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EE REMEBCRUTORLREESZHR, 72/ —VRIECBWIZEGEO LBORNAKICEN>TBED.,
RARMEERoTVWS, £ie, FTOHFR /ST /) —=IVRPERT /=) A BEOBERI TG
EERPUHEHNE)E L TREDNDLLEYNHZ. BIE. TSSO EBERITI D OBT IHRIK
Z<THNTND, ZOPRTH, BEBTERTHSIvI—H 12 FOLrF—¥3 R FFIy—H49
CEDr7ou7z) —IVRUOZIVENT = /) —VEDOABITOVWTRNEINTETVNS, BE, ¥EBLL
RBBETHBRENDERE, EATIEENFRINED, BROBNFENRITETWRWERATI
HEROBBBRBRAZETHLELOND, FIT, BREPELZESCEET A EI0ED., AT
SEBOBRES D NIRBRENOXREENZ LD, OWTRIX MERNYZETES, £, BElLE
DEROREEDOH L, BEFSFOEERVEMARZECEREROBAEIDBAF IR ENbATNS 9,
FHATE, AU TRETENKLBRERSN TV 2REEBEE THZE2AERY K72
—IVPVAFPEREIZANT, BLLBETEROS vy h—EE2R4RFETEHELL, TOEELBEROE
BREEPREREEZRML. REBENGHOTBEEZR &,

. HERUAE
1. B#H

FHRCANVES v A—FR, KMAHETHB 1044 (Pycnoporus coccineus) D¥siE iz &b
"RoND, BRAOHI AV EFHERTH 3. Sy h—FOBREE (5Sme/ml1omM U VEBHY AR
®R(EH7.0)] RERERLDBALE., COSvH—FOEEER1ICRT,

£1. Syh—¥DEEs
SFE #170,000
S8R pH 3.5
FE@EpH pH 4.0~5.0
PHEE pH 4.0~pH 5.0(37°C,60min)
Bz Elt =60C (pH 4.5~pH 5.0 10min)

7 X B
HEETY I B Lys(6/&) Arg(24fH)
BE7I /B Asp(82{&) Glu(35f&)

EWMTI/ B Cys(4f&)
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2. BEEtAELSFEREHE

BEEAEEICRERSEI/ I UL SREINEHERAALZAE PVA F2ERE(SF200H) 2 H W,
hZEREOHIRIEBAZRE 1.0mm. AL 0.5mm, BEE 0.25mm, LB 0.2um THY. —EREEOLEEBEHT
BBDININTIVTERGATEID T EY— VS TRBENBRINTEY., EPIZIE GA KhH¥KT S
KFERMT7ITE RE%E250umol/gHF 88 L TW3,

3. M

BOY I J{e2EMFATIIIFL P77 I (EDA). EX@-7I /07 I @Bis)[fXpETH
BRRESHEIRCRY 7V IT 2 (PAA. Mw15,000)[H KRR HI2HWE, 73 U EMHEOFEICEE
EULT. ZIWANTZITERRAEMELEERRL], J00AFNAFT I (TEZaoe RY )[FH
FSATFAIBREEIRVEATLV A U B-FoIL T —F IV EAKMAMEC. Mw20,000) [Scientific
Polymer Products, Inc.J2B W/, £/, 2B ATFa I (P OhFa—)V)[FH3E T 8HR4t).
EX7=x/—) ABPA) (2,2-bis(p-hydroxyphenyl)propane)[fi¢disk T ¥R E&t IR K 4-/ =)V 7
/= WVIREERIEHRRNRHEIZA WE,
¥ /=¥ & # D 1-Ethyl-3-(dimethylaminopropyl)carbodiimide (EDC) 3 Aldrich Chemical Company Inc.
&b, BRHOFFSEROFxYEBF M) Y ANaBHe), 7IJEEERAREO NI baORI¥ AL
T8 MUY AINBS)RAMAEMBE T REERILLIVAF L,

& N BEREIED Micro BCAKit 13 Pierce 4. b 73— )V E &K, 4-Aminoantipyrine (4-AAP)
IR T REkRSH. EA 7 /—) ABPA) ELISAKit R\, 7IVF)V 7 =/ —)L(AP) ELISA Kit X
REERTERIASHLIDELAFLE,

EBRH®E
1. PVAHRZERBEOT I &M & TEEL

WMBXWHT I /MERBITEBT I/ EDOEA

A% =) HHIC X DFR L =P EREGem X 10 &) % 1%7 X 2 KEB(EDA,PAA)SMI IZRE L. 30T
T 24 BFRERBL THEREFORRMBET VT EREET IV HEERIEEE, CORERTE Y
JHEEEBTT SO, 10ml @ 2.56%NaBH4 KEHS. BRT 3 KFHEKREAL . KiT. 0.2N HCl XK
BORENRIBIETREL TETHESMUILE, 0.INNaOH iIT XD PFRIL TEMAT—BRERL 2.
F0H%. BMATS FHBEEREIRRETV. BMARTRELE.

(2MAMEC I2 L 2 K< L1 VBRE@BADDEA

7I LR BERBEGemX10 )7 TERL %, BELRL(BR. 2 FRE)AKSEZFEZTRD
Rz, 2%MAMEC/#KT & b BEBRAOMDICR L., BT 2 HEKREL T, PERRFO7 I JEHEE
TAYELET I REETHEMRESEE, MAMEC 27 2 J{UERICEEMLZ. RiIT, 2%MAKER/BKY
T BRAOmMDP T, HE, 2 REREL TRRIEOT I/ &EETEFIMELE. EO®, FEFELTHS
MAMEC R UEKEER 2 KT F (Q0mDTER. IRHMERL TRORE, BELRBRRFL .

@7 I /LEDOT T REOEA

73 L EREGemX 10 )& 2.6%7 NV I TITE RGAKBKICRL., 30CT 2 HERIEZ®
7otk BMAKTHRE GA2%EL. BMAKPTRELZ.

@7 2/ feEOTRF ML

73 P RREGmX10 F)& 5%/ 00 XAFINFF S (ZE ook RY 2 99%EH)/0.6N
NaOH A¥# 5ml iI2®L. 30CT 24 RERIEE ¥, RIGR, BMAPIC—BRESEZ, TOREMAKT 5
S HEBE BRI RH L T, BMAPTREL L.

2. B PVAREREADS v A—EOEEL

DOEERBICK DEELEEEE)

0.5mg/ml BEREK/EDC KBE# % pH4.0, 1.5ml ic7 I/ BB AP 2ERB(2.5cm X4 F)&&L T, 30T,
24 B§R, 15rpm TRIEE®. PEREPOT I JELEBRPOBRET IV BEEORAS AN IVRF I IVEX
i3 CRBMANBFIINELEMERIBICEDT I FHETEEM L. £O%. 10mM JBRFT MU A
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BREW(PB)(DH 7.4)T 10 £/, BEBRAZ5I¥%E®S 2T, 10mM PB (pH 7.4 I REL =,

QB %A T & 3 B ELMAMEC #)?

MAMEC #H A FEHKREE(2.5cmX4 &) % 0.5mg/m] BEREHICB L. 30C, 15rpm T 24 MRS €.
MAMEC #OBEKY LEROEEET I VBRECASE7IVELDOTI RECERCEIVERE2EE
Lk, 20, LEFARCHERZ2TY, 10mM PBOH 7.9 iIcEE L=,

)7 )T REIC & BB EMGA {63E)

FIVT e REEAFERE(2.6cmX4 &) % 0.5mg/ml BERBEKITHRL, 30C, 15rpm T 24 BHRES
t, PBBRRFOTIVTERBLEROTI VALY Yy JHEZRBREE T NaBHs TETHT 2/ LRIE
CEDEEELE. TOBRMBICHSEZTV. 10mM PB (pH 7.9)HICHEELE,

@DRF BT LDERMETRF 310

IRFHAPBRE(2.5cmX 4 &) % 0.5mg/ml BEREBCB® LU, 30T, 15rpm T 24 BRERGS €.
FEREPOIRFVERLE, BROVATA VBRED SH £& pH7.5 TRIES®, (AR ICLVEEN
LUlic. ZOBRRRICHERZT, 10mM PB(pH 7.4)HICEE LT,

3. TI/EEREW
Snyder 5® TNBS (|ICHUTT I /P OE 1 JRY I V2RELE. 7I ) EBAPEARE 0.5cm
12, 0.15mM TNBS/0.1M Na2B4O7 K& #(DH 9.3)1ml 2 AN 30CT 6 MRS X ® /%, RIS LBLH

0.5ml % 5.5X102M /) & >/0.1Na2B4O7(pH 9.3) &L RIEE ¥, 15 HLA LR L 1%, BB (420nm)
EREL .

4. BECEREOHE

BEELCEROERIE MicroBCA(EY 2= VB NV BEEREE2 AW, Plerce OB DB WA
FBITHNVWAK BB :CH =50 : 48 : 2 ITHBI L /= Micro BCA 24K 3 (Micro BCA kit)0.5ml & K
0.5m] TEERBEE{LFZERE 0.3cm 2%, 60CT | BERKEEEE, CHEZBRICRULE., BYE
(662nm) THIEL 2. REBIIBSA(YVHOETFNT I )EH W,

5. EELCHEROEEORE

BEEBREER 4TI/ T OFEY VERPREDATI—IIVEEABRICE D RO B5.0.3mM 2}
Ta—)VRER 1ml KEREELTERE 0.3cm AN 0CTRIES €. RIS, LBH¥K 0.3ml % 4-
TI/T7FEY VB 0.9ml IKANT, 30T, 20 AMRIES ¥/, BAEGISnm)ick DAL LE,

6. EAT7x/)-)V ARV SNV T2/ —)VOHBREOHE

BEECHROABEERERA 7))V A® RUY) VT /=) ¥0Fy 2AWTHES ELISA &
ICRDRELZ. 5001g/ml OWWICEERE ELHEARM 0.5cm 2AN, OCTRIEE /A, K5k, £
EH# % ELISA ¥ v FOREEICHS T, BEERA 7/ -V A RC/ =)V 7x ) —VEERELE.

I, ERERBUER # 2. iR EAEOTHER
1. 73 7EEOHE REBARE BE{LER(%)
%2 RRTEIT, FIVENTERBOY S JERIE  EDA ‘C7=/§§35-5ﬂm§18/iﬂb)
BAFTIVD PAA LEHFT I D EDA TR 2 &ML GAft, 86.7
DEVRZENE, 7 I/ EFERBIC MAMEC, GA, T IhF AL 77.4
FURLDRGEEREEHALRRALL. RkERE  FAA 7S /ERS16.mOVEHD)
DEARODNTR.ELXDEICBWTEWRLLRRES N, ]GMCA{[:. 8.7
KRR TIRELENE N PAA LEAD MAMEC, GA., T ToRF AL 99.3

REVEELCEERDTT Y I —EOEELEFTRD =,
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2. BEERE

1LIC4BVOFETEHECLEBELEREERT. GA BURBEEAROEELEEZ R, BE
EREELETI, B2F7 IO EDA EHESFT IO PAA BBETIR, T3 EEY 2 FULOE
NHBCHHHbSTHREELRICBEEALERR SN ah sk, Thik, BROBELENMIEALEHR
MIGELTEY, 7I/EBEOHEY PAA TREREBCHTHASBRNTIVEMNRDHZIBEYHE > TH
3. X, BRF7ILD PAA BT I JEEEREHL, BRUZERATHET D, TNAMOBROKS
EEFTIEDEFEZIOND,

3. EEAEREEONE

BELCEROFEEE LT 4-AAP HBICEDATI-IHF ) VRICBRESNIERBOPEL R EK
2 BRT. BECEFRERCEETH AT I-AREECREELEICIDERNE S NE. 1 BEK
DATFA-VERETEHECHEREFAFED Free BREEEZ LAD LERCEROEEIZN 50-60%IC
BTl

Ezs Q 70
] K w0
Bw B 1] £
B IRF &
5 (me' ma MAMEC B o] Free
3 ca /PAA R
W 1o |/EDA /Pan /PAA OB Towplze [ 4 l—l
f& o WE WS \avec [ 1x#s
st I_l N 10 /EDA /PAA /PAA % /PAA
#% , R Loy /™ ]
&
X1 BLOROEELHRE. K2 BEECEROHNTI—)IEHER.

RiS%&H:
0.3mM B 5 3—)V/50mM EEg- b U D4
buffer(pH 4.5) 30°C, 1RefiE#ER, ¥ : 0.3cmHF/ml

4. ATFIA-NERBORIGRHEL

ERWBETCLHRRY Free BRONT IV BRBOR
RELER 3 ITRY. Free BREBOMAICHNWERRER
LTt REOEBITHEN—EDHEICEMLE. —4.
B ECEERIL Free BERICHAR, AT a—)VERRINEM
U, B#&ITIX Free BREASXIZENL LOBWEETR
L.

-

88838333888

AT 2 —IVEBRE®)

-
o o

5. BE{BEREED pH 0 E s 4 s o 7
BECEREED pH KFEER 4 1ORT. BECER Rt (hr)

13 Free BRICHLREHE pH BNEFTBEAAHSNEELIT M 3. AT Ia—)EHRO KSR,

b5, —RICHERBECORGES T EOHEERA W mﬁf"‘i

B8, 7oA VEEATIZE DH BN, 74 jemg DeoRU AL, RARBEREIEL,

TIE pH fINBENENEE pH BNBH T2 L nbNT

B, ToFEAREILHENTE.

6. BEIE{CEEREEORRENS

BECHERERLER. 173 -)VOSBRR(01 BRRREZIELEEHMRER & IKRYT. —RiCEELER
TRARREEQR LBBD 5ENDY, SEHOERTIREEORBEKRTFER Free BREDEVED LSRN
x:@
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#H g H w0 —e— RPAN)
B4 # 70
B e K w0

l 30 l 30
r M
o N 2
R o R o

2 9 20
BULERE(T)
= 4 BIE{ERODHEHE. B 5. EELBROMZEL.

Ritdif:

B2AZAL, EL RUBRSE:

0.3mM 53— )V/50mM 2 T > &- S o ) B ) D LR GHT.)

20) VBAKREF B ABER H2ER

7. BEECEROBRVELER
BROELERFEACBVWTEBREECLTEREEZ 1 H

RIEZECHLWATI-IBERICANEX, #7a-)

ZHBRERELE(K 6). 10 HOERITBNTHERRD

ETRSEDHNT BECEROBFANELSNS.

UL, RECHE> TREBBRICEABLIBERYM(ES

BIDLERHEND D, FMEEITOINTVEFRED
7.

8. BREIWBLANTOEEEREEOEENE
HARBREELTER(EDA, PAA BEH (5cm &)
YUY UORERLUTRIIBEARNTORERRET o .
FWMEERBICUIEPER (FHE. 4.5cm ) % 26ml

A1 72— )VERE %)
715 2 —)VEREER(%)

RibG#:

HFa— )V ERE(%)

171

' + ' : + ' +
1 2 3 4 7 8 8 10

6 6
HEEXK

6. EEREELBROBRDIE LU EFEMEROEE.
Rib&fr: H2LRAU, BEURBEHICEREEXE,

PVUDREEL, 0.3mM AFa-V/EBFT MU LBERICERLENSEIIEBAL., RO
VIUHRORGIEE 4-AAP BRI UEEER 7T IR, £k, BOBLERAL TV &, FREKOEM
TRV, REROBREERARICERENBROIL, BiITEALE,

60

] 6 1 2
‘BT BEBESRTONS D Bk,

0.3mM % 73 —)1/50mM KBt - b U 7 Abuffer(pH 4.5)

%3 : ¥1ml/min
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9. EELCEROREFREL

BECERELATI-NVIBEEOBREELER 8 KRT. WINOBEECHERRICTBWTHEE®L
BEORLOBEANB SN, SEFERDEDRENRI o, 4 BD DEELEDF THRIT MAMEC
ETREELERENMRDRD L., BROBENL SN,

E 30 ¥

i Epoxy S elac .
Bof TR BN e T
e | T
~ N . ~—
WS 2 40 oA
& 10 2. | % x/\ MAMEC x XX
.ﬂg ~ n "X: X o5
% st #W&(EDA) N f: Epoxy

R
oo S
B % B #

—_— X8 EELEREENTI—-NERBOERETL.

30C. 10mMY VB9 k1) ARER(EHT.4) RABRAE:

LSk AR B2ERU

1B CRAFERELTRLE,

10, J=WV7xz/)—=)VRUOERT /- ADHFE

BREZCETRRRCIDOMBEEERHR, BERIVELLTEDRTWBIER 7/ -V A
EBOR/JZNW7z /=R LT RBENRBERTER, EA7x/ )V A OSBREERAITFI—IicKER
BholeH, TITIREREEHEML TO.5cm HRRERKRMEEZEE L THFRo(® 9. K 10).

g 100 8 100
£ .17 £l
K Free P Free T
:5. e | Lac |_| ? 6 | Lac F ‘—\
,l\ 40 RA(EDA) N 9 WS (EDA) .
H RaPAA) IRES H BEPAA) IRF
N % | ' C GA H 2 “ t € loa
AR | | | L1 0 ’ i |
9. HREEMPERBEICKD 10. BEREE{EHBREICES
EA7 x /) —VADEHRIEE. WV T x ) —IVDOERIEE.
BPADMRGH: J=NV7 )=V DiERE
BPAFREE : 0.6mg/ml J=NV7x.)—VEE : 0.5mg/ml
B : 0.6cm/ml B : 0.5cm HF /ml
30°C, MRS 30T, 1KMKES

SEOERTIR,. RBEERYORERTRoTWEWS, X7z /- A RV T7x/)—-)ViER
IR TEORERTIENHEEINTNS 17 18,
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CHa
A AT x ) —IVADHRERY _@_ &

éHa
DN o
HaC‘é‘@‘OH
b)Y/ =Tz ) — N DRRERY :@ CeHig

CgH1g

CeHig CoHis
2 =, 1O
HO SvA—

J=WVI7x /-l 7 x/F VN CoHig
SR
-0

11. Sy H—V¥IEBERTz /- NVAQRKR) =T x /) =D BERYD).

11. H@EEE-KEERTOEEERE S
B2 OBREHLOTE R MU IVAN)-KRTO MAMEC ABRUESRBIS)OEELERICOWTAHT
J—)VRU BPA O BEEEK 12, K13, K 14IITRT,

100 100
$ S
® 80 g 80
B ﬁ
K 60 & 60
=~ AN
1 40 'r|; 40
20 i~ 20
R R
. L . . L 4 . . 0 1 'l L
0 20 40 60 8 100 20 40 60 80 1
7& ~= M) VBB VOL%) 7t b= UL i#EGOL%)
R 12. 72 MUL/EBERS R DA R 13. 7R NUN/EBRF NI IA
1RAROHAD) F T OEELERD BREHOHAS)F TOEEEERD
BT )V RIEE. BT A=V MHRTER.
AN-BEE T b)Y ABBRARY AN-MART 2
X AN OEBBBRKTIRONTATI—IVOS &
MELRET L. 100%AN TRWThoERLE 8
REBMWELE, X R 14 »5H5h& S BPA ?
DHMERICONTS AN-BEET U T ABEE <
T AN OSH &M 30vol% LA FOHE T AN & g
HROMMICHLS>T BPA ODHRBILET L2t R
MAMEC AEBRRIEABEERZEIDENE U 5 10 20 30
MR L TN EAHBAL L, 7 = b U LB (vol.5%)
Riz, AN HTOMREECHMORERELEN B 14 7 R /B R o
FA—)VHREEN SHNT. M AN 5T 3 BH = L& - 4
RELELDS. WINOBELEOKRDEELE BEROHAS) T TOEELHRD

EX7x)—)VA .
DETRAZVH, B8RS N O AREERRTONT x / —IVASFRIEE
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)V REEIRR 16 H5HSMRRIC, MAMEC ABEECBR TRIEEE2HERL TV, el
RTREERFLIETLE.

i, ML ) —IVRRELIERE D, ARCEARCEREDOETRA 5NN ok, AN 0FE L
RBEATFIA-NABEEIHEE L OEFITETLE. LML, MAMEC LABBROEBETRXDLZNE
REBIND.

BlE, FRBE-KBEERTONTI—)VKk BPA OHHBEEICDOWNT MAMEC LB EELBROEEE
TEIESHITHRTHORVERRAKREREN., CORKIBBES5 < MAMEC HOMBHEEDRICE T edH L
FEr6N%,

WU SBF U D A BE R

£ = 8 R

% 15: g%%

| Kool

o s [ S 40r

| bl

3 ol KoL

R R A S SO O I

: SREFHAR(R)
EMTE Ry g T RH(E)

B o =5 5

% 15: g

3 10' §

# sl T

ks ! i R&@BIs)

X

" e 0 1 2 3
RAAED REHM(R)

OMTY /) —IV¥#E

B {LBER & (1 g/mg HF)
BT — I EHRR(%)

SRERIM(B) SREHIR(B)
15. BSREE{TERROESEOBBICHIT 2 RErREit.

a) BREECPEABE) VBTSN YABERTICHRE LSS OBREESL
b) BEREEHBRBEMT £ b= bV PICRE LRSS OBRIEES(L

0 BRETEMCHFERBEMIY ) — )/ RICRELEBEOBREEDY
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¥ L)

I v A—EE#HE. MAMEC. GA, TRFIETHARBEICED PVA RERBICEELLZ. WTho
BEBWTHBROBELNERBTE L, ik, TNSOERERLPERBEOTERE. pH KEE. BREE
f, ROBLEARVCRERZEEEZA. 4 HOBELCEBRIIETEERETISHDD Free BRER
ROMEEERLE, £k BRUEBLEARODWTRHNLEEZS, 10 BOFERRICY B ELEEROEEHN
BRTE], BRERNECORVWOHDIERT /)~ A BXC /)7 /) —)VIH LU THEHREE
BHoNTz, Fie, FRBEOXKEFETCBWTEECHEROFBEZRA IR, mRAKE2F9 5 MAMEC
AEERTREDBEENS SN,
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Covalent Immobilization of Laccase onto Microporous
Polyvinyl Alcohol Hollow-Fiber Membrane Supports and
their Application to Removal of Phenolic Compounds from
Aqueous Mixtures

Kiyomitsu IKEI, Ayano SUZUKI*, Daisuke NAKATSUKA* and Koichi TAKAKURA**

Graduate School of Science
*Department of Applied Chemistry, Faculty of Engineering,
**Research Institute of Technology
Okayama University of Science
1 - 1, Ridai-cho, Okayama 700-0005, Japan
(Received September 30, 2004; accepted November 5, 2004)

Covalent immobilization of laccase from Pycnoporus coccineus onto microporous polyvinyl alcohol (PVA) hollow-
fiber membrane has been accomplished in the following manner. PVA membrane was reacted with polyallylamine or
ethylenediamine by reductive amination in an aqueous solution, followed by coupling of enzyme to an aminated
membrane according to four different immobilization methods, i.e. condensation, and activation with use of maleic
anhydride-methylvinyl ether copolymer (MAMEC), glutaraldehyde and chloromethyloxirane (epoxy), respectively.
The ability of the immobilized laccase to degrade (oxidize) phenolic substrates including catechol, and endocrine-
disrupting chemicals such as bisphenol A and nonylphenol has been examined. The enzyme-immobilized membranes
exhibited the desirable activity, as revealed by removal efficiency of catechol, showing similar pH-dependence and
thermal stability as those of free enzyme. Bisphenol A and nonylphenol were degraded significantly as well. The
activity of the immobilized enzyme was found dependent upon a type of the immobilization method and kinds of
buffers used. Among the four immobilization methods, the immobilized enzymes prepared by condensation and
MAMEC activation method seem promising. In particular, MAMEC-activated enzyme maintained relatively high
activity even in the mixture of acetonitrile-water, presumably due to the amphiphilic property of MAMEC used as a
linker. The enzyme-immobilized membranes could retain their activity to an appreciable extent after several repeated
incubations, although they were increasingly discolored, probably due to the resulting polymeric deposits. Based on
the results obtained, it is expected that these laccase-immobilized PVA membranes would be applicable for
decontamination of phenolic-polluted systems.



