Kor. J. Appl. Microbiol. Biotechnol.
Vol. 28, No. 6, 316-321 (2000)

stRUM 22|E WM Salmonella TF2| E=Z2 [T XL (stn)
EZef daxH J|H

=
o

o 0Z

MZCH

o

= .
=

e

oA
T
=

= ==
(=T R Rl ==

I-E'Eﬂ*
']- Al

=
=]

1

o

Prevalence of Salmonella Enterotoxin Gene(sfn) among Clinical Strains Isolated in Korea and Regula-
tion of stn Expression. Lim, Sang-Yong and Sang-Ryeol Ryu*. Department of Food Science and Technol-
ogy, School of Agricultural Biotechnology, Seoul National University, Suwon 441-744, Korea —Role of
enterotoxin from Salmonella in pathogenesis is not known. Enterotoxin gene from Salmonella typhimurium (stn)
encodes a 29 kDa toxin that has no homology to any other known enterotoxins. Expression of stn is enhanced upon
contact with epithelial cell but not all strains having the stn gene express Stn. Based on PCR analysis, we found that
all 36 clinical strains of Salmonella isolated in Korea tested carried the stn gene. To understand the regulation of the
stn transcription, the expression of stn was studied in vitro. RNA polymerase was purified by polymin P fraction-
ation, DNA-agarose affinity chromatography, and Mono-QQ ion exchange chromatography from Salmonella. The
expression of stn was inhibited by cAMP-CRP complex by about 50%.
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Salmonelle= At 9349 S} B, 7155 S5l
AE e AFSTel, LR Salmonella’t A%
ME Jel FYL 3 F FA3R= Alo] U (Salmonellosis)
o] WpEel Aoz el luh8,11]. Salmonellosise]
WA Salmonella®] ZRAE W22 Y} 2 AU
Salmonella?} lamina propriaofiA] 95-S U271 enterotoxin-
like factorE E¥|5}7] WEH[15], Salmonella ZF5->(entero-
toxin; Stn)e= wHoFst HUA QAR (virulence factor)7} Fed
3= salmonellosise] S=8.35F fgleo 7 2rgslchy ghela]n
AH5]. st IAR= single polypeptide chain®Z o] %
o]zl, ¢F 29kDa%] WAL HAbslRs 749hpe] =7 E 7
A FRAAZ S typhimurium chromosome] ¢F 90 min
Axe] 9)Ae] =gkt Sm cholera toxin (CT)elv} E.
coli7} E8)|81= heat-labile toxin(LTs)Z} w]4=3 A-E38HH
4L AAT e [7] anti-CT Al 2] blockinge]
%™ GMI1 ganglioside®} CTe| wis] <F 300080 A= v+
- AREE FHEE AR Hel (T-ike 39 ZA7

(epitope)E ZFE A|5F, subunit FE9} leader sequence’}
e 5, FEE 5T B2 Zel YHRAR). Swd
BlE CToFe 95| ohS oful:Al A9 Mol Sme)

86-96 olm):=AF A7) cholera toxin®] B subunit®] 71-
82 o)At Zb7|e} f7ke] ANEAE Hola 127-142 o}
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A #A71E CT-A9 LT-A%, ADP-ribosylating bacterial
toxin®] 4 F-99} conserved sequenceE EHol7|x F}
[4]. St Chinese Hamster Ovary(CHO) cellWjel]A 3'5-
adenosine monophosphate(cAMP)®] 5 F7FA7]1aL
epithelial celtfoll A prostaglandin(e.g PGE2)5%] eicosa-
noids®] 2l& -F=8H17,18]. |5 #&l¥ prostaglandin
o] Salmonellel &)%) s adenylatc cyclase A
3ol #oddted celtld) cAMP F=Z F7HA7IAL o|& <
&) Salmonella A=4-2 2|5t %ﬂﬂ/ﬂ Na™¢} Cro] wj
E5o] HALE UG Aoleti AR 12].

g 27 Salmonellart A% FI)M 2ol AUFHLS o
FAl A FAvl GEEE gle] FHAEIIT Wallis
2515 E7|9] 32 (rabbit ileum) E@eNA Salmonella)
ZfEe] ZHde] AP FUshed ¥ 285 2L of
Wk gict o= A -1”‘5 ] & Hﬂcﬂ’“ gzt ol
Salmonellosisell A Ax2] g&o| 9lEL A}
Salmonella AE- A4 —fﬁ-; | S43 BﬂR}-— =23
(19] st FAAZF Hﬂ°] g EFe] A FolM FH (fluid)®]
223 A AF 3] AESF wild typed] H]EA 1
AE7F FA3] 4TS B g YFA[5]. o= StnlE ¢
3t Aol W|F)= ko] frbe) FulE LA 5= 9l
= 7PsAE BoiEt

A Salmonella T2 F 240009 F-o] iﬁlﬂﬂ glow,
I 2,30040F olAke] AlEelA AFES ikl 4 9ok
Ao g HATWO R § fyphimurium, S. heidelberg,
S. thompson, S. enteritidis, S. schwarzengrund %-°] WeIA



3L, =E3Y S, blockley, S. montevideo, S. newington 5
E Fa JJFeE AEHT gt 19964 % nlFolA] B
2E AlFE AEE Audg wegel & Sumonella’}
A AaA AFE] 69%E ARsk[1], YEe AEE
S B, AldAd o] BE2PE) 70%, BAPEEE 743%
olaL o|F Salmonella’t 26.0%°]L ¥ parahaemolyticus
7b 20.0%evt SAPER B Salmonella”t 27.1%0) T 9
A E colz} 21.5%% ARSRAL 9lelA] Salmonellash E.
colizk A2 Aule]] Zaha Q. #=] ee] A9 19934
FE 1999971 7l WS ABE Z Salmonellad o)
fele] ® AFEL A 37.7%F sk g} u|Fe
Center for Disease Control and Prevention(CDC)2] A}
o olsta wl=elA vl Algsa) -ish] 64 S0R-33
3t we] AFmgaly} whalste] oF 9,000 ] A}
2 gkt a2]al o]Egt Salmonella®) LGl Hi= AE
ol 7haFet 2keldn] A9 e e By A
#=, otolazy, A X wiAA) Hie) wa, HT
ol B FellA "AIFA o] Fbsle FAR AFE A
ol #e A7 o2 FR38 ke YEEA glen
2, Asae) AR AFES -8k Salmonella virulence®}
2 At IAE 7] HF) FHelA A5 g B
2% Salmonella®] A=A FAAL] LED otelB 7o)
Bese. Teime, B ATlaE Sqeld 2R A%
= A<l Salmonella TFZ WAL R AF4 Azl 2

E TABIT jn vitro transcription assays ©]-8%te) sm
Azt E B4 AR

WE W

PCR(Polymerase Chain Reaction)& O[&8t =Ll 2|
Salmoneli®| stn FHX HE(16]

s AL A&l ALEEY Salmonella typhimurium 1662-
1666 T4k S. enteritidis 308, 316319 HFE FYPRA
A AW A=l S sphimurium ATCC14028 - KCTC
1925, el Rel® S enteritidis 2702) strain® S
Javiana, S. heidelberg= 5 2| FTel|A], 22T 71550
A Balgh S pphimurium 1-10%), S, enteritidis 1-10 straine-
A& ol 27t Bokg whol & 36709 Salmonella
sp. oA st 2 AEE A=sgw 2 straing
colony*l 4] GeneReleaser™(Bioventures Inc.)5 AREs}ed
genomic DNAZ &3}e} PCR ¥h5-9] template®. AF&-3}
Aot B 2 2 T sm FRAAE AEsP) $lg
PCR primer®E 5-GCAGACGGTCGAATTCCAGCGGTT-
3stn-1)F 5-ACTATCTGGTCTGCAGTGATAGCG-3 '(stn-
2% &9k Bioneer Co.). PCR B2 denaturation
(94°C, 30sec), annealing(63°C, 30sec), polymerizaion (72°C,
30sec) ©AE 303 HE-E F PCR products: gel
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electrophoresis®. 2elsledw].

Salmonella RNA polymerase & [2,10,23]

Salmonella seed culureS 2x LB wi#] 3o HEF =
LEFAM Ag=2.5 AEZFA] Wik}, Salmonella )
£ 3ldte] of 10g8] FAE AU 97l 260 pg/ml
lysozyme?} 0.2% sodium deoxycholateE &8} FA S
481417131, Polymin P (EE%E 035%)3 °]435kd RNA
polymerase EAML dglcd DNA-agarose column
(Pharmacia Biotech Tnc; 1.5x10cm)& TGED [10mM Tris
(PH 79), %) glycerol, 0. mM EDTA and DTT}+
02M NaCl W= Z v|z] H33F 5 F 02-1M NaCl
gradients 2 ml/min®] $%°22 crude RNA polymerase=
AA sl izl Z+ E2)-2 sodium dodecyl sulfate-poly-
acrylamide gel (SDS-PAGE)S AR&8led RNA polymerase
2] B B subunitd ¢l ¥F F ZEANS ammonium
sulfate® FE3IGT) $5H FEANE 03-05M gradi-
ent® 1 mli/min® F4°F Mono-Q column(Phaomacia)yS-
ARgsled AAlESE oF 038 M NaCl $=eAd AR
RNA polymeraseZ €%t} TGED ¥3E ZE AHA)7A
A 718 vz AlgsialH.

Template cloning [21]

stn promoter regiomS FcoRIZ} PsA sited Tge] &
stn-17} stn-2 primer® AMS¥le] PCRE sl =717}
°F 400 bpal fragmentE gel elution kit(QIAGEN Co.)Z
Ah3led elution ¥ F Z749) AIgF B4R PCR fragment
®} in vitro ftranscription template§ vectorel pSA6002
A=)5t9el. Ligations} 3 E. coli DH5a¢)| transforma-
tiondFal o] cloned vector® pStme]2} == 3lEvt. Wizard
miniprep Kit& ©)83}e] supercoiled plasmidS )51

.

/n vitro transcription assay [9,20]

in Vitro ftranscription ¥H&-2 20mM Tris acetate, pH
8.0, 3mM magpesium acetate, 200mM potassium glutamate,
1 mM dithiothreitol, I mM ATP, 0.2mM GTP, 02mM CTP,
0.02mM UTP, 10uCi® [0-2PJUTP (800 Ci/mmol), 2nM
DNA template, 20nM RNA polymerase, 5% glycerol
2 71Eo= AMgslgith 40nM CRPS} 100 uM cAMP 2
LR me} 9T 37°C oA 108 2k3A1Z] F 592 fom-
amide loading buffer (80% formamide, 89 mM Tris borate,
89mM boric acid, 2mM EDTA, 0.05% bromphenol
blue, 0.05% xylene cyanol) & 7}sle] ¥h-&-2- FR|A|F ).
A€ RNAE 8M urea, 8% polyacrylamide gelell &
oA E2gt F Xay filmell 2338k transcripts &lsh
et
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Zz 9 nE

=0 228l BN Saimonella B50IM BS54 &
X stnie] 22

stn A= Salmonella enterica straindls HEE &
ANBATY Salmonella bongorizolls AR gb=rhw &
B elemz[l6] g=elA Fe)E chekal sirainel A9
stn A&k £XF 47] $18le] PCRE sl S
typhimurium V75, S enteritidis 17, IR S, heidelberg,
S. javianaZ 7¥A3l PCRE ¥ A}, A¥ 3} 3659 &
= A= el Sumonella stram®ll A s FERMAA] H-
#E <F 400bp2] DNA T2 &€ 47} qlsieh(Fig. 1)
1220 S HAM Salmonelladl 8l LA E A%59) g
o AEAvt dHFA =] JEL & el 7154
F57) FPsstedet. Salmonella®] BE strainge] A
RS 7HAE QAT AEAS A4S g ol
2= 2 7R FFe] sbedlel. ARAVE AMER] &
= strain sm SRR FY F33F X %(single base
substitution).2.2. ol stop codone| WA= A9 =
promoter -¢lof| o]} v]5=8; WA} WAPdled promoter2
7Ps& ol A7) 7hse Aol v risAd e Es
HAXSo] 9 Salmonella straing] LT2[24]12] 7899} 2
of WG AT FEE v]lHE posSe R
regulator’}t T straind}t @] o}F A% eke @ i 3
& el obd A st 2ol F3E F= Ao] opd7t
A zkF eI A e}, oA 2o 2= ADP-ribosyltransferase-like
activitys Wel e F-29] ofn]icate] el 73f-elct. o
of Mgt vis}l zbo] St ADP-ribosylationd 927

o

frde B2 bo

M 1 2 3 4656 7

A

1000bp
500bp

M 1 2 3 4 6 6 7 8 89 10

o toxinsF A AAME Halni(22]. AF7A)
8157 adenylate-cyclase 48 EASE ol 2 ofm|
XA MY AFEAIE BelX 9)2m conserved sequence’f
et = "E Edel Ml GARG[14]. 2= & 1Y
9 G7IM g Aoz QM= AFELS] FAI F9lel
EAER= 831 ofn|ixAle] vl £ glong E4lk X
AEAT 2 FH¥0] AEFA| g strainEoe] EAG 7}
X Sl

Salmonefla RNA polymerase?| &X]

sm FAAL] 2H 28-S A7) 3t Salmonella
RNA polymeraseZ AA|5193ct. Polymin P2. U3 AA5L
ZEANYE DNA-agarose column® 2 A5 A} 5 4

025 — — —_ 120
— 100
— 8O

»

— 40

Abs (280nm}
Salt Gradient{NaCl %)

0 10 ’ 2‘0 30 40 50 60 70
Time {min)
Fig. 2. DNA-Agarose chromatography.
The salt gradient was from 0.2 M to 1.0 M of NaCl with flow
raie of 2 mi/min. __: Abs(280 nm), ...: salt gradient

8 9 10 11 12 13 14 15 16

B b e . ]+ st (400bp)

11 12 13 14 15 16 17 18 19 20

“ stn (400bp)

Fig. 1. Detection of stn gene in Salmonella sp. isolated in Korea nsing PCR.

(A) 1-5: 8. enteritidis 308, 316,317,318, 319 6-10: 8. typhimurium 1662, 1663, 1664, 1665, 1666
13: 8. enteritidis from chicken, 14: §. enteritidis KY2

S. typhimurium KCTC1925
(B) 1-10: S. pyphimurium SNU1-10, 11-20: S. enteritidis SNU1-10

11: S, typhimurium ATCC14028, 12;
15: 8. heidelberg, 16: S. javiana



7R Factiond US 47t U=kFig. 2). 2F2ke] fraction
= SDS-PAGEZ #3lgt 4%} 313} 48 fractionol 4]
RNA polymerase2] B.f' subunite &eld 4= 9l SDs-
PAGE pattern®2 3% fractione] R2v} o AAAlE e
£ 4 293 o] F 3 fraction® H=3}ed Mono-Q
chromatography® <=l rt. Mono-Q A 5 HA] 470
o] fraction® ¥< 4 AUWIL(Fig. 3) SDS-PAGEE 2%
fractionsl] A4} EA[Fo] <F 36kDadl o, ¢ 150KDasl B,
subunit?} Fx}gko] <F 70 kDagl sigma factor(RpoD)S
olgh 4= 9)%ivhFig. 4). Salt gradient”} ¢F 0.38MY o
RNA polymerase”} elution-2r] 10g A=2] Salmonella T
Al Aef mgA =o] kS & = sllvh AP RNA
polymerase’= in virro transcription$- vector?] pSA600<]
repA transcript(Fig. 6)2] H o2 o715 Felslgiv)

CAMP-CRP EFHZS| stn BE Kol
stn AR promoter F-5-2] DNA 97|MHES HES

Abs. {280nm}

Salt Gradient (NaCl %)

Time (min)

Fig. 3 Mono-QQ chromatography of DNA-Agarose fraction 3.
The salt gradient was from 0.3 M to 0.5 M of NaCl with flow rate
of I mVmin. __: Abs (280 nm), ,.: salt gradient
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A7 +1 $Rell CRP AT A7 1ML fAkaE 97
A de] LAAEJ(Fig. 5) in vitro transcriptions] 4] cAMP-
CRP®] “d8Fe 9F3l9ict. AAE RNA polymerasest st
promoter® Z}A 3 $J= pStn plasmid, LB cAMP,
CRPFZ AM31ed in vino transcriptiond $2l310+}. pSA
600 stn promoter”} cloning®]7] A¢] plasmid® negative
controlZ. A-4-5190v}. Fig. 64 E 4 glFo] pSn
template® ARGE Z3-9-ofl2k < 120bpe] stn transcriptE
g 4= 9%l cAMPSt CRPE Ao Wl T4
7850l st transcript] VA FAFE 2 F UHTHFg. 6,
lanc 4). Phosphoimager (BAS 25005 AR&dle] zh4-d
transcript®] intensity® ZH3F 23} cAMP-CRP complex
7 9l A, ol Aol vlel o 50%9] intensityE v}
eRf9lx|RE CRPYF ©HEo® AHristg g A-ol= sm

(kDa)
\ « 250

|, - 64

| a— 50
-+ 36

«— 30

-« 16

Fig. 4. SDS-PAGE pattern of Mono-QQ chromatography peak 2.
Samples were electrophoresed with 10% SDS-gel.
Lane 1, purified RNA polymerase; lane 2, size marker

1 CCTGCAGACGGTCAAAATCCAGCGGTTTAATTAAATAGTCGAGCGCGCCGGCTTTCAACG

61 CCTCTACCGCCGTTTCCACGCTGGAAAATGCCGETCATAATCAAAATCAGAATGGCGGEGAT

121 TGAGCGCTTTAATCTCCTTCAGCGTGGBCGATACCATCCATCTCCGCCATACGCACATCGC

181 ACAGTACCAGATCAAAGACTTTCTCACGCACCTGAGCCAACGCATCATGCCCACTGTAGG

- = +1
241 CCAGAGCGACGCCCAGCCCCGAAGCAGCGCCTGEMAATbGTGCAGTGGCﬂA

Consensus sequence of CRP binding site TGTGA TCA
301 (_BATCATGATCCACAACCAGAATATCGATTTTTCCGCGTATCACCdTTGT[TAATCCTGTTG

CA

traslation start codon

361 TCTCGCTATCACTGGCAACCAGATAGTAAAGACCGCGCCTTTACCCTCAATACTTTTCAC

Fig. 5. Organization of the sin promoter region.

Arrows indicate the promoter region cloned into pSA600. -10 and -35 regions of st promoter are indicated by box. Translation start codon

was determined by Chopra et al.[4]
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pPSAB00 pStn

1 st

transcript
, 4—repA
CRP - + +
cAMP - - +

Fig. 6. In vitro trapscription analysis of Py, with or without
cAMP - CRP complex.

pStn containing stm promoter was used as a template for in vitro
transcription analysis. repd was used as an internal control.

transcript®] intensity7} WEE Hol2] oQke TR (Fig. 6, lane
3) stn transcript®] ZkA-=(Fig. 6, lane 4y= cAMP.CRP
complexel] 2Jg} EAUS & o 9% Fig. 50 EkA
wkel Zhe] w2k +1 site®} cAMP-CRP complex®] binding
site’} A2 AAA Q)22 cAMP-CRP complex’} trans-
criptiong W&#3h= ALZE JAXIH

cAMP-CRP complexel] 2|3} repression® L ®h4e] u}
2} 7 7HA] el vhrelzlel. CRP A3} H-917F RNA poly-
merase?] A3 F9¢} AAA 3le] cAMP-CRP complex
7} RNA polymerase®] ZH2 #ast= A% direct
repression] 2} S} activator?] Z2&-L w}els}Av+ DNA
bendingS U©A repression-loopS f-£8}ed transcription
< Adlislk= 792 indirect repression®|=} FEH13]. sim
promoter®] 7-9-= A= el CRP binding site”} +19 &
Aoz 9xs 9022 cAMP.CRP complex”} RNA
polymerase®] ZAgrS Walsle] sme] expressions- *1]5}
7, EE cAMP-CRP complex?] A2 DNA bend-
inggol W3] sme| expressiono] ZHAE 7leAlel i)
ol Salmonellr} A N T2 AYIRE W o2 5
= AX WellA] odofre] Wjel] zkEA wkgEted sim
Axpe] Wae] 2AE ZHolai= risAE AARRle AFE
A, stn 8 2L Qs 28 Wizt E Aol
31 oA} =3 sm promoter?] -10 regiond con-
served sequence (TATAAT)S} Ae] LXAFh}, -35 region
2 odukgel conserved sequence (TTGACA)Y} Hd- =)o)
7} ele}. olAL, sme] L&Ho] cAMP-CRP complexs)e]
£ regulatore}d] A3abgel] s 2HE Folgl= RS
gl B 4 gl

2 o

i
9

SalmonellaZ Q3] LS = salmonellosissl 7

oBA fHe] FHeol A ofF W wHA A
= o). Salmonella typhimurium (stn) 254 A=
o oW AEtelE AFAAS Helx] g =7 oF 29
kDagl S4F whErt. s HHE A Eele] Asatg-
o 2l F7IIAIE, s AT 7T Y ZE strain
o] AEAE AdAE g B dTelMe =hlelA
2= 36719 Salmonella HHA TFNX PCRE o]-&8}
of g FARZS g2t Al WE 75 Salmonella
BEA FAAE EAYE & Udeh Saimonella RNA
polymeraseE polymin P fractionation®} DNA-agarose,
Mono-Q chromatography & F3}o] AAslgz A
RNA polymerase® in vitro transcription assays <8k
23} sm promoter2] o] cAMP-CRP complexel] ]3]
F 50%% 5% ZhagHe seld)sdct. Salmonella?) A AE
o AFYS 9 Sm WHe] FrREIE Wil AR o
7]kl 2sl] defuls FAlIRE FEA]A] ok g)vt
[6]. °] Bk, st AR 2T e I FellA AA
Stng WH== FFVE Gl H7) ekevhie AMF16]) A
stn FAAL] HHg A= nx|e 2R} 9L 7}
545 AAkslE Flele)

#ZAtel 2

2 dye 19989 Sl i 7] 2008t TatA) ¢
Aoz sEgor, YA 200080 FuEkE21 A
goll sl AR Hgrlel A=
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