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CEHCOPHA CUCTEMA IJI1 BUSHAYEHHA CYJIb®AMETOKCA30J1Y
HA OCHOBI MOJIEKYJIAPHO IMITPUHTOBAHUX ITOJIMEPHUX MEMBPAH

IIpo6aemaTuka. Po3po6ka CeHCOpPHUX CUCTEM Ha OCHOBI IUTYYHUX aHAJIOTIB 0i0JOTiYHUX MAKpPOMOJIEKYJ € aKTyaslb-
HOIO JUISI Cy4acHOI aHaJiTUYHOI GiOTeXHOJIOTIl, OCKIJIbKM 3abe3reuye HOBi e(eKTUBHI €KCIIPec-MeTOAU AeTeKIlil Ma-
JINX OpPraHiYHMUX MOJIEKYJ, B TOMY YHMCJi (hapMalieBTUYHMX Mpernaparis.

Meta pociimKeHHs. Y poOOTi TPOIOHYETHCSI aHAJIITMYHA CHUCTEMa JUISi BUCOKOCEJIEKTMBHOIO Ta YYTJIMBOTO BU3HAa-
YeHHS CyJbh(aMeTOKCa30y Ha OCHOBI MOJECKYJISIPHO iMmpuHTOBaHUX moiiMepHux (MIII) memOpaH, cMHTe30BaHUX
i3 3aCTOCYBaHHSIM METOMY ITOJIiMepH3allil in situ y KOMOiHAIlil 3 METOIOM KOMIT IOTEpHOTO MOJICTIOBAHHSI.

Metoauka peadizanii. Mojekynu cyibhaMeToKca3oy, CeJIEKTUBHO aJcOpOOBaHi IITYYHUMU PELENTOPHUMU caiTa-
mu y ctpykrypi MIII memOpaH, BisyamidyBajau 3aBOSIKM 1X 3IaTHOCTI popMyBaTH 3a0apBiieHI Y KOPUYHEBUII KOJIp
KOMILIEKCH TIicJIsl peakiii 3 dhepulliaHiZoM Kallilo Ta HIiTPOIPYCUAOM HATpilo B JY>KHOMY CEpPEIOBMILII.

Pesyabratn nociimkenHsa. Mexa BU3HaueHHs cCyJbdaMeTokcazojy cTaHoBWwJIa 2 MM, a JiHIAHWI AMHAMIYHUWI
Jliana3oH poOOTU CEHCOPHOi cucTeMu — 2—15 MM, 110 Aa€ 3MOry BU3HaUYaTU cyjabdamMeTokcason y apmalieBTUYHUX
npemnapatax. CTabiIbHICTh PO3POOJIIEHUX CEHCOPHUX cucTeM Ha ocHoBi MIIT ctaHoBMIa TpUMHAMMHI 6 MicsILiB, IO
3HAYHO TePEBUIIYE CTAOUIBHICTh aHAJIOTIYHMX MPUCTPOIB HA OCHOBI MPUPOIHUX PELIETITOPIB.

Bucnosku. [loBeneHO NMpUAATHICTh pO3POOJIEHUX CEHCOPHUX CUCTEM JUISl aHali3y CyibhaMeToKca3ony K Y MOIeb-
HUX, TaK i B peaJbHMX 3pa3kax (KOMEpIiiHHO JOCTYIMHUX (hapMalleBTUYHUX MpernapaTax). Po3pobieHi ceHcopHi cuc-
TEMU XapaKTepU3YIOThCS BUCOKOIO CEJIEKTUBHICTIO, YYTJIUBICTIO, TTOPTATUBHICTIO Ta HEBMCOKOIO BAapTICTIO.

KimouoBi ciioBa: ceHCOpH; CEHCOPHI CHUCTeMHU; MOJIEKYJSIPHO iMIIPMHTOBaHi IOJiMepu; MeMOpaHu; (apMaleBTUYHI

npenaparu; cyibdaMinHi nmpenapariu.
Beryn

VYHiKkagbHa CENeKTUBHICTh OiOJIOTIYHMX MaKpo-
MOJIEKYJI, sIKa IPYHTYETbCS Ha (PeHOMEHi MOJEKYJIs-
PHOTO pO3Mi3HaBaHHSI, € MEPEIYMOBOIO iX ILIMPOKOTO
BUKOPHMCTaHHS Y MPaKTHIIi, HAOpUKJIan y OioTexHO-
JIOTIYHMX TIpoliecax, ISl po3poOKM CyJyaCHUX METO-
JIiB aHAITUYHOI Oi0TEXHOJIOTII Ta MEAUYHOI AiarHoC-
TUKUA. OCTaHHIM 4yacoM OiOJIOTiuHi MaKpOMOJIeKY/In
IIIMPOKO 3aCTOCOBYIOTH IS PO3POOKM 0iOCEHCOPHMX
METOMIB, $SIKi 3aBOSKM BUCOKIil CEJIEKTUBHOCTI, UyT-
JIMBOCTI, IIBUAKOMY Yacy aHaJli3y Ta HEBUCOKIi Bap-
TOCTi BU3HAHI OOHMMM 3 HAWYCIIIIHIILIMX METOMIIB
Cy4JacHOI aHaJiTMYHOI OioTexHojoril [1, 2]. OmHak,
He3BaXkalouu Ha Te 10 Ha ChOTOAHI PO3pOOJIEHO
0e3miy  JTabopaTOpHMX MAaKeTiB OioCeHCOopiB, iCHye
BITHOCHO Hebarato MpMKIIAiB IX YCIIIIHOI KOMEp-
Liamizanii. Bearkoro Mipoio 1€ 3yMOBJIEHO HU3BKOIO
CTaOUIBHICTIO OiOMOJIEKYJI, $IKi 3aCTOCOBYIOTHCS SIK
CEJICKTUBHI €JIeMEHTH O0iOCEHCOpiB, Y 30BHIILITHHOMY
cepenoBullli. Bci BOHM € YyTJIMBUMM 10 3MiH TeMIIe-
patypu, pH cepenoBuilia, HasIBHOCTI B aHAIi30BaHUX
3pa3Kax TOKCHYHUX OpPraHiyHMX Ta HEOpraHiYHUX
CIOJIyK, IO iCTOTHO OOMEXYE MOXJIIMBOCTI MpaK-
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TUYHOTO 3aCTOCYBaHHSI GioceHCOpiB. 3 LILOro MOIJIsI-
Iy 3HAYHMI iHTEpeC CTAaHOBUTH PO3poOKa OioCeH-
COpPHMX IIPHUCTPOIB HAa OCHOBI INTYYHUX aHAaJOTiB
OiOJIOTIYHMX MOJIEKYJ, $§IKi IpW MOMIOHIM cejeK-
TUBHOCTI € HabaraTo Oinbll crabinbHuMU. Edek-
THBHUM IIiIXOAOM 10 CTBOPEHHS ILTYYHUX aHAJIOTiB
Oiomonexkys, abo TakK 3BaHMX IIOJiMepiB-OiOMi-
METHUKIB, € METO MOJIEKYJISIPHOTO iMIIPUHTUHTY |[3].
Bin mepenbayae cuHTE3 IIOJIMEpiB, IO MICTITh Y
CBOIl CTPYKTYpi IUTYYHi PeLenTOpHi cailTu 3B’sI3y-
BaHHSI, MOAIOHI OO AHTUIeH-3B’SI3yIOUUX IUISTHOK
AQHTUTLI i aKTUBHUX CAWTIB Oi0JOTYHUX PELENTOPiB.
Taki caiiTh y CTPYKTYpi OpraHi4YHUX MOJIMEPIiB YTBO-
PIOIOTBCSl 32 YMOBHM iX CHHTe3y 3a HasIBHOCTI Tak
3BAaHUX MATPUYHMUX MOJIEKYJI, 1110 BOMHOYAC € IIiJIbO-
BUMM aHajiTamMu. EKcTpakilis MaTpUYHUX MOJIEKYJ
i3 CMHTE30BaHOIoO IIOJliMEepy Beie IO YTBOPEHHS B
HbOMY ILUTYYHMX DPELIETITOPHUX CAMTIB 3B’I3yBaHHS,
sIKi 32 CBOIM pO3MipoM, (OpPMOIO i IIPOCTOPOBUM
PO3MIIIIEHHSIM (DYHKILIIOHAJIBHUX IPYI € KOMILJIEMEH-
TapHUMU MaTpUYHUM MOJIEKyJIaM, 3aCTOCOBaHUM
MPU CUHTE3i, Ta 3[aTHI A0 MOAAIBLIOTO PO3Mi3Ha-
BaHHS aHAJIOTIYHUX MOJIEKYJI.
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ITocTanoBka 3amaui

INepcnieKTUBHUM [J11 BUKOPUCTAHHSI Y CEH-
COpPHill TexHoJIOTil BBaXXaeTbesl 3acTocyBaHHsT MITI
Yy BULJISIAI MOJIMEPHUX MeMOpaH K CeJeKTUBHUX
eJIEMEHTIB ceHcopHux npucTpoiB [4]. IlepeBaramm
TaKoro IIXOAy € Te, IO, Ha BIAMiHY Bim ITOJi-
MEPHMX YACTMHOK, OTPUMaHUX TMOAPIOHEHHSIM
CUHTE30BaHMX TojliMepHux OnokiB, MIIT memOpa-
HU MalOTh LUTYYHi PeLEeNTOPHI caliTh 3B’SI3yBaHHS,
JKi He INmIaraloTh MeXaHiuHii gedopmarii B
OpolieCi OTPUMAHHS TIOJIMEPY i 3aBASIKM LIBOMY €
Habarato OUTBII cejleKTMBHUMM. KpiMm Toro, 3a-
crocyBaHHss MIIT memMOpaH y CEHCOpPHiil TeXHO-
JIOTil Ja€e 3MOry YHUKHYTU HU3KU TEXHOJOTiYHUX
TPYAHOILIB, MOB’SI3aHUX 3 e(hEeKTUBHOIO iHTerpa-
Ii€I0 MOJIMEPY B CKJIadi CEHCOPHOIO ITPMCTPOIO.
HomarkoBolo 1epeBaroio € Te, o MIIT memOpanu
3[aTHI CaMOCTIMTHO TeHEepyBaTU CEHCOPHUII CHUT-
HaJl, IKUI MOXe OyTH JIerKOo 3apeecTpoBaHuit [4].

3Baxaloud Ha 3a3HayeHe BUIlE, METOI0 pobo-
TU € CTBOPEHHSI ONTUYHMUX OiOCEHCOPHUX CUCTEM
Ha ocHoBi MIIT MemOpaH, 110 MiICTSTh IUTY4YHi
pelenToOpHi caiiTh po3Mi3HaBaHHS cCy/iabgaHiIaMi-
JiB, IJIsI BUCOKOCEJIEKTUBHOIO BU3HAUCHHSI CYJb-
(hameTOKCaz0/y Ta iX MOpaKTUYHE 3aCTOCYBAHHS
JJIS1 KOHTPOJIIO SIKOCTi (hbapMaleBTUYHUX Mperna-
parTiB.

Marepianam i MmeToau AocCiIKeHb

Mamepiaau. B poOOTi BUKOPUCTOBYBaIU 2-
aKpuiamino-2-MeTui-1-nmponaHcyab(hpOHOBY KHUC-
noty (AMIICK), aneToHiTpuiI, TiIpOKCUI HATPIlO,
auMetunauxiaoperiaad, N,N-gumeruiadopmamin, ita-
koHoBy kucnory (IK), keranp (2,2'-n1uMeTOKCU-2-
(peninaneroperHon), merakpuiaoBy kuciory (MAK),
HiTponpycua Hatpito, nojietunenriaikoiab (ITET) 3
MM 20000, cyabhameToKca3on, TPUETUICHIi-
konpaumeTakpuaat (TETIM), depuuiania Kaiio
(Sigma-Aldrich, CIIA). Oniroyperanakpuiat (OYA)
MM 2600 6yB mo6’a3H0 HamaHuil K.X.H. B.®. Ma-
TIOIOBUM (IHCTUTYT XiMil BUCOKOMOJEKYJSIPHUX
cnonyk HAHY).

Cunmes MIII membpan memodom paouxaibHoi
noaimepuszauii in situ. MIII memOpanu, 3matHi 10
CEJIKTUBHOTO PO3IMiZHABaHHS CyJb(aMeToKcasoy,
OTPUMYBAJIM PAIUKAIbHOIO (POTOIHIlIIAOBAHOIO CIIiB-
nojiiMepu3alieio pyHkioHaapHoro MmoHomepy (IK,
MAK, AMIICK), smmBatouoro areHra (TEIJIM)
ta Momudikaropa-enactugikatopa (OYA). CriBBin-
HowmenHs: TETAM/OYA (85/15) Oyno omntumizo-
BaHO panime [5]. fAx iHimiatop Y®-iHiuilioBaHoi
pagvKajabHOI ToJliMepu3allii  3acTocoByBaaum 2,2'-

JTUMETOKCU-2-(eHinaleTodeHoH (KeTalb). AK mo-
POYTBOPIOBAaY Y 1Iiii CUCTEMi 3aCTOCOBYBAJIM CYMIilll
numeTriadopmaminy (50 06. %) Ta moJieTHIICHIII-
komo (MM 20 000). MossipHe CHiBBiZHOILIEHHS
cyJibameTokca3on/pyHKIIOHAJTbHUI MOHOMED Y
BUXiIHIll MOHOMEpHiil cyMili ctaHoBuiio 1:1; 1:2;
1:3; 1:4 (mia MAK Ta IK) ta 1:1 i 1:2 pns
AMIICK, mo Oyno 3yMOBJIEHO OOMEXEHOIO PO3-
ynHHicTIO AMIICK.

TumoBa MOHOMEpHA CYMIIIl JIJIT CHMHTE3Y CYJIb-
dameTtokcazon-ceynektuBHux MIIT MmemOpaH micTu-
jna 40 mr cynbdamerokcazony, 194,9 mr AMIICK
(MmonsipHe cmiBBigHolIeHHS 1:2), 514,3 mr TEIIM,
90,8 Mr OYA, 5006. % OM®A, 0,5 % xeramo.
Hnsa cuntesy MIIT mMemOpaH Ha OCHOBi HaIliBB3a-
€MONPOHUKHUX ToJiMepHUX citok (HamiB-BITC) no
MOHOMEPHOI cyMillli fogaBaau 120 Mr noJjiiMepHoOro
nopoytBopioBaua — ITEI 20 000. MoHoMepHY cy-
Milll TOJIiMepUu3yBaJli MiX JBOMa CKJISHUMU Tijia-
cTMHaMHU, (pikcoBaHMMM Ha BimcraHi 60 MxM. Peak-
0 pagvKajbHOI TOJIiMepm3allii iHimifoBamm Y-
OIPOMIHEHHSIM A = 365 HM Ta NPOBOIUIX IIPOTSI-
roM 30 xB. KoHTponbHI MeMOpaHu CHUHTE3yBald 3
Ti€l X MOHOMEPHOI CyMillli, III0 HE MiCTWia CyJIb-
damerokcazon. MaTpuyHi MoJIeKyJIM Ta He3a-
MOJIiIMEPU30BaHI KOMIIOHEHTH BUAAISUIM i3 CUHTE-
30BaHMX MEMOpaH eKCTpakli€lo €TaHOJOM B ama-
pati Cokciera npotsarom 8 rox. IlomimepHuii 10-
poytBoproBau (ITET' MM 20 000) Bugaisin eKkcT-
pakiii€lo y Bofi mpoTsiroM 8 rof (o MocTiliHOT Ba-
T'M 3pa3KiB).

Komn’tomepne modearosanns noaimepie-oiomi-
Memukie, wo ceieKkmueHi 00 cyavhamemoxcazony.
Bubip ¢dyHkuioHalbHUX MOHOMEPIB AJsSI CUHTE-
3y MIIIiB mpoBomuiam 3a IOIMOMOTOIO METOILY
KOMIT' IOTEPHOTO MOJEIIOBAHHS, SIK OMUCAHO Yy
npaii [6].

Kaaibpysanua xoaopumempuunoi cencopmnoi cu-
cmemu 045 6U3HAMEHHA cyabhamemokcazoay. 3pas-
KU cyiabdameTrokcasoi-imnpuHroBanux MIIT Ta
KOHTPOJBbHUX MeMOpaH poaMmipom 0,5x0,5cMm 3a-
CTOCOBYBaJIM IJIsI afAcopOllii cylibpamMeTokcasony 3i
CTaHIAPTHUX BOAHUX PO3UYMHIB 3 KOHIIEHTpaLi€lo
4—30 MM. CynbhamMeTokcason, CeJeKTUBHO al-
copOOBaHUI peLENTOPHUMU CcailTaMu Yy CKJIafdi
MIII mem6paH, Bi3yalli3yBaju ITiC/sl HOTO B3a€EMO-
Jii 3 HiTpompycHIOM HaTpilo Ta QdepulliaHigoM
Kajilo y JiyxkHoMy cepenoBulli. [Ticast mpouenypu
afgcopOLii 3pa3ku MeMOpaH 3MOYYBaJUd CYMillIIO
(50 Mx1) 15 %-HOTO BOIHOTO PO3YMHY HITPOIIPY-
cuny HaTpito Ta 15 %-HOro BOIHOTO PO3YMHY
K5[Fe(CN)g] (1:1). ITicnss mporo memMOpaHu 006-
pobisym 15 %-HuM BOXHUM pPO3YMHOM TiZpOK-
cuny Hatpiro (20 MKJT), 1110 TIPU3BOIMIIO 10 Herai-
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HOI TIOSBU IIIOKOJATHO-KOPUIHEBOTO 3abapBiIcH-
HsI, iHTEHCHUBHICTb SIKOTO € MPOMOPLIMHOI KOH-
HeHTpalii cyabpaMeTOKCa3oly B aHaIi30BaHUX
3pa3kax. I[HTeHCHBHicTb 3abapBieHHsS MeMOpaH
OLIIHIOBAJIM i3 3aCTOCYBaHHSAM IIPOTPaMU aHAIi3y
300paxenp “Scion Image J” 4.0 (Wayne Rasband
Inc., CIIIA).

Busnauenna xonuenmpauii cyavghamemorxcaso-
Ay memoodom cnexkmpogomomempii. Y xomipku 96-
JIVHKOBUX MOJIICTUPOJIOBUX TJIAHILIETIB AJISI iMyHO-
(bepMeHTHOTO aHamizy momaBanu 1o 100 Mk go-
CJIKYBAaHOTO PO34YMHY Cyjbhamerokcasony, 50 MK
cymimi 10 %-HoOro BOZHOTO PO3YMHY HIiTpPOIpY-
cuny Hatpio i 10 % K;[Fe(CN)y] (1:1) Ta 50 mxn
10 %-HOro BOTHOIO PO3YMHY TiIPOKCHIY HATPilO.
Pesynbratu oGuucioBaiu Ha MiKpoghOTOKOJIOpU-
meTpi pipmu DYNEX Technologies (Benuka bpu-
TaHist) mpu A = 620 HM.

PesyabTaTh i ix 00roBopeHHs

IIpyHUMIT Oii IPONIOHOBAHOI Y pOOOTI ONTHUY-
HOI CEHCOPHOI CHUCTEMM IS BUSIBICHHS Cyjab(da-
METOKCa30Jly TMOJISIra€E B TOMY, 11O Ha IEPIIOMY
eTari BiZOYBA€eThCSI BHCOKOCEJIEKTHBHA amcopOIis
1IbOTO MpenapaTry ITYyYHUMMW PELEeNTOPHUMU cail-
Tamu y ckiaai MIIT meMOpan. Bizyamizaiist cyjib-
(amerokcazony, amcopbOBaHOro IITYyYHUMU caidi-
TaMu 3B’si3yBaHHS y ckiani MIIT memOpaH, rpyH-
TYETbCS Ha WOTO 3MaTHOCTI yTBOPIOBATU 3abapBJe-
Hi y LIOKOJaJHO-KOPUYHEBUM KOJIip KOMILJIEKCHU 3
HITPONPYCUAOM HaTpilo Ta (epUliaHIioOM Kaliio B
JyxkHOMY cepenoBuili [7, 8]. Ilpu LboMy iHTEH-
CHUBHICTb 3a0apBJIeHHsI MeMOpaH Ma€e OyTH MpPOIIOp-
LilfHOI0 KOHILEHTpAallii cyabpaMeTOKCa30Jly B aHa-
JII30BAaHOMY 3pas3Ky.

OnHUM i3 OCHOBHMX KOMIIOHEHTIiB MOJIEKY-
JIIPHO iIMIIPMHTOBAHOIO IIOJIMEpPY, 10 BimmoBimae
32 YTBOPEHHS IITYYHOTO PELIENITOPHOIO CaMTy 3B’SI-
3yBaHHS, € (YHKUIOHAJbHUIA MOHOMEp, SIKUM €
OIHWUM 13 BU3HAYAJIbHUX UYMHHUKIB, SKi BILJIABA-
I0Thb Ha 3patHicTh MIII MemOpaH O0 po3Ii3Ha-
BaHHS cyjab(aMeToKca3oiy i, BilIMOBigZHO, Ha ce-
JICKTUBHICTb Ta YYTJMBICTb CEHCOPHOI CUCTEMU Ha
ocHoBi MIII. fIk ¢dyHKIiOHaTLHI MOHOMEpH, 31aT-
Hi 1O YTBOPE€HHSI KOMILIEKCIiB i3 Cyjab(haMeToKca-
30JI0M 3a paXyHOK HEKOBAJIEHTHMX B3a€EMOII i sIKi
BOJHOYAC MICTIThb y CBOIli CTPYKTypi (PyHKIIiO-
HaJbHi Tpynu, 34aTHI OpaTu y4acTb y peakiii Y-
iHilifOBaHOI paaMKaJbHOI MOJiMepu3alii i, 3aB-
ISIKW 1IbOMY, BKJIIOYATHUCh Y IOJIMEpPHY CiTKy, Oy-
I BUOpaHi 2-aKpuiaamino-2-MeTui-1-TponaHcyib-
(poHOBa, iTakoHOBa Ta METAaKpUJIOBA KHUCIOTH,
1o 3abe3neyyloTh, 3TiJHO 3 NaHUMU KOMII'10-

TEPHOT0 MOJCIIOBAHHS (MOJIEKYJISIpHOI IUHa-
MiKM), TakKi eHeprii B3aeMopii i3 cyjibpameTok-
cazonoM: —50,29 kKan/M, —35,15 kKan/M Ta
—29,46 xKan/M BignosimHo.

Bubpani Ha etani KOMIT'IOTEPHOTO MOJIEIIO-
BaHHS (PYHKIiOHAJIbHI MOHOMEpPU OyId BUKOPU-
CTaHi IJId CUHTE3y CYyJib(haMeTOKCa30-CeJIeKTUB-
Hux MIIT meMmOpaH i3 3aCTOCYBaHHSIM METOAY I1O-
JliMmepu3allil in sifu 3rinHO 3 MPUHUMIIOM (OpMYy-
BaHHS B3aEMOINPOHUKHMX MOJiMEPHUX CITOK. CUH-
te3oBaHi MIIT mMeMOpaHuM aHali3yBajiM 1IOJO0 iX
3MaTHOCTI CEJIEKTUBHO pO3Ii3HaBaTh CyJbdame-
TOKCa30J. 3 METOI0 BCTAHOBJICHHSI B3a€EMO3B’SI3KY
MiX CTPYKTYpOIO Ta (DYHKIISIMM IUTYYHUX pelell-
TopHux caitiB y MIIl memOpaHax BapitoBaIn
cknag MIIT memOpaH, 3MiHIOOUM TUMO (PYHKIIIO-
HaJIbHOTO MOHOMeEpY Ta MOro CIiBBiIHOIIEHHS 3
MaTpULICIO, JOCHTIIXKYBUIM aHAJITUUYHI XapaKTepu-
CTUKM CEHCOPHUX CHCTeM (MeXa BH3HAYeHHS Ta
JIIHIMHUA OUHaAMIYHMI Jiana3oH), a TakoX IX 3a-
rajJibHy CEJIEKTUBHICTb, aHaJli3yBaJiu €(PEKTUBHICTh
poOOTH CTBOPEHOI CUCTEMM Y peaIbHUX 3pa3Kax
¢dapmaneBTUYHUX IIpernapariB.

3 TorIsimy 3aCTOCYBaHHSI SIK OCHOBU KOJIOPH-
METPUYHUX CEHCOPHUX CHUCTeM [UISI BU3HAYEHHS
cyib(aMeToKca3ony Haiouiblll e(EeKTUBHUMU BUS-
Bwincbh MIIT mMemMOpaHu, CHMHTE30BaHi i3 3acTocy-
BaHHSM 2-aKpujamino-2-MeTui- 1 -ponaHcynbgho-
HOBOI KHUCJOTM $IK (DYHKIIIOHAJIBHOTO MOHOMEDY.
HesBaxatoun Ha Te, 10 A TaKUX MeMOpaH Oyna
XapaKTepHa HMXK4Ya iHTEHCUBHICTb 3a0apBJEHHS TO-
PiBHSIHO 3 MeMOpaHaMM, CUHTE30BaHMMM Ha OCHO-
Bi iHIIMX (DYHKLIOHAJIbHMX MOHOMEDIB, BOHU IPO-
SIBJISLTA HaMBUILI PiBHI BUOIPKOBOI ancopOllii CyJib-
damMeToKcasofy, sika BU3HAYAETHCS 3a PI3HULIEIO B
iHTeHCUBHOCTI 3abapsieHHss MIIT Ta BigmoBiZHMX
KOHTpoJIbHUX MemOpaH (puc.1). Leit pesynbraT
BiAMOBiJa€e MaHUM KOMII'IOTEPHOTO MOJENI0-
BaHHY, 3rimHo 3 gkumm came AMIICK 3ab6e3-
Mevyye HallHeraTUBHIlIy €HEepTilo 3B’sI3yBaHHS i3
cynbdamerokcaszonom (—50,29 kKan/M) nopis-
HSIHO 3 iHIIMMU (YHKIiOHAJbHUMU MOHOMEpa-
mu (—35,15 kKan/M i —29,46 kKan/M).

3Baxkatoun Ha 1e, MIIT memOpaHu, cuHTe-
3oBaHi 3a ydacti AMITICK BuKOpucTOBYyBaJIM Hagasi
JUISI CTBOPEHHSI CEHCOPHOI CUCTEMU JUTSI BUSHAYEHHST
cynbamerokcazony. OCKiIbKM HE BCi MOJEKYJIU
(YHKIIIOHAJTLHOTO MOHOMEPY, SIKi MIiCTAThCS Y BHUXi-
JIHIA cyMillli MOHOMEpiB, BKJIIOYAIOTHCS B pelell-
TOPHI CaliTM y CKJIadi MOJIIMEpPY, TO CHHTE3YyBaId
Hu3ky MIIT i KOHTpoJbHMX MeMOpaH i3 cymillieil 3
Pi3HUM CITiBBiZHOIIIEHHSIM CYJIb(haMeToKCca301:(DyHK-
wioHanbHuit MoHomep (1:1, 1:2, 1:3, 1:4), o6 ot-
pYIMaTH HaNCENIEKTUBHILLII calTu 3B’si3yBaHHsS. CHH-
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Puc. 1. 3anexHicts iHTeHcuBHOCTI 3a6apsienHss MITT () i koH-
tpormbHux ([J) momiMepHux MeMOpaH, a TaKoX PiBHIB BH-
6ipkosoi ancop6uwii (B) cynsdamerokcasony Bin turmy ¢byH-
KL[IOHAJILHOTO MOHOMEpY, 3aCTOCOBAHOIO IPU CUHTE3i: [ —
MAK; 2 — IK; 3 — AMIICK. Bci MeMOpaHu CUHTE30BaHi
3 MOHOMEPHHMX CyMillleli 3i CHiBBiZHOILLIEHHSIM MaTpH-
Lst:(byHKUIOHAIbHUI MOHOMep = 1:2

0 2 A
1 2 3
DyHKIIOHATBHUI MOHOMEP

te3 MIII memOpaH i3 MOHOMEpPHMX CyMillei 3i
CITiBBiTHOILLIEHHSIMU cyiabpamerokcazom: AMITCK
1:3 Ta 1:4 BUSBUMBCSI HEMOXJIMBUM UYepe3 OOMEXEHY
po3unHHicTE AMIICK 3a Takux KOHLIEHTpALilA.
IToxazaHo, 10 HaiOLIbII celeKTuBHI MIII
MeMOpaHu OyJ0 OTpUMaHO 3 MOHOMEPHMUX CyMi-
el 31 CHiBBiAHOLLIEHHSIM CyJb(aMeToKca3oJ-
AMIICK 1:2 (puc.2). 3a cniBBimHomeHHs 1:1
MIIT memOpaHuW AEMOHCTPYBAJIM 3HAYHO HMXKYi
piBHI BUOiIpKOBOI aacopOilii cysbhamMeToKca3ony,
1110, OYEBUAHO, TOB’SI3aHO 3 (POPMYBAHHSM BEJIU-
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B

Puc. 2. 3anexnicts iHTeHCMBHOCTI 3abapsienHss MIIMT (O) i
KoHTposbHuX ([J) momiMepHnx MeMOpaH, a TaKOX piB-
HiB BuMOipkoBoi amcopOuii (El) cymbhamerokcasomy
(CM) Bin chiBBigHOILIEHHS MAaTpULIs:(PYHKITIOHATBHUI
MOHOMeEp, 3aCTOCOBAHOIO IMpHU CHMHTE3i MeMOpaH. DyHK-
uioHasbHUN MOHOMep — AMITCK

0 ] -
1:1 1:2
CmiBBigHomenHss CM:AMIICK

KOi KiJIbKOCTi Je(MEeKTHUX CaMTiB, OO0 CKIaay SIKUX
He YyBilila MoJjiekyja (DyHKIIOHAJIbHOTO MOHO-
Mepy 4epe3 HeIOCTaTHIO KiJIbKiCTb 1IbOTO KOMIIO-
HEHTY y BUXiJHili MOHOMEpPHIll CyMilli.

TumnoBa 3ajieXHIiCTb iHTEHCHBHOCTI 3a0apB-
JIEHHS cyJib(hameToKca3on-cesieKtuBHUX MIIT mem-
OpaH BiJ KOHILIEHTpallil 1[bOTO TpernapaTy B aHali-
30BaHOMY 3pa3Ky HaBeAeHO Ha puc. 3. Mexa BuU-
3HAYEHHS CYIb(haMeTOKCa30/y 3a AOMOMOIOK pO3-
po0sieHOI CEHCOPHOI CUCTEMM CTaHOBWJIa 2 MM,
TOAi SIK JIIHIMHMA OUHAMIYHMI OiamaszoH — Bim 2
no 15 mMM. Bapro 3a3HauumTu, 10 IS KOHTPOJIb-
HUX MeMOpaH, CHHTE30BaHMX i3 TOI X CyMilli
MOHOMEPIB, sIKa HE MiCTWJIa MaTPUYHUX MOJIEKYII,
Oy xapakTepHi 3HAUHO HUXXYi piBHi 3abapBiieH-
Ha. Ile cBimuMTb TpO Te, 11O 3B’SI3yBaHHS CYJb-
damerokcazony i3 MIII MemOpaHo Bu3HaYa-
€TbCSl HASIBHICTIO B Hill IUTYYHUX PELENTOPHUX
CalTiB, 1110 MiATBEPIXKYE eheKT IMIPUHTUHTY.
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Puc. 3. TunioBuii KamniOpyBajabHMI TpadiK KOJIOPUMETPUIHOI
CEHCOPHOI CHUCTeMM I BU3HAYEHHSI CyJib(haMeToKca-
30]1y

3arajbHy CENeKTUBHICTh KOJOPUMETPUYHUX
CEHCOPHUX CHUCTEM OLIHIOBAJIM i3 3aCTOCYBaHHSIM
0JIM3BbKOTO CTPYKTYPHOIO aHajora cyab(paMeToK-
cazoiy — cyiabpaninaminy (puc. 4). IlokazaHo, 1110
CTBOpEHAa CEHCOpHAa CHUCTeMa IMPOSIBSIE BUCOKY
CEJIEKTUBHICTb J0 CyJb(haMeTOKCa3oly, IO Ja€
3MOTYy BM3HA4YaTH MOT0 BMICT Yy aHalli3oBaHOMY
3pa3Ky, MpU LIbOMY HasBHICTb CTPYKTYPHO ITOMi0-
HUX iHTepdepeHTIiB He BIUIMBAaTUME Ha TOYHICThb
BU3HAUCHHSI aHAJIITy 3a JOMOMOIOI0 MPOITOHOBA-
HOTO METOoy.

CTBOpEHi KOJIOPUMETPUYHI 0iOCEHCOPHI cHC-
TeMu Oynu ampoOOBaHi JJisi BU3HAUYEHHST CyJibga-
METOKCa30Jly SIK Y MOAEJIbHMX PO3YMHaX, TaK i B
peallbHUX 3pa3kax ¢apMaleBTUYHUX Ipernaparis,
30kpeMa mnpenapati bicenton y ¢opMi cycrensii i
Ttabaetok (puc. 5). JloBeaeHo, 10 CKJIal aHami30-
BaHMX 3pa3KiB MaB He3HAYHUI BIIUB Ha TOUYHiCTh
BU3HAUCHHSI CYJb(aMETOKCa301y 3a JO0MOMOTIO0
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KOJIOPUMETPUYHOI CEHCOPHOI CUCTEMU, TOMi SIK
pe3yabTaTh BU3HAUYEHHs KOHIIEHTpallili cyJibhame-
TOKCa30Jy B 3pa3Kax (hapMmalleBTUUHUX MperapariB
30irajiucsg 3 OTpMMaHMMM 3a JIOTIOMOIOK Tpaau-
HiitHOrO CrNeKTPoOTOMETPUUYHOTO METOAY BU3HA-
YEHH$ CyJb(haMeToKCca3oy.
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Puc. 4. CeneKTUBHICTb KOJOPUMETPUYHUX CEHCOPHMX CHUCTEM
JUISE BU3HAUEHHST CyJbhameTokcasony. IHTeHCUBHICTD 3a-
Gapsiaennss MIIT () i kourponpuux ([J) memOpan Ta
piBHi BuGipKoBOi amcopoOuii (E) cympdamimHux mpe-
mapaTiB  Ha CyJIb(haMeTOKCa30I-iMIPUHTOBAHUX — TIOJIi-
MEpHUX MeMOpaHax
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Puc. 5. BusHaueHHsT BMIiCTy cyab(haMeToKca3olny y dapMalieB-
THYHMX Tpenapatax (/ — npenapat bicenron, 480 mr,
Tabnetk, [laG’siHinbKUA  (apMaleBTUYHUNM  3aBOI
Moabsda AT, MMoabuia; 2 — npenapar bicenron, 240 mr,
cycneHnsiss, MEDANA Farma, Iloablia) 3a 10moMorooo
KOJIOpDUMETPUYHOI ceHcopHoi cucremu () Ta cmekr-
podoromerpuunoro Merony (Ed) mopiBHsAHO 3 maHMMU,
HaBefieHMMU BupoOHuKamu ()

Chnucox JiitepaTypu

CTabiNbHICTh  KOJOPUMETPUYHUX CEHCOPHUX
CHACTEM Ha OCHOBi Cy/1b(haMETOKCa301-CEeIEKTUBHUX
MIIT memOpaH npu 30epiraHHi 3a KiMHATHOI TeMIIe-
patypy CTaHOBWJIA IIPUHAMMHI 6 MiCSILIiB.

Bucnosku

I3 3acTtocyBaHHSIM METOQY MOJIEKYJISIPHOTO
IMIIPUHTUHTY B KOMOiHallil 3 METOAOM KOMIT 10-
TEpPHOTO MOJEIIOBAHHS Y CTPYKTYpi MOJiMEPHUX
MeMOpaH CTBOPEHO IUTYYHi PeLenTOpHi CalTh 3B’sI-
3yBaHHS cyJbtaMeTokcazony. ONTUMI30BaHO CKIIaf
MOJIEKYJIIPHO IMITIPUHTOBAHUX TIOJIMEPHUX MeM-
OpaH 1100 HaAWOUIbII CEJEKTUBHOTO PO3Mi3Ha-
BaHHS LJILOBOTO aHaiiTy. BusiBieHO KopeJsilito
MiX eHeprisiMu B3aeMofii MaTpULsI—(pyHKIIOHATb-
HUII MOHOMEp, BM3HAYEHUMHU 3a IOIOMOTOI0 Me-
TOAY KOMI'IOTEPHOTO MOJIENIOBaHHS, Ta 3AaTHICTIO
MIII mMemOpaH, CMHTE30BaHUX 3a Y4acTi LIMX MO-
HOMEpiB, BUCOKOCEJEKTUBHO 3B’SI3yBaTU Cyjb(da-
MeToKkcasoJl. Ha OCHOBI 1ITy4YHUX aHayoOriB GioJio-
TYHUX PEUENTOPiB pO3p0OJEHO CEHCOPHY CUCTEMY
IS BU3HAUYEHHST CyJb(haMETOKCa30Jy B 3pa3Kax
¢dapmaneBTUUYHUX IIpernapaTiB. MeTton 3abe3mneuye
BUCOKOCEJIEKTUBHE BHU3HAUEHHS CYyJIb(haMeToKca-
3011y B Mexax 2—15 MM 5K y MoIelbHUX, TaK i B
peajbHMX 3pa3Kax (papMalleBTUYHMX IpernapaTis.
PesynbraTi, oTpuMaHi 3a JONOMOTOIO CTBOPEHOI
CEHCOPHOI CUCTEMM, 30iraloThCs i3 OTPUMaHUMHU 3
BUKOPUCTAHHSIM TPaAULIiitHOTO CHEeKTpodoTOoMeT-
PUYHOTO METOAY BM3HAYEHHS CyJb(haMeToKca3omy.
IlopiBHSIHO 3 TpaAULIMHUMMU iHCTPYMEHTaJIbHUMU
MeTOJaMU po3pobJieHa CEHCOpHA CHUCTEMa € BHUCO-
KOUYYTJMBOIO, MPOCTOI0 Yy BUKOPUCTAHHI Ta MOXe
3a0e3MeYnTr EeKCIIpec-aHaji3 BMICTY ILIiJIbOBOTO
a”aiity. IlopiBHSIHO 3 iCHYIOUMMHM O0iOCEHCOPHUMMU
MeTOJAaMM BM3HAUEHHsS 3alpollOHOBaHa cHUCcTeMa
3abe3neyye IOAIOHY YYTJIMBICTh HNpU 3HAYHO BHU-
LIif cTaOiIBHOCTI ITia yac 30epiraHHs.

Po3pobnieHi CEHCOpHiI CUCTEMU MOXYTb OyTH
VCIILIHO 3aCTOCOBAHi IJIsI KOHTPOJIO SKOCTi (bapma-
LIEBTUYHUX TIpernapaTiB. 3arpolOHOBAaHUM Mioxim €
VHiBEpCAJIbHUM Ta MOXe OyTM BUKOPUCTaHUI Mpu
pO3pOOJICHHI ONTUYHUX CEHCOPHUX CUCTEM JUIS BU-
3HAYEHHSI HU3KM MaJIMX OpraHiyHWX MOJIEKYJ, 31aT-
HUX (hopMyBaTH 3a0apBJICHI KOMIUIEKCHI CITOJIYKH.
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T.A. Sergeyeva, E.V. Piletska, L.A. Gorbach, A.V. lvanova, O.0. Brovko, G.V. El'ska

SENSOR SYSTEM FOR SULFAMETHOXAZOLE DETECTION BASED ON MOLECULARLY IMPRINTED POLYMER MEM-
BRANES

Background. Development of sensor systems based on synthetic mimics of biological molecules will provide new effective ex-
press-methods for detection of small organic molecules, including pharmaceuticals, for modern analytical biotechnology.

Objective. An analytical system for highly selective and sensitive detection of sulfamethoxazole based on molecularly imprinted
polymer (MIP) membranes is proposed, synthesized using the method of in situ polymerization in a combination with the method of
computational modeling.

Methods. Sulfamethoxazole molecules, that were selectively adsorbed by the synthetic binding sites in MIP membranes struc-
ture, were visualized due to their ability to form brown-colored complexes after reaction with potassium ferricyanide and sodium nitro-
prusside in alkaline media.

Results. The limit for sulfamethoxazole detection comprised 2 mM, while the linear dynamic range — 2-15 mM, which allows one
to detect sulfamethoxazole in pharmaceutical preparations. Stability of the developed MIP-based sensor systems was estimated as at
least 6 months, which significantly increases stability of analogous devices based on natural receptors.

Conclusions. Applicability of the developed sensor systems for the analysis of sulfamethoxazole in both model solutions and real
samples (commercial pharmaceutical preparations) was proven. The developed systems are characterized with high selectivity, sensitiv-
ity, small size and low cost.

Keywords: sensors; sensor systems; molecularly imprinted polymers; membranes; pharmaceuticals; sulfanilamides.
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T.A. Cepreesa, E.B. Nuneukas, J1.A. lopbay, A.B. MiBaHoBa, A.A. bpoBko, A.B. Enbckas

CEHCOPHAA CUCTEMA ONA OMNMPEAENEHNA CYNb®AMETOKCASOJIA HA OCHOBE MOJNEKYNAPHO MMMPUHTUPO-
BAHHbIX MOJIMMEPHbLIX MEMBPAH

MpobnemaTtnka. PaspaboTka CEHCOPHBIX CUCTEM Ha OCHOBE UCKYCCTBEHHBIX aHaroroB 61Uonormyecknx MakpoMosnekysn siBrnseTcs
aKTyanbHOW ANs COBPEMEHHOWN aHanMTU4yeckon BUoTexHoONorMm, Nockonbky obecneymsaeT HoBble 3hEKTVBHbIE IKCNPECC-MeToAb! Ae-
TEKUMM MarbIX OpraHM4eckmx Mosekysn, B TOM Yyucne apMaLeBTUHECKUX NpenapaTos.

Llenb nccneposanun. B pabote npegnaraeTcs aHanMTuyeckas cucteMa Ans BbICOKOCENEKTMBHOMO M YyBCTBUTENMBHOIO onpe-
AenexHusi cynbameTokcasona Ha OCHOBE MOMEKYNAPHO UMMNPUHTUPOBAaHHBIX nonumepHbix (MATM) membpaH, CUHTE3NPOBaHHBIX C UC-
nonb3oBaHWeM mMeToAa NonMMepusaumm in situ B KOMGUHaLMKM C METOAO0M KOMMbIOTEPHOrO MOAENMPOBAHMS.

MeToauka peanusauuu. Monekynbl cynbgameTokcasona, CenekTMBHO afcopbupoBaHHble CUHTETUYECKMMU peLenTOpHbIMU
canTamu B cTpyktype MU membpaH, Bu3yanusnposanu 6narogaps ux cnocobHOCT (popMMpoBaTh OKpalleHHble B KOPUYHEBLIN LiBET
KOMMIEKChI Mocne peakumu ¢ deppuLnaHnaom Kanvs U HUITPONpPYyCCUAOM HaTPUS B LLENOYHON cpeae.

Pe3ynbTaThl uccnegoBaHus. [penen obHapyxeHusi cynbgameTokcasona coctaBun 2 MM, a NMHENHbIA AMHAMUYECKUA anana-
30H CEHCOpHOW cucTembl — 2—15 MM, 4TO AaeT BO3MOXHOCTb onpedensiTb cynbameTokca3on B dhapMaLeBTUYECKUX npenapartax.
CTtabunbHOCTb pa3paboTaHHbIX CEHCOPHbIX cMCTeM Ha ocHoBe MWI cocTaBuna no kparnHen mepe 6 MecsiLeB, YTO 3HAYUTENbHO Mpe-
BOCXOAMWT CTABUINBHOCTb aHanorMyHbIX NPMGOPOB Ha OCHOBE MPUPOAHBIX PELIENTOPOB.

BbiBoAbl. [Joka3daHa BO3MOXHOCTb UCMOMb30BaHUA paspaboTaHHbIX CEHCOPHbBIX CUCTEM ANS aHanu3a cynbdameTokcasona Kak B
MoAenbHbIX, TaK 1 B peanbHbiX obpa3suax (KoMMepyeckn AOCTYMNHbIX dhapMaueBTUYeckux npenapatax). PaspaboTaHHble CEHCOpHble
CMCTEeMbl XapaKTepu3ylTCSH BbICOKOWN CENEKTUBHOCTBIO, YYBCTBUTENBHOCTBIO, MOPTaTUBHOCTBIO Y HEBLICOKOW CTOMMOCTbIO.

KniouyeBble cnoBa: CeHCOpbl; CEHCOPHbIE CUCTEMbI; MONEKYNSAPHO MMMNPUHTUPOBAHHbLIE MONMMMEpPbl; MemMbpaHbl; hapmaLeBThye-
Ckue npenapartbl; cynbgamMuaHble npenaparbi.



