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Abstract: Enterotoxigenic E. coli (ETEC) cause an acute diarrhea (white scour) in both
animals and humans, The disease process initially involves the adherence and colonization of the
mucosal surface of the small intestine, followed by the claboration of a heat-labile enterotoxin
(LT) and/or heat-stable enterotoxin (ST). Intestinal adherence or colonization by ETEC is
generally mediated by a specific surface-associated pilus (fimbrial) antigen that endows the
bacteria with the capacity to adhere to epitherial cell surface.

Fourteen monoclonal antibodies (MAbs) directed against pili antigens of ETEC were obtained
by cell fusion/hybridoma technique. They were characterized by indirect immunofluorescence
assay (IFA), and divided into four groups: specific to K99 antigen (group 1), cross-reactive
with K99 and F41 antigens (group 2), specific to K88 antigen (group 3) and specific to 987P
and K88 antigens (group 4), respectively,

These MAbs demonstrated the distinct pili (K) antigens on the surface of ETEC by IFA, and
could be utilized as diagnostic reagent for the identification of ETEC,

When eighty-seven field isolates of E. coli from piglet with diarrhea were tested by group 3
MAD, fourty-two strains (48.3%) has K88 pilus antigen suggesting that this is one of the major
pilus antigen of ETEC present in fifeld.
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o] 2% serotyper: Abolvt &l WEMES BHE
o2 w3 Xz 9lof(Wilson} Francis, 1986; Cahill
1978; Nagy %, 1977; Renault ¥, 1977). 53|
fFES v 58 o2 P35S BEREEY KR 3=
+8 E. coli= enteropathogenic, enteroinvasive %
entertoxigenic E. coilZ XFI=Er}, o] FolA enter-
otoxigenic type®] E. coli7} FEY AAZ ()l
7hA BEY FEEEE 4ex glvh(Altmann, 1982;
Smith®} Linggood, 1971).
E. coli#: (ETEC)E-2 adhesin(pili ¥=3 fimbriae)3}
enterotoxin (R F)S F 7} #e] virulenceHTE
B3t o] v}(Grimes &, 1986; Harnett$} Gyles,
1985; Sckizaki %, 1984; Gaastra®}l de Graaf, 1982).
Z, ETECE: 1Zkfyo. 2 adhesingl pilus#iio]} colo-
nization factor#if-g¢ Az Yo rZA] BEELE
Mijel st #¥%ibksls BEEEIPAA FHold
5#dk (LT) 2 W2 (ST) ] enterotoxing &4 W
Formzx BRI ERMEY J=
guanylate cyclase® iG#E{L Al A cyclic AMP == GMP
5 EHEA JDEA SRR BB LEMRAd
A& Na ¥ Clo 22 BREHES R M=+
i BEBRERAd 2 29 22 EME: BER
o] A4 swstA dok. wtebA BERS REwel e
ol WMEHWHSY BES AA FoIAA HEEA B
#ERA st MBAS kpo) AL BENE K
HeA fgfe BHE BES BERY 239 #®
E7L FHS MR o] Al ERMeEe £
Ak RAERS YERA HE Aotk o] g o]
A}z glo A9 451 BbsE A= ETECS] adhesing]
el pilusHifiio] WEZF &#E 2ol H2 B
24 enterotoxine] M fRgeHE o) WAz 4
t}(Wilson®} Francis, 1986; Morris %, 1982; Moon
X 1979; Aning3} Isaacson, 1978; Burgess G-, 1978;
Parry$} Porter, 1978; Scllwood &, 1975).

ETECe| <sbe ki#ael B2 K8s, K99, 987P
m F41 59 piliK#HE $ & 1A Pks A
ek 7o) B PFEHT 9814 BeAch(Wilson
3} Francis, 1986; Morris %, 1982; Symth 5, 1981;
¢rskov %, 1969).

PR 5(1984)2 9559] serotypert EAS FHK2
23Y W HE# E. colid % 80%F LiEI}=
98¢ WmESAT. WA | MEES HEdiEd
g3l monoclonei#(MAD)S] 4 2 HEEE
= gEpe] BB HERGS Mk glel
o HAE Bul olel BEEHK B3I L B A

A
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CE]
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H 4 glov, gEHeR MADY A B4:do] Wik
ASol e BERRHY B 2 BEHNOEL #
e 5 & Aoz #ifg=lvh(Sherman 5, 1983).

& AT FEARY FEEREY ETECEY
piiFiE (AL ES] H1EE BP)S FEEESI2 o
HEo HWESE MADE A4FdZEa BPTIKeR
BE SHER E. coli®] BPIZEEE B =3 T
ol AALZe] WmEtE ohE KBRSl &Rk
HAHE Bt shech
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Mouse 2 cell line: B lymphZk (JREAIND & 1768t
o] MRSl FAE g dA e BRBEE FR
57 9|84 HEEEWHERNA FES Balb/C mouse
5 RBEEEAR S, MBS partnerfifg®R {H
3 myelomaifl fukk 24 3= NS-1hizkS] SP2/041 Hudk5,
4 ek miE (FBS) 109, L-glutamine 2 #H/EwH-S
Ziind DMEM(Dulbecco’s minimal essential medium)
= RPMI-1640 mediumo] %83}l 52.(5% CO,, 37°C).
o ftg AR @RSl

RS 3 % ERE  ETECY) piligiJR (K88, K99,
967P B F41) FHMEAR (FREBEHAEFEN R 0141:
K35ab:K88ab, 08:K85:K99, 09:K103:987P = 0101:
K99:F41 strain-g Minca medium(Altmann %, 1932)
of ¥ 20msf] B (S7°COYE F pEy HEke® pili
(fimbriae) & M KERSIATE 5, ¥R UAEHE
SV BEREH 60°Coll 4] 20530 BB sl e oh0- o
A mrestel o LW 59 pililRsrg 50% (NH),S0,
2 WA A WEst e ok (Altmann %, 1982). ©] #¥
£ t}A 15% SDS-PAGE=Z Zrdrste] mES] M-S
el BRY SRS e BAnRE #0
&l MRAH(mannose resistant hemagglutlnatlon){}l-z—_
mEshe v

Bt & piligiJE 30uxg% S Freund’s complete adj-
uvant(FCA)S} BA ML ££ 10859 Balb/C
mouseo] 4EEIEoE 2] AX MWER Hatstda
oA 43 ol & pilidiE(30ug)whE BN
ko2 FFHIEIA e, REALEME & 4071
mousefE RIS AEA AR ®ptshch. e dua
Bee el #amsts] Sl A BT mouse®] ML
BES FHROBERESECR MES .

HiERE4, hybridomafhiBel Y & monocloneii
o| & : RMFEERIE 40 %o] moused] HEEE MHE
o2 fHste] lymphikE SEEAY =2, RAEE B
BEAHOl ERRE SP2/0 myelomafifaet BEAI &
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PEG 4000(50%) 2.2 EHFH#ES £T WEst e
A7) F HEijol feederffa(mousef 5 macrophage)
= I3l 96-well microplates] 43 (5041/well) 3}
C0;(5%) incubator(37°C)efl A 33 H . of3d o]
£ 7} 33% microplate®] 7} welldl] R &2 HAT(hyp-
oxanthine-aminopterin-thymidine) BEEE®K S &Hn
g o 4HMBoE $BYY FM HATER®ES &
HaiA 10~14A R hybridomafifse] BHE & BWEsH
et

S, FERY #AEA4SEES Zimmermann Cell Fu-
sion System(GCAt)S FlIHst] BEHRERoZ Ml
£ A&, hybridoma#ifeE fEdts ERE HAE
(Lo %, 1984; Zimmermann® Greyson, 1983; Vi-
enkens} Zimmermann, 1982; Zimmermann3} Vien-
ken, 1982; Zimmermann, 1982).

Hybridoma#igrt BHFS welld] E@w o ETEC
9 piikK)HF M= HEHMBY Farl %aEd
well®] hybridomaffiffgE limiting dilution@:z e & clon-
ing ¥+ Fcloningdle] #3224 monoclonet, &
monoclonet i #8 (MADb)E 4:#E3st= hybridomafi Btk =S
fER 3 et

IFA#ol 213 MADbY ##FEA #E slide glass: #
Biell BEMEEFR10°/mDE HER coatingdt A
2 50°Coll A giRA A A At =3 4E"d MADb
9 HEE ME}7] A= Hu" ETECKS #%E
EthE 1% glucosediin TSBigHol] 18~208%R ¥t
F 0.5% formaline 2 FiEAN AL HFoZ &
A &, DERRED MAbBO.2mDE 1:10%H
8 mRstz fFEE 0.2m1¥ st BAES F 37°C
water batholl 4] 28R RHEAIZ] o} vhA] 5°CollA 1
BR BB F 2 wELEA o2 HES A
vt =3 Salmonellal P 71e} BAMEALS XK
fE mEE R

¥ MAbE 4:7E35t= 7+ hybridoma clone 5 —f
= Bkt migRES 2 o —#+E Balb/C mouse
9o mEACY EHOARTEEZA SR BEHHE
MAbE 4AEES 3}

BRI MM MR &Y HE MALE (FA
sto] IFAge 2 AR AATHA R (BFD 25 7
W E. colitk == WY 5 MEc] ETEC 7}
mEES BFE} 2 BLEE 2 KAEHNY FHRE
£ ®Esk e

# R
Babl/C mouseR 2 myelomaf@ffiikel 4% H%E :

14.4K

AP %R B lymphek##t/H Balb/C ‘mouseE& SP
2/0 myelomafifath & MREAEHI(107HE) B 2~4
Hubo]l BAES BRI 2H & #WR FEI 4
PE Ao s g}

SP2/0 myelomaffifatk+= DMEM == RPMI-1640
medium® 2 3%%IA-L o) BRI ®mstgd o 2
IR 12~1485RHo Aot BRAMERE S 1~2X
10%/ml2 #%3}9 2o}, HT(hypoxanthine-thymidine)
BREAA T EHNeR BHsIglov HATRIZ 5%
Bl A= 30 LiAgel s£2mM e 24 HGPRTRRH# Y
of HEIIAS, BiAel BATES JehiA}. =% SP
2/081fatk = IFARk 2 2 5399 8F immunoglobulin
(Ig)g 4£#E3E mutant’} A3 BASH YA $go)
R = oot

RN W ARG FiEifrd FIHE ETECY
Koo gl F41 HE®HFS MRHANfE T 51215 2
64fiom, Fi SFFEL 18,500 2 29,000 dalten
o[ 3 ek (Fig. 1). hH, Kgs ¥ 987P /e MRHA
hE T 128~256f5 % ).

F&programel| w2} FiFHEIESH Balb/C mouse] it
FHENEST FRRENEECR e £F @R
2 BifRelol = Ww#EHo]l BF 1, 00065 LA ko] St

Hybridomaflifi2| 5% 3! monoclonefiMi(MAD)
of 4 M 12E] MuAEABS AA 1449 hyb-
ridoma clone% o A 4%8HS #HEMADE AEAAT
(Table 1), Hybridomaffi}fy group 1 ¥ 39 MAbE
7} K99 3 Kesfilfel #Riyen KHESIH 2} group
29] MAb: K99#ilfol = ®elA REEsI <0 F4ldi

94K
67K
60K

43K
36K
30K

1234 5678 9101112131415

Fig. 1. Crude and purified K99 and F41 antigens of
E. coli by SDS-PAGE

Lane 1,2,5,6,10 and 13: Crude antigens
Lane 3,4,7,8,9,11,12, 14 and 15: Purified antigens
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Table 1. Production of Monoclonal Antibodies Agai-
nst Pili (K) Antigens of ETEC

Specific to K antigens

Hybrido- No. of

mas K99 Fa1 987P K88 clones
Group 1 + - — — 3
Group 2 + + — - 4
Group 3 — - — + 2
Group 4 — — + + 5

Table 2. Distribution of K88 Antigen in ETEC Isol-
ated from Piglets with Diarrhea

OK serotypes  No. of tested No. of K88+ strain

08:K87 8 3

04:K87 14
0138:K81 22 13
0141:K85ab 32 15
0147:K89 9 -5
0149:K91
Total (%) 87 42(48.3%)

Eolx h&gs KEEsQeE. =3 group 4% MAbE
K883t 987PHilol ZREMESIA TH(Fig. 2~5). °| &
ARGNES) MAbE: 2% Salmonella 5 7)€} WBPIMIB Mz
o] HREHEel YHer] webA #Rito] BEAN.

%3, 4% monoclonett hybridomaflify(5X10°~
1X107)& Balb/C mouse®] BilsRol HAtste] A ES
BIAMAbol 3 IFAHEYE ZF 10°~10¢] &HERA
o, o] MAbE B 5M AWE#S @& FA
3ot

B TMHE2Ee EFEC KFile 8% : FEA
#19] AW ENYE MR E. coli 87H%E HERoZ
K88 Bo) kRS IFAR 2 KK & 42847
2] 48.3%F A At ol L BEHS
B A FES AAF WA= E. colitkd]
P4eo] Kespi$ |l ETECY S Yehlle Aoz
2= 91 ok (Table 2, Figs, 6~7).

& H# A dejA MAbEL ETECY K#HEEe]
BRCZ KESY HREFEAA ERMA |MES
B BMET 5 dded, = figd A= 2
B RER B5HEY £ ANe=m2A oS mERES
pH ARz FIHY + 9& Aoz Wz =%
o] E MAb: HEiffo) K#FES ZEEHsted FAW
3 Aeozx HESNDT

% =R

HEfFol BWiES: KBS £ &3 B lymphigol
W REMES AMA S Monocloneti ¥ (MAD)
Z dzA & HM(Colling 5, 1974)L AH kM
#o] WY myelomaiifuel KMETES] RATAES B
lymphE & B&AAH MAbE 4@EEsldA HBAES MK
3= B#ifghybridomarl L g5l AL 19754
o]t} (Kohler®} Milstein, 1975). o]$} 7o) #HikuALS
© % hybridomafiifgS fERele] MAbE 4:@Esl: o)
e w38 37kA FiBe]l k. (D) L L 4%
Biyo R B-#ie #e d0HA HiEREXE
Higrl dolA (2) M—-LBHEY MBS AR
o2 #iad 4 Atk (3) EHUHRES fHAsdE
HBRE HBE dE 7 At

o] Fige Ad MW 2 virusd HK, MEERE
HE(EBEAEHER, oERE ESHBE 59
HEs M el £8 EAH, &8, EHE, BE
59 el gk MAbs} =] Z7hA] e 2
B, #A4ERe A7 R R FE, ME %
virus?] ERES ¥ ¥ R§ A%, ZUHA Ak
539 AEd WH, interferong ] %3 @2 /A
B9 affinity chromatographyol] |3 ¥#, 7712 #
o piFkEXS MERN 5 A98] XE
A FHA 2 ot

o] Kol A HEBES HEHE RE HFE
MAbE Q& A2 =g H#gstA ook #AH, ¥
M (SRBC) & moused FH&, MMIEAZ 72 SRBC
£ BREHEC] wmete] FRiIEE 100 1ML His4 s
Mz 8 4 glrhe Zo]ch(Kennett, 1981; Hammerling
%, 1981). &, MM MemAES PEGE =&
BRI A2 89 2X10° AT IE 1ol B2 10% 4l
(¥%5@ ABEoZ # 1 mousefihiic]l ZESI= MM
¥, % 52 hybridomafifng 2& 5 & 3ot
22y KEEEE 20~30/] hybridomad @& 4 9
o}, o] s} o] BAUEE kE3lE %)% 2 hybridomar}
doj =)= WE obd IERES) ®HHS glx Eshi
v EMRS] SLERY o il Basr 4
$9 zeln BMAH 4AFSY 47 Wiz 4z
= 9t ZAskA HIRe R HEesy A5 FEEdkel
%7 hybridomaz} deolxebs AL oz v MM
o MABHER Bol MM BH HESY FLdE
HES Bigel Ig Joz BEsct

MyelomaffilR2. A BEZA Ehpez fHHY &
A& Balb/C moused] FHEMKEL MOPC-21H13k]
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KM (X63, NS-1, SP2/0)E 4= st &
#REfEE Balb/C moused) MRAME MAAA &
#iffE<] hybridomaZd 9+ systemo]t}(Kohler9} Mi-
Istein, 1976). ©& mouseSEMME hizk #, +&
BYES WEMRE Bxe % 58 B2 #HT R
@7} g%evt hybridomali BISRRE, REH:. HBLE
& 59 o= At MBS 9ol 2318 b B
RS MOPC-2/di%e] ##et MaANE &
o] & 7 zro] Hglth ojst e B dojA hyb-
ridomaffifg g MieAel] g3t K& MALE 7]
95t RBgEiRfEol WHESE B%HEA Balb/C mouse
7¢ RS Bio] B A S0l 9lo] ©] systemE
Rale Bmg Zeld, vtz A BE HF] daq &
8]l systeml 7} obdrh FIERGE Aot

MAbe 3 b9] isotypefiffio]l s ¥ES Hilte T2
isotypetiffie] HEHA AHeloh. RS HEHBERE
o AT WY HEoR doA HEE A@=E
sto] BAEEEe] & ZoJBE olF Mk BF A
T Q& MAbE 9lth. IgG,9] isotyped z & #ifig
A RIES FAEE & e Aold. =3 MADb
B0 iR EEet KEESL] o Foll #HE #
FE Bistne WBREY] douxl gt v $el
RN FHELE REBRE e PRIKEY R
= HilsE I8 ol mE o] KiES A A hybridoma
o] o] FAA =l B HPEAFE cloned ¥
HE +x gk olgk 22 ATo] MAbFIHS TF
BEolH, MAbE MkE 4% o #iltls B9 #
Ryl Hak B—9 isotypeZ o] Folx zlolzte
RE EHE HEAF & Aot webA B2 HFKk
Eel HEdE filgdE, RsAAE 44 F 84
gl prober} FIHHA HE2A HFEREEY #iE)
s e Ax ol th

A FEERol A MiMEE& ol #FI= Balb/C mouseizK
myelomagiifutkel SP2/0%& = BFEH] EF39 o,
HGPRTH#:, Igdesriitt o2 A @igpartner= A &
g Aoz HEs gt

MEBRE A kel A E 2 WEEY Hikel wtet
S R 2RI Jeorz oA EHES HEHRS
o] ZE BiAKEMRe] RESEE EEEd 1ET A
ok w2k & KRl AE REMEF program, R
lymphEke] £ 2 ¥k, Atom 2 Esne] mE,
feederfififfue] MR, B HEW D HEGE, MAb4E
FMES screeningdlA vt EHSIE MAbE A4EIE
hybridoma®& cloningdti 2 5 MAb4:#ES 3 &
A8 S-S st E{bsted EdtE et

e e e

3k, PEGRE M <3 MEiuAa2 hybridomafl
B dRae] ol A9 RStz & 4 Ak
Boe BRES A HBE AWHE hybridomais
BE %8 4E37] 404 @k BR@aEE Lo
% 1984; Vienken# Zimmermann, 1982; Zimmerm-
ann, 1982; Zimmermann % Vienken, 1982)c] RE
59l #4538 fusion @ post-fusion medium(GCA
it BHE )9 BA 59 MER K47 PEGH
J3 mgridz #FYL MePEE 9A XIdd.
o BRAY MEALE o2 hybridomaf@fiue fER3)
At EHApulseZ MBS spdlsle] DNA 5 S
A 3IE transfection$ ko Hk B2 HXE ¥A =
Aol B Z o] BAHKL Ml RNEE Al

WA= EFRI etel 2ol pili(fimbriae) 2
enterotoxin®] 4L ghEEd A E. coli®] virulenceoi]
g dtc} (Harnettd Gyles, 1985; Lund, 1982; Morris
£, :982; Moon 5, 1980; Renault 5, 1977). ==
9| BB RA SHEE E. coliv 4F9] pilifili &
ol AAE AdchE Ao)rh(Wilsons} Francis,
1986). &, Kg88(Rutter, 1975), K99(De Graaf =%,
1980; Moon %, 1977), 987P(Moon 5, 1980; Moon %,
19770 3 F4l(Morris %, 1982)°] z A Fol=t. BM2
fFEo2 XY srEe FEM: E. coli®] serotypet 08,
010, 045, 064, 0119, 0138, 0139, 0141 ¥ 01479 9
typeo] # 80%% A B Yrka WiGEH AHFAE
5, 1984). wEbA fFEERlCl W ETECS &%
M) 1 BET ER pillifiEE] g MAbY
RS TTRMRIEEE REEKE BB ETE ] W
S FHASA FmME a4 g Zeld, MAbS ki
ol W Pl FEK R 7l shE AA4F
B 2 BERAMeEE MY ez ek

& frEgol Al HE S 12010 BEARBES 5o 14
#:9) hybridoma cloneg fFIR3}Q 4F8HY MAbE
st ch. o] 5 4 groupe] MAb % group 1 ¥ 39
MAb¥ 7hzh K99 2 K8siliie] #Rpyo 2 RS K
H group 2= K999 F4l#ilEel, group 4% Ksss}
987PH ol R ELMES Y o, Salmonellatifl 5 7]
e Mgk TREES glgexz ETECY
pilig el = 25 HRE] A MAbR RESA.
Group 2 % 49 MAbE#} KjESIE ETECE F71HH
piligh -2 A Aie Aoz #Hes At

g, ol F Hiel HalA A" Balb/C mouse
X MAbE BT 105~10%9) & (FA)S] Ao g4
oo E. colikkd] piligtEe] #Eel #AT 4
Sk &, FERERY THRMEEEY " E. coli
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878 tHA 1R = KeSHKS SHRBE IFA

22 BES #HR 287 BERES Jedez s
BAA A2 fFEEfY BRI B coditkd] # 412
o] K8sfili& A'd ETECY & #:EA gt wehA
ETECS pilifilie]l HHEE MAbY] 4E e FK 2
718t 58 KBEEAANFY RETFES 28 F
REA FIRE + g Zleold = olF MAbY Xk
g THEE AL =2 REDREI MR E
coli?] subunit(component) vaccineBiE%9) EPER S
dEeHE Ego] @ Aoz qlojAr,

® B
1. EFAIE a2 ETECY pili(K)HEA

S MAbE @43t 1482) hybridoma cloneg
3 o

2. o] 5 MAbE IFAE o2 2 o] #Eisiglon
4 groupe 2 EHESTH &, KIoHiEd #HRAA R
(group 1), K999} F4lyifel ZXKFES olF+ A
(group 2), K88Hilfoll #RHy2l A (group 3), =28 =
K8g#t 987PHIIF RREMES o] F+& Zl(group 4)°)
o},

3. o] & MAb IFAJR 98]+ ETECS kol #
ie KHEES s e $224 ETECY
Ed A 2EREA FRE 4 JE A= g
9t

4. AAFY FHRozHEH SEd E. coli 8THE
group 3(K88)9] MAbZ #MHI #KE olF & 42K
(48.3%)7} K88 pilifiFolA&g Be & AL, oA
o] Efstol ##EstE ETECY FE KHRY S #EA
3hsich.

Legends for Figures

Fig. 2. Indirect immunofluorescent staining with group 1 monoclonal antibody(MAD) specific to K99 antigen

of enterotoxigenic E, coli(ETEC).

Fig. 3. Indirect immunofluorescent staining with group 2 MADb specific to K99 and F41 antigens of ETEC.

Fig. 4.
Fig. 5.

Indirect immunofluorescent staining with group 3 MAb specific to K88 antigen of ETEC,
Indirect immunofluorescent staining with group 4 MAb specific to 987P and K88 antigens of ETEC.

Fig. 6 and 7. Indirect immunofluorescent staining of field samples from piglets with diarrhea with group 3

MAD specific to K88 antigen of ETEC,
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