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Action Mechanism of Antimicrobial €-Poly-L-lysine

LIU Wei, ZHOU Tao*
(Department of Food, Nanjing Normal University, Nanjing 210097, China)

Abstract: Antimicrobial effect of e-poly-L-lysine against Gram-negative Escherichia coli, Gram-positive Bacillus subtilis and
Penicillum were studied by colormetry. Analysis on bacteria cell injury was conducted to investigate the detrimental effects of
varying concentration of € -poly-L-lysine and incubation time with € -poly-L-lysine at its minimum inhibitory concentration
on the morphology of bacteria. Results indicated that the MIC against the above two bacteria is less than 25 mg/L and less than
200 mg/L against Penicillium. &-Poly-L-lysine shows analogical antimicrobial kinetics against different bacteria. The mechanism
of action was further investigated by cell integrity and outer- and inner-membrane permeability assays and the profile of protein
expression in bacteria. € -Poly-L-lysine killed pathogenic bacteria by causing irreversible changes in both the inner and outer
membranes.

Key words: ¢€-poly-L-lysine; antimicrobial mechanism; bacteria; bacterial cell

2 TS201.2 CHRFRIREG: A T HG S 1002-6630(2009)09-0015-06

1977 4, Shima S5 38 b 73 B9t 11— PS4
F O BERE M Streptomyces albulus346, RIFLEFRWIE
VE S A PO AR A TE O S 5B S, % B
LRI UE N — il el B WS R o- FRHEFN & - 2L TV Rt
BT S B IR SR R IR, A7 20 ~30 M R FAK
N e- Wi MR(e-PL). e- PL HAR PR, *f
AR AT 4 B L /NI RR AT 100 wg/ml BAREBL,

e-PLAEAN—Fh RRBIEE ), X5 2 QPR . 5
22 IRBAPE B L TR RE T DA A B TR A5 A BT R AR A
HATIGE ), KL, 24, e i
Pori, WRLTZ N TS e, H R E
A DR BRI B8R, PRI AR AN 23 23 B R R
WR LA, tbAk, e -PL e Al © AR /N B SE A

Wk H Y. 2008-07-09

FEETH . VLA AH TR B ARIE ST H (2006031 TSI0108)

FENESE, A ER. MRk E . IRIGAG
JLAER S JEARIIZE R . DI S R ARG LI K A 35
PR, e g e LR —FRR . w4, makim
BRI T H R A NS B g A
W, ULy T RS, HATE A X e -PL IWFRZ
G P T 0 28 TR RR 5 N 5 D, O AT R ML B R T A
A, TR RIINRE LK, ALKXS e -PL FMEHLE
il T 4128 AT

1 MREEE

L1 PP
KIWATF ¥ (Escherichia coli) kS5 2EHFT 18 (Bacillus
subtilis)¥) RGOS B 5 TR RRAT

EH R RE(1982- ), 2, WLwFsid:, BFUT7 o B B+ R . E-mail: liuwei82v@163.com
*EINEE . F#E0964-), 5, ElEE%, 4, W7 oS N L. E-mail: zhoutaoo@sina.com

9I-HEAl- =452 p6S 15

2009-5-11, 10:04



1

T N I @ L oo eemeoeamm 11 1|
16 2009, Vol. 30, No. 09 =t A XHERRWESE

12 EEgRH;

FREE AR IR B RE Sg. HEANR 10g.
NaCl S5g. Billi20g. WM T 1L Z&MWAK T, Loythh
Frkk: KL= 250g. MM 20g. HBilF20g. WET
LL ZEMK.

13 kil

e-PL  Sigma Awl; GPEBHREGAT G F R
AW TREA ]

14 USR5 &%

JSM-5610LV H#fitisE  HAHFAF; H600- 117
BT HA Hitach A7 JY92- T1E R 3 40 Bk e AL
TWOR ZEM R R B A F s 722N e
DDS-11C SR RSB H A .

1.5 ik

151 TR

Iy LB AN T2 R R R SIR B IR AR S LS B
FeERNN b, RS EE 4 ~5 A, R T
PRSI, 2 IE 37, 28°C4F R RESE 16h J5, 6000r/min
250 10min, FF LIS, AT FH ORI 5 I8 R R
WIS 10°CFU/ml 1E IR, &,
152 e-PL XKW RS ZEMOAT B, 35 5 10 5
NIV B (MIC) fff

% e-PL Bt BGKE l 400, 300, 200, 100, 75,
50 25mg/L ¥, ANFIFRBA I Iml,  RAEHE 1ml,
TAFRRE NIRA 59— 378K IR A W 5 1
WRA, ERRA, 50T 37, 28 CHiF% 24h, W
WREAEKG, UAKRER e -PL Ik € -PL X}
RIGATF R G 2R T 18 R 75 35 16 MICP,
153 BN 1w

1A% MIC IREEH € -PL W2 AN 30 9 A iR
WP, RN JE T 150r/min $RIREEFE, 280K A0
e -PL A IR AL, ASIRIBS IR) J5 P 1 Sl B AR A A %
K 630nm ALK IEOCEE(A), Zeifilihigk, 13 His rEE
PRI ) 5 8 . 4% HultmarkU OS5 18 07 vE v SEHT R T

Ao—A 2
U =( )
A Ao R0 RO .

1.54 & -PL X {20 o e 1ol 4 14 ) 5%

1541 FESErAb

PL 1A% MIC WK JE 1) e -PL 904 30K Sl AT B 491,
PRI F A 535 S R 0% L AL BN A 1) 5 € -PL )
T A B A 5 W ) B T

B HE KW #, 3500r/min &0 10min, 3
W, KE MRV 3 W, IR R R T R

9H-HEA- =82 p65S 16

10SCFU/ml (TR I 1 4% MIC WK EEIY e -PL W,
DLZEKACE e -PL WU/ X IRAL, 37°CL 150r/min
Bge, 20T 0. 1. 2h HUREMEC A7 SR
1542 F BERE S g 1)

SOAEIRE S, TR AR DT R G2 v R 3 K
2.5% I E A 2h, LPERAEEMNK, wEEEE R L,
FLAR R . Wi, THERE TUEESES T
1, ZEUAKAE: e -PL 0 R4 .

1543 GBS HRBERE S0

BLORFIRE R, WD IR OE U 3 IE
Sr BT DU R B 2.5 % L I 52 2h SRR
2% BT 2 . PRI HRIRIE . SRR
CSTEREPEM K . N BAFE LK . IR IE . .
RBE. B, B A, JaEEH BB,
155  &-PL X4 Hu5e 2P K 52
1.55.1 & -PL 6] T 44 4 Ji B (1) 5% 1

B 145 MIC WRE I & -PL UM\ 21 13 b i B o
37°C. 150r/min $EIRIEFR, HZWKAH e -PL #HAE
TP HRAL, ERTEURE, 3500r/min B0 10min, HU T
VB0 AR ) 6 7 10 DN R B TR I (AKCP) IR 5 1, B AN I
LA AKP (RS 5L
1552 & -PL 6] T A4 24t i J5E 308 55 4 1) ¢ 1)

I35 1A% MIC. 2 4% MIC ¥ e -PL 2> 3
TINS5 R B R, 37°C 150r/min $#EIRE 9%,
MK e -PL I AATRAL, 4210 Lee S5 J7iA0314
H A e, ECRE, W R IR T R A,
MG E 42 B 198 AR L
1553 € -PL X B A4t g 2208 2 11 1) 57 1)

B 145 MIC WREEI & -PL AU\ 21 93 ol i B v
37°C. 150r/min $EIRKEFRE, HZEWKAY e -PL /AR
WAL, 3T 0. 1. 4h UFE, 3500r/min &0 10min,
W AR DUIE, ZPEEk)a E 0 RK AR, 8 R 40 i
W RENLBL R S B0, 3500r/min B0 10min, 0
20ul, T4CHM, SRJEARE KRR Sl D B R
AT SDS- 58V s 1k Jhg g Jg HHL VK 51
1554 &-PL W4l B B A S8 SRS A 1032 325 A

B 145 MIC IR € -PL UM 21 13 il i B o
37°C. 150r/min #RRE IR, FZEMRKARE e -PL A4
M, ErTEEE, 3500r/min &40 10min, B EERT
BHN T 260nm K AL E FROE .

2 HR55MH

2.1 e-PL X RAHFFH(E). Wi 2EfAF i (B). 55 (P)
Soe /NPT VR 5 11 1 o

i 2009-5-11, 10:04



e I I I @ I N N
SXILRIESE BEERER=E 2009, Vol. 30, No. 09 17

x1 e-PLXE. B, PHOR/IMIERE
Table 1 MICs of e-poly-L-lysine against E. coli, Bacillus subtilis
and Penicillium
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Fig.1 Antibacterial kinetics of ¢-poly-L-lysine again E.coli and
Bacillus subtilis
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Fig.2 Scanning electron microscopy of E.coli at different
incubation time with €-poly-L-lysine
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Fig.3 Transmission electron microscopy of E.coli at different
incubation time with e-poly-L-lysine
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Fig.4 Effects of e-poly-L-lysine on cell wall of E.coli
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Fig.5 Effects of e-poly-L-lysine on wall of Bacillus subtilis
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Fig.6 Cytoplasmic leakage curves of E.coli cells caused by ¢-
poly-L-lysine at concentrations of 25 mg/L and 50 mg/L
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Fig.7 Cytoplasmic leakage curves of Bacillus subtilis cells
caused by &-poly-L-lysine at concentrations of 25 mg/L and 50 mg/L
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Fig.8 SDS-PAGE pattern total protein of Bacillus subtilis treated
with €-poly-L-lysine for 1 h and 4 h
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Fig.9 SDS-PAGE pattern total protein of E. coli treated with €-
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Fig.10 Effects of -poly-L-lysine on permeability of ultraviolet
absorbing compounds in E. coli
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Fig.11 Effects of e-poly-L-lysine on permeability of ultraviolet
absorbing compounds in Bacillus subtilis
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