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Abstract

The widely used silver nanoparticles made them readily accessible to the bacteria. The interactions between silver
nanoparticles and proteins are still not fully understood. In this research, the effect of silver nanoparticles on
glycerol dehydrogenase which is located in the respiratory chain of the Gluconobacter was investigated. Response
Surface Methodology and a central composite design were used to evaluate the activity of enzyme and the
interactions of pH and temperatures. Enzyme activity was evaluated by colorimetric method. The results showed
that increasing the concentration of silver nanoparticles up to 50 mg/L decreased the activity of glycerol
dehydrogenase enzyme. The inhibitory effect of nanoparticles decreased beyond this concentration. The glycerol
dehydrogenase activity increased 35°C and pH 7, but the activity decreased thereafter. The parameters of
temperature, pH and nanoparticles concentration influenced the activity of glycerol dehydrogenase enzyme
independently. It could be concluded that silver nanoparticles decrease the activity of glycerol dehydrogenase,
which can ultimately decrease the activity of the respiratory chain and subsequently energy production in
Gluconobacter. The results of this research can be used in the targeted control of glycerol dehydrogenase activity to
produce dihydroxyacetone.
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Fig 1. Transmission Electron micrograph of silver nanoparticles
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Table 1. Levels of independent variables used for designing of

the central composition design
Parameters Levels

-168179 -1 0 1 1.68179
AgNPs (mg/L) ¢ 20 50 80 100.45

pH 3.64 5 7 9 1036
Temperature (C) 26.59 30 35 40 4341
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Fig 2. The positive enzymatic reaction (Prussian blue) and the
negative enzymatic reaction (yellow)
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Table 2. independent variables and central composite design
responses

RUN AgNPs pH Temperature GLDH
(mg/L) © (L)

1 50 7 35 14

2 20 9 30 22

3 20 5 30 19

4 20 9 40 245
5 80 9 40 15
6 50 7 43.41 115
7 80 5 40 42

8 100.45 7 35 0.2
9 0 7 35 39
10 50 364 35 5.5
11 80 9 30 1.4
12 20 5 40 225
13 50 7 35 15
14 50 7 26.59 75
15 50 7 35 14.5
16 80 5 30 1.2
17 50 7 35 15.5
18 50 7 35 14
19 50 10.36 35 135
20 50 7 35 145

. F- P-
Source DF Adj SS Adj MS Value Value
Model 6 1783.47 29724 13511 0.000
Linear 3 162332 54111  245.95 0.000
AgNPs 1 1585.59 158559 720.71 0.000
pH 1 24.13 24.13 10.97 0.006
Temperature 1 13.6 13.6 6.18 0.027
Square 3 160.15 53.38 24.26 0.000
(AgNPs)? 1 35.19 35.19 15.99 0.002
(pH) 2 1 58.12 58.12 26.42 0.000
(Temperature)®> 1 58.12 58.12 26.42 0.000
Error 13 28.6 2.2
Lack-of-Fit 8 26.89 3.36 9.84 0.011
Pure Error 5 1.71 0.34
Total 19 1812.07
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Table 4. Estimation of regression coefficients

Term Coef SE Coef T-Value P-Value
Constant 14.616 0.605 24.16 0.000
AgNPs -10.775 0.401 -26.85 0.000
pH 1.329 0.401 3.31 0.006
Temperature 0.998 0.401 2.49 0.027
(AgNPs) 2 1.563 0.391 4 0.002
(pH) 2 -2.008 0.391 -5.14 0.000

(Temperature)®>  -2.008 0.391 -5.14 0.000
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Fig 3. Scatterplot of GLDH activity against silver nanoparticles
concentration, temperature and pH along with regression curve
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