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Abstract

Enterotoxigenic E. coli is one of the major causative agents of the infantile diarrhea and
traveler s diarrhea. The heat-stable enterotoxin (ST) is thought to be a virulence factor in the
pathogenesis of the diarrhea and to be a maker for identification of the enterotoxigenic E. coli
from non pathogenic E. coli. ST producing E. coli KM-7 strain was isolated from the swine and
molecular cloning of ST gene of KM-7 strain. Transformant eKT-53 (ST+, LT-) was selected by
infant mouse assay (IMA). The culture supernatant of eKT-53 strain was performed purification
by multipled steps. The culture supernatant (crude ST) was purified by sequentially applying
batch adsorption chromatography on Amberlite XAD-2 resin, ion exchange chromatography on
DEAE-Sephacel anion exchanger, gel filtration chromatography on Bio-Gel P-6 and preparative
polyacrylamide slab gel electrophoresis. About 113-fold purification was achieved with a yield of
about 11% of crude ST and the minimum effective dose(MED) of this purified ST was about 2.8ng
in IMA. Homogeneity of purified ST was demonstrated by showing a single band in analytical
SDS polyacrylamide disc gel electrophoresis.
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Aol Aitste WA A E 2L (Heat-stable entero-
toxin ; ST) Z& o] A 4= (Heat-labile enterotoxin
SO Z1R1E AEA MR AP M=

£ pilus7t ol &gule] B gl FAsie] F2
SHHA BELE FHIEt 71E5T ALgECA AArs
FEAIZITH9, Pilus Y42 K88, K99, F41, 987P,
CFA (Colonization Factor Antigen) [3 [1%< %t:
Aok, FEJRZTLE LT ST Fd st =&
ES QA AEAZA LTe 23 #2944 x9
adenylate cyclase-cyclic AMPE X 3N A HAALE
dosln & WYL 27T STe 24 EA
¥ 9] guanylate cyclase-cyclic GMPE &A3A1A A
AL REAT 20 W Adol ol ST &0 2= §
AE 47 AFh A} TEY A gl
v AT Asleta ddov dAgol 4
A @ot ST &34 AETH A E7, I,
A 5E o] &3 ligated loopH W o] AH A
AP (Infant Mouse Assy : IMA)2oji} wj A AP
g ol&3ta YUrh 2 o]lE APELS B A
7 ko] aFHEZ ZHHEn AF4Us Ul
o} o] a3 et LTe A BHFATL o
Foiz AR EAo] A D glon SAdFA A4
ol 7hs3tAl Hol AAH AR (ELISA) 72 74
e STe LT st ?—7} o E3h ST
A, SLdFAABLE, ST Aakazte] AzetA A
AzAL & AEdn 9oy ST AAE HEsHA
ez Zatn ok dAZA deid STY AL
EAgRe} 1, 000~10, 0003 =0l ST+ methanolol ©}
|4013 IMA AAA] 4449 STa®t methanolef £4

Adolx IMA AARAl €49 STert Atk STafAA
= A5AdATW plasmide] EA%t= Aol &<
Huoes, dutR oz NAES FHEA wt F

AetA Wslete ZEFAAAE 23 YoM oy
A Ajatolnt DNA ¥ mRNA 458 2-dth o
#HE A 2287 FE STE Adse wadugd
= mpziA ol X7 FeEldel wal el ok
Fste] AEEAEQ] AT YEIFH FAo] dx|3F}
= A7 289 g 38R Abgel @2 Adk
9] @Rt Zolstn 9lo] R-plasmide] WAL
o g3 A FAA UddLo] o] FoA L .
ST 43 -4 wogy A1 AsiMe BAV g
Holth, &% FL DY AxE STE FYsty
ArE -F’r‘?-_}’\]ﬂv‘:- Hegdggol 9§ ol A

ANz 2 qgAEAE G A4 BLPGRE
el e 2 849 ddgAgLte] sEEA H
of Wogs 4A moto] sbgdta FEAAAFTA
A HANEE 71E & Folt,

uatx B dge] ExRe vz FEAAHANE
faste FERUATE HAHESR 2E EF E
coli KM-7 %2 e @AABAZL eKT-53 oF°
7t AAkskE STE AAstd o 42E sebsta o
g ol g3t} FAZ Ysted ZLAUANEYH 9
3 AEANATAANE A HEstux

M Uy

INEF
2 AU A% T3 BP0 AGES Y
AR2RE BE ST 44rsde] $4% KM7 &

z2zRE ST AAFALE FTH3te % 80Kbp
plasmid® 2282 EcoR [ AT EAE s 29
< pBR 322 vectorll AEAIA E. coli K-12 FFo| 3
AABANZ FFE 5 ST Asdo| $53 JFe
Mgt Ao 2 KM-7 #59 G/B& 0.0962th &
£ 0.102%th

IMAo|| |3t ST ZAX % ST unit A&

IMA (Infant Mouse Assay) ol 9% ST #%-S WHO
BEAGATHAAPG 9 et AASA ST unit 4F
2o o] mo #A7|F wel G/BE (Gut/Body
ratio)©] 0.070 4w & Yoz dtu FHNujEel 40
(1,000 #1/25 ul,25p ke FAHE) & F3to 7R
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Amberlite XAD-2 adsorption chromatography

Staples 5% Wi w2l Amberlite XAD-2
(Sigma) - 450g (dry weight) & A& 2.6 x30cme]
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columno] 10L9] = ST £4-& 424 60ml/mine
£xg E3AFIE e L4958 AHz FHA
A £2NAY%. & F7F 1L, 1% acetic acid® &
£33 20% methanol 1L, 1% acetic acidg #H-3
99% methanol 0.5L, 1% acetic acid® ¥/% 80%
methanol 1L9}F 1% acetic acid® 73 9% meth-
anol 0.5L8] &2 Y& 60ml/ming £=2 $ZF331
£&d43 WREY STENES FH3HE 1%, acetic
acid® ¥H3E 99% methanol EFE S rotary
evaporator2 Al4-8ld 50mlZ ¥Z3}3L 10mM pho-
sphate buffer (pH 7.2) 2LE YM-2 membrane (Ami-
con, M.W. cut-off 1,000) & F43sc}.

DEAE-Sephacel anion exchange chromatogra-

phy
=243 Amberlite XAD-2 chromatography$] ST
& o 0mlE FHsaL ©] §2F Dreyfus 29
uhd-S w235l DEAE-Sephacel anion exchange
(Phamacia) column (2. 0% 30cm) 9] E#A)17]12 10mM
phosphate buffer pH 7.2) 600miZ £&AATh. £2
A2 OmMelA, 300mMe] NaCl ¥=®¥WE T2
20ml/hr2 &3t1 2 £89 ST¥E F38 ST
2 FRT BYES 2ol NaCl 200mME Fi3te
10mM Tris-HCL(pH 7.5) €428 YM-2 membranes
23t BA3gich

Bio-Gel P-6 gel 041}

DEAE-Sephacel €292 3~4mlZ 339 5%
acetic acid®2 v18] BF3AZ1 Bio-Gel P-6(Bio-Red)
gel filtration column (0. 8% 80cm) o) F 33 Dreyfus
23 Lallier $99 Wy < Fn=2 3o 200mM
NaCl& &3l 10mM Tris-HCl(pH 7.5) &do2
5mi/hrel £ §&3M4ch

Polyacrylamide slab gel ®7| %=

Bio-Gel P-6 gel2 3§ ST £HL FHTFE
YM-2 membrane® BTt 41 PFAZE}A
60mM Tris-HCI(pH 6.8) 9l 9 % Dreyfus 523
o] T» vhHS Fmdted 17.5% polyacrylamide slab
gel(0.2x9%x10cm) 2 25mM Tris-glycine buffer (pH
8.3) & Algste 18mAZ 43 AZP9EST gele
2.5mm 7+4 2.2 &g} 5mle] 10mM phosphate buffer

(pH 7.2)7} Bl e Al@#e) sy w3 30Tl
A 24X B¢ 120rpmeE £&39). 7 slicelE
ST A% % ST 3% BYL e 25452 5481 §
AAZ39 60mM Tris-HCI(pH 6..8) 0.5mlcl =%
o}

" SDS-polyacrylamide disc gel 7| ¥ &

Polyacrylamide gel& &3] #2]3 ST9] RAALE
galsly] Y8l ST FA Yo 2% SDS(Sodium Do-
decyl Sulfate) & 353 sample buffero]d 100CE 3
B7r N8t 12.5% polyacrylamide disc gel(0.5x
8cm) & ¥ 25mM Tris-glycine buffer (pH 8.3) &
omA/tubee) A2 A71GEs] gel& Coomassie
brilliant blue G-250(CBBG-250) @402 FA3ts]
th GAd9 Azt FAINH L Pesti 29 ol
wgeh ‘

Ermar &3

AA GAE ST £3¢ @A FLE hovine serum

albumin® ¥&TAZ 3lo] Johnson 2 Wl
wel 2339t
ST e
= ST 8%

ST AXzAL A A3 5& EQE succinate
salts WX & A&t wjgkzrs) pHE 8.52 233
of FAAFFF eKT-53"E HFstn 37TAA
120pme 2 20412t wieksilch. Wdd 1008 D4
2alsla 4cold A AN AAEE AAS
i A AHEgTh & ST 299 total proteinF2
2, 270mg°] 3L total unitsE 7. 2X 10°0] 1T} (Table 1).

Amberlite XAD-2 adsorption chromatography

Dreyfus $23 ©| $%¢& ST/} Amberlite XAD-2
Ao M@A Selxez ARITD BnF B g
o} ol WYL EUZ o] = ST &40
Amberlite XAD-2 adsorption chromatography & ’é*}‘
a3 Zrzte] Bl STHE 24T 27 Fig. 19
2o AL 9t AFEFFE £ [F 1€
8L ST/l 2% AEFYUD 20% methanol2 £33
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Table 1. Purification of heat-stable enterotoxin (ST) from eKT 53

Ste Total protein®*  Total activity ' Specific activity MED** Purification . Recovery
» (mg) (unit*x109  (unit/mg) (ng) fold %)
Fiitrated culture 2,270.00 7.20 3,172 315.3 0 100
supernatant (10L)
Amberlite XAD-2 88.80 3.90 43,919 22.8 14 55
chromatography
DEAE-Sephacel ion 9.04 2.88 318,584 3.1 102 40
exchange chromat- :
ography
Bio-gel P-4 gel 5.08 2.52 496,063 2.0 158 35
filtration
Preparative poly- 2,24 0.80 357,143 2.8 113 11
acrylamide slab gel
electrophoresis

*Determined by Lowry method
**Minimum effective dose in infant mouse assay (IMA)
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Fig. 1. Elution profile of heat-stable enterotoxin (S
T) on Amberlite XAD-2 adsorption chromato-
graphy.
Filtered culture supernatant of 10 liters loaded on
the column (2.6 x 30cm) at a flow rate of 60m}/min
and eluted with each eluent as follows. [ - I ;
distilled water, B - ¥ ; 1% acetic acid in 20%
methanol, V ; 1% acetic acid in 99% methanol,
VI - VI ; 1% acetic acid in 80% methanol, Vi ; 1%
acetic acid in 99% methanol. The V fraction con-
tained most of ST activity and this fraction was
collected for the further purification.
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w oo

I, VEFAANE ST/ A&HA @gov 99%
methanol2 £&A171 VEHA diyxEe] STV 4
259, 2813 80% methanol2 €53 V[, V¥
& 4F St AEHAA w22 £8 9%
methanol&Z Yol E STV BE2EA &skth. ol
% VEHY ST ¥eldoz Algstgnh o #Eo
AA ST 47 aAdse 2393 A7 4z 3.90x
10 units®} 88.8mgl 2A X ST &) Hlete] 55%

9] 35e7 22, 8mge) AEA HLIAF(MED:
Minimum Effective Dose) & We}lch (Table 1). ©|32
L AFE o] 9 6% JAFE&Y Tngd YEY
A HAaxdgFo] Hs i YESFHAA T total
protein™} total activitys A8 ¥&@ FEIU.
2 Btk ¥ AAEY) 930 anion exchange chromato-
graphy® QAT

DEAE-Sephacel anion exchange chromatogra-

phy

Saeed E¥3} o] Emo] F&AQ ST HAE anion
WA E BaF vk U= DEAE-Sephacel anion
exchanger® A e3led ALE3IHTh. Amberlite XAD-2
adsorption chromatography2H%E 4& VEIZ
10mM phosphate buffer (pH 7.2) 2 $241% ¥ DEAE-
Sephacel anion exchange chromatography® A A}g

S 280nmol A FR=E S & £H ST &
& A8 Fig. 29 2L ARE AR} BREY
STE 54~66%g e FFH UAL NaCl =Ll
Aol A oF 200mM NaCle] =& vehe A3
Axstn UAQYTh. ©f peaks) EHFEe F ST ¥
228 A7 oF 40%9 IFEE BY9D 3. 1Ingd] A
gty HrxdHFE JehiAT. Amberlite XAD-2
adsorption' chromatography & E-3te] 228 STl Hl
A e s o AAHAT & ST 4 A
= 10000 7t A" AE AU
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Fig. 2. Elution profile of DEAE-Sephacel anion exchange chromatography.
The fraction collected from the Amberlite XAD-2 chromatography was dialyzed against 10mM phosphate buffer of
pH 7.2, and applied to a column(2 x 30cm) of DEAE-Sephacel. The column was eluted with 600ml linear gradient,
0 to 300mM NaCl, in 10mM phosphate buffer of pH 7.2 at a flow rate of 20ml/hr. The elute was measuremented by

its absorbance at 280nm and infant mouse assay(IMA).
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Fig. 3. Elution profile of Bio-Gel P-6 gel filtration.
The fraction collected from DEAE-Sephacel chro-
matography was dialyzed with 10mM Tris-HCI bu-
ffer containing 200mM NaCl of pH 7.5 and applied
to a column (0.8 x 80cm) of Bio-Gel P-6 gel. The col-
umn was eluted with 10mM Tris-HC! buffer con-
taining 200mM NaCl of pH 7.5 at aflow rate of 5
ml/hr. The eluate was measuremented by its absor-
bance at 280nm and infant mouse assay(IMA).
® — @ ; G/Bratio, O—O ; protein

Bio-Gel P-6 gel oz}
UM Jed viel o] ST EabHe Bmxtdf

we}t theksil, HRofA E2|d STe] BAFE 5,
1007 E& 4,200~4, 4507502 Rudn Yo &
AN E Dreyfus 523 ol £ 7FsHA7t
1,900~6, 000! Bio-Gel P-62 Al&3le AAE AA|
37 #1383y DEAE-Sephacel anion exchange chro-
matography® 8 ¢& STHE L 200mM NaClo]
48 10mM Tris-HCl buffer(pH 7.5) & FA43ln
Bio-Gel P-68 Ar&3te] gel a2 4A 27
Fig. 3% Z& AA< dich 24 £82 280nmei A
FHEE 23T A B9 peakst eI oW ST
FE 238 & A 28~409 E£HM R ST
7b FeHol AUk o peakE Rold FHFE F
Hadoh. H5ee 3B%olUdn HEEFA LA F
£ 2.0mgolgem olwe FAze 158MA. ST7H
Fa9ol 9E peakd 24 B AA =7} Dreyius 5
=9} Zzjo} wetg ot of 529 Bio-Gel P-6 T
4l Sephadex G-25% A%k R vjs|Ae thd H]
A o] et

Polyacrylamide slab gel Z7|HE

Bio-Gel P-6 %2 B3l A& ST 29 3
AEE Fear] g3l d¥F ez AAE anal-
ytical polyacrylamide disc gel A719FlA ST o]
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Fig. 4. Elution profile of polyacrylamide slab gel electrophoresis.
The lyophilized fraction collected from Bio-Gel P-6 gel filtration was dissolved in 60mM Tris-HCl buffer of pH 6.8
and applied to 17.5% polyacrylamide slab gel(0.2 x9 x 10cm). Electrophoresis was performed at a constant current
of 18 mA for 4 hrs with 25mM Trisglycine buffer of pH 8.3. After electrophoresis, gel was sliced in 2.5mm intervals
and eluted with 10mM phosphate buffer of pH 7.2. The eluate was measuremented by its absorbance at 280nm

and infant mouse assay(IMA).
® —@ ; G/Bratio, O— O ; protein.

trophoresis of the purified heat-stable enter-
otoxin,

Electrophoresis was performed to 12.5% poly-
acrylamide disc gel at a constant current of
2mA/cm for 120 minutes with 25mM Tris-glycine
buffer (pH 8.3). After electrophoresis, gels were
stained directly in modified CBBG-250 staining
solution.

dxz T EdEc] gEH AR SVt £+
A=A FReE & F UATE gEA spA Y A
E 939 gel ARE B3 L& ST £IY& Ro}
polyacrylamide slab gel2 A719%E3l3 10cm gelES
2.5cm HE o2 ZEkd 10mM phosphate buffer (pH
.02 $5% F 4298 280mmolAN FREE F
Aata STE AT Fig. 4. SFo258H o
5.5cmE & A Ao peak’t BEHPLH o] EF e
AA dWAZFD ST FH%E ST 23 11%9
3587 2.8nge BETA HAEHHFES vehyol
2388 A AATEAL Bio-Gel P-6 gel 3o} w35}
o AEgA HadeFge] 0.8ng © FUMHET ol
o oshA A A¢dE Ad ST 73 A2
T2 H4A $HE A AEEHH SR
230 29 AsHE ddoly T3 BHA| ¥
AstE Agdd o WMAdE 7AHE oz
o] 7t
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SDS-Polyacrylamide disc gel M7|HE

Polyacrylamide slab gel A719F 2 Ea AFTHo
2 PEHoA ST/ ¥ & AEEE ST 4] 24
stdA T HAFEE #HAsrl Asd SDS-po-
lvacrylamide disc gel A719% & AAIEL gl @
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At bandE ERAF AF Fig. 5914 R vpepzd
o] EglAAE ST B¢ handE #EE + AAch
g dutdow olfHE dWAAMYQA CBBR-
250 YL Agste W2 EAlEol ddd] He
STS) 724 A3 g4FF AN gel2FH fElHo
ST bandg &2l & &+ gtk Alderete 593
Lallier $%9] 17} Ak HZ Pesti $¥3 o]
00l AREE HE v GAEE B A H 8o
22X 99 ST bandE &<l & & Ak oA ¢
Aollo} pAAEQl AL trichloroacetic acidel )&l
gel W9l ST7} FAH 3 Al CBBG-2509] 23} ST
chain® Ztell cross-link7} AR 24 gel Woll 3
A= gMETD

ol de] AAFAA Helg ST IFe 1%
AETH HADAT 2.8ng2 o] T 4TA HA
(Amberlite XAD-2 chromatography, DEAE-Sephacel
anion exchange chromatography, Sephadex G-25 gel
filiration, Preparative disc gel electrophoresis) 2 &
34& 15%, MED 3.4ng®] Z3} 2 Lallier 329 3
GA F A (Ammonium sulfate precipitation, PM-30

ultrafiliration, Bio-Gel P-4 gel filtration) A 4-& 3.

& 80%, MED l4ng®| 323} vlmsle] BT} A
4 STE dRov} gL ¥ a8y ugdse
A% 4§ ST A= 524F F9zolng
HYS A% ST Aol B FAugo] 488 A
o2 A},

2 o

BEANFT LS FFoPdA L JPALAY Fa
g AT IEA o]Eo] Hatels WIPZEL
= AA F2 4UEAR o8 AAAFE YA
WAEH vwstd ARG + ok B AN
ol g WA ELE FBASIAY ARGl B
2% H gle FAASTEF eKT-53% Algsta] 100
9] succinate salts HlA| ol wjdg W FYL 30,0022
dHEestd = ST 84& AL83sle] B w9 3
AA4gE B33 BARAT. F Amberlite XAD-2
chromatography, DEAE-Sephacel anion exchange ch-
romatography, Bio-Gel P-6 gel filtration, Polyacryl-
amide slab gel A7 Y5 S B3td FAsln P54
9 BAx R AE2] JEH ooy Fe 24}
stk HAFHoz AFAHA ST & ST &9

HlE 1138 o FAHAD IS N%AT =P
AEstA HATHFol 2.8ngolR A SDS“mlyacx%yl—
amide disc geldolA &Y bandE UEhRo] A9 &
FAAR Aoz Holn AL 9T Fdoz o] §
3 & Qg Aoz AU,
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