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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.

Keywords: Temperature, pH, Gluconobacter, Respiratory chain, Coenzyme Q1o

N G slaE 05,5 PQQ & anls U550 S doddo

“Sn slad b S aS sl Sl BLssS s Sop elpt Gl e &S Js peclS
Adachi et ) ool BLEI 3 ety st b 505 o 5l 5 oDl Sl SBiadkas JIgk il Sl 5]
oS 5 Slags S Sl i il 5T (al. 2016 Dyl i W SIS U Il 5l a5 e

Jw.ub& w_o.J oﬂeu'j Cj; Rk 6‘)" S Lo &:Lal.\.:wl ‘J:"‘”.f" O‘)'.‘"’ " ‘) d}:':'*i) 5 J_}%fﬂ)\ 4()_51;5[-4 ‘Jf-::)_}-w

S TERw.E

ey nl SIS 5 J U g e (dS 0y e sph dbge $LisS 4 Wl OpldeS] o 5wl
35 1 LSS Wis e w3l opl al (Adachi et al. 2016)
Sl (5 o,y s (Silva et al. 2022) .S e A5 s s 4 kS A SUS IS S0 5 e S 4]
sl VA3l Q10 IS 5 sl a Jate laslis,das 5 B30 LSS L Uit Jst e sl
Lol b (S byl Wls e Wsbssdmas ol cules Jos oS (.J“J-j (Matsushita et al. 2003) s, . sl

.(Bringer et al. 2016) .xb atils Quo mAS Mg el 5 &S o 3B 1y U eSO el deeST Il o 365550

el 1 a8l S ol 5L 0550 (S5 sm (6551 oS

sl aS (gl Ver BY) ks Sor 8 o3 w35t
S S5y Jds 4 s LWLl 5 bdgha 55l Al e
slad, 8 038l el (bt s Sy P
Salehetal. ) £yls g ls o)lssl 5 pms (S5 55 50
055 5l &S Cosl esls Olis wldles .(2021; Porzani et al. 2020
Calderon ) ks 55 B 55 K0 Ao ol lols 0,8
Lo Lol amy sl e slaas i (et al. 2017
Sl 0 33T aker 10l o oo 0, 65350 L SL
5 Pk ol O Jbs w5 Jske T slad s o8

ol ilizee GlandlE s Sn 53 J S 51 sl J gt
Saoder (93 a1y Jy kS ‘V‘Uj o2l .(Wang et al. 2014)
50 ok LT 5 2l glho 53 &8 LS oo deST
Js 5 w3l (Ciriminna et al. 2018) il e s
Db e f 553 4 Sy 0,5 K51 LS
N s 53 Jlome )50 4 S NADH & el 650 S
SPQQL 05S Uy Sdom & als K2 g5 5 ik oo
oS 5 Sl SL s ps p s Calag SL LS s i
el b S S i e 5 Sad

\FY olz.w.gl.’i 9 )k /Y o lels /‘g.bé)'lsa 099 /w) W‘ 9 S (W0


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 2025-11-28 ]

[ DOR: 20.1001.1.25885073.1402.12.1.7.1]

36595083 J g el ra_}si Clad 0,8 0,556 1 ) p

Qb&a.& 3 d"";“

Sigma-Aldrich 5 Merck slacs & 5l 50 slasd slse Lo

LA g

cu:;.h_}}: U’l| BE ok odlaiul LSJ:Sb oS ‘5‘.&&?90 9 6}5\%
b3 sl iass 5 45 54 Gluconobacter japonicus FM10
‘]a':""’d})f.""lj”’ u_;‘ .r.isﬁ aJ;&LwL.&)LSJL»‘J? \) L}T
Jels GYC (Glucose Yeast extract Calcium Carbonate)
Sl S A e SV e las 1 e S 00 SIS
Slp s s 2 e S Y0 8T 5 &) e S Y s
G Jlse bos 53 ole Y=Y e 4y gy (gla enlizu
Yo sl (oiS iy ke (Moghadami et al. 2019) .
A ST s pseeslas A ne ST s 2 2o S
O A 2 e S VO e eslae 2l e S T0 s e
LU .Jﬁ MgSO4 J::J B r; /00 E) KH2P04J’L:} B fjf v /0
e Ve ol o) ke Yo lacslunls s sl
D3 VAL pm e b ool Kl 4 s T gles s sl

.(Moghadami et al. 2021) L3 5 IS | 5L S

Slsms iz 48 i gk olas gl el
TSV RN PV TR WP i) KNGS VAU B SR (o) EEPRENE T
O gl PHE L /) M Sl sy 3L s L
olitul SIS g oKiws 31 Syl ojlas g g LD
Voo el e a8 3 planil e b 55 0l s S
Ol5 23,8 plal ol 2l 4235 0 Jolsh L 0 50mlS g 4230
J=1 e ¢L«3\ b g Sl Vel O3 el el
a Aveerpm s 5k mle b el S sl O
Sy Pk olas LS L) gl L adds 0 e

.(Ameyama et al. 1985)

Do peelS Sl (55 31 5ok & 5l CIlab ot
o reddS om0 53 Jshe sl )3 35 50 ri)j S PERI
bl laddyd s 4 g slse 238 13 | s Ol
S olas xd Le v/0 Macllvaine 3L :bus o550
AL N WIVA SES PR SPIcA Rl WA RN P e

okins S ISan 5 5 Sk 0550 ST 5l sl
a5l 5 bapo o 31 wls 3 Job sLid Lo oy3 50
W el 8 S Dl oli s nddsl O 0Ll S
o gty Jobe JHls g3laslsl 5 05ST b glawi S
2ol ge dex SIATP s 5 sl0lss 25 51 6,8 s sl
Saleh et al. 2021; Hajipour et al. ) loas Cj)m S Loea

.(2012; Calderon et al. 2017

b5 Quo S A5 2ol 35l S0 (A3 s oo L
O3 sy 3,5 |, Gluconobacter japonicus FM10 (s :sU
S lame 4 0350 03yl oS 55 Lasie mlS 5 4l
Moghadami et ) .s Quo w5155 A5 Sl o (s S
LT oS Jlgw cal & ol sl o hmss cpl Lo (@l 2020
S SU55503 JgpmeelS Ty alis 36 Lo 03500
A 50 Quo 5SS Sl Bl e kS 05 Slag 5T
A3 o 3ose 5 350083 Js S 3T 5 o & 0,350
3 0, 0y3 5l il Glachle U gy anlles g sl
w3l g gl g b S8 L il bl 5 pH

128,515 andllas 550 5U5 55085 Js el

LR TP

JSKE) 2056 Yo slal L (AGNPS) 6 5 6,3 50 1 aleands 51 g0
(K, 1) US Research Nanomaterials Co. =S ,% I ()

Aol

ojﬁAJS}Uj‘ngyv_}jf.ﬁ\ g.f)g.w‘jjgtﬁﬁ)«é;_\ JS.:

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) ©) (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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