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Abstract

In this study magnetic E®, nanoparticle was prepared first by
co-precipitation method and a silica shell was tbested on the surface of
magnetic nanopatrticles (SilBe;0O,4) by sol-gel method. Characterization of
synthesized Si@Fe;0, nanopatrticles were analyzed by TEM, SQUID and
XRD. Commercial cellulase produced framchoderma reesi was
immobilized onto the SigFe;0, nanoparticles by covalent binding via
(N-(3-Dimethylaminopropyl)-N-ethyl carbodiimide hyathloride, EDC) and
(N-Hydroxysuccinimide, NHS). Immobilization of celase in the presence or
absence of NHS, the optimal pH, optimal ratio flozyeme:particles:EDC:NHS
and reusability were investigated. Sizes of theme#ig nanoparticle R®, and
SiO/Fe0, were 9.4 £ 2.5 nm and 18.8 + 3.6 nm. Saturatiogmatization of
the magnetic nanoparticles:8g and SiQ/Fe;0O, was 65.2 emu/g and 20.0
emu/g. The core particles §&& and silica-coated nanoparticles k&0,
were all magnetite. The optimal conditions for glalse immobilization with
NHS, optimal ratio for cellulase : particles : NHEDC is
0.36:4:0.75:1Mt/wt), optimal pH for enzyme immobilization is pH 4,topal
cellulase immobilized amount is 3.8 mg/g. Speafitivity of immobilization
cellulase was 12.21 U/mg in the first week. The wbitized cellulase
maintained 37.6 % activity even after eight weeksease. From these results,
it can be concluded that the immobilization of glelse onto magnetic k@,
nanoparticle with covalent binding via EDC/NHS is@vel method to
significantly improve the reusability of cellulase.

Keywords: iron oxide nanoparticle, enzyme immobilizatio& NHS,

cellulase
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Table 2-2.Composition of lignocellulose materials

7 A%k o

S Rk R
3 EEEIE R F R i

Composition of lignocellulose (%)

Materials
Lignin Hemicellulose Cellulose

Rice straw 7.7 20.6 24.7
Wheat straw 21.3 25.8 41.2

Corn stover 15 35 45
Bagasse 12.7 26.0 52.4
Napier grass 20.6 33.7 45.7
Switch grass 5~20 10~40 30~50
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region region

Fig. 2-1 Schematic diagram of cellulose struct(agp-1,4 glucosidic linkage
of glucose. (b) Crystalline and amorphous regionediulose fibers.
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THREAISS 222 F B H 7 R B Fig 2-2 #1751 (Zhanget al., 2006)-°
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Fig.2-2 Schematic diagram of hydrolysis of cellulose fibgrcellulase
Endoglucanasdsydrolyze intemolecularB-1,4-glucosidic bonds of cellulos
chains randomlyexoglucanases cleave cellulose chains at theterrdteast
soluble cellobiose, angtglucosidases hydrolyze cellobiose to release gh
The solid circles represt reducing ends, and the oparcles reresent

non-reducing end.
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2.5.1 p*» 34 ap% (Endo-B-1,4-D-glucanase)
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FEA S HRAEH Y v 33k ¢ (Heinze and Pfeiffer, 1999
OR
O
-F-?'CJ O-. N
OCH,COONa

Fig.2-3 Structure ofodiumcarboxylmethyl cellulose. Respresel H atom or
CH,COONa.
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(Zhang et al., 2006) -
2.5.3 B-% & #BH 3% (p-14-D-glucosidase)

SIS AR EF REAZ R A B BT EBEREEI YRR
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Bla- s AT R 5 614e 4-NitrophenylB-D-glucopyranosid (p-NPG)
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ML 48 1 (Ferromagnetism~ F 482 14 (Antiferromagnetism ~ 78 2 14
(Paramagnetisin & z |+ (Diamagnetism- [ 48 2 1+ (Ferrimagnetism(;% >
2010) -

WREHF Y xR RFFE G R DBE FIRFFHEY 4 4
FEHREEP (BF o magnetic domain)H R+ B g e A ahT (735 o
Flaffle LBRFOBEES v 7 - RO BREPI ARG a @ P EHE

BAER R o F F MBS T AR AL DREAED v § REFE N B
BAED vl § thBERRE B ARRTRES 2T E IR A
LRI Fla AR RGOSR I ATELE PR BIFIRE
(hysteresis)

FABBEMAL Y fpARIT R+ BAEF & n T T R BET jpiasl
MREBELE L F TN BIER FBBEEHE R XD MR A
¥F sy e dpy MR R P e

BRI BRI E - BREE TApHT AT ITE 5 P



%‘{?Lﬁ;_ S 0 F E’EL_P ).lg@,ﬁ_*jgﬁig‘@.fiim ° —&';4}, s} Y% gl

Bt B EBAES wAp e 0 Fla A4 B o F
SRR Ty BER T

BpE o HBES » %

PR MR A b FP BB A
/:], °

- HERd F BRERTES BN G B A A A o

A DR S - TR E D) R E 2 L AT S HE - BR 1 Fel

2500 Ds =40 nm o ABEMEHA B IL Ed T3 A Henp Ed AL > H

i LKV &7 o VEASERMA S $3 R 2

SN

B ae KV -] »v#vee KT P R &t
B LS e R AT P IRERIE G Do § R oS
FRTREERMEZEE RN 7m 72 55 BAFR % > § e BES T AR
B x Ebrdd e fo it & o L RS ADERZ M AL o 14 FesOs 5 &) > De =24
nm °

FRMHEY a3 FFeanit* 4 @ B3 Rer T A7) 3 2p4r
;; » Bt R EH-EY T }fa‘!:"i"?l”ﬁ KA AR ﬂﬁ‘*ﬂ/@ﬂ;&%% %?}%

BRI b ki
AR TN BRI S NEF E s

FlAR o EF T

R T FRI PR L EEEL R 0 ]

Bl o R 2 By BIFR R -

2.6.2 B 3E R 2
B Bt P h it A e afiag 0 Ao F AR (B
v-F&03) ~ X s 7 A ik 248 7 (514 : MgFe,0,

CoRO4) 1 % & & 93] fii (b]4-: CoPts FePt#

4 Fe;Oy ~ MnFe0O, ~

o h WK AR gAY
IR R R

%22 e G R4AEZ A P (Liu etal., 2007) -

Dl JThkE ~ B fRE PR R REGE) 0 L fE
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2.6.2.1 % k= (Co-precipitation)

EhRER - BB B A REA F MBI R(FgO, &
V-Fe0s) o 1 FE e FE bl b f M (4rk § )¢ 4o » dk i3 i (drg -k &
Fibh ) FheALBREIPF o R T E R R
AP s Ak R A Bt Fel /Fe’ et b s F s pH & 2 F IR R 1L E 4T
€% @A AE (4o Cl s SO ~ NOG™) o @ dE s e /| 87 A 40 dr
FIEE M2 X H BT st o e 2R REFTIRF BFER LA

oAl 85 C~90°C » F F BE B F J PIRER T < ] B o frii g 2 B

3

FEfr ] o R UEGE WA PR FHI F AR FeO L 9 5 2-8 nm e
BAB 74P 2 F 3E #-(magnetite nanoparticles, &) & - &%k H ¢ & 7

R F EAF M2 AHH (maghemitgs 3 > i3 % @ A sk A B4

B ORRERAR A G ¢ B 0 F BRI R ABH L A

Fe(NQGy); @ = # 4E 7_r maghemite nanoparticléy-F&03) -

2.6.2.2 #f%;# (Thermal decomposition)

#frz A A0 £ 73 1 & # (metal acetylacetonates, [M(acde)
M=Fe, Mn, Co, Ni, Cr; n=2 or BZ 3 /* 8L75 83 & 1 2 20 6 HE
A4 3 B8 (00C~300C)7 A+ 8 FHenL Ea & B R 7 2t
TR MR o @ G BEART S r F IV FF Blde: [trimethylamine
oxide, (CH)sNOJ+» # M # T £ g5 42 2 8 3k (B4 FesOs 2
V-Fe0s3) o % 3 fehs | BB A N A FF W 25~ F A A
oG A 2 et ) o E 2 R R R S R RS 4135kt ) &
A hy - BREFE o
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2.6.2.3 #ggviv iz (Microemulsion)

Mgt iv 2 E8a A2 2RBZARMAE T r FomRiH
Al B A ATk GRUAR 8 1 nm~50 nme AR & a4 Y ok S A
o EE Lo A2 A L ERTRY  F 0 e R By
o k2o o

1 MNFe0, 2 F 345 &) 0 73 MN(NO3), & Fe(NQy)z sk 4e » B &

+ 2% (sodium dodecylbenzenesulfonate, NaDBSE {5 4 » ~ #8407 F
€3 KR LA ok #i3 Dk  4 nm~15 nm MnFe,O, 2 F 3Ek o

MnFe:0 7 5t 3o s « o] g2 ] fE Pojdnt R 2 7 el fot o

2.6.2.4 -k#;# (hydrothermal synthesis)
REGE L AR HPRS FE? 5 ORISR AR E S FRABET
EEPE PR R B F L R R AR W IFFeOs 7 A ARG B
Bafrz ¢ avkd F B2A¥ B R 0 2do%k 298 MPa~ 400C sk 4
EETREEE BRI R 23 00 F D912 nmifgi it 2 o RERFe0, o
M3 KRR R ) AR B E R R R RPER o
Pae B LR LG AW LR RO 2 3 iR

e Table 2-3] 1) & f67 2 cnfs 8t F i 2 o
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Table 2-3 Comparison of different preparation mdtbbmagnetic nanopatrticles.

Method Process Reaction Reaction Solvent Surface-capping agents Shape Yield
temperature  period control
[C]
Co-precipitation Inert 20~90 Minutes Water needed, added during or not good high
condition after reaction
Thermal decomposition Inert 100~320 Hours ~ Organic needed, added during very high
condition days compound reaction good
Microemulsion ambient 20~50 Hours Organic needed, added during good low
conditions compound reaction
Hydrothermal synthesis  high 220 Hours ~ Water or needed, added during very medium
pressure days ethanol reaction good

17



2.6.3 BAlLE KAk A 6 FEA

RBDEH(REBF PP HHEF BN EEE FERER
WEFP ORI A AL HEE o P EE R KR S F]I AR
(Van der Waals forgen F # - 42> > H o dglhe pdgkd o e ht 3
BW(olde: foo BEADS B (Sldr B8 F L5 )ik & 7 8 L3R
ERAEBNIFPRAET P AAIREME PV U AR E FKIERIRS
e AT o bt & R R S AR 5 11 - % H(core-shell
structure » 1% R EER S th(core) 5 ripkd o ¢ BaiRER 5B

(shell)(Liu et al., 2007) -

2.6.3.1 # B o BRI LL G
Fod B F 3 e BABEE Ko 8 7RI EA S T 3
T RATEAG R A $0F £ T A (Liuetal, 2007 o - fE# K od iS4

A RS NIRRT 2 2T R he] 3 5 e on i (ferrofluids)

k) o i IR E A B 12 (Albrechtet al.,1997) - fe F] L g E F
SRR B PR R A @ AR R E A A REMERE RS K
DFERBVIFYFIRBEZ ALY LA ABIHA I B o T
REABRIHEPEY ABREI R AR B A AR [ F e T R
(tetramethylammonium hydroxide, TMAOM: i& # f& (perchloric acid ] i
Bz AR 3 PRGN VELBRL: KRR E
£ 5 B apHfg et o B £ gl fpl | 35 38Tk B ¢ ¥

¥ %4548 = (Liu et al., 2007
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2.6.3.2 ¢ REBF I L HFNELLG

Bm e T L g T L AR AR R FIER A G
FORR S AR BavE A AT B AR AR (R B
b~ EHaogs FRARRE )G AL BR 4 (Livetal., 2007) ©

SN

7% %% 59 % (Sol-gel methodl¥_& B 488 & ¥ * 03 2 > LR R &
Flsi ot MERB(REHR)F PP g B eRht 5y 0
VIR SRR R A okfER REEREBE AT LS o AR 11¢ R (40
‘C) > 500 rpmF F g2 T o W FRpdh it {70k f2 (hydrolysis) &7 F i &
(polycondensations & (542.1°342.2) » 8 =3%(sol) » m %5 F ik i

- A% “%f]ﬁ 2R A G AR A 2 5 (geD) > o8 B REE
(500 CHts R3pkd b @ fm X ek £ FE L5 (35 2002) - 12
ke Lb] o ik WA FeO iR > fIr m e §F AP %
(Tetraethoxysilane, TEOS48sNO3) & 7 Bhdr i& (7K f2 2 BiFE F b &
FeO s ik o ¢ Bk = 5 iV K (5> 2009) - ‘”f#iirFlg 2-457 51
(Duetal., 2000 -

kfEr A =y AOR)P RS A O Fa5Fe F koY NG &

)—%}%’—’"Rim °

MCOR)» + H:0 — MCOH)(OR)»1 + ROH (2. 1)

B & 5 A-OH S M-OHX o B &t Avie P AR 8 F o ) & bl
B OR LY o Y XAHARA -

H
M-OH + M-OHX — M-O-M + XOH (2.2)
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Fig.2-4 Schematic representation of®gcore particle coated by Si@et
layer.

2. 6. 41t L R IR 5
EEEDEBOR G WO R EMEOE (e B
PR RSASHEE 25 PR AE) ALl QEE S HR
(Superconducting Quantum Interference Device, SQUIDB-raysE &tk 2§ %
(X-ray Diffraction, XRD) 2 & = ¥ = ¢t &t k3 R (FTIR) ¥ ik B i 244534+

2.6.4.1 £LFE+ +H&R(SQUID)

Az & 3 + # ik (Superconducting Quantum Interference Device, SQUID
ERRERBRELPFH N ARSI IR EF HHETT AR
Bivi- LM P %ﬁr;m%ﬁv%iﬁ s F R A KR R IR o P
A1 RIS P ERRE o B P8R 4oFig. 2-57 7 0 & RR
SRR ERBPN - BH d BRESARENARE - RS HE
FFMRE R EHETEIREFEZARE a AR EY I LESNE DT

g @ e @ oo SR (R 2004) -
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Rip e BE RE(542.3~5%2.42 225977 ) » Ve &R R ®% 5 O
P  LERR s Iamod LEMBR RES DR > T T inlL
R Ko d TEFNHTRIBHErRZLEZED F LEF Ve o HTU N &
PIE R E T A2 DT EE Vo {7 REE MR EN £ A
g (T @RS FX(E D)0 X % Moled il B I H cg i
o » F&PFFHEEGAECEMHE P B2FH)aRIE 5 » 7 A28
Tt (DR R (Tl £ o (F > 2004)

Vemf = _Z_q: (2.3)

Pratar = (psample + LI (2.4)
A® = —LAI (2.5)

2.6. 4.2 X-ray 5tk 3 & (XRD)

FPADRS A AR enlRY o RN TER A AE X bl
ALY iz TRAL G B AR FHE 61010 m B E Xk - 7
PEMERTREZ T F ARESEEE > 3R T F X PR RS R
WA BTk T3 b BAEP AR i B A A Y X
ki R o d BRI NF S R A2 o g R X %

+ 7 FL % 9 sk (white radiation & 3¥ o F Xot AR S RN G AR P] IR B AT
P Ak M ¢ A2 F IR (F P 2 &R T W 2 gt =+ ) o

dm A2 Ypsto {1 # S 4258 (Bragg's law v it B R fR 2 B EEAE
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Fig.2-5Internal structure schematic of superconductinghtjua
interferometer.
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FXERE LT > LR Ed a2 RFATFE B @ E AR IFDR
R S ST UER T A WY BRLGERT o MERE R

?;%?:i&{# # # 2= (Bragg's Law (Kahleetal., 2002 -

a.n, n', w
& I..T lI: v
ler - Bl
L, L — L T
X 1],-'15 v
dsim B = _lsim
F A

Fig. 2-6. Bragg’s Law.
d Fig. 2-67 f i 5Edfxz 2 yz 3% 30dsin 6 - #&iEdxziyz $ +2dsin
0 ek BRBEL R WAL FHR (MA) IR E T ERT Y

* % %= (Bragg's Law:

2dsin® = nA (2.6)
He dZApaRa T g cnpedt; O MXk dz »3td VK 644 5 L 52X &
AE o BB RARRPE > F A A1 2 a2 Lip A A2 R
TH e d - R F2ZXEBE AR LW A2 EAPB T K2 AR
¥R EEFLFHGRp N FF R FOhEG > BPLATIRT > L
RA YR TGN &R > 4 g ildeF MR BRI W o T @R
SR enE SR LY wmF o T AR K5 b g A p g f(Kahleetal.,

2002) -
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2.6.4.3 & = F bk R(FTIR)

FLEPAIY DRI FIRFAEFFER TR L PN E 0 -

LSRR - SR (R N (s o ’&_;Fﬁmg{alﬁ Ay IR% ¥ >
iR - Bras F RGBS ERE S 5E 3 B £ o Pt g o F

LR R(FTIR) 2 1% @8 RIL KRR A F ik Mgfp - 1% ooh sk
rEFERIR S RS BT A L 2 R RGEE  F g F A A
%%1ﬁ“ﬁ&kﬁ$’ﬂﬁ?%éﬁﬁﬁﬁﬁ&ﬁﬁﬁﬁ@’%HWﬂ
P AT

frebka B G 2§ H1:12800~4000cm ' 3 1T k= #F % % > 4000~200cm
S0 kR 0 200~10em ' B iR tt kR o H P AT chfg s - R0 TR L
S A I S LR R S o S e
PR o A A F ihiRE S A R A LW (stretching fo g &
(bending s f& > £ ¢ 2@ 5 A R ip 8 fhre (0 5588 > @ 44 mds R L

F & k3 s e & ik $ 18 6 (Madejova, 2003 -

2.7 psR AT

T HREEAIE LGRS R Y R PArd el ~ RIRTE

T2 FRhREEE > RFEFRET KBS w20

;2\4
e

TREEAT R FOT R AL G S P T L &R

e

\\-
+—

PR

I~

Lo R BRI e R AR A AR R f

1

2 = %8 0 4oFig. 2-777 (M > 2000) o

2.7.1 ¥#EwM4E% 2 (carrier binding)
Frlat2 Ldpdpd Jl ko B R 2 B AR 0% MR R H IOV
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» FUPE A R ek SN2 W e 5 F 32 e t2 (physical adsorptions #g
+ £ %72 (ionic binding) ™ 2 £ i 4 % /% (covalent binding -

P@evgE A &I CEELE A AREURITEY  Z 2 B RES
SIE T 4 BRSNS d g o M2 AR ITREE 7 £ i i
HAAA R o Rd AR B E S Rk R S AR (B
g ¢ aﬁ;’g o

B SRR R PR SR A G 2 B AR F R JF AT S R s
4 (electrostatic attraction- @ £ F|F T2 B che gt 3 P THE - 3
gk 2 Beng &4 P ey AR BBk Y hdgS A~ pl
BEEREFEENHELFRBIEER AR IR T

L patsi gd pri AL e S b ez (amino groupst # A
(carboxyl group$r 34 o ePF st A A 2 £ Bt REFH L EAE
$OEBAGEE AR IR A AR s R

F SR

2.7.2 28 (cross-linking)

2 BE A S OF A AR IA b 4e N = pE(glutaraldehyde: T ¥
= % § pifq(toluene diisocyanades | * H 7 it A criFghid pt g » &
AL X RB PR LY (Fig2-7Th) o 2 B2 Tl HE » LR

EAjF 2 iR ] FRF B e RATRZENGHEE PP IT
Aad R R AR RN o Tt MR R TR E Bl b g B R B0

F o

2.7.3 & 3+ (entrapping method)

§ 3R Ddp pE R ¢ T R R B R R A R R o AR
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EAPREY T RBTEMBARM  wx Ap LR T i
* _L%%‘r." ’I‘ g §§|quﬂi|J o
LR R Y 5 2R R deTable 2-4 #75r (1t > 2000) -

AR AE T TERG S I

(a) Carrier binding (b) Cross-linking

Ol 8 D e
| I I N N N N | @ @
OIS %, W 5
2 T

' TT TT

IT

(c) Entrapping- lattice type (d) entrapping—microcapsule type

Fig.2-7 Types of enzyme immobilization (a) Carb@rding (b) Cross-linking
(c) Entrapping- lattice type (d) Entrapping—micrpsale type.
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Table.2-4 Advantages and disadvantages of diffesenyme immobilization
methods.

B it
e physical covalent ionic Cross- entrap-
adsorption) binding) binding) linking) ment)

R Y 3 72 ] it 3
3 i , ,
% i ! A : A !
LEWA 53 5 3 5 5
475
f;"‘: T + 47 7 27 27
l';:]it;f ¢ J».\:’ ¢ =/ Y
L f
ILé;
AT " 3 " " o
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2.8 PR R AR HT I FE

I B2 AR TR B T REB P A 0 F S K
FrPYBEEFHALTRIBEAEEEETE

Konerackeet al. f # #1272 & 3p# FeO, > ¥ 1% EDC M & #4258 H
it 2 5 i #-9 (bovine serum albumin, BSA- § § # % i* i (glucose
oxidase, GOD -~ % 3% 3¢ 3-v A& (chymotrypsin ~ ;3 1> f# (streptokinasgz *
M 30 pr(dispase*t FeO %k 4 m »F F i 2K B g 1t (2 3535k~
EDC& et b2 Hla it pHE) - B 3% &1 A% BSAFL
E3pk ~BSA®E EDCant ] 5 311> HZ 25 A pHLBL5E&RE » 7 F
Z_70 %BSA; A H 7_i* GODpFi 35k ~GOD ¥ EDC it 4] 5 6:1:2>
R APHASEEZ > ¥ HET 76 %HGOD; @ & FH %t dispase
chymotrypsingz streptokinase it 3§~ fi¥ % 2 EDC et 6 % 5 2:1:12> 2
BREHELCpHY 5 pHG6.3 H H e it s 5 41 %28 %% 26 %( Koneracka
et al., 2002)-

Chen and Liadl # #4143 o 3f# FeO, 0 & 41 % EDC 12 & f§ 4 7 2
i p# JF) " & fis (yeast alcohol dehydrogenase, YADH H |2 2 5 34
FeO, 2 4 iE -] 5 10.6 nm» & {ogs it 53 & 5 63.3 emu/g %7 i 25
5 oo B id YADH & 3psket 6 5 1.8 % g ey v B 2 6 mg «h YADH »
% 4CHr 25°C ¢ %3 500 ) PFi8 H iE 7 B B & e 60%e 30% » @ JGs
F oz it e YADH £ 65°C ¥ iE v sadr 90% > A5 it enYADH A 55°C ¥ )’T‘u
% >4 2 /5 (Chen and Liao, 2002-

Jordaret al. gl #% FeyO,» & 41 * EDC 14 & i 45 B @it 5k -k f2f 4
(cellulase » H 3g kit 5 13.31 £ 3.2 nm & i 5 8K 2z 2 &3k ant
bl s 1500 R EREI e kiEp R Er B pH 5 pH4 SER T
KRS R B F B pH B 5 pH 5o B A B A B R0 chik ok fR
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FEEF BERFES0 C o B R RR R e E R A AT
ek fERE R n30.2% AEAFIT R B EBREET BT A4
1% 10% (Jordaret al., 2011)-

Kuoetal. @l % Fe;O 2 F 3pd > ¥ A 3pk t 2% 7 2 2 (chitosan
25 % FeyO4-chitosansigde » I 4 EDC e NHS sk 1z & % 4 B =it #5 95
fi#(lipase). Fe;O,-chitosanssg ks < -] ¥ 30 nm» e i 3 & 5 60
emu/ge H Z_it 425 ¢ & it lipase¥? FeO4-chitosampf st &) 7 1:1.37>

FHETCpHES pHE6.3PGEFH Tt 182 lipaser pH3 %2 pH11% # %
B 80%:iE 0 A F it crlipaser pH 11enmk 8 7 f¥ 3 S 1R F i
FF 10% ; BfE T w FEit o lipase & 60 Cadk BT ¥ B4F T6%h
Bt A ARG H R lipase & 60 CHHEBE T 7 21%pEE A H
T itehlipase EAFJI* 20 K HEMET naFR A5 83% 0 @ B-FH
it eh]lipase 3 & F R (25 Cl)2 T 13288 » HiEfHv ayEFish »
e11100% (Kuoet al., 2012)-

Liaoetal.f] * #cst iv 2 @ &% & % PVA(polyvinyl alcoholg 1+ % ¥ $g k-
PVA/FeO; » & 4 » SR M R fEF2E > pl eyt it k3P B KRt 2 B 2
¥ PVAIF@O; ¢ ¥ 452 3 /& 4 0.5um ez 4 » 10 sk ok fape £ | i
R Y B RFTCONERA G LB AL R AEESAENLE o
PR E B PVAIFeOs 3E k4 hoprdE R L 431+
0.13mglg B iE & v %1% 5.63+1.26 U/mg iz 2 s 14" T A B v &
MoK iR E 9 63% #-gh oK R F F R PVAIFeO; sk i ¢ H &
dprE E R 5 3.58+0.23mglgh itpEE A L 8.13+£1.72 U/mg
Frd S T A F R KEREE 9 91%  d LT e H RN HCIR R Y en
PR g o R AR ARG 0 B RFIEF] G AT ks

PRI T 9] AT F Y 0 R MRRFERT A P B3 B E
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EEAFIY B 5 BRI kR A AL AT
> =X {8 HEE 2 F T 2dF R A 40% (Liaoet al., 2010)-

Suleketal.’n & % 4k = § 57 it 2 5F 3£ y-Fe&0s (SiO)y-Fe,0s)
i A = pg(glutaraldehyder & % 4 502 B < i *£ Ffs § i = (cholesterol
oxidase & L #FitF EiF e N - HEHEARCHEOEABESLORFE -
SiOly-FeOs 3z 4247 ~ | 5 26 NM; y-Fes0y 2 5 k2 47 fops (v 3 &
5 60emu/lg e Bk -oF it EEEefeRM R AT 20emu/ge
FEEARY RN R AR AT 2 00% kEAFE
i 0016 U/Mg @ BB R ICBARY At N FEH AR H AL F A
5 33% A s i 0.0029 UImg ¢t B % B or A F 2 it A 7 b A opg
T 4e T R 2k ko B a4 2 1 (Suleket al., 2010 -

AP 2 F AR I R S IR
(N-(3-Dimethylaminopropyl)-N-ethylcarbodiimide hydrdoride, EDO % i+
Fadt 2 3 SIOFe0, % & 25 4 (-OH) » £ 22 5 -k R % % ek (-NHy)
F ol iem $psd £ B4 Ak 6o @ EDC fid g4 4 & 2 A (-OH)
iEAEY g A2 Y FMAFF ¢ it & % (O-acylisourea » & ¢ B A 4+
hokipie? X AFEE 0 T §okfES R A EDCEA BEH A e
Yif%% 12 o Sehgaktal > 47 1 ¢ 45 1) & EDC s it 42 ¥ T = 2k 730
7 "=(N-Hydroxysuccinimide, NH$* 1 #-% ¢ fgi- & & % (O-acylisourea
## i = NHS-activated hydroxylic acid group (Fig. 2:8} i* & % A -kia %
FAEE_ 0 F| T OH 4 B 21 22 (Sehgakt al., 1994 ~ (% F R - 2010) o
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H* RNHCNHR

<:>OH+-RNCNR @___<:>6

Nanoparticle EDC

o o

NHS Q
L \ NH,-cellulase
- =O
O —_ Q-NH-cellulase

Fig. 2-8 Immobilization of cellulase by covalentimaling via EDC and NHS.

31



2% FHYEaHR

.1 REHEX

AET R & R Rk iEEE 2 (cellulase fromTrichoderma
reesel ATCC 26920 ~ 55 7 £ 4 ‘o % 4 (CMC, carboxymethylcellulose sodium
salt) ~ #& #5744 (sodium citrate tribasic dihydrate s = ;"=
(N-(3-Dimethylaminopropyl)-N-ethylcarbodiimide hydidoride EDC, CsHiz -
HC1) % # ® Sigma = @ & & ; & #5p& (citric acid, GHgO7 - H,0) ~ # it 48
(chloride-6-hydrate, Fegt 6H,0) = & B Merck > 7 A & ; = ¢ ¥ A p =
(Tetraethoxysilane, TEOS CgH,00,Si) 5 73 1L Fluka = @ & & 5 ¥ #7574
77 #2(N-Hydroxysuccinimide, NHSC,HsNOs) = % & Alfa Aesar= # & &

ARG S PR R B AT

3.2 F AR EIA

AL R A ki WA B2 KRR FedOr 3 U B 52
tFesOudphdm e o3 P REEDTENT T BHE
(Transmission Electron Microscopy, TEM 4z & & + + # ik

(Superconducting QUantum Interference Device, SQUIIX- & ¥E54 ik

(X-ray Diffractometer, XRD % & B k #F 424 2 F 3 ehd] ik 27 08
P B L R RAp SRR T I B2 IR R U R KRR R

FTHEAEEGTHU S ZEF R LA 2P F R AR
Fig.3-1#+% o
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Synthesis of magnetic k@, nanoparticles by co-precipitation methqgd

v

Coating silica shell on ®, surface by sol-gel method

/

Cellulase immobilization

e \

Immobilization with and without NHS

Characterization
of magnetic

Amount of nanoparticles
\l/ immobilized enzyme
Optimal pH for immobilization i/ TEM
i/ Protein assay
Optimal ratio for particles:cellulase:EDC:NHS \L SQUID
FTIR
i/ XRD
Activity assay for free and immobilized
cellulase
Determination of products by HPLC Reusability for immobilized cellulase

Fig. 3-1 Flowchart of this study.
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.3 KRR WA
3.3.1 % itk (co-precipitation method) % # Fes0s

oo 3 K RpkFesOo 2 2 ki Wi > 0 1 o2 = 4483555 500 mL
I REFFEL M F FOoEREA A F AR T0CE 4 » & 1 T 48
(FeCl:2)8.6 g # # i*48(FeCl:)23.5 g(Z @yt 95 1:2) » M ERIFHEE
oAl 300~400 rpm 2 #i#F #II5 3 SEFF LR D 85C o # P4 ~ 25%4
-k 28 mL > 12 500 rpm ¥4 3 A 4T R X Fs F K EER Fels o 12 77 B
AW i 2 F F R BT o I 4 BB Y R 2 Pk
FesOo > I 003 ~ 5§ F 203 5 ke poe g K,f 42 % -k (Duet
al.,2000) -

3.3.2 3 -5%% 2 Wt Si0:# % FesO: (SO, Fes04)

FesOu bz s Rt 3 &2 F st 4v » 25%% -k 392 mL ~ 2 &+ -k 116 mL
22 RS 1492mL 0 1% T RS Ae g R BP 30 A4 o BF R
B4 3 40°C > #4500 rpm #4E2 T BB F ~ 60mL Tetraethoxysilane
(TEOS: i# F % 2 mL/min) » 2 $3F F LD | pF o 41% 53 4 BB F R A
Bro dop bRt g e bR R TR R o L R R

ZHREBIEGET N ABE F R T T i R AN AR
100°C » # % 50 W> 0.3 hour ; 100°C > # & 100 W- 0.3 hour ; 400°C -
#EXEH0W 8 0houre e E= 2 FE R I 2R TR B2 KRk
SiO,/Fe;04 o F1* TEM ~ SQUID 2 XRD % 45 33 3f 4 (SIOSFe0,) crdF 12 o
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3.3. 3BIL R K AL L 47

A3 I 7 F 8 F 3+ Bks(Transmission Electron Microscopy,
TEM) ~ 4z & + + e £ &k (Superconducting Quantum Interference Device,
SQUID) ~ X sk ¥4+ 4 47 ik (X-ray Diffraction: XRD)i& (7242 K 3pkfid
At S TEM 2 2329 2L B § &R7 <% iT-SQUID 2 £33~ F T 4 i
FRY cHFE-XRDEA LB X F i H 5 F &R wFiTo

AR AT
3.4.1 A=t iz

EDC (N-(3-Dimethylaminopropyl)-N-ethylcarbodiimide/drochloride CgH;; -
HCI) 4= 3.75 mg NHS (N-Hydroxysuccinimide;;BsNOs) » 41 * T 5 ;N3
1 (Firstek, RS-101 4°C2 ™ 14 55 rpm 23 #-4& 30 4~ 451 EDC /& 1 3F 4
% & g 2 (hydroxyl groupges NHS B~ 8 F Jiy o F oz & 15 ] 2 g3
Kt 4 g AR g f0EDC e NHSe #e ~ 5 ml citric buffer(0. 05 M, pH=5)
frl.8 mg i kiapd » £ A 4°C/Aksm e f* 2 FF RE1255 rpn
BE2U P EEERE R 0 2B 2 B oRG R 0d T E
T_+efgE - 1% Bio-red 3¢ F 2 ¢ (Protein Assay, Bio-Rad, American

RIRF 0 25 i kiR e 30 Pt B AR L AR A R
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3.42#FHEEHZE pl e
EDC #patdifim™ (pH=4~5) % it 25 4 e % fid# (Sehgal et al.,
1994) » Tt A= B G2 f1% 0.1 M HCl 4= 0.1 M NaOH 2 & <

Js pH & (pH 3~pH 8) > # 1t % fr pH B F 2t it % B chB 4 o

3.4. 3 F3t A& E H 2 v i

$pAe ~ FE & ~ EDC &2 NHS et b ¢ B2 F i ok » 54 » £ P
i % EDC &2 NHS> € 2 2 ot s cnh %k @ I H 2t pf % £ (Chen
etal., 2002 - Flpt AFE 5 A BN EAEE > EDC¥ NHS 2 5 i F i
Vb fER P AT B ORI 4 (20 mg) > 4 %4 » 0.05 mg~ 0.4
mg-~ 0.8 mg~ 1.2 mg~ 1.8 mg~ 2.2 mg~ 2.6 mg~ 3.0 mgf% 2 14 45 33 & i3 5f
REEER A ble 2 AR A G 4 (1.8 Qg EDC e £ (5 mg 4 %
v » 25 mg~ 3.0 mg~ 3.75 mg~ 5.0 mg~ 7.5 mg~ 15 mg NHS $5 3+ & &
EDC 2 NHS &t i o

3.5 FEF B LRl
3.5.1 % * Trichodermareesel % & -kf2ft % S8 1
3.5.1.1 p¢ a5 EF BER

PR ERRKREEE R EF RER A F %11 * CMC(carboxyl
methyl cellulose} 5% + A F > » % &7 B (35C)& 3R (50C)FEE T

FRd P> Tk g2 ke ulpl 2 RRpEER N EREE S

At}_o

36



3.5.1.2 k& & F Bpl E

O fER RSk ERpEE LG F Dl B AF &Y CMC 5 fER
FIEAEF1* 0.05 M2 40 —1§ ¥k ¥ /% /% (Sodium citrate buffeg} & pH
@ AuapH4-pHAS5 -pHS5-pHSE5-pHGEE T F & /| B> ¥ 3%
Flem il 3 F fpts Aulpl 2 B RpEER M- B3 54 o

3.5. 1.3 B kfzpt 3 %7

AR B 5 0 f# Trichodermareesel i ¥ @ -RfgprZ 4 @ >3~ p >
AR R R 2 B-F FRHAE & BB o AN 1g/l2
Avicel~CMC-cellubioses * Ji& 7 B i& (7 ff % & &> & 4 W3- & Trichoderma
reesel B ERMKfEREEEF P HEATY BEE AL -

3.0.2 H=I- & H LRI

fRpE Rt 2 REPE R AN E £4F Y 2004 > )% 1g/LCMC~pH5
ZERTHET L EREAERES R F BEREFI* 0.05M pH5
2 R FFL 4 % 775 % (Sodium citrate bufferf e sg > 3 %3 4 Crk 4

Poo R EHRIRE RN S BIRETCEEF LI 2 F ke

3.5.3 TR fE & H EAM A T2 fhipl
0 RE R SRR RREZ T A R EM AR 2 F o I 1/l
a-cellulosers 2 1 g/LCMC* pHS5z_ i 2 T2 (7% F & > T v R F

2 R fEFE 2 4 o-celluloser? 2 ¥ CMC 2. F Ji b B 7 f2 H 3t 4
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FESSE IR SRy A

3.6 & 47 iz

3.6.1 S -KfRpEF BRI T
BEFPOKREAL LTI T R E gL 2 EmE S
iR CFEE A R o LR R ARRRRE R 2 B

(e

B R Ao

~=i
=
k2

VRERDSBRBEE R E AT BT R uP iRk
gl o R EEDTRLZE PR AL S umolesn i F MY £ 0 B
FUEEUMYTESFER@miEa AL PP UZRERFER -

B pEk R Pl 22 2 2 4% DNS = (Miller, 1959) - DNS 35 |
(Dinitrosalicyclic acid reagenti iz 8¢ A ERFER R A = iz ¢ ¥ sk

KR TE 2 cDNSHEA2Z el 4o 00§43 33 -LL 73 % 1.6 gNaOH >
‘v » 30 gV fe 47 4 (K-Na-tartarate-4b0) » £ 4 » 19 3,5 = A A k1§ i
(3,5-Dinitrosalicyclic acid+ & £ 100 ml> #33* 4C 73 Bk R E R
H R AR SRR (- ) o

PlR PRSP > PR E R RS RE § A o T HA
DNS@E®R =g > g R P 2 W5 F 3+l g @ 0 B33 R4
F10 448 0 £ R F AR E FIRE > A KRR (UV

mini-1240, Shimadzy#. 512 nm+ & sk T plH ek B o

3.6.2 39 FikRB T
I 7 & F-v F 2 ¢ (Bio-Rad Protein Assayt i7 » 47 » Jt £ i* 3285 ¢
> 3 Coomassie Brilliant blue G-250% 3-v T & pFd otz d # 5 EJ

YAk R SRR R B kB 0 2 g v (Bovine serum albumini® 3
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Bupd ke RCGEZ ) o
Pl 3o FORARPFLIRET Y 0.2 MLtk & i § AR 18 20 47 A
Bk LAVN) Y B35 R FE S ERF 2o s kBT A

595 nmT™ jp|H ek B o

3.6.3 @it T RPLOA ¥7E5 % F A S
SOBEE Rk EEE AR ALE I oA ITR
(Shimadzu, LC 10-AD¥fit 2 + (7R pA P~ 47 T RF T HRia
KirpE R R R i A2 2 EpE(F F A8 B )2 bl e
HPLC A 45 % # 4o 3 500 0.22um i "Bk > L8 5 20l 5 4% # 4
% 0.008 N HSO, /3 /% (iig % 0.6 mL/min) » 4 47 ¢ 1 5 Transgenomic
COREGEL 87H3 (300 mm*7.8 mm) id ;2] 2 % RIl-detector (Shimazdzu,
RID-10A) - 19357 F 2 A4 » BB ZE* FHMUE Ra- 45> A u

e ¥t & M(a=z ) o
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A5 = 4L by 2L 2
Frx BEFEIH
4.1 Bz K 3pk 2 i

4.1.1 W%Fi.ﬁ‘—;‘-f#.,;"i? Y A 12

Btz K 3p kR (Fe0y) 22 (SIO FesOy)2- TEM BB % &2 Bk jx & # e Fig.
4-1 4770 5 Bt 2 A AR (FeO ki~ [ $ 5 94225 nm & ¢ § SO
R 15 2. 3 #(SIO FeO = ~ -] ¥ 5 18.8£3.6 nme d M &1 ¢ K SIO,
RCHPES I RA% 1 8994mmz+ ot 25 Q‘;I%é 10 ke HRbL g o

Pengetal.#= 7 ¢ @ & gt 3 K3k FgOs ki i+ - 5 10 nm (Pengt al.,

FeO =~ ] 2 6nm> @ e - F i“ & (S 2 4 2 20 nm (Lien and
Wu, 2008} & 7+ &% 3 T8l & it 3 K 3k SIO FeO 4kt v B2

Z

SF PSR Se ed RES AR LR S

4. 1.2 2 ¥R 2 B~ |

Bt 3 K 3EH FeO, ~ SIO/Fe0, 11 2 B 2 it % 142 3k
enzyme/SiIQFe;0, sz iF & 4 B4 Fig. 4-2%177 - = ﬁ T RBSIY M
AL TG LB R RS R o e B TR RIS 2R )
TEFZEBRRES c Are B SIGZEME K IEE FeO 2 2 fert it
& 5 65.2emulg @ ¢ f b SIO 2 B3 K 3Ek SIO/Fe0, 2 & frrz it
SRR T2 20.0emulg e fo it s R T e FIE F S SIO ¢ R
FesOuchile pF s 3 40 7 REkcn e R - F 3EA 5 R 3 4o PF > AR 0 E3FR
2P s R 2 Ao EBEM e > TRt A B o it R T MR o @ SRR
% F it {8 2 3pkenzyme/SIQFe0, 2. 7 fri it 5 & 5 18.7emu/g » ¥4 |
% SIOJFe0, 2 defrai it 35 & » B R T idn ke o MR A 5 B R
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RATRT 8o 2 R A I R H G foRi i aE R A T

Suleketal #7 % ¥ @l # et 2 K3k adefoa 53 B 5 60 emu/g - § H

SN

Bt SiO:fs hdefogi it 3 R0 1 21 emu/g (Suleketal., 2010 - d p*

Ware b Si0: 8 A cte for 55 B %S < 1 40 emu/g 0 B 4k 8 A

T AR o

25 4
20 A B
A g
=15 4
=3
=
g
" s‘ : o 10
. s £
: - — T
4 5 0
5 6 7 8 £l 0 11 12 13 14 15 16
50 nm i Diameter (nm)
30
c 25 -
~». D
£
z
315
2
g -
- M
5
: Ny —
10 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 25 26 27 1B
50 nm Diameter (nm)
——

Fig.4-1 TEM photomicrograph and size distributidriFe;0, (A) and (B),
SiO/Fe0, (C) and (D). The average particle size of®and SiQ/ FeO, is
9.4+25nmand 18.8 + 3.6 nm.
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80

60 —

M (emu/g FgO,)

-
— — —

Fig.4-2 Magnetization curves of f&&(---), SiIO/FeO4(— + —) and enzyme/
SiO/Fe04(—). Saturated magnetization of KB, SiO/Fe0, and
enzyme/SiQFe0, is 65.2 emu/g, 20.0 emu/g and 18.7 emu/g.
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4.1.3 X-ray ¥e53k 3% ik (XRD)

B3 K 3k FeO, 22 SiO/Fe;0, 22 XRD Bl 3 4e Fig.4-3 4777 o 1345
Joint Committee on Powder Diffraction Standard [DSPs *
Fe0,(JCPDS:03-0356) % 48 7% 4 (Magnetite) 2_ 1% XRD Bl % 20 & &~
u % 30.16~ 32.05~ 35.45~ 43.25- 53.54~ 56.78~ 62.72% 73.997% A4t A
4 (deBl4-3a 77 ) AT g B & Gt 2 3R Fe0, 22 SIO/Fe0,4(4r
Bl 4-3 b ¢ #777 )#1 & e ik 48 &8 JCPDS FeO, 2 -8 Bl 4p + 0 7
PR AL TG PR AR FeO,2 Sdp s BT 0 P e
B SIO (82 Bt 2 5 3p 8 SIO/Fe0, v XRD Bl 3% 27 17w 3k FeyOy e
Blap gt FILVHEP APl io ¢ B SIO i H fip v 5 24k
AR SR EE A kR gt o PR A H-SI0 ¢ Bt FeOs kG 0 ¢
B SIO 2 3kt e § SIO a2 XRD Lipeipm 1 ¥ 5 BEH
s Ap > Bk E A~ Ap i (F 0 2009) -

127 C

A

-

" Al ool RYSAYE (IR h YL RS RCE LI X P
ogf\ g” LY

20 30 40 50 60 70 80
20

Fig.4-3 XRD curves for (a)R®, JCPDS standard curve; (b}eg and
(c)SIO/F&0;,.
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4.2% $ 8 a-Kfzp

~# 3 J1* Trichodermareesel

R

EOR K S B

‘12‘.{'7'}7]’){pr’£ ’

ROfEEBCEREE R EE 0 A RRIEREF BER CPHENZ 2 R A

4.2.1 BeA 5 dF BER

1% 1g/LCMC 4 ml4e » I mlfzd i3k s s A

(50C)™ F s 2 | P e

v $i%. Trichoderma reesei

H®(35C)z 3R

IS RS Ly Rl

2 BET 2R BiEM B %4 Fig.4-49757 > Trichodermareesel f ¥ * 4

KR E 2 F REAR

5 35C At ERTHEE R

L4 % 29.6 U/Imge

35 4

30 -

25 -

20 -

15 A

10

Specific activity (U/mg)

5 -4

0

HH

HH

35

Temperature('C)

50

Fig.4-4 Temperature effect on fréachoderma cellulase. Enzyme activity
assay was performed in 85 and 50C.
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4.2.2 prh 545 fpll &

1% 1 g/l CMC 4 ml4x » 1 mlp%2 7% % ~ %) & pH4pH4.5 pH5-pH5.5-
PHE i 2 T a%% & J& 2 /] B o v i Trichodermareesel % * S -k f2p% 2
B F & pH E ° 5 % 4o Fig. 4-5%75F > Trichodermareesel fF % * 4 -k f2

fekz Bt F fupl @5 pll 5 s FE B A2 545 224 U/mge

4.2.3 f1* 2 R AFTRFRF RO LB F iR

= 7 f# Trichodermareesel f % * B -KfEpE2 @ > A1pk % ~ p = 4
fER M2 B-F FHHAEE & W2 E A 5% Avicel - CMC- cellobiose
113 g-celluloses fs% F AT 72 F B2 | ot L BfERER -
2% 4 Fig. 4-67751 > 41 * Avicel 3 A FpFps4 51 % 50.6 Umg 41 *
CMC 5 A HpFas# 5145 33.7U/mg> §1* cellobioses # P ps % &4
% 30.4UImg> f1* o-cellulose: A FrAEZ A5 98.5U/mg o 5t B %
Ja %7 Trichodermareesel 75 ¥ * S KA % ¢ *b 7 AR BpEF #rik L b
LR AR R R BT R S R R Ferefap i (Vinzant
etal, 200D o e FIF Z A A EEMATEEE L AMATRZ 2
FRBEEF R R 2DOPEY AR FIP A Y bR 2B
R TATRAEEY CMCe
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= = N N
o 9] o (%]
1 1 1 )

specific activity (U/mg)

(%2}
1

=TI ]

4 4.5 5 5.5 6
pH

Fig.4-5 Specific activities ofrichoderma cellulase different pH’s (pH 4 ~ pH
6). Concentration ofrichoderma cellulase is 1 mg/L, substrate is 1 g/L CMC.

120 -

100 T

80 -

60 -

HH

40 -

Specific activity (U/mg)

A

20 -

Avicel cMC Cellubiose a-Cellulose

Fig.4-6 Comparison afxoglucanasegndoglucanases afeglucosidases
activity by using different substrate (Avicel, CMicel and cellobiose).
Specific activities of exoglucanase, endoglucareas-glucosidase arg0.6
U/mg, 33.7 U/mg and 30.4 U/mg. Specific activitycoimmerciallrichoderma
cellulase by using-cellulose as substrate is 98.5 U/mg.
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43BN AR
AT 3 A4 41 EDC 3 W mAE gt 3 A 40k 4 5 hydroxyl
group(-OH)E £ fi% % 1 amino group(-Nb) 2 & i 425 N dt s » & 7 2 it
FEREFHAFEE LRI i 2B AT o Ao Fig. 47977 0 %
- AfERENR S 6.14U/Mg A A plHEERER- X £ e X2

2

B R HaEEEES D 0.75U/Mg 95 % - % e012.21%

4.3.1 % &7+ NHS #3512 B %5

f1% EDC 5 "l Fa At 2 Rl b HEAI a4
FiF oo om RPp A A ?f‘ z§*(Sehgaktal., 1994~ ¥ + & - 2010) - EDC %
miv ik oG A (GOH) iRy ¢ 227 AP ¥ e it & &
(O-acylisourea > ptfa® B A4 e kipiR? ¥ 2 fE2iEm PEH L dmx

- & EDC/E i g™ ’T ‘e NHS# i #-% ¢ fpit & Jx % (O-acylisourea

# it = NHS-activated carboxylic acid group #-ki3 /% ? #4823 & 3 4o
SRS

Flot AR S F R AR g R4 NHSHE R B £ 90
Fo Ao Fig. 4-8477 > M F L iEML Y A4 NHSpFRE 2 A it £ 5
1.09mg/g> @ F ¢ NHSppp 2 A2 £ 5 1.68 mg/g & F 2 it iF 4z~
7 4v NHS # 3 4c 57 0.59 mg/ginpt %2 H 2 & o
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Specific activity (U/mg)

1 2 3 4 5 6 7
Day

Fig.4-7 Enzyme activity of immobilized cellulase\iEDC. Activity of
immobilized cellulase is 6.14 U/mg on first dayy®U/mg on seventh day.
Remained cellulase activity is 12.21%.

2 -
2
Y]
£ 15 -
£
s |
N
c 3 1
(7]
°
Q
N
:g 0.5
g0
E

0

without NHS with NHS

Fig.4-8 Quantity of immobilized enzyme via NHS. Aamb of immobilized
cellulase for immobilization process with and with®NHS is 1.68 mg/g and
1.09 mg/g.
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4,323 Fa it i pH &

Sehgaktal. # 3 ¥ 7 EDC ficfit 14 if 2 (pH 4~pH 52 T & it g fheh
ek bodr 0 F15 EDC st AP, 28835 (MH4e(n
Fig. 2-5)(Sehgadt al., 1994; Honget al., 2008)> ]t A F 5 %] 2_it iE 45 ¢
FI#* 0.1 MHC1 4= 0.1 N NaOH #* & 5 =it ¥ Jis pHl @ (pH 3~ pH 4~ pH5-
PH6~pH7~pH8) > ¥t # 7 I pH E2 % F T & - % % 4 Fig. 4-9%7
o BERATL 2 Epl E5 pH4 EApE BT 5 2.5 mg/ge

4.3.3 B & H I b

$pk~ FE % ~EDC &2 NHS ehvt b g B2 A Tt a9k » F e 2 B E P
PrA e A > ¢ AL BYRE TR EF a BEIAL TR 0 A
#o o pE R ~EDC & NHS 2 e £ 5 St DI F M 2R £ 0 427 a2 7
%47 (Chenet al., 2002 F]}* A F7 5 & W] :x %% & 3g kg0 50(0.0025:1 ~
0.02:1- 0.04:1~ 0.06:1~ 0.09:1~ 0.11:1~ 0.13:1~ 0.15: 1 vt/wt) ) 12 2 2z % NHS
£ EDC e+t ](0.5:1~ 0.6:1~ 0.75:1~ 1:1~ 1.5:1~ 3:1(wt/wt)) %k F 35 11 & &
B R B o 5% 4o Fig.4-102 Fig.4-11957 » 3E4 22 i & B vt 6 5
0.09:1(vt/wt) ; @ NHS 22 EDC 2 & i +* 6] 5 0.75:1(vt/wt) o F]p* & F 2_i- i
A2 ¢ %% ~ 3pk > NHS ~ EDC 2 & i3 +v¢ &) 5 0.36:4:0.75: 1ft/wt) -
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1.5 -

0.5 +

Immobilized enzyme (mg/g)

pH

Fig.4-9 Effect of pH (pH 3~8) on enzyme immobilipat. Optimal pH is pH 4,
the immobilized cellulase amount is 2.5 mg/g.

,_|_,
——

w
]
]

Immobilized cellulase (mg/g)
N

[

== L]
0.0025:1 0.02:1 0.04:1 0.06:1 0.09:1 0.11:1 0.13:1 0.15:1
Enzyme:particle (wt/wt)

Fig.4-10 Comparison of different enzyme : particiaiso for immobilized
cellulase amount. Optimal ratio for enzyme : péatis 0.09:14t/wt), which
immobilized cellulase is 3.8 mg/g.
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Specific activity (U/mg)
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Fig.4-11 Comparison of different NHS : EDC ratio immobilized cellulase
activity. Optimal ratio for NHS : EDC is 0.75:Wi{wt), which enzyme activity
is 17.4 U/mg.
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4.4 FE p R LT

4.4.1 FTIR # #7
i iE = F e b R R(FTIR) e 2 K 3E4.(Si0:/FesOs) ~ 8 -k

fApE R ~ PSR R R 2 R F A AR AT REE R LT ¢ H
TN A G oo d Fig. 4-12%77 0 B A K 3EH(S10:/Fesn) e 461
cm™® ~ 802 cm' > 2 % 945 cni et d13 O-Si-O-~ Si-O-Sir 2 Si-OH 2 #
B #7030 2t 5 ¢ ROV A B R B2 SIO i & chd i 45 (Tie
et al.,2007; Bruce and Sen,2005Lien et al.,2008; Du et al.,2006)> #~ # %

S AR R RRRE R (B2 A0 > D% Signa £ ) 0 Sigma 7
AR fREEE A 1396 cm ' 4 2 1420 cm ' A IR C-0 12 2 C=0 2 Frak
3% o p 5 R E o A (-COOH) e i 4% 5 %2922 cm ' 12 % 2943 cm'’
Faof MIC-H1t 2 C-Hoz $Ffcd > 2 52 3o Forlmojhsd | &
1522 cm ' Aedt N-H 2 i 48 5 % % «hfigvidéz(amide bound) #7i# & (Jordaret
al.,2010; Lienet al.,2008; Zhanget al.,2013; Juet al.,2012; Ghaffar and
Hashem,2010) & & & # it ek Aok f2a% % 4 1396 cm' ~ 1420 cm' 12 %
1522 cm ' e £ 3 C-0~C=0 2 2 N-H #4835 &> 2922 cm ' e C-H
g4 e F R R MR o HEEE S LR auEk e 1396 en’
1% 2922 om ' At C-0 2% C-Hz 4t > 2 & 1420 cm' 12 % 1522 cm ' fie
10=0 &2 N-Hz AR PR > AI7 0 L% FT B Akt

% o @ ¥ % Sigma fi¥ % oE4 & 1396 cm'~ 1420 et~ 1522 cni~ 2922 cnt
1% 2943 et ¥ § C-0~ C=0~N-H~ C-H 2 2 C-H2 # ek 48 > 2 A H
z_it 2 free cellulasej 1p Fe 2 35k 84 > FEP B2 % 7 R EITIERA

o

=K
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Fig.4-12 FTIR spectrum of cellulase, magnetic namtiges and immobilized cellulase.
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4.4.2 Baipi e A

2OBAET LR Rk L B A R 0 E
EH 4+ Lg/LCMCpl T H e it Ra-kfpz el -  HFEa B o 2
gre e g S EAT I G o % 4o Fig.4-13- Fig.4-1445 7% o 4
Sigma 4 @K R % A F R AdRpE 0 B 23.23 U/mg > & 4pF pE 2
EETE Y - BEERRRENLL 12.320/mg > SiEpEE T ARR (SR
FeM s RAP03.03% kS A HIFEFRRESS RRFEER
AR T SRR RERFE AT oS R

FltpEE E Ut {8 H B 4. 2 17 (Jordanet al., 2010 -

Pl )flc %% (Table 4-¥777) » Liao et al. " Fe0sf1* R
& (polyvinyl alcohol) & #_i* 4 % K j3pE % - R i gk oK fRE 2
EE8.87T U/mg> LGB H a2 A 15,63 Ung> 351
% & 963.47% (Liacet al., 2010)- Khoshnevisart al. 1/ Fes0:f] * &g+ 4
Ao NEE LRk S A S E R S ok R 21 5 27.0 Uimg
AT S EEET21.6 U/ng > pEEH IS Ro& 980, 0%
(Khoshnevisamt al., 2011 - Chen and Liaor Fes0:4] * EDCH =_it /Fp# s
& p# (yeast alcohol dehydrogenase, YADH & 5 & z_i* enYADHE 14 % 3. 19
U/mg> 5 F 2 YADHE "% 21.970/mg> "% 2 Rk # 61.76%( Chen
and Liao. 2002 - Chiou and Wu ® #.4 (chitosan 4| * EDC{=NHS 7 =_i* 5
sRFF(lipase) » A FH it enlipase 5 3.75 U/mg > 5@ H T {8
lipases & (2% 2 1.58 U/mg » % %12 2k 4«42, 13% (Chiou and
Wu, 2004)- Hartono et al fI* 3 & =it &4 | bl
3-aminopropyltriethoxysilane (APTES), 3-mercaptgpitrimethoxysilane
(MPTMS), vinyltrimethoxysilane (VTMS), and phenyitrethoxysilane

(PTMS)® % F & £ i+ en® 3¢ # 44 (Functionalized Mesoporous Silita - i&
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Fa ok EREE AR A R G AR Rk iR A 12 5 14.0 Uimgs
EEEEEARAR GRS E39.86 U/ng > % 5 R & 970.43%
(Hartonoet al., 2010)- Hungetal. {* Sprpazcf - &6 % 3 A DR

2 & & & vcpolyacryl nitrile (PAN) nanofibrous membrarigse_it 4 &

‘ﬁ#«

KfRREE > A F R R RRIEREE 53T U/mg 0 A SiEREE
Bt {s HEHE £3.19U/mgr i & A 985, 98%( Hunget al., 201D -
HE R AR TERE e > BT EE Y - RS 12.32
U/mg> &%= FEM 5 1213 U/mg: % =545 11.62 U/mg > & = ¥ s
M i 10.67 Umg: %755 T7.81 U/mg> %= 54 % 5.08 U/mg >
- FEMEE 4.8 U/mg % ~iEFMEE 4.64 U/mg o 58T Bt
i B Ry e i o I I NFISH FEMT B R A 0 37.63% Table. 4-2

s T

B2 AT AP DT 20 fEE T G

B APy s> d Table 4-2F

B st LAY a4 o)

MAFT R ST G R

o+
\v

‘m\L

EAFFI* BT AR PpER o

HAFSRRREERAT iR L g F AT I o By
fedm N RAKF OB ERTUME S 6 AL HASFE T pE
REFELAFIY > Flp A1 /J?% FHEEHTE A GH T ot E LA
A A A AR

Khoshnevisaret al. 1 Fe;O, 11 % F ¢ i f% (polyvinyl alcohol)H & i+ 4
MoKfEREE > RSWEOS B EAF I BT RARIEREZ B R
1220 FEH AR A 1 T8%; @ A 5B E R s AR fREE R AL R
4 e020% S £ AF 1 * 4F 2 1 80%:p% £ % 12 (Khoshnevisaret al., 2011)
Liaoetal 1% FeO,.5d Hi@ergen™ N H it B kfEpE2 > A5iE 4
TEAFPIH 1 F L R OKfERE R BT 5 - X h40% B E AR
27 60%; A A H A B RfER R EEFIT ¥ - £ 10% B2 F
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M 4F % 1190% (Liaoet al., 2010)- Dincer and Telefoncu: ® # % %g 11 *
F. ¢ ' ik (polyvinyl alcohol)F & it s -k fafs 4 » A £A4F{1* 112 2 H T
gk oK FERE B AT 4 Y - X 9 100% & A S E R0 ek Bk R
FEZ A RIF T $ - X h28% 4 7 72%:Hp% % & 1(Dincer and
Telefoncu, 2007) Kuo et al 1 Fe;0, §1* EDC4e NHS F 2 it lipase> =&
A1 10 =t H it ehlipasers 47 A ki 4547185% 454 1 15%:hpk
EEME A AEHE I alipasetEAF I T enb X HpE A /élﬁ_ffw 1
T e i20% 4F £ 0 80%:1p% % & 14 (Kuo et al., 2012) Chiou and Wur
7 & % (chitosan)|* EDC & a_i* #3554 f2ft % (lipase)> & 48 f1* 30 =
s B2t enlipasers 127 M i 4nen50% > 454 7 50%:ps & E s @ A
EE R hlipasefit 2 A F)T 5% 4 7 K 95%:HfE % % 14 (Chiou
and Wu, 2004} Chen and Liao” FeO,f1* EDC & 2 it iyt %t & fs (yast
alcohol dehydrogenase, YADH %] %_it chiFpd %t & fis £ £ 4F 71 * 500 pF 2
HEEZ AT A R 4ah60% 34 1 40%pk % Edt s A RSB H
SVERE R E R AT AR 1Y 2% 100/ BFH EEGFIT R4e20% 452
% 80%:f% % /& 1+ (Chen and Liao, 2002)

I AF 4 L BEHL 4o Table 4-290 7 o LB AR LA G 0 AR AR

¢

RELAP* R LG AMAFEE FM > LA Rt A F e gk

F 0 T W EA chZi s S o R EREE R Y hp o
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Fig.4-13 Activity of free (1) and immobilized cellulas&(}) is 23.23 U/mg and

12.32 U/mg. the activity of immobilized cellulas® ighth day reused is
remained 4.64 U/mg.
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Fig.4-14 Activity loss over 8 weeks of cellulasembilized on FgO,

nanoparticle via NHS. Immobilized enzyme activigynmained 37.6% after 8
weeks.
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Table 4-1. Comparison of enzyme activity loss dyiimmobilization process
in this study and other studies.

Activity  Activity of Loss enzyme
Immobilized of free immobilized  activity for

Materials . e reference
enzyme enzyme enzyme immobilization
(Umg)  (U/mg) (%)
Liao et al.,
Fe0; Cellulase 8.87 5.63 63.47% 2010
Khoshnevisan
Fe0, Cellulase 27.0 21.6 80.0% etal., 2011
Chen and Liao,
Fe0, YADH? 3.19 1.97 61.76% 2002
Chiou and Wu,
Chitosan Lipase 3.75 1.58 42.13% 2004
Hartonoet al.,
FMS® Cellulase 14.0 9.86 70.43% 2010
Hunget al.,
PANNM®  Cellulase 3.71 3.19 85.98% 2011
Fe;0, Cellulase 23.23 12.32 53.03% This study

%YADH = yast alcohol dehydrogenase
PFMS = functionalized mesoporous silica
‘PANNM = polyacryl nitrile nanofibrous membranes
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Table 4-2 Comparison of the immobilized enzyme abugy for this study
and the other study.

L Enzyme Reusability Remained activit
Immobilization y y y

Enzyme carrier activity /remained  of free cellulase Reference
(U/mg) activity(%) (%)
: Jordaret al.,
Ilul F 627 ~ ofimes ND® 2011
cellulase €0, . 110%
Khoshnevisan
5 hours
cellulase FeO, 21.6 1220/ 20% etal., 2011
0
4 times Liaoetal.,
cellulase FgO3 487.8 140% 10% 2010
0
Wu et al.
PVA 6 times ’
cellulase 0.33 ND® 2005
N membranes 135%
Dincer and
PVA/ chitosan 11 days Telefoncu,
0
cellulase beads 104.4 1100% 28% 2007
. 10 times . Kuoetal.,
lipase Fe;0,4 13.39 1850/ 20% (5 times) 2012
0
Chiou and
. : 30 days
lipase Chitosan 94.8 150% 5% Wu, 2004
Chen and
500 hours .
YADH" FeO; 1.9 /60(yu 20% (100 hours)  Liao, 2002
0
llul FeO 8 weeks c his stud
cellulase &0, 12.32 137% ND This study

4 PVA membranes = polyvinyl acetate membranes
® YADH = yeast alcohol dehydrogenase
‘ND=non detector
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4.4.3 B a5 HEMA T2 FHRE
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%% 4 Fig.4-15%77 » F M RBHEAFT CMCHEA TV EREEHEF B
P g R A S 13.3U/mg @ 2 i A a-cellulosest 7 2t f% # i (7 i
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Fig.4-15 Comparison of water soluble and non-wstduble substrates (CMC
anda-cellulose) for immobilized cellulase activity. Tepecific activity of
cellulose with water soluble substrate (CMC) was81¥mg and specific
activity with non-water soluble substratecellulose) was 0.6 U/mg.
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¢ i 1

Fig.4-16 HPLC spectrums of cellulose hydrolyticgwots with immobilized
cellulose. Panel (a), reaction control without aney panel (b), reaction with
immobilized cellulose; numbers indicated: 1, celtsle ; 2, CMC and
oligosaccharides ; 3, glucose.
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Fig.4-17 Concentrations of glucose and cellobiossnxfCMC hydrolysis by
immobilizedTrichoderma cellulase. Concentration of glucose was 104.5 mg/L
cellobiose was 3.1 mg/L.
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