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Abstract: [Objective] To provide a basis for immobilization of industrial enzymes such as lipase using
macroporous resin for adsorption and epoxy crosslinker for crosslinking. [Method] The immobilization of
lipase was performed through adsorption using macroporous resin as the carrier and epoxy crosslinker as the
crosslinking agent. We investigated the effects of different factors on adsorption-crosslinking immobilization,
and used response surface design to optimize the immobilization conditions. The immobilized enzyme was
prepared and its stability was investigated. [ Result] Macroporous resin HPD750 was selected as the carrier,
and poly (ethylene glycol) diglycidyl ether was selected as the crosslinker. The optimal conditions of lipase

immobilization were as follows: Adsorption temperature 45 ‘C, enzyme addition amount 60 mg-g ', crosslinking
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temperature 30 ‘C, crosslinking time 12.5 h, pH6.36, and comcentration of crosslinking agent 0.7%. Under these

optimized conditions, the immobilized lipase activity was 565.31 U-g™' and the recycled rate of lipase activity

was 32.16%. Compared with free lipase, the immobilized lipase exhibited obviously better thermal stability and

pH stability. The immobilized lipase was of good operation stability and remained 34.86% of the original

activity after repeated usage for 10 times. The immobilized lipase also exhibited good storage stability and

remained 64.81% of the original activity after storage at 4 ‘C for 30 days. [ Conclusion] Using macroporous

resin HPD750 as the carrier and poly (ethylene glycol) diglycidyl ether as the crosslinker, the immobilized

enzyme has significantly improved thermal stability and pH stability, and it also exhibits good operation

stability and storage stability.

Key words: lipase; macroporous resin; epoxy crosslinker; poly (ethylene glycol) diglycidyl ether;

immobilization; response surface design
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Table 1 Plackett-Burman experimental factors and levels
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Table 2 Absorption and immobilization effect of different
macroporous resins

oo EUEEEES/(U-g) RGN 2%
W g 2 2 . . .

) Immobilized enzyme Lipase adsorption
Resin type o

activity rate
AB-8 192.52+5.71 18.64
DA-201 271.06+7.58 82.82
D-101 220.59+7.78 60.58
D4020 247.16+9.52 92.36
HPD750 275.50+8.30 76.86
H103 80.36+9.38 78.29
NKA-9 112.2849.31 67.05
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Fig. 1 Influence of various factors on the adsorption immobilization of lipase
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Fig.2 The crosslinking effect of different crosslinker
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Fig.3 Influence of various factors on the crosslinking immobilization of lipase
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Table 3 Plackett-Burman experimental design and result

K2 M /KF Factor and level

Fr 5

I8 52 AL B J3/(U-g )

G P (ST O P Oers P Immobilized enzyme
No. Enzyme addition Crosslinkér Absorption Absorption Crosslinking Crosslinking  pH activity
amount concentration  temperature time temperature time
1 -1 1 1 1 -1 -1 1 246.79
2 1 -1 1 1 -1 1 -1 276.53
3 1 1 -1 -1 -1 1 -1 307.52
4 -1 1 1 -1 1 1 -1 244.66
5 -1 -1 -1 1 -1 1 1 260.27
6 1 1 1 -1 -1 -1 1 230.77
7 -1 -1 -1 -1 -1 -1 -1 286.18
8 1 -1 1 1 1 -1 -1 247.72
9 1 -1 -1 -1 1 -1 1 276.55
10 1 1 -1 1 1 -1 -1 265.39
11 -1 -1 1 -1 1 1 1 290.17
12 -1 1 -1 1 1 1 1 258.68
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Table 4 Analysis of variance for Plackett-Burman experimental result

S5 Source SS MS F P
FEA Model 5103.70 729.10 9.11 0.024 8%
45 W5 Enzyme addition amount 26.20 26.20 0.33 0.5979
(R 1%F) Volume fraction of crosslinker 582.55 582.55 7.28 0.054 2
Ow iy Absorption temperature 1159.35 1159.35 14.48 0.019 0*
tugy Absorption time 539.62 539.62 6.74 0.060 3
Oz Crosslinking temperature 797.89 797.89 9.96 0.034 3*
tz Crosslinking time 772.97 772.97 9.65 0.036 0*
pH 1225.13 1225.13 15.30 0.017 4*

1) “* kAR H 0 2 (P<0.05)
1) “*” indicates the model has significant effect (P<0.05)

# 5 Box-Behnken i{I& &It RER" % 6 Box-Behnken & 75ZE 4R
Table 5 Box-Behnken experimental design and result Table 6 Analysis of variance for Box-Behnken model
o K% /K Factor and level . K& Source SS MS F P
75 No. Y/(U-gh —
A B C D A Model 134 000.00  9574.10  9.09 <0.000 1
1 0 0 1 -1 359.34 A 943434 943434 896 0.009 7**
2 0 0 0 480.07 B 17941.33 1794133 17.04 0.001 0**
3 0 0 0 0 439.89 C 653567 653567 621 0.0259*
4 0 1 0 -1 254.92 D 527521 527521  5.01 0.0420%
5 0 0 0 0 468.56 AB 682441 682441 648 0.0233*
6 0 ! 0 b 20372 AC 592.68 59268  0.56 0.4655
7 ! ! 0 0 23819 AD 3407.06  3407.06 324 0.0936
8 0 0 0 0 470.06 BC 9241.94 924194 878 0.0103*
9 0 0 1 1 371.04
BD 281059 281059 2.67 0.1245
10 1 0 -1 0 264.04
CD 1080.11 1080.11 1.03 0.3283
11 1 0 0 -1 285.73
2 3 1 0 0 14333 A’ 35048.69 35048.69 33.29 <0.000 1**
13 0 1 B 32332 B? 27231.69 27231.69 25.87 0.000 2%*
14 0 1 0 43038 C 1479574 14795.74 14.05 0.002 2%*
15 0 0 1 1 370.96 D 31696.36  31696.36  30.11 <0.000 1**
16 0 | 1 0 417.08 F% 7 Residual 1473824  1052.73
17 1 0 0 297.53 ST 13316.72  1331.67 3.75 0.1074
18 1 -1 0 395.44 Lack of fit
19 1 0 1 363.52 aliiR 22 1421.52 355.38
20 0 0 -1 -1 29353 Pure Error
21 0 0 0 490.29 &1l Total 148 800.00
22 0 | 1 438.15 1) Az Oy, B: pH, C: Qe g, Dt e g %7 For %7 550 A
23 -1 0 -1 0 345.04 ¥ aik 5] 0.05 F= 0.01 89 2 FKF
24 -1 0 427.22 1) A: Absorption temperature, B: pH, C: Crosslinking
25 1 1 0 0 335.36 temperature, D: Crosslinking time; “*” and “**” indicate that
26 0 1 -1 0 285.00 the model effect reaches 0.05 and 0.01 significance levels,
27 -1 0 0 1 345.51 respectively
28 0 -1 0 370.19 . .
4 o HEEAR 6 SR, WHIR E (A)
29 0 0 0 _1 184,46 K 4 Frow AR R s &Bﬁ/mg( )*

1) A Ougges B: pH, C: 50, D: 150, V2 B ACHEE ) PH(B). LR HIRE (C) A1 pH(B) IIHISE LA
1) A: Absorption temperature, B: pH, C: Crosslinking o I8 HA BRI R o
temperature, D: Crosslinking time, Y: Immobilized enzyme 233 mE&ERERE R RR TG 2K
activity {65 1320 B S CEW IR O 44.57 °C, pH Ny
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Fig. 4 3D response surface plots of the effects of various factors on immobilized enzyme activity
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