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Analysis of inhibitory mechanisms of polyphenols on bacterial induced food
poisoning and dermatitis
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The mechanism of interaction between staphylococcal enterotoxin A (SEA) and
polyphenols and inhibitory effect on them SEA toxin activity was examined. As a result, apple
proanthocyanidins (AP) and ( )-epigallocatechin gallate (EGCG) inhibited the binding affinity of
the anti-peptide antibodies to SEA active sites. AP and EGCG inactivated the cell proliferation and
IFN-y production induced by SEA in spleen cells. In addition, some polyphenols inhibited the
biofilm formation and biofilm-related gene (icaD) expression. These polyphenols inhibited SEA gene
transfer from SEA producing strains to SEA non-producing strains. In further experiments, the
influence of interaction between SEA and polyphenols on toxin activity expression, and inhibitory
mechanisms on the SEA gene transfer will be clarified.



B X C—19. F—19—1, Z—19.

1. WFZEBAE S D 5

WET NUKREIL, mRMEAeTHERET
bDHE LB, KEDPEAT DEEIN WS
VN7 E (protein A; SpA) W T F B A b
ZRITHLTIL-18 7B L, 7 b E—MEEE
% (AD) % REIE 2 2 LR HE ST
% (Terada et al., 2006), F#£X> SpA & FEAT
LWOT RUKEARET D Z EIXART
BOHN, FIEWEOMEMIX, FEMEE 4 8L
L. O TIIMIEESZFES 5 L v ) E
RRHY . FIEWEIZ L 57007 RUKER
FYERP I X OVAD OflEEN RS 5T
W5,

2. WEDOHBY

ZIVETOMET, HLT NUEREOESE
9% F7% (staphylococcal enterotoxin A; SEA)
BEOY SpA LHEMESERORY) 7= ) —
JVISFREAER T % alEE A R Uiz, £ 0ORk
REME 2T, AR TIE, HET RUEKE
FHRMEETEL I OAD OFIEVEEZBRRET S
ZEEEMIC, EOT RUREOEAT D
SEA CMAEAMERATHIHRY 7=/ — VHEHICE
T mRIEEMSI RS LT L X —
HRIZOVWTHRATTBZ 2B N E LT,

IHIZ, TNETOWLET, HLRFED 2
FEOHEMG T R UREKO a2 0 =—3NMBIREE
fih L 7= BRI, SEA PEAEREN AR L. SEA FEPE
ERRIZ SEA BB T MEfET D&V A E
BHLTWS, F2, W< OhDRY 7=/
—/VFATIL, SEA BIa T OFBLZ MM Lz Z
D R TIER, KU 7=/ — VN
SEA EinF DIsfE 2 il 2 et Lic, &
512, SEA BIG T DKIABRRIZ DWW TIERT
WChTNRMELNMELN TV RN &
5., SEA BB TEED A I = X L EfRIT %
ZEEAME LI,

3. Mo Hik

3-1. RNY 7=/ —/Ei& SEA & DFHAEAEH
TR D HL-SEA HLik % FV 7= Western blot 14

ZHWT, SEAIZKTARY 7=/ —/VED

MHEEHEZRGF LT, £/, SEA T LOT

2 BEESNZHEV, A DGR TTF K (A2,

A3, A6 BLXD A-10) AL, 2B
KT HHRTTF RHUR (HI-SEA XT7F R
) Z2ER LT, RY 7=/ — VEBIEME
PEF K OVR — X —HUJRIE PEFE BLERAL & A0 AL
TERT 2 05~ 7=,

3-2. SEA PFEMED IFN-yllEIC L 5 BEIEME
FHERE O MR

SEA THIH L 7o~ o X Ul e o> H3 5E 45
FOFEEEND IFN-yEA T3 2 Hifil2h 5
(ELISA B L W'Y 7L ¥ A A RT-PCR k) %l
EL. RV 7=/ — VT L D ERIGVELE
REZ AT L7z,

3-3. ERNET MEIRTIZEBIT S SEA LD
FAHAEH

CK—19 (Jtm)

I DFL-SEA FHiK % FV 7= Western blot i
ERWC, Ty V7= SH(AP, 7u T
VR T =YY (98.0R20%GFH) T e T
— FT7 v R A7 THREMRE) BEIO
(—)-epigallocatechin gallate (EGCG) ® SEA &
O EAERICHKTT 2 pH D2 (pH4.0, 6.0,
6.8 BL U 8.0) ZFf~T-, £/, ERRNET
VAR TFICEBT 5D SEA & EGCG DA HAEA
(ZOWTHRET L7z, 7 15#R (pH2.4 £7-13 4.0)
(2 SEA (J&H2JE 5.0 ug/mL), <7 (RRIEEE
0.4%), EGCG (f&¥EJE 3 mM) Z#Jix., 37°C
TI3WEflA v FaX—F Lz (HANET VIR
B A ¥ F 2 X— MEOBWNET VRS
Wik % pHB.0O IZFATE L=k, v 7 LT F v
(R 0.25%), MHYT¥SIR (FAIRFE 0.4%) %
WL, 37°C T24 B[ A > F 2 — | L7z,
EIEETIROPI-SEA FLik% v 7= Western
blot {2t L7z,

3-4.EGCG & SEA @ R v 3% o J ity

EGCG 1%, SEA D7 HIEMIEBLMAL & F5 5
LTCWA AR R I N2 b, Ry
o Ial—va itk bd EGCG &
SEA O K v ¥ o FfEtr 24T - 7=,

3-5. SEA BInFsIEIT T o R Y 7= ) — L
HH D4 2h e

SEA BE/ERE & LT Staphylococcus aureus
No.29 (EM', SEA*. ¥Eitk: K7 —). SEA I
FEAERE L LT S. aureus No.77 (KM", SEA-, 3E
WHikk: 7772 —) 2k E LTH
W, PLEESEZ R S WRELIF T ToR
Bilctt Lz, 7% 8 4 RAB
((—)-epicatechin (EC). (—)-epicatechin gallate
(ECG). (-)-epigallocatechin (EGC), EGCG) ¥
LT ENGZ TG & T HEFRMIRINYG 3
e (TS, EaT 7/ 50W B IO
RY 7z )2 ORALFT 4 v LTEEENIRE
BIOARNASF T 0 v A RE#EE R T
(icaD) DOFBUMHIGEIZDOWNT, 7 U A H L
AF vy NEAEBLIO®Y 7 VE A A
RT-PCR {£& AWV THFI L7z, S HIZ, SEA
IR FAREEIT T 2 JilAE 2 Western blot V£
BELOY 7% A i RT-PCR #£% F W CHIE
L7z,

3-6. SEA EAMK DR I L ONE L ik A 7
= X L DfEHH

SEA FEAEMRDIEE A 1 = X L& 6T
T 57Dz, UTNH A A RT-PCR % T
BT IR 12 35 LN 16 BEE B o No.29 ¥k
HORRHBEEE G T ORBEZWE L, £
7z, SEA B FASFEOMIAIC T, Rtk
— o= T, BEAROE AT R EKE
(S. aureus NCTC 8325; accession number
NC_007795) OZ 7 ) MRS A2 S & 12,
No.29 £, No.77 #k35 X OV No.77-L.22 ¥k D 7 /
LY=o raiTv, AR (RS
. SNP) fEHTH L O SEA & {1 DI AN E
AT 24T > T



4. WF7EEHE:
4-1. RV 7= /) —)FHE SEA & D AEH
iR D HT-SEA Hiik A FV 7= Western blot 1
ZHWT, SEAIZKTAHAHRY 7=/ —/VED
MHAEERAZBRFLIEEER, AP BXOI T X
VHIZEBWTC, SEA FHAERT D Z LR
iz, £Z T, MEEHO@E»->7= AP
BLOEGCG #LL FOBaIc it L7z, 4FED
PI-SEA X7 F Rk Z AT, AP BL W
EGCG 2 F A TE MR BLAAL & FHBAEH 3 2 2>
AT, FORER. AP B LN EGCG 13T
b, A6 (7 2/ BERES 81-100) & DOFH A 1E
NS S, £7-. EGCG BV TiL, A2
BXOA3 (7 2/ EEES 21-50) (2B ThH
MHEERT D Z LR sy (Fig. 1),

€100 - O0A2 BA-3 mA-6 OA-10

©

‘g 80 - .

S 60 4

k=]

(=}

e 40

=

[

> 20 |

=

S 0-

& 0.375 0.75 0.01 0.025
EGCG (uM) ApplePhenon (mg/mL)

Fig. 1: SEA OERFERBEHLLARY) 7/ —

LOBEEER
* p<0.05 vs Control

4-2. SEA LFHAMEMATHARY 7= /7 —LVHHIC
B 2 ERIGIELERE OB

AP 35 L TNEGCG 1%, SEADN#FHRT H~ U
A I O BEE R L OV IFN-yEAE 2 A I
0 L 7= (Fig. 2), SEs DUEM-FEME & 2 —/3—
PURIEMEICIIBEME N H 5 Z E BN S h
TBY, AP BIXWEGCG 1Z., A—/"—HH
IEPEZ T T < IRMIETERHIRE L A9 5 /]
REMEDS R &7,

G
12,000

11,000 -

o . l
9,000 ;
+AP

AFC Fluorescence (RFU)

SEA +EGCG
) (0.01 mM)

100

(0.1 mg/mL)

—_
o]

80 4
60 A
40 - ok sx

| 0 m
0 T T

SEA +EGCG +AP

Fig. 2: (A) SEA SR < ™ R I REHIRE o) 188 7 0

8, (B) SEA B FtE IFNyEEEIFIZIR
AP: ApplePhenon, * p<0.05 vs Control, ** p<0.01 vs Control

Amount of INF-y productions
(%)

4-3. EERNET VIEKFPICEBIT S SEA LD
FHAAE

AP 35 JLTVEGCG @ SEA & DA AAE I %t
T % pH O (pH4.0,6.0.6.8 35 L 118.0) %
WA AP 1L, &TO pH FFETFT
SEA L O AEAEM Z#ERF L TV /225, pHB.0
TiX, MEERANE TR T 2EABFED 5
Nz, —JF. EGCG %, £To pH &I FT
SEA & DHAEAFM Z#ERF L Tz (Fig. 3 (A),
(B)), =6z, NLOFBEOWHKET v
A TD AP B L OVEGCG & SEA OFHEAE
oW THRR 21T o7, TOREE, EKN
IZB1F 5 SEA & AP OFHEAERIZ. FlitE%
RTHARTED bz, —FH, EGCG TR
TliX, SEA OIESZ KRR FET HIHEET
JRIRTPICBWT S, TOMAEER ZHRFC
x5 LR S (Fig. 3(C)).AP & EGCG
TIXHBENICBIT S SEA L OMEEHRD
A=A LN B AREME DS RIR S T,

o © ?/C,CG

(B)

-— we— wapy % <« SEA

CO&éGCGCO&éGCG Co&éoce Co(\\éc)co Co(\\'goce

pH2.4 pH4.0 pH6.0 pH6.8 pH8.0

©

- - SEA - < SEA

Co&éC)CO CP(\\.Q)OCG

Treatment of pepsin (pH2.4) Treatment of pepsin (pH4.0)
and pancreatin and pancreatin
Fig. 3: (A) V) UEABEGEEHEEIEK (pH 7.4) B
H1+3 SEA & EGCG O#MEERA, B) &
& pH FhICE 1+ 5 SEA & EGCG DIREE
A, (C) £EHRETILBRBICE TS SEA
& EGCG O#EEEH

4-4. EGCG & SEA @ R v ¥ JfE#T

EGCG B LUFD A F /ALK TH D A F L
b7 %> (EGCG3”Me. EGCG4”Me) % M
VW, SEA & OREAEIFMEIZ DWW TG L 72
LA TaANVHE I ALOKEREED SEA & D
FEABIAMEICEI S L TRV EGCG 2 SEA ®
FRIGMERBUEAL & A5E L T2 Al REMEN
REINTZ, £ZT, Ry vIal—
v a itk D EGCG & SEAD Ry X /iR
Wr&aiToTo, ZORE. A2, A3EBILNA-6
FEE DT I )Y EGCG LHAMERALTEH
D, BT, SEA @D Y91 & EGCG ? 3"\i DK
PN KFREE E TR T DRERPE LT
(Fig. 4), L7=723»> T, EGCG O 3" D KFRFE
IZAFVEAEZEA L7 EGCG3”Me T, 7K
FREANEL 720 HAERDRHL 252 &
NHEZE SN2, MHC 7 9 %2 Il 43+ D
HLA-DRlaV 7 ==y h®D K39 7 I / ik



73 SEA @ Y92 33 LTV Y108 & 2 1 A T/KEH
HBEBET D Z EnHE SN TWD (Krupka
et al., 2002) Z &5, SEA @ Y91 & EGCG
DFEAT % 2 & T, SEA & HLA-DRloH 7=
=y b ORKEEEETE 3 AlHEMES R
hiz,

- %;,:“

a2 Q A-2~A-3 ;
M " reglon o~ :%'_?Zf'.n
EGCG "w=) - S é o i
- A-6 r;glon .\ “:4%
& g

SEA
YN
(A-6)

Fig. 4: EGCG & SEA @ K XV J @i

4-5. SEA Bn BBk R 7= ) — 1
B O 2 F

RATHHARBB XN D 2 F/S
ET DRI 3Rt DA F T 4L
LR B L NS F 7 4V AR E R
+ (icaD) FBLOMHIREIZ OV TRz & 2

Ay WTHOREL S A F 7 4 )V ADOTERE
KNS A7 4 v TR B B AR T D3 B
ZRHl L7 (Fig. 5), £72. WIThoilkld
SEA PEAEFS LU SEA BAR -3 BL 2 Il L 7=,
PUETE 2R S VKR E (3 mM) D&
TX R, HEAT RUKHOBRRBLG S
F LONA AT 4 v DI RO M R 23
BOLNIZZ Enn, BERMEPEH IR &
LTHEAT X PRI TE DAt 23
i,

(A)
§ 10 7 T T
< a
E 08 N
L a
E 05 | C = T : e,
S 04
3
2 024
§oo L — L L
A I I SR S W N O CR CI W GRS SR <)
éo RS @O(&Q q®°' e @o&o R < e <<,o(ooo
Wi o >
~° 0.03mM  =° 03mm =° 3mM
(B)
S 10
2
S 08 A
o
S 06 A
©
8 04
[
2 02
kS
g oo

No.29+No. 77 EC

Fig. 5: (A) ATHXVED/NAF T 1 JL LRI
PR, B) hTXEVEDNAF T4 ILLE

ABSEEEF (icaD) DHFEBFIMNFHIZIE
Tukey-Kramer test, p<0.05 (#7225 7V 7 7 X METH
E#=H V), * p<0.05 vs Control

EGCG

4-6. SEA PEAEREDIRE A 1 = KX L OiE]
U7 V%A I RT-PCR % AW T, &irdkss
& (Fig. 6) @ SEA FE/ERE (No.29 k%) D H

CIAEBEEEETFORAELZRE L& 2
A, HEEEE 12 BefEf: Ti. endolysin TH %
IytM. atl 35 &2 O holin-like protein T& % IrgA
ORBENSFREICHEM L (Fig. 7). 2 b
DOFEF LD . No.77 RO FEIASFEAME I X
D . No0.29 ££® endolysin 33 & O holin 237& 4
fbah, BEEESHERINTND Z EDVUR
W=, 27 7 AEINCHTH~ v B
72X No.29 # (SEA #Eis+ K —Hk).
No.77 ¥k (SEA #Ein+7 7 v 7% —H) B X
UV N0.77-L22 ¥ (SEA {5 T{=#&RE) @ SNP
fERT % AT > 72 & T A, No.29 Bk & No.77 £k T
SNP D43 AN Z— 13 R 72> TH Y . No.29
FRERD SEA 7 7 — VM N0 TTRRIE A S
722 &2k v, 1,103 fE > SNP 23BN S fu7=
ZENRHBMNIR o, 72, No.77-L22 Kk
@ SEA 51O ANLE X, 2,037,774 ik
M5 2,038,315 DO TH - 7=,

A%, SEA LRV 7 =/ — VO EAEH
A=A LB I SEA & FiEicib b
B FREAZ [FE L. SEA EIE FsHEH T & B

MZTHZ L THEAMETHEBSLXUAD ©
HNia Tl - IBRIEDOBRENPEIFRF SN D,

No. 77

Fig. 6: MEOO0=—& —MAENERBICL S
e

10
m12h O16h
8
6
4
: -_\
0

Control slel lytM IrgB

Relative value fold of
control

4,000

* m12h O16h
3,000 A

2,000 -
1,000 - *

0 ‘ _ma

Control atl IrgA

Relative value fold
of control

Fig.7: B BHEBEERTOREEDAE

slel; N-acetylmuramyl-l-alanine amidase, lytM; peptidoglycan
hydrolase, IrgB; antiholin-like protein (negative regulator of
autolysis), atl; N-acetylmuramyl-l-alanine amidase and
endo-B-N-acetylglucosaminidase, IrgA; holin-like protein.

* p<0.05 vs Control
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