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Abstract

Escherichia coli derived verotoxing has been implicated i the etiology of the he-
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molytic uremic syndrome and hemorrhagic colitis in human, and edema discase in
awine. Currently available toxin assays, however, are not suitable for most clinical or
public health laboratories, This study was carried out to develope more sensitive and
practical method for detection of low level verotoxins.

Globotriosyl ceramide (Gb3) and globotetraosy] ceramide (Gb4) as receptors for
verotoxing were extracted from intestine of swine and kidney of canine, and the
(3h3 was de-N-acylated(lyso-Gh3). Also, monoclonal antibodies were generated against
purified VT2 B subunmit. After TLC separation of lyso-Gb3, t was found to bind very
well VT1 than VT2 to a lyso-Gb3 by immunobloting. In order to build the sensitive
receptor, lyso-Gb3 was conjugated with bovine serum albumin (BSA) and polydia-
Idehyde (PA} by catalysates such as 1-methyl-3 {3-di-methyl-aminopropyl) carboi-
mide {EDAC) and pyridine solution, respectively. Liposome, furthermore, was fo-
rmed between Gb3 and phosphatidyl ethanolamine (PE) for receptor binding en-
gyme-linked immunosorbent assay (RELISA). As the results compared between
ly=0-Gb3 and PE-Gb3 liposome for detection of verotoxins, as receptor, detectable
concentration of VT1 and VT2 in the RELISA coated 100ng/well of lyso-Gh3 were
1 ng and 4 ng respectively. However, VT1 and VT2 could be detection 1 ng and
100 pg in the RELISA coated with PE-Gb3 liposome, respectively. Therefore, the
RELISA using PE-Gh3 as receptor may be useful for diagnosis or detection of we-
rotoxing infection.

I. A4 s

Verotoxins(VT) % wverotoxin 1{VT1)5} wverotoxin 2(VT2)E Vero cells 9 Hela
cellsel MESAHE vERI D, VIZW(VTE)E Vero cells®| 3+ S48 Jehlie ™ o) &
Exo 4E6E PyAcd o= glov) VT1H VI2E 4883 E4e] &
Algted R4 A E o/ 4@ FEELD AdEn o) & og) e A
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4, glycosphingolipide M E= ] o #&=e] sl 44 eSigH v3
22] ceramide® ¢ 717 o, @ags] £ 95 2 I« ot gl
bocerebroside, lactocerebroside % ganglioside® WHE )} o]HF plobo- A
globotriosyl ceramide (Gb3)8} globotetraosyl ceramide (Ghd)¥ 499 plycolipid
24 &40 A%g G B8 gy B g Qo ol VIE
R US A7 Shs SR A ote ST 7]FE At A= oz
dea A, VT71 o5 receptor®h 41 receptors] Adgxgog Ya
PAasld EAYE 550, B4 A4 2)8lo] A% B subunit2 B =
receptorts N3 F4sie Jrdoen e FEdWedsd B subunits
lysozome Y414 amino acid +E7H3 Eol=s §MHAEE F=dte Goo Pz
#8319, A subunit= 605 ribosomed] &3] SF A X2 G FHE sl
Hez ¢aa g

VT1& a 14 Gal disaccharide’d 2 F27|F 7t & Gb3st So|FHog Y
o™ A HEYE YoFE VIEE Gb3 2ol Neacetyl glucosamine®]
#7hE Gbhask FEAe| e Ao EE A" ol ES receptorE o] 4% receptor
binding enzyme-linked immunosorbent assay (RELISA)¥ o] #ig=le] oldke] 1o
xinEd ¥ Ao o] £53 o™ VT2E Gbad| tidta] 171s] At A= D
e ol F o] &% RELISAY 22 & Dert oFsle ol 32 oxin HE 9 d9E
e HAP Py Ade] Do 2d ST He Gb3F microplates] I F
A4 5] =& deacylation A1 %] lyso-Gb3E receptor 2% RELISAE 4 Al 39 verptoxing]
Aacrs 2ng v en™ 422 receptors] Aol BE BAE Holn g

¥ AFdHE VT2 B subunite] c$t B384 $aF 448511 FE2 27
2RE 2% Gb3 W lyso-Gb3d] Fol24 §#AF AWANA ATUE 54 sl2zy
VTSe Hde 2 298 49 Bo d285 H0¢ RELISAYSE =487 3
MEE receptor® Nl sisich
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L VTz2el| o b= g4 a4

1) oy

AF 65 % 2 BALB/c mouse 5718l E coli LCDC O592%-5 e 3a$ vre
B subunit 0.1~05pz& HFUE FFEE, 2195 35¢ FAL FrEPDele o
HA D 1944 B subunit® complete Freund adjuvant® S %22 Zdselo
HE3 2, 21931+ B subunit? incomplete Freund adjuvant® 322 E¥&q
A8E FrEstee, 35U A= B subunit®} PBS(phosphate buffered saline,
pH 7008 $%22 Efiste FqUe Fq2igd.

2) g8

HFHESF 39 F=E BALB/c mouseZHE v 3§ A& v|AYES £
gtk ITF MET PINS-Agt-19% ¥AHEE 1: 109 vHE ETst
HHH ohE, Int2] 50% polyethylene glyeol 1,000°0 183 A MWalod HEE &
U F9F AE HAT MiAE 1, 3. 5 % 79 welld 50pdy #slsin,
9l Ao 150ués 2] siAE RESed FUATE FHE Holsic

3) Mgk

FEF 10~15% ~tolol F%E NME} well vlee] 1/30)4 St g 9P
4EAE 8o dESY FavtHdos YAty MEE Awaiglch gha)gs
Al £ & microplate well®] &7 WFsiEA g7l A& A2 20 B4 0]
BEW hybrid® AW cloning® AA steith B8] 977 & hybridoma®
HF ddstel FH M7, 2 WPd & +HU3le RELISA ¥ immunobloting 4] €
ALg-sts



2. Glycolipid®] +2

Receptors] &8 #13ld = 559 43 1k € 7 559 4% kg 24y
Lingwood 5" 8] Wol wha} Fig 17 o] dAssich 488 FAAEA chlo-
roform$& 78t nonpolar lipid& =& % 3L, acetone-methanol(A/M)-&4& 7}&lo
FA4 9 glycolipid & &8 W2 A/MEE NaOH4-% 0. & o] 88} phospholipid®
AAH &, Forch# 9™ o ©e} 31348 84 AN 7T glycolipidF silicic acid

column® A gradient fraction® 22 £ 8 H3 orcinol2 24 ¥ T Gh3s G F
S A,

Homogenized tisspe

Extract linids with dnlmmvmmmn

Folch partition
!
I |
Lower phass LUpper phase
{short chain givoolipid {newtrnl long chain ghrenlipids
and nocpaler Bpids) and gangliosides)

Add to silicic acid column

|
Gh!m’ofm Acetone/ !'L!I'::ﬂ'mnuiiil-'l.'l I‘u'Iu-I'.bﬁlmul

(Chalestern], neapelar liphdal (ghveclipids & phoepholinidal ipalar lpids)
1 N methanalic NaOH(to safonify phospholipids)

Stepwise elution with CM 10:1 to 351
izohvent gradient oo silicie acid ealumn)
1
I | |
Gal cer Lac cer 'G!ba Gy

Lyso-Gin

Fig. 1 Extraction method of glycolipid from animal lissues.
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5. Lyso-Gb32] H4

FEe F/12%8 2&¢ Gb3F Lingwood 5 &) #iiel ©at 1 N NaOH me-
thanol 9122 £+ ggels 347 5 719 o, 54 IN HCl #49%
7tete] F3AA EH49E VESHI chloroform/methanal (2 1) #4922 §
gzl of, 4298 =8 silicic acid column®] chloroform/methano! 84 &
6:1-1:1717) $=7el2 4% 2 93 TLC plate®] AT F orcinol®
4 gl B9 F obg, 96-well microplated] coating*| # RELISAY 2.2 VT1# VT29]
HE& vmsc)

6. Fol24 E2=] Aol o% Gb3e] FxA B4

Lyso-Gb3# bovine serum albumin (BSA}2] conjugation® lyso-Gb3E dimethyl
formamidec] &3{3ta] BSAS EUE o, 924 1-methyl-3(3-dimethyl ami-
nopropyl) carboimide (EDAC)N 1-3¥Y 7 ¢r-g-Algch o] ¥HE-4HEE& 50% cold
ethanol® F AL FUE4e8 S5 TLCA AMNE & orcinolE 4 o
immunobloting'd & @2} verotoxin®he] AEFH-FE SgisteE ¥, pyridined o
ofl 4 lyso-Gb3s} polydialdehyde (PA)E 244 30 W82 B conjugation®] # 8- 8 &
TLCH HA%T orcinol¥ 4 ¥ immuncbloting 22 verotoxins® 2] 2HATE
sl &gl o}, E8 Gb3H phosphatidy] ethanolamine (PE) #1-9] liposome & %4 417 7]
#8le I ¥ =2 Ghi®} PEE chlorororm/methanol (2 1) £ &84 g,
N2& FEANZ 77 IndE 7131 sonicator2 187 HA3Y Jiposomed ¥
A o] $§4EE receptor®8he] RELISAY S 28 vT1H vi2e Hae
o] st &g o}

7. Immunobloting

VT1 % VT2l of @ receptor®] 2845 & fobr 7] 83 immunobloting2 Lingwood
£ 2] Wjo] whek Gb3 ¥ lyso-Gb3F TLC platest MBI 0.3% gelatin 422
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7ol A 18413 B2 89 blocking#HR 2 A 85 A% VTL 3 VT2 (0.5pg/nl) &
shabed 14)2F Sok ¥hE 417 3l tris-borate bulfered saline (pH 74) 22 A HT o,
VT1 © Vizel 9@ 9@ 71ehe] 1413 S5 &4 H Plate® A3 F 5
toxinol t1% conjugate® 7iele] 00T WEAM AL, V| AEALE HO 7t 244
4-chloro-1-naphtol 84 & 7F&e] 158 &A1 G= TLC plate® TAZA1FA re-
ceptorh VT2ts] W58 #wstuch

8. RELISA® ol % toxine] HEAY

Lyso-Gbash Gb3s] F=5 8 receptor=® RELISAE Basta 57 9] Wuld wiet
o6-well microplates] 2t wellsl receptor 549 100p¢ ¥4 £ 2T M #
34713, plate® PBSH A8 T 0.1% gelating 7kate] 4&AA blocking THHE
VT1 2 VT2E 001% BSAS 7+ ¥ 5 8 # st wellell 71813 45830 VrE- Al Rk
PBS-Tween 2022 M3 st VT1+d tist=& polyclonal rabbit antibody &, VT2
dateds Sa28A @NF wEA 5, Z2te] hdhd peroxidase conjugated goat
anti-rabbit IgG % peroxidase conjugated rabbit anti-mouse IgG& 7lEbe] whE-A H T
7) 4§48 © 2 A 0.04% orthophenylencdiamine ™ 0.045% H.0; & X T3 phosphate
citrate buffer (pH 5008 7}sbo] ool 20~30% g2l the, 20pés] 1M
sulfuric acid® &8 % #A1# ELISA Reader2 49Znm°l+ B=8sich

m 2

1. £89 #7114 Gh3el FE

/48] A% o 2RE Lingwood ' 8 el w2} silicic acid column2= glyco-
lipid® S@ste] TLCS] AN orcinal BHLL 513 AAe Fig 29 o
789 fraction ©1 8ol ME fatty acid?t A2 WD 7981 919 fraction”H & fatty
acidel Ghazt Eag Az Aasfen] 2@ 115¥ fractiond] e Gb3T



sl Wa"gdd AAe] L% ME 559 [raction ol oA fatty acid?} H&
gielm, sTHoAAM 719 fraction7hAlE fatty acid$}d Gb3vt FHEHe HEsdonA
7edlofl 4 989 fractiontAE GhaTt FEHD <lF FHE F8E Axeo

Gb3® Toid s
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Fig. 2 Patterns of glycolipkd extracted from animal organs on the TLC sheel
A, kidney of canine i B, intestine of swine

2. Gb32] deacylationell 213 lyse-Gb32] A=

&% GbaZ 1IN NaOH #9e = M8y silicic acid column® 2 lyso-Gbh3H
2H&a TLCH A orcinol® 8518 A= Fig 3% 2 484 frotion-E
63¥ fretion# & deacylation=#] @& Gb37h ARSI, 829 fractionFE 959
fractiont#] lyso-Gb37t H& S| el 5 28,




IgGE 78t immuncbloting® 31 o] =, C= VT1# V1ol t @ rabbit®] polyclonal
antibody R peroxidase conjugated goat anti-rabbit [gG# 7Hehe] immunobloting§
A% dHAZA V1L VTZED jyso-Gb3dl ¥ 984 Jedis ol &
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Fig. 4 Immunobloting for VT2 detection on the TLC sheet. A, thin-layer chromatogram
of lyso-Gb3 stained with orcinol ¢ B and G, binding of VT2 {B) and ¥T1 (C)
to immobilized lyso-Gb3 on the TLC sheel, respectively.

#A, lyso-Gb3 S BSA ¥ PAZ conjugation®] # TLCH 713} 3L orcinol® H 4 #hd
gl A} Fig 58 Ast Teo] FadstA A9 & YUk o|F receptord 4T
VT VvTes] ALH-58 immunobloting2 2 891¢ AN 237 Fig 591 B 9
Csh 2ok VT1& BSA % PAR conjugationd lyso-Gb3e Zals ERE vid (Fig
52| B), VT2& VT1 Ec} of5 o ob§k @ vepd fchFig. 5% C).



3. VI2el] it 222 A ok aa

E. coli LCDC 050 255 &3 4$ VT28 B subunit® © A7l BALB/c
mouses] B4 EE P,-NS1-Apd-l 4% AEFL %50 clonest$ ¥, toxin
o] FHYELR oF 1500712 SUAES sl SN S5 dA 2o
Table 1% o] EFA X5 18G5% 27H3 F 259 A M EF7 2384 448
Aaraiic, A $alo] hite] I toxindte] EalukgA & =AM @3} VIEA
3l oF ¢ 2 HVEAHE yer g ot VTI9] didfais S3v-E-8 13 ey
EstAct vIzel disleie 28 TS Jehde ey SeHe %A
A% & A

Table 1. Characteristics of monoclonal antibody against VT2 B subunit

Monoclonal antibodies Neutralization to”
produced by VT1 VT2 VTE
18G5 cells = + 4+ +
27G3 cells = L +

* | Cytotoxic titers of VT1 VT2 and VTE used in neutralization test was 10", 10" and
10" CDw /mé, respectively. Cl), was expressed as the reciprocal of the dilution
required to kill 50% of the cells.

— ! Non reaction, +  Weak reaction, ++ + . Strong reaction

4. Receptore ©¢]-§%# immunobloting
Lyso-Gb3% VT1 ¥ VT2#] immnobloting 2 7+ Fig. 43 £tk A lyso-Gb3tHg

TLCH ZAMEte] orcinol® P4 ¢ 3|1, BE lyso-Gb3F TLCH A8t vTesd
VT2 B subunite] W§ 2384 ¥4 ¥ peroxidase conjugated rabbit anti-mouse
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Fig. 5 Detection of conjugated derivaties and binding affinity of conjugative derivaties of
lyso-Gb3 for verotoxing detection. A, conjugaled derivaties of lyso-Gb3 stained with
orcinal, B and C, binding affinity of conjugalive derivaties to VT1 and VT2, res-

pactively. Lane 1, BSA-lyso-Gb3 ! 2, PAdyso-Gb3 5 3, lyso-Gb3 : 4, Gb3 slan-
dard : 5, PA : &, BBA
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5. Lyso-Gb3& receptor2 ¥ VT13} VT28] HFu]a

1) Lyso-Gb3= receptor28 VT13} vT28| HE

Lyso-Gb3 8 receptor2 % VT13} V129 #&& RELISAE #U$# A= Fig 6%
o}, Well'® 100 ng2l lyso-GhaE microplates] F2A2 F, VT3 vT29] 4
control & ¥HEAIA 48 $3 9% o D29 background OD F L 0.08 F 0.07
alfich Z toxin®) TZ B 4 AT VTIL 1 ngdl F2E DAY
RELISA curve?} ¥ &= endpoint?l ¥§, VT2 4 ng?| =484 RELISA curve’F
wl 8 2 &= endpoint Wt} £ VT2E endpoint o182 S22 geiM = VTLIEG ¥ L3
glot# RELISA curve S YHERI o] immunobloting=] A 2] @3}« U8 lyso-Gb3=
v ol VTie] o AA9 receptor U & ¢ 4 slon e 2302 FEA|RW
A% &3 WEAS5E 0D 010188 el AdAdE 9HE 5 sl

2.8
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Fig. 6 Dose response of purifisd VT1 and VT2 In the RELISA used lyso-Gb3 as recaplor.
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2) PE-Gb3 lippsome® receptor2 & VTI1D} VT22| HE

Gb3s} PEE o) &3cd HAHH lipesomed receptorEdhe] VT13 VT22] AEE
#20% Fit+= Fig 730 #tl 100 ng® PE-Gb3 liposomed microplate welld] &
M7 VT1% VT29] &4 controlf 48] 4819 & o Z2}e) background OD
Haatd 01 # 0128 Yeit lyso-GhIE receptor = RELISA# 4 2t} background
0D kel =obd & ¥ % Uzch 28y vT14 UEE 919 RELISAAI M= 1
ng2| toxin ¥o] RELISA curve® HH A7)+ endpoint G20, VT28] Ho4E 100
pe2l toxin #Fe| RELISA curve® @8A|7| endpoint® 5915 PE-Gh3 lipo
somed VT13} VT28] H&& #ehte] A48 lyso-GbY receptor B} o UT§
receptor Y& UYL & 5o, 28498 A AL AFAS=E0DOL %8R
AP E AT + U

- \VT{ = VT? _,--i
!!I ................................................................ 1
E QE-EFE’”L =
Tl _:_.HEP - [
% F 4]
- B oo
: 2
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T - SRR - &

0 2 6 _ 10 40 B0 260 590 1090 4000 BOG0 25000
Concentration of VT (pgiwa!l

Fig. 7 Dose response of purified VT1 and VT2 in the RELISA used PE-Gb3 as receptor.
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A4 w4 oFde] 4HsE verotoxins£ Shigella dysenterize type 1°] 4
A#E Shiga toxin® FASE Ade FEAAM ofrba g Qo=
2 28% VTL V12 @ VIEF 3287 983 g™ gaede o7 g
fus = AWa) A H8te VT 44 d3a e £2), Vero cells ¢t Hela cells&
ol & #58% ¢ ¥y, DNA hybridizationd- o]§¢ Ady 58 M =3+ #an
oaEzta BEoe HTde A&n FHE AE §#o ELISAYE &R
receptor binding enzyme-linked immunosorbent assay (RELISAJY2 R &27]
A% A7 Be #44 dehl 3 9l 4% eld, o] 2% RELISA® S3td & VId
fit B2 EA a5 Bo]Hgl receptor o] $HHOE o] Fojof fith. MM
W ool FollM e VT2 receptor® ©# ¥ glycosphingolipid #} %o] ¢l Avel|
#HE VTs8l B subunits] dg G284 9A 9] 44370548 Helete 4, FE
A7) M receptor® B2 Eed ofErla] A M2 gy VS HA2E ¥
sl M =4 RELISA H& m4sias s,

£ 494l VT8 B subunite] @ G284 @A) A4 FhgdE ZArET
#8he] Mt dHolA B4 VI22l B subunit® BALB/c mouses] 2 A7
F4E M E 5 406 cloneftgt A5, 252 WA ES VT29 Hel [ =284
A& dastig e VIESE £%4 2AE-EE Jehisie, ¢l VTEZT vTz<l
g gAs SHES § Marques 5 < 433 SeelA] o, VTzsh VIES
B subunit £/t F#A4H% Aox AsfAn

2 aFdse 7Ae 240 Ay 238 Ae2dh] glycolipid® EH A3
fatty acid, lactose ceramide, Gh3  Gbd 28 AA o] VT8 receptor?d] Ghast
GbiZ &5etA e £ slsich cais 2E A HYAR=SEH Vs
receptor® £ ¥ Boyds Lingwood” o Hzhst U35,

Ghat VT1 VT28 receptor ZHE-#t=|9 Gh3s| T4 4EF #24Eae ¢
#te] ELISA plates] F#o) =4 @& Lingwood ¥ & Gb3F deacylation #
e 24 platecd HF2¥E + 9l lyso-Gh3E WEH 2, o| & receptor® 8] VT1S
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ojgk 24¢ $ gl RELISA W& 718 o 2loy VT2E lyso-Ghast 28]
obdtel vigkal VT2 dfsle FETNT ok ¥ d¥elMx= TLC sheetod
lyso-Gb3E A7AFE immunobloting2.E VT13 V129 EE3 =& &8 uf, Li-
ngwood 7 o] @ztst FYEA VT1 ATL FskA JeERd i, vT2ste] H
HA=e uleFElc

2 d7eMe v VTIS VvIzE F4d d8E + U receptor® TE7]
gk Wye YL T lyso-Gh3dl Pol24d #4% BSAS PAE FYAAH immu-
nobloting2. 2 AYFEE GUF v, VT1o§ di3toE lyso-Gb3E receptor2F 2
Spd o 2@ FTvEs ot vizd d ARAEE 94 g3tk

Ly=o-Gb3® receptor 2% RELISA®R VT1# VT2e] ¢he-a =8 vimsis £ Ha)
immunoblotingl 48] Zos}t fFAE A3E e VTIR 1 ng o4, VT2
4 ng o142 toxin Fols HSel UFH VT19 lyso-Ghiol ¥ IFWHES
VTze ok oF 4v) A= DAscE AE @ 5 AU o] @ T HE Yol BSA BE
PAE ETA T lyso-GhIE lyso-Gb3R T VT18 HEd o D2 E receptorE o] 38
+ ez g

VT2ell 934 receptor® 2457 $18 G2 9848 YH2E Gbasd PESE ¥
2417 liposomes 481 ol & receptorE&H4] VT13 VT2 &S viag 35
VT1& 1 ng @14, VT2E 100 pg ©1°2 2] toxin #FellAl o] 1E =] VIze VT1R o
Gb3-PE liposomed] 1§ FUA=7F o 108 A= 97380 A& 2 + A4
VT12] Gb3-PE liposomes] o HAH4Y%E lyso-Gb3sd ol Jahd Bt of e} -
RELISA'Y & o]&% VT1 % vT22] 324 receptor2% PE-Gb3 liposome®] 73
fidHy e g T8 84 9 %4 control®] AH-8-2.8 RELISAS] quality
controle] A8 o]Fojajcl & 2 AR

V.8 =

VT2% B subunits] o T84 4434 sted s S9lsts ¥4 0¥y



verotoxing & E 8o TER A7ERH receptor® #3810 Pol4 SFA
o2& HHAT receptord ©]&6te] RELISAE 2A4% o o e FAEE
dxich,

1 72 A4 sz A%o 226 VI el o8 AYE= receptord! Gb3
3 GhdE e dtdens, Gh3E deacylation o= yso-Gh3S HA4T
+ o

2. A g VT22] B subunit®] i@ G324 € E g4sle) 8022 V1
9 VTES] cf @ seapuhg4d & =A1¢ Byl d st e Sahe-8-& el 2|
gateo], VTES disles ofe Baks8 viehiglc

3. Lyso-Gb3%® TLC sheetoll #7A¢ &, VT19 VT28] AEIEFE immunoblo-
ing®. & W% B VIIE V28T lyso-Gb3ol 28 Astsion, lyso-
Gh3e] ol BHE FHA2 lyso-Gh3-BSA T lyso-GbI-PAT receptor® @
immunobloting¥l M= VT2 Ed VT1e| F ¢ ATH=F Jehizic

4. Lyso-Gb3& receptor2 @ RELISA| A VT1& 1ngs| 54 o4&, VIZE 4
ng® 4% o4& Y + U%ed, Gbhl«l PER A5ty liposomed
YA Y ¥ ol receptorE ¥ RELISAS| M VT12 Ing®] 4% o4&, vi2e
100pgd] S48 o4& HS® 4+ 3ol PE-GLI liposome 9] receptors
VT1 2 VT28] &8 8 71 AR receptor® 1HY £ 3Uch
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