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&} AR A A E o) A o8- 24181 $1 8] Y H T 21 EL X 107 celiml] S. fyphimurium i
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H T Aol dgddE EFsla A AAZHoR
Salmonella®l] ©)8 255 WHo] Frkela Ik, 20, 25, 26).
Salmonellae 7V¢ F83% FE Aldog o] #Fd 2% gL
Salmonella typhi®t S. paratyphi A, B & ¢l 23 FE|F~
AR Zl2 (typhoidal salmonellosis)3t Al @A AE%9] F Aol
o 23 v] AE}F2A] AR AEE(non typhoidal salmonellosis)©]
ATHS, 29). AT 593 EFR Y Wl FEIF2A Aol B &
Aol A AT &8l AV Hi ok HIZE
nalidixic acid®l] thg+ Wdol) &3t BarSo] Fjvict Z7} FAHolH,
ACSSuT (ampicillin, chloramphenicol, streptomycin, sulfonamide,
tetracycline)*] WA NS S. typhimurium DT1042) £80]
W3] e Iok). B3] koA BEEH e Samonella®t
22 FPWMTE-L quinoloned] AN thst YAge] AjAlo A
P e AY $9 & o F d#lA JAThG). Nalidixic acide
quinoloneA] YAZ quinolone ¥} 3Y2] 3 )Xo Fl=EA
7|(catboxyl group)Z 7}AI", quinolone 3| piperazinyl group
# fluorine®] F7}5 o] AlFe] F4EAQ DNA gyrase?] A
subunit®l] Yx}A o2 2-8-3le] DNA A5 Wajste Atas
£ VR, oo @ 2719 WA, &3S Basd,
Fei 7 B oA WS VRE IR I s
3 3T g ERE v 2eA Johis, 23, 28, 30).
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ZHteaye A AAIFoZ d] AH|HARE 7P tF3A A
o 2-70|t}h31). ZA= flavanols, flavandiols, flavancid, phenolic
acid 59 polyphenolT& 3t Sled], HF-EY =3t
polyphenolF+= catechin® 2 2 47 flavanoliF2]TH10). B 7+
A F23F =2}9| catechin® (+)-catechin, (—)-epicatechin gallate,
(—)-epigallocatechin-3-gallate 502 catechin®] E7= BF
2HE A, dFE, s A, A, st 2
g4 3 A, AL Tol e AeE &EA e,
ol ZHg-9] R ZAte] FejulE o] 7|k Ao
2 2us3 glvt 53], TP AdEdhe o9 FF4 Ads
oM RaHAA R, ojw gk 7|20 2 Ao Bl FFE v
EARE 3] AR FITH(L, 12,13, 24). FAAS) WE F
o WA #59 3 NEE dX35] A F on, B
o2 B3 79 HAolu 28] de FAAE HE
Bl BojEge 2d 4 JonZ B8 AAE F 1o, A
9 B 74 Alole Htt Y 3 M9E Zere Rt
91TH28, 29).

FHIZoe A HAES] HEoE JAUA S JaaHE
ZA T A7t 28] JYPET Utk Tetracycline A G
oxytetracycline®] ™3t WA= 7}AE Bacillus %, Staphylo-
coccus aureus, Escherichia coli 5-& 2%4+e] F2A%<2] safonin}
oxytetracycline©. = 58 *2|g A7}, safonin? oxytetracycline®]
AzAg 02 213k oxytetracycline® W3S Bacillus 3+ S.
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2] 42X 220} (rosemary)’t 73l ESAISHE Streprococcus &
off thated dt &Ade] sirhe Bard uh .em(27), methicillin-
resistant Staphylococcus aureus (MRSA)Y )3l TPPS] FAIAE
1 EGCGS} B-lactamA] A 9] d5a o] tls) Hod u} )
Th33). 3 5298 EGCGS ECGY} Helicobacter pyloriol
A EAAQ gt 2Ho] tkar B s th32).

58 AFANNE F252E9 22 FE(tea polyphenols;
TPP)ell 2228 E. colidA YeR = o8 71A] Al ZNe-8 2A}
Shal Z2HS-Z A% v Jok). B S5 AlAlFelHA
nalidixic acid®ll WA A S, typhimurium©] TPP ©E02 W=
ZHAE Wt nalidixic acid®} TPPE W88 39S w9 I
TEAES vwstgor, Tprel| o) frse 2AEH A Tz
¢l DnakK®} GroELY] =2 SDS-PAGES} Westem blotS £3}
of ZARIATE. T3 o] o] TPPY nalidixic acidell =25 %]
= 1 dovke AES o Fe) M= FARAAAM AL o]
23] Bl

WE 2w

T 3=o| &t 9 fjefxH

£ dFA ALSE A WA S, yphimurium TFE B9
o] BAERE B F 10052 oo st 384 U
3 S. typhimurium-< Mueller-Hinton broth®l] 4%} 31, 7H4
ZAte] ¥F FF=2 America Type Culture Collection (ATCC)ONA
THT E. coli ATCC 259229} AZ% AFS S. typhimurium
ATCC 140285 AHE-3F4ATE ©] @558 Luria-Bertani media
(1% tryptone, 0.5% yeast extract, 1% sodium chloride)ell Z+z}
AE & F, 37°C Wi d71elA 24717 i Fe).

Nalidixic acid2} TPP & £ X 5= MIC) £

Nalidixic acid®] 7Hp4 A|EL CLSI (Committee for Clinical
Laboratory Standards: CLSI)olA] @Ash= ¥hdd] we) 3+ g
oz AJEtrhie). WY TFE I wiRo) AvhH kst
I, 18~24A7F Fofl AR AFASE 0.5 McFarland®] S8
o] Al FgHo =z THERITE Nalidixic acid FE0F 4 pg/ml~
512 pg/ml®] F52}F TPP 250 pg/ml~1,500 pug/mle] =2 natidixic
aicd9t ' Mueller-Hinton 34 wiA](Difco, USA)S ZH]3}
31, 0.5 McFarland®] Alvt dEHE 108 3148 3 2 iE H
stod AR dzTRE Aldsld AEs, aeEe] wjA] eow
HE3IAT) oA 37°Co A 24417 wjke & AT S
A 471 FAE 338 ¥HEEY HAIAFEEMIOE &
JtHT. o] BHE vl OZ nalidixic acid®} TPP -8 A#A|
FaES Yl e 258 Addsid AY o F5E sk

TPP2} nalidixic acid0f| LHE! 232 time-kill =A}

Aol tHet TPPS} nalidixic acid®] A-FEAE ZA}E)7] $)
3t time-kill HARE AABITE AlFe AAER o] HES 5,
WFEAG71E AREAS 32 660 nmoll A S8} 1.0 o, 9

S. typhimurim2] TPP9} nalidixic acid®] -8l 23} A5 &3 123

M FEE FHol €3 4°CE FX3EA 2,000xgo A 1087E
HAE AT Dol #A= 100mM phosphate buffer (pH
7T0)Z 33) AT FHIE g w59 TPpel 5U3F %
9] #AE HE39 . T3 Muller-Hinton brothol] nalidixic acid
£ ©5 T TP} Este] ¥, 7] 3E 0] 10°~107 cfw/ml

HEE S &, A HEeE aAujAd 100w H
Tt 37°ColA st & FAE S AT Nalidixic
acid == TPP =02 A 2|5l-& w9} nalidixic acid®} TPP
Z 3819 3L Ao T2 b A7t BE AT 4
E&E 47 A8kt

TPPOI| CHEH MZ2| AE2|A S2HES

2EY S FAHAYL Flattery-OBrien 52 HPHO 2 AAIS1Y
oh9). TPPell &t Mite] AEd# 2 SAATE S5t oA w
Aol A} wfj kgt M-S 2,000xgolA] 1027 DA ST YA
g £ dojzl #AE 10 mM phosphate buffer (pH 7.0)2 3
3 AFSAIL, AIH 3 oA 94 BeE AAlste dolzl Al
& Tkt wx9] TPP| 598 45 AEstd g3tk &
& 1503] 3]k 37°C #i 71X miFahEA] gk ARt 7t
Ao TPP T4 WH-& F3U.

T 4°CE FABFEA, 2,000xg0 4]
%l @315 10 mM phosphate buffer
. 71 ¥ 10 mM phosphate buffer (pH
2)5PAA, 5 WE 30323+ 103]
HHESIEA gasle] BiAe &350 AEE izt &
£CE FASEA 3500xgE 3087 QAR F TS ¥
et Sle 45 S Fal Bradford WS o&ste WA A
FS HASETYME). 1ml9 Bradford &9 bovine serum
albunim (BSAYS ZFzt 10 pg, 20 ug, 30 ug® J71sled sE7F wk
SAIZ] &, 595 nmoll M FREE 431 REFAE G419
CFEE AR A o] EE T HYE HojuA gx
£ 1 ml9 Bradford 890l A9 gt &, FEEE A3}
of thila S AAsHATh
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SDS-PAGE®} Western blot

F&3% DL Bollag 59 e w}e} SDS-PAGES AA]
SFATH3). Separating gel - 12%2] acrylamide gets AM8-3}%.2.
™, stacking gel 4%<] acrylamide gelS AFE-5}5th A719%
& gel2 staining solution (0.1% coomassie brilliant blue R-250,
45% methanol, 10% glacial acetic acid)©.Z 2A]17F G283},
destaining solution I(10% methanol, 10% glacial acetic acid)$}
destaining solution II (5% methanol, 7% glacial acetic acid)® 2
ARt 2B S SADE A (stress shock proteins; SSPs)2]
248 915}l Sambrook F2] #Hol wel Western blotS A
3ATH22). & AFo| AH8E 13} A= anti-DnaKe} anti-GroEL
monoclonal antibody (StressGen Biotechnologies Corp., Victoria,
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Canada)s AH83l9e™, 23 A& antimouse IgG HRP
conjugate (Promega, Madison, USA)= AM&35IAt} & &)
Whg-& &332 98] ECL kit (Amersham Internation ple.,

Buckinghamshire, England)yE- AF8-3}] X-ray film (AGFA, Belgium)
off #dgt 2 SSPs FHS HAI51 )

FAEXIE0|H 2 0|88 M= 2| P HE] 23
TPP9} nalidixic acidoll =Z&8 Alwe) A% 23 Heje] Ws}
S dolr7] 918t Cho 59 W wE} FARRAER] S o]
BIATHD). At HAEA o] HES F, Y425 dojr
TAE ZH2F 5,500 ug/ml F=2] TPP, 1,000 pg/ml 59 nalidixic
acid, 2,500 ug/ml F=2] TPP} 500 ug/ml F=2] nalidixic acidoll
AF3te, 37°CoA 6AIE =E3AIFTE =EA7) &, ajdel s o
A B8l #AE 8)<=3}aL, 10mM phosphate buffer (pH 7.0)
2 23] AF3SIATE 100mM phosphate buffer (pH 7.2)c] 3]4]
3led WHE 2.5% glutaraldehyde (Gradel, Sigma, St. Louis, USA)
2 A & FU3 buffer® 343 1% osmium tetroxide= I
Atk 1A E AEE 30%~95%2] SIS Aoz g
FAAT 100%9] FFLANAM 28 HF Bl 100%
hexamethyl disilazane®| Al ¥-A|A F7) FollA Az} A
ZA1Z] membrane filterZ slide glass 1ol F-238F & sputter
coater (IB-3, Giko Engineering Co., Tokyo, Japan)E A}l-&3}ed
golding coating®t ¥ Hitachi S-2500C FA}31w)73 (Hitachi, Japan)
o2 #A3)
1 o nE
Nalidixic acid2} TPP Z| 42X &= MIC) £H
Nalidixic acidel] st HAhJAex AP 23, W} 35 5
HAAAE=T} 32 ug/ml 01241 10702 WA S, syphimurium T

Log CFU/ml

Time (hr)
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Fig. 1. Effect of the synergy of TPP and nalidixic acid with 10 strains of
S. typhimurium.

F5 AEsigen, o] #559 TPP e HAAA T
2,500~3,500 pg/ml 9ol JE RAoZ ekt ol T3l
5le] TPPS} nalidixic acidE WS =EA|A A5a3E 291
st A7, 500 ug/mle] TPPA] nalidixic acid®] #HAAlEE=7}
16~512 ug/mi®] WA A= o, TPPY) F27F 1,000 pg/
mle 2 Z7}SPHA nalidixic acid®] HAYATEE 8~128 pg/ml
o2 AU HFEe. 1. &3], ol 5 7hed 205F= TPP
7} 1,500 pg/mle) ¥52 W, nalidixic acid®] %7} 8 ug/mle.
2 343 #AaH%en, g 33FE 16 ug/ml 015k 349
AsEE Jehio] AN 75 5 50%0A F s5tEe] H-eax)
o tigt A52H8-& Jepth WA 57l A nalidixic
acid’} 128 pg/ml ©149] HAAQAFEE YeEho F s5HEe
He g3} gle Ao Z UePdtl Zhao S(33) methicillin Y
X391 S, aureuss EGCGS} B-lactamA] &AA| (<], benzylenicillin,
oxacillin, methicillin, ampicillin, cephalexin)?} A& &3 74-¢

Log CFU/ml

Time (hr)

Fig. 2. Survival of nalidixic acid-resistant (A) and nalidixic acid-susceptible (B) S. typhimurium after TPP shock. The cells were maintained at TPP
concentrations of 0 pg/mi ( A , A ), 3,500 pg/ml (M, [7), 4,500 ug/ml (@, O ), 5,500 pg/ml (¢, <), or 6,500 ug/ml (¥, V).
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o] EGCG = ZUAS ©@502 AME9e mrd e fx)
ZR1 Bt B9 vehitka Haslgled), ole & SN
HoiX nalidixic acid WAIQL S. syphimurium®) TPPS} nalidixic
acid®] W8-Eoll Tt A Fsate]l dute} fAleh Fe e
Wlth o3 d#e} Avke TPP F EGCG7E S3Ael
e T AltllA A Be e W WA AT
MM BHHR] A F5ENE 8-S SRlskch

TPP2} nalidixic acid CH 8t 32| time-kill ZA}
S. typhimuriums nalidixic acidel WAQl 59 725049 &
FE FEEa] TPPY} nalidixic acid BHE0.%2 Ad] 39< me}h

S. typhimurim®] TPP} nalidixic acid®] w-8-of <]t

Log CFU/ml

Time (hr)

Atake B3 125

ol5S HEIUS W = 2
olr 7] A3l time-kill ZAME AAISFITE Nalidixic acid W43
TF+ 5,500 ug/mle] TPP F=olA, Z4eAl T 3,500 ug/ml
9] TPP FEolA WEE-3te] AEgo] PAHOZ 7149 o
6A13E o) Foll= Hete] TEE R ¢th(Fig. 2). Nalidixic acid
oA A T AESL 256 ugmle] ROl HxpH o
astal 6r]7t o] Feto] A kot WAl F e
A el BU H59 nalidixic acidol|A 7HAEE 9B
VERAAITE 6A17F o] Fol| . BT AT E R eiskth(Fig. 3). I
3t TPPS} nalidixic acids W-83F9& 7%, nalidixic acidol] o
3ted WAISl T TPP 3,000 ug/miet nalidixic acid 256 pg/ml

e AR 98 4SS 2
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Log CFU/ml
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Fig. 3. Survival of nalidixic acid-resistant (A) and nalidixic acid-susceptible (B) S. fyphimurium after nalidixic acid shock. The cells were main-
tained at nalidixic acid concentration of O ug/ml ( A , A ), 32 ug/ml (M, ), 64 ug/ml (@, O), 128 ug/ml (¥, < ), 0r256 ug/ml (¥, V).
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Fig. 4. Survival of nalidixic acid-resistant (A) and nalidixic acid-susceptible (B) S. typhimurium after TPP and nalidixic acid shock. The cells were
maintained at nalidixic acid concentrations of 0 pug/ml( A , A ), 5,500 pg/ml TPP+512 pg/ml nalidixic acid ( 4 ), 3,000 pg/ml TPP+256 pg/ml
nalidixic acid (@), 1,500 pg/ml TPP+128 pg/ml nalidixic acid (), 3,500 pg/ml TPP+64 (1g/ml nalidixic acid (<>), 2,000 wg/ml TPP+32 ug/ml

nalidixic acid ( O ), 1,000 ug/ml TPP+16 pg/mi nalidixic acid ( [ ).
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o] FEAA AEEo] FAPH oz Zhasle 6AIZF o] Foli= B
T Alto] &3] AbEEA O, A TS TPP 3,500 ug/
mi3} palidixic acid 64 ug/mle) FEIA HaAHo 2 ZFastd 5
AZE ol FolE A3 AMEEATHFEE 4). 0|8 B BYe
nalidixic acid #E¢] IAE HY L A9 SAas, =
EAZ TPPY] F=7} 718l Wt © a9l A Eue
vehlE Aog S0, TPPe 57} 27183 nalidixic
acid®] FEE GolXHEs 5 A7 a9E Jehiig,

SDS-PAGEZ2} Western blot

S. typhimurivms FAYA] 43 TFE TPP E% 3,500 pg/
miet W FFE TPP FE 5,500 pg/mld] =2A1A-S o) el

TPP shock (hr)

(A)

PP shock (hr)

am

(A)

(B)

Fig. 5. Induction of stress shock proteins in nalidixic acid-susceptible S. typhimurium treated with 3,500 pg/ml TPP for different times. The SSPs
were analyzed by SDS-PAGE (A), and western blot with anti-DnaK (B), and anti-GroEL (C) monoclonal antibodies, respectively.
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Fig. 6. Induction of stress shock proteins in nalidixic acid-resistant S, typhimurium treated with 5,500 Wg/ml TPP for different times. The SSPs
were analyzed by SDS-PAGE (A), and western blot with anti-DnaK (B), and anti-GroEL (C) monoclonal antibodies, respectively.
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DnaK$} GroELe] #a% A 99
23S BalA TPP =& A7t ) feEE
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X

T

F

¢

3tRoH, A Al7ko] AgslaA 5 TeAe ) AlEkAl=
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DnaK @iize] gk gkl thgt Bt Yo, Bacillus
cereusS I A% &=, NaCl, ethanol, pH 5l 98+ AL} 97 31
ZRsle] ol AF AT A (heat shock protein)©] FEHE
o g BuHATk19,21). wEbA TPPY nalidixic acidoll )3}
A S. typhimuriumell A FHEE Dnakyd GroELY 248 ~Ed|
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Fig. 7. Scanning electron micrographs, (A) untreated cells, (B) cells treated with 5,500 pug/ml TPP for 6 hr, (C) cells treated with 1,000 pg/ml nali-
dixic acid for 6 hr and (D) cells treated with 500 pg/ml TPP and 500 pg/ml nalidixic acid for 6 hr.
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ABSTRACT: Antibacterial Synergic Effect and Cellular Responses of Nalidixic Acid-Resistant
Salmonella typhimurium Exposed to Tea Polyphenols and Nalidixic Acid
Ye-Ji Lim, Yun-Seok Cho, and Kye-Heon Oh* (Department of Biotechnology, Soonchun-
hyang University, Asan 336-600, Republic of Korea)

The purpose of this work was to investigate the synergically bactericidal effects and cellular responses of green
tea polyphenols (TPPs) and nalidixic acid (NA) on nalidixic acid-resistant (NAR) Salmonella typhimurium. The
bactericidal activities of >3,500 Lg/ml TPPs and <256 pug/ml NA were investigated for S. typhimurium of
which initial cell number was approximately adjusted to 107 cell/ml. Complete elimination of NAS-S. fyph-
imurium was achieved within 6 hr of incubation at the concentrations of 3,500 lg/ml TPP or 256 ug/ml NA,
whereas only partial bactericidal effect was achieved under the same conditions. However, the combinations of
3,000 pg/ml TPPs and 32 ug/ml NA against NAS-S. typhimurium and 3,500 ug/ml TPPs and 64 ug/ml nali-
dixic acid against NAR-S. typhimurium showed complete removal within 5 hr of incubation. The stress shock
proteins (SSPs) were induced at different concentrations of TPP or NA used as stressors against cell culture of S.
typhimurium. The proteins were identified as 70-kDa DnaK and 60-kDa GroEL by SDS-PAGE and Western
blot. SSPs induced by the stressors were found to increase in proportion to the TPPs or NA. Scanning electron

microscopy analyses revealed the presence of perforations and irregular rod shape with wrinkled surfaces for
cells treated with TPPs or NA.



