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Study of Antimicrobial Activity and Mechanism of Silver

Nanoparticles on Escherichia coli
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Abstract: The antimicrobial effect of the nanosilver on Escherichia coli and the antimicrobial mecha-
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nism was studied elementarily. Experimental results indicated that the silver nanoparticles of 20 pg/
mL could inhibit completely the growth of 10° cfu/mL cells in liquid LB medium. The growth curves
showed that silver nanoparticles prolonged the lag phase of E. coli, and the higher of the concentra-
tion of silver nanoparticles, the longer of the lag phase of E. coli. Transmission electron microscopy
(TEM) was used to evaluate the cell morphology of both the normal and the treated E. coli. The ob-
servation with TEM suggested that silver nanoparticles lead to the formation of "pits" in cell wall of
the bacteria, and silver nanoparticles could enter into periplasm through the pits and destroyed the cell
membrane. Then the silver nanoparticles could enter into the bacterial cell, which not only condensed
DNA, but also combined and coagulated with the cytoplasm of damaged bacteria, Finally, silver nano-
particles resulted in the leakage of cytoplasmic component. Moreover, the analysis of agar gel electro-
phoresis demonstrated that silver nanoparticles could increase the decomposability of genome DNA.

Key words: nanosilver; Escherichia coli ;antimicrobial activity

PR ITR / 2008 4E 10

BENER HEANMREANSLZAYHORE
B, SRR ED R REREE, bk
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BEIE T 90K K FF 8 9 DU A A 36 X K sl
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1 #REAX

1.1 ZRHM

UK B, W BE O 1000pug/mL, KB B B
15nm, P EARBEERARRLE; KBHE
(Escherichia coli) ATCC8739 M B EEH @ b & P
L B2 3L B % {3 77 ; MH (MuellerHinton) B % #1 5%
BEFERELRERE .,
1.2 XBHZE
1.2.1 SRBENHEFRERIR

BHAKBRENSH 0,2.5,5,10,15 pg/mL
120 pg/mL B MH 3108 . B EE &8 3 1~ F 1L, #F
HIAGREE, FE RS RE 2 uL K BT H 107 cfu/
ml KGETERBRREMIIHERE, BRERY Y
10* cfu/mL, B F(37+2) CHHE KR 48 h, WELR.
1.2.2 KRBHREAGEFLR

#6450 mL ZMAMP4HMA 20 mL XE K

LB RGHFE JKBRBMKBITHE, AR E
EAHN 0,2.5,5,10,15 pg/mL 1 20 pg/mL, K&
FFE7 9 10° cfu/mL, A (37X£2) CHF A E
BiR%HEF. SR B A B AaXxtEit
(DU640,BECKMAN 2 @) I &2 ODsoo » BA 35 326 8] K
B HR, ODsoo B 47, I K HLR .
1.2.3 G904 40 8 40 ML 75 A 45 4 B B vl

# 10 pe/mL JOREAL BN K BT R MRS E
FIXBAKXGTEER 1ZhH#TUR, HEHEE
(HA&HB H-600) W2 424 N BT B4k,
1.2.4 GUREXHEE DNA MW

%£10,20 pg/mL PRBLAEAKRELHHOKE

FREEGITDCERAHFERESER 12hER

¥R BUE DNAU, MR J5 #E 4T3 DNA BEBEdL 3K .
2 R

2.1 BAENKBHEHPELR
HABIEFIEEFLRSERMER 1 Fin. AR

1 AT DA 900K R 5 K B FF B B B 1K 0 B E

10pg/mL, -

21 RXRBEADRELR

Table 1 Minimum inhibitory concentration of nanosilver

Concentration of nanosilver/(pg * mL™!) 0 2.5

S 10 15 20

Growth of E. coli Growth Growth

Growth No growth No growth No growth

HAKBREAGEFRLRGR2H T HOREAN
KEFFEMME LR, A 1R, NE 1A
i, % B4 (Opg/mL)PA K 2.5,5,10,15ug/mL 4%
BLBHAKKBTFEREROEKBERRBKEK
KERERKERN KB BEHMBETHIL K
BB, WAEASH RAMLE, TUELAKE
BE i S 1< K 1 8 ) S 90 S0 » 498 DK 4 VK B R 86 E 9 58
BK. BT ODsoo 13 i 2 1 B F1 5E 5§ £ 8 50, BT LA
HEUMAAR, LPORMKEXSD 20 pg/mL BH7EL
WHKBATERER, BRERE 48 h EREEETF
M 48 h BREKHEE,

2.2 LiRERNH

RAZEFHERE TE2NKBRRT BTN XSG
FRARGESEMTR, ZR0E 2 fiR. 2a.bR
$ 3% 12 h B X B4 K B #F B 40 B30 20 dye FO 21 B2
BUOKEALE 12 h KBATE A ARER. M 2a,
bAILIEH .M RAKRGHEARGEFEE—H. £
BAZIEMIEER T RO KB E AN S RE

§
8 L5 0 pg/mL
1o —-2.5 ug/ml
—4-5 pg/mL

——15 pg/mL
—20 pg/mL
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Time/h
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Fig.1 Growth curves of E. coli in different

concentrations of nanosilver
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AR S R B . 6F DNA 2 FHRFBEBHKE.
K #F o6 o, T B 5 X 3 ) Y L F OB ORI PT B R4
ABRREF MELSFHARKBARIRA B FHES
B EREEFHEXHMELETFORBBFHHEA.

w
‘h,’}.:y Y F o
42 Onm 250 nm

H2ARE 2 P RBHEARMBHBEANEER
HoEXMHBEFER BERAGHETETFRENE
B, MBRA S FHRENXER, XREHKBLEEN K
HEARRHNWRBEESE LNARRET

(C) .

100 nm

Bz BHURETAKBHEEESH
(2) REGUKR BB KB EHK 20000 5, WA FENEAS FEBRAGETFHREDE;
(b) 290K 4 Ak B i K B ¥F B 0K 40000 £ 9 3k BT 18 S BE AL 4 A 6 S AR 9 Y L T ZE 9 R+
(e) L4 RMRAL I KB FFBBUK 15000 £, 75 K Hr 46 i FHFE K (d) SE0OKERE B B KB FHBKR
40000 % WL AER FHERBKEZREH DNA; (o) SYUKMRAL A KB B 8 1 S K
40000 4%, W 3k BT 8 VGO AR DR 28 5 (D) S K G40 B 6Y K I 4 08 8 BT 48 RUIBCK 100000 % 2 40 B B B 51 O IR

Fig. 2 Morphology and structure of E. coli cells under transmission electron microscope

(a) normal E. coli cells, the electron light materials(arrow) distributed randomly in cells(20000) ; (b) normal E. coli cells,

the electron light materials{arrow) distributed randomly in cells(40000) ; (¢)E. coli cells treated by nanosilver, the electron

light region{arrow) in the center of cells(15000) s (d)E. coli cells treated by nanosilver, condensed form of DNA(arrow)

in the electron light region(40000); (e) the terminal E. coli cells treated by nanosilver, damaged cell wall(arrow)

(40000); () the terminal E. coli cells treated by nanosilver, the cell wall was damaged(100000)
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B 3 RGUOREX KBHTHE S DNA MEW., T
FH BRASAAMEBEA (BALKRESHH 10 pg/
mL # 20 pg/mL KB LEW KB ERER 12 h
JG#.8 DNA EFM R M &4 (R4 B4 45 DNA B35
b, FETHHARXHZREFK DNA, 53 B4
ML A4 M DNA R AE ERBENBER, HEE
PIRRIRENEE . KBTHEL DNA R REROR
EHX.

3 itig

BRT, R FARREO TP ERA RERRA.

BURSCERRE A A R4 S B A A A B IR
HEKAKRBREFZRMBRAEERIEY, |
ROGORE S AR EEE X AE ARG RELIR AR
M S DNA W HENE, RENHRRERD.
M TAEXT SRR AL B 53 69 KB 41 B A Y 35
FHEEESRAUE L, SWKRERNFLABIH X
Fo FF B A0 ML AR AR Al i R R 18 W O, K AR T
FAEMMRE LR RE B X LR 3 AR R
A6, PB4 MR AR 5 5 T SR A0 MO R L T kA R
MO R . A L0 ER ) 4 K 4R80T DNA K45 2
RS FERRABENHEERLABR . BEIER
WY R K . Sondi &1 i 174 8 B8 th WA Bl 44 K
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(a) (b) (c)

M3 gkt K #E S DNA KW
(a) X R4 89 KB+T 85 DNA; (b) 10pg/mL HHK 4L B A K B
H B 5 DNA;(c) 20pg/mL 848K B AL 4 K A 8 & DNA
Fig. 3 Effect of nanosilver on genome DNA of E. coli
(a) genome DNA of normal E. coli cells; (b) genome DNA of
E. coli cells treated with 10 yg/mL nanosilver;(c) genome

DNA of E. coli treated with 20 ug/mL nanosilver

MEEEREOAR. EREDF RGN FHRTH
MR T RER; X SHEEEEDAXI L RH,
KEFEARBEPAREHKREEFS . Amro £
EFR KB EA S B KNS LM, 4R NE
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BEAh A TAER R & 5t v B2 VLB B9 40 K 88 X K M
1B 4 LT 75 8 Wl ) SC TR 45 3R R R R 0 s M ol D
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R GORR 0 83 36 A T4 DNA 7 # #) K
BRI LK. DNA RAMGTBREZENEERFS,
DNA WHEMBGH I EEDENERIIELT.
DNA A FHEMRBRE T A RABHETEH 2K
REWDNA R FRERGIMES. Bk, xEn
Tl BB E W48 DNA 2 k £ ZH g h f 5 R
DNA @R ME AR ERK KR, AT EEL RS
WMED 2 KRERF L KA 4R, DNA R
BRSO AEARMBEX, MREREEEZRKE
WAR, BERRILEEEFRER KB, Feng £
ERRHEBRBN KT EOWEER, RAZHR
AL B B K AT B IS 5 A AR R4 RS A0 B Y
KEFFAARAR RO glRPOA T
HARE XK, K0 REEH DNA 4+F.

4 g
AR BERBITENERERF PN, FEH
KERERR . A KEHBRE.

QZSAKRBRETLABEINKEFEBRESE
A BREFHHEN WABRAF AR RE =4

/AL I A A X L T AP R 7S 8] 5 B4 R R
SERABAAR, HETHEARRAT. EALHRE
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GFIKREHE KB DNA R EREVLA A 8
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FHES DNA @ e E g, MAKBRES RS
DNA iz Rk EEH AL F5 & DNA R R R
WHEAEE R EHOERNEZ—.
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