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Paspabomana cmpykmypHas cxema npubopa 045 3KCnpecc-0uaeHOCMUKY 8 00MAWHUX YCA08Usax 3a00nesanull yesosexa. llpu-
b0p eKatouaem: 1azep 045 6030yicoeHUs (PAYOpeCUeHYUU Mapkepos (HaHouacmuy); gomodemekmop 045 pecucmpauuu ypoeHs uH-
MEeHCUBHOCMU (DAYOPECUCHYUU HAHOYACIUY, MUKDPOKOHMPOALED; NOPUCMYI0 MEMOPAHY 045 3aKpenNeHUss AHAAUSUPYEeMbIX aeeH-
M08; MUKPOHACOC 0451 NPOKAYKU AHAAUSUPYEMOU JICUOKOCIU Hepe3 MeMOPaHy;, MUKPOKAANAHbl 045 YHpaeaeHus nodavei aHaiu-
3UPYemoll HCUOKOCMU HA NOPUCMYI0 MeMOpany,; ceemoghuavmp 560 HM 045 @bipe3anus U3 0bujeco CneKmpa céema, 803HUKarueo

6 pesyavmame (ayopecueHyuu 6U0I0UMeCKUX KOMNOHEHMOE.

Karoueevie caoea: xoncoavubili 6uodamuuk, Mukpoobaika, uHouKauus 6o3oyoumeneil 3a601e6anuil, memaborumst, 6uomap-

Kepbl, anmamepul, IKCnpecc-0uaeHoCmuKa

BBenenue

MuKpoIaTInKy MPUMEHSIOT B Ta30BOM U OMOXU-
MMYECKOM aHAJIN3aX, MeAUIIMHCKUX UBMEPEHUSIX, TIPU
ornpeneSeHUr TOMIMHHOCTA TMpoaykTra. OCHOBHBIM
3[eCh SIBJSIETCS YJIbTPAuyBCTBUTEIbHBIN MUKpOMeEXa-
HUYECKMI CIoco0 C HCIOJIb30BaHWEM KOHCOJIBHBIX
MaTpull. OOTHOI 13 aKTyaJbHBIX 3aJa4 B OMOMEIUIIH -
CKOM JMarHoCTUKe sIBseTCsl oOecrieyeHre BbICOKOM
YyBCTBUTEJIbBHOCTU Y U30MpaTeIbHOCTH aHaIu30B. B Ka-
YecTBE BELIECTB IJII METKM aHTUI€HOB HCIOJb3YIOT
opranuueckue ¢ayopoxpomsl. IlapaienbHo ¢ pa3Bu-
THEeM (QIIyOPECLIEHTHBIX METOK M METOIMK UMMYHOJIO-
IMYEeCKOro aHaan3a MPOUCXOIUT MEPEXo Ha JJa3epHbBIe
HWCTOYHUKU BO30OYKIEHUS W ONTOBOJOKOHHBIE CUCTE-
MBI MiepeJayn curHaia. BHeapeHre 3TUX 2JIEMEHTOB B
COYETaHUM C KOMITbIOTEpHOU 00paboTKoN MHGbOpMa-
LIMKA OTKPBIBACT IIMPOKUE MEPCIIEKTUBDI IJIsI CO3AAHUS
KOMIMAKTHBIX perUCTPUPYIOLIUX YCTpoicTB. Paspabort-
Ka (PU3UKO-TEXHOJOTMYECKUX OCHOB CO3IaHUSI MpPU-
0opa sKCcIpecc-MHANMKAIUM BO30yauTesIei 3a0oJieBa-
HUA, 6e3yCIOBHO, aKTyajlbHa JJI1 OMOTEXHUUYECKUX U
0COOEHHO TMATHOCTUYECKUX IIEJICH.

Ileav nacmosweld pabomsr — aHANU3 NATEHTHOU U
Hay4YHO-TEXHUYECKOI MH(bOpMaLMK O paboTe U Mpu-
MeHeHUu MOMC-01oaaTuMKOB, a TaKXKe pa3padoTKa
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CTPYKTYPHOIN CXeMbl M KOHCTPYKILIMHM MPUOOpa 3KC-
MpecCc-MHINKAIMA MUKPOOPTaHM3MOB U BO30OYIUTE-
Jieit 3a0oyieBaHMIA YeJIoBeKa B MCCIEIyeMOM OObeMe
AHAIM3UPYEMOM XUAKOCTU IJis TIpeIBapUTEIIbHOM
MEIMIIMHCKON MUAarHOCTUKM B JOMAIIHMX YCIIOBMSIX.
OCHOBHbIE pe3yabTaThl PabOTHI CBA3aHbI ¢ pa3padoT-
KOM CTPYKTYpPHOM, (PYHKIIMOHAJIBLHON M BJIeKTpuYe-
CKOl MpUHIUINMAIBHONW cxeM mpubdopa. Mukpobmo-
JaTYMKU TIPUMEHVMBbI ISl JUarHOCTUPOBAHUS U U3-
MepeHUsT pa3BUTUSI 00JIe3HU WU 3D GHEKTOB JeUeHUs.

Nuaukanus Bo30yauTeIeii 3a00J1eBaHMii YeI0BEKa
C HCIOJIb30BAHUEM MHMKPOIJICKTPOMEXAHMYECKUX
YCTPOWCTB M CHCTEM

KoHconu mnpeacraBisitoT coboil MPSIMOYTOJbHbIE
MMKPOIIOJIOCKM KPEMHUS TOJIIUHON MeHee 1 MKM
(puc. 1). AacopOLusi MOJIEKYJ pa3IWYHbIX BEIIECTB
(3a cueT B3aMMOICICTBHS STUX MOJIEKYJI C MOJIEKYJIaMU
peliernrtopa) MpUBOAUT K U3rudy mukpokoHcoau (MK)
BCJICACTBME MOBEPXHOCTHOIO HampspkeHus. M3rubd pe-
TUCTPUPYETCS OTKJIOHEHUEM JlazepHoro Jiyya. KoHcoJb-
Hbie onomatunku (Kb/I) ucrnonb3yloT B pa3inyHbIX Cpe-
Jlax: BaKyyme, ra3ax WiIM XUIKOCTSX. [ J1aBHbIE TTpeuMy-
mectBa Takux Kb/l — ux HeGob1IoM pa3Mep, ObICTpoe
BpeMsl OTKJIMKA, BbICOKasl YyBCTBUTEJIbHOCTb, MPeoo-
pa3oBaHUE CUTHAJIOB 0€3 MHAWKATOPHBIX METOK [1].




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

ABTOpPBI pa0bOTHI [ 1] UCMOJIB3YIOT MAaTPUILY U3 BOCh-
mu MK. Kaxnas MK mokpeiTa 4yBCTBUTEJILHBIM CJIO-
eM JJIs1 o0ecrnedyeHMs] BbICOKOCTIeM(UIYECKOTro MoJie-
KYJIsSIpHOTO B3auMmoaeicTBus. CrucreMa MOXeT (hUKCU-
pOBaTh OJHOBPEMEHHO HECKOJIBKO KapTWUH JJIs1 pa3iny-
HBIX aHaM30B. 1 3Toro Kaxayo n3 MK nokpeiBaoT
pPa3HBIMU YYBCTBUTEJIbHBIMU CJIOSIMU. B razoobpaszHoit
cpene KOHCTPYKIIMS MCMOJb3YeTCsl KaK MCKYCCTBEH-
HbI HOC [IJ1 aHaIM3a ObICTPOUCTIAPSIONIMXCS TTApOB U
3aIaxoB.

JatyrkaMu yrpaBisiloT B CTaTUYECKOM, AWHAMM-
YECKOM U TEIJIOBOM pexxumax. B craTuyeckom pexxu-
M€ TMPOUCXOAUT MexaHuueckuit oTkiauk MK mocie
azcopOLMU MOJIEKYJ U3 aHaIM3upyemoil cpenbl. [1o-
BEpPXHOCTHOE HampsiKeHWe MpUBOAUT K u3rnoy MK ¢
oTkioHeHueM ~10 HM [1]. B nmHaMu4yeckoM pexnme
MK konebaercss B 4aCTOTe pe30HaHCa C MCMOJIb30Ba-
HUEM IMbe302JIeKTpUUecKoro npusona. st onpenesne-
HUS MoJieKya aHaimuTta MK mokpeiTa creuuaabHbIM
YYBCTBUTEJbHBIM MOJIEKYISIpHbIM cjioeM. [locne an-
cOpOLMHU ONPEAENISIEMOrO BELLIECTBA YaCTOTA PE30HAH-
ca MK ymensbiiaercs [1]. U3MeHeHHe 4acTOThI pe30-
HaHca B 1 'l COOTBETCTBYET U3MEHEHMUIO MACChI afl-
copbupoBaHHoro Ha MK ananuta nmpuMepHo B 1 mr.
B TermoBoM pexume paznuuue B KoadduimeHTax
JIMHEMHOIO paclIMpPEeHMUs] KOHCOJIbHOIO MaTepuaja
(HarpuMep, MOHOKPUCTA/UIMYECKUI KPEMHUM U Me-
TaJ1 ToauHoui 100 HM) BbI3bIBAET U3TMO KOHCOJIbHO-
ro gaTymka (OMMeTaJIM4ecKoi CTpyKTyphl). Temnepa-
TypHble u3MeHeHus 5...10 K BbI3bIBaIOT OTKJIOHEHME
MK B HECKOJIbKO HAHOMETPOB, KOTOPbIE MOTYT OBITh
u3MepeHs! [1].

HNmeeTcst HEOOXOAUMOCTh OOHAPYKEHUS U UACH-
TUGUKALIUY XUMUUECKUX U OMOJIOTMYECKHX BEIIECTB,
TaKHUX KaK HYKJIEWHOBBIE KMCJIOThI, OEJIKM, HAPKOTH-
KU, B3pbIBYAThIE BElLIECTBA, TOKCUHBI, (hapMalieBTUYE-
CKHe Tpernaparbl, KaHILIEPOTeHHbIe BEIeCTBa, SIIbI,
ajyepreHbl U MHGUUMPoBaHHbIe KieTkU [2]. TTpose-
JleHUe KJIMHMYECKMX HMCCIeNOBaHUM TpeOyeT crelu-
aJlbHON TOATOTOBKM JAa0OPAHTOB M MCMOJIb30BAHUS
crielMagbHoro obopynosaHus. CyliecTBylolue j1abo-
paTopHble METOJbI aHAM3a UCTOJb3YIOT Ta30BYIO XU/ -
KOCTHYIO XpoMorpaduio u/Wik Macc-CreKTPOCKOIMUIO;

OHM TpPeOYIOT MHOTO BPEMEHM U SBISIOTCS ITOPOTO-
crosimu. ITostomy KB/, criocoOHbie TOUHO U 3h-
(beKTUBHO OOHAPYXUTh/MOKA3aTh XUMUYECKHUE U OUO-
JIorMyecKue BelllecTBa, odbecrneyar CyleCTBEHHYIO Bbl-
roay B CTOMMOCTH M BPEMEHM aHaJIM3a.

Paspaboran merom mpeoOpa3oBaHUSI OUOMOJEKY-
JISIPHBIX peaKlUiA B HAHOMEXaHMYECKOE NEHCTBUE C
WCIOJIb30BAHUEM B3aMMHOW CBSI3U MEXIY OBYMs SIB-
JneHusiMu [2]. C ogHOM CTOPOHBI, 3TO U3MEHEHHUE IO~
BEPXHOCTHOT'O HaIpsIKeHUsI, BOSHUKAIOIIETO BCJIEACT-
Bue coeauHenus1 JHK u 3akperieHus1 peuenTopoB-
Jurana Ha MK, ¢ apyroii CTOpoHBI, 3TO HaHOpa3Mep-
Hoe oTkiIoHeHue MK. MonekysipHasi cuia, siBJsO-
1asicsl pe3yabTaToM aicopOLMU MOJEKYJ, BbI3bIBAET
NoBepXHOCTHOe HampskeHue. MK crubaerca B pe-
3yJbTaTe Heclneuuduuyeckon aacopOuuu 6enkoB [2].
Meton He TpeOyeT mnpuMeHeHMsT (IyOpPeCLEHTHBIX
METOK, ONTUYECKOTO BO30YKIAEHUS U OTHOCUTCS K Me-
TOAAM CBSI3bIBAaHMSI IUTAHIOB B XXUAKON cpene. B atux
cydasix ucrnoJjibdyetcs npouHass MK. Dto o3Hauaer,
yto 1160 MK umeeT 00b10i pa3mep, 1100 MaTepu-
aj, U3 KOTOPOTO OHAa WM3TOTOBJIEHA, UMEET OTHOCU-
TeJIbHO 00JIbIIOK MOoayIb ynpyroctu FOHra. bosbline
MK MoryT yxyaiaTh 4yBCTBUTEIbHOCTb MTPU OOHAPY-
KEHUW MaJIbIX KOJMYECTB LIEJEBBIX BeulecTB. Kpome
toro, Takasa MK 3auacTyio TpeOyeT IJIUTEIbHOIO BO3-
JNEUCTBUSI aHAIUTA JJI1 HAKOIUJIEHUs MOIAIOIIErocs
00HApYXXEHUIO KOJIUYECTBA ITOrO BEIIECTBA.

ITpumMeHeHMe OMOAATYMKOB JUISl 1MarHo3a v JieueHust
6osne3nm ommcaHo B pabote [3]. Crioco0 Mmo3BoisieT
OIpeJeUTh COCTAB BEIECTBA B XXUIKOCTSIX, BKIIIOYast
KPOBb, W MIPOMYKTHI IbixaHus1. OnrcaHbl OMOIATYMKU,
KOTOpBIE TIOMPaXaloT €CTECTBEHHO ITPOMCXOMSIINM
peakuusaM B Kietkax (Hanmpumep, B PHK-nenu Hyk-
JieoTu10B). BrogaTyMku MCIoOab3yIOT B KOMOMHALIUU
C CUTHaJIbHBIMU areHTaMu, YToObl 00EeCIeYUThb MOKa3
Ha 3KpaHe OMoMapKepoB, MIPUCYTCTBYIOIINX B BBIIOX-
HYTOM Bo3ayxe. B kauecTBe OMOIaTYMKOB UCIIOJIb3YIOT
anTamepsbl, Kak HauboJjee 3(h(heKTUBHBIE ONIPEACIUTE -
JIM eAVHNYHBIX MoJieKyn [3]. Oum oOmamaior Oojee
BBICOKOH CIelM(pUYHOCTbIO U HAIEXKHOCTBHIO, YEM OC-
HOBaHHbBIE HA aHTUTEJIaX OTMAarHOCTUYECKUE TEXHOJIO-
M. ATITAaMEPHI CITOCOOHBI U3MEPUTh TAKME KOHIIEH-
Tpaluu JIMIIKAA, KOTOpble Ha HECKOJbKO IOpPSIIKOB
HUXKE, 4YeM TMpU MCIIOJAb30BAHUM THArHOCTUYECKUX
TECTOB C aHTUTeIaMu. 111 anTaMepoB 3TO OfHa AeTeK-
THpyeMasl MOJIEKyJla Ha TPWIITMOH WJIM JaXe CEKCTHII-
JIMOH Apyrux Mojekya [3]. B ornuume or aHTUTEN,
MPOU3BOJICTBO KOTOPHIX OCHOBAaHO Ha XMBOTHBIX
WU/WIW KyJIbTYpajlbHbIX TE€XHOJIOTUSIX, MPOU3BOJCTBO
arnTaMepoB MPOMCXOAUT B mpobupke. CMHTE3 arrTa-
MepoB aelleB [3], ux Mmoay4yaroT peakiueil ¢ yyacTueM
nosuMepasbl. Jlanee, Kak TOJbKO MOCIeA0BaTEIbHOCTD
LIEMOYKM M3BECTHA, OHU MOTYT OBbITh CUHTE3UPOBaHBI
U3 OTACJbHBIX €CTECTBEHHBIX W/WUIW CUHTETUUYECKUX
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HYKJICOTUAOB. ATITaMephbl YCTONYMBHI K IJIATEILHOMY
XpaHEHUIO MPU KOMHATHOM TemIiepaType.

buomapkep npeacrapisieT co00ii OMOXMMHYECKOE
BEIIECTBO, Y KOTOPOTO €CTh OIpeieieHHasl crieupu-
yecKast MOJIEKYJIIpHask 0COOEHHOCTh. DTO JAeaaeT Ouo-
MapKep NPUMEHUMbIM JJI1 AMAarHOCTUPOBAHUS U U3-
MEpEeHMsT pa3BUTHS 00JIe3HM WIM 3(PdEeKTOB eye-
HUs. MeTaboJuThl U1 OMoMapKephl, HaliIEHHbIE B JbI-
XaHUY 4YeJoBeKa, BKITIOYAIOT OMNpeAe/icHHbIe BelllecTBa
(tabm. 1). B pa6ote [3] ormmcaH OMOIOTrMYECKIIT METO,
aHanu3a oOpa3loB (IbIXaHUWE W KPOBb). AHAJIU3 3a-
KJIIo4aeTcsl B 0OHApyKeHUU aHAJIUTOB (OMOMapKepoOB)
B (hM3UUYECKUX KUAKOCTSIX YETTOBEKA, UMEIOLIMX OTHO-
LIeHWE K pa3INYHbIM XKU3HEHHBIM YCJIOBUSAM WK 00-
JIE3HSIM, TAKMM KaK OINlbsiIHEHUE, paK, 00JIe3Hb ITEYEHH,
Moyek ujiu auaber.

Crioco® oOHapy>KeHUsT MOJIEKY/ISIPHOM CBSI3U U/WIIU
UASHTU(MWKAIIKA 1IEJIEBBIX BEIIECTB ITyTeM MOHUTO-
puHra otkjaoHeHuit MK (puc. 2) ¢ KoHTposeM obpart-
HOM CBsI3U omnucaH B padote [4]. B tabn. 2 npencras-
JIeHbl METOAbl OOHAPYXXEHUSI MOJIEKYJISIPDHBIX CBSI3Eil.
I'pynma 1 obecneunBaeT HanboJiee BHICOKYIO CeJIeK-
TUBHOCTh W UyBCTBUTEIBLHOCTb NP MIACHTU(UKAIIN
OHMOMOJIEKYISIPHBIX BElECTB [4].

YCeTpoiACTBO M TEXHOJIOTUSI OIpeAeeHUsT MacChl
BellleCTBa, OCHOBaHHAsl HA PErMCTPallMK YacTOT Pe30-
Hupytomeit MK, onmmcansl B padote [5]. MK mokprita

Tabauua 1
MeTta00auThl B OHOMAPKEPDI, HAli/ICHHBbIE B ABIXAaHHHM Y€JIOBEKA
MeTaboanTsl
Wunukatop JunarHos
1 OroMapKepbl
Anbaerun DTaHoa OrnbsiHEHUE
AlleToH Conb aMuHOKUCIIOTH | JInabeT
AMMuak AMMHOKHCJIOTBI Ypemus
" 00JIe3Hb TIEYCHU
Oxwuce yraepona | [ToBeiueHHslil mpo- | BHyTpeHHee
uent CO 3arpsisHEHUE BO3IyXa
Xnopodopm lanorenusupoBan- BHyTpeHHee
HbIE BelllecTBa 3arpsisHEHUE BO3IyXa
Juxnopbenson | [ajoreHu3upoBaH- BuyrpenHee
HbIE BEllleCcTBa 3arpsisHEHNUE BO3IyXa
JvsTunaMuH XonmH Kueunsrit
OakTepuaNbHBII pocT
Bonopon ['a3bl KMIIEYHUKA HerepnumocTts
K JIAKTO3€
W3zonpen KupHas kuciora Mertabonnueckoe
HaTnpsoKeHue
Meranatuon Mertuonur Kuireunsrit
OaKkTepuaabHbI POCT
Metunatunke- | 2KupHasi Kuciora BHyTpeHHee
TOH 3arpsi3HEHUE BO3IyXa
O-TomonnH Mertaboaut Bponxorennast
KallMHOMBI Kapuuoma
Cynbbuast [MepokucneHHbII Hudbapxr Muokapaa
MeHTaHa JIATIA]T
CepoBopopon Metabonuszm [MepuonoHTanbHas
60J1e3Hb
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TpagweHT notenymana
Potential gradient

Puc. 2. Cxema o0HApyXKeHHS MOJEKYJISPHO# CBA3M MYT€M MOHHTO-
PHMHIa OTKJIOHEHHI KoHcou [4]

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

(buKCUpOBaHHBIM KOHTPAreHTOM, CIIOCOOHBIM B3aUMO-
JIEAICTBOBATh C OMNPEEISIEMOM KJIETKOU WM MOJIEKY-
Joit. OnpenensieTcs MCxoaHas yactora pezoHaHca MK,
MOKPHITOl (PMKCUPOBAaHHBIM KOHTpareHToM. B pe-
3yJIbTaTe OOpabOTKM PacTBOPOM, KOTOPLI B3aMMO-
JIelicTByeT ¢ KoHTpareHToM, mMacca MK Boapacraer.
Peructpupyercst BTopast yactota pe3oHaHca. PazHuua
B YaCTOTax JaeT OCHOBaHUE 3asIBUTh, YTO OOHApyKeHa
lieJieBasl KjieTkKa Wiad Mosiekysaa. YacToTHbIe XapaKTe-
puctuku MK onpenessiorcs onTUYeCKUM METOIOM C
TMOMOILBIO OTPaXKEHHOTO CBeTa U ABYX (POTONETEKTO-
pOB 100 MHTEP(HEPEHIITMOHHBIM METOIOM C TTOMOILBIO
ofHoro ¢oTomeTeKTopa.

B pabGote [5] ommcaHbl BBICOKOYYBCTBUTEJIbHbBIE
KBJI nnst onpeneneHUsT XUMUYECKOTO MJIM OMOJIOTH -
yeckoro BellecTBa. Eciau paHee ObIIO OOCTaTOYHO
U3MeEpSITh KOJIMYECTBO BellleCTBa TMOpsiaKa MUKpPO-
rpamMma, TO CEroiHs1 Hayka U MPOMBILIJIEHHOCTb UMe-
I0OT MOTPEOHOCTh B OOHAPYXXEHUU OTAEJIbHOW KJIETKU,
BHYTPUKJIETOUHOI'O 3JIEMEHTa WJIM BellecTBa Maccoi
MopsIKa 1075, Hanpumep, B nU1eBOI MTPOMBIIILIEH-
HOCTH JaXKe HUYTOXHO MaJible KOJMUeCTBA HEKOTOPBIX
TOKCHHOB OBITh MOTYT BPEIHBIMUA U OMACHBIMU TS JIIO-
neit. [lpumep — OGaktepusi Escherichia Coli (E. Coli).
IMoBbiieHHoe BHuManue CMM ycunmiao BoJHEHUE
norpeoduresieit K npucyrctBuio E. Coli B MSICHBIX TIPO-
JIyKTax, sSI0JIOUHOM COKe U IoOerax JIIoLepHbI (KOpM
JIJIST KOPOB).

Cucrema [5] BKiIIOYaeT UCTOYHUK cBeTa, MK 1 ¢o-
toauon. OavH koHel, MK HemoaBMXXKHO 3aKperieH,
JIPYroy KOHELl Pe30HUPYET I10J ACUCTBUEM BHEIIHEH
cpenpl. YacTtora pe3oHaHca 3aBUCHT OT mMacchl MK.
®oronnon reHepupyeT curHaa. OTpakeHHbIN OT Bep-
mwrHbl MK cBet sBiisieTcs (pyHKLMER 4acTOThl BUOpa-
1 MK. TTosepxHocTh MK mokpbITa KOHTpareHTOM
JUJIST CBSI3BIBAHMSI C OINpPeAeICeHHbIM aHaJIU3UPYyeMbIM
BeliecTBoM. OcaauBlieecsl BELIECTBO YBEJIUYUBAET




maccy MK. IIpoueccop coenuHeH ¢ GoToAMOa0M, BbI-
TTOJTHSIET TIPOrpaMMy OIpeAeICHUS MacChl aHATU3HPYe-
MOrO BellleCTBa, YIep>KUBAeMOTO CBSI3YIOIIMM KOHTP-
areHtoMm. /iimna MK 0,5...1000 mxm. MK pa3zpaboraHa
JIIs1 OOHApY>XKeHUs BellleCTBa, BKJIHOYAIOIIETO MaToreH,
MUKPOOpPTraHu3M, 0akTepuio, BUPYC WIM HEKOTOPYIO
rpynmny u3 31oro. CBsI3bIBAIOLIUNA KOHTPAreHT MOXET
BKJIIOUATh B ce0S1 aHTUTENO, KOTOPOE COEIUHSIETCS C
TaKMMM OOBEKTAaMM, KaK KJieTKa, ()parMeHT KIJIeTKHU
WJIM €€ DJIEMEHT.

KB/ nnst o6HapyXeHUsI ra30B U MapoB OMUCaHbI B
pabote [6]. [TokpwIThIe CITeIIMAIBHBIMU BEIECTBAMU,
MK mnoaBepraloTcsi XMUMUYECKOMY BO3IACHCTBUIO He-

CKOJIbKO 4YacoB. M3MepeHMsI MPOBOAAT IO MOMEHTA
nosiBjeHus noreHuuana Jlennapaa—/IxoHca (cocen-
HHUE MOJICKYJIBl OTTAJKMBAIOTCS, a HA OOJBIINX pac-
CTOSIHMSIX TIpUTsruBatoTcsi). Bo MHorux ciyvasix ao-
copO1ust MojeKyJsl Ha noBepxHocT MK mMoxkeT ObITh
HamnpapjeHa B O0paTHYIO0 CTOPOHY IyTeM MPOCTOro Ha-
IpeBaHUs CUCTEMBI WIM MOMEIIEHMS €€ B BaKyyM.

Pa3paboTka npudopa aJia onpeaesieHHs KOHIEHTPAIMA
HAHOYACTHIL 0 HHTEHCHBHOCTH (DJIyOpeCHEeHIUI

[TpoBeneHHble uccaenoBanus [7, 8] mo3BoIMIM
pa3paboTaTh U M3rOTOBUTH MAKETHHIM oOpasel mpu-
0opa JJ1s1 3KCMpecc-AUarHoCTUKU B JOMAIITHUX YCJIO-

Ta6auua 2

Mertonbl 00HApYKEHHSI MOJIEKYJISIPHBIX CBsI3€i

Ne mi/m I'pynma meTomoB

IMpuHIIMT pabOTHI

Monudukanun

1 OOHapyxeHue XxuMuyie-
CKUX CBsI3el (MOJIEKYJT)
MyTeM KOHTPOJISI 3a 3Ha-
YEHUSIMU OTKJIOHEHM It
MK. ®ukcupoBaHHOE OT-
KJIOHEHUE KOHCOJIU COOT-
BETCTBYET OIpeeJIeHHO-
MY XUMUYECKOMY B3aUMO-
NEWCTBUIO (BELIECTBY)

st o6HapyXeHUsT KOHKPETHBIX MO-
JIEKYJISIDHBIX CBSI3€l OTIpeie/ieHHbIE
BelIECTBA MPUKPETUISIIOT K OXHOM
wim HeckonbkuM MK. Hammaue uc-
KOMOTO BellleCTBa MPUBOAUT K 00pa-
30BaHUI0 XUMMUYECKUX CBsI3eil (HO-
BBIX XUMWYECKUX COCMMHEHUIT) U K
oTKJIOHeHUSIM MK, oTKJIIOHEeHUSs
GuUKCcHpyeT O6JIOK perucTparun

B Mukpocucteme MOXeT ObITh MCIOJb30BAaH UCTOUYHUK YpaB-
HOBEUIVBAIONIEH CUJIBI U TIPUBENCHUSI KOHCOJIA B U3HA-
yajbHOe TTosioxkeHue. Crila MOXeT ObITh MAarHUTHOM, 3JIEKT-
PUYECKOI WM PaTuallMOHHOM. BIoK 0OHapyXeHUsT 1 Mexa-
HU3M, KOTOPBIA TeHEpUPYET YPABHOBEIIUBAKOIIYIO CHITY, CO-
€IMHEHbI ¢ 6JIOKOM 00pabOTKM M KOHTPOJISI MH(pOpMALIUY.
Kommbrotep peryiupyeT o6paTHbIe CBSI3U, MOMIEPXKUBAIOIINE
KOHCOJIb B (DUKCHPOBAHHOM ITOJIOKEHUU MyTeM OajlaHCUPOB-
KW CWJIBI OTKJIOHEHUSI ¥ YpaBHOBEIIMBaoIeil cviibl. KoH-
LIEHTPaLlMsl UCKOMBIX BELIECTB B 00pa3lie pacCUMTHIBAETCS] Ha
OCHOBAHWM 3HAYECHUS] YPABHOBEIIMBAIOIICH CUIIBI

2 AHaJIN3 Ha OCHOBE aHTH-
ten. JIroboe coenrHeHue,
MOJIeKyJIa WJIM UX TPYIINa,
IIJIST KOTOPBIX CO3aHO aH-
TUTEJIO, MOTYT OBITh 00-
HapyXeHbl Pa3IMUHbIMU
rpueMaMy UMMYHOJIOTH-
yeckoro aHanuza (ELISA,
BECTEPH-O0JIOTTUHT U T.1.)

Hckomoe BellecTBO (aHTUTEH) WU aH-
TUTEJIO K UICKOMOMY BEILECTBY MPUCO-
€IMHEHO K HEMOIBMXKHOW OIope
(MpeaMETHOMY CTEKITy, CTeHKE Tpo-
OMpPKM). AHTUTENIO K KICKOMOMY Bellle-
CTBY MPEIBAPUTESILHO MOMEYAETCS
GiryopeclieHTHOM, (pepMEHTHOM WJIN
npyroit MeTkoil. TakuM criocobom Mo-
XKeT ObITb OOHAPYKEHO MPUCOEIUHE-
HME aHTUTeIa K ICKOMOMY BEIIECTBY
(psiMoit UMMYHOGhEPMEHTHBII WITH
MMMYHOMITYOPECUEHTHBII aHa13)

Ecnu aHTHTEI0 MPUCOEAMHEHO K OIOpe, TO MPUCOEIMHEHNE
WCKOMOTO BEIIECTBA K HEMY MOXET ObITh OOHApPY>KEHO C UC-
0JIb30BAHUEM €llIe OJHOTO MEYEHHOTrO aHTUTea (TPeXclIoii-
HBII aHAJIU3 I HETIPSIMON MMMYHOMIIyOpPeCLICHTHBIN aHa-
Jn3). AHaJIM3 HAa OCHOBE aHTUTEJ MOXKET MHOTIA IMOKa3hbIBaTh
HEMPUEeMJIEMO BbICOKME YPOBHU HEBEPHBIX MO3UTHUBHbBIX U He-
TaTUBHBIX Pe3yJIbTaTOB BCJEACTBHUE MEPEKPECTHOM peakTHUB-
HOCTU aHTUTEHOB C Pa3IMYHBIMU aHTUTEJIaMU, HU3KOM aHTHU-
FEHHOCTH MCKOMOTO BellleCcTBa (Beaylleil K HU3KOM 4yBCTBU -
TEJbHOCTHU aHaIU3a), HecrelM(pruuecKoit ancopouu aHTUTEN
K pa3M4YHbIM MMOBEPXHOCTSAM M T.A. MeTon apdeKTruBeH npu
BBICOKMX KOHLIEHTpaLMsIX NCKOMOTIO BELIECTBA

3 AHanu3 Ha OCHOBE CKpe-
LIMBAHUSI OJIUTOHYKJIe-
OTHUIOB IS OOHAPYXKEHUST
LIEJIEBBIX OJIMTOHYKJIMOTH -
OB, MH(MOPMALIMOHHBIX
PHK, renomnoii THK

U T.A.

I1po6a onuroHykieoTuaa, KOTOpoit
TMOMEYEHO LIeJIEBOE BELECTBO, CKpe-
1IMBaeTCs ¢ 00pa3LoM, KOTOPBIA MO-
JI03pEBAETCsl Ha COAEPXKAHUE Liesie-
BO HYKJIEMHOBOM KHUCJIOThI

Bbrutn pazpabotanbl JIHK-uumbl, KoTopble conepkaT COTHU
WU JaXe ThICSYM MHAWBUIYATbHBIX OJIUTOHYKJIEOTUIHBIX
mpo6. CKpelMBaHKe 1LIeJIeBOM HYKJICMHOBON KUCIOTHI M MPO-
OBl OJIJUTOHYKJIEOTHIa MOXKET ObITh OOHAPYKEHO MPU UCTIOb-
30BaHUU (DIYOPECLIEHTHBIX METOK, PaAMOAKTUBHBIX METOK

u T.0. CyLIecTBYIOT OrpaHUYEHUs, CBSI3aHHbIE C UyBCTBUTEIb-
HOCTBIO U/WIK CIeln(PUIHOCThIO aHan3a. DTO CBSI3aHO C
TEM, U4TO CKpellMBaHUE HYKJIEMHOBOU KUCIOThl MOXET MpPO-
U30UTU MEXIY MOCIeN0BATEIbHOCTSIMUA, KOTOPbIE B TOYHOCTHU
JOTIOJHSIIOT APYT Apyra yepe3 HeyoauHoe CKpellMBaHKue, Be-
Qyliiee K HEBEPHBbIM MO3UTUBHBIM pe3yJibTaTaMm

4 AHanIn3 akKTUBHOCTU
9H3UMOB ((h€PMEHTOB)

OrnpeaessiioT CKOPOCTh, ¢ KOTOPOi
SH3UMbI KATAIU3UPYIOT Ty WIK UHYIO
ouoxumuyeckyio peakuuio. OHa, B
CBOIO OuYepe/ib, UBMEPSIETCS CKOPO-
CTBIO MpeBpalleHus cyocTpara Ui
CKOPOCTBIO HAKOIIJICHUSI TIPOIYKTOB
peakuuu

Inst onpeneneHust GepMEHTATUBHOM aKTUBHOCTU UCIOJIb3YIOT
cieayolme MeTobl. XUMUYECKUI — KOJUYECTBEHHOE OIpe-
JiefieHre cyocTpara Ui MPOAYKTOB C MOMOIIBIO XUMUYECKUX
peareHTOB. CreKTpo(OTOMETPUYECKUI — U3MEPEHUE CKO-
pocty hepMEHTATUBHOM peakliMK MO M3MEHEHUIO TIOTJIONE-
HMSI cyOCcTpaTa Mpy XapaKTepUCTUUECKOW [UTMHE BOJHBI. Ma-
HOMETPUYECKUIT — OMpeaesieHue KOJMYECTBA Ta3a, BbIACISIO-
merocs B npouecce peakuuu. [lonasipumerpuueckuit — buk-
CUpYyeTCsl U”3MEHEHUE ONTUYECKOrO BpallleHHsl. XpoMarorpa-
(brueckuit — KOIMYECTBEHHOE OIpenesicHue cyocTpara Win
MPOAYKTOB C MOMOIIbIO PA3IMYHBIX BUIOB XpoMmarorpaduu
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Fig. 3. Circuitry of the device for determination of the concentration of nanoparticles by the

intensity of thr fluorescence
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Puc. 4. Cxema JACTCKTHPOBAHUA KJIETOK, MADKHPOBAHHBIX HAHOYACTHIIAMHA

Fig. 4. Circuitry for detection of the cells marked by nanoparticles

BUSIX 3a00jieBaHUI yeaoBeKka. [Ipubop BKIIIOYAET: ja-
3ep Ik BO30YXaeHUs (hbayopecLeHIINM MapKepoB (Ha-
HoYacTull); (HOTOAETEKTOP IJIsI PErucTpaluyd YPOBHS
MHTEHCUBHOCTU (pyopecLeHLIMY HaHOYaCTUIl; MUK-
DPOKOHTpOJLIEP.

MUKpOKOHTpOJUIEp HMCIOJb3YyeTCs ISl pacuera
KOHILIEHTpallM aHAJIM3UPYEMOTIo BElleCTBA 110 MHTEH-
CUBHOCTHU (hJlyOpecLeHIIUU, IJIs1 KaTuOpOBKU Nprbo-
pa, I pacyeTa KOHIIEHTpalUUW HAHOYACTUILL M/WIN
OMOJIOTMYECKOTO MaTeprajia M sl 0OeCIIeueHNsT CBSI-
31 C TIEPCOHAJLHBIM KOMIIbIOTEpOM (puc. 3).

ITopucras memOpaHa (puc. 4) mportycKaeT yepes3 Mno-
PBI pacTBOP ¢ OMOJTOTUYECKUMU KOMIIOHEHTaMU U 3a-
JIepXUBAeT UCKOMBIN NEeTeKTUPYEMbI areHT (Hampu-
Mep, KJIeTKy). Ha 3ToM Groornyeckom areHTe (Ha ero
SIIUTOIIAX) aACOPOMPYIOTCSI HAHOYACTULIBI, CBSI3aHHEIE
C aHTUTEJIaMU K JIEeTeKTUPYEMOMY OHMOJOTMYECKOMY
areHty. Bo30OyxneHue ¢ayopecLeHIMN HaHOYACTUIL
OCYILLIECTBIISIETCS TTOTYITPOBOIHUKOBBIM JiazepoM. iu-
Ha BOJIHBI JIa3epa U JTMHA BOJIHBI (DIIyopecLieHIINY Ha-
HOYacTull paszauyarorcs. Mexny hoToaeTeKTopoM U
nopucToii MeMOpaHoii (puc. 5) pa3MelllaeTcsl CBETO-
(GUIbTp, MPOMYCKAOIIUN CBET ¢ IJUHON BOJHBI, W3-
JlydaeMoli HaHOYAaCTULIAaMHU. DTO TO3BOJISIET BbIpE3aTh
U3 OOLIETO CIEKTpa CBET, BO3HUKAIOIIUI B Pe3yJibTaTe
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¢bayopecueHIUM ~ OMOJOTMYECKUX

KOMITOHEHTOB. HMHTEeHCUBHOCTD
CBeTa, pErucTpupyemMoro dorome-

TEKTOPOM, 3aBHUCUT OT KOJMYCCTBA

CBeToANOAHbIN
VNHAMKaTOp
LED indicator

Bronorudeckan xiuerka

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

|

|

|

|

|

|

| HaHoO4YaCTHUL Ha ITOBECPXHOCTU IIO0-
: pI/ICTOﬁ MeM6paHH. HOCJ'[CZ[HQG, B
|

|

|

|

|

|

USB-uHTepdenc
USB-interface

CBOIO O4YeEpenb, OydeT 3aBUCETb OT
KOJIMYECTBA IETEKTUPYEMBIX OMOJI0-
TMYECKUX KOMITOHEHTOB.

Ha ocHoBaHWUM CTPYKTYpHOIt
CXeMBbI pa3paboTaHa cxeMa 2JIeKTpHU-
yecKas TPWHIWNHMAIbHAS TIproopa.
Ona Bxmoyaer USB-moct CP2102,
MUKpoKoHTposutep Picl6f887 u do-
tonpueMHuk TSL257. ®otomnpu-
eMHHK oOecIieuynBaeT PErrCTPaINio
M3MEHEHUSI MHTEHCUBHOCTHU CBeTa
: 2,93 MKBT/CM2 Ha Kaxnaele 2 B pu
| JUIMHE BOJHBI 560 HM.
| PazpaboTtaHbl ajroput™ pabOThI
1 MPOrpaMMHOro o0ecreyeHusT MUK-
| POKOHTpOJLIepa M alropuT™ obpa-
|
|
|
|
|
|

60TKHM npepbiBaHMii (puc. 6 u 7). Ha
OCHOBAaHUM OJIOK-CXEM aJITOPUTMOB
pa3paboTaHO HporpamMMHoe obec-
TeYeHne ¢ MCITOJIb30BAaHUEM SI3bIKa
nporpammupoBanus C, cpeaa pas-
pabotku MP LAB.

ATpobansi MakeTHOro obpasna
npudopa 111 onpeaeacHus KOHIEH-
Tpalli HAaHOYACTUII 10 WHTEHCHB-
HOCTU (JIyOpecLieHIIMU ocylllecTBIeHa B MHCTUTYTE
XUMMU HOBBIX MaTepuanoB (r. MuHck). Jlist anpo6a-
LIMM MaKeTHOIro oopa3slia Ipudopa OblIa coOpaHa 3KC-
TepUMEHTaTbHAs YCTAaHOBKA C (DIIyOpeCIIeHTHBIM MUK-
pockoniom Planar MV1 (benapycs). B cnot nis uudg-
poBoro ¢oToarnmapaTa ObIT ITOMelleH (OTOACTEKTOP.
®nyopecueHTHOe M3nyyeHue HaHouacTul CdSe/ZnS
MPOXOAIIO Uepe3 cBeTodmibTp 560 HM. Ha mpemmMert-
HOM CTOJIE MMUKPOCKOIIa pa3Melllai CTeKJa ¢ Karuis-
MM KOJIJIOMIHOTO pacTBopa HaHodacTwil. [l ampoba-

MopucTtasa membpaHa
Porous membrane

‘ [
: - doToaeTekTop |:> ﬁgg :
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| [
i [
i |
| [

Puc. 5. Cxema npudopa 1,14 onpenejieHns: KOHIEHTPAIUN HAHOYACTHI

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
MHKDPOKOHTpOJLIEpa

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
NHTEpENCYy KOHTponnepa
Send value on the external interface
controller

T

BbiBECTYU TEKYLLEE 3HAYEHWE HA MHOMKATOPE
Output current value of the indicator

HactpouTb nopThl 1 paboune perncTphbl
Configure ports and working registers

Bbixon 13 npepbiBaHust
Out of Interrupt

Puc. 7. Biok-cxema aaropurMa o0pabOTKHA NpepbIBAHHS MPOrpaM-
MHOT0 o0ecneyeHHsi MUKPOKOHTpOJLIepa

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

Tabnuua 3

Pe3ynbTaThl anpodanyu MakeTHOro o0pasina npudoopa
Table 3

Results of approbation of the model sample of the device

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

ITokazanust mpubopa,
yci1. ell.
Indicators of the device,
standard units

Ne o6pasiia
Numbers
of the samples

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

LIMM MCIIOJIb30BaIN IISITh 00pa3loB. Pe3ynbTaThl n3me-
PEHUI MHTEHCUBHOCTHU (PJIyOPECUEHTHOTO U3JTyYeHUsI
HaHouactull CdSe/ZnS ¢ Mcnonb30BaHMEM HU3TOTOB-
JICHHOTO MaKeTHOro obpaslia mpubopa MpuBeIeHbl B
Tabm. 3.

PesynbraThl anpobaimy MakeTHOro obpasiia Mmpu-
Oopa IUIs1 ompeleseHrs KOHLEHTPAUUMU HAHOYACTULL
M0 MHTEHCUBHOCTHU (PJIyOpECLIEHLIMU MTOKa3au ero pa-
0GOTOCITOCOOHOCTL, a TakXe HEOOXOAMMOCTb W BO3-
MOXHOCTb JaJIbHEHUIIEH Hay4HO-UCCIEeI0BATEIbCKOMN
U OMBITHO-KOHCTPYKTOPCKOWM paboThl MO pa3paboTKe
KOHCTPYKIIMH, KAIMOPOBKE M N3roToBjieHn0 MOMC-
BepCUM Mpubopa sl SKCIpecc-nHAMKAIIMK 3a001eBa-
HUW YEJI0BEKA.

HepCIleKTHBbl PA3BUTHA TCXHOJIOTHH

Pa3paboTaHHbBII TEXHUYECKMI MOAXO MOXKET ObITh
MpYMEHEeH 151 u3rotorieHus: MOM C-ycTpoiicTBa 3KC-
npecc-IMarHoCTUKM 3abojieBaHUlA yejgoBeka. B aTom
clyyae B CTPYKTYPHYIO CXeMY MUKPOYCTPOWCTBA He-
00XxonuMo 100aBUTh MUKPOHACOC [IJII TPOKAYMBaHMS
KUIKOCTU Yepe3 MOPUCTYI0 MEMOpaHy M MUKpPOKJIa-
TaHbI IS YIIpaBJIeHUs TTogadeil XuIKoCcT! (aHaIu3u-
pyemasl XXUAKOCTb WM XUIKOCTb C aHTWTEJaMHu) Ha
HOpUCTYI0 MeMOpaHny. IIpoBeaeHue peaBapUTeIbHBIX
aHaJIM30B B JOMAIIIHUX YCJIOBUSIX MO3BOJISIET YCKOPUTh
mpoiecc 0opbOBI C 3a00/IeBAHUEM M YMEHBIIUTD KOJIU-
YeCTBO aHAJIM30B, MPOBOIUMBIX B KIMHUYECKHUX J1abO-
patopusix. [IpuMepoM aHanM3a B TOMAIIHUX YCIOBUSX
SIBJISIETCS YCTPOMCTBO JISI ONpeAesieHUsI UHCYJIMHA B
KpOBHU IS T0Jielt ¢ caxapHbIM auabetoM. Poccuiickue
YUeHbIe pa3padoTanu 3KCIPECC-TECT IJIs1 AMAarHOCTUKU
uHcyabTa [9]. OnHaKo TakuX MPHUMEPOB OYEHb MaJlo.
ITpoBeaeHMe KIMHUYECKON TUATHOCTUKU TPeOYeT 10-
pPOroCTOSIIIEro 000PYIOBaHMS U CIIELIMATUCTOB BBICO-
Kot kBanmubukauuu. ITocToOsIHHO BO3HUKaeT MoTped-
HOCTb B CO3IaHUU HOBBIX METOAWK W YCTPONCTB IJIsI
MpoBeAeHUsT OBICTPOU 3KCIIpecC-AUarHOCTUKU B J1O-
MalllHUX YCJIOBUSX, MOCKOJIbKY MHOTHE COBPEMEHHbBIE
METOIMKN MMMYHOAHajln3a JOCTaTOYHO XOPOIIO OT-
pabotans [10].

HAHO- I MUKPOCUCTEMHAS TEXHHUKA, Ne 11, 2015 59



3akimouyenue

PaspaboraHa cTpykTypHas cxema mpuOopa 3KcC-
Mpecc-uHAMKAlMU BO30yauTeieil 3a00eBaHuil Yeso-
Beka. PazpaboraHbl (pyHKLIMOHAIbHAS U 3JIEKTpUYe-
CKasl MPUHIIMITAATbHAS CXeMBI TIPUOOpa 3KCIpecc-MH-
JUKalMy Bo30yauTeseil 3adoneBaHuii. IIpoBeneHo Mo-
JeMpoBaHre pPaboThl MpUOOpa ¢ MPUMEHEHUEM CUCTEM
aBTOMaTUUYECKOro MpoeKTupoBaHusi. M3rorosiieH sKc-
MepUMEHTabHbII 00pa3el] mpubdopa 3KCIpecc-uHAN-
KalMu Bo30ynuTesielt 3aboseBaHUII 4eloBeKa B IIO-
MAalIHUX 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 ch/cm2 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
MVI1 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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