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Fig.1 Effect of power input of microwave on
the immobilized enzyme
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Table 1 Effect of various macromolecular agents
on the immobilized enzyme

. Coupled yield  Relative activity

Enzyme preparation %) %)
MCFs—papain (CMY) 96.7 55.5
MCFs—papain (MWM?) 97.9 81.1
MCFs—papain—Ficoll 70 (MWM) 96.2 1111
MCFs—papain—Dextran 10 (MWM) 98 110.4
MCFs—papain—-BSA (MWM) 94.5 126.0
MCFs—papain—Dextran 40 (MWM) 97.4 1214

Note: 1) Conventional method; 2) Microwave-assisted method.

3.3 XA FEENEEEENBIEN

TN BSA 4 iy il s A0 g 16 AT B2 |
2 45 T T AR TS T B BSA e fb gk, [
SE AL ) SEILSE I SR, 2 BSA B i Ik
(1) 5% ()N, [ 5 A0 (AN B K, O 126.0%,
HRWE 1135 419.1 Uimg(LLT B 1).
3.4 ¥MEIENEENNEERE

ghdy RS AR, SRR & =K P Le(3) IEAS
SHRB, B EMIIIFR(A). MR (B). BSATEE(C)
F ] 52 16 pH (D) PU A 22 PR 3% 56 [ 52 A4 Bl 3t 7 14 5%
A S K2R, ABh PR 3 [ i AR X ) 9 5
Wi B2 B>C>ASD,  de 451 & BICoADs,  RIUINA H



E1

KR PREE s K T T A LA AICER 11 6 R e Al O ] e A 159

400 mglg, BSAF i h5%, ik Th#300 W, [# 5 {kpH
h9, X5 FRSEIG S R—E

130
[ | |
120 \ T~ - 98
S L 1 <
< X
> 110 g
2 i 196 3
S 100 - | =
S 9 /’ - 194 3
i | O
80 - \A 1
| L | L | L | L | L | 92
0 2 4 6 8 10
Ratio of BSA to enzyme (%, )
K2 BSA 51X [ A T 1 5 T
Fig.2 Effect of the ratio of BSA to enzyme on
the immobilized enzyme
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Table 2 The results of orthogonal experiments
Test A B C D Relative activity (%)
1 1(200)  1(400)  1(2.5%)  1(7) 63.78
2 1(200)  2(800)  2(5.0%)  2(8) 67.29
3 1(200) 3(1200)  3(7.5%)  3(9) 51.47
4 2(300)  1(400)  2(5.0%)  3(9) 125.97
5 2(300) 2(800)  3(7.5%)  1(7) 60.12
6 2(300) 3(1200)  1(25%)  2(8) 57.16
7 3(400) 1(400)  3(7.5%)  2(8) 78.43
8 3(400) 2(800)  1(2.5%)  3(9) 57.04
9 3(400) 3(1200) 2(5.0%)  1(7) 50.12

Ky 60.85 89.39 59.33 58.01
ka 81.08 61.48 81.13 67.63
k3 61.86 52.92 63.34 78.16
R 20.24 36.48 21.80 20.15
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Fig.3 Effect of pH on the activities of free
and various immobilized enzymes
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Immobilization of Papain by Macromolecular Crowding in Mesopores under Microwave Irradiation

LIU Ming-ging®, WANG An-ming', WANG Hua!, ZHOU Cheng!, DU Zhi-giang®,
ZHU She-min®, YANG Ming®, ZHANG Jun!, SHEN Shu-bao!

(1. State Key Lab. Materials-oriented Chem. Eng., Col. Life Sci. Pharm. Eng., Nanjing Univ. Technol., Nanjing, Jiangsu 210009, China;
2. State Key Lab. Materials-oriented Chem. Eng., Col. Mater. Sci. Eng., Nanjing Univ. Technol., Nanjing, Jiangsu 210009, China)

Abstract: To improve the immobilization of papain, papain was immobilized on the mesocellular siliceous foams (MCFs) by
macromolecular crowding under microwave irradiation. It was observed that the immobilized enzyme exhibited the highest catalysis
activity when papain was co-immobilized on MCFs with bovine serum albumin (BSA) and the ratio of enzyme to support at 0.4 (w). The
observed activity of dry immobilized enzyme was 419.1 U/mg, the relative activity and activity yield of immobilized enzyme 126.0%
and 119.1%, respectively, when the ratio of BSA to papain was 5%(®). The main factors influencing the activity of immobilized enzyme
were orderly the amount of papain, ratio of BSA to enzyme, power input of microwave and pH .The optimum pH and temperature of
immobilized enzyme were 7.0 and 75 °C, respectively. The co-assembled papain with BSA was more resistant to heat than free enzyme
and the papain assembled solely in MCFs. Its residual activity was still maintained as 88.2% of the initial activity after heating at 80 ‘C
for 3 h.

Key words: papain; microwave irradiation; mesocellular siliceous foams; macromolecular crowding; immobilization



