[ Downloaded from gebg.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1402.12.1.7.1]

0?95 b 36595088 J§ puals” 9 3T Cdled 0 4385 053936 F1 oy g
Gl o

Investigating the effect of silver nanoparticles on the activity of

glycerol dehydrogenase by response surface methodology

Yd;:)% Slgs ‘\L;J\j‘ CL> bl J&Juia Q)}ﬁ
Foozieh Moghadami®*, Fatemeh Hajmoradit, Mahdi Kalantari?

Ol 01 o ply ol ¢l S o 8 slhslinl -
Ol 0L g ply o8l LT 03 8 5L skl =Y
1. Assistant Professor, Department of Biology, Payame Noor University, Tehran,
Iran

2. Assistant Professor, Department of Statistics, Payame Noor University, Tehran,
Iran

*Corresponding Author, Email :_$G 5 sS31 c b1 J stams ok 55
fmoghadami@pnu.ac.ir

OF XY/ 1y sl = VF /N /70 il s 50 5b)

NP DGl (gyiwd 30 Cdggw 4 (@T &7 Sl 0l o 0585 033936 31 03 yius” 03l
(93 cnf 39 .l 0L AL ol sobo 4 39 B w9y 9 05 03936 Sl .5
330 318 IS lgia LT (udid 0 p28) 33 &5 639303 JgpalS 08 0y39b S
93 31 k3 9 PH Jolge (Sbo giison y yiceod 9 186 (nf (o) o (5 1B (0
(T 5y (595 Brab  mFT Calld b odliiul S 0 o5 0 T G g Gl b
O Cuw g 9 5 o 00 B 0,8 05000 il ol 45 18 Ol auls Wb omw
NS Hlgo Facdald pl 3§V polie ygias 33 Ll 363953000 9 gl w3 3T Culled
9 WD 3T Clled g lB1 ST G PH 9 wgmd 4233 Y0 G L .cdl gal™ o346
Calld 3 SO U0 3 Jiwo 03936 Cdale 9 PH od siolsly dw g iblS Wl W6 OT 1
&S amd Ol R cnf U I . Ae IO WG 363950 J9 gl w2 3T
s Nilg5 p Lolg 45 Wigd oo 638 30nS U9 pls o 3T Clld A s 08 033930
o3 @ 3 09k Tlais LT S TL 0 (S Mg 9 (el 0 i) e ial”
Ol (o5 IR S8 g g SU390MRS 9yl 2 5T cdled indun 57 58 Ol (0

. 5 oolai.!

ggi.hgj.; ggol.:: ko
Ml.v J‘..aijb 4.1>u
S (s § S wigo
e \> ISSN 2588-5073
9 2SI ISSN 2588-5081
V0¥ bl 9 sle I o lods Y 098
04-1Y dxa0

https://dorl.net/dor/
20.1001.1.25885073.1402.12.1.7.1

DOR: 20.1001.1.25885073.1402.12.1.7.1

Research Article
Genetic Engineering and Biosafety
Journal 2023
Volume 12, Number 1, Pages: 59-67

http://gebsj.ir/

https://ecc.isc.ac/showJournal/23064

ouuS>

S glasly

las
pH
SlysS
285 0,95
Q1o Al


https://dorl.net/dor
http://dorl.net/dor/20.1001.1.25885073.1402.12.1.7.1
http://gebsj.ir/
https://ecc.isc.ac/showJournal/23064
https://dor.isc.ac/dor/20.1001.1.25885073.1402.12.1.7.1
http://gebsj.ir/article-1-450-fa.html

[ Downloaded from gebg.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1402.12.1.7.1]

OLKan 5 el m‘,'u;},.x:.a:d},*,xfﬁﬂ;,,Mﬂ,,s.;a)s,su;uwm

Genetic Engineering and Biosafety Journal
Volume 12, Number 1, 2023

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)

Sl olas o dald 4 C 1) L v/Y (V47) triton
Fort lp A eslind (b e D) el wsls ol >
Potassium ) .l (3 Muﬁ S e Y (S
4y 0 Sde 4 ladly) 5 ol o338l Lad ) 4 (ferricyanide
(Sl el slp Bl s i e oSl (sles
S 0 sk KB ol G 1 e o)
12:5 JL:.A 40 ‘Qlﬂy J.:w.aj: ('.i.)\.w <=j§ Y 5 Fex(S04)3.nH20
eb}jﬁl 4.!}54.;(}2:3 pﬁwujﬁauij//\o ;{ijw .L:..c‘
0355 L) & Of 2 Je Y0 aids Yo IS 5l S
sl VU e dib s Jolb Jyone o Ol 5 42
Ameyama et al. ) A& olls e gy xSl oKiws baw g

(1985

5 s s 3Bieds dg S Sl o0& 0350
el Sl o, 0350 U ) g iliee (lapH
il SpH 5 les 3 ol b GUS 550 I edS
ol LAl e 0, 5,3 5L el slacble D> D
Vo S sk 4 sl eds Vo5 ) dsdr s el eslind
A el eyl e a1 s slacand b il il
spH L Macllvaine 3b 31 50 calos glapH (,JM g

el Jsds b Cilise

el Sl o8 a3l G e s 1 gl LT
oromen 5 il glales 5 pH s B3 S
Loy SuS Lol 5 pH w3l cllidelye 1516 o)
ol a Jols 55550 S b Ll e G Sl 5
o JEes gla e Olgpe @ oS Jelye LS oslinl
Ls 5 pH (AgNPs) o & o 3 5L clale 5l s le (a4 S
(GLDH) ;L3548 JsmdS a3yl ol (Temperature)
SOl Sl s S 4B S a5 Gy ke Ol e w3
debo 5 65 S p b Sileesly dex SIRSM @ b e
Sizles Minitab 1330 o5 51 eslizad L (ANOVA) il s
53 s (sl e Cilizs =gl ) Jsdr 3 A5 plonil 20.4
Gloesls (35 ¥ Jader diledd e3ls OB $S 0 S e b
S SF S o b SO el planil JRlesT Yok by s

\F.Y olz.wgl.‘i 9 )LQJ. A o)lmib /,,bo,'l,a 099 /w) 6‘“‘ 9 a.im} (S0



https://dor.isc.ac/dor/20.1001.1.25885073.1402.12.1.7.1
http://gebsj.ir/article-1-450-fa.html

[ Downloaded from gebg.ir on 2026-06-01 ]

[ DOR: 20.1001.1.25885073.1402.12.1.7.1]

e 3U50,0m3 J g pealS ﬁ;j Sl 08 0,550 B ) p

O\)‘S«wﬁ 9 L;‘J.EA

Ol s 5 ub”j D Gsp dde L3 e s &l
A Jlize SH ol 5 p3 Ol 3 ol b ek

S peelS @l Sl 08 3350 30 s 5ok
gl Sras Ol esliial b e slales 5 pH s 505554080
PH « AGNPs 0T 3 a8 el s &0 Sgaw S5 Jubo =l
0,550 chale sras Ol 55 4 GLDH 5 Temperature
555083 s S 5T dlad Ol 5 Loz PH rlae 0,8
i 0yd 5l Clle ele aw a sdal G 4 sl b ol
Fze 3355As Js S 5T Clleb Ol s Les PH e
Temperature + +/438A pH +1/¥v4 + AgNPS V+/vvo — \¢/W1GLDH =
(Temperature)?y/++A - " (pH)Y/+ +A — ¥ (AgNPs) /0

s Ol S S5 e ANOVA & Lg o muls o Jsu
e gl L (P-Value) Js ol O 2 A aslie b oas
s e Sl a5 8 S S Uls e 000 b
(P-value<0.05) tzus I3 sme (obel L 5l Lites (gla uine
s bes s PH @, o350 clle Jale a0 S0 e
a0 p3Y s S 30 505500083 Js S 5T e Ol e
oSy Jde aly Lass sl oyl lie &S Sl SB
Joke 53 0T Vb o3 sdias OLES 5 ol o3 AVAR Ll
Cewlesls S5l 5 g5l

Sy dde 51 ANOVA Ui —Y J g
Table 3. Regression analysis by ANOVA

SF oS o b oo el s s o ate polie Y Jyur
Table 2. independent variables and central composite design
responses

RUN AgNPs pH Temperature GLDH
(mg/L) ©) (U
1 50 7 35 14
2 20 9 30 22
3 20 5 30 19
4 20 9 40 245
5 80 9 40 1.5
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 14
12 20 5 40 225
13 50 7 35 15
14 50 7 26.59 7.5
15 50 7 35 145
16 80 5 30 1.2
17 50 7 35 155
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 135.11 0.000
Linear 3 1623.32 54111  245.95 0.000
AgNPs 1 158559 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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Scatterplot of GLDH vs AgNPs
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