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BEICOWTHR L7z, EGCg @ Staphylococcus aureus (x4 WA BIX Escherichia coli %
Salmonella Typhimurium (ZHNTH 1.5~3 5% <, 77 2BYERE 7 7 2BREREICHT 5 EGCg ®
HREEHOZDVEEND EGCg PBRERITEKFL T B LA RSz, 72, S. Typhimurium ®
wild ¥ (SL 696) i3 lipopolysaccharide (LPS) Z#R# (SL 1069, TA 2168) £ b EGCg »W# EAH*
$7% <, LPS # EGCg DHEFZHEL TVBIENELOLNT. LALEMS, RFETHV L
4 7EAHDOMTIE EGCg ® minimum inhibitory concentration (MIC) ZZEMEBD SN L Hh o 72,
RIS, BHEEHHBAYHE polymyxin B (PL-B) & EGCg ODBEHEFEHICOVTHEL 2,
Phosphatidylcholine (PC) VKV —ABEHICE F 5 phosphatidylserine (PS) BEOH KIS T
VRV —AIIHNE SN HEWE 5, 6-carboxyfluorescein (CF) @ EGCg (2 X 2 lizkl sh, PC
EPSOENHA19:112%5E CFDOBMIZITILA LRI S ko720 —F, PCVERY —LERD
PS EROWKIZHEV PL-B IZE 2 )RV —L40560 CF BHAHMLZ. ChooiEEH»S, EGCg
&< 4 7 A D net charge 2 #{H, 77 ADOEBMEFOMBEOBEE S ICRKEE, BHEEZFI&EI T

REPEAURIR S h 7z,
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Y INF B Theaceae DF + Camellia sinensis DE% FH
ELARXOMBBIZE TN S catechin XS R EBER %
ROMATHALZILBASNT WA, ZORTHAEYE
B RIS - 72BF%EA 5, catechin IXHLE/ER?, Y4
VAYER e, FLEEER S, BREEEH 28O L
BHOLMZEN TE 7, Flavan-3-ols Z % & 35 cate-
chin i3, C 3 2 L% 3 fiLiZ pyrogallol %% gallate %4%%
heEhfImahs L, AEBFESHES N Hoes9, KT,
(-)epigallocatechin gallate (EGCg) (& pyrogallol # &
gallate 3% P4 THD7-®IZ, catechin D THMEWE
Ho R HFZBEEER® 2°b - L b\, Catechin DHHTE
RiMEBEORE —ERMEr BRI L2k o THl
IRISNDBEZZOR TV, &5HIT catechin I2X 5
HEMRBEOHE D BRSO MMAEEOME,» LB 5
P&,

ARTIIMERY EY —2128 LT EGCg L FEBEHH
BWHETH 5 polymyxin B & DHBMRE 21TV, EGCg D
MEERCETAHLCARBE O OTHRET 5,

L. M8t &F&E

1. & #

EGCg 3BE#Hh> 12X - TRE (ZHEK, #E) #
B2 EERINLL0EMEH L, EGCg O
%X Fig. 1 IZ/R L7z, Polymyxin B sulfate (PL-B),
phosphatidylcholine (PC) # & 0¥ phosphatidylserine
(PS) i Sigma (St. Louis, MO, USA) »HHEAL
72

2. AW

Staphylococcus aureus ATCC 25932, Escherichia
coli K-12 G 6, o NIIHILKIEE L CGRiEX®) &
Y it 5 &7z Salmonella Typhimurium SL 696 (# 4
#k), S. Typhimurium SL 1069 (LPS —3#8/Riftk; #
&, KDO-Hep-Hep-Glc), S. Typhimurium TA 2168
(KDO M & T polysaccharide % #¥7:7% V2 #k) % FEERIC
J: IAVAN

3. EGCg W Bk

£t RE % 10 ml ® L-broth (tryptone 10g, yeast
extract 5 g, NaCl 5 g per 1,000 ml, pH 7.2) |Z#:H
L, 37C, 100 rpm T—EBRIREAMIEEL o ZOK
W% 37 C (ZHRR L7 L-broth (90 ml) (ZIRAIL,
240 rpm, 37 C T 3.5 R B %%, 150 mM NaCl5
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Fig. 1. Structure of (—) epigallocatechin gallate.

mM Hepes ### (pH 7.2) TH#AZ 1 k%,
0.5% (viv) %% X 912 kit Hepes BEHTREL,
WA REL 2, RIS, 0.5%MW (1 ml) I(CRRBE
A50uM 2% 5 X 52 EGCg 2z, HRSN-BFH
37 C THEREELZ, XPT 30 BEEHE, 10,000
rpm, 4C T 5 FH&ELL, EGCg PRINERTH S
280 nm T EFOWIRZ HE L7z, EGCg DHLRBE~D
W& ILRRD L HIZEE L2,

W% (%) = (Ao at 0— Ao at the indicated time/Azso
at 0) x 100

4. DIEEBRZHREBR

EGCg & PL-B ® minimum inhibitory concentra-
tion (MIC) i 1.5% XM L-broth # AT 2 &4
Rk T2,

5. 5,6-carboxyfluorescein # AV KV — L DR

PC (75umol) # 15 ml DHFAAY v VEREIZO
— ML, BZETFTCTrZ7un 7+ V2AEW5IKRERE, 110
mM 5,6-carboxyfluorescein (CF) % &% 1 ml ® 150
mM NaCl/5 mM Hepes #&H# (pH 7.2) IC#HHL,

H B P% (Branson Sonifer-200) T 20 W, 10 4%
METELELTCF HAYEY —LA2ER L2, &
512, TDVYKRY—A#% 150 mM NaCl/5 mM Hepes
®EW (pH 7.2) TFH#{L L7 Sephadex G-15 (1x
30cm) ZHWTCFHAVRY —LZ58 L7,

II. & B

1. EGCg DM~

77 LRBHEIET T ARBERICHAN catechin (2343
BRREWE N, EOFEED 1 D& LT catechin DH
TANDOBERDT 7 LGN EE 77 2BREROM TR
BDTIRRWrEEZ, EGCg DRAENOWEAER %
#AX7: (Fig. 2)o 50uM EGCg OME (0.5%viv) ~
DOEFEIIH 2 FTEHRBIEL, 2oEbLTHITD
BmLTwl Zedbh oz, 4 R#HIZIE E. coli %
S. Typhimurium (239 % EGCg ODWEHEIZH 15~
30%, —7 S. aureus \Zx L Tid# 45% 1TEL, 22
THW/7 5 ABHEICHRTH 1.5~3 BEBET
BB bhr o, £/, S. Typhimurium O
lipopolysaccharide (LPS) Z%# SL 1069 & & U TA

Time (min)

Fig. 2. Adsorption of (—) epigallocatechin gallate by
bacterial cells. Staphylococcus aureus (O),
Escherichia coli (&), Salmonella Typhimurium
SL696 ([J), S. Typhimurium SL1069 (@), S.
Typhimurium TA2168 (&)

Table 1. Antibacterial effect of EGCg® and PL-B”

MIC (ug/ml)
Strain
EGCg PL-B

S. aureus ATCC 25932 147 —
E.coliK12G 6 590 1.25
S. Typhimurium SL 696 293 1.25
S. Typhimurium SL 1069 293 0.63
S. Typhimurium TA 2168 293 0.63

* EGCg: (-)epigallocatechin gallate
¥ PL-B: polymyxin B
¢ —: PL-B had no effect against S. aureus.

2168 % wild ¥k SL 696 IZH~XT EGCg D&% <,
LPS H1® polysaccharide #8% %% EGCg D W~ DHHE
EWAMNICHTTwA I ERBEIRA, UL A
5, EGCg ® MIC i Salmonella BDE TENRD L
Nhih o7z (Table 1),

2. EGCg DEBEMRRAICBII2EEHOHE

EGCg ) KRy — ABRHBEFRIIERAN <A F R
WHELTVIHE, MlShTnd, 77 A~E
MLTOSHEGEICOFBEHICILALEELRV,
T AL EGCg ICL2BBEORBZHO,ICTHD
W, BEEEZ<AFTRACHBELZYVERY -2 2,
PL-B & EGCg DR EEVE O BMET %217 - 720

PC VRV —LBEIZEETNS PS B KT BiIc0oh
T EGCgil X 2B ESBRAL, VEY —LHIIHLE
SNT-HNAEWE CF ORHELIH S h7: (Fig. 3).
LA2L, PS &&A 2.5 »5 5 mol% D TA#EIZ CF
BHARA L, 5mol% ® PS A PC V) EY—ABIZE
ThTwbe CF OBMAMILALERI Shhol
—77, PL-B i3 PC ) XV — Ao PS FROBKIC
v, BIZYRY =206 CF O A»HMmL~
(Fig. 4) o

I % =
EGCg 77 5 hBM R L B LT/ 5 A BME ISR
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Fig. 3. (—)Epigallocatechin gallate (EGCg)-caused leak-
age of 5, 6-carboxyfluorescein from phosphatidyl-
choline (PC) liposomes. Liposome membranes were
prepared from PC (O), 97.5 mol% PC plus 2.5 mol%
phosphatidylserine (PS) (&), 95 mol% PC plus 5
mol% PS (), or 92.5 mol% PC plus 7.5 mol% PS
(@). EGCg was added at 293 ug/ml.
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Fig. 4. Polymyxin B (PL-B)-caused leakage of 5, 6-car-
boxyfluorescein from phosphatidylcholine (PC) lipo-
somes. Liposome membranes were prepared from PC
alone (O), 97.5 mol% PC plus 2.5 mol% phos-
phatidylserine (PS) (&), 95 mol% PC plus 5 mol%
PS (), 92.5 mol% PC plus 7.5 mol% PS (@), or PS
alone (A). PL-B was added at 1 ug/ml.

WHEHSREZRTERAD 1 028 EGCg DHEAENDOES
BOBNTHY, ZoOKE% LPS PHELTVWE I L
EFHLMII L2 TDZEHD, catechin DEHEAND
B DKM E D catechin 2T H2EEMEZRELTY
BERELELSTWABZLIIHLHITH D, £72)KY
—AEHWRER»S, BhiIETh B VIRE
TH5 PS HmL T & EGCg DEAMHA LT
W Zedbhrol, TNODERIZKRD L HITHY
T&5b, KiBWRPIZIBEMRL TWwW5 catechin I ZBEHD
pH A6 26 7TETRY4 FRAIHELTVS (F,
kREK), L72h->T, EGCg EHEY VIEETH 5
PS w4 FAEMHLBERMICKBLO, HEA_ERF
KHEETEZVWIERD, PS 288 PCYKRY—ALT

i3 EGCg 1L 2BEENFI &R ENLEVDOTIELZ
NeEZONS, FEkICTS LEEHIE S LBYE
2w LPS 2#b, TOHIITA FRAOEMEAT S
lipid A BEETHDT, 77 2BHEHICEKERTY 5 A
BRI EGCg L OBMERBEIKEL LY, EGCg »
HEVWESLBLEEZOND, LLadMS, FEEAE
Wl kI E Fh b 0EHE X phosphatidyl-
ethanolamine, phosphatidylglycerol, caldiolipine,
PS D=4 F AEMEeROBEY) VIREMXEL LD
THAHDT, BEKIAFAIHEL TS, Lz
5T, EGCg B oMMEIc#EE LI VWiEE %
FoTwaZ il ahs,

I, 77ABUHRAICHALT, X0LH% 2 D0
B3 5172, i) S. Typhimurium @ LPS % R4k %F
H#k SL 696 IZHART EGCg % K HETHI2d0Hh
bog, ThHSOBHOMT MIC X2 572, i)
EGCg iZ S. Typhimurium (SL 696) 2T E. coli
W LTH 2 BEIZIHKETHIC 2 2b 5T, MIC
I3 E. coli DFMEPoTz0 TNHEDERNS, 754
BEElIZ EGCg DHERLMENISHBELRVWEZ X
bhie Lo, ZFS2BHEMET S LBEEREE
HE L, EGCg DHLEERIIH L TRtk 2 /R 7 8
MESICHFEL TV A MDD 5,

BRAQZESHICHRRR7F FRAEWETELELTY
FABRMROMBBIZIER Lye, BEELTIEREIT
PL-B & EGCg OHBEERICoO W TRt L7, &
i, FHEEZHWIEE,S, 77 A0OEMERED
PL-B 3= A4 FRAICHELLBE_ERICEEE, BEE
#3nm OILERIT S Z L AEmE I, Lo T,
EGCg & PL-B DM TALILBREADEMNAE - 72
KHDYKY —HIERAT2HEIITEWEDOHED net
charge DEIZEELTWE3DEEZ bN,

Fl, T9ARAFVERAFTRALAF V% 1 DT O
ORAF WD PC THELNZZ) KRy —2H1Tx L
EGCg 3k L, PL-B 3 F -7 tEH L &b 57
PL-B dWA 4 %D PC VRV —LBEIZEETE RV
ZEho®, BRERMIZPCVRY —LOBEBENF| &R
CENBEVLDEEZ LN, FOFM BB IZH
LHhTE RV, 1 2OWEHE LT, PO &b bEHE
¥0a) o NOEFBEOHAIMELTVWEDT,
)R — AR T B 4 4 L L 22 W TR
EMICCOBUED TS ZAOBEMEMEERA LR T W
bDLEZLND,

Mame LT, EGCg BB EDT T A4 4 ITH
HLRTVWHEEFH-TwAZ LN EZ LN, LA
LA, EGCg AU RY — LG HE, LoLHiC
LTEHE2FIERRITOLVELIITIHTDH S,
PL-B i3V Ry —ABIKE Lok, BAGEHET S
TEMFmLENTWSE»®, —7, EGCg f#{E FIZBWTH
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Mechanism of membrane damage by (—) epigallocatechin gallate:
comparison with polymyxin B
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» Department of Microbiology and Immunology, Showa University School of Medicine, 1-5-8 Hatanodai,
Shinagawa, Tokyo 142-8555, Japan
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We studied the mechanism of membrane damage induced by (—) epigallocatechin gallate (EGCg)
isolated from extracts of Camellia sinensis (green tea). The amount of EGCg adsorbed by
Staphylococcus aureus was 1.5 to 3 times as much as that of EGCg adsorbed by Escherichia coli
and Salmonella Typhimurium. This result indicates that the difference in antibacterial activity of
EGCg between Gram-positive and Gram-negative bacteria depends on the amount of EGCg
adsorbed across the surface of these organisms. The adsorption of EGCg to S. Typhimurium wild
type (SL696) was lower than that of EGCg to S. Typhimurium lipopolysaccharide (LPS) mutants
(SL1069 and TA2168). This result suggests that LPS on outer membranes of Gram-negative bac-
teria inhibit adsorption of EGCg to the surface of organisms. There were, however, no significant
differences in MIC of EGCg among these strains of S. Typhimurium. To further explore the mode
of action of EGCg, we compared the membrane-damaging activities of EGCg and polymyxin B
(PL-B). EGCg damaged phosphatidylcholine (PC) liposome membranes and caused leakage of 5,
6-carboxyfluorescein (CF) encapsulated in the liposomes. However, phosphatidylserine (PS) con-
tained in PC liposomes inhibited CF-release dose-dependently, and the release was inhibited at 5
mol% of PS. On the other hand, CF-release from PC liposomes caused by PL-B was in propor-
tion to the amount of PS contained in the liposome membrane. It seems that the membrane
damage induced by EGCg and PL-B depends on the electrical property of the material. We,
therefore, assume that the net charge of EGCg is negative, since positively-charged PL-B binds
negatively-charged lipid bilayers.



