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Modified Mesoporous Silica: Synthesis and Immobilization
Function for Novozymes Laccase
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Abstract: Mesoporous silica was prepared by using hexadecyl trimethyl ammonium bromide (CTAB) as the
template, tetraethoxysilane (tetraethylorthosilicate, TEOS) as the silicon source and nitric acid as the hydrolysis
catalyst. The obtained sample was then modified via post grafting method. The mesoporous silica before and after
modification was characterized by IR, DTA-TG, XRD, SEM, elemental analysis, micro-electrophoresis and N,
adsorption-desorption. The results show that the mesoporous silica has been modified by amino-groups, the
material after modification still belongs to a family of mesoporous materials in spite of a slight decrease in the
order degree. The surface area, pore size and pore volume become smaller, and the isoelectric point is decreased
from 2.74 to 4.75 after the modification. The commercial Novozymes laccase is successfully immobilized in the
inner surface of amino-functionalized mesoporous silica in this work by using glutaraldehyde as the crosslinking
agent. The conditions of immobilization on amino-functionalized mesoporous silica were optimized by means of
orthogonal experimental designs. The results show that the operational stability of the immobilized enzyme is

significantly improved in comparison with the free enzyme.
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v
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+0,
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(adsorbed water)
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v
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+0,
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Fig.10 Relationship between cross-link time, immobilized time and immobilized laccase’s activity

2.33  [HE LR FE TAE pH (E pH=7, BRMERS G | TR 4% % 7 1452 i) AL &1

W E AR NS B, AR pH WA R 11(D), B 11D AT F e e A9 fe A TAF pH (E
TR A B RS TR R 3 2R S R 255 0 S.8(ULINZR a), ] i A9 B T4 pH (M 5.4(0L
PR RE 3 A [ ATl 0 i 2200, IO O AR R by, A B0 T AT ) AR R I E Y AR AR
BRI A —E M ER AR R R IR A AR pH EIRBRETT M B3l X0 T AL Sio, %
FAA LR A X R A T A —E R R R A R AT I E Tl LA O A
W] BATAT 52 00 3 T P W) [T B, RDIRE AR st DR T ORI AT B 1 ol 4k T A 0 A T A
— PR B, SR pH (B —EJE RN RO B pH {E 4 R8Ik B 18 5 1k B A9 e il A pH AE ; [
iRy AR SR B TG, SCERUTRTRD 2 IR E A S T A A5 1) 45 4 A2 B AR A 2 | T R



%4

o

FA AL Si0, B BT Boxk v 20 1 148 I 14 22 10k [ 7 A

685

o«
=4

[
==
T T

(®)

-//"\(a)

5.0 6.0
pH value

) S W
oS o O
T T

Enzyme activity / (U-mL™")
[
<

—
(=]

—_ N
o O
T

—_ =
B
T T

—_
S N
T T

Enzyme activity / (U-mL™")
oo

N
T

IS

1 2 3 4 5 6 7
Time / d

(a) Free laccase, enzyme activity (U-mL™); (b) Immobilized laccase, immobilized laccase specific activity (U-g™)

& 11

FI P R I A I A R AR pH(T) B3R AR AR )

Fig.11 Optimal pH value of free laccase (I) and immobilized laccase (1)

T E AT pH B AR Ak A SR
2.3.4  [E M AR S PR

FIEH I ORI A 5 E W AE 4 C R IRFE 7 d
Ja s S AR UL 11, B2k a AT UL BE T AR
] (9 4 4 1 Pl Bl VA VR0 B R R L7 d R
AR B WD 33.39% ; 1M [ 7 Ak il 1) 3% 77 (it 26 b) W
T R O BB TR A A [ AL
LIS Ty AR R A W sl (AR BORFEARAE . X
BHEZ Cio-Ar-NH, B8 5 e e B sk T
RN AR |, By T 1) i o foF 1 2 i A S B
ERAE i B A A O T RE

gi ik, A LI R A d SO AR R
EZE T ,0.1 g CeA-NH, #0510 mL 4% 19 1%
TRERNE 8 h AR AR E A, 5 10 mL 1.5 g+ L7
() T I AE pH=5.4 R YEIR B H SN 6 b, il 45
F 181 5 P L 376 T fems o A L] E P A 45 v 1Y
BAERRE M TE 4 CNRAE 7 d J5, G ) HEA LR
AAZ
24 HEREH REMERIEELEEENRm
240 B Y BRSO [ R BT P 052

M35 2 AT, BE A 35 I M R BE G 03,
LA FLAR TR B 0 | L 1m0 45 L s BR AR,
SO R Tl %) R B AN TR, DTG [ Ak T T A
], Ci-Ax-NH, FE i HE SR AU 832 m?- !, fLAZ

3.05 nm, b Cu-A»-NH, Fl Cio-A-NH, £ 5 22K 5
KIGFLAE 5 oy T3 M VE L BOA A T3 il iE A
AL R B T L G A A K TR R T Gy B
it AL A2 (1.98 nm) B4R /0N | {H I b 3% T B 2 I
Cie-Ax-NH, K, 3XFER] DUAT B 22 1) A1 3 T of i B 4
fitg , P AR B 5 S KT Cie-A-NH,; G FF 1 AL
BT HEPIAE S Z 08 e m AR /N | T 3 )
TR KTF Cp B A FLAR R M 2E A LA
T L Cog B i 1 H R T BN T €y FE S SO
AR/ TG AR, 53 A0 T T B A 5 g 5
(A5 FL AT G, FRATTIE o FH A AR TR S 2 B oy
Cio Al Cog TEATE] pH H T 1 & HLAL, SRAFRE A 1Y 25
L2 300k 5.00 . 4.75 F1 3,48, A b 1) 45 L g (K
N R AR R ) BRI £ | AR S
fiti i) OH NH, 5% C=0 J& 1/ I3 3 | D 3 B0
BAF 2 184 s Fir LA ey okt v 4 R G X R T ) R A
T R Cig-A-NH,>Coy-A-NH,>Co6-A-NH,, X 4>
45 R 5 [ W A5 R — 8
242 A FUA ek 2L 1 H ok [ T Y
Al

H 2% 3 AT, 2 C-A-NH, FE i (H 309 L fif
1R % A I 4 2 k) T il 3% ) K, iA 31 102.88
U-g™', FTH 20 7 5B sy | 11 7 i LA B 15 (T =X
A ML 2 | T T R RO R

ii

R 2 FREGERREEER GG RYIES T EE TN

Table 2 Effect of physical properties of C,, C;s, and C;; on immobilized laccase’s activity

C,TMBr*:H,0: Laccase’s
Sample Sper / (m?-g™) V, /! (em*-g™) Pore size / nm Isoelectric point
HNOsTEOS" activity / (U-g™)
Ci-A>-NH, 1:1 828:9:5 583 0.29 1.98 5.90 76.53
Cie-A>-NH, 1:1 963:9:5 566 0.39 2.30 475 65.93
Cis-A>-NH, 1:2 094:9:5 832 0.43 3.05 3.48 135.23

* C,TMABr, n=14, 16, 18; * Samples were synthesized with different C,TMBr:H,0:HNO;TEOS molar ratios.
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Table 3 Effect of surface amino content of mesoporous SiO, on immobilized laccase’s activity

Sample Ci-Ap-NH, Ci-A-NH, Ci-A-NH, Ci-As-NH, Ci-As-NH, Cie-extract-NH,
Surface amino content / (mmol - g™) 1.85 2.04 245 2.16 1.93 1.74
Immobilized laccase’s activity / (U-g™) 65.93 75.57 102.88 73.03 30.93 25.63
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Table 4 Effect of morphology of mesoporous SiO, on immobilized laccase’s activity

Y-A>-NH, S-A>-NH,

Ci6-A2-NH;

Q- A>-NH, N-A>-NH, G-A»-NH,

Morphology Disk Rope

SEM

Laccase's activity / (U-g']) 10.72 47.20

Sphere, ellipse and caterpillar

Sphere Vesicle Tube

60.90 66.43 449.40 838.17
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