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Immobilization of enzyme on hollow fiber micro pore by polymer brush with amino functional group

Muneharu Goto, Hideki Kaneko Tsutomu Shiraisi, Hidetaka Kawakita, and Kazuya Uezu

Various functional groups with aromatic group were introduced onto porous hollow-fiber membranes by radiation-induced graft

polymerization of glycidyl methacrylate and chemical modification. Lipase from Rhizopus oryzae was immobilized on prepared hollow fiber

through polymer brushes by permeation of lipase. The activities of immobilized lipase were measured by esterification reactions between lauric

acid and benzyl alcohol in isooctane. The effect of immobilizing pH on enzymatic activity in organic solvent was investigated. It was found that

the maximum enzymatic activity was different for immobilizing pH. The continuous reaction was carried out by penetration of reaction mixture

through micro pore of hollow-fiber immobilized lipase. The lipase activity at continuous reaction increased with increasing of space velocity. The

maximum activity was got at pH7.5 for using polymer brush with aromatic functional group, on the other hand the maximum activity was at

pH5.5 for using polymer brush with alkyl group. It was found that hydrophilicity important roles for stability of immobilizing enzyme in

non-aqueous media.

Keywords : Esterification, Hollow Fiber, Immobilization, Lipase, Polymer brush

1L.#E

B2 & O BOSITF RS E CHEAT L, SUSHRRHRATH
HI-OICHIIMEE DR B EETH ZENARETH D, B
FILEF . KOFEF T, BECTEWIEEEZ T, MLk
KB F Ol TEUE, A 4T ¢ —8 gkl BEL
NEDBEEEDKRNIEE L2 WERRIL ST DT AT
IVERREG, T AT VASHAROS 2 38R, B = L —mc
1195 Z LWAREL 72 B, iBE . BERIKOIFENHIRE D
KBTI+ iS22 7R3~ 2 E AR, 20X D
RBRBE FICBW TR 2 AR AT 2 L L LTL, B RO
ZH M~ A Z v TR AR A~OFEENRD D, LB E~DRE
ALY R ELAEMROL AR Y 7 L& CRBIEN~D
BEY, W2 BT 3 —F—F—LN~OEEL", R
EMERIOBUKES L BER RO T 2 BELOHEKIE
R E T IKRFREAIC Lo TRERFK | & R miE A oz
5 R ETEEANEAET MR R RO T 2 L LR Y =
Ly 7Y a— DX REs T EbFREE S CEERRE
BT DBy HEME Y R HE S h s, Fig ) L
L7 5 20 & 5 il o EEkic B3 2 @t plixd
O, EHiERE A EE L TE L, ROGHR L 0 ERiEEE DR
WREG L 720 S BITHHRO RVVERWE OAENTREE
25, T TEE LI, PLRAIFLNICIERESE RO
EEATHBEEEN (R ~—T5) 2757 &
AT L VEA L EEEEELRARIC W TIFE 21T - Tk
72 Fig.2), ZoX ) 2EELHAEZ VIR, BEZoE

1) HEKT - BT
2) 4tn‘)‘l‘|Fﬁjk? . I}%;fﬁi%nj:igﬁ

fifi & B ELZRIFIZIT) 2 N TE L DBEEENELL
BEELTE D, FHOITHAERY ~—7F 2% AVWCESE
EEENM LGS, MEEELIEEEZRTZ ERIALMIL
=0, EEEROBNTT I ) ROT AR AEEET D ERE
HER)~—7 7 VCEHA LREREE(EHERC) R—F
FEELIZEGA. BAUICEREDEERTR I RIF T I
DWTHF L7, ZORER, BREEELT 2 pHidynTh
OEREEZ AT 2EEHEZHANCH p5.5THY, 0D
TEMEIRE A U7 B REEE O BUKTEBUK N T o ZHLBITAR AT
BT ENRENT, RFEBRILIT I RO EBUBRET S
RERZRY ~—7 T B LI EEEEE LR (thzedk)
L, BER A EE LTS A O E RS EERTGEIC T
SRR LT,

—@® Surfactant

Polymer

Surfactant modified Polymer modified
enzyme enzyme

Fig.1 {SfiEEROBZE



62

2. EER

2.1

AU =F Lo B-OHZER (WL Imm, FMES. Inm, FHFLEE
360nm) [ JBALAR (BK) & 0 38t 2 5 \F 7=, Rhizopus oryzaeil
POV R—BIXREFREE R Moz, 7oy
ALY L— MIFRER () XA LE, 7=V
(AN), AFNALT=U2 M), TI/ 7=/ —/LAP)BL,
HEETHHT VI VBERVULT IV a—b, KGR TH
DA VKT ZATFIHAMIETE ) LOEALL, £2To
BTt ZOFEHEH LT,

2.2 thZTELHHARADRYT—TSLEA

HZERMAN~OEBRREEZFET IR v~—7 7 EA
1. PLZERHIALNA~D T YD AL 7Y L— hDEN, &
DB DR X VIEORRERIC L B EREROE A DB /31T
TITo72, MADENIILLTO LB TH D,

FP 224 (2200kGy DR & B L (Radiation Dynamicstl:
B Dynamitron model IEA 3000-25-2) HZZ4KI2T T H V%
ST, ZOHZE4R % 10v0l%DMASERR L 7-40°C = #
J = WVIRIRICIRIE L, GMAZ HZE0~T T 7 FEASET
(GMA-fiber), MADEAHRDG) X (DX TEZ S, SED
FEBRTIFDG=109 D ZFHEI L 7=,

: < — @EF‘E.
DG — B A0 L 7-GMA D ' E(kg) 1)
RV =F L o Ekg)

T=U2 BN, AFNVT=YDEA)., T/ 7=/ —)
(AP) 2R ~=—TF VDR VIE~EA L, BEAFEE
PUFIORT,

1)  AN-fiber, MA—fiber
7=V, AT T =V ARRICGMA-F iber % {5
U, BEHERE 2 105017T\ ) LN~ 2125 S E T,
Z Dk, 60°C, 24RFFULEEAZITV, BRELAZEA LT,

2)  AP-fiber
T )T ) —/VIRER0. 46mol /LT 7R B L D IR LT
TH )= VERIRICOMA-fiber R L, BEIRIEH %10
ATV, LN NAIR 228 S iz, 20k, 60C, 24
R 2 ATV VE BERER 2 A LT,

3) MPA-fiber. DPA]-fiber
TurbEAT Iy, T Te T I VR
GMA-Tiber Zi31E L, 60°C. 24 21TV VT RER: &
AL,

4)  DEA-fiber
50vol% > A F T I UBNEME Lo =4 J — VIRTRIZ
GMA-fiber Zi2iE L. 80°C. 24WFRJALEEZ4T\ VERES: %
AL,

5) AE-fiber
T5v0l% 7 X ) =X ) —VINEE LT & ) — VIRIRIC
GMA-fiber Zi2IE L. 80°C. 24MFfEIALEE 24T\ VEREHR %

ALTUIN T3 B P A st 5 55 505 (20174E1H)

AL
6) APD-fiber
50v0l% 7 I R VA — L AR L 7 DMSOMA I 12
GMA-fiber Zi2{E L. 80°C, 24BFRALEL & 1T\ VEREHR %
AL,
7)  NH-fiber
GMA-fiber|IB/KMETH BT DBUKMEDT =T ZHMFLN
NEALRT L TEDICUL TOBEE T2, =& ) —)b
TRIRICGMA-Tiber A2 LHIE I 2 1053 IR L 7%, 25%7
=T KR GMA-Tiber 2 1RE U E R RS & 103170,
HILNAT =T RR A RS S E 72,

BRERE AR =
FGHGMAD R % 2 BTN L= B RERR O e &

777 PREIVIEIND ZRF VO TR
ERTEALCEREOEASRL, (2) Xz TRkl

@

2.3 eREfihER~D Y/ —EEEE

Rhizopus oryzae#2Jliil> U »X—-¥ % pH3. 5~pH8. 5 10mM ~
TR AR S, 0. 5mol /100 ) S —PERIE AT L
7o, Fig 2R B @Ic 45 h 25 0—ii 4 B U Ci L,
n—% =R FERANTY S—BIEkE 25Nk Y
HeAE U7z, LA U2 NI S MBI~ L C & 7
U S—PYRIR O R & P A 280nmlZ 351F % B K v
Uiz, U R—BW AR ) BRI 2 LIS S L
NEPE LT, VAS—BRERETQ)XNEZHWCHEL, &
JE~DE RSB D LI L, V3~ &
& S WA zE sk & B E AR D 7 AR R & A U pHod
0. 25vol%Z /L Z VT VT b REHRIZI0°C, 24FFH], ZE LY
NV BIHEE T L, £k, U/ 8—Y & EEl Lk
&[] UpHOFRE K Z A FLA~F il S EREED Y —F %
B S W7ot B L, U S—BREE(L PR A,
PR (4) W& VTR LT,

rotary pump Chemical modified fiber

closed

effluent O
Immobilization of lipase
Rhizopus oryzae

Citrate buffer |_)VU

Feed:lipase solution 5x 10" kg/m3

Mo

Fig 2 BEREE/L




ALTUIN T2 S B P R Je A5 55 505 (201741 4)

AR A B (KOO ) = D w -
% S e (kg/kg - fiber) = C\SITV @

HIFLN~D U S —BEEC BITFER RS B X 0 BRI
BEIIWTRDZ, 22 TCECIFNTRY S—FDHIRE,
FIEIET (kg/n’) . VIZZEIRE () . WA 2208 & (k)
Ths,

Fr. BFALMORY v —T T U EEA LT PRI
BB ZEWAET D Z ENBESNTHDHDOTY, Yi—F
DLW AE DB BT HT-012, G)REHRNTY A—F
N—BEEL SN HAOWRERZHAE L, TOMEICRD
X2 U R—BEE b EE R L,

q - a, (M, /1000) ©)
aN ,

Z 2T, a3z o R imfE Th VBENAICTHIE L -
& 2 A19700m /kg-fiber T o 7=, a. MITZNFHRY R—F
15y F DO SR (7. 85X 1077 m?) | U N—FDHy1&E
(31340) T B, NIIT R FuTh v, 4/ TBITERIKE)
sk, MAEERIISFEL VR L) FEEEAWT
KTz,

2.4 IRTIEREEMEOERE

A e A AR Ay it 1 R A A BN - D AN
NT N A= )VDTAT VARG Tl Lic, 700 Vg
6mM, XTI a— )L 2B E A Y F T B VR AT
WL Fig 2l TIEEIC Y S—PREELTZE 50— % H
UL, v —& U—Ro FERANT, AR 2R
TEALIE O BIMAl~FIE ST C TG EIT> 72, X
MR (BESRVRME) 1XZ2MREE RS L, ZEfRdE ot hn &
T D720, ZEMBEEE IR EDS B E Z T 7 RE, 72
Eh, BRIEEEBERIENEE UCRIM Uis, 2R s
TRIR IS 280 FLIN & iR 3 5 7o IR FE & FvE & L7= (6)
KEHWTHEL, U A—EERX( X HWCEERE L,

TUY U, TUY Uy OO HTIFFID A R &
LA v~ ~N7Z 74— (HP5890) Tlbm¥ ¥ £°7 U —7
7 I (J&W Scientific DB-1) Z W HIR 7' v 77 L (70~
200°C, FEIERE20°C/min) THIE L7z, MHEHEEEIL350°C,
XX VT —HANNY L), ZBR, KEOWEIL, ZNEN
16ml/min, 360ml/min, 30ml/minCd 5,

B RIE ()

SV = i ()

(6)

% &5 (mol /(h + kg - lipase))
_ SEBIREE (m® [ h) < £ EE (mol / m*) @)
P 3 E b & (kg — lipase)

63

I BERUER

3.1 eREMhELDORE

HEBREAT DRI CTTR L b REM P 22k~ DB HE
FEOEARETable. 11277, TAFNVIEEGTLHHIECTH
B 7 L HE i 22 e ~ OB RER OB AR 2 Table. 212777,
B RE LA SR (T AP-Fiber L AM I3 245 (0 CTH BEFRE A RN
100%(Z 72 U 7= DI LAP-fiberiX70% T o7, £7-. FE#E
B EL BT, 5X107%kg/ke—FiberlZ72 % X 5 123 LT,

Tablel HFEFRE AT HRETHE L LB RREFAR

UITIE®  HEEEAEC)

AP 109 0.72
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pH5.5 pH7.5 pH8.5
mol/(h kg-lipase)

AP 23.0 55.0 175
AN 15.0 245 17.0
MA 101 17.5 16.0
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APD 4.0 14.0 4.0
MPA 9.0 12.0 5.0
DPA 1.2 10.0 6.0
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