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Characterization of the Interaction between Silver lons and Escherichia Coli by Energy-Filtering
Transmission Electron Microscopy
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Silver ions are widely used in such applications as a washing machine because of the
antibacterial functions. However, the insight into detailed mechanisms of these functions
are still lacking. In this paper, the interaction of silver ions with Escherichia coli used as a
model microorganism is characterized by energy-filtering transmission electron microscopy
(EFTEM). Silver ions are observed at the interior of E. coli, rather than at the cell membrane.
The present result indicates that the antibacterial functions of silver ions are caused by

the interaction with cytoplasmic proteins.

FANE

HEEFREICBWT, U &) 53, LI
TR (ETomAEw Rk, TR (Ew %
—ICOREIIRE), [HHE], [BRw, THE] (%
AW oYEIEIR L), THR ] (BeEY o35G, 55
PO ] v BELTTED, ZORKEELC
EHLZHE - D, mEsR (81, 4R, MR,
WAbF % »R) AR (GHGR, RKR) 12K S
N5,

INOPEMLEWORIE, HEESETIE, #K-
INIVTHATA LTy ba— VAL KIFESE O
fin, KALEL SEEDGEFICZH IR TV D,

ATETEPCUE, WREE, TEEERE, WOKER, TEdR,
TR AT 1 V5 %5 50 5 REHILIILH > Tn
DA, LR, NA, ALHERE L EOKE Y EEH M, £
iz EOKE Y BETHE, EBH T X, W7 T

EDOM LYY -, $hEE, EHEOL
M, ZYA, MWL, =Ry N, =T VEHEOFE 2
filiih 72 EIEE IR WEIPA TR ST b,

RIS ClE, AL, 71— 7 Y EOMMERS, F7-
BEM S OEA, 79 A F v 7HE I LD & T L EHFT
wEEAFIH I N TV,

PO TRIHMEALEY & v 21T, BELER T O
NxRLHRRCEW DBV TE 7225, RIzhE,
BETEOH TIIENLTWE DO, AR I 5
BAVEDIR A S, WTAEIER, S, HEh L v o 2P
WEAETLIEBeEATZL DR, BILF & v 12ftFE
DG BRR PRI LG TR L 2o TE

B

o
i

TBY AHRTY I T F VDO RKREM OFI DT
FoT&TWwa,

M OHIEIIH ORI AEH 5 &, R EKRA +
YHIFIIEEAE <, WA 4 2, A4, AR
T AAF DTN L oF 7 AH DR/ INEE FHER

*ORARATE TNA ABARIEZERT O 8 BFZEE

45



46

Yy — THR

5915-2005F4A

JE (MIC) (275 B 31U, $R4%2.0 X 109, $i251.5 X
10°, HERAT1.0X 10° & SNTHB Y Y, AP T
{LEWIREH B DDOWHRETH L,

FRO L) ZEFRLD, FEICHIL, ZOPIRIEED
S, R, BEFOAIE, ERGE, DRIER
HIOAFR L H ORBRE I A DIV, 1 2T T R
HEToNESICLHwWsNTEBY, 512131970 4F
RIS AT VE BB SRR 2 $HEF L 72k 28 B 58 &
N, I TIREER, v F 8%, 227 4 V%12
ELHETIRIASFHEIN TS,

X =TT BRI Z DA F DR OHIREM I
FHL, WEAE L [BRRERa— M $581 4>
O — MUEREZERE L L CREML AR T o TV B A8, SR A
FANCEBEHORELA D =X LD NTITENTIE
Lo f:o

A NEERA A L OMHESER % fF#HT§ 5 HHYT, 4
REFIVAEE LT, E.coli (NBRC —3972) %\
T 24T\ IERDATEALE TV 1357 B IR A
HZ A LD REEDS I EN72OTHRET %,

1. (EROFEILESTIV

Pk, A A VLB HWORELA D = AL L LT
&, MmO & MR’ () 77 X L%E
W) \CHfET AR RO D B, F4 — L3k (SH
) WA F 2 ERUE L, FORERE L TEERGTEDS
Jebi, MEPARELT S EEbR TV Y,

2. URY—L

VARV =21, ZIZELVEDORNA L Y V30
POHRER SN, ¥ N7 EOERIZE < HEN/NEE
Thbo FEEYDY KRV — 21, HE23mmIEED
KESEDLD, EEHIOS TR 20 7T21=y
67D, 512508 £ 30SDH 7 L=y MIGn
N5,50SDF 7=y M, HIZ23SDRNA (rRNA
*Et) L5SORNA LISTEOY VX7 E bR
Ao —)30SDH 7= v biL16S D RNA (rRNA %
Gte) EAMEDOY VNI ENP SR oTWD, R
V= L3 FOREREN R FET 572912, 0.001M F£
EO< T rT L (Mg?) 20EET D, v T ATy
LDOEENI10MEI12% 5 L 2D ) Ry — AH9%EE L
THA~Y—%MED, BFIIT AT T LDOWREEN
0.00IM % Fla% &, H—n1) R — LH R
BEL, 7=y MIG»b, ALFRICIE, IS
VL o THBY, A+~ LR aELFHE S
B EVo R R RO,

B e S

1w

1wk <

w' e
E .,

B (CFU/ mI)

1000 k- J

100 F E

1 L L L L |
] 5 10 15 0

"
i

time (hours)

1 RBEOHERARER
Fig.1 Antibacteria test of E. coli affected by silver ions.
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Fig.3 Thezeroloss TEM image around a cell membrane.
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Fig. 8 HAADF-STEM image a) and the EDS results b),c) obtained from E. coli sample treated with silver ions which concentration

5900 ppb for 30 minutes.
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Fig.9 HAADF-STEM image a) and the EDS results b) obtained from E. coli sample treated with silver ions which concentration is

900 ppb for 3 hours.
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Fig. 10 HAADF-STEM image a) and the EDS results b) obtained from E. coli sample treated with silver ions which concentration

iS 900 ppb for 24 hours.
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