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Abstract : The objects of the present study were to establish the method of purification,
subunit dissociation of verotoxin-2 (VI2) produced by Escherichia coli O157:H7, and to in-
vestigate the characteristics of purified verotoxin-2 such as molecular weight and com-
position of amino acid.

The results were summerized as follows ;

Verotoxin-2 was extracted by addition of polymyxin B sulfate into bacterial cell lysate pre-
pared from Escherichia coli O157:H7(KSC109). As an initial step, the bacterial cell lysate
was precipitated with 30% saturated ammonium sulfate. The precipitated crude toxin was
then subjected to anion-exchange, chromatofocusing and cation-exchange chromatography.
Using this scheme, we obtained highly purified toxin with a specific activity of 1.1 x 10° CD
so/mg. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis(SDS-PAGE) for purified
VT2 showed two protein bands. The upper band, approximately 32 Kd, was supposed as A
subunit and the lower band, approximately 7.7 Kd, was supposed as B subunit. When the

toxin was separated in the subunit-dissociating solution, two peaks emerged with retention
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times of 15 and 28 min by HPLC. These peaks represented A subunit and B subunit,

respectively. The amino acid composition of purified VI2 were made up in order of glu-

tamic acid, histamine, asparaginic acid, histidine, lysine, alanine and leucine etc. The largest

amount among the amino acid composing VT2 was methionine.
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Verotoxin(VT) A4t o) Bz dAlE e 528 U9
A2 A-gse, Al A £84 2349 (Hemorrhag
ic colitis)** @ F4 AFFel, 2B72F, 2HHA
WE 58 FAoEde 71y 84 =553 (Hem
olytic Uremic Syndrome)® 5& @3l 2dd) &
A H 2 gtk

VTE AAsle dAFOZE 4329 A Yo] ¢
A Qo olg F ¥YY O157.H7L ¥eHE VI
A g o] duto] o g HEdg™

VT HY9A o 9ste] BAEE cytotoxin
2 A Shigella dysenteriae type 10] A8} Shiga toxin
% 72 R 71% 9" frAbate] Shiga-like toxin(SLT) ©]
2 1% 3% 1977'd Konowalchuk 59 ¢]3}¢ vero-
toxin o] 2} HH Ut}

A7 G2 VTS| $F& V1, VI2 £ VIE
% 3FF7F 48l Jom®® VI-12 Shiga toxing] &
Yol 535 AP VI-29} VIEE Shiga toxing]
Ao FEHA G A2 HA YO 2
VT-29} VIEY] &dH & 29 dHd matgs
Uet7] did 8% P02 o5 S FEsln
Atk

VT Bxjeko] 32 Kd9l A subunit 3pv} ¢} 2=}be} 7.
7 Kd?l A7) 9] B subunit2 o] F0jx i o] &%
A subunity AXY w¥d FAHE A48T B su-
bunit= toxin3} receptor}2] Eo) ¢l Agte) B3}
v AR ¢8A o™ 53] A subunits @
FH a2 st E2F 27 Kd9 Alg 5 Kd9] A2
polypeptide 2 oA Ao 2 GHA gloP. B
AlY] HdR7t feHo) Qg Addle dHg 541
o Zgo] o U8k A WA gt o] Al po-
lypeptide= A9}B subunitZ A 2 d 73} Dot

VTE globotriosyl ceramide(Gb3) @ globotetraosyl
ceramide(Gb4)9} & glycosphingolipide] Ho]Z o 2

Agste Aoz A Jdomt ogg F44E §
€3 B¢ enzyme-linked immunosorbent assay(ELISA)
Hol WEso vF FAaAE 2 A olgF1
I

Lingwood Y& VI-1& AZ3l7] 939 Gb3s
deacylationA] # microplateo] ZAE F 9= lyso-Gb
38 whEflen, 3 & Gb3s %oled A9
phosphatidyl ethanolamine3}2] ¥ &L FAAH
verotoxin-2(VT-2) ¥ VT-1& njgEMNEE 4 9l& re-
ceptor binding enzyme-linked immunosorbent assay
(RELISA) & 723 vl glo}.

ojshzto] VId| g &§¥H Azak oji} v
o 5242 R 7D At 7| EA R ¢4
BAE VIZ} F83tm o]& 93t FHE SA4H)
ol A% g7 H T ot

958 A% VT d3t A7E S4A4), vE 24
FAAZ, PCRE o] & VT A g 379 At 2
T2 A2FE o] & vaccine AATMEA S ¢ A
T 5ol @A A7H L doy Fue M= o} H7t
A VT tf g A7t vl g 4 Aol

¥ AFAME 429 o2 RE 28 E oo O
187:H7¢] TF7} AALEHE verotoxin®] AW & &
YL 549 BAF Y FACIA F VT2 o
AhA B4E FRALA ¥ AYE AN A,

N2 ¥

SATF U MEF : Verotoxin-2 YA FFE

. o723y By ZAS E coli O157:H7
(KSC109)& E2:9) $2) % Aals) A1&ahach.
NYE 9 ATXFSe FYguade
2 2E EYue Vero cell @ Hela cell& AHg-3
%31, 5% FBS(fetal bovine serum)$} 1004g,/mle)
gentamicin 2 100U/mle} penicilling 3 7}3+
minimal essendal medium (MEM;Sigma)ol] #) o uj
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VT-29) %% : Head 579) o] whd} 4]
7#¢] KSC109 straing 0.24g/mle] mitomycin CE
A 7}8 21 x 39 Penassay brothol] HF v Fata
3,000xg2 1587 fARs JAF FAS
200mle] PBS(phosphate buffered saline)2 & Al
7) % phenylmethylsulfonyl fluoride(PMSF)$} po-
lymyxin B sulfate® % 7}8}o] French press 200 psic]
A MEE St 2 o 4Tl 9,000xg
AZAHSL QA3 FAAD F F4
- 3hg 3 Aol 30% R 70%e] FA FEFE
7bsted 4T 10,000xgE AAEAF A
EAE FANAT. AL 15mle] AtAZ A
& 7}sted 12,000 MW cutoff dialysis tubeE AH-§
3lo] 4 1 PBSE FA3IATH

VT-22 XH : Downes 5°¢] ¥ol| we} Fig
13} go] 3% 79 columng AM&-3te] AT

1) Anion-exchange column chromatography(AE) :
DEAE Sepharose CL-6B(Pharmacia Co.) 50ml2 23
3 columng 0.1 M Tris-HCI(pH 6.5)2 B ¥ 3A17l o
& PBSE %43 crude toxing loading3te| NaCl gra-
dient(0~0.6 M)Z $&A1719AM 3mi¥¢] 285 3}
gt} Zhzte) B Yol g AEEAY 4L HA
=4g Jehie 288 38t FA5a Amicon
filer2 &3 ATt

2) Chromatofocussing column chromatography(CF) :
Polybuffer exchange94(Pharmacia Co.) 57ml& Z A%
columng 0.2 M histidine-HCl $%4(pH6.2)22 ¥
#3547 & AE comno] M #3 5 NEE
loading@}e pH gradient(pH 6.4~4.0)2 &2l I A
3ml 4] 288 AR 4 28 P AESA
248 AAEd S4E YehiE 2892 Y8 §
4831 Amicon filter2 %3} t}.

3) Cation-exchange column chromatography(CE) :
CM-Sepharose CL-6B(Pharmacia Co.) 25ml& FA3%
columng 0.2 M Citrate $39(pH 4.0)2.2 3 3k
7) & CF columno]H 44 558 A8 F loadingd}
& NaCl gradient (0~0.6 M)Z £&A) 7|94 3ml 4
o 28e As At 4 £ datd AXFES 4
Aar3 @A) e FE BYS £ F4 7

T

i o

MEEN A AASAE AELFH A8
Karmali€*?9e] 9o ma} toxing 0.22tm mem-
brane filter2 ]38 ol 504 2 108 A SH
s}o] 96 well microplateol] v+Zul %3t Vero cell}
Hela cello] 2+t 33t

HZ % plate: 37T, 5% CO* 2P0 397 ¢
g9 A v} cytopathic effecsZ Am o2 FHEEA
on, B 3UFE HEE 50% APEA7)E(CD) AR
9 7% &L A u$E endpoint 3] VI-2 84
o) AEE AASAT}. CDsd BAWEL May 5
2o} W] what wj e plaeE ZAAYA W3
A M9} vjokel g A) A 8L, 2% formalino] 7}
© 0.067 M phosphate buffered saline(2% formalin-PBS,
pH 72)2.2 187 2AAD ¥, 0.13% crystal violet
(5% ethanol-2% formalin-PBS) 2. 2 20%3+ 9433
gag HEE A2oA HEAZ F 50% cthanol
20042 £EA7]3 859 1004 E 0.9mle] PBSo}
84810 spectrophotometer 595nmo 4 FREE =
AR 0w, toxin ¥ H7} hx e FR=9 &
CDs& A3t

SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) : 2+ BARANN 54 HFE
o 23L& FPd] B 2 I TFY
sample treatment 3-94[0.125 M Tris-Hcl(pH6.
8), 4% SDS, 20% glycerol, 10% 2-mercaptoethanol ]
73 E¢5te 100TANAM 4~108% < HE8AT.
w A} € toxin proteing 1 mm 7| &] 20% SDS-po-
lyacrylamide geloll loading3t %l 2™, Laemmli,2|
ol whe} A 7) 9 F 8k Coomassie brilliant blue
R-2500 2 A% & A AH protein bandE &
A& AT

[ Anion-exchange Chromatography ]

o GO -+-errervsemeressrsnsssssanss 1.6X25 cm

o RESITL +rrvereeresrssomnrssssrassssesses DEAE SepharoseCL-6B
(Pharmacia)

« Equilibration buffer-------- 0.1 M Tris-HCl(pH 6.5)

o Gradients - -smsereressssesesenns 0.6 M NaCl
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[ Chromatofocussing Chromatography

o COMUITIR «eeereeresrresssensrnnees 1.0X26 cm

o RESIT --ereereerereemmmarmremsrnnees Polybuffer exchange 94
(Pharmacia)

» Equilibration buffer - 0.025 M Histidine-HCl
(pH 6.2)

¢ GEAGIENLS ++vreerreerrermererenmmces Polybuffer 74

(Pharmacia, pH 6.4)

|_Cation-exchange Chromatography |

o COMIMI ++vvveerersreneesssssneanes 1.0X 30 cm

o RESin coevveeeesssesssenmseccsiicennas CM-Sepharose CL-6B
(Pharmacia)

+ Equilibration buffer .- 0.2 M Citrate buffer
(pH 4.0)

o Gradients «eeereveeeesessonenins 0.6 M NaCl

Fig 1. Column system for purification of VT-2.

XA toxinel ofol-it BA : FAF KSC
109 strain ©. 2 58] 28] A § toxin®] polypeptide
& BF/teR*ez Rastd ojvmxit £497)
(Pharmacia Co)2 S49) 74 olulwitg ¥A1s
Ak AAF S ImiE 100mle] 87 FepxHAo
o] 0.1% phenolg ¥ 33t 5.7 M HCIE 3718}
o WAHL QA5 3 110TAA 2443 B7381A
t}. 7.5 M NaOH $9 0 2 pHE 2317 2 0.02
N HCIZ %<& A3t otv]eit 49719 104
g FYste) 2B

HPLCE 0l®% S22l subunit a2l : Head
579 ol mel AAE 52 1mgg subunit 3
g &% H(6 M Urea, 0.1 M propionic acid, pH 4.
0)ImlE E3ted 4ToAA 1AZHEL AA T &
Td gFdez HHFFAZ TSK-G2000 SW
HPLC gel filtration columno] 3t} F&&
1.0ml/min2 %A 3} 31 A=280nmo}| A peakE & A
3t

g I

Verotoxin-22 ®A : 0.1 M Tris-HCi(pH7.
5) ¢Fdo2 BEME crude toxing 0~06 M
NaCl 5= vl 2 Anion-exchange(AE ) columnoi]
A RAE A= Fig 29 o] 0.2~0.3 M NaCl
TE FEQ 8d EFdA 59 R¥AA 100
CDs/ml o] 39| NE54E Yl 149
oA 26 71X = 10" CDy/ml o}4¢]
& S4e yEUsien, S4¢ Yed olF
8 & 533t SDS-PAGE 2 7|95 A7
< band7} #AEH A

AE columnoi A =3 %t toxing Amicon filter2 53
31 ¢F 250 volumes® 0.025 M Histidine-HCI(pH7.5)
gtEdow BN § pH 6.0~4.59 ¥ =742 Chr
omatofocussing{(CF) columnel| 4 A A|§ A3} Fig 33}
o] pH 6.0~5.0 Alo]e] FxAAL F8<1 38 &Y
o1A 718 874 10* CDyp/ml o) AELEAE
LERR AT}, Toxin £ 88 47 3}o] SDS-PAGE & A7)
HEF A% AE columnd X #EEHW bandF U
bandE o] AAHY FA=HT Y& §UE F AN
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Fig 2. Representative anion-exchange (DEAE-
sepharose) column elution profile and cytotoxicity
of VT-2.
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Fig 3. Representative chromatofocusing column elu-
tion profile and cytotoxicity of VI-2.
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HZH 02 CF columnoll A AEEHE YEY = &
Y& 53319 Amicon filter2 %23} ¢} 200 volumes
¢ 0.1 M Citrate ¢35 9(pH 5.0)2.2 F4% t}& 0~
0.6 M NaCl ¥ =¥} 2 Cation-exchange(CE) column
oA A A3} Fig 49 2o} NaCl 02~05M &
£ oA peak Y29 750 ¢ o)A 1118 £87)}
#] 104 CD50/ml o|4] AXEHE BER o0 o
Y =2 SDS-PAGE E A7)9 39 Coomassie blue
2 §Q% 27 Fig 5% 2ol BA% o 32 Kdg] A su-
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Fig 4. Representative cation-exchange (CM-sepharose)
column elution profile and cytotoxity of VT-2.

2 1 M

Fig 5. SDS-PAGE (20% gel) of purified VT-2 pro-
tein stained with Coomassie brilliant blue. Lane 1,
crude VT-2; lane 2, purified VT-2; lane M, stan-
dards of molecular weight(from top to bottom) ;
bovine albumine, egg albumin, trypsinogen, #-
lactoglobulin and lysozyme.

Zt AACAE 35& € AEEAHL Table 13} 2
o| total activity$} total proteine A A A o] whe} A=}
#4389 CE columne] HFAA AN 22 8.0x
10" CD5 % 0.07mg o1%1 2.0, HZE A Ao A9 specific
activity= 1.1x10° CDy/mge] 12 fold purification&
AhA o v]ate] 229 v 2 A A = Yok

HPLCoA 2 subunit &¢Il : FAF E coli KSC
109 strain© Z R E] AA g VI-2& sfjagAoz
a2l 3l TSK-G2000 SW HPLC gel filtration
column© 2 HPLC® ZA#: Fig 63 2o] re-
tention time 15&8-thol A subunitr}, 282 te] B
subunitz} 82 & At}

14.97

27.90

Retention time (min)

Fig 6. HPLC profiles of separated VT-2 subunits.
Peak 1, A subunit; peak 2, B subunit.
st

F40o FMojolcit BAM: HAH

VT-2¢] polypeptideE #F7l5goz £ 5o
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Table 1, Yield and toxicity of VT-2 fractions purified from different sources

Total

Total

- Volume - . Sp act Fold Yield
Fraction (ml) CyEoCttht,c)lty p(rrc:g‘)“ (CDyo/mg) purification (%)
Bacterial cell lysate 72 7.2x10° 1,105 6.5 x 10 100
Ammonium sulfate precipitate 51 5.1x10 504 1.0x10° 1.5 70.8
Anion-exchange pool concentrate 23 23x10 114 2.0x10¢ 2 31.9
Chromatofocusing pool concentrate 20 2.0x10¢ 38 5.2x10° 2.6 27
Cation-exchange concentrate 8 8.0x 10 Q.07 1.1 x10° 229 11

+ : Specific activity.

a
v
<

HIS
LYS
AMM

ARG

Fig 7. Analysed profiles of amino acids composition of purified VT-2 by Amino acid Analyzer.

Table 2. Compositon of amino acid of purified VT-2

Composition of

Amino acids
Asparaginic acid(Asp) 7.776
Threonine(Thr) 4.096
Serine(Ser) 3.692
Glutamic acid(Glu) 10.341
Proline(Pro) 0.149
Glycine(Gly) 3.957
Alanine(Ala) 5.436
Cysteine(Cys) 0.280
Valine(Val) 4987
Methionine(Met) 0.023
Isoleucine(Ile) 1.788
Leucine(Leu) 4.745
Tyrosine(Tyr) 0.736
Phenylalanine(Phe) 1.944
Histidine(His) 8.568
Lysine(Lys) 7.213
Ammonia(Amm) 1.724
Arginine(Arg) 4.145

obulwat BA7|Z BAE A}E Fig 73 2o
18%79) F4olvleite] AEHALH, o] of
o) x=AFe] §EFe glutamic acidZ} 7} 3 his-
tidine, asparaginic acid, lysine, alanine % leucine &
o o2 %& #%2 YE)21.2r, methionine
o] 7Hg wr& FFE YeEh A tHTable 2).

a #F

Verotoxin A4+ o) 32 Al 550 A o2 7tA
Aol ARz it HT FoA Ha gle H
AAF 9 seln, o|& Ho] AMse 54 AE
2 ey AEE fste AFolA e A7
Hu ok gutd oz Age] st AAHE 54
o A% % AVE dadE EHoR A Sa
7t Bastn olg 5t AYE H29 A
27

B AdFdME o)8F B0 49 EWASAA
Bals VI2 AAgAF(KSCl09) O 2HE| 3280
columng o] &3te] £4 8 AUt VI-2 A4 of
A& WY T8} periplasmic spaced] AFH Ha
2 $a87) 98t polymyxin B sulfateE 7}3}ed Wi

&} 1 French press® #AE B3 A3} Cerny 59
AT} FA3A 39 crude toxing A& ¢ AU
o]¥ Karmali 5%0] polymyxin BZ 7}8}ed &2} tox-
in #%&E2 specific actvity’} %7}8h Shiga toxin,
VI-1, VI-2& #Ested g5 olgtn 3 d3e o
Ao,

\:280

o]

Petric 5 polymyxin B sulfateZ A 2] 3t toxin %

2 fARASA AEIHES AASGL 4TAA
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A% o] ammonium sulfateE 7} 3t 40% F3AE =
T O, 4AA A8 A A D 60% E3H}H =
5 Al ammonium sulfate& 713}z YAA A3 5
AAEE toxin Ao ALEEH o, 40% EHFEY
9 toxin®] o 5%7} A3, 60% XU toxing
90% o] 4ol AAwcta ¢t 3 Lingwood 57
toxing A A37] Y89 ammonium sulfated] FEE
30%t 70% ¥E}FEE ALEAT 2 YAz
toxin®] €42 4887 Y93to 30% 70%] am-
monium sulfate ¥ 3} T2 AE3Q ).

2z} columnd] w AHAEIHE= Downes?e] VT
RAAATS FABIAI, & AFAA ZAE VI-29
A subunit9} B subunit®] ¥} SDS-PAGE Z A7)
gte] 2 A3} 247t 32 Kd9} 7.7 Kd2 &Q15Ho] Ma-
cleod %] FA® VIE o AFHs} FABIRLH,
Weinstein 5*'¢] A¢} B subunit®] DNA g7]A g £4
o 93t &G FAFH A X FA. 4

A A& VI2¢] A subunit 2 B subunitg 2 &215}7)
9l&te] subunit 32| E B0 2 Ml gel filratdon
columng o] &3 HPLCE #<1g+ A} retention time
1587} 28%9] 27 packr} HEHAS oH T 44
& Head 5%} VI-13} VT-29] hybrid toxing 33}
7} $18ke] VT-29] subunitd 3)2}sle] HPLCE &<
¥ A3} A subunits retention ime 1589, B subunit
£ 178 424 9Y peakE PPty Bag 4
A3 AT

VT-29] FAoluliite] i@ HuE VI-2E en-
codingdl= Fo}x] DNAY @7|ME & AR s F5
& B B3rt gleu, toxin protein®] polypeptideE
A AFEaste T S W o &84
gt B d7dM e Rt g o FAE VI2E &
sale] FAo S ¥13 A glutamic acid®]
§tafo] 714 ¥ X methionine®] kol JMFRA AE
L2hel=3

398 A g VI-2& Brown 59 ¥ wat 37
2o Eqo] AFS AF 14 HFF 794 116,
144 Aol 1:489] F33A7HE Yelon, 23 A
23 7459 1:224, 144 Fo] 1:6409] F33A 7S
Jehaich 33 HEF sdA e 1:1,024¢] 531§
A7HE JERRA R 129 Aol 1:1,6929] A7} e}
Wol vy & 719 antitoxing P2 F AN

t}. Lingwood 573 3 5%0] verotoxine] Eo]H o2
4 3}= receptor¢l Gb3E microplated] 1A = ¢l
2 g receptors) ol ¥ VI-29 tlgE YL
o] && -9 verotoxin-2 A4t AF Y AHFA E
LISA =& receptorE ©]-§-3F RELISA(receptor binding
enzyme-linked immunosorbent assay)$ ¢} o]0 & nj
o EAE AEEA HET 5 Y& A2 Agdy.

A2 §2e A G HALEAL 1779 F 8.5% A
verotoxin 444 4# & PR 0 AE v}, A&En
g Y AR} At G2EAN B4
o Ak, VId 5044 receptord] £E& HEH A
2F gy A Foll A 77 AFH Re
2 Alg ¥

2 2

Verotoxin At th3d 02 HE S4a4A PHg &
H3}7] gt ST Escherchia coli 0157:H7
(KSC109).25-H S48 AAsGon, AT 5S4
o 2%, TAotuxd R HPLCAA 9 subunitg
g dH e g2 4E8E A

1. E scherichia coli KSC109 straino] AAF3} vero-
toxin-2& anion-exchange, chromatofocusing 2 cation-
exchange column chromatography$] A& 0 2 423}
A+ AN}t

2. A% A8 SDS-PAGE 2 A4 5% 23 &
A+ oF 32 Kdo] A subunit®} 7.7 Kd %= ¢} B subunit
£ 9% & Utk

3. 4 HAAGAE 529 3422 anion-exchange
columnol] A 31.9%, chromatofocusing columndi| X 27%
cation-exchange columno| A 11%¢] 348 & e
WA o] & 7} columndi] A 2] specific cytotoxicity= Zt
7} 2.0x10° 5.2x10° 2 1.1x10°¢] E4& JehyITh

4. AAE %29 subunit® HPLCZ Hos An A
subunitE retention time 158-¢]], B subunit¥ retention
time 28%-0] A A& HUT}.

5 AT 54 FAolu it A A gl-
tamic acid, histidine, asparaginic acid, lysine, alanine ¥
leucine 59 €O 2 %2 FFE JERA 2D methi
onineo| 7} & §F& JeRT)

)
=
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