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Optimization of Immobilization of Lipase Using Response Surface Methodology and
Its Performances in Olive Oil Hydrolysis
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(College of Light Industry and Food Sciences, South China University of Technology, Guangzhou

510640, China)

Abstract: Different carriers such as Sepharose CL-4B and seven kinds of macroporous resins were used to immobilize lipase
Palatase 20000L. The lipase showed higher activity and better stablity when immpbilized on macroporous resin type HPD-600
compared with other carriers. Ressponse surface methodolgy was employed to optimize key conditions for the immobilization
of lipase Palatase 20000L on macroporous resin type HPD-600 to achieve maximum immobilized lipase activity. The optimal
immobilization conditions were found as follows: pH 3.9, enzyme-to-carrier ratio 9.1 mg/g, and adsorption time 1.8 h. Under
these conditions, the immobilized lipase achieved its maximum activity, 1440 U/g and a rantivity ecovery above 50%. The optimal
reacton temperature of the immobilized lipase was 50 “C, the optimal reaction pH 8.0, and the Km value 0.130 g/mL, which was
higher than that (0.069 g/mL) of the free form. Moreover, the immobilized lipase showed higher thermal stability and maitained

over 58% of its original activity after the fifth repeated use.
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Table 1 Factors and levels in response surface design
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Table 2 Comparison of the effectiveness of different carriers in lipase
immolbilization
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Fig.1 Effect of temperature on lipase immolbilization
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Fig.2 Effect of pH on lipase immolbilization
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Fig.3 Effect of adsorption time on lipase immolbilization
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Fig.4 Effect of enzyme-to-carrier ratio on lipase immolbilization
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Table 3 Response surface design and results

(EEoRss A B c B3 7 1(Ulg)
1 -1 -1 0 837
2 1 -1 0 755
3 -1 1 0 743
4 1 1 0 708
5 -1 0 -1 696
6 1 0 -1 625
7 -1 0 1 872
8 1 0 1 837
9 0 -1 -1 779
10 0 1 -1 813
1 0 -1 1 970
12 0 1 1 926
13 0 0 0 1017
14 0 0 0 1076
15 0 0 0 1002
16 0 0 0 1019
17 0 0 0 1029
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Fig.5 Response surface and contour plots showing the effects of
adsorption time and pH on immobilized lipase activity
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232  wMMMEMELE

FFH 9005 J7 R A w de £E T A 4 1, B tE A
Jo: FEEAR A 1.81h. pH3.93. 5 # Ak LI

9.13mg/g. KM ERA T ESHOHATRE [ @, %
FEF PR R AE AR, B T ESE R [ e
1.8h. pH3.90. fiF5%/ALL N 9.1mglg. FESLEHARSAT T
A 3 YL, PRS0 1032U7g, S THU{E 1056U/g
AL, FEAIAR 20 2.3%, X Ui B SE g6 A0 A5 7,
24  Palatase 20000L [l & T4l I K gt 5

241 KA E X [E e A R 5 I T K A ) 5

1400
1200 —— AR
31000 =R
2 800
=
3 600
400 L

200

0 L
25 30 35 40 45 50 55 60 65 70
KA 1°C

B8 KAl T E 5E 4 Be A i B B B K AR VR T
Fig.8 Effect of temperature on the activity of free and immobilized
lipases

WK 8 iz, [l 5 AL AN 25 W 43 5 {E 50°C Al 45°C
I IA B de KoKV 1, BRI e Ja, S e A e
wr s T DA SR OE 1 FH L B 2 B8
242 pH {EDGT ] 5 A4 RITIE 25 1R 7K AR S 5

1400
1200 - —=—Jif 51
L~ [ 5 AL

pH

Bl o pH Ex B e 40 B A i I B K S 9 0 S R
Fig.9 Effect of pH on the activity of free and immobilized lipases

W 9 BN, T A il RN S A ) SR A pH i
)24 8.0, Palatase 20000L A8 fify fili £ [ 5 A4 5 1) B 1
pH {3 % H 2.

243 [HE AR B K 1 HEEE

0.40~ y=0.016x+0.1228
0.35F R?=0.9924

0.30F
0.25F

0.15 y=0.0079x+0.1149
[ R*=0.9499
N 1] S

_o0 —15 —10 —50-00F
20 —15 -10 §0.05— 5 10 15 20

U[S)(mLlg)
B 10 Vi B B [ 52 AL BB 1 K

Fig.10 Determination of Km values of free and immobilized lipases

w30 125
* [i 52 1 B

I(mL « min)/ u mol)

1NV




XY LR

86iltl=

2012, Vol. 33, No. 03 189

H 10 mlgn, [ e 4 B AT G K Ka 20 3 8
0.130g/mL F10.069g/mL. [ 5 () K m {5 L3 B Wi 1
Ko EK, 3K 2 5k g 8] e AR ik s, AR5 i s
PESAT R 2 fuk LU ARk, BRAR T H 5 R SE A,
JEANATE SR S IVAL 2 (HEN
2.5  Palatase 20000L [ 5 Ah Jifg A B PEAF 5T

x4 BERAENFERRpH EREE
Table 4 pH stability of free and immobilized lipases
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Table 5 Thermal stability of free and immobilized lipases

9 vE 0,
K : *ﬁcﬁ@’i{uj} /{:J : :
AR AbFE 50°C 60°C 70C 80°C 90°C
fi] i 100 96 80 58 40 18
Ui 100 75 72 50 35 2

HI 5 LA, [ P (1 AR PRl 0 A L AT
P, AEAS TR BE A T A B TR A R T g #8400
Wi o Bl [ 0 T 2 B AR A AN R A S i £
ARAC IR B HRE, DR PR E T T B B AT E
¥ 5 el
100 4
80 f
60 f
40 t

A IS 7 1%

20 ¢

0 s s s s )

1 2 3 4 5 6
R

11 FEEBERRERENE
Fig.11 Repeated usability of immobilized lipase

Pt P [ Ak mT DA i 1) F R %, BRI AR 7 ik
A, R, [ E A P T R M e (B AR E ) R
e [ 52 A 25O I AR bR . BF9Y T HPD-600 [ &1k
Palatase 20000L fi 75 a2 A4 B /K A AIONE ot FLAL SRR, 476

W5 B E e mE 11wl gn, AR AT
5 T RERFF 58% LA L AOANS BiEis 1, FAT RUFI#R
PERe et .

3 & #

HPD-600 K LA g A I 1 [ 4k g 107 1 (1) RE )
T 3k g )8 i A5 21 3 [ 2 Palatase 200001 Mg M it ) £t
R4ttt Jy . BE4IE)E 30°C. FEN pH3.9. B3
EEBI A 9.0mg/g WP IS IF] 1.8h . FEFAL 4 AF T 45
Ii] 5 14 Tl A S 0 5 2 A DA (TR ) 2 1440U/g, T
T IS R KT 50% o ] 2 A4 iR Ui 125 16 1) 5 365 1
B4y A4 50°CHI45°C, FiEfEM pH {E¥0 8.0, [ &
AR K {4 0.130g/mL, & 130 B K {£(0.069g/mL)
li] 52 P0 g ) R e e — e R R e, LB R AE S K
Ji AE 6T i S A R FEAE 58% LA |

5% Wk -

[ =308, MUK AN S I U R[], ek L2, 2010,
38(14): 7547-7548.

[21 VPR, SR MR N FHOF R R[], VL5 2 5 K %, 2002(2):
19-21.

[81 SIS, dlh, skA B TREIMI. bt 162 Tk H AL, 2002: 37-
52.

[41  ZRII, HBOREE, Tk R LipozymeTL100L JI s At v [l s £ A JE vk
BTSR[], B b Dl AR, 2010, 31(5): 97-100.

[5] RODRIGUES D S, MENDES A A, ADRIANO W S, et al. Multipoint
covalent immobilization of microbial lipase on chitosan and agarose
activated by different methods[J]. Journal of Molecular Catalysis B:
Enzymatic, 2008, 51(3/4): 100-109.

[6] SUN Jiangna, JIANG Yanjun, ZHOU Liya. Immobilization of Candida
antarctica lipase B by adsorption in organic medium[J]. New
Biotechnology, 2010, 27(1): 53-58.

[71  Ersm, XBLr, sk, JIR e A A LR NG e b T 24 iP5 &
FEEINT: 241, 2010(3): 23-27.

[8]  BeRF, SKAERE, RIT. DM-130 K AL N [l g iy g w72 [3]. W
FRH, 2005, 35(11): 65-64.

[O1  YLEEDS, FHESE, XUARIEL =Rl 0 G o e 7 vk 6 b K it
[3]. A2 544 T RE, 2007, 24(8):72-75.

[10] KRS, IR F ol £ B AR PR RE IS [D]. KA AR, 2008.

[11]] KANDASAMY R, KENNEDY L J, VIDYA C, et al. Immobilization of
acidic lipase derived from Pseudomonas gessardii onto mesoporous
activated carbon for the hydrolysis of olive oil[J]. Journal of Molecular
Catalysis B: Enzymatic, 2010, 62(1): 59-66.

[12] OUMPANIOTI M, STAMATIS H, XENAKIS A. Microemulsion-based
organogels as matrices for lipase immobilization[J]. Biotechnology
Advances, 2010, 28(3): 395-406.

[13]  GRIEE, S&/-F, T3 . W 240 8 F A B I8 8 1k B-D - i
SR EG]. AR, 2010, 31(19): 236-240.

[14] AYBASTIER O, DEMIR C. Optimization of immobilization condi-
tions of Thermomyces lanuginosus lipase on styrene-divinylbenzene
copolymer using response surface methodology[J]. Journal of Molecular
Catalysis B: Enzymatic, 2010, 63(3/4): 170-178.

[15] B, ARZRA, T 2R, 0 Y IHVE AT BER BN - ek ] s R
L] fr i ok RH, 2010, 31(7): 162-170.

[16] MONIER M, ELSOKKARY A A M, SARHAN A A. Immobilization of
Candida rugosa lipase on modified natural wool fibers[J]. Reactive &
Functional Polymers, 2010, 70(2): 122.



