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HA " ARy AN TR N AR A, A7
TE DL A BBT B o A BB 5 R R L AR
A BR 8 T BRER B, X A R A TR AR Y,
TERZ W emItE MR, R T REA e
[ SN N 3 & 5 SN o1 1 2R S SN - |
SR G B — DI RRT E A ISR
YU &) T 2l a8 RO e 1, ki ik
A FE A B0 BB T R T R AT
FFH AT 0% 200 i BE R0 40 PO JBE O o 22 Bob i L A
W . AR, S ERE LT
Wakshlak25"F 58 % BE, ¢ Ag' 2% 4L 19 40 11 2 15
SR I Ag, fE LRl R R AR, &
Fe A e R NI Ag SURETEI 3R B v, T SR 4
IEH AN, TR A G AR B PR%>, #i
JETHE T H A KA B LS . Wi,
BB YU 28 T R BA AT

ARWFTE VR T 0 5, BRI T XL
Aol DL K 7 20 R A AR T A, LA OAS TR AR G
RS T A2 G, T B R Y T e A A S
ol 200 TR 2 [ 9 < fR 5o, O A i S R B —
AARTE T AL T X B K A R G LB R
AR ALE . A4S SRR < TP P 25 M Y
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1.1 SRR

A B ZE F0FT I (ATCC® 2 3857™) . JC 3Lk Bk
F(ATCC" 12 386™). KIAHFHE (ATCC® 13706™),
g 7K A BA L T (ATCC® 7 966™),  filll 22 1 45 [T B
(ATCC" 3 320™)3 fh A2 el K 2# A= P L 30 =
R

LBE; S5 (Bt 83 5.0 g, EAMN10.0 g, NaCl
10.0 g, HNZEMI/K E1 L, NaOHH 15 pHIE £ 7.4,
121 °C& K %25 min),

BHIE: 72 (B 0 = #338.5 g, TNZ&IR K &=
1L, 121 °CPE K H25 min),

TSR AR 5 R (0.5 g AgNOJKY K I T°500 mL7%
7K, 0.22 pmPE RIS U2 H ).
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il R R (0.2%i A% ZFR 4N . 1.9%Hi 4%
BREREN . 1% 1R 80, 1.4%BPHENS).

1.2 HEIRE TN

P AR Y 20 B 5 FR L : 100y B 45 432 F 200 wL
F)20 mLAY K F# 9, B TE R K 200 r/minks 77
8ho H AN FEZERAT I . BRI ME . KW
FFR MG R 3L W LB 2 W, TOFLBE BRI . 6%
AR TG T A0 15 9% 5L O BHIG 35 9 . A B 28 AT
. CALEEERTE . KPR 37 °ChE 3% MEKR
PR | OB fEAE G B 28 °CHE IR

45978 hWE TG AL B R Ay IS, AR N
A TR) ) B2 1 PR AR A L, il FL VR B 4y ) Ry
0. 5. 10, 20140 mg/L, 7E/[F] A (] 5 F 4545
HU200 pL A VR, ARASCI I A2 T B ODgoofH -

1.3 [EIfAEE BB R MR

e 20 TR AR B T A2 SE B i O, KA
BT 5 5 A ] e B AR B T RE FR6 him , KrAg
W BE R0 mg/LIvy Xt BEAE 3 K oh B 3 S min, SR JE
& B W 355 000 t/min, 4 °CES.0>10 min, FiE
WH0.22 pmPE B U85, B 2 JCHAY 10 mLE L
g, DIEH4mL i R H R EES
o W H A BB WO LY W41 mL, 4l
TN mL [ o 6 B 8 Ak SR 4E TR 3 R R
6 hIF o 75 BRI S5 R BRI A TR AR b R
RN, TSI, BARSEE T LA,

14 RHEERBFHE”

0 A0 PR AR B T Az SE TR B s, R
L R TR AN 0 KSR B T 4 ) 5 AN TR R B 1 AR
B AL PR SR 6 hy [ [R] P A0 T TE] B9 4R K
R R, K AR B A0 mg/LI X #R K
O N S N T N s B W L L
W BB VA E IS 1 mL, A3 S AL mLS A
BrEERE P, ke ERR S R IR0 h, FER WP
TINS5 R ARG i R AR R R, WA, EAT A
TEEL
1.5 BHBEUNERE FRENS

4 JC FL B8 BR B R RE 7K BRI B 0 i) 5 4k
J& 10711 40 mg/LiY Ag'H5 726 h, X J5 5 000 r/min
4 °CE 010 min, 25 FIEW, /M A 800 uLi2.5%
P i EE, ERECEH, HBEELSmL
EPE M, &0, BIHEEW, HPBSHELKIIK,
B 15 min, FH 1%09 8k R 7% W 15 € FE 52 h, 43
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Fig. 1 Experimental protocol

BH50%. 70%. 80%. 90%. 95%FH) £ BEXT AL &
BEATIR K AL 3, £k 15 min, J5 FHJE/K 2 EEAb B
20 min, 5 P9 EAAL P20 min, 5 FH TN R A
M IR AR VV=1UDAEEEE S 1 h; 2B
125 A0 BE AR 435 £ 0.5 mLAYEPAS A Bk R
70 °CHNHAE T 3 FEif B0 7 (60~70 nm)f5 F2% L 1R
B A G 45 min, £8 3 7K ¥k J5 H 0.25%~0.3%11)
My PR Y4 (45 min; F 5L 7 0 U AT A IR

L6 HIEGITSIN

{#i F§ GraphPad Prism 7/ AR A4-4E 1K, FISPSS
V8ER A (1) B[R 3R 25 43 B XoF R A AR [ i 5 4k
() S 2 M 25 e, BCHE 34 O - 8 (E 4 1 A 22 (SD)
RN, P<OOSHIEA I L.

2 HEiH

2.1 MWEXIRE FHIM =
WEH Ag e BRI SE TN, X5 A [ 20 T #R 2R BE
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TR A R R 5 ELAS [R) 40 % AR B T B it
ZWEAFTE 25 . KA 78 Ag Mk 5 20 mg/L
Hf, ODE 0.6 2 & AE, R kA K (& 2-a);
TEAg VN5 mg/Li, W /K< 5 il 7& 1 ODE 5%
AARAR(F2-b); TEAgWREE K T4 T 5 mg/Li}, fi
T A AR [CTA 1) ODE B 5 — B, M v ik i S AR
B AR (EI2-c); Al B ZE TR B 76 Ag R I 10 mg/L
i, ODfH T M H 2 AE(Kl2-d); JCILEEERETE
Ag VR E 10 mg/LAJ S AR AR (5] 2-¢)

2.2 REMAEEZE“EF YA EiE

[vi) ot 240 B 22 [0 A A B S A i P sk, B
B Ag R 40 T AR SR TR L, SRR AR R
i 11 20 TR L B D, A S A Y TR YR BT
BEAA S, JFH, REEAg VRGN, 40 7E B 14
L35 W A AR RN T L RS Ag Tk
FER BTN, Ag' A BE I K FT 0 515587 f 19 K
FF TR HR B s 0 (81 3-a); %045 1 5 g K < g
P (&13-b) il % 7 AL G TR (K13-0)45 SR —3; ToFL
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Fig. 2 Inhibitory effect of silver ions on the growth of five bacteria

(a) E. coli, (b) A. hydrophila, (¢) E. ictaluri, (d) B. subtilis, (e) S. agalactiae
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KRR, JTEARBN] . SMEHE, M5,
IR RFWEM T -1~2); 10 mg/L Agb )5, 4
JHL IO 58 40, 240 M BRI 40 B BE S 5, A i N R TR
AR AEAR S5 R, AR T AT DLk B o AR B T
HITETE (L T -5~6); 40 mg/L Ag b B S, 40 fifd
PR 2L, MM N, AR e T, TEA
AT DUA B OR & r AR B BT T -9~10),
TE L FLEEBR B A ST h R L, TEH M JCFLAEER B,
P S FDEBRIR, AMBM, S, R
BRI E T -3~4); 110 mg/L Ag b5, 2H
JLS A 45, AR A0 TR T LR IS AR B T A TR
(KR T -7~8), 40 mg/L Agab 35, 4 i 5 & ok
BORA, WA EYING, FEMEET, 7
Y P h AT LUE B R AR B 1 (R T -11~12),

3 iR

AT oty AR T 46 (ST b, &
AR 2 4% B AF BKOR B T, O~ 1540 AR
B o T AR A R A TR R LT
AUCGH B R A BT AE, IF R AR 60 B0 e
J1, A LT SRR K A E AR B Y
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Fig.3 The "zombie effect” of the same kind of bacteria

(a) E. coli, (a) A. hydrophila, (c) S. agalactiae, (d) B. subtilis, (e) E. ictalurid. These data are expressed as the mean + SD relative to the control. ns no

significant difference vs. control; *p < 0.05 vs. control; **p < 0.01 vs. control. The same below
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Fig. 4 Transmission of ""zombie effect" between different bacteria

(a)Ag' treated A. hydrophila reprocessed E. coli, (b) Ag’ treated A. hydrophila reprocessed S. agalactiae, (c) Ag' treated A. hydrophila reprocessed B.

subtilis, (d) Ag" treated A. hydrophila reprocessed E. ictaluri, (€) Ag" treated S. agalactiae reprocessed E. coli, (f) Ag' treated S. agalactiae reprocessed

S. agalactiae, (g) Ag' treated S. agalactiae reprocessed B. subtilis, (h) Ag” treated S. agalactiae reprocessed E. ictaluri
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H, WHAGE L AREIMMANI, rTREMAE T
HA AT . AT 50K K= sh i
B RS I HOoN < Toh 25 W O o £ 1
Bz,
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Mechanism underlying prolonged antibacterial effect of silver ion

ZI Yingjuan', LIYan'S LIFeng', YANG Minxuan', ZHAO Lijuan’,
LIFenglin', LINLi'", QIN Zhendong ">

(1. Guangdong Provincial Water Environment and Aquatic Products Security Engineering Technology Research Center,
Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl Breeding, Zhongkai University of
Agriculture and Engineering, Guangzhou 510225, China;

2. Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Fishery Drug
Development, Ministry of Agriculture and Rural Affairs, Key Laboratory of Aquatic Animal Immune
Technology, Guangdong Province, Guangzhou 510225, China)

Abstract: Drug resistance mainly caused by the abuse of antibiotics is becoming more and more serious, therefore
there is an urgent need to develop novel antibacterial agents. Due to its safety, non-resistance, and high stability,
the antibacterial activity of silver ion (Ag") has attracted the attention of more and more researchers. In order to
explore the antibacterial mechanism of Ag’, several common aquatic bacteria, named (Escherichia coli, Aeromo-
nas hydrophila, Streptococcus agalactiae, Bacillus subtilis, Edwardsiella ictaluri), were used to test the Ag' toler-
ance or bactericidal activity and its "zombie effect" (the bacteria killed by Ag" can kill other fresh bacteria). The
results of tolerance experiments of bacteria to Ag” showed that Ag" had significant growth inhibition on the all five
bacteria. The higher concentration of Ag’, the more apparent "zombie effect" was observed between the same spe-
cies of bacteria as well as different species of bacteria. To further investigate the mechanism underlying of the anti-
bacterial activity of Ag’, the Ag' treated 4. hydrophila and S. agalactiae were observed by transmission electron
microscopy (TEM). The TEM results demonstrated that Ag™ could cause the separation of the cytoplasmic mem-
brane (CM) from the cell wall and discharge of cytoplasmic organelles, so as it could cause the lysis of the bac-
terial cell wall. In summary, this study reveals the prolonged antibacterial mechanism of Ag" which will pave a

new way for the development of novel antibacterial agents.
Key words: silver ions; bacteria; prolonged antibacterial mechanism; zombie effect
Corresponding authors: LIN Li. E-mail: linli@zhku.edu.cn; QIN Zhendong. E-mail: 575512829@qq.com

Funding projects: Agricultural and Rural Ministry of Agriculture Key Laboratory of Fishery Drugs Open Project
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Plate I TEM of A. hydrophila and S. agalactiae treated with different concentrations of silver ions

1-2. untreated 4. hydrophila, 5-6. 10 mg/L Ag' treated A. hydrophila, 9-10.40 mg/L Ag' treated A. hydrophila, 3-4.untreated S. agalactiae, 7-8. 10
mg/L Ag’ treated S. agalactiae, 11-12.40 mg/L Ag’ treated S. agalactiae
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