles (MC) are rectangular microstrips of
silicon with thickness less than 1 micrometer (fig. 1).
Adsorption of the molecules of various substances (due
to their interaction with the receptor molecules) results
in a bend of MC owing to the surface stress. The bend
is recorded by a deviation of a laser beam. The console
biosensors (CBS) are used in vacuum, gases or liquids.
Their main advantages are their small size, quick re-
sponse time, high sensitivity, and transformation of sig-
nals without display markers [1].

The authors [1] use a matrix of eight MC. Every MC
is covered with a sensitive layer for a highly specific mo-
lecular interaction. The system can record simultane-
ously several pictures for various analyses. Each of MC
is covered with different sensitive layers. In a gaseous
environment the design is used as an artificial nose for
analysis of the quickly evaporating vapors and smells.

The sensors are controlled in the static, dynamic and
thermal modes. In a static mode there is mechanical re-
sponse of MC after adsorption of the molecules from
the analyzed environment. Surface stress leads to a
bend of MC with a deviation of ~10 nm. In a dynamic
mode MC fluctuates in the resonance frequency with
the use of a piezoelectric drive. For determination of an
analit MC is covered with a sensitive molecular layer.
After adsorption of the determined substance the reso-
nance frequency of MC decreases. Its change of 1 Hz
corresponds to a change of about 1 pg of the mass of the
analit adsorbed on MC. In the thermal mode the dif-
ference in the factors of linear expansion of the con-
sole material (for example, monocrystal silicon and
metal with thickness of 100 nm) causes a bend of a sen-
sor (of the bimetallic structure). Temperature changes
of 5...10 K cause deviation in MC of several nanome-
ters, which can be measured [1].

There is a necessity of detection and identification
of the chemical and biological substances, such as nu-
cleinic acids, proteins, drugs, explosives and cancero-
genic substances, toxins, pharmaceutical preparations,
poisons, allergens and the infected cells [2]. Clinical re-
searches demand special preparation of the laboratori-
ans and use of special equipment. The existing methods
of analysis use gas and liquid chromography and/or mass
spectroscopy; they demand a lot of time and money.
Therefore CBS, which can effectively detect/demon-
strate chemical and biological substances, will ensure
essential benefit in costs and analysis time.

A method was developed for transformation of the
biomolecular reactions into a nanomechanical action
with the use of the interconnection between the two
phenomena [2]. This change of the surface stress is due
to connection of DNA and fastening of the ligand re-
ceptors on MC and a nanosize deviation of MC. The
molecular force, resulting from adsorption of the mol-
ecules, causes a surface stress. MC is bent due to a non-
specific adsorption of the proteins. The method does
not demand fluorescent markers and optical excitation,
and belongs to the methods of ligand linkage in a liquid
environment. A strong MC is used. That means, that
MC has a big size or the material, of which it is made,
has higher Young modulus. Bigger MC can worsen sen-
sitivity to detection of small quantities. Besides, such
MC demands long influence of an analit for accumu-
lation of the quantity of the substance allowing its de-
tection.

Application of biosensors for diagnostics and treat-
ment of diseases is described in [3]. The method allows
us to determine composition of substances in liquids,
including blood, and breathing products. The biosen-
sors are described, which imitate naturally the reactions
in cells (in the RNA chain of nucleotides). Biosensors
are used in combination with signal agents in order to
ensure display on the screen of the biomarkers, which
are present in the exhaled air. As biosensors aptamers
are used as effective determinants of individual mole-
cules. They have higher specificity, than the diagnostic
technologies based on antibodies. Aptamers can meas-

Table 1
Metabolites and biomarkers found in human breath
Metabolites . . .
and biomarkers Indicator Diagnosis
Aldehyde Ethanol Intoxication
Acetone Amino acid salt Diabetes
Ammonia Amino acids Uraemia and illness

Carbon oxide
Chloroform
Dichlorobenzene
Diethylamine

Hydrogen
Isoprene
Methane etiol

Methyl ethyl ketone
O-toludin

Sulphides of
pentane

Hydrogen sulphide

Raised percent of
(¢f0)

Halogenated
substances

Halogenated
substances

Choline

Gases of intestines
Fat acid
Metionit

Fat acid

Metabolite of carci-
noma

Peroxidated lipid

Metabolism

of liver
Internal air pollution

Internal air pollution
Internal air pollution

Intestinal bacterial
growth

Intolerance to lactose
Metabolic tension

Intestinal bacterial
growth

Internal air pollution

Bronchogenic carci-
noma

Myocardium heart
attack

Periodontal illness
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ure such concentrations of lipid, which are lower by
several orders than in diagnostic tests with antibodies.
For aptamers it is one detected molecule per billion or
even sextillion of other molecules. Unlike the antibod-
ies, the production of which is based on animal and/or
cultural technologies, the production of aptamers takes
place in a test tube. Synthesis of aptamers is inexpen-
sive, they are obtained due to reaction with participa-
tion of polymerase. When the sequence of a chain is
known, they can be synthesised from separate natural
and/or synthetic nucleotides. Aptamers can be stored at

a room temperature.

A biomarker is a biochemical substance, which has
a specific molecular feature. It makes it applicable for
diagnosing and measurement of development of an ill-

ness or the effects of treatment. Metabolites and bi-
omarkers found in human breath include certain sub-
stances (table 1). In [3] a biological method of analysis
of the samples (breath and blood) is described. The
analysis consists in detection of analits (biomarkers) in
the physical liquids of persons, related to various vital
conditions or illnesses: intoxication, cancer, liver and
kidneys illnesses or diabetes.

The method for detection of the molecular bonds
and/or identification of the target substances by mon-
itoring of MC deviations with a feedback control is de-
scribed in [4]. Table 2 presents the methods for detec-
tion of the molecular bonds. Group 1 ensures the high-
est selectivity and sensitivity in identification of the bi-
omolecular substances [4].

Table 2
Methods for detection of the molecular bonds
Ne Group of methods Principle of operation Modifications
1 | Detection of chemical For detection of the molecular bonds | A microsystem may employ a source of a counterbalancing force
bonds (molecules) by the certain substances are attached to for returning of the console in the initial position. The force can
method of control over the | one or several MC. Presence of the | be magnetic, electric or radiative. The unit for detection and the
values of MC deviations. required substance leads to formation | mechanism, which generates the counterbalancing force, are con-
The fixed deviation of the | of the chemical bonds (new chemical | nected with the unit for information processing and control.
console corresponds to a compounds) and to MC deviations; | A computer regulates the feedback supporting the console in a
certain chemical interac- the deviations are recorded by the re- | fixed position by balancing of the force of deviation and the coun-
tion (substance) cording unit terbalancing force. The concentrations of the substances in a sam-
ple'is calculated on the basis of the counterbalancing force
2 | Analysis on the basis of an-| The required substance (antigene) or | If the antibody is attached to the support, then connection of the
tibodies. The compound, antibody to the required substance is | required substance to it can be revealed with the use of one more
molecule or their group for | attached to the fixed support (subject | marked antibody (a three-layer analysis or indirect fluoroimmu-
which the antibody was glass, test tube wall). The antibody is | noassay). An analysis on the basis of antibodies can sometimes
created, can be detected by | preliminary marked with a fluores- show unacceptably high levels of incorrect positive and negative
the methods of immuno- cent, fermental or other label. In results owing to a cross reactance of the antigenes with various
logical analysis (ELISA, such a way one can detect connec- | antibodies, low antigenicity of the required substance (leading to
western-blotting, etc.) tion of an antibody to the required low sensitivity of the analysis), nonspecific adsorption of the anti-
substance (direct immune-enzyme bodies to various surfaces, etc. The method is effective with high
analysis or fluoroimmunoassay) concentrations of the required substance
3 | Analysis on the basis of A sample of oligonucleotide, by DNA chips were developed, which contain hundreds or thou-
crossing of the oligonucle- | which the target substance had been | sands of individual oligonucleotide samples. Crossing of the target
otides for detection of the | marked, is crossed with the sample, | nucleinic acid and a sample of oligonucleotide can be detected
target oligonucleotides, in- | suspected for the content of the tar- | with the use of the fluorescent and radioactive marks, etc. There
formation RNA, genomic | get nucleinic acid are restrictions connected with the sensitivity and/or specificity of
DNA, etc. the analysis. This is connected with the fact that crossing of the
nucleinic acid can be possible between the sequences, which exactly
supplement each other through an unsuccessful crossing conduc-
ting to incorrect positive results
4 | Analysis of the activity of The speed is determined, with which | For determination of the enzymatic activity the following meth-
the enzymes the enzymes catalyze this or that bio-| ods are used. Chemical method — a quantitative determination of
chemical reaction. It, in turn, is a substratum or products by means of chemical reagents.
measured by the speed of transforma- | Spectrophotometric method — measurement of the speed of the
tion of a substratum or the speed of | enzymatic reactions by the change of absorption of a substratum
accumulation of the products of re- | at a characteristic wavelength. Manometrical method — determi-
action nation of the quantity of the gas escaping in the course of a reac-
tion. Polarimetric method — the change in the optical rotation is
recorded. Chromatographic method — determination of a sub-
stratum or products by means of various kinds of chromatography
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The device and technology for determination of the
weight of a substance based on recording of the fre-
quencies of the resonating MC are described in [5]. MC
is covered with a fixed counteragent. capable to interact
with a cell or a molecule.

The initial frequency of the resonance is determined
of the MC, covered with the fixed counteragent. As a
result of processing by a solution, which interacts with
the counteragent, the weight of MC increases. The sec-
ond frequency of the resonance is recorded. The dif-
ference gives the reason to declare that the target cell or
a molecule has been found. The frequency character-
istics of MC are determined optically by means of the
reflected light and two photodetectors, or by means of
the interference method with the help of one photo-
detector.

In [5] there are descriptions of high-sensitivity CBS
for determination of a chemical or biological substance.
If earlier it was enough to measure the quantity of a
substance of about a microgram, today science and in-
dustry need detection of a separate cell, an endocellular
element or a substance with weight of about 1072 g. For
example, in the food processing industry even insignif-
icantly small quantities of toxins can be dangerous for
people. For example — Escherichia Coli (E. Coli) bac-
terium. Special attention of the mass-media alarmed
the consumers about the presence of E. Coli in meat
products, apple juice and lucerne (forage for cows).

The system [5] includes a light source, MC and a
photo diode. One end of MC is motionlessly fixed, the
other end resounds under the influence of the environ-
ment. The resonance frequency depends on the weight
of MC. The photo diode generates a signal. The light
reflected from the top of MC is the function of the fre-
quency of MC vibration. The surface of MC is covered
with a counteragent for its binding with a certain ana-
lyzed substance. The deposited substance increases the
weight of MC. The processor is connected to the photo
diode and carries out the program of determination of
the weight of the analyzed substance kept by the bind-
ing counterpart. The length. of MC is 0,5...1000 um. MC
was developed for detection of substances including
pathogens, microorganisms, bacteria, viruses or their
certain groups. The binding counteragent may include
an antibody, which is connected with such objects as
cells, their fragments or elements.

CBS for detection of gases and vapors are described
in [6]. Covered with special substances MC is exposed
to a chemical influence during several hours. Measure-
ments were done before occurrence of Lennard-Jones
potential (the neighbouring molecules are pushed off
from each other, and at big distances they are drawn to
each other). In many cases the absorption of the mol-
ecules on the surface of MC may be oriented in the op-
posite direction by simple heating of the system or its
placing in vacuum.

Development of a device for determination
of the concentration of nanoparticles by the intensity
of the fluorescence

Researches [7, 8] allowed us to develop and manu-
facture a model sample of the device for the express di-
agnostics of human diseases in home conditions. The
device includes: a laser for excitation of the fluores-
cence of the markers (nanoparticles); a photodetector
for recording of the level of the intensity of their fluo-
rescence; and a microcontroller.

The microcontroller is used for calculation of the
concentration of the analyzed substance by the inten-
sity of the fluorescence; for device calibration; for cal-
culation of the concentration of the nanoparticles
and/or biological material and keeping of connection
with a personal computer (fig. 3).

The porous membrane (fig. 4) lets through a solu-
tion with biological components and detains the detect-
ed agent (for example, a cell). On this agent (on the
epitopes) the nanoparticles are adsorbed: connected by
the antibodies to the detected biological agent. Excita-
tion of the fluorescence of the nanoparticles is carried
out by a semi-conductor laser. The wavelength of the
laser and the wavelength of the fluorescence of the na-
noparticles differ. Between the photodetector and the
porous membrane (fig. 5) there is an optical filter,
which lets the light with the same wavelength as radi-
ated by the nanoparticles pass through. This allows us
to separate the light resulting from the fluorescence of
the biological components from the total spectrum. The
intensity of the light recorded by the photodetector de-
pends on the quantity of the nanoparticles on the sur-
face of the porous membrane. The latter, in turn will
depend on the quantity of the detected biological com-
ponents.

The basic electric circuitry of the device was devel-
oped. It includes CP2102 USB bridge, Picl6f887 mi-
crocontroller and TSL257 photodetector, which en-
sures recording of the change of the intensity of light of
2,93 mecW/cm? per each 2 V at the wavelength of 560 nm.

Algorithms were developed for operation of the soft-
ware for the microcontroller and processing of inter-
ruptions (fig. 6 and 7). On the basis of the unit circuitry
of the algorithms a software was developed with the use
of C language and in MP LAB environment.

Approbation of the model sample of the device for
determination of the concentrations of nanoparticles by
the fluorescence was carried out at the Institute of
Chemistry of New Materials (Minsk). For this purpose
an experimental installation was assembled with Planar
MVI fluorescent microscope (Belarus). A photodetec-
tor was placed in the slot for a digital camera. The flu-
orescent radiation of CdSe/ZnS nanoparticles passed
through an optical filter of 560 nm. On a subject table
for a microscope the glasses were placed with drops of
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a colloidal solution of nanoparticles. Five samples were
used for approbation. The results of the measurements of
the intensity of the fluorescent radiation of CdSe/ZnS
nanoparticles with the use of the manufactured model
sample of the device are presented in table 3.

The results of determination of the concentration of
nanoparticles by the intensity of the fluorescence dem-
onstrated the operability of the device, and also neces-
sity and possibility of the further research and develop-
ment of the device, its calibration and manufacture of
a MEMS version of the device for an express indication
of human diseases.

Prospects for development of the technology

The developed approach can be applied for manu-
facture of the MEMS device of express diagnostics of
human diseases. The microdevice unit circuitry should
be complemented with a micropump for pumping of
liquids through the porous membrane, and microvalves
for control of the supply of the analyzed liquid or a lig-
uid with antibodies to the porous membrane. Prelimi-
nary analyses in home conditions will allow us to ac-
celerate the struggle against the diseases and reduce the
quantity of analyses in the clinical laboratories. An ex-
ample of the analysis in home conditions is the device
for determination of insulin in the blood of people suf-
fering from diabetes. The Russian scientists have devel-
oped an express test for diagnostics of a stroke [9].
However, such examples are very few. Clinical diag-
nostics demands expensive equipment and qualified
professionals. There is a constant need for new tech-
niques and devices for the express diagnostics in home
conditions, because many modern methods of immu-
noassay are developed well enough [10].

Conclusion

Circuitry of a device for an-express indication of the
pathogens was developed, the functional and electric
circuitry of a device for the express indication of the

pathogens. Modelling was done of operation of the de-
vice with application of the systems of computer-aided
designing. An experimental sample of the device for the
express indication of the pathogens in home conditions
was manufactured.
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