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Table 1. Statistical plan for Immobilization and activity of enzymes

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7
Run A:Act.pH B:Molarityof  C:Activation D:Buffer E:Molarity of F:MWCNT- G:Immobilization
glutaraldehyde time(h) pH the buffer NH2- time(h)
(mM) solution(mM)  glutaraldehyde
amount(mg/mg
Enzyme)
1 3 100 8 8 25 100 8
2 8 100 1 8 100 25 1
3 3 500 1 3 100 25 1
4 3 100 1 8 25 25 8
5 8 100 8 8 25 25 1
6 5.5 300 4.5 55 62.5 62.5 4.5
7 8 100 8 3 100 25 1
8 5.5 300 4.5 55 62.5 62.5 4.5
9 3 100 8 8 100 25 1
10 3 500 1 3 25 100 8
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11 3 100 1 8
12 8 500 1 3
13 8 500 1 8
14 8 500 8 3
15 3 500 1 8
16 55 300 4.5 55
17 3 500 8 3
18 3 100 1 3
19 3 100 8 3
20 8 100 1 3
21 8 100 8 8
22 8 500 1 3
23 3 500 8 8
24 3 100 1 8
25 8 500 1 8
26 3 500 8 3
27 3 500 8 3
28 8 500 8 8
29 8 100 8 8
30 8 500 8 8
31 3 100 8 3
32 55 300 4.5 55
33 8 100 1 3
34 55 300 4.5 55
35 8 500 1 3

25

100 100 8
100 100 8
25 100 8
25 100 8
100 100 1
62.5 62.5 45
25 25 1
100 100 1
25 100 1
25 100 8
100 25 8
25 100 1
25 25 8
25 100 1
25 25 1
100 100 1
100 25 8
100 25 1
100 100 1
100 100 8
25 25 8
62.5 62.5 4.5
100 25 8
62.5 62.5 45
25 8
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Table 2. Analysis of variance the effect of factors on the covalent immobilization of Aspergillus oryzae
beta-galactosidase and Bacillus licheniformis protease, as well as enzyme activity on multi-walled carbon

nanotubes
Protease Lactase Lactase
Factor Protease immob
Activity Activity  immob
Model 4158.82" 3614.26" 698.24  12319.74"
A-Act.Ph 0 0 3.02™ 143.07™
B-Molarity of glutaraldehyde (mM) 0 0 576.19"  902.05
C-Activation time(h) 851.95 741.74N° 3220.84" 78N>
D-Buffer pH 73467 264.93" 50.23%  825.81"
E-Molarity of the buffer solution(mM) 0 308.17™ 957.32" 0.15M
F-MWCNT-NH2-glutaraldehyde amount(mg) ~ 1418.17 47.86"° 5.07"° 58217
G-Immobilization time(h) 16013 21509.54™ 1679.09°  1376.27"
AC 0 0 0 1799.70™
AD 0 0 0 2029.24™
AE 0 0 0 44957
AF 0 0 1196.60" 0
AG 0 0 0 283.31"%°
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BE 0 0 0 94254
BG 0 0 126.16™ 0
CE 0 1952217 0 0
CF 0 0 132425 0
DE 0 0 122.03™ 0
DF 0 171258 0 402137
DG 3552.03 0 0 0
FG 0 0 140.89™ 0
Curvature 6561.92 2604.43 117191  7856.77
Residual 176.86 208.42 35.66 68.61
Lack of Fit 176.86"" 208.42" 35.66"° 68.61">
R? 0.8077 0/82 0/92 0.89
Adj-R? 0.7733 0/77 0/87 0.83
CV% 23.22 26/78 9.05 17.93

0 Jla»\c]a.w): Slsbae JfL,_; ## 5 ylslae 8 NS

Protease Activity

G: Immobilization time(h)

D: Buffer pH

Figure 1. Contour plot of the effect of buffer pH and incubation time on enzyme activity.
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Figure 2- Interaction of buffer solution molarity and activation time on the efficiency of protease enzyme
immobilization
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Figure 3- Interaction of pH activation and the amount of MWCNT-NH3-glutaraldehyde on the activity of
Aspergillus oryzae beta-galactosidase enzyme.
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Figure 4. Interaction effect of pH activation and activation time on the efficiency of covalent immobilization of
Aspergillus oryzae beta-galactosidase onto multi-walled amino-functionalized carbon nanotubes
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This study was carried out with the aim of covalent immobilization of Aspergillus
oryzae beta-galactosidase and Bacillus licheniformis protease on multi-walled
amino-carbon nanotubes. In this method, fractional 2k design was used to study
the effect of seven continuous factors (activation pH, glutaraldehyde molarity,
activation time, buffer solution pH, buffer solution molarity, MWCNT-NH3-
glutaraldehyde amount and stabilization time) on the stabilization efficiency and
enzyme activity. . Design-expert software was used to analyze data and draw
graphs. The results showed that the aforementioned factors predict the level of
enzyme activity of Bacillus licheniformis protease and Aspergillus oryzae beta-
galactosidase with correlation coefficients of 0.80 and 0.92 at the rate of 77 and
88%, respectively. Also, the correlation coefficient of the covalent fixation
efficiency model of Aspergillus oryzae beta-galactosidase and Bacillus
licheniformis protease on multi-walled carbon nanotubes was 0.89 and 0.82,
respectively, and the studied factors were able to determine the covalent fixation
beta efficiency, respectively. Aspergillus oryzae galactosidase and Bacillus
licheniformis protease on multi-walled amino-carbon nanotubes predict 83 and
T7%, respectively.
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