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KA & RNEIE T 2. 10 ¢ B
WA S 5 mL BALFIR L ZmE " A 55 mL N,
N-H I, IR 515 65 CEE R 48 h, B
AR ER B G B, EIRAE 12 h B A
W FW PR R AEE 0.1 mm (3¢S AU b
T, |IRAEK 90 s 5 2EE (10% DME/
JKEEWE, 25 °C) 7 2 min B, PRI K 20 em? T
. BOREHETFRE. 1220 PAN fi.

I PAN i, BT 2 mol/L NaOH ¥ 1, 60 °C
JU 90 min; SOV 4555 2 1 mol/L HCl %
B4R 4 b JRZER KU, SR A E] PEL K

oH
C—N
QH
C—N
o
PAN PAN PAN  PEI PAN  PEI N Y
Q H oNH,' oH 01 ] )
CN 2 mol/L NaOH,§—COH 2 g/, PEI, . C—-N C—N :
60°C,2h ‘..’»0H 37°C,12h H SNHS Lipase, SA gc,) H GA (L)‘—}NI )
tmovLHCL, "7 oL HOY, NH," pHS5.0, 25 °C, N RT,15h o A% ‘4
~ RT,4h i . i N
CN ’ C-OH 10 min NH," 2 h, 150 rpm C—N C—N L . J

% Lipase
@ Sodium alginate, SA

&> Epichlorohydrin, EPC o Calcium chloride, CaCl,
O Glutaraldehyde, GA

RI(10 g/L) 37 Codie i FE s ; [0 458
ZEMBK VRS, T5H. iCh PAN-PEI Ji&.
1.2.2 EENEME B 60 mg PAN-PEI R 1L )5
Jn#) 10 mL g 5 AR (0.6 mg/mL, pH 5.0) Ff, A0
A 20 mg HEFEEBREN, 25 °C, 150 r/min, [H%E 2 h. 15
F[H 2 L BE Wi iC ) PAN-PEI-SA/E.

[ 2 J F- 0 S A [ e B8 7 136 B (25 °C, i
B 1.5h)  REARLE(37 C, HitHk 1.5 h) Fl CaCl,
(37 °C, H'& 1.5 h) X [ E AL R 17 oAb B 75 3]
[ & 1k i i B i & PAN-PEI-SA/E-GA . PAN-PEI-
SA/E-EPC . PAN-PEI-SA/E-CaCl,.

=0 =0
Z-T Z-T Z-x
E i__}
Y
3s
-
O
NS
i
A

P 1 i i i o A i A s R

Fig.1 Process of enzyme immobilization

123 EASGTENE  EASENES MK Brad-
ford 37 B 0.5 mL AFIUAE S NE] 2.5 mL % D
SeWE TR, RIS HE 5 min, F 595 nm AL
WA, HRPEEE bR 2R 5 =6.13124+0.0705

(y 24595 nm ALWOG(E, » R 2R FIHEE mg/mL, R*=
0.998 4) J1 5k & Pl . T 45as B % IR DLHEBR
PEL 17 355 FREH I 1 235 S A9 52 0.

used enzyme before immobilization—remaining enzyme after immobilization

i (Enzyme loading) (mg enzyme/g support) =

1.2.4 NRIGEGERGTE 2 B 07 A EETE DU S B
RS2 0, B B3R i PBS 2% oI (20
mmol/L, pH 7.0)8 mL FIif & A i il ok & %2 1k As i
fitf, 45 CAATIH S min J5 A TR R R T il
FEHERE (100 mmol/L)0.15 mL, 45 °C fa iR 4§ % [ v
5 min J&, BT mL RBIEANA ] 2 AT Na, CO,
(1 mol/L) &k VL. 25 FI X BECAS ity

mass of support

FESFR RS M 5 EUTE 405 nm AR T IOG(E, AR
PERT IR e BEARTE I 2K y=7.4801x+0.056 (y A
WCAE, « ARSI E wmol/L, R*=0.998)
B U.

R E S RSB AT, Ao B AL A i 1
pomol )X if§ B A 1y BT s EE A i o, o SO — >l
B (V).

e ( Specific activity) (U/mg)=

enzyme activity

mass of enzyme

enzyme activity

x100

FIXS B (Relative) (%)=

highest enzyme activity of same Group samples



CERE]

FERRAE . 3R ORI SO SR A A v 2 5 I 7 Mg 0 81

1.2.5 RINIE h 25 f 4l /b R AL (1) 1 REik 5
HLINEE B KA 7. PAN JRER BY s S0k, IR AN
FRBEE I 2 em, FIAPEEEE 20 mm/min, FUNNEK T
0N, M 3 Y, BOPIME. (2) PR iR AL B
Ry THRRY PAN BB R my; R EOK T 12 h
J5, BETREKEL, BTN m,.

|4
FLBR# (Porosity) = V$

membrane appearance

V

pore

V

pore Vmembrane skeleton

|4

pore

110

Hor, BRRGIEIEE 1,184 ¢/cm’; Vy i FLBRIR
KEWE, BT, Vy=my,=m,-m,.

(3)FEAMZE KBr JE R JR i T2 b e a4, 2o
SRS HERN 0.4 em™ , FHHEHEH 0.2 em™' /s,
BB 4 000~400 em™.

(4) Ff Sl 2 3 TS 4 A B DU HE 7 8 s
XPFE i R DB AT 50

2 BRIt

21 RABREH=EEMRER ELRE

Il 2 AT, B FE LI 2 242 em ™ AR IR
L (CN) 19 1 46 i sh IS0, 2 940 em ™ 4b i 3R
C—H S 19 it 45 B 3l Wi i, #E 1 730 em™ H 3R
C = O MR PR M, X RN GG 2 H N
I TG AN R P R LRI 5 PAN BEAH L, ook
J&i PAN-PELEAE 1 670 em™ H 205 58 1) Pk 1 2 i

100 |

92

80 |

T/ %

70

60

50 1 1 1 1 1

PAN

l L 1 1

4000 3600 3200 2800 2400 2000

1600 1200 800 400
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P 2 ANV i O 2D 1]
Fig.2 Infrared spectra of PAN, PAN-PEI, PAN-PEI-SA/E, PAN-PEI-SA/E-CaCl, , PAN-PEI-SA/E-GA | PAN-PEI-SA/E-EPC

g, 7E1 560 em™ 4b HIFE CO, -NH,* 28 JF 9§ 5l 1 |
1402 em™ A HUBL CO, ARXFFRA LR, F WAL T2
5% PEI; 5 PAN-PEI BEAH EL, [ 1L i ( PAN-
PEI-SA/E . PAN-PEI-SA/E-CaCl,, PAN-PEI-SA/E-
GA . PAN-PEI-SA/E-EPC) 11y 4 T HES 1, 7E 618
em™" HBRG 5 A AE 0200 o0 3 WS s G A A 2
[P 2 TR AR SR 1T

gha 1 R 3, WA SO RS B [ €, PAN
JEE) dpe R Ar At T 328 W AR, 3 R T4k 27 ZC BK PEL

R 1 RAHRAMFLERER

Table 1 The tensile strength and porosity

Tensile strength/ (N) Porosity
PAN 5.89 0.85
PAN-PEI 3.42 0.81
PAN-PEI-SA/E 3.38 0.71
PAN-PEI-SA/E-CaCl, 3.21 0.57
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M

. PAN-PEI
E

SU1510 5.00kY 7.8mm x5 00k SE

PAN-PEL-SA/E-GA .7

TR - . L N
SDISIDS0CKY 7.7 509k S SN SU1510 600k 00k SE

Pl 3 PAN B T A i 41 41 P B 14

0.0um

Fig.3 SEM images of PAN membrances before and after immobiliazation

7 B BPE PAN RIS 23X PAN 4544 15 1 il 3R
H B A e K R AN A 156 PET A, 1 il 7 o 1
JUT- A S f9 LA 5 B 3 1 A IR, PAN R PN AL
BfEsClk PEL J5 & A A Ak, R 1H FLA% 35 i A2 /)N,
FLBR R 2 W B A%, H10.85 (PAN) F%& % = 0.81
(PAN-PEI) ,PEI JZ M EFEZ BN, B PEI 2Bk
W [ RS Wi S ( PAN-PEL-SA/E ) B LB b5 v
PEFREN NG R 55, (HALBURFEARE 0.71; #F—
H4b B 5 ( PAN-PEI-SA/E-CaCl, . PAN-PEI-SA/E-
GA . PAN-PEI-SA/E-EPC ) #5 1A 3 1 5 1% iR 44 7 25
HED, LB RN E 0.57, {HBE 7 B A5 B 25 78
.

BB A AL TS P o th 22 R . R A E R A
HAFRA R, AT 5 0 L5+ NS, 2R AR X
BRK W2 LR A% LY i i R e R 25 W B 55, X2

T AR SR TR K, T TET [ R 1 P %
AT AFDRT B 7K. il [ BsF i 7 R ) AR X S5 7K A R T
W5 535K I PAN-PET 15 K% 65 38 B2 41 % AE M 4R
H, A8 EE 0 EHN;, YmKEREIEY
(N p-NPP) 2% S /R e 8 ok 2 1 1) #L B 5 [
(R G A A 4 fk, RO G < 35 7 A A /K 6 T
TE, RS bRz A, S D K A R 2R Y
YRR, gk 2, [ % J5 W 25 B8 N W 09 L il 3 A3 %
i£0.26 U/mg, & BH 2t PAN JEEJL-F- AN 2 i 7
BG4 53 % 5 LT Ak BE D il Y LU A R A

& 2 ElER /R R A BE LLBEIE
Table 2 Specific Activity of Lipase before and

after Immobilization

Specific activity/ ( U/mg)

Lipase before immobilization 7.15
Lipase after immobilization 6.89
Immobilized Lipase 1.63

1.63 U/mg, X2 T3 [ E7E PAN B B9 BE I
PTG RO PAN B 3 1 A5 o B A Aok
2.2 PAN-PEI B4 E E B &5 LK

PAN 5[ 5 A J5 it B, Sk 45 28] 8 AR 1) [ 28 2
E P s Srae S R S S R Sy
Ak
2.2.1 PAN TliK i 514 Jx PEI SCBEMe I 254 A
4 T 5, Fifi 5 B K g D BG hn, PAN R R K
2242 em™ AL B CN i 45 PR 2l 06 3 W 0/, T
1 730 em™ AbH) C = O MY M4adiR sl gz Wi K, I
HAE1 670 em™" HBLBERE RIS IS, X R W] PAN iRY
NaOH 2 hj B [l , WS SR it if R, o PAN
55 NaOH W BAE MR 544 SO, N LA ] 3
Hiu K A SR IR R/ Tk e (BT 6) . ALK fiff 1) [ A ok
1.5 hJ&, PAN PR PERERRAC, RIAMRESH TR
PEREIR , CN IR/ NIEALR AL,
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110 WG ASCR ) 5
MIEL7 TR, BB PEL KRBT &, 16 E 4 A
” BRLATAAL 51 6T 2RI 85, 24 PEL VR FE Y 10
g/ LI, PAN B 5 F) 1t i 1S 280 ) Pl 0% e ok {H
. PEL VR EEARZE S i i, [ERCR T RE, X Al g2 A
£ 9 N = 8 >
= HEHBER) PELAE PAN BRI K AR IR 4,
R R RAE)R 2 45 U [ E 1 7E 3R
80 EIZ TS PEL — &R, [ Al A [ 2 H2 00 [
‘ SEACRFTRIEN.
70 1 ! 1 1 1 i 1 1 _ 40 .
2400 2200 2000 1800 1600 1400 1200 ; ::: ]linlz‘yll'ne !‘)‘:‘.ilf;g . 1100
Wavenumber/cm™ :“.;; 3T craive activity \E
4 R [FI K o R BT 9 g . 80 o
Fig.4 Infrared spectra of PAN by different g B \ 0 ‘E’
alkaline hydrolysis time \%ﬁ 20 ? g
2| 40 %
7 E =
< 10t &
g 20
6 & & 5t
—_ g
5+ \'\ R 2 6 10 0 "
g Concentration of PEI/(g/L)
= P17 RIFIIE PEL A PAN-PEI BebE RAg B
E 3t Fig.7 Effect of concentrations of PEI on
E modification of PAN films
2 -
T 2.2.2 MEHFHRRM AR ENTE SRk
o — Y ” . = BL, PAN-PEI 5 EL 2 [ 5 B9 R T M 2 10t o , ¥ 52 i

Time of alkaline hydrolysis/h

P 5 ANTR 7K A i 6] 58 e Rz i g
Fig.5 The tensile strength of PAN by different
alkaline hydrolysis time

OH* OH",
—CH,—CH —— —CH,— CH — —CH,—CH + NH,
H,0 | H,0

CN (|:=O

NH,

Pl 6 Bk i s
Fig.6 Mechanism of alkaline hydrolysis

=0

e—o—

FH L) 25 6 2 K A 25 18 . NaOH ¥
2 mol/L, Bl 7K fift IR BE N 60 °C, B& /K fif sF 18] Ky
90 min.

{24321 PEL I, PEL ¥ 23 %t s B AUR A 5
i, S FASE M PEI(O, 2, 6, 10, 20 ¢/L) 5
JiFALSE 0 PAN BEHEAT SO, % %€ PEL kB XF 28

LR 155, Rt miae vk, £ e R o 5 IR
TE(GA, BWRE 1%) . 4 HEH (BSA, &k
0.2%) . BOWEWIE (PEL, Z9KE 1%) . SR EAN
Bt (EPC, ZWREE 2%) . 7¢ R WE (CTS, &k &
0.5%) . B 1 400( PEG, LUK E 1% ) FifE HERR
BA(SA, ZYREE 0.5%) Z S 2, 2546405 3 (Y [
FE AR E PE.

JAFE 3 AT, AR TR X 6 5 25 SR A R[]
(R RZ . A R B, WG P A, 7 RN IS
PTG AR B 35.81% , XS AR HEVE IR 2 [, i
I FIEYE A SA BF, 7 WISV G BEAR S 65.45%
FORE TS, H 5 HAl K57 (PEI, GA, BSA, EPC,
PEG, CTS) ML, SA fig$em B B08, FHE SA
ORI, fig 5 1E H I A SR 1T A S IR R AR
RO P 2 g 8 43 0 A 2 26 T 42 1 I
[ %E &, S E B 29.7 (mg enzyme) /(g support)
15 2 32.7 (mg enzyme)/ (g support) , T H SA 4=
Y/ L ey S ey [di1i] e STNERE D 28
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Table 3 Effects of different additives during immobilization
Blank PEI GA BSA EPC PEG CTS SA
Ist Activity( U/ (g support) ) 43.00 32.11 38.18 29.98 34.12 37.81 42.52 48.43
7th Activity (U/ (g support) ) 15.39 13.29 9.10 18.89 10.87 23.43 28.65 31.42
Retain Activity( %) 35.81 41.38 23.84 63.02 31.85 61.96 67.38 65.45
WL I, Bid SA VTR, 1 MR .
RFSHRRR, 4 SA IR Ui, Bl gL [ e I
ROR SR 5 B SA YR 4K S 3 23 0 [T 5 RO 36 ik .l §/§\§ “
AR, 33 TR 5 R B2 1Y SA o 3 78 2% 1 E .l \ g
RO SIS, RBRER, & 5| Lo £
N N g s
ES: - DNE) ﬁﬁ@@@'ﬁﬁé%lﬂﬂ‘]%ﬁﬁlﬁﬁ, HE T 7 % Ssl lao £
N o~ —o—E loadi =
[ AR . % 0| —o Relative activity 2
) 420
E
_ 40 —o—Enzyme loading 100 E‘ S5r
'E 35 | —*Relative activity /' 7 2 ) ) ) ) ) 0
g — E\; 3 5 7 9 1
& 30 - %ﬁ 4 80 pH of immobilization
E s} g Al
3 | & 9 [Hlst pH X 5 R
g wr ; % Fig.9 Effects of pH on immobilization
Elds 140 £
E o
g 10} &
P 1 20
£ ST N 00
g oL \ \ \ \ 0 Easp * \ —
0 0.5 1.0 2.0 3.0 > 30l e /?

Concentration of SA/(g/L) E §/ % . 180 S
g2t . =
£ =

P 8 5 SR HERT T BOR RO ) - loo £
<
Fig.8 Effects of concentrations of sodium alginate é 15 —o— Enzyme loading 2
on immobilization g I "~ Relative activity 1% z‘:
f 10 &~
i s 4120
2.2.3 [EE pH R G RE0 7ERT— 45 S0 i Jik 4 L. . . .

fill b, A9 pH 3.5, 7.9, 11 BIZE ok [ E
fiti , EEIREE pH R[] 5 R R0

PN 9 AT, AR AR T e ROR B AR, Y
pH 24 5 B [ B i K, S E ) pH Ry 7 B il T
FilK; (H pH>7 B [ 2 ROR B AR 2. R AT fE
AWA —RMMEAM NESRIE PELZWIER, 5
ST RAFHEAER, MM, BRI
rPE R A AL, WA A AL, RSB
NE B Ar IR . bl BEE B AE 59 MR M A5 1 T 1 2 il

FERT— A b, AR iR A3 0 1 2,
4.7, 10, 24 h, 5[ 5 B[R] [ 2 AR A B ).

HI1El 10 WA, 7 1~4 h P [ 5 RS )
ARV AN, A [ G 2 b B A T I 0 A N R K

1 2 4 7 10 24

Time of immobilization/h

Pl 10 71 7 P 11 o 351 2 2828 ) 2

Fig.10 Effects of time on immobilization

4~24 h N, BEEE R, 10 h AR KME, H
il % 1 H R R, AT A KR ) A [ I A S 4
B, IR iR R 2 h.

2.2.4 AR KB E S IR R RS
B, P PAN B R4k, K f# i (] 28 90 min,
PELVREE N 10 /L, RS, N 6 mg, #ik
60 mg. ZE M 10 mL(pH 5.0) , MMM 2 o/L, IR
JE ok 25 °C | FE# M 150 r/min, BF[E] 2 h.
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FERRAE . 3R ORI SO SR A A v 2 5 I 7 Mg 0 85

23 EENEMES RN R IFHEREMSE
23.1 EAFMNE 4 SA BSEER, FEbiE
PRe e A, (EA SRR AR BIZIR, it — 2P 1o
[ 72 AL R E T, 230 GA | EPC il CaCl, X% [#]
EALEE PAN-PEI-SA/E #4175 AbFE.

M 11 AT, BN 15 )5 PAN-PEI & [#]
SE (1) i it 16 TV ARG, (AR BRI R 1Y 20.86% , JLHL

100

80

60

40

Relative activity/%

O PAN-PEI-SA/E+CaCLG gL)
20 |—0— PAN-PEI-SA/E+GA(1%)
—A— PAN-PEI-SA/E+EPC(2.5%)
—v— PAN-PEI-SA/E
—O— PAN-PEL-E | ,
0 2 4 6 8 0 12 14 16
Cycles

P11 A RN 15 UG DR A A B0
Fig.11 Enzyme activity retained after 15 reaction

cycles by different post-treatment

TE 6 IRV JE IR B BTG IR 2 40% VAT ; 7£ SA &5
1% J5 , Tl [ 2 B A AL As e R34 e, 1213

U N 5 A BRI PR R AR, O 53.92% [ =
23.14% ; [E E LT CaCl, . GA | EPC #7503
AR PR R A BRI AR5, H e 21 AL AR
EE B, H s o/L CaCl,/BE PR 2% vhi ( pH
5.0) . 1% GA/PBS Z tf ¥ (pH 7.0) Fil 2.5% EPC/
Fits R 2% th ( pHL 5.0) J AL B4 461 52 A i 14 i e P e
£, 15 W22 I N B O B 2648 51 55%. A 3R
2 AT, GA J5 Ak FHE Y R 20 ) A fi G AR 25 3
RS, {ff PAN-PEI-SA/E-GA %% T PAN-
PEI-SA/E-CaCl, fl PAN-PEI-SA/E-EPC, H GA 4
X PAN-PEI JEE5F) 5 s 3R 5 EPC BRME S5 1
(pH 5.0) IFFAA I NI, BEEHIJS/N; CaCl,H )
Ca™ & 50 1F PAN BRI SA R JL FC A 17
TERUEEIC 2, B ) FEAR G, HRE 5 1t
% 2.32 (mg enzyme) /(g support) , 1 EPC Ab¥ 5
M [ 5.42 (mg enzyme) /(g support ) , {H EPC
Fl CaCl, Ab 3B 23080/ 0 R I 22 4% SA ML, FRAK
ity 5 G400 () 1 2 Jo BEL T 44 v Wi . 3 4, AHIRI Y
SEOG SRR 5 R A A [ E A0 RS I e 4E {5 435
(Nov 435) FHEL (F 4) , IR Nov 435 Fa i B 4F,
15 RN AT AR B 85% LA b A% 1, 8 H: 2k il
%, 78 15 W H PAN-PEI-SA/E-CaCl, 1 PAN-
PEI-SA/E-EPC B85 1% T Nov 435, £ W] PAN i
(#6714 i D7 A7 TR B 40 1 oy HH i 55t

RA4FEARRELZGETH IS XEERNEEREBRL

Table 4 Enzyme activity retained after 15 reaction cycles by different post-treatment

1 2 3 4 5 6
Ist Activity( U/ (g support) ) 50.20 30.97 54.99 48.43 43.00 22.39
15th Actiity (U/ (g support) ) 29.50 19.08 29.29 11.27 8.97 19.13
Retain Activity( %) 58.77 61.61 53.26 23.27 20.86 85.44

1: PAN-PEI-SA/E-CaCl, ; 2: PAN-PEI-SA/E-GA; 3. PAN-PEI-SA/E-EPC; 4;: PAN-EPI-SA/E; 5: PAN-PEI-E; 6: Nov 435

2.3.2 TRt s e AL sg . fERT— 2B 5K
WA EERT b, 40000 J5 Ak BR S A [ 2 R AR D i AE
PBS(pH 7.0) . H3K7/K, NaCl(1 mol/L), —&H
Be . B, NEITRAE 40 h, % XA [RI A7 4% 1t
[ 2 Al 114 5

NP 12 A5, BT 40 h i [ 5 fh RN S il
TE PBS 22 vl v il 1% Of B2 ¥ 34 AE | R KR
PAN-PEI-SA/E-CaCl, fiff 1% % f fi f; 7€ 1 mol/L
NaCl 739 T g 771, PAN-PEI-SA/E-GA A fi i1
T 15 O B %, H & B DN B 6 A2 s, Pl T DR AR

FH 5 8 A VAV A A DN 3 ik [ L
D eI 2 B 7 S i, PAN-PEI-SA/E-
CaCl, AThR A B O Tl 16 P2 B A5
2.4 BB BTN BB ERTR

HRAE 2 F S B 45 R, 25 42 18] 2 AL AR 105 i PAN-
PEI-SA/E-CaCl, 14 Ji .
2.4.1 JRLE A3 BIALE 30, 40, 50, 60, 70 °C, pH
7.0%4F, M5E PAN-PEI-SA/E- CaCl, %, 75
TRl SV 5 PR AR TR T ORI 6 h JE I
I, 2 Sl Xl w2 AR ] S g O R T 0 1 52
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H N
80 | & o & [ ]Blank
N Hi H ] M ETH Tap water

S my o Bl i Hi NaCl
£ 60 + SN F Hh H XX Dichloromethane
£ SINSH Hi Z Bl i —] Ethanol
; HINH BN Hi Y 7] Acetone
= i — i Hi ::
g 40 RN = = H X3 PBs
a N o = Z H

20 NS il & B

0 BN E | " i

Free enzyme

PAN-PEI-SA/E PAN-PEI-SA/E+CaCl, PAN-PEI-SA/E+GA PAN-PEI-SA/E+EPC

Type of enzyme

Kl 12 A[E ZAFAETE 40 h
Fig.12 Effiects of different conditions of storage after 40 h

55 B 13 R 14, JiF 25 I feal R B A 40
C, [EEALNE W Y 5 3d ST BE A 60 °C. iR 4 &
14, 7EARFNRE TR 6 h J5, 30~40 °C I 7 25 i
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The Modification of Polyacrylonitrile Hollow Membrane
by Polyethyleneimine to Immobilize Lipase

LU Jia-wei"*, LI You-ran"?, SHI Gui-yang'"
(1. School of Biotechnology, Jiangnan University, Wu xi, 214122, China;
2. National Engineering Laboratory for Cereal Fermentation Technology, Jiangnan University ,

Wu xi 214122, China)

Abstract ; Polyacrylonitrile is a nitrile-rich polymer and easy to be surface modified, and it has been widely applied
in membrane separation. In this study, polyacrylonitrile hollow membrane was used as a support of enzyme immobi-
lization by chemically cross-linking polyethyleneimine. Sodium alginate was added during immobilization, and the
immobilized lipase was post-treated by CaCl,. The amount of loading enzyme of PAN-PEI-SA/E-CaCl, was 31.70
(mg enzyme)/ (g support) and the activity as 50.20 U/ (g support) .After 15 cycles of reactions, the immobilized
enzyme retained 58.77% of initial enzyme activity, and showed an improvement of heat and acid resistance com-
pared to free lipase. When it is compared to commercialized Nov 435 under same condition, PAN-PEI-SA/E-CaCl,
has higher enzyme activity during 15 cycles of reactions. It shows the immobilized lipase with PAN after surface
modification has industrial application prospects.

Key words: polyacrylonitrile ; surface modification; enzyme immobilization; lipase



