47 1 Vol.47, No.1

2016 1 OCEANOLOGIA ET LIMNOLOGIA SINICA Jan., 2016
*
1 1 2 2 1 1
(1. 264025; 2. 264025)

(Silver nanoparticles, AgNPs)

R W-AgNPs E-AgNPs -
(UV-vis) (TEM) X (XRD)
, W-AgNPs E-AgNPs
, W-AgNPs s
S S W-AgNPs
4 b
(MIC) (MBC) , W-AgNPs
, 10 ug/mL 20 pg/mL.  W-AgNPs R
MIC MBC 6.5 pg/mL  12.9 pg/mL
S917 doi: 10.11693/hyhz20150900248
s s (Crabtree et al, 2003) (Silver
( , 2010; , nanoparticles, AgNPs)
2011) 1—100 nm , ,
( ,2010) , (Kathiresan et al, 2009) ,
* , 31570649 , ZR2013CMO018 s

J15LEO3 , E-mail: jiangyu950218@163.com
: R , E-mail: wanglei9909@163.com
:2015-09-21, :2015-12-25



254 47

B

, (Rai et al, 2009) 1
(Frattini et al, 2005; Chen et al, 2010) 1.1
: 1.2
, (Escherichia
, coli) (Staphylococcus aureus)
, , (Vibrio anguillarum) (Vibrio alginolyticus)
, , (Vibrio parahaemolyticus)
, (Aeromonas punctata)
, 1.3
(AgNO;)
LB : 10 g, 5 g,
) 5 g 15 g, 1000 mL,
(Mude et al, 2009; 1 mol/L  NaOH pH 7.4;
Lukman et al, 2011) 120°C 20 min
(Crataegus pinnatifida Bunge),
’ 2216E : 5 g, 1 g,
; ( 0.01 g 15 ¢, 1000 mL,
» 2008) ; Imol/L NaOH  pH  7.6—78:
’ ’ 120°C 20 min
(Vierling et al, 2003; 14
Dalli et al, 2008) )
30 ’ 1.4.1
s 10 g, 100 mL
’ 100 mL , 80°C 2h,
C , ) )
’ 4°C
(Rayyan et al, 2005; , 2007) 18.8 mL , 200 pL 0.1mol/L
AgNO; ( 1 mmol/L), I mL
, , 94°C 1 h,
(Kumar et al, 2014; Sadeghi et al, >
2015b), , , 4°C
1.4.2

UV-255 -
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300—700 nm 3
JEM-1230 ( , ) :
5 uL , , 100 kV 2
X (XRD) : 2.1
, , 60°C
1h, 5—6 , , AgNO;
X (D/max-2500PC, , ) R >
Cu Ka , 4=0.15406 nm, 40 kV, AgNO;
200 mA, 5°—80° ;
1.4.3 (D
(1
(surface plasmon resonance, SPR) .
(ODgoo=1.0), 10° CFU/mL, ,
100 pL , )
( 8 mm), 20 pL (Ashokkumar et al, 2015)
) C
24h , , Ag’ ,
) 2216E
28°C, 150 r/min s W-AgNPs;
1x10° CFU/mL E-AgNPs
10 20 pg/mL,
,28°C 150 r/min ,
0 10 30 60 120 180 min ,
ODgoo
3) (MIC) (MBC)
(Minimum

inhibitory concentration, MIC):

1

Fig.1 The photographs of hawthorn fruit extract and

1x10° CFU/mL, 8 > synthesized AgNPs
1 mL (102.8 a C ) W-AgNPs( )
ug/mL) 8 ’ b. ( ) E-AgNPs( )
1 mL , 2.2
2 mL 2216E 10° CFU/mL 2.2.1 - (UV-vis)
28°C, UV-vis
150 r/min 24 h, , UV-vis s
> 400—500 nm
MIC (Singhal et al,
2216E ,28°C 2011) 2 W-AgNPs 413 nm
24 h, 5 , E-AgNPs 420 nm

(Minimum bactericidal concentration, MBC) AgNO; , E-AgNPs
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Fig.2 UV-visible absorption spectra of hawthorn fruit extract and the synthesized AgNPs
a. ( ) W-AgNPs( ) ;b ( ) E-AgNPs
( )
W-AgNPs s E-AgNPs E-AgNPs XRD . 4 R
W-AgNPs , 26 27.831° 32.243° 38.100° 44.369°
46.233° 5 , 38.100°
2.2.2 (TEM) 44.369° (111) (200)
(JCPDS  01-1167), 27.831° 32.243° 46.233°
3a W-AgNPs (111)  (200) (220)
S . 30—60nm, (JCPDS 31-1238)
; 3b E-AgNPs , (fco),
10—80nm, TEM UV-vis
(Mandal et al,
2006; Sadeghi et al, 2015a)
(Miri et al, 2015), , W-AgNPs

(200)
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Fig.3 TEM images of AgNPs synthesized from hawthorn fruit 10 20 30 40 . 50 60 70 80
extract 261(°)
a. W-AgNPs; b.
E-AgNPs 4 XRD
Fig.4 XRD patterns of AgNPs synthesized from hawthorn fruit
223 X (XRD) extract
a. W-AgNPs; b.

, W-AgNPs E-AgNPs
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2.2.4
b 1 b
(Narayanan et al, 2008)
W-AgNPs  E-AgNPs
, 6
(Patil et al, 2012) ,
2.3
2.3.1
( )
( ) W-AgNPs
E-AgNPs (D 1
W-AgNPs  E-AgNPs

Vibrio anguillarum _——

5  W-AgNPs

4

, W-AgNPs s
10.7 mm
11.4 mm,; , E-AgNPs
10.3 mm,
8.1 mm, s
, W-AgNPs
Panacek (20006)

> >

Fz 1 W-AgNPs #1 E-AgNPs 3 X T E & E B HE Tk
BRI E B B & (n=3)
Tab.1 The mean inhibition zone of W-AgNPs and E-AgNPs
against E. coli and S. aureus (n=3)
(mm)
W-AgNPs E-AgNPs
E. coli 0 10.7+0.3 0 8.1+0.1
S. aureus 0 11.4+0.4 0 10.3£0.4
, W-AgNPs
, W-AgNPs

Vibrio alginolyticus

Vibrio parahaemolyticus— —_

Fig.5 The antibacterial effect of W-AgNPs against 4 different aquatic pathogens

1: W-AgNPs; 2:

;3 3:
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4 2.3.3 MIC MBC
W-AgNPs ,
W-AgNPs , W-AgNPs
R R R 28°C 24h,
R ; W-AgNPs (MIC) 3 s
Q) 4 ) 4
, 4 6.5 pg/mL W-AgNPs MIC
« 2, ; 1—3 0.1 mL
R 2216E R 28°C
e var L e . , 24h, 1 2 R 3
2 W-AgNPs X FfiEF K=K R E M E B EZEn=3)
Tab.2 Diameter of the inhibition zone of W-AgNPs against 4 5 3
aquatic pathogenic bacteria (n=3) 12.9 pg/mL
() MBC
V. anguillarum 13.0+0.9
V. alginolyticus 12.5+0.4 Fz 3 W-AgNPs X EBIIE B K/ DB IR E MR N REIR
A. punctate 11.4+1.1 R R E .
Tab.3 MIC and MBC tests of W-AgNPs against V. anguillarum
V. parahaemolyticus 12.2+0.5
(pg/mL) 24h 48h
232 ’ 1 51.4
W-AoNP 5 2 25.7
TABRES €3 3 12.9
600 nm oD 4 6.5
» OD > 5 3.3
6 10 pg/mL 20 pg/mL 6 1.6
W-AgNPs ) 7 0.8
, W-AgNPs OD 8 0.4
, OD
_ e
’ 3
12 - P
L —a— Normal saline
100k —e— 10 pg/mL ’
L 20 pg/mL
_ 081 ,
D§ 0.6 |- s
o [ b 2 b
0.4
0.2+ 5 5
r - DNA R s
005730 60 9 120 150 180 (Choi et al, 2008)
918 (min)
6 W-AgNPs

Fig.6 Growth curve of V. anguillarum treated with W-AgNPs
in different concentrations
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BIOSYNTHEZIED SILVER NANOPATICLES USING HAWTHORN FRUIT
EXTRACT AND THEIR ANTIBACTERIAL ACTIVITY AGAINST FOUR
COMMON AQUATIC PATHOGENS

JIANG Yu', LIFu-Yan', LIU Chong-Chong®>, XU Hui’, SUN Hu-Shan', WANG Lei'

(1. College of Life Sciences, Ludong University, Yantai 264025, China; 2. College of Chemistry and Material Sciences,
Ludong University, Yantai 264025, China)

Abstract

the past few years because of its simple, low-cost, and eco-friendly advantages. To study the antibacterial effect of

“Green” synthetization of nano-antibacterial materials has become a promising strategy in nanotechnology in

biosynthesized silver nanoparticles (AgNPs) against aquatic pathogenic bacteria, we synthesized AgNPs using water and
ethanol extracts of hawthorn fruit as reducing and stabilizing agent, and named them as W-AgNPs and E-AgNPs,
respectively. In addition, we studied the formation of W-AgNPs and E-AgNPs in the surface plasmon resonance band
illustrated by UV-vis spectrophotometer, observed their morphology in transmission electron microscopy, and investigated
the crystalline structure of them in X-ray diffraction. Moreover, we conducted a preliminary antimicrobial study on
W-AgNPs and E-AgNPs against two common pathogens: Escherichia coli and Staphylococcus aureus. The results showed
that W-AgNPs was smaller and more homogeneous in size, moreover, it had higher antibacterial activity. Further
antibacterial study showed that W-AgNPs possessed remarkable antibacterial activity against all aquatic pathogens tested,
including Vibrio anguillarum, Vibrio anguillarum, Vibrio parahaemolyticus, and Aeromonas punctata. As shown in
bacteriostasis kinetic curves, W-AgNP concentrations at 10 and 20 pg/mL could significantly inhibit the growth of V.
anguillarum. The minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) of
W-AgNPs against V. anguillarum were 6.5 and 12.9 pg/mL, respectively. Therefore, biosynthesized AgNPs using water
extract of hawthorn fruit can be used as an effective and broad-spectrum antibacterial agent in promising potential for
aquaculture.
Key words hawthorn; silver nanoparticles;

biosynthesis; aquatic pathogens; antibacterial activity



