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TR A 3 ( Grade 11, Sigma) , ¥ i1 i ([0 A 20
HBRNHE]) ,Ti-BALDH(50% w/w , Alfa aeasr).
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Table 1 Encapsulation and recovery efficiency of lipase within titania particles induced by different proteins

Induced proteins in phosphate buffer Protamine Cytochrome ¢* lysozyme

(pH 7.0, 0.05 mol/L) 5 mg/mL 20 mg/mL 5 mg/mL
"Encapsulation efficiency (% ) 50.2 £0.05 45.3 +0.12 49.1 +0.21
“Recovery (% ) 19.1 +0.23 12.7 £0. 56 15.9 +£0.32

. Calculated values were little bigger due to the effect of the red colour of Cytochrome ¢ solution on the activity

measurement of enzyme; "; Calculated with equation 1; °; Calculated with equation 2.
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Fig. 1 Effect of different buffers on encapsulation

and recovery efficiency
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Fig. 2 Effect of (a) (0.05 mol/L) phosphate buffer with different pH and (b) (pH 7.5) phosphate buffer with different

concentration on encapsulation and recovery efficiency
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Fig. 3 Effect of protamine concentration (a) and lipase concentration (b) on encapsulation and recovery efficiency
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e A HNR TR SR TE_ B b, P A AR 5
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Fig. 4 Effects of different pH on the activity (a) and the stability (b) of free and encapsulated lipase

E: encapsulated lipase, F: free lipase
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Fig. 5 Effects of temperature on (a) the activity and (b) the thermo-stability of lipase

E. encapsulated lipase, F: free lipase
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Fig. 6 (a) The storage stability of free and encapsulated liapse and (b) recycling stability of encapsulated lipase

E. encapsulated lipase, F: free lipase
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pH [ BV RS . 55107 B AT EL , 07 A B AL [ 5 TR
TR pH |3l L A AT RS E PR AT 1 A0 2 B .
HAZ 6 UCINL, [ A€ b i W i O 5 d5 ) B 5 Y
41% 5 555 A rEA 1 i 105 AR B, 07 A BRAL T
E MCNE WA S 4114 pH IELEE S A A7 A e k.

SE
[1] FanY.X, Qian J Q. J Mol Catal B-Enzym [J], 2010,
66(1-2).1-7

[2] LiYe (Z HWt). J. Mol Catal. (China) (43 T#Efk)
[J1, 2008, 22(1): 86 -96

[3] Wang Y D, Shen X Y, Li Z L, et al. J. Mol Catal.
(11,2010, 67(1-2): 45 -51

[4] DaRos P CM, SilvaG A M, Mendes A A, et al. Biore-
sour. Technol. [J], 2010, 101 (14): 5 508 -5 516

[5] Yang Jiang-ke (#7T.H}), Cao Xiong-wen ( H ESC),
Shu Zhong-yao (%741 8%). J. Mol Catal. ( China) (/3
TA#EfL) [J], 2010, 24(1): 77 - 81

[6] Jiang Zhong-yi (ZEH ), Wu Hong (% L), Xu
Song-wei (VEWAMT ) , et al. J. Mol Catal. (China) (43
THEfL) [T7, 2002, 23(2) : 162 - 164

[7] Wang X H, Wiens M, Schroder H C, et al. Adv. Funct.
Mater. [J], 2010, 12(9) ; B422 — B437

[8] Natalio F, Mugnaioli E, Wiens M, et al. Cell Tissue
Res. [1]. 2010, 339(2) : 429 —436

[9] Betancor L, Luckarift H R. Trends Biotechnol. [J],

(10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

(23]

(24]

(25]

2008, 26(10) ; 566 —572

Kuan 1 C, Wu J C, Lee S L, et al. Biochem. Eng. |J.
[J], 2010, 49(3); 408 -413

Jiang Y J, Yang D, Zhang L, et al. Ind. Eng. Chem.
Res. [J], 2008, 47(6): 1876 —1 882

Jiang Y J, Sun Q Y, Jiang Z Y, et al. Mater. Sci.
Eng. , C. [J], 2009, 29(1); 328 —334

Zhang Y, Hong W, Jian L, et al. Chem. Mater. [J],
2006, 20; 1 041 - 1048

Luckarift H R, Matthew B D, Kenneth H S, et al.
Small. [J], 2006, 2(5): 640 —643

Cole K E, Ortiz A N, Schoonen M A, et al. Chem. Ma-
ter. [J], 2006, 18(19): 4 592 —4 599

Sun Q, Jiang Y, Jiang Z, et al. Ind. Eng. Chem. Res.
[J], 2009, 48 4 210 -4 215

Chen G C, Kuan I C, Hong J R, et al. Biotechnol Lett.
[J], 2011, 33(3): 525 -529

McAuliffe J C, Smith W C, Bond R, et al. Absir. Am.
Chem. Soc. [J], 2005, 229. U1159 - UI1159

Huang X J, Yu A G, Jiang J, et al. ] Mol Catal B-enz-
ym. [J], 2009, 57(1 -4) . 250 -256

Shiomi T, Tsunoda T, Kawai A, et al. Chem. Mater.
[J], 2007, 19(18); 4 486 —4 493

Pan F S, Cheng Q L, Jia H P, et al. J Membrane Sci.
[J], 2010, 357(1-2): 171 =177

Jiang Y J, Yang D, Zhang L, et al. Dalton Trans. [J],
2008, 31. 4 165 -4 171

Kroger N, Lorenz S, Brunner E, et al. Science. [J],
2002, 298(5593) ; 584 - 586

Liu Yong (X B ), Wu Manjiang-Aili ( & 5 7T.. 3
71), Xia Muxikamaer ( B ARPGRILIR), et al. J. Mol
Catal. (China) (5pFE4L) [J], 2006, 20(3) : 260
-265

Diaz E G, Catana R, Ferreira B S, et al. J Membrane
Sei. [J], 2006, 273(1-2) ;152 -158



554 ERF S IR A I 2 A Bk B 347

The Immobilization of Lipase by Biomimetic
Mineralization and Its Properties

WANG Jing-yun, MA Cui-li, BAO Yong-ming
(School of life science & biotechnology, Dalian University of Technology, Dalian, 116024, China)

Abstract; Biomimetic mineralization, which employs biological molecules to induce and drive the formation of inor-
ganic oxides with excellent properties at room temperature, ambient pressure and neutral pH, provides a facile new
method for enzyme immobilization. In the present study, for the first time, the biomimetic synthesis of titania was
employed for the immobilization of lipase. The optimal encapsulation efficiency (70. 1% ) and activity recovery
(20.3% ) of lipase were achieved when 0.5 ml. protamine solution of 8mg/ml. and 0.5 mL lipase solution of 6mg/
mL were reacted with 1 mL Ti-BALDH of 0.25 mol/L in phosphate buffer (pH7.5, 0.05 mmol/L). It was found
that the optimum pH of free and encapsulated lipase in titania particles were pH 7.0 and 8.0, respectively, while
the optimum temperature were 37 “Cand 45 °C. Additionally, the lipase encapsulated into titania particles exhibited
significantly enhanced pH, thermal, and storage stability, still retained 41% of its initial activity after consecutive
6 cycles.

Key words: biomimetic mineralization; titania; protamine; encapsulated lipase



