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1.1.1 B A

FeCl,-6H,0 NaOH 2 & — W LR 3-2
etk BE (APTES) , dt 5t fk T & £ B 4000
(PEG-4000) , b5t #5 FIRG 2404k 2% 5 A PR A w5 IE6E
i T (TEOS) , RHAR R AL M , 24
L 2R A BRA F] 8 H Marker, 32[E Bio-Rad
ONT . BRMSRS I R Ak 2 gl oAl 35 A Frli, Can-
dida sp 99-125 SRy, TAlb 2%, 52865 A
1.1.2 FHMNE

SUPRA 55 B4 L B2 (SEM) , TE [H Zeiss 20
" H-800 %1% SF B 45 (TEM ) , H A& Hitachi 2% 7
3100 B M-LTAMEIEAL (FT-IR) , & [E Varian 2%
] ; D/max-Ultima [l Y X-SHZAF 55 (XRD) , H A
Rigaku 23 W) ;7410 B4R S AL ARG aR T (VSM) |, & [E
Lake Shore 23 ) ; WD-9403F 84— ] W43 66
DYY-10C %?ﬂ(ﬁ(,j[ﬁf}f/‘ﬁ\éﬁ(%gr;Universal Hood2
A, SEE Bio-Rad 24H]
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1.2 ZEWH*E
1.2.1 Fe,0, &5 A3 (HMSF) #4-5%,

ZHOCHR 12 ] 771k A il HMSF ;1 58 i i ik
0. 13 mmol/mL 4 FeCl, -6H,0 ) J/K 2 — B2
W B IMACTREN  PEG 4000, {if — 3 A ot f vk BE
4391124 100 125 mg/mL; RIZUEFE 30 min , 758 4T
R VUG 2 N BE N 487,200 CER Y 8 hy H
SRR EIR I LB T R& VRS 3 I, K
CBERVE 2 W A T Ik Sl
1.2.2 Fe 0, © ¢ Lz & & Si0,( HMSF@Si0,)

FREL 500 mg HMSF, Jil A 1 mol/L ] NaOH ¥
100 mL, JI#A TR 2 90 °C ,400 r/min £ 10 min, F
JIA 3 mL MR, KW 30 min, Jo/K 2 PR R VG 5%
UG 8 mL TEOS 0. 8 g 115 [fi % $4 71 Triton X-
100, #7455 min, LA 50 mL 22 B F7K , #7520 min
TRAT B BRI A WL #2 31) 500 mL B RS, A
40 mL 27K 100 mL JC7K Z %, 90 °C 400 r/min Hi 5}
Pt 4h, CEER B FK BRI 3 WK, Y RIS HMSE
@ Si0, , LK LFEE
1.2.3 Fe,0, =& L3RRI 2 44 ( AHMSF)

H2 0.5 g HMSF /I 300 mL Jo/K Z 15,4 mL 255
TR, B TR 30 min, 75 78040 HUS |, 12T
A 1.2 mL APTES, i T 450 v/min $FE 0 7. 5
h BEPE ST B FTOK S 4A5 81 AHMSF
1.2.4  JeWy B B 2 ACSARAL

B iR 3 gk 250 AR 20k 40 € B2 T
PRI, o3 AT pH Il BE B R g s ] S5 25 AP

NG HUE 2 B oK IR R B e o B e Uk
THE BB 4 CRAF .

1.3 SthAE
1.3.1 B ACHE by B /K A Y 7 Fy by m) 2
SR FRVROME v L TR0 e i I s O s S s Ak
B I K i L3 T Sy < BRI o 11 2 AR 7 T A 38
C .pH 8.0 N4 min 7K A I 87 A 1 I 1R 1)
Jo 0 £ A 11 5 A0 B T kK LGS T

45 mL A T FLOIN A S 4 mL 1 pH 8.0,
0. 05 mol/L 1 PBS ZZ M7 1,38 “C /KA FIFA 5 min;;
FIA 0. 020 g [ % A0 B 197 it , A 455, Sz 10 min,
FOFTHS 3 A PATHES O BE , SO AR R AN
SEALBEEC R T B8 | FRR o SR BN RO E
1.3.2 B AL I5 Iy BB 2 2 ) 2

SR Bradford 73210 I 22 i 15 B 161 2 Ak AT IS
(1) S YR ' AL Ao , 15 1 7 TG VAR 32 A Sy i1

FI A L1 B I i
1.3.3  SDS J /& M Ak 521 B ik

Z: HRSCIR [ 13 ] T ] Ak gk 5 v i 380 7 45 ol
RO BRI . R 5 LS me HIAE] 10 mL
[ 2 x SDS ZZ i H , 35 /KA 10 min, B HI 2 E R G
WS wl ERE,SDS BN BERGEE RS HL Tk . 4%
B A I A B 129% , BLVK AR 1E R 18 mA 1 3
50 min
2 HRE®%
2.1 ARFHIKRE
2.1.1 HMSF

1 i R BT 5 L HMSF (1 SEM 5
TEM [#, & 1 "] W HMSF B9KL4E 9 310 ~ 400
nm , FEPRi4E 350 nm, BB 250458

(a) SEM

(b) TEM

K11 HMSF i SEM Fl TEM [%]
Fig.1 SEM (a) and TEM (b) images of HMSF

HMSF #) XRD j%E WK 2 fi7x, XRD fis 4
5 RR A 45 Fe, 0, BrifER A (JCPDS card, No.
75-0033) —5" | RIAPTA KA HMSF 48 R4

25 VSM A il , HMSF A5 48 4 1, 161 G Ak
5 A F 86. 7 emu/g (Bl 3) s FERE S 55 F T, HMSF
Dl B IR | JORE I S5 F T 0 S B K TR R
(El4),
2.1.2 HMSF@Si0, #= AHMSF

Si0, ZAAALFXF B AT R AT W R e 07, PRIk
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+,H: SEM 1 TEM FE - 4nf&l 5w , HMSF & Hif
B — 2R N 20 nm 1Y Si0, 4,

311

2I() 3‘0 4IO 5I0 6‘0 7I0
20/¢)
2 HMSF ) XRD 4]
Fig.2 XRD pattern of HMSF

100

wn
(=}
T

WAL 8 S femu - ¢!
=)

|
W
o
T

10055 Z10 0 10 20
AR ke
3 HMSF Ky S ihk

Fig.3 Room-temperature magnetization curve of HMSF

(b) -

(a) W%

Kl 4 HMSF #EGAAERL S 20 T MO
Fig.4 Digital photographs of HMSF in a magnetic field

and in the absence of a magnetic field
F APTES Xf HMSF #4757 1&4f , 15 2 & 3 sk
f) AHMSF, 7£ HMSF A9 FT-IR 151K (18 6 i%4k a)
H1,3419 cm ™' F1 563 em ' 43 Sl J& HMSF [—OH F1
Fe—O KWK ; /£ HMSF@ SiO, ) FT-IR %K (
6 %4 b) ', Fe—O 5] 622 cm ™', 1636 cm ™' J&

Fe,0,@ Si0, "' H—O0—H AYZ5 il iR 3l , 1098 cm ™'
J& Si—O0—Si 1Y i g IR 1, R W] Fe, 0, FTH AL
f78 7 Si0,'"7)  7E AHMSF (1) FT-IR 3% (18 6 i 2k
¢) W, Fe—O ## % 3 619 em ™', 1E 3415 em ™' H
1620 ecm ™' 2 AR WL I AR 0 W] I 45 N—H,
NH, {H44R5h4E | AN E 1149 em ™' F1 1455 em ™' 43
SR Si—O FHEEM I 880 cm ~' 55 ML IRy C—
Si {45 P sl g1 R BB X ] APTES & i £
HSMF &1 ,

(b) TEM

El'5 Fe,0,@Si0, i) SEM Fl TEM & J
Fig.5 SEM(a) and TEM(b) images of Fe,0,@ SiO,
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Fig.6 FT-IR spectra of HMSF(a) ,HMSF@ SiO, (b)
and AHMSF (c¢)
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2.2 EEHEHFHRK
2.2.1 pH

WSEEe 28 [ I Candida sp 99-125 &Gk 3
g, B R E] 100 mL 0. 05 mol/L HIA[H] pH 2% thil
Hi, ¥ 3 RGO IOk AR 0.5 ¢, IMAFIR
5] pH (I RRINTER R, o pH 4.0 ~ 5.0 SRR -
WERRZE thB, pH 6. 0 ~8. 0 J& PBS ZZ 4, pH 9. 0
R - SR AN ZE i, 25 °C 180 +/min FEHf,
FE 22 h ZERWE T FR .

2000

1600 |

«min~!

1200,

—=—[IMSF
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= 800 5
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Fig.7 Effects of pH on the immobilized lipase activity

for different carriers

HMSF HMSF@ SiO, Fl AHMSF 3 Ff 4 |3 5 g
TGS A %) pH YER 43 3A pH 5.0 ~7.0 . pH 5.0 ~
7.0 % pH 4.0 ~7.0, HMSF@ SiO, Fl AHMSF [# &
JIE i it ) 2% SR 38 725 T HMSF, H. AHMSF 2R e 4,
Candida sp 99-125 fig 7 B 42 26 73 2515 31 4 Fh [W] T
fifg , pl #BAE S ~6 Z [0, 7E pH 7.5 ~8. 5 i [l N #F
A AR e M TS MR pH TR T R A
TR BFLL, ARTR pH [ RE A5 1F T 345 [ E 1k g
15 T AN ) g Do R A Tl A o i B2 AN TR pHL 2% A
RS PEATE]

2.2.2 BE

B 0.5 g 3 Fhiihas O sk A, 43 3 im A 1
100 mL .pH 7. 0.0. 05 mol/L £ PBS F4 iig 5 i v
Ay AE 10 .15 .20 .25 .30 .35 .40 °C , 180 r/min #Hi,
5 22 h, Z5 R a0 1& 8 FiR .,

Wi 30 5 T i, B I %) 4 R TR O 1
R W RS2 R JR ER R R  PRL AR iR AR R
A A T B A A D O A K A #
W B A7 B ) AL 8 T L HMISF & 5 Jig Bl il
T BB IR U B 25 ~ 35 °C, il HMSF@ Si0, Al
AHMSF 27 B8 5% W 45 K, 25 °C g i il 11 2 Ak 2
Rk,

2000

—s—HMSF
—e—HMSF@si0,

1600 —v—AlIMSEF

—_
b
j=
=)

800 |-

BifiE/U g+ min™
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P8 A1 Pk FEE X A [ 2B AR 3 G A G P ) 2
Fig.8 Effects of temperature on the immobilized lipase
activity for different carriers
2.2.3 B EACESTE
HO. 5 g 3 FpREEAS OIEREREAA 53 5 A %)

100 mL .pH 7. 0.0. 05 mol/L ] PBS A Jig i B %
25°C 180 v/min FEHL, 53 B [E%E 2 .8 .16 20 22 24 h,
ORI 9 s, M9 AT, HMSF [& 52 i 1
18 h g LL 5 1 35 B & KAH, ™ HMSF @ Sio, A
AHMSF JJJ2& 22 h,

2000
—a— HMSF
—e— [IMSF@Si0,

- 1500 - —v— AHMSF

E

B 1000}

=

jacd
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5001
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Fig.9 Effect of reaction time on the immobilized lipase

activity for different carriers

B2 T E A pH R RS [ [ 2 Ak 1
PG R T R ) S 25 AHIMISE 1 5 6 T i 124) 555 1 e
o HAESMET HMSF HMSF@ SiO, F1 AHMSF #,
A 1 2 g 7 T ) 28R LU 3R DL 2R 1, AHMSF @ Si0, Fl
AHMSF AR BE i ik [ 28 522 5371 4y 40. 3 (48. 1 mg/
g HOAK, K BTG 3 ) O 1743 1972 wmol/ (g -
min "), [EEALRCHRIE & T HMSF, Ifi 5057 8 11 7K fif
oI 1M 22 5K

It SDS 5N M I e 58 s v vk (&1 10) AT LA
WM %ZF| HMSF . HMSF @ SiO, 1 AHMSF {14 i s it [
KK THR ., BRETIA S0, SEILIL A, A
BRIV B 7 | B s~ T H i 174 28 Ak T kAR 25 1 4
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Table 1 Comparison of the performance of immobilized
lipase on different carriers

o il K ik B/ NI A S 1/

mgrg~' pmol-(grmin~") ~' pmol- (g min~") ~!
HMSF 9.7 445 45876
HMSF@ SiO, 40.3 1743 43251
AHMSF 48.1 1972 41301

TR LR AE AL, DA 52 e A 1 J5T A9 0 280 1 A8
’TJQUG’ZU i

Marker a b c
116000 e
97200 W v
66400
”~
44300

29000

20100

10 HMSF@ Si0, (a) ,AHMSF (b) F1 HMSF (c) ¥

SDS 2R TR 5 Tk FHc 5 Jg L ik 285 SR
Fig. 10 SDS-PAGE of HMSF@ Si0O, (a), AHMSF (b)
and HMSF(c)

3 i

(1) R H o 3k A ok B A R8I RG 14 19
Fe,0, 25 0 WS8R, & Si0, fu 78 5% 4 £ 2h fE 1k
Fe, 0, W25 O WARERAE A, S AT, BRIl
R [ 22 R FE AR Fe, O, BEMEZS O I AER 20 B2 15 3. 2
4.0 f5, 1 LB LLTG T 8E s 2.9 F 3.4 f%,

(2) Si0, U FLUIGEIL Fe, 0, BEMEZS O
THERIRMiBEE pH 6 .25 °C 24, [ 5%E 22 h 4 et
I 7 A ASCR i 7 181 2 6 43 331156 40. 3 (48, 1 mg/g #K
A K AR LIS 143 3155 1743 1972 wmol/ (g-min ") .
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Lipase immobilized on superparamagnetic hollow
sub-microspheres of Fe,O,

LIU ChangXia LIU Manli ZHANG YaNan TAN TianWei

(College of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract; Superparamagnetic hollow sub-microspheres of Fe,O, ( HMSF) with an average particle size of 350 nm
were synthesized via a hydrothermal method, and then coated by SiO, (HMSF@ Si0O, ) or modified by aminosilanes
(AHMSF). Scanning electron microscopy ( SEM) , transmission electron microscopy ( TEM) , Fourier transform
infrared spectroscopy ( FT-IR) and vibrating sample magnetometry ( VSM) were used to characterize the as-pre-
pared samples. Lipases from Candida sp 99-125 were immobilized on HMSF, HMSF@ SiO, and AHMSF. The a-
mount and specific activity of immobilized lipases on HMSF @ SiO, and AHMSF were well above that on bare
HMSF, and AHMSF showed the best immobilization effect under the optimized conditions of pH 6, temperature of
25 C, and immobilization time of 22 h. Compared with bare HMSF, the amount of immobilized lipase was in-
creased 3. 2 times for HMSF@ Si0, and 4. 0 times for AHMSF and the specific activities were improved 2. 9 times
for HMSF@ SiO, and 3. 4 times for AHMSF.

Key words: superparamagnetic; sub-microspheres of Fe,0,; silica coated; amino modified; lipase; immobilized
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