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Pospobseno meTon omeps;xkaHHAa apiHHUX MeMOpaH, 1110 0a3yeThCAa Ha KOBAJIEHTHOMY 3B’ A3yBaHHI XiTo3aHY 3 ITOBe-
PXHeIO IeII0JI03HNUX MeMOpaH Ta 3akpimienui 6apsauka Cibacron Blue F3G-A sk adinmoro mirammgy. Hocrimxerno
TPaHCIOPTHI Ta IMOBepXHeBi BiacTuBOCTI Moau(pikoBanux memopan. IligiopaHo onTuManbHi yMoBU iMMoGirizaIii O-
aminasu: pH Ta KoHIeHTpalia posunHy Monudikysansa 3,5 ta 1 mr/cm?®, BigmosigHo. MeMOpanu 3 iMmMo6imizoBaHnM
€H3UMOM XapaKTEePUIYIOThCA BUCOKUM CTYII€HEM PO3IIEIIEHHI KPOXMAJIo, 1110 CTAHOBUTEL 84 % IJis HepereHepoBaHOI

MeMOpaHu.

Knrwuwosi cnosa: immoobiaisamisa ensumis, a-aminasa, apinui memOpaun.

OcranHiM YacoM po3po0JieHHS CII0CO0iB
ofep:KaHHa MeMOpaH 3 TMOBEPXHEBUMH (PYHK-
IMiOHAJTBPHUMU I'PyNIaMU TPUBEPTAE SHAUHY YBa-
I'y DOCJHiTHUKIB AJIs BUPiIIeHHA 0araTbox Hay-
KOBUX Ta IpaKTUYHUX 3aBmaHb [1-3].
BinbiricTs cyyacHUX IIPOMUCJIOBUX ITOJIiMep-
HUX MeMOpaH Ha OCHOBIi moJicyJb(oHY, IT0JIi-
erepcyabGoHy, IOJieTHUJIeHYy, HEWUJOHY TOIIIO
MaloTh 3aJ0BLIbHY XiMiuHy, TepMO- Ta Mexa-
HiUHY CTiHKicTh, OOHAK BiCYyTHIiCTL peakIriii-
HOBJATHUX I'PYII HA TIOBEPXHIi CYTTEBO 0OMEIKYE
ix sacTocyBaHHSA IIiJT yac PO3POOJIEHHA HOBUX
TeXHOJIOTi#i. 3HaUHA KiJIbKiCTh BiOMHX CIIO-
cobiB Momu(piKyBaHHA MOBEPXHI ITOJiMEepPHUX
MeMOpaH 3 BHKOPHCTAHHSIM Pi3HOMAHITHHX
BHUIiB KOPCTKOI hismuHOi Ta XiMiuHOI 00pPOOKU
MOJKe COPUUYUHUTH 3MiHU B MOpdoJorii MmeM6-
paH [4]. Okpim ToTO, TAKUM MeMOpaHaM IpUTa-
MaHHAa TiABUINeHa HeceJeKTHUBHA COpOIiA m0
OPOTEIHOBUX PEYOBUH, a TOMY BOHU TOTPEOY-
10Tk rigpodimisamii. Ha Bigminy Big 6ararnox
rizpoobHUX MeMOpaH, MeMOpaHM Ha OCHOBI
IIEeJI0J03M Ta il MOXiZHUX XapaKTepUu3yIThCSI
HU3bKOI0 HecmenudivHo copOIlielo A0 Mpo-
TeiHy, BUCOKHM pPiBHeM rigpodispHOCTi Ta
MiCTATH PeaKI[ifHO3JATHI TiIPOKCUJIBHI TPy-
nu. Immobinisarmia Ha IMOBEePXHi IETI0JO3HUX
MeMOpaH peaKIiiHO3ZATHUX aMiHO- Ta CYJIb-
GOoTpPYI CTBOPIOE IIUPOKI MOYKJIUBOCTL OJIA Ha-
maHHda iMm comenudivHUX QYHKIIOHAJIBHUX
BJIACTUBOCTE.

Tak, iMmmo0inisalis eH3UMiB Ha MOBEPXHi
moJiMepHUX MeMOpaH Jae 3MOTY OTPUMYBATH
Oiokaramituuui, adinui, pH-uytausi, 6iocen-
copHi Ta ixmi mem6panu [5—6]. Adinna xpoma-
Torpadis — saraJbHOBiZOMUI MeTO I iMMOOiTi-
3arrii, BumiJieHHs, OUUINEeHH Ta igeHTudikamii
MPOTEIHOBUX MOJIEKYJI. 3a ITUM METOIOM MOJIe-
Kyay(miramnm), 1o Ma€ 3JaTHICTh IO PO3IIi3Ha-
BaHHSA, 3aKpPiIlJIIOIOTh HA HEPO3UMHHIN Mar-
puili, 3a3BuUYall Ha TOJiIMEepHHX MaTepialax.
IIporeitnoBi MoJeKyIM aACOPOYIOTHCS Ha JiraH-
Oi i TaKUM YMHOM BUTIJIAIOTBCA i3 BUXiZHOTO
cepenoBuinia. 3mina pH Ta iomHOI cuan posun-
HY OPU3BOAUTE OO0 JecopOirii immoobinizoBanmx
GiomosierkyJ. Ik JriraHg MOMKHA BUKOPHCTOBY-
BaTU pPidHi (pyHKIiOHATBHI MOJEKYJaIH, ¥ TOMY
Yucai eH3uMHu, KOeH3mMHU, Ko(paKTopu, aH-
TUTiJIa, aMiHO- Ta HYKJIEOKUCJIOTH, IIOJiIeIITH-
Iv. ATbTepHATUBOIO IPUPOAHUM JIiraHIaM, 110
3aJIUIIAIOTHCA JOCUTH JOPOTUMMU i B GisIbIrtocTi
BUMAAKIB cienmu()iuyHMMU, € 32CTOCYBaHHA CUH-
TeruuHuX OapBHUKIB [7]. Jlirauam Ha OCHOBI
OapBHUKIB 3maTHI 3B’ s13yBaTH OiJBIIiCTE THIIIB
OpoTeiHiB Ta eH3UMiB, JeleBi Yy BUKOPUCTAaHHI
Ta 3aKPIIJIIOI0THECA HA MATPUIAX, IO MiCTATH
TiIPOKCUIIBLHI TPYIIN.

ITesro103HI MEMOpPaHU IITMPOKO BUKOPMCTO-
BYIOTh SAK MeXaHIUHYy MTiJKJaAKy B KOMIIO-
BUIITHUX MeMOpaHax IJs OUHUINEHHS IIPoTei-
HiB, aJie AK OCHOBA 14 adinHol XxpoMmaTorpadii
BOHU MalOTh HU3bKY 3B’ A3yBaJbHY EMHICTS [8].
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Y po6ori [9] aBTOpamMu 6y10 pO3POBJIEHO TEJTI0-
JIO3HI KOoMIO3uIlitiHi MmeMOpaHu 3 iMMO06iTiz0-
BaHUM TOJITIiNeINIMEeTaKPUIATOM AJA ad)iH-
HOTO OYMIIeHHA iIMyHOTJIOOYJIiHY 13 CHPOBaTKU
KPOBi JIOAUHU.

OcTaHHIM dYacoM TaKOX [JOCJiJKYIOTH
MeMOpaHU Ha OCHOBI xiTosamy Ta xitumy [10].
IIi marepiamu MaiOTh BUCOKY 3B’ A3YBaJIbHY
€MHICTH 3aBIAKU NPUCYTHOCTI y MOJIEKYJi
xiTo3aHy AK aMiHO-, TaK i TiAPOKCUJIBHUX
TPYII, 10 YMOKJINBJIIOE 3aKPITIJIEHHA JIiTaHAY B
M’ SIKUX YMOBaXx, IIPoTe cjabKi MexaHiuHi Byac-
TUBOCTI TaKuX MeMOpaH IEeperIKoAKaioTh 1X
IIITPOKOMY 3aCTOCYBaHHIO.

Metoto 11i€ei pobOTH € HOCHiAKeHHS YMOB
iMmmo06iaisalrii o-amisiasy Ha IPOMUCIOBUX IIe-
JIIOJIOBHUX MeMOpaHax MeTomoM adiHHOI Xpo-
marorpadii. Jliramgom ciayrysaB OapBHUK
Cibacron Blue F3G-A, sakpimienuii Ha mejro-
J03HilT MmemOpani, MmogudikoBauiii xiTozamoM.
Immob6inisamito xXiTosdaHy Ha IeJIOJIO3HUX
MeMOpaHax IPOBOAUIN KOBAJEHTHUM 3B’ A3Y-
BaHHAM 0apBHUKA 3 ITOBEPXHEI0 MeMOpaHu.

Marepiaau i meTonu

Peaxmueu ma mamepianu

VYV poboTi a1 mocaigiKeHHs IIPOIecy MOIU-
¢ikyBaHHA MOBEPXHI BUKOPUCTOBYBAJIU I1€JI0-
no3ui memb6panu mapku CO10F (BupoGHUIITBO
Microdyn-Nadir, Himeuunna) 3 BimcikaabHOO
3IaTHICTIO 3a MOJIEKYJAPHOI0 Macoio (cut off)
10 k[la, mepiiomaT Hartpito NaJO, (Sigma,
CIITA), xiTosaHm 3 MOJIEKYJSAPHOIO Macoio
400 x/la (Fluka, IIBeiimapis ), OapBHUK
Cibacron Blue F3G-A (Fluka) 3 MmosieKyIsapHOIO
macow 774 Jla, 6axkrepianbry ( Bacillus sub-
tilis ) o-aminasy (Fluka) 3 MmoseKy1sapHOO Ma-
coto 50 k/la Ta eH3MMATHUUYHOIO AKTUBHiCTIO
58 U/wmr, noaierunenriikosas (ITET) 3 moaexy-
asapuoio macoio 4000 a (Fluka).

s BUBHAUEHHS TPAHCIOPTHUX Ta OioKa-
TAJITUYHUX BJIACTHUBOCTEH, BOMOIIPOHUKHOCTI
Jw Ta xoedimienra sarpumku R, cTyneHns KoH-
Bepcii KpoxmMaJsio O, XapaKTepUCTUK MeMOpaH
3aCTOCOBYBAJIM CTAaHAAPTHY yJabTpadiabTpa-
MifHY IUJIIHAPUYHY KOMIPKY HEIIPOTOUYHOTO
tunry Amicon 8200 ( Millipore, CIITA).

Memo0d moduikysanus

J1a OKUCHEHHA IeJTI0JIO3Y B AiaJdbaeTriaie-
aiogo3y BukopuctoBysaau 0,1 M mepiiozar
HaTpito. OKHMCHEeHHSA IPOBOAUIN IPU TeMIIepa-
Typi 55 °C mporsarom 1 rog.

OkucHeHi MeMOpaHW BUTPUMYBAJIU B PO3-
yuHi XiTOo3aHYy IpM KiMHaATHiNI TeMmepaTypi
nporarom 20 rox. Ax Momudikyounii po3unH
BuUKoOpucToByBaiu 1% (Mac) po3umH xiTozamy
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B 1% -i1 orroBsiit kuciori. Ilicas mogudikysan-
HA MeMOpaHu BiZMuWBaIM B AUCTUJILOBAHIN
Bozi mporarom 1 rog.

MemOpanu 3 IPUIIENJIeHUM XiTo3aHOM
BUTPUMYyBaiu B po3umHi GapBHuka Cibacron
Blue F3G-A (puc. 1) mporsirom 1 rog mpu Tem-
nepatypi 55 °C . PosunH OGapBHHKAa IOTyBaau
TakuM uYnHOM: 1 T GapBHHUKA PO3UUHAIU
B 100 c™?® sucTuiaboBaHoi Bogu, gogasanu 1,2 ¢
xjgopuny Harpito Ta 0,4 T KapboHATy HaTpifo.
ITicna momudikyBanusa memMOpaHU BigMuBaIm
B IUCTUJILOBAHIN BOIi HO 3HeOApPBJIEHHS IIPO-
MUBHOTO PO3UHUHY.

Momudikosani MmemMOpaHu BUTPUMYBAJIU
B PO3YMHI Oi-aMijsiasu 3 KOHIeHTpaIriero Big 0,1
mo 1 Mr/mi mpu KiMHATHiI TeMIlepaTypi IpoTs-
rom 2 ron; pH posuuny 3amintoBasu Big 2 10 5.

-
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Puc. 1. KoBajieHTHE 3B A3yBaHHA MOJIEKYJIU GAPBHUKA
Cibacron Blue F3G-A 3 mosexynoro xitozany

Memodurxa deimmobinizauii o-amiiasu

Memb6pauu 3 iMMOOiIi3zoBaHMM €H3UMOM
ButpumyBasu B 0,5 M posumHi pogaHiny Kasriio
(emroati) Ta mpoTAroM 1 roa cTpyIIyBaau 3a I0-
TIOMOTOIO IIlefiKepa.

Ananimuuni memodu

HocaigkeHHa ITOBEPXHEBUX IIapiB 3pasKiB
MeMOpaH TIPOBOAMJIM Ha CIEKTPOMeTrpi
Tensor—37 ( Bruker, Himeuunua) metomom 6a-
raTopasoBOTO MOPYIIIEHOTO MTOBHOTO BiAOWTTS.
et meton mosBossde orpumaru [Y-crekTpm
BiIOUTTS 3 MOBEPXHEBOTO IIapPy 3pasKa a0 IJIu-
OuHU OJTUBBKO 2—3 MKM.

BuwmipioBanus —ToTeHIiagy TOBEPXHi MO-
nudikoBaHMX Ta HeMOAU(DiKOBaHUX MeMOpaH
3IiJiICHIOBAJIM HA €JeKTPOKiHeTHYHOMY aHaJi-
sdaTopi Anton-Paar EKA Streaming Potential
Meter (Asctpia) BimmocHo BomHOTO 1:10° M
POBUMHY XJIOPUAY KaJIiio.
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Koumenrpailito KOMIIJIeKCy KPOXMaab—HOI
BU3HAYAIU (DOTOKOJOPUMETPUYHO IIPU JOBIKU-
Hi xBuri 650 HM.
Cryninb KOHBepcCili KpoXMaJilo PO3pPaxoBy-
BaJIu 3a (hOPMYJIOIO:
o= Co-Vo=Cy -V ,
Co 'V,

ne C, V, — KoHIeHTpalisg Ta 06’€M PEYOBUHU

’ B IIOYATKOBOMY PO3YUHIi;
C, V, — KoHIleHTpalia Ta 00’eM PeYOBUHU
’ B PO3UMHI HaJ MeMOpaHoio (KOHIIEeH-
Tpati) micas Bimbopy 80% diabT-

pary.

Konmenrpariito o-amijiasu Bu3HaYaIu
CIIEKTPO(MOTOMETPUYHO NPU MTOBXKUHI XBUJI
280 M.

Konuneurpaiiitzo copboBaHoro-mzecopooBaHo-
o IPOTeIHy BU3HAYAJU ABOMA CIIOCO0aAMMU:

1) 3a pisHUIlEIO0 KOHIIEHTPAIill MOAU(PIKYIO-
YOro po3UMHY IO Ta Hicjasd iMmoOirisalrii;

2) 3a KOHIIEHTPAIIi€l0 IIPOTEeiHy B PO3UMHI
eJroary micasa geiMmmo0imisarii.

Pe3yasTaTi Ta 00TOBOPEHHA

Hocnidxicenns mpancnopmuux i nogepxme-
sux garacmueocmeil MoOUPiKo8aHUX MeMOPAH

Cxema Momu(pikyBanHA MeMOpPaH 3a TAKUM
CcII0cO00M CKJIaIaeThCA 3 TPHOX eTalriB: iMM00i-
Jisalfisg Ha TTOBepXHi MeMOpaHU XiTO3aHY, KO-
BaJIeHTHe 3B’ sI3yBaHHA 6apBHUKA 3 iMM006iTiz0-
BaHUM XiTO3aHOM Ta IOAAJbINE 3aKpilJIeHHA
€H3UMY Ha MOBEePXHi MeMOpaHuU.

XiTo3aH — BHCOKOMOJIEKYJIAPHUN IIPUPOI-
HUH IoJIiMep i TpUuIenJeHHd Horo 10 ToBePXHi
MeMOpaHu MaTuMe HaNOiJbINNI BOJWB Ha ii
TpaHCHOPTHI BaactuBocTi [11].

IMmMmobGimizamisa xiTosaHy Ha MMOBEpPXHi Iie-
JITOJIOBHUX MeMOpaH 6asyeTbcs Ha B3aeMOZil
aMiHOTPYII XiTO3aHy 3 aNbAeTiTHUMU IpyIaMu
moIepeaHbO OKMCHEHOI ITeJII0JI0BHOT MemOpa-
Hu. HasgBHicTh albaerifHuUX TIPyn BU3HAUAIU
3a qormoMororo ['Y-crreKTpocKoIii AK xapaKTeprc-
TUYHI cMyTu noryimHauHA mpu 1740-1720 cm !,
110 BiAMOBiZAlOTh KOJMBAHHAM KapOOHiIbHUX
rpym. K BUAHO 3 puc. 2, TaKi xapakTepuc-
TUYHI CcMyru 3 ABIAIOTHCA MiCJAA OKWUCHEHHS
meJrrosio3u nepromatom. Ciin 3ayBasKuUTH, IO
YacTo IIPUCYTHICTD agcopboBamoi a00 3B’ a3aHOL
BOJM YCKJIQAHIOE imeHTU(dIKAIliI0 adbaeTiTHIX
rpyn. BajleHTHI KOJTMBaHHSA MOJIEKYJI BOJIU JAI0OTH
XapaKTepUCTUUHi cMyru 01u3bKo 1640 e, aki
MOJKYTb OYyTH SOCUTH ITUPOKUMU 1 IepeKpuBa-
TH CMYTH KapOoHinbHUX Tpymn. Taki xapaxTe-
PUCTUYHI CMYTH CHOCTEPITalOThCA y CIEKTPax
AK IeJIIOJIO3HOI TakK i OKuMcHeHOI MeMOpaH

(puc. 2). OgHaK 115 OKMCHEHOI MeMOpaHu CMY-
i MoJeKyJs Bogu (1643 cm ') Ta KapOOHITBHUX
rpyn (1737 cm') 4iTKO pPO3PiI3HAITHCS, IO
CBiIUUTH IPO (POPMYBAHHSA AiaIbIeTigIes00-
31 Iicasa mMoau@dikyBaHHA MeMOpaH Iepiiona-
TOM HaATPifo.

CuekTp xiTosany mMae cepiro cmyr mixk 1750
ta 1500 cm!. Cmyru ipu 1648 cm* ta 1574 cm!
XapakTepusyoTh N-alleTUJIbOBAHUHA XiTWUH Ta
NH,-aconifioBaruii 3B’A30K, BigmoBigHo. Aute
BaJIEHTHI KOJMBAHHA MOJIEKYJ BOAU IIEPEKPU-
BAIOTh IO cMyTy. ToMy cneKTpaJbHUN HTPOMi-
KoK Mizk 1750 Ta 1500 cm™*! micTuTh Xapakre-
PUCTUYHI CMyru KapOOHIJIbHMX aMiHOTPyH Ta
MOJIEKYJI BOAHU, IO YCKJIAAHIOE iTeHTu(dikaIio
(YHKI[IOHAIBHUX TPYI HA TOBEPXHI ITEJII0JIO-
31, Mogu()iKoBaHOI XiTO3aHOM.

i Gdn

- T T T T T O
3800 2000 2500 2000 1500 o0

Wavenumber cm-1

Puc. 2. IndpauepBoHi CIIEKTPH 1€JTIOJI03HOI MeMOpa-
Hu CO10F (1), naieku xiTozany (2), OKMCHEeHOI MeMO-
PaHHU micia OKMCHEeHHA nepiiogaToMm (3), MmeMOpaHu
3 MpPUIIEIIeHNM XiTo3aHoM (4)

OmHax CHEeKTp IeJi0J03H0I MeMOpaHu
3 NPHUIINEILJIEHNM XiTO3aHOM MAa€ OiJBII iHTeH-
cuBHI miku mpu 1741,92 cm* ta 1644,29 cm .
Tako:k mupuna cmyru 6ausbko 3300 cm™?, 1110
BigmoBimae BasieHTHUM KoJsimBaHHsaM O—H ra
N-H 3B’sA3KiB, PO3LINPIOETHCS 3i 3MillleHHAM
MaKCUMyMy IIiKa, Ile, MOXKJIMBO, 3YMOBJIEHO
¢dopMyBaHHAM BTOPUHHUX aMiHOTPYI Hicjd
IPUINEIJIEHHS XiToO3aHy.
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Hactynui gocaim:KeHHS  IIeJIIOJIO3HUX
MeMOpaH 3 MPUIIEIJIEHNM XiTO3aHOM Ta 0apB-
HurkoMm Cibacron Blue F3G-A mnposoxuiu 3 Me-
TOIO BUBUEHHSA IXHIX TPAHCHOPTHUX Ta IIOBEPX-
HeBUX BJIacTUBOCTeli. Pe3ysbTaTn iX cBigUaTh,
1110 IPHUINEINJIeHHA XiTo3aHy 10 II0BepXHi MeMO-
pPaH CYIPOBOIKYETHCA CYTTEBUM 3SHUKEHHAM
BOJOIIPOHUKHOCTI MemOpaHu (Tads. 1). 3mina
IOTO IapaMeTpa MOJKe OI0CepeJKOBaHO
CBiUUTH PO CTYIiHb MOAu(iKyBaHHSI MeMO-
paHu: uuM OijJbllla BeJMYMHA HaJiHHS BOJIO-
IPOHMKHOCTI MoaM(piKoBaHOI MeMOpaHu IIOPiB-
HAHO 3 HeMOAM(MiKOBaHOIO, THUM OiJbIIOIO
Mipoi0 XiTO3aH NPUINEIJIIETHCA 0 IIOBEPXHI
memOpauu. IlomepenHi mociigskeHHSA TOKasa-
J¥W, 0 ONTUMAaJbHUMU IIapaMeTpaM’ MO-
Iu(iKyBaHHS IEJIIOJO3HUX MeMOPaH € KOHIIe-
HTpaIisga MoAM(PIKYOUYOT0o PO3UYMHY XiTO3aHY
1% ra TpuBasicts Mmogudpirkysanus 20 rox [11].

Tabauys 1. 3mina BogonpoHnKHOCT (Jw)

Ta Koedimienra 3arpumkn (R) mem6pan, mo-
nudikoBanux xitozanom (podounii Tuck 200 kIIA)

IW, | Ryach |Ratecios
MemGpana | /Mvzvmn 131/201 1\%2012 Riera000, %
Momugiro- | o3 g | 134 | 30,7 | 90,75
BaHa
Hemorudixo-| 5o | g4 | 6,3 56
BaHAa ’ ’

Mewmb6panu, mogudikoBani xiTozamom, Ma-
10Tb Koedinient 3arpumru ITET, (o0 90,75%,
BUXOAAYU 3 YOTO MOYKHA CTBEPKYBaTHU, IO
BificiKaJibHA 3ATHICTH 3a MOJIEKYJIAPHOI Ma-
coo orpumaHoi mMemOpanu cranosutb 4 000,
THUMYAcoM K HeMoaudiKoBaHOI MeMOpaHu —
10 000. ITe Bkasye Ha Te, 10 HAa MeMOpaHHii
HOBePXHiI (POPMY€ETHCA TOHKUN CeJeKTUBHUM
map 3 XiMigHO TpuIIenJIeHoro xito3any. Bog-
Houac MeMOpaH! BUABJIAIOTH CYTTEBY 3aTPUM-
Ky momo eyiekTpoJtitie tumy 1:1 Ta 2:1. Takxk,
Koe(iIlieHT 3aTPUMKH XJIOPUAY HATPiO Ta XJIO-
puny wmarmiro cramosuth 13,4 Ta 30,7%,
BigmoBigzo. 36iabieHHa KoedillieHTa 3aTPUM-
KU eJIEKTPOJIITY Ha MeMOpaHi, MmogudikoBaHii
XiTOBaHOM, CBiTUMTH IIPO HAABHICTH 3apsmsKe-
HUX T'PYH HA i1 MOBEPXHi.

ITe mpunymieHHA TaKOK HiATBEPAKYE pe-
3yJAbLTATH BUMIiPIOBAHHSA C-IIOTEHIIialy IIOBEPX-
Hi MomudikoBaHux MeMOpaH. 3aKpimjaeHHS
XiTO3aHYy Ha MMOBEPXHiI MeMOpaHU MPU3BOAUTH
JI0 3POCTAHHA Ii &-ITOTeHIiaNly MoBepXHi MOpPiB-
HSHO 3 HeMoau(iKoBaHOIO MeMOpauom 3 —13,66
mo 6,33 mB (tabs. 2). Iloganbiiie KOBaJeHTHE
3B’a3yBaHHusa OapBHuKa Cibacron Blue F3G-A
3 iMMOOisrisoBaHUM XiTO3aHOM, IO MiCTHUTH
Y CBOEMY CKJIaJ[i HEraTWBHO 3apAKeHi cyabdo-
PN, BHIKYE E-TTOTEHITia moBepxHi 10 —15,8 MB.
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Tabauys 2. 3MiHa BeIUYUHH 3aPSAAY MMOBEPXHi
I[eJII0JIO3HUX MeMOpaH y npoueci mogudikyBanHa
Ta iMMoOiaizarii oi-amisiasu

Mo-
Mo- nudiko-
nudiko- BaHa
BaHa xiTo3a-
Mo- .
. xiTosa- |HOM 161,
Mewmb6pa-| Hemo- | gudiko-
. HOM Ta | GapBHU-
Ha nudiko- BaHa 6
. apBHU- KOM
CO10F BaHa xXiTo3a- .
oM KOM Cibacron

Cibacron| Blue
Blue |F3G-A Ta
F3G-A |co-amina-

3010

&-H.o- -13,66*=| 6,33+ |—-15,81*+|—-14,65+
TeHIiaJI,

myv. 7| 064 | 1,37 | 0,96 | 1,26

ITpumimka. YMoBu BuMipioBanHs: ejqexTposit —0,001M KCI;
pH = 6; enextponposiguicte =25,22 nSm.

ITicna sakpinnenns giraugy Cibacron Blue
F3G-A ma moaudikoBaHUX XiTO3aHOM II€JIO-
JIOBHUX MeMOpaHax IPOBOIUJIU TOCTiIKeHHSA
iMmo06iisaliii oi-amisiasy Ha TOBEPXHi oTpuMa-
HUX aQiHHUX MeMOpaH.

3Barkaoun Ha aM@OJiTHYHI BJIACTHUBOCTI
OpoTeiHiB, 3apAJ MOBePXHI MeMOpaH 3 iMM00i-
JIIB0BAHOIO Ol-aMiJIa30I0 CYTTEBO 3aJIE}KUTh Bif
PH cepenmoBuinia. ¥ KucjaomMy cepeqoBUIIi y pasi
sminu pH Bixg 2 mo 4 sapsaj moBepxHi memMOpau
€ TMO3UTUBHUM i cTraHoBUTH 10—15 MB. ¥V ayx-
HOMY CepenoBHUIIli 3apsl MOBEePXHiI MeMOpaHu
XapaKTepU3yeThCs HETAaTUBHUM &-IOTeHIia-
JoM, BeanuwmHa sakoro cAarae —20 mB, pH = 10
(puc. 3).

20

15

10 1

&-moTenmiang, mV

=20

-25

Puc 3. JocaimxeHHs 3MiHU 3apAAy MOBEePXHi MeM06-

pax CO10F 3 npumenjieHuM XiTo3aHOM, 0APBHHUKOM

Cibacron Blue F3G-A Ta immo6irizoBanoro i-amina-
3010 3aJeskHo Big pH
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Bu3HaueHHs onmuMaabHUX napamempis
immooinizayii o-amina3u y npovyeci mo0u@iky-
6AHHA UENIN03HUX MeMOpaH 3 OAPEHUKOM
Cibacron Blue F3G-A

BiokaramiTuuni BiaacTuBocTi MeMOpaH 3a-
JIeXKaTh BiJ KiJgbKoCTi eH3uMy, iMMoOGisisoBa-
HOT'O Ha OJMHUIII TOBEPXHi, IKa, 3a TAaKUM CIIO-
coboM, BuU3HauaTuMmerhbcsa mepeaycim pH Ta
KOHIIEHTPAIli€l0 MOAM(MPiKyIOUOTO POIUNHY.
3Bajkaoun Ha Te, [0 MeMOpaHa, MogudikoBa-
Ha xiTozamom Ta GapBuHmKOM Cibacron Blue
F3G-A, mae HeraTuBHUII 3aps] MOBEePXHi 3aB-
IAKY HAsIBHOCTI CyJIL()OTPYI Y CTPYKTYPi 6aps-
HUKa, iMMOOigisalliro amizasu Kpaile IIPOBO-
IUTU B KUCJIOMY CEpPeIOBUIIi, B AKOMY BOHA
Mae€ IO3UTUBHUM 3apAn. KaramiTuuHi BiacTu-
BOCTi iMMOOisizoBaHol Ol-aMijiasm OI[IHIOBAJIU
3a CTYIIeHEM pO3IIeINJeHHA KPOXMaJio Ha
MeMOpaHi, AKWUI BU3HAUAJIU SK BiJHOIIEHHS
KiJIBKOCTI Tigpos1i30BaHOr0 KPOXMAJII0 10 HOT0
IOYaTKOBOI KiJIBKOCTI.

Ax BugHo 3 puc. 4, pH mMoaudiryouoro
PO3SUYMHY €H3WMY CYTTEBO BILJIMBA€ Ha Oioka-
TaJiTuuHi BJacTtuBocTi MemOpauu. Tak,
CTYIIiHb PO3IIEIJIeHHA KPOXMaJji Ha 0ioka-
TagxiTuuHU MeMOpaHi 3pocrae Bim 44 mo 58%
y pasi 36inbmrenssa pH Mmoau@ikyouoro posun-
"y Big 3 mo 3,5.

Cryninb

KoHBepcii, %
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Puc. 4. 3anexHiCTh CTyNIeHA PO3LIEIJIEHHS KPoXMa-
JI10 HA MeMOpaHi 3 iMM00iJIi3oBaHOI0 Ol-aMiIa3010 Bij
pH monudikyrouoro posunny (AP =0,1 MIla).
IlouaTrkoBa KoHIlEeHTpAaIlid nmporeiny 0,2 mr/mi,
KpoxmaJio — 1r/a

ITomanpine 36inbpmienua pH posumHy MO-
nudiKyBaHHS IPU3BOAUTD N0 SHUKEHHA OioKa-
TaJgiTuuHOl aKTuBHOCTI. Ile moB’sA3aHO 3 Beau-
YWHOI0 iB0€JIEKTPUUYHOI TOUKU HPOTEiHy, dKa
onasa OaxTepiaJbHOI O-aMijgasy CTAHOBUTH
3,7-3,9. Bigzomo, 1110 B izoeieKTpUYHiN TOUIi

IpOTeiHU He MalOTh 3apALY, TOMY MAaKCUMAJIb-
Ha afcopOilig ix i3 BOAHMX PO3UYMHIB HaM-
yacTime BigOyBaeThca npu 3HaueHHAX pPH,
OJIMBBKUX JI0 i30€JI€KTPUUHOI TOUKU.
Karanxituuna axTuBHiCTL iMMOOisTizoBaHo-
ro Ha MeMOpaHi IIPOTeiHy TAKOMK 3aJIeXKUTh Bif
IOYATKOBOI KOHIIEHTpAIlil (l-aMijiady B pO3UMHI
(puc. 5). 11 BUBHAUEHHS ONTUMAJbHUX Tapa-
MeTpiB iMMoOGiTisarii KoHIeHTpAaI[il0 IPOTeIHY
B posuuHi 3minoBaau Big 0,1 go 1mr/cm?. Tax,
CTYNIiHBb POBMIENJIEHHS KPOXMAaJIo IIiJ dac
yasTpadinsTpaliii foro uepes memMOpany 3 iM-
MO00iIi30BAHOIO ((-aMiJIa30I0 TUM BUIIa, YUM
OinpIlla KOHIIEHTPAIlisl eH3UMY B MOAU(PiKYIOUO-
My po3umHi. 3a KoHieHTpartii 0,1mMr/cm?® crymisnb
POBIIEIIeHHS KPOXMAJI0 cTaHOBUThL 35 Ta 30%
nyst memOpaH, mogudikoBauux mpu pH 3,5 ta b,
BimmoBigHO. 30iJbIIIEHHS KOHIEHTpAIii Mo-
nugdikyiouoro podunHy B 10 pa3iB mpu3BOAUTH 10
OigBUIIeHHs OioKaTaJiTMYHOI aKTHMBHOCTI Ha
50% 1i cramoButh 84 Ta 80% 1A MemOpaH, MO-
nudixkoBanux mpu pH 3,5 Ta 5, BigmoBigmo.
Crymniab
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Konuenrpatisa nporeiny, mr/ em®
Puc. 5. 3anexxHicTh CTYyIeHS PO3IIEILIEHHA KPOXMa-

110 Ha MeMOpaHi 3 iMMo06iTisoBaHOI0 Ol-aMiTa3010 Big
IMOYAaTKOBOI KOHIIEHTpaIil po3unHy MogucdikyBanusa

Omxe, ONTUMAJLHUMEU YMOBAMU iMMOOLIi-
3arii o-amisiasm Ha IEJII0J03HUX MeMOpaHax,
moaudikoBaHUX XiTO3aHOM Ta OapBHUKOM
Cibacron Blue F3G-A 3a mum cmocobom, € pH
i KoHIleHTpAallisa po3unHy MogudikyBaHHS 3,5
ta 1 Mr/cm®, BigmmoBigHo.

Jlocaidncenns cmabiibHocmi memopaH 3 im-
MO0iNI306AHOI0 (-AMiNA3010 MA NAPAMEMPIE ix
pezenepauii

Bimomo [15], 110 eH3uMU B iMMO0isrizoBaHOMY
CcTaHi 3HAYHO CTA0iIBHITII TOPiBHAHO 3 BIJILHU-
MU MOJIEKYJIaMM, OJHAK IIpAMa 3aJeKHIiCTh
MiK 3MiHOIO cTabiJibHOCTI Ta aKTHMBHOCTI He
€ 3araJbHUM IIPABUJIOM.

CrabinpHicTh iMMO00i/IiZ0BAHOTO €H3UMY
BUBYAJU YJIbTPA(iIbTPAIi€l0 PO3UYMHY KPOX-
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MaJIio 3 KoHIeHTparieo 1 mr/cm® yepes 6ioka-
TaJiTUYHY MeMOpaHy, IIicJIg YOT0 JOCJiIKyBa-
JIA CTYIIiHb PO3IIEIJIEHHA KPOXMaJIio.

Ax BugHO 3 puc. 6, HepereHmeposana MeMO-
paHa XxapaKTepU3yeThCA BUCOKUM IIOYATKOBUM
CTYIIEHEM POS3IIeIlIeHHA KpoxMauao — 84%.
VY mporieci pobotu o-amijsiasza SOCUTH CTAOLIb-
Ha, OioKaTaiTHYHA aKTHUBHICTHL MeMOpaHU ma-
Iae TocTymoBo. IlamiHHA aKTHMBHOCTI CTaHO-
BuTh 30% micaa BigGopy 1 400 mu mepmeary.
Kosxkma macTymHa peredepailis immobisisoBa-
HOTO €H3UMY TaKOK IIPU3BOAUTDL A0 MAMiHHSA
KaTaJdiTuyHOol AaKTHUBHOCTI MemMOpaHHM Ha
8-10%. Tak, micaa TperTboi pereHeparrii
CTYIIiHb PO3INEIJIeHHI KPOXMAJII0 Ha Till camiit
MeMOpaHi cTaHOBUTD 0113bK0 60% .
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Puc. 6. 3anexHicTh CTyneHs PO3UIEIIJIEHHA KPOXMAa IO
Bix 00’emy cyOcTpary, MPOIymeHOro Yepe3 MeMOpaHy
3 iMmmo0imizoBanoro o-aminaszoro (AP =0,1 MIla):

1 — HeperenepoBaHa MmeM0OpaHa; 2 — MeMOpaHa micjasa
mepimol pereuepairii; 3 — memOpaHa Iicjas Apyroi pe-
reHeparii; 4 — memOpaHa Iicyid TpeThoi pereHeparrii

AncopOmifino-gecopOUiiHuil ITUKJI O-aMi-
Ja3u Ha MeMOpaHax, MOAU(MIKOBAaHMUX XiTO3a-
HoM Ta 6apBHuUKOM Cibacron Blue F3G-A, mpo-
Bomuau yotTupupasoBo B 0,5M posumni KSCN
IJIs BUBUEHHS MOJKJIMBOCTL iX 6araropasoBOro
BUKOPHUCTAHHA. IK BUAHO 3 pucC. 7, afcopOItiiina
eMHIiCTh ahiHHUX MeMOpaH He3HaUYHOK Mipoio,
aJjie IOCTYIIOBO 3MEHIITYEThCS 3 KOMKHUM ITUKJIOM
IpoBeneHoi agcopOIrii—mecopbirii. KinbKicThb me-
copb0OBaHOTO IPOTEIHy B esfoaTi crtaHoBUTH 90%
Bif KinbKocTi amcopboOBaHOro, a TOMY MOXKHA
CTBEPIKYyBaTH, IMO0 MOAM(iKOBaHI 3a TaKUM
cmocoboM agpimHi MeMOpaHM MOXKHA IIOBTOPHO
BUKOPWCTOBYBATH MiCJIA 1X pereHepartii.

¥V pesyabTaTi IpoBeIeHUX AOCTiIKeHb PO3-
pob6ieHO MeTOAuKY ofep:KaHHsa adiHHUX
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Puc. 7. KinpKicTh mpoTeiny, ancop6oBaHOro-aecop6o-
BaHOTO HA MeMOpaHi, MmogudikKoBaHiil XiTo3aHOM
ta Cibacron Blue F3G-A

HATiBIPOHUKHUX IIEJIOJO3HUX MeMOpaH 3 I0-
BepXHEBUMHU (DYHKI[IOHAJTHLHUMU BJIACTUBOCTS-
mu. Merog 6asyeTbcsd Ha KOBAJEHTHOMY
3B’sI3yBaHHI XiTO3aHY 3 IIOBEPXHEIO IIEJII0JIO3-
HUX MeMOpaH Ta 3akKpinjeHHi OapBHUKA
Cibacron Blue F3G-A sk adimmoro jiraupgy.
HociiaxeHo TpaHCIOPTHI Ta ITOBEPXHEBI BJIACTU-
BocTi MommdikoBaHux meMOpaH. IloxkasamHo, 1110
HaAMOLIBITMI BILIMB HA PO3ILIIOBATLHI XapaKTe-
puCTHKY MeMOpaH Ma€e iMMOoOLTi3aIlisa Ha ITOBepXHi
XiTOBaHy, sIKQ TPU3BOIUTH IO IMAMiHHS ITPOIYK-
TUBHOCTI MeMOpaHM, 3MEHIIIeHH i BiTJOKpPeMJIo-
BasbHol 3gaTHocTi 3 10 000 mo 4 000 Ta 30ibIIIeHEa
KoedilfieHTa 3aTPUMKMN CTOCOBHO HU3BKOMOJIE-
KyJaapHUX ejieKTpositiB. IlokasaHo, 1110 B mpo-
eci MmogudikyBaHHA BiOyBaeThCSA 3MiHA 3aPALY
TOBEPXHi MeMOpaHU 10 TIO3UTUBHUX 3HAYEHb —
micas imMmoOisizamii xiTosaHy, 3a HaSgBHOCTI
aMiHOTDPYI — Ta B 3BOPOTHOMY HAIIPAMKY 710 He-
raTUBHUX 3HAUEHb — ITiCJIsA 3aKPilieHHa 0apB-
HUKA, 110 MiCTUTH CYJIb(MOTIPYyIIN.

ITposemeno immobGinisalliro o-aminmasu Ha
onmeps:kaumx adimHmx MmemOpanax. Ilimibpamo
onTMMaJIbHI yMOBU imMmo00inizarmii eHsumy 3a
UM crmocoboM, pH Ta KOHIEHTpAIlisd PO3UUHY
mogudikyBanua 3,5 Tta lmr/cm®, BigmosimHoO.
Memb6panu 3 iMM006iJIis0BaHOIO O.-aMija30k0 xXa-
PaKkTepPU3yIOTHCS BUCOKUM CTYIIEHEM PO3IIell-
JIEHHS KPOXMAJIIo, 1110 CTaHOBUTH 84% [ He-
pereHepoBaHoi MeMmOpaHu. PerenepyBaHHA
MeMOpanu He 3MiHIoe 11 Mexamiumi Ta ximiumi
BJacTHUBOCTi. EKCIIepUMEHTH B AUHAMiUHOMY
pexuMi miATBEepPIKYIOTH cTabiibHiCTH Ta 6io-
KaTaJiTUUYHy aKTUBHICTH iMMO0OisizoBaHOi O-
aMisasmu.
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Paspaboran meron moaydeHusa apOUHHBIX
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ITogo6paHbl ONITUMAJIBHBIE YCIOBUSI MMMOOWUJIU-
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3YIOTCA BBICOKOI CTENEHBIO paCIIeIJIeHUs Kpax-
MaJja, KoTopad cocTtaBideT 84 % AJsa HepereHepu-
POBaHHOI MeMOPaHbI.
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o-AMILASE IMMOBILIZATION
ON CELLULOSE MEMBRANES
MODIFIED BY CHITOSANE
AND CIBACRON BLUE F3G-A

V.V. Konovalova', K. E. Guzikevich',
G. A. Pobigay', A. F. Burban',
S. T. Oliynichuk?

'National University of Kiev Mohyla-Academy,
Membrane Research Center, Kyiv
*Ukrainian research institute of alcohol
and biotechnology of foods, Kyiv

E-mail: vita@ukma.kiev.ua

A method of the affinity membranes produc-
ing based on chitosane covalent bonding with cel-
lulose membranes surface and Cibacron Blue
F3G-A dye fixing as affine ligand has been deve-
loped. Transport and surface properties of the
modified membranes have been studied.
Optimum o-amilase immobilization is found to
be the following: pH and solution concentration
are 3.5 and 1 mg/sm?® respectively. Starch con-
version of unregenerated membranes with
immobilized enzyme was up to 84%.

Key words: enzyme immobilization, a-amylase, affine
membranes.
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