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Human exythrocyt§ receptors B f CFA/I

f,:.’{lnvestlgated, ErythrOC)'te brndmg assays usmg whole Orga“"‘ims‘ei‘“-;’.‘.v".

a3
"-?'_gand enzyme- treated (trypsm and neurammrdase)

o ,suggest that the CFA/I receptor 1s a glycoprotern wrth 1mportant; o

::'g.;;}";-'i':srahc a01d mwettes"%A soluble glycoprotem fracttO& was obtamed.ff'__'?‘f}‘"
fr@ human erythrocyte membraﬂes by extractxon w1th llthlum‘:"%..._"
'--'.".-_.dnodosalrcylate The extract fractron caused agglutmanon of the':fj

:CFA/I+ but not the CFA/I orgamsms at a protem conCentratron of";f‘f{_‘-

‘k OS mg/mL A CFA/I p111 receptor ‘was: rdentrfled m rodmated}'ij_l_-\"._:“.f:

extracts by utrhzmg a bmdmg assay usmg whole bactenal cells"j.__,j

"".‘"_"_"'Subsequent analyS1s of the 1odmated baqterlal bound materral by_vij:'."v_i:,"f?.;

SDS polyacrylamlde gel electrophorest% and autoradlography»

:'”:""revealed a polypeptlde thh an-; appareat molecular_.w_elght (MW),‘,Z‘_:‘

"-",.i_'of 27 000 1 1500 whrch was present 'in the or1g1nal labeled'.-””..“;:‘}-i\_“-i:

. .extract and on CFA/I+. orgamsms but was not observed on extract-"x'z-}f'.Mv'_"
_“‘."-,t_;-‘bl_.’coated CFA/I' : bactcrla In addmon when purrfred CFA/I plllv".-.:',‘:-;i‘,‘j-
"*‘f:'j'}were added to the whole orﬁmsm bmdmg as.say mlxture, they?‘“’
-',-'_:_._:"reduced the amount of the 27 000 MW specxes whlch bound to.
""-S"._‘CFA/I+ bacterra ' Wheat germ agglutmm (WGA) afftnrty"ff;‘f,:-,

_,t'}.:.,j"{.“Chromatography of [12511--1abe1ed extract revealed that the 27 000

""7:','-"MW band contams sralylo]rgosaccharrde um‘ts Thrs observatron ts;.'-,'f'“
'_"l__vjconsrstent wrth the results of erythrocyte bmdtng exPerrments . g :
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o e f?lRHA , mannose rémstant hemagglutmatxon o :
“,, PBS Co o phosphate buffered sa.‘ne S
e SDS-PAGE - -~ sodlum dodecylsulfate polyacrylamlde
D el \:lectrophoresxs o
SR Md’Ab S '_i"mon_ocl'onal_ Ant;body‘-~' -

a

5 Mdal s - _mé"gadﬁltons" A N
U Kdalt kilodaltons |

‘, PTA R phosphotungstlcamd -

“ . BSA.- \i . bovine serum albumin . 7
o " EDTA tdﬂiso_d:iurh‘ ’ethy'ler{e-. ">diafr1'in'4'e-' .ﬂtet‘.'ra}afcetai'te

P .

CFA/f' ) colomzanon factor anngen I
J,, x | | LPS , g hpopolysacchande |

LUUWGA T «wheat germ agglut"""
S A T S

TCA - c‘ -tr‘lchloroacettc_»&aad S -
o a, - Man. ~ " l"‘:ma_r.i'.r_losé S L
" Gle NAc N-acety] 'g.l}'lcgds's;lfnihle.‘:i“.'

. NeuAc N~acetyl neuramlmc ac:1d o

2 S .Gal : ,': | _fgal'actos‘e”_-j.



= the bacterlum

| 1 1 Dlarrheagemc Escherzclua con )
”. The pathooemcuy of certam . Escherzclua colt :‘j stmlns lm o

3 humans 1s well documented 1n the lrleralure o (73 2(, 7,1 32, %
: ._.'40 45, 48 56 63 64 65 89 93‘94 95 98 106' 108 109 ”3)1'_-__.

?“Howe\cr when Theodore Escherrch mmally descrrbed E. (01: 1t

\. Lo

' 11885 ', he was not convmced the orgamsms were p/atlrogemc

'’

_\fﬂ. th s
mtestlnes of hedklthy mdrvrduals /élo\ever m 1945 Jo‘hn 1y

"'_publlshed an’ artrcle on ‘the assocratron of antxgenléal yv"'_";:"." :

because they wqre found to be umversally pres_er&

"'_j'..,.7.;-homogenous E coli wrth summer drarrhea (10) It was thc tha[}:h“_

—_—

'as- accepted as a human ‘pathogen Subscquuu to_'.;

e Brays study, a S stem for - serogroupmg E col: was developed

’I‘he syst‘em is. based on: sewlogrcal rcactrons to antrgcns 3
uexposed on the surface of the bactena In E colt as in- vother.-_ ‘

S gram : negatwe bacterta th &outer . membrane

o _"'lrpopolysaccharrde (LPS) and protem m addrtron to J{?hnsphohplds Lt .

- "-‘The LPS is composed of the llpld A core polysaccharxde " }n‘ -.
'_,-._‘antrgemcally varrable (group specrfrc) @llgosaccharrde repeatmg_}‘
" units, termed the o} anmgens ' To date. over. 168 serologlcally_f‘_i’
'.7:"dist_inct O antrgens have been descrrbed 1n E \a*‘“colz (68\
}""‘vaddit‘ion to LPS t‘he ﬂagella are. responmble for productlon of"‘,' :
."type specrﬁc antxbodres (H antrgens) ' ‘l‘he capsular or K antrgens‘_
"_‘are generally complex polysaccharrdes whxch surround the outerf{
o membrane of some strarns of colz | Unfortunately, pnor tO.l:_-'
'-'extensrve EM studres some prh types were mrstaken for the K
BERREE



"""'-_documcnted" a consensus on how

1949 Gllcs et 1la(45)

. _.Brays carlter studnes

- nomcnclature has nou becn reac&i

mdcpcndcntly reported the results

'o

-"*,'-'a'migéhs';f Although the t{ue nature of these antlgens is. new

to modlfy the confusmg

. ‘\'

and Taylor et (108)

of mvestrgauons ’ mto

’ outbrcaks of dlarrhca m two mstltutlonal centrcs (a nursery and a
matcrnrty hostcl rcspectrvely) and 1dent1f1ed the etrologlcal ag,ent

'as a stram of E colz These mvestlgatrons confxrmed the. results of -

8 '

CIn 1954, Koya et ali (64 65) publlshed a paper on ‘the

‘multlpllcatwn of Escherzclua colz :

serotype O 111 in the mtestmal

L ~tracts_ of adult volunteers They utlllzed an’ mtubatron techmque
f‘to demonstrate that E. colz 0111 must mult:ply in. the lower ‘
E ;_Jejunﬁm or upper 11eum of the smalT*mtestme in order to efl’ect T
--:dlarrheal symptoms _ Tlus mevrt&ly demonstrated that some

'strams of Eg’colz can be pathogemc to humans when dlsplaced

.from therr natural ecolog1ca1 mche in the large mtestme to a

healthy amdlwduals
Fe

-rchon of the gastromtestlnal tract that is | relatwely sterile

_..t.

In “ads ition to its enteric pathogemcrty, ‘E. " cbli 'vhas*also-

@,
emcrged as an_ 1mportant opportumstlc pathogen j E' co/ ts/thus

l

recogmzed as an 1mportant cause of extramtestmal mfectlons such

casi urrnary tract 1nfect10ns

'wound mfectxons,- .pe.rlton.‘ltrs,;

.'memngms pneumoma due to gram negaxtlve bac:ter_ia,f and ;-

septtcemra (58 63 68 85, 88)

Toydate dlarrheagemc £

EC

colz

“.vcategorles based on: 1ﬁeractions thh

can- be plaied into four ’,

mtestmal mucosa, chmcal



e T e

Y

| sgnptoms of the dlsease eprdemlology and OH serotypes These

of Gorbach and co workers\m Calcutta (5 48). - They ’cxammed o .

v -,

£

‘ : group, termed cnteroadherent E COIl " RAEC 68) sec Tablc 1

g 2 Enterotoxlgemc Escﬁferxclua COIl

'-' categorles : are ' (1) enteropathogcmc E jcolc (EPEC), (”)
o - enterotoxngemc E COll (ETEC) (3) enteromvasnve E Colt (ElEC) 'md
’ (4) enteroh orrhaglc E colz (EHEC) - ’I‘here are other strams of

dlarrheagemc E col: wluch do not fall lnto any of these four’:'__’i’»"’f

‘.-..'-,',partrcular categorxes These have recently bcen assxgned to '1 f:fth

The recogmtlon of enterotoxrgemc E COll medlated drarrhea

_adults" exhlbltmg cholera llke'. ymptoms but could vnot

-%

in man was made in. the early 1970s largely based on the studxcs S

. ‘ -
r.sovla-teV_xb_zo- clzolerae from - stool - specrmens obtamed from-

patients'

-from cholera (rlce watery stool nausea abdommal cramps, ;-l-w'j;

; ’_' lthough the patlents had symptoms 1ndtstmgu1shabl,‘.i'f""‘

“_vgrade fever prbfound dehydratlon and shock) the' duratlon of/

S dlarrhea was relalnvely short ceasmg wnhm 24 to 30 hours m qtll(/

~

symptoms whrch are not self—resolvmg

EndOSCOPIC studres (usmg a tnple lumen polyvmyl tube'

s absence of antrbrotxc therapy Patlents wrth cholera suffer from #

:passed peroraﬂy under fluoroscopre control) performed on the'

ol Calcutta patlents durmg 1llness, revealed large populatlons of E

o aco[z -Af in the proxxmal small mtestme Upon recovery of the'

patrents the orgamsms were no longer observed (5 48) h,e-";,"" >

orgamsms 1sol'ated from the Calcutta patlents could be placed mto;i o

the serogroups 078 and 0126 (5 48) The stnkmg srmrlarxtles*:_'_,'_'



R .::"'.()j" Scrogroups Assocxatcd wnth tl

,aJor Categorles of

Dlarrhcaggmc E. ‘colz T TR e '

B n "Er'itcrd["_)at'hogcnié E coli
- LR T,

-

05, 086, 0111, o9, 0125,
0126, 0127, 0128ab, 0142, 018,-','_'_

- 044, 0112 o114,

'2) Enterotoxigenic E. coli ==

o

" 3) Entetoinvasive E. coli:

4y’ -fEhtcrollemorrhagic E- cbli

 _‘_5) Enteroadherent E colz |

- rcf 68

0139, 0148, 0153, 0159, 0167.

j_"‘.}oe 08, 013, 020, 025, 027, 063,
. 078, 080, 085, 0115, O128ac, )

.'f;".‘~-\.028ac 029,0124, 0136, 0143,;.?;
D144, 0152, 0164, 0167

E 0157 026 Olll

.~
\

o .,O ’s_erogroups nowleﬁncd. '



.,}‘

.f causatlve agent of drsease Volunteer studles 'w;th toxtgemc

strams of E colx 'obtarned from extramtestmal srtes dtrectly

demonstrated the d1arrheagemc capacrty of enterotoxrgemc E colz

: m humans . Subsequently ienterotoxrn wrth btologlcal

=

major cause of 1nfant dlarrhea in developmg countrles,as well as

propertres very srmllar to cholera toxm was 1dent1fxed ln the ccll

free culture flutd oﬁ-the Calcutta & colr rsolates (95)

It has srnce been establtshed that E’I‘EC 1nfectrons are a |

belng the agent most frequently reSponSrble lfor travellers

\_,,

dlarrhea (13 40 56 98 101) Such mfectlons are: acqulred by

N L

'the fecal oral route. The bacterra colomze the proxrmal small

Ta

mtestme and release a heat labrle (LT) or heat~stable (ST)

enterotoxm, or ‘bOth (19 20‘“ 24 68 87) The productron of these

enterotoxms are encoded by genes contamed on plast’mds (99

100 112 116)

e -

The LT enterotoxm (a classxcal A B toxrn srmrlar to cholera
toxm) is’ a hlgh molecular welght (86 500) anttgemc protem
composed of.an enzymaucally actrve A subumt Jomed to a B
ohgomer cons1stmg of frve 1dentrcal subumts As wuh other A B

toxms the B. ollgOmer 1s responsrble for bmdmg to cell surface

\s

receptors and perhaps provrdmg a mechamsm for the A subumt
to penetrate the plasma membrane ’_ Receptors for the L’l‘--vB

- -subunrt mtestmal cell surface membranes ms:lwde GMI

ganglrosrde and a recently-descnbed glycoprotern (25 51) After

blndmg,}the A subumt enters the cell and 1rreversrbly acttvates L

. v




has been more extensrvely studted (25 51)

'.n"-'thc' adenic]g(é cyclase complcx by destroymg‘\the GTPase actrvrty
_of the alpha subumt of the cyclase sétmulat‘ory component(Gs)

""}'Thls results m the mtracellular accumulatlon of cycllC AMP Wthh
i

i'causes overt secrettons by crypt cells and decreased absorptron by

-

'7"{"'wllus ttp cells. ThlS results m the accumulatron of electrolyte rtch

ﬂurd in’ the lumen of the small mtestme clrmcally mamfested as—-;.;v-'.

water_y drarrhea (25 51)

The other type of enterotoxm is. ST a low molecular weroht

}, (l 000 - 6 000), heat- stable non 1mmunogemc polypeptrde ';{"I'.W:O-";-,_ |

- forms of ST extst STa whrch is methanol soluble and STb whrch

'7-".,.'13 methanol msoluble These two forms (STa and S’I‘b) are

Cooley

k"'\’
‘e

Bmdmg studres conducted wrth [1251] labeled E cola STa

.,l_ﬁ;‘,jf1mmunolog10811)’ and genetrcally drstmct Of the two forms ST‘a N

"-.‘“'and brush border membranes whtch were enzyme treated wrth

pronase phosphohpase Asz phospholtpase C neuramrmdase and

endoglycosrdase P suggested that the receptor tfor S'I‘a 1s a protem

. Only pronase treatment of membranes re5ulted m decreased

| '.v_".bmdmg of J“SI] labeled STa (19, 39). Once the STa is ‘bound to
ijthe gastromtestmal g eplthelxal cell membrane 'it actrvates |
"._jf,;partrculate guanylate cyclase actrvxty, resultmg m arh, rntracellular
: ';accumulatron of cyclrc GMP (50) ThlS cyx:lrc nucleof\de alters the
cell memb;ane functlon, resultmg in net secretron of water and
:...-‘electrolytes (86) ’I‘he mechamsm of 1ntest1nal secretron due to
L STb is . unknown for 1t does not appear to mvolve mcreased levels ',

:3of cyclrc nucleottde (20)

v

: e
ek



'-'f"."fgmxcroscopy d'n bactenal ﬂagella In the course of thetr study

.. ”'K‘F‘.
R s

-v]‘,"«jlcolz ,-they notnced tn addmon to ﬂagella the occasronal pres&nceﬁ-ﬁ

(52), perforn

Iterson

and Van

-.v'_»'":j,of thm rrgrd fragrle fllaments radratmg from the surface of the’"ff"

bactenum It was thenr lmpressmn that these f’rlamcnts werc’f"""‘"”-

o ;formed on bacterra m contact w1th a solrd surface hcnce thcy'» :

e were an organ of attachment

>

L \'investlgators) act as an organ /of attachment In the mvestlgatxon

Several years later Dugmd eL al (22) obtatned results .wlucln
supported Houwmk and Van\Itersons optmon that these thm

3 "Erlgrd ftlamentous appendages (termed "fxmbrrae by thesef

: _of Duguu. et al, 1t was’ found that strams possessmg flmbrlae had:“"

}' the - abllxty to agglutmate red blood cells from a. varlety of ammals

"addmg Dr mannose t5 a fmal concentratron of 05% Even 1f D-”?‘

"".;.,':'responstble for the productron of type 1 plll are present on lhe‘j._;f“;f”‘

» In- a subsequent mvest;gatlon,‘ Duguxd and thhes (21)
v‘:f}‘:notlced that the agglutmatton of gurnea ptg erythrocytes by-_,

-'-»",Shzgella flexnerr Wthh also express}ptll could be " mhtbated by

“‘mannose was " added after hemagglutmatlon had occurred h
"vclumps would drsperse on: further ml’a’ung Consequently,“_ thls.;;'.
: V:I"ype ' °f hemaggluttnatron Was b termed mannose sensxtwe_:%ij o
":r_.v;_fff...;hentagglutmatlon (MSHA), and the frmbrrae whxch dlsplayed thxs;-'.'-_;:;,‘ :

S acttvxty ‘were later classxfred as type 1 or common plll The genes_ S

chromosome as opposed t§ bemg on plasmrds (78) Typc l Plll are"‘.i,;.'_'f

.f_expressed by many rnembers of the Enterobacterraceae famtly“:'f:--':

| '.'."'_,4;-(14”) In addmon to bactma whtch expre$s type 1 Plll, DUE‘"d "" ""3":7.-;.ﬁ;.

—




':‘:’.Afal (21) also 1dent1f1ed pxhated bactena

| ',_'erythrocytes m the presence of D-'mannose Thrs ’phenomenon was'._"'

. S

_'.v-termed mannose reslstant hemagglutrnatron (MRHA) Dugur,d sfr

1'7_.1nvestxgatrons mto bacterral hemagglutmatron became the bas:s_f

-.

'"'-for a sxmple procedure whrch contmues tobe extensrvely used for'.j,:i"_""*".
' _‘~'group1ng Orgamsms expresssmg drfferent types of plll i |
| MSHA by type l pxh has been extensrvely studred Ftron » et J

(37) examxned the 1nteractron between mannose contarmng k
"'-ollgosaccharrdes and type 1 plh of E colz _ m the yeast cell'f"

o ~agg1ut1natron system : Yeast cells are agglutrnated by type I

:"-f_‘(37) The arm of thetr mvestrgatron was to characterrze the”

P o

receptor combmmg srte of type 1 pllr Thrs would be crucml to:':__ »»
: understandmg the mechamsm by whrch type 1 prlr adhere to cell i
surface receptors and may eventually a1d 1n desrgnrng hrghly,
effectlve 1nhrb1tors ﬁor preventrng adhesmn and subsequentf_
1nfect10n Brrefly,- f’_r_ each olrgosaccharrde examlned _t~he_v

concentratron causrng 50% brndmg 1nh1b1tmn was determmed and,f

&

'the relatlve mhlbmng actlvrty (compared to: that of methyl D-'.'_
’-,'-."mannosrde) was_&léulated - The best lnhlbltOI‘S-Of yeast'ﬂ- S
f-.:aggregatlon by lntact bacterra als well as by 1solated plll, were the‘
_.?_‘aromatxc glycosrde' p- n1trophenyl "D- mannosrde ~and "'thef’v
.'tnsaccharlde Manal >3ManBl->4 GlcNAc Fxrons et ral .resultsl'»_ |
".»showed that the typel pnh combrmng srt’s an extended one:a”

: correspondmg to the srze of a trtsacchamde ot contams a

““\

hydrophobrc regron in- the form of a pocket on the surface Of the

,lectxn mto whrch hydrophobrc groups such as p- mtr0phenyl mlght

v'.

it '_:A'_ _' magglutmated

o ‘;plllated orgamsms because of theu= mannose contammg cell walls

,'r



tﬁt Therefore the combmmg srte fxts best the structure found ‘"?;i-;--, ;

-;. short oltgomannosxdrc chams present the core regton ofﬁ';- .

asparagme lmked ohgosacchartdes on glycoprotelns ln addmon

to type 1 prll other examples of plh mteractmg wrth complex;;_"

arbohydrate receptors on eucaryotrc cells are lrsted m table 2.

There are two types of ptlus morphology seen m E. col: (l) i

the thm rrgtd rods W1th drameters of" approxrmately 7 nm asf
%%strated by type 1 CFA/I and P ptlr (Table2) or the thm, wavy,;g_'f'-_i"'f_'

.'__r flexrble threads w1th dtameters of 2 nm as exemplrfled by ll‘lC-;‘.;.:v’_»-,_»

K88 and F41 prlus structures (58)

: X- ray dlffraction studres of type 1 pxlr mdrcated a heltcal-:_}»-; )

rod -lxke structure wrth 3 125 subumts per revolutron and a;::"."

S subumt Pttch drstance of 23 nm. An axral hole wrth a dlameter of:'

2 am s located ‘in the center The ptlus is composed:,._.';of;_fv~'"'

".~:..=v_“.approx1mately 1000 1dentxcal pllln subunlts held togetherf by

o noncovalent‘forces The overall lengﬁh of the ptlus: 1s

approx1mate1y lum (58) Prlus X—ray dxffractlon studres have;;fno’tﬁ'.-:,_-'.'-'

: 'been performed on the thm ﬂextble type plh

In addmon to ptlus structure there has been consnderable

o mterest in determmmg whether the adh 3

E plll (as well as other plh),‘ls du“

fve propertles of type 1:' 2

e 10 the ptlm subuntts or an -

adhe« in molecule possxbly assocxated wrth the p111 and responsxble;,-:.f‘ -

]‘:“r,-._'_e'fogattachment Recently, through the use of DNA technology andi_‘f, B

'-‘ytransposon mutagenesrs,- Maurer and Orndorff (78 79)

o ‘demonstrated that the hemagglutmatmg abrltty of type l pth .

,requlres a protem whtch 1s dtfferent frorn the pxlm subumt They

;Iderxved mutant E colt | stratns whtch expressed type 1 pllt



ABLE 2 SUMMARY OF PILI RECEPTOR INTE'RACTIONS

. : PlLl I'YPES

7.

- Gonococcal

K99

987R. .

"_."F41' :

o RDEC l

-E{CFAn

o CFA_[H» :

- “PCF8775

' Soni'sc_:e:

H‘OST STRAIN

. Broad

" Human.

. Human -

\X.F -

o »Povr'ci‘t'\'e

Bovine, ovine

. & porcine

Porcine

- Bovine' - .

- Lapine’ ”

SHuman™ ' >~

o ; 1 )
Human,K

Human

:’P'orc‘inc ovjne, -

Ca

CLINICAL CONDITLON

Urmnry mfecuéns», .'

‘_.‘

:, «Human pyeloncphrms '

Scpsxs & Pycloncphrms-,

' A'CQ[C‘ ' pygl‘on’cpnr‘itis‘

"Gonorrhea
s B

. Porcine diarrfica

bovme dxarrhca‘-‘ ’

: Po{cme dxarrhea e

R Bovmcr' _dl_arrhca_.

N L?pijne"_ (liin‘rrheé‘
- Human ‘dia}nnea' '
) Hn'ma'nawdiarrh’caf V
Human diarrhea '~
_33,137,.55,'58, 63, 71, and 72

RECEPT OR MOIEI'Y

! Tcrmmal
D gmcosammc

i 'GaIactos:dc af  ’.
,‘unknown structure

("UC)v . _» ‘

@f/ .

3 '{manal-3 manﬂl-—d RN
_.';_GlcNAc : :

'D Gal(al-4)D Gal

NcuAca2—3 GalBl 3
GalNAc Co

N acexyl- _' e

. Galm-scalNAcm-s :
"v.Gal

N

' ' Unknown
'.carbohydrale (UC)

(UC)
Lwo

Lwo

oo



;

,A°‘

| “-'th'ei’ temperature dependent : expresston may b at the

B mvestrgatton 1ndtcated that the_p' :

"-':‘j':zprhated cells to. cause hemaggluilnauon

. s

nate gumea prg

. ;";ﬂ_of at least one lrans '-actlng product w’hrch s ’hecessary for

'5' FRA

Srmrlar results have been demonstrated for P prh by,,

Lmdberg, et al (72) They reported that the adb sm protern, o

medrattng the bmdmg to drgalaetose-sontammy'glycohplds (see

Table 2) present on urmary tract eprthehal cf-‘lls 'rs encoded

separately from the gene encodrng the P prlm mo'lecule

ETEC prlr drsplay certam common features They consrst of»

e1ther rrgrd structures 6 7 pm rn dlameter or of wrry, flexlble

structures 23 nm 1n drameter are encoded by plasmlds that

usually also encode the heat stable enterotoxm and often h

heat labrle enterotoxrn (58 68), - consrst of protem subumts,_-
rangmg m s1ze from 14 to 22 k'rlodaltons (Kdal) and are

expressed at ‘37 C but not ’at 18 C The molec?ular mechamsm for

transcrrp*onal level and rely on a temperature sensmve

rePYGSSOT molecule A‘klrnatrvely, the membrane hprds of‘ E coh i

mayv parttally SOlldlfy the lower temperature, : thereby
1nact1vatmg the prlus translocatro‘n system(s) (58) Other common

chﬂrac&nstrcs of ETEC plll mclude serotype restrictton, of pzﬂus

P

' ;"'.5 The Prl E gene rs not.v,"-»-'.‘-""’v
,-_pllm The result of thls-':j"_';'.-"iﬁfl-'f

i ocus specrftes the expressron'




expressed only m

‘a '.,.few typ‘:s of E coh 2 phenomenon Wthh ’S

not yet undersmod In addmon, agglutmated bacterra can be-’:‘(f.v‘:

R

;3.'eluted from erythxocytes at 37 C and the hemagglutmatmg-z-'?"":4‘7?

actwnty 1s dcstroyed by heatmg the bacterla at 65 C for 30

_ mmules (68) Most importantlym ETEC plluare responmble for'_',-
e medlatmg MRHA e :

g 1‘ ‘r’e"‘i"- A
Normally, E colz dg not colo

mze vthe small 1ntest1ne to an'x":""-‘

apprecxable extent (5 48 64 65} However ETEC strams whrch_j"f

express p111 aré able; to resmt the mechamsm of perrstalms and

subsequently adhere to. these surf’aces (43) A varrety of pllus o

lypes have been 1dent1f1ed m ETEC 1solated from var:ous ammal‘:_‘__‘

' sources (see Table 2) However, m addmon to p111 aflmbnal'..,-*'

adhesms have beeﬁ 1dent1f1ed in human *ETEC (strams 444 3 469—,’;-:‘“”5
3 and 2230 16 38 \14) @E"" '

1 4 Colomzmg Factor Antlgen

<

'Phe flrst pllus colomzatlon factor assocxated w1th a human?';'.'if-“

ETEC straln was descnbed by Evans et al (30) ) They 1de'nt1ﬁed an} - .'

NETEC stram, des1gnated H h0407, serotype 078 K80 Hll, N whlch

was lsolat\d from - patxent ‘in Bangladesh ' The orgamsm'}f‘j .

-.'_'contarned a plas'md assocnated heat lablle surface antlgen that*"""

’,_,'facrhtated colomzatlon of the small mtestme ', Hence, _1t was o

‘ termed colomzekuon factor antlge '(CFA) / It Was subsequentlyv;vl'f

named CFA/I when '3 second colomzatron factor antngen (CFA/II):‘;.I;_’“;'

--‘was 1dent1ﬁed and found to be 1mmun’610gxcally dlstmdt (27)

Immunodnffusxon i

-

. .comp_rrsed, of .‘more than 'o ve antxgemc component These‘_

“have shown - that CFA/II ls



and CSS g a large number of ETEC strams ekammed he;

- -f'-",-encoded by regron 2 although not:

fcomponents al‘e cav_,v": ' E colx surface asocrated antrgens CSl CSZf

antrgens seemed to occur m parrs (1e CSl and CS~3 or C82 and CS3)

but CS2 only posmve strams have also been :_'“entrﬁed (15’)

CFA/I pllr a‘re enccﬁ_ed on a smgle'»non autotransferrmgf SR

(-
plasmrd wrth a molecular wexght of approxrmately 60 x 106 'lhe;

same plasrmdl also encodes t’he heat stable enterotoxrn (ST)

Further there is’ approxlmately 90% homology m DNA betweenv»'vl:-‘;'-,_.."~'_'
the 60 X 106 plasm j, obtamed from drfferent 078 ETEC strams-:
1solated from drfferent geographrc locatrons (30 81 99 115 116)

The sequences requ1red for the productron of CFA/I prlr are._"_f.:_"‘:"._-'v'f

located on two separate regrons of the plasmxd desrgnated regrons;{"‘-'_'f.Y"-f'

1 and 2 (6 and 21 kbp, respectrvely,ll6) Reglon I ” encodes the
: structural gene for the CFA/I pllus s‘ubumt _ CFA/I prlm

synthesrzed J.S a larger precursor moleculﬁ '

N processmg, resultmg in the smaller mature forrn'-.-‘“""’l‘he products;_"._}‘.,_';L"_"’-‘}

e‘ss., .,' 3

._.‘-thh undergoes;_"v-’""““'“""

productlon are requrred for prlus assembly (116)_’.:-“..?"”'

orgamzatron of CFAII prlm genes 1s m conttast to the K88 and K99‘_f

plll systems (from ETEC of ammal orrgm) Both K88 and K99 prll?}_’tv‘--"""::"»’

systems contam the genes necessary for the ¢expressxon of therr

pnlr on a smgle transcnptronal umt of approxrmately 7 k.bp Flvea-,.ﬂ-J =

gene products are requrred for K88 prlr expressron and seven gene:_

products for K99 expressxon (43 58)

The prhns from K88 and K99 are well c,aractenzed The i_

e K88 pxlm eerts m



. or, 'm'orc antlgemc determ nants -is-' tqrmed‘

R T

, whereas i-th_e

"';.‘-‘-vanablc factors have been denoted b ', and "d" E The K88 pllm |
':_“ﬂysubumtt has been sequenced and’ consxst of 264 ammo ac1ds ‘withe
a molecular welght of prox1mately 217, 500 It has an 1soelectr1c

“-4:,,;pomt of 42 (43 58) In contrast the K99 pllus subumt consrsts of

v‘""-"‘v"'159 ammo ac1d resxdues wrth ﬂ"‘molecular werght of 18 400 I

‘addttlon K99 plll have an’ tsoelectnc pomt oF 95 whxch

. belxeved to prom(ie blndtﬂg\ Ao ‘the . predomlnantly negattvely---

‘ vfcharged epxthellal cell surface.. The 1\99 p111 subumt 1s also held
S togemer by disulfide brldge hﬁks 43, 58) ,, '

The CFQII pllm protem has been well characterlzed Intact

';'pxlt have an average molecular welght of 16 X 106 as determmed o

';by equthbrlum centrlfugatton (28) The 1soelectrlc point of CF%/I

| ~ pili is” pH 48 (40) The pnmary structure of the ptlm subumt

"‘consistsx‘lﬂ amino acrd resrdues w1th a molecular werght of -
15, 058

e ammo ac1d sequence does not reveal any homory

u:w1th the known sequences of other p1l1 (57 59) However th.‘? -

".protem contams a rather hydrophoblc carboxyl termlnus (sxmllar o

T oto the K88 ptlus proteln), as determlned by the hydrophobxcrty

A 4

-imamtam the 1ntegr1ty of the flmbrlal‘:yuperstructure’ (57 59) The}..- ,

"-ftlamentous ’orgamzatxon of‘pﬁm subumts may provxde an array of

mdey and the absence of charged ammo a01ds among the last 23

Q

émesrdues It has been proposed that «thrs reglon of the molecule

v .

- Tlinks subumts by hydrophobtc mteracttons thereby helpmg to ’

protem, contalns»no cystelne groups 1ndxcatmg that no . dxsulflde _

. "fbrtdges ltnk 'the resrdues together The resultant polymertcf

70

: abmdmg sites” for specrflc receptors on host eplthelxal 'cells and

‘
Lo B P
bl
:



~ erythrocytes, ‘ds well . as  localization of - potential antigen
determrnants t ’ '

Potentral antrgemc regro‘ns of - CFA/I were predlctcd by"

B _'.»Klemm and Mrkkelsen"(59) The methodology of Hopp and. wOodsg-f.

' f:__(utrhzlnfy algorlthms to asSIgn hydrophrhcrty J(\éalues to each ammo

B Lo
_I-acrd m ‘a sequence) and the emplrrcal algorrthm of Chou and'

.Fasman (whrch is based on. a statrst*l treatment of secondary'_‘__‘

: "'.structure results obtamed by X,ray crystallographrc 1nvest1gatronsf

.J.vzlof 29 protems) enabled the predrctron of srx regrons of potentral |

) -I_‘antrgenrcrty | These srtes lrsted in_ descendmg order “of.

']7":'116 19-24 and 92 99

" v_upon the p111 concentratron (28)

,antlgemclty, are loca‘ted i’ resrdues 52-57, 61 -66, 37 42, 1.12-*[

o Electron .m1crographs of . CFA/I ' ili reyealed frlamentous :

-"jstructures with. drameters of

"length rs l/ar{able possrbly because prlr are’ sub]ected to shearrngj"

'durmg preparatron for electron mrcrbscoprc examrnauon CFA/I
'lligﬂprlr exhrbrt a tendency to aggregat’( and form bundles dependmg o
Although- the role of CFA/I prlr in medratm attachment to
human mtestmal cells and erythrocytes is weﬁocumented _
brochemrcal rdentrty of CFA/I receptor(s) has not yet been'

" conclusrvely establrshed (29 31, 32 33, 35 47 49 61 62)

'v__oxrmately 3 “to 6 ‘nm. Tlrc-" |

blmtrally,‘Evans et al (31) suggested that the surface moretres"v

relatmg to the ABO erythrocyte antrgen typmg s‘ystemﬁ' may bel,;’v |
.‘mvolved m the hemagglutmatron reactron. They. 1mplred that the "
rmmunodommant sugar N acetyl-D galactosamme, E mvolved m

- -'blood type A specrfrcxty, 1s assocrated wrth the hemagglutmatroni-_-‘[ ’



B o

rcactton (?ﬁl) Subscquently, I‘ans et al (34 35) suggested that:i-pf".:_"
. the ohgosaccharrde umts . of ganglmsxde GMz could be the';"_,_

“;_—'crythrocyte reccptor for the CFA/I prh Rcc tly, Bartus et aI (6)

""-f-stated that flte ‘human - crythroc”e receptor for CFA/l plll

B E probably a sraloglycoprotcm

."'

...l‘.'5' : Spcc1f1c Aims of the Research R AR 'v f B

’..

The ObJCCllVC of the prcsent 1mestrgatron was to 1dent1fy'. -, Av
crythrocyte receptors for CFA/Is plll I chvse human erythrocytesf-“"
vvﬂ"rathcr than 1ntest|nal eplthehal cells b« cause: (1 the largef,;‘

-‘quantmes of cells requ1red for receptor purxflcatlon are morem: .

1

o

R materlal (2) receptors have not been 1dentrf1ed 1n- tlssue culture_
PO s

--ccll lines: Moreover ‘since contlnuous* cell hnes may,, possess«__ o

_altered membrane components structures servmg as receptors

may not be 1dentrcal to. those found m nauve mtestmal celrs, .*(3) o

structural 1nformatton avarlable ‘on tho ma]or components of the

” castiy obtarned from _blood than from human mtestmal bropsy_-".-ﬁ-

my rnvestrgatlons would be - greatly facrltt&ed by the amount oft'fv-' |

human erythrocyte membrane and’ could burld upon the results of'._

;tnvesttgatlons of other 1mp0rtant pth erythrocyte mteracttons and.‘ o
(4 ) Receptors for type 1 P S and,G plh have been 1dent1f1ed 1n
: r,erythrocyteé (35 55, 63 73 85, 88) | ' : |

.However, the relattonshlp between the re’d'.'-b_lood;f:cell

:receptor“' a'nd mtestgal“ receptor for CFA/I pi'li” ‘18 - uncert’ai}n' |

vv'because hemagglutm txon does not occur at 37!C (26' 43). Thls S

observatlon suggests that D (l) the CFA/l pllu may "»ntai‘n' two

mdependent receptor:_,bmdmg domams on one: or

;‘ad}t_e‘si_ns, .



"eéCh "'-'s"trictly recogmzmg dxfferent receptors - one site for .'

: 1.1ntest1nal cells: receptors, the other for receptors on erythrocytc.”""

4

"membranes Sors (2) one b"‘dmg suc wluch is’ ﬂexlble enough to :

“’recogmze more than one receptor but the “ﬁt" for the mtestmal -

U-;_' cell receptor is . better than that of . thc; erythrocyte receptor It

__.wxl’l only be possxble to dlStlngUISh between these ~tw-o

' 'posmblhltles when erythrocyte and mtestmal cell receptorq havc

' been ‘coymgletely ldent}f'éd and charactenzed IR L o ‘ .




2. MATERIALS AND METHODS: .~ r.,
- CFA agar matertals casammo acrds yeast extract and agar"‘.v o
irc purchased from Drfco Laboratorres Detront Mrchlgan USA»:‘A:‘»"

fv'whcrcas the magnesrum sulfate and manganese chlorrdc were'~__‘.-'-[

g "purchascd from Flsher Screnttftc Edmonton Alberta Canada

Lbroth materlals tryptone and yeast extract »w'ere' .

' v._purchased form ‘ Drt'co Laboratorres Detrort Mrch1gan U'S.A"-" '

; whereas the sodmm chlortde was purchased from BDH Chemlcals o |

‘Toronto Ontarto Canada

-
B 1

The tryptose used for makmg ,,nutrlent agar plates (EA) was- :_

v"purchased from leco Laboratorres ‘

The chemlcals used for makrng PBS potassrum chlondef'

_ Y .
"'potassrum phosphate monobasxc sodlum phophate drbasrc.._._."

) _heptahydrate calcrum chlorlde ~and magnesrum sulfate ‘ were' “

.‘ _purchased from Flsher Sc1ent1frc Edmsonton Alberta, Canada o

"whereas the sodrum Cthl‘ldB was purchased from BDH Chemlcals S

"Toronto Ontﬁrlo Canada 3 The mannOse that was added wasl SRR

,' bought ll'“om Srgma Chemlcal Company, St Lours USA

<

The reagents use in ‘the Brrnbprm Doly plasmrd prep trrzma-

base and ethylenedramme tettaacettc were purchased from Stgma

_-‘;-_‘_Chemlcal Company Glucose sodrum glutamate and sodtum‘;f-"‘

acetate were bought from Flsher Screntlﬂc Lysozyme (from hen'

egg whtte) and rrbonuclease (RNase from bovme pancreas) werev’

:_»'purchased from Boehrmger Mannherm Dorval Quebec Canada '

| ji"s



j_".tubes (lme X 75mm) and glycwn werg,,'fi"' urchased from Frsher.’""‘l"

The sodrum dodecyl sulfate was bought from BtoRad/ thhmond

Caltforma USA T

The TAGS ('I‘rrzma Aiidé“ "G'.lu-tlalntate and Salme) buffcrv'f-.:':"

"Tlrreagents : tnzma base' and trtzma hydrochlonde were purchascd i

from Slgma Chemtcal Company, St Lours USA the sodrum

v_/Screntrﬁc, -and sodtum chlonde was bought from BDH Chcmtcals

- The protemase K (dtgest for LPS from Trztxrachzum album )_ :

- _..' was purchased from Boehrmger Mannhelm

| The electron mxcroscopy materrals phosphotungstrc acrd_,

-(PTA) grxds osmrum tetroxrde,,ruthemum red uranyl -acetate,'

—

. propylene OXIdC beem‘ capsule glass ‘ strxpes epon - 2-

dlmethylammoethanol (DMAE) (epoxy accelerator), nadtc methyl;'

anhydrxde (NMA) (epoxy hara ner),wand lead c1trate were} -
) _-V‘Apurchased from Frsher SCiefltlflC, the rmrrotone ultracut was
o 7"purchased from Rerchert Jung Screnttftc Instruments, | Bellevrlle
_'.Ontarro Canada formvar was bought from Ernst F Fullanm Tric.
Schenectady, N. Y. USA; the glutaraldehyde was’ order from. Lagd}f'_’

Research Industrles through Ingram and Bell Sctentrﬁc Edmonton":'

'T_JAIberta Canada and the LKB kmfe maker was purchased from;‘:f )

o Frsher Screntrfrc

*':u_glutamate and ,sodrum aztde swere purchased from I"nshcrl',

U

’I‘he materlals for the 1solatron, purrftcatton quantrfrcat:gn*u

""/..fand analysrs of CFA/I pllt preps 1§ﬁn1m X lSmm plates

: f,ammomum sulfated folm crocalteau, the Verrc borosxlrcated test"'.i

a

~:,'f:-_'Jf}Laboratorres Ltd Edmonton Albertz. Canada, | the acrylamtde,f._:_vz,;‘

- . .'A\__"o

- _.".;smenttflc,‘ the cestum chlortde was Put'chas'ed from Terochcm_,""""



,_-fblsacrylamrde ammomum Persulfate coomassre berhant blue R-‘:_.‘,.’,-.-'

:"’_.?_250 sodxum dodecyl sulfate (SDS), SDS PAGE MW' markers (range""v:_'.;}z.’f

3'10 OOO 100 000) tetramethylethylenedramme (TEMED) and h
;»..jv."'_S‘?SDS-PA E apparatus were purchased from BloRad chhmond

"Callforma USA the—--glycme ethylenedxamme tetraacetrc acxd»iﬂ: 1'

: "_.(EDTA) trlzma base and tnzma hydrochlorrde were bought fromb_»_'_"";,';

'Srgma and the 2- rﬂercaptoethanol was purchased froql Eastmanf:

7[ -Kodak Company, Rochester N.. Y USA The brom'ophenol blue was_]‘:

"purchased from Fxsher Screntlfrc The perrstalttc pump was

- purchased from Pharmacxa Dorval Quebec Canada And thc; Ultra‘,“( .

: clear centrrfuge tubes were purchased from Beckman I“StrUmcms;':‘.“j:’j.
| Inc Palo Alto, Cahforma, USA l. ' " | ' ' : |
The followmg reagents were used to srlver stam Lhe LPS ln_.»j o

the polyacrylamrde gel penodtc acxd Sodrum h)’droxrde | snvcr .

f‘.mtrate and. paraformaldehyde These chemrcals were purchased"

'from Ftsher Screnl\r\fﬂc The ammomum hydroxrde -was " bought-:‘.'_'_’
fromJ T Baker Chemlcal Co Phllhpsburg, N J USA ‘ S +

The enzymes and reagents used in- “the” treatment of human
| ';erythrocytes .were bov1ne pancreattc trypsm type III 12 400
Lo BAEE (Na benzoyl L argrmne ethyl ester) umts/mg protem . _'

i'wneuramrmdase (typeX 160 N acetylneuramln )gctose umts/mg |

fprotem) from Clostrzdrum perfrrngens _,‘and phenyl

methylsulfonylfluonde were.obtarned from Srgma Chemlcal

Company i D‘me_th')'.l ',su_ll’.i‘:;X1d¢_ ‘was . PUPQhaseq '..,:from_vf BDH

Cheml,cals Lo | B | A | ,
The reagents used to prepare( erythrocytes membranes and,.".'

_g“:vthe extractron ‘of glycoprotems sodrum chlorlde purchased from .

‘)a



'»A'_'”fbphenylmethylsufonyl fluorrde was purchased

i 7 Toronto Ontano, Canada

—

BDH Chemrcals trrzma base ethylened1amme tetraaceuc,'.' and

L BDH Chemrcals the sodrum phosphate phenol the 15mL comcal»_f__.:‘:.::"';‘"
o ftest tubes and the dralysrs tubmg (MW cut off 6000 8000) werc'f'l'»‘-',-
7 o .;'_purchased from Frsher Scrent,rfrc the lrthrum 3,- dnodosahcylate

‘ ";"vwas purchased from Eastman Kodak Company, Rochester, NY

Tlre materrals for the rodrnatron protocol rachoacuve sodrum;"-'

*‘_-'-1od1de was purchased from Edmonton Radtopharmaceutlcal Centre, '} |
o .Edmonton Alberta, Canada Iodo gen was obtamed from the‘f

""""i,'Prerce Chem1ca1 Co, Rockford USA the pasteur prpets o

trrchloroacetrc ac1d and polystyrene test tubes were purchased,.""
"'._"»'t,from Ftsher.Smentlfrc ‘ cystelne and bovme albumrn were_-"

;l.purchased from Srgma Chemrcal Company, and sephadex G 25 was'

“ purchased from Pharmacra

The few reagents use in. the polystyrene test tube bmdmg-v

"";[assay glutraraldehyde was purchased from Ladd Research
_Industnes through Ingram and Bell Screntlfrc 1ysme was bought'{-i;,;‘v
'_,Afrom Srgma Chemxcal Company, _ sodrum carbonate and the_"’;” '

",:polystyrene test tubes were purchased from Frsher Screntrfrc

The Mycopasma galitseptzcum lectrn was purchased from_ L

.‘Srgma Chemlcal Company The rbund bottom well mrcrotrtre platev:--,

‘,:were bought from Flow Laboratorres Inc, Mlssrssauga, Ontarro,.f";."f
_'Canada 'ﬁ ' 4

The protem A gold was purchased from SPI suPPlles,,f‘A"’._"':

. “'.J‘iﬂ;,-.' . :'. R DA(M )

from Srgma’._";:v’f{

:'}'.'_'Chemrcal Company, drmethyl sulfoxrde (DMSO) was bought from




X ‘J\

o The reagents use in the preparatxon ' of collmdal gold

-

RN -'jpolyethylene glycol (PEG) and chloroaurtc acrd were purchased';’t"?

'_sz. C. leayson (Provmcral Laboratory. of Publrc Health,,.

from Srgma Chemtcal Company,. the sodtum crtrate was bougltt_-f?‘l:»_‘“
: 'from Frsher Screntrﬁc T b B | PP '
| The wheat _ germ ‘agglutmm agarose w'as .purchasc fromv
I‘/'Pharmacra and- the N-acetylglucosamme was bought from P C @
" ;LBrochemrcals Inc Mrlwaukee, Wrs ,hUSA o B AR

SN e - SR 3 B

. 122 Charactenzatlon of bacterlal strams o ORI .
: The enterotoxrgemc Eschcrrchza colt (ETEC) stratns H10407 B “
?(078 HIT; CFA/I+) and H10407P (078 Hll CFA/I) a i
:;"spontyous mutant lackmg CFA/I prlt were kmdly provrded by

"_‘Ed*monton Alberta) | Both strams were grown oVermght at 375 C t

| _f"(and mamtamed at 4° C) ‘on. CFA agar (see Appéndrx l for detaJIS)

.......

as descrlbed by Evans et al (31), to enhance expressron of CFA/I

. »_pth and suppress the productron of type 1. pllt (30 62) '”"7"&

P
. ‘.. .
B

The presence of the 60 x 106 MW plasmrd (30) L whrch .
~ contalns the genes encodmg CFA/I prlr (m the H10407 CFA/T+ :.:, :

‘.h\'f:‘-:'-'
' stram) was confxrmed by agarose gel electrophoresrs fjollowmg the

_ alkalme extractlon procedure devrsed by Brrnboxm and Do1y (8)

Thts method takes advantage of the resrstance of plasmrd DNA

molecules to strand separatron by alkali. Brreﬂy the procedure »
j.';'consmts of removmg the outer membranund cell wall of the
_'fgram ‘negative. orgamsms wrth EDTA and lysozyme (a 100pful of
".bacterta in late exponentxal growth was suSpended 1n 100 uL of

solutlon l (see appendrx 4) for 10 mmutes on 1ce) followed by the



"»'"_"-lysrs of the resultmg spheroplasts (200uL of solutlon 2 (qce

appendrx 4) ‘was added and mcubated on 1ce t‘or another 5;.'._’3"':‘-'

 “and OOIM EDTA at pH 12 (pH values hlgher than 125 wrllv_’fi'-
irreversrbly denature the plasmxd DNA therefore 1t 1s 1mportant_

"'to measure the pH accurately)

w .mmutes) and the solublltzatlon of the protems under alkalmc._f'_',vsj""

.-;‘condmons w1th a solutron of 4% SDS m OOSM Tr'ts hydrochlorldei"'f- o

& The se%aratlon of the nuclerc acrd matenal from cellular.

V'Tt';.‘v.debrrs was- accomphshed b)' PYCCIPItaU"g denatured protems cell

T

o membrane md some chromosomal DNA in 3M sodtum acetate pH v

. :"‘__'4*8 (150LLL of sodlum acetate was - added and left on. 1ce for 1()

t_':".on a 07% .TI'LS borate pI-I 8. 8 agarose gel after electropheresrs for"‘c
o .8 5 lh at IOOV (constant) _’; L ’

, m addttlon, the strams were routmely exammed for thep

ot

mmutes) The chromosomal/plasmxd DNA was further purxfredf_

-by phenol/chloroform extractton then preC1p1tated 5 the
.-,addttton of 95% ethanol (1 mL) The precrpttate was then i
--'SuSPended in 30 50 uL of Tns EDTA buffer pH 8 0 and analyzed-:

precence or absence of plll by a Phthps 300 electron mlcroscopev.i"_
(stammg w1th 1% sodtum phosphotuhgstate), whtch revealed that;
8Ieater than 70% of the H10407 (CFA/I+) bacterra Per~ gnd weref
multtpthated (more than SQ; pxh/cell), vwhereas no. prh could be'_‘i'j_.h
P*’ -_’}detei:ted on the H10407P stram Moreover because both Stratns.'f'l:;"':»»:il"

are k"°“’“ t° P"’Od“@e WP& 1 Plll, I also checked for mannosei"_'_’;r_'

f' 2 ‘-.‘nsmve hemagglutmatton of gumea Plg

conffr"med by bactertal agglutlnatron tests usmg polyclonal and"f_;_f'_.'jf

i CI _,,._l,

% Tl& 1dent1ty of the ptlt was furtherf'__'_t'__-."__:



,'monoclonal antx CFA/l antrbodres (both the polyclonal and
j'v,monoclonal antlbodres were a grft from Dr W Paranchych DepL of

_-}.“_.:‘;,‘Br\.ghemtstry, Umversrty of Alberta)

2 3 Punfrcauon of CFA/I prlr S S
Confluent growth of H10407 was obtalqed oy’ught at 37 C

—on CFA agar m 150mm X 15mn‘}‘ plates (117) (Frscher Screntrfrc

¢_..":_""Emonton Alberta The bacterra were scraped from the agar:,-._“

'”.'_7 surfacc and sn)pended in cold phoshate buffered salme (PBS) by’ : i

' mrxmg wrth a magnetlc strrrer at 40 C for 30 mmutes To ensure

’ "_that the bacterta were ptlrated a slrde hemagglutmatlon test was -

‘performed by m1x1ng an, aquuot of bacte,nal su5pensron thh an_-';

: ,"'gallquot of human erythrocytes, drluted 110 m PBS (at a-'

. "'concentratxon of 108 'cells/ml) contammg O4M mannose If )

.

hemagglutmatlon was observed the prlr were 'sheared off the';‘

d

' {bactena by treatmg the suspenswn for 5 mtnutes m ‘a’ stamless_

' steel blender 1mmersed in ice. . The resultmg suspensron was ‘then . -

.centrrfuged at 10 400 x g for 20 mlnutes and the supernatant.‘be

:'v801ut10ns were collected and pooled Ammomum sulfate (?rystals G

4

* t.(25%, w/v) were added to the resultmg supernatant solutron andf:',

‘.allowed to- dlssolve by mrxmg for 30 mmutes at. 4 C The solutron_'i‘., E

‘was left overmght at 4° C m order to precrprtate the pili and‘ -

'-,‘_ﬂagella : The followmg day,tthe precrpltate was sedlmented by»-‘;

7 'centnfugatloh at 10,400 x g for 20 mmutes The supernatant-- |

vsolutlon was dlscarded and the pellet was suspended .in 50 mL of

' ‘,double dtstxlled water (dd HZO) ‘and dralysed overmght agamst lLl'.l |

R 'of dd HzO usmg cellulose dlalysrs tubmg with a molecular welght’,_.;

T



cut off of 6000 8000 After dralySrs whrch mcluded at‘ least 2

‘."‘v,v"‘.:changes of donble dtstrlled water the. prh suspensron was la%red.‘:f.f.

onto. ‘a. cesrum chlonde step gradrent (see appendfx 7 for det‘uls)4'3'?.}‘”:__.{;7\"'

;il-_and centnfuged in a’ Beckman ultracentrrfuge for 16 hours ‘tt-!':":f_.-,'v_"-‘

| 5"'98 080 x g in a SW £ r‘ﬁ’ SO U R

ﬂbserved m the cesqlm chlonde gradrents f\l\ectron mtcroscoprc” :

..)

At the end of thc centrrfugatron procedure two bands were"" o

exammatron re\(ealed that the top band contamed the CFA/I pllr.'v._'

‘and theabottom band conta\ned flagella Thrs was subsequently:_‘v

:'conflrmed by - SDS PAGE analysrss The top band was removed.’”“’;

nd

: 'from the gradrents and dlalyzeti agamst 2 llters of dd HZO_'_-

'concentrauon of purrfled p111 preparatrons was determmed by the"

- Low ﬁmethod and—an ahquot was anal-yg,d by dtscontmuous ‘SDS-:.J-‘ .

_:'.;mlnutes and the supernatant soluuons were removed“ -‘ ,'

[ ,mx__cro'll_t_cr_-vs -'

. . *
: ‘r‘no‘l o

'l changes) overmght usrng cellulose dra\ysrs tubmg wlth a

5

werght c off of 6 000 8 000 Th proteln}'\-i_).,;_ |

on a 14% separatmg gel by the Laemmh procedure (66) 10

'determme 1ts purrty and to confrrm the molecular welght of the-c
'CFA/I ptlt subumt o o

ﬂ Analysrs of Lrpopolysaccharldes _ TR S
’ ‘ . P

Bacterra were grown overmght at 37 C‘on CFA agar pIates

"vThe followmg day, the strams were suspended in’ 4 mL TAGS:IT
“-',f?'-buffer to an optrcal dcnsrty of O 12 - 0 lS (at a wavelength of 540_»_:},'
' _‘_nm usmg a Co‘leman spectroghometer) Aquuots of 15 mL of the.»""'

.

,,--'su5pensxon were oentnfuged m an Eppendorf centnfuge for

5

"lv

£ Laemmhs sample huffer was; he



- to suspend the cell Pc.v

R ".,_-(/mmutes in borhﬂg‘ water

sedtmcnted bactertal pellcg;
B f.‘_
seconds and shaken for "ﬂ - f

; "4'-.:A'|J.L ahquots of Protemase K (l m-g/mL) were added 'Ihe samples'.'::

'.bb.were l@h 1ncubatcd at 56 C for 3 hours ‘ wnth vroorous shaklng,-__‘_‘:if'*

every 30 mtnutcs | Ftnally, an - aquuot of each samplc was placed";f_.
onto‘\a IA% SDS polyacrylamrde gel, subjected to- elcctrophoresrs.“'

3 and SllVC[’ 'stamed e R RETRE '_v‘

f'--"25 Preparatton of human erythrocytes

[

.e.d‘.-b,‘;:hea’“suspenmons were heated for 5

A were shaken and somcated and 10'

Human blood (packed erythrocytes) was obtamed from the

Edmonton branch of the Canadran Red Cross Socrety Prtor ‘to" use

j Athe erythrocytes were suspended in PBS (contammg 1 mM Ca++.‘.~;'_‘""' ’

P and lO mM Mg++) and sedrmented by low speed centrtfugatron':'”

' .;3(502) X g for 5 mtnutes
R Gi%

18 room temperat.ure) The super‘natant' ’

"‘"‘-"':-::'solutton and buffy coa’t‘ .were carefully removed from the:;'v""

",'erythrocytes and dtscarded and the erythrocyte pellets werei_"”

' ,'suspended in PBS The washtng procedure was repeated atlleast_l> E

thce or. untrl the resultmg supernatant solutron was clear T_h’e':

washed exythrotytes were suspended in PBS at a concentratxon of_

| ‘.‘,r 1()8 cells/ is determmed by hemocytometer count

%‘% \."- .

6 Enzynyxtrc treatment of erythrocytes

/ The eylythrocytes were treated w1th trypsxn (1 mg/ml
PBS) X npuramrmdase (1 ttg/ml m PBS) for 60 mrnutes at 37 C?'--‘

Trypsm was then mactrvated by addtng 100 x molar excess of'...-}

e



’phenylmethylsulfonyl ﬂuorrde (dlssolved m ;f__‘d":-"‘

: ethyl sulfoxrde)

Followrng enzyme treatment the erythrocytes were "washed
. _-_ extenswely by the centrrfugatto.n"'procevdure descrlbed above to;':'j:"'-.
R:move resrdusl trypsm or neuramrmdase\ acttvrty

‘7 Extractron of human erythrocyte membranes wrth hthrum

duodosalrcylate
' e,

Erythrocyte membranes were prepared by hypotomc lysls'_".v.,._.::-"'L'”'

acc0rd1rrg to the procedure of Steck et al, (104) The ‘proceduref :

eonerted of washmg erythrocytes wrth an equal volume of PBS mﬁ‘_';

"50 msttrssue culture tubes (all steps were performed at 4 C) o

Tl‘IIS Was accomplrshed by sedrmentmg the cells by centrrfugatron:

(500 x g for IO mm), and dfscardmg the supernatant solutton and

buffy ceat Thrs step was repeated untrl the resultrng supernatantvf‘__',

solunon was clear . The washed ery ‘;rocytes were then*_

suspended in’ 8 volumes of freshly prepared SPIE buffer (SmM
sodrum phospate (pH 7 9), » 1mM EDTA lmM

phenylmethylsulfonyl fluorlde), and allowei to stand on tce fgr 20"'.'_,,,:

3.
mrnutes The resultrng membranes were

“for 20 min. ), "and washed wrth SPIE buffer umu"___'ja_' es

edimented (12, 1oe x g: .

pellet was a ltght-tan color At thrs pomt the pellet was washedv L

’v twrce in SOmM Trrzma hydroéhlorrde pH 70 7 5, and after the,'.":vl'.j.-l,;'""'-_.‘-
fmal centrrfugatxon step (12 160 x g for 20 mm ),\the peuet was-:-"{""_
suspended m PBS buffer and stored at -70 C The prgtemi:j T

concentratlon of the membrane preparauons was detcrmrned" by’ R

the Lowry procedure -




.’b .

'I‘hc 1solatron of glycoproterns from the membra.nes was
' pcrformcd accordmg to- the method of Marche(r) and Andrews _.'-'-'

:_‘(76) } l:rythrocytc membranes (15 mg - 25 mg/mL of protCm as .

detcrmrned by Lowry method) were added to 03 M llthrum B

. duodosalrcylate n. 005 M. Tris- HCl pH' 7.5. Thc resulttng solutron :

'_'.was mixed for 15 mlﬂcs at room tempcrature at wlnch tlrne 1t' o

was drluted wrth two volumcs of ‘dd” HZO and mlxed for an‘i-'

N additional li mmutes at 4 C : Thc solutron'was subsequently

ccntrifu'ged 5,000 x g for 90 mrnutes at 4 C) o sedrment- the .

Y : T S

insoluble ‘fractron. The sup rnatant sol‘&ron cont"aining' the’
b‘mcmbranc proteins, w'as remowed and mrsxed wrth an‘equal -
.~volume of freshly prepared 50% phenol in dd HZO Thls solutron
:‘jwas strrred for 15 mmutes at 4 C then centrr.fuged at 4000 X g’ '
© for 1 hour at 4 C The aqueo,us (upper) phase contammg
.: soluble glycoprotems was remOVed and dralyzed (usmg cellulose .v."-"
- dialysis tubmg wrth a. molecular ‘cat off of 0000 8000 ), for 36f |
'hours at 4°C agarnst 2 L of dd HzO (wrth seve;aql changes §ﬁ water). |

The- dralysed solutron w,as then freeze drred and suspended

cold (20 C) 100% ethanol and mrxed for 1- 2 hours at’ 4 C. The ° e

' iprccrprtate was sedrmented by, centrrfugatron at 12 100 X g, for 30"

”'.mmutes at 4°C The ethanol washmg agd centrrfugatron steps- e

were repeated 3 trmes After the fmal wash the precxprtate was';_-
: _'suspended in dd HZO and dralyzed usmg cellulose tubmg w1th',_ '
“I‘molecular cut off 6000 8,000, agamst 2L of dd HZO overmght atl_»p.“"‘
'.4 C. The clear supernatant soluuon ,contarnlng soluble'
glycoprotems was’ retamed “The glycoprotem extract fractton was(. _‘
stored in- allquots at -70 C for several months w1th no . apparent

T .

it



.

:L'j"ro'ss»bf *a'ctiv'it'y Durmg the course ot' the rnvestrgatron the cxtractjﬁ

'could be stored at 4 C. for several months thh no hpparent loss'

;'-G)f actrvxty RS L e e“ .

o 28 ‘Lrve bacterra bmdmg assay ‘ , B
After overmght growth at 37 C .on CFA/I agar (9 cm ', B
o dlameter petri plates) “the bacterra were ’ntly su5pended in 1.

mL. of PBS so as not to remove too many prlx from the cells Fl)c

l

'bacterxal cell concentratlon was determmed 1n a‘etroff—llausseru”

"

bacterlal countmg chamber and the cells were then drluted to 3- 5""

X 106, cel,ls/mL in PBS Two hundred mlcrolrters of the bacterlal-'

.suspensmn were mtxed wrth 200 p.l of red blood cells (4 % 107; e

’-cells/mL) and mcubated for 60 mlnutes at room temperaturc}

L The mrxture was then centrrfuged at 500 X8 for 5 mmutes o

‘ sedlment the erythrocytes and bOUnd bacterla _' The supernatant. :

',solutlons contarmng unbound bactena were - drscarded -Boundf-:-_‘

o orgamsms were released from | the erythrocyte ‘ surface by'.f"."'-’

vmcubatmg the cells m 200 ttL of 005% trypsm for 30 mrnutes at

"37 C The mlxture was then dlluted 1n chllled L broth to reduce S

- 'the concentratron of bactena and aquuots were spread on nutrlent'_-‘,"

'_ a ar lates to determme the number of bound or amsms ',"'The, R
. ‘g P g he

§ number of orgamsms in the moculum was determmed m a slmllar;.‘;;

.:_"'_fashlon and the number of bound bacterra was expressed as; a

e #rcentage of those added to. the bmdmg reactrons

’ The assay was also performed m the presence of punfled

e

CFA/I p111 (07 mg/ mL) to demOnstrate the abllrty of purlfred
.»"}CFA/I plll to- compete for bmdmg of H10407 CFA/I+ orgamsms



- _29 Iodmatron Procedure \

Purtfted CFA/I ptlr or erythrocytc glyc0protem were labeled’.

' iby the 1od1nat10n procedure descrrbed by Sptvak et al.” (102) Tlus )

<?procedure labels aromatic amino acrds like tyrosme Brtefly, 10.

MBq (approxrmately 03 mCt) Na [1251] was added to 5 p.g of
: protem m 100 uL of dd HzO The solution was placed in an- Iodo- B
"_Gen coated 12 X ‘5 mm glass test tube (Iodo Gen was obtamed _' |

| ‘:‘v_'-'from the Pterce Chemlcal Co Rockford Il) CFA/I ptlt souttons"':',',

were cxposed to. Todo- Gen for 1 mtnutes whereas the erythrocyte»--

_extracts requrred ‘a 5 mmutes,reactton time for efftcrent

1od1natlon o After the lodmatton-reactron 'was complete the_v'

- soluttons were frltered through a glass ‘wool plugged Pasteur

~

prpette 1nto a clean 12°% 75mm glass test tube One hundred 4L of

s cystelne solutron (lmg/mL in dd HZO) was passed thrOugh the

o .ftlter mto the mrxture to reduce elemental 1od1ne (12) and 1nh1bu.

2 any further 1odmatron The percentage of [1251] counts,.

Krco:orated mto the - ptlt or extract ‘was’ determmed by ‘TCA

phecipitation (as descrtbed below) and the }spe‘crf_}tc, ac_trytty:»

K2

- (M Bq/ ug) was calculated

| Two hundred uL of dd HZO (contalnmg o 1% BSA in dd FZO)

L owere. added to the remamder of the mt%ures to prevent

o rnonspecrftc bmdmg of labeled protems to Sephadex The mtxture'-.”'

',_,was ‘then passod through a dtsposaole Sephadex G 25 column (I =
_cm x lO cm) equrltbrated wrth 0. 1% BSA in dd H,0 to separate the;}

wEre collected and 5 uL altquots of each fractton were counted m

- .

s _'[1251] labeled protems from free [1251] Stxteen 05 mL fractronsf



. BN ) - ‘

'an LKB Rackgamma lI 1270 gamma counter (cotmtmg effrcxency‘,'v‘

»50% f0f [1251]) to determme the locatlon of - the fractrons,u.
contammg labeled protem The concentrauon of 1odmatcd protéln"':ji |
in the G- 25 peak fractrons was calculated from thc total TCA‘_-_'_

,precrprtated counts recovered in. the vord volume fractlons and;k'gl'-

the specrfrc actrvrty In a typrcal expeﬂment 15 mL contamed a

' ,approxrm_ately 4 ug 1odmated protem ; Specxf&e actrvrty was
" approximatelys & 8. cox B 107 < m/
- v\ A . : e . .7 . _,.,g‘y ._ o ] .t {.‘4_ i L 4. : . - r .. . B ’.. .
'2 10 Determrqggoﬁ o 'ii7-5l} fnc%rporated mto Protem by TCA B
»'ﬁiv'precxprtatlon ;" -’ .,! R i -* j’ R qr

Ten uL of 1odmated protém was mrxed wrth 1 mL l‘;t BSA in

dd H20 in a4 12 x 75 mm glass test tube ThlS was performed m;.‘_v 5‘"‘
| ‘duphcate One half mL of 10% TCA was added to qge sample and ‘
0.5 mLof dd H;O' was added to-the other sample. ‘Bath tbes were <
o '.agrtated and mcubated on ICC for at le‘aé’ 10 mmutes to allow th":"f
.precrpltatlon%reactron to go t6 completlon Next the tubes were‘-‘-‘.
_ ‘centrlfuged at 700 x g for 10° mmutes to sedlment the precrpltated.,_
;pr‘Otem the TCA contammgf tube The amount of -1251-‘,-.‘
__radroactrvrty An sultable altquots of the resultmg supernatant-“' RS
solutxons was Jdetermmed in- the gamma counter The pcrcentage
of radtoacuvxty precrprtated by TCA was determmed from the
“._"drfference between the number of counts remammg in. the TCA’_".;
‘_supernatant “solutrons and those m equrvalent ahquots m th'e"f.

unprecxprtated control tubes All brndmg ex’perlments were"‘"

| _performed excluswely wnth preparatlons contammg greater than: *

i or equal to 70% TCA precrprtable counts

.
.\




-'_m;n polystyrehe tubes were actrvated wrth 1 mL of 25%-

B v'2.,l'l: Polystyrcne Tcst Tubc Bmdmg Assay

Prlor to attachmg purrfred CFA/l plll or extract the 12 X 75 |

"‘glutaraldehyde treated tubes‘were subsequently washed wrth"

':deromzed water to removed excess. glutaraldehyde ' Next l mL of

L Iprotcm (rangrng m concentratron from 2 - 100 ug), m coatm<7

':':"fglutaraldehydc in dcromzed water for 24 hours at. 4 C The“?-'"

- ‘ywcrc mcubated at 4 C for- a further 18 hours The protem coated
R : RPN
- €est tubes were then washed 3 times’ w1th 1 mL aquuots of‘water._ .

contammg O 1% BSA To ensure that all of m’é remalmnor"f

glutaraldchyde groups had been neutralrzed ImL of 05M lysme_.

owas - added .a"

'The test tubes:“'-"were then washed as descrlbed above Bmdmg“

l _;' calculated for each lot of 1odrnated protem

R :‘determmed in -an- LKB Rackgamma@1270 gamma counter and-

2. 12 B.mdmg Assay Usmg Labeled Extract and Lrve Bactema

The agar grown bacterral strams were gently suspended rn 1

mL stertle dd H20 as descnbed earller : An altquot bf the

‘.removed by asptratron and the tubes were washed wrth I mL ofﬂl

_“'_01% BSA - (m dd HZO) The amo&pt of bound radroactrvrty was _5 )

e __vbuffer (O lM sodlum carbonate pH 96) was.- added and the tubes L o

he' tubes were mcubated for ‘an addmonal hour, S

v_.aSSays were performed m 1 mL dd HZO contammg O 1% BSA andf' v‘ .
'-::lodmated protems ao - 100#8) The assay tubes were rncubated','3 SN

- at room temperature for 3 hours he bmdrng mtxtures were then

':z?.%f" - T



ERR TR
-'.'-'_."suspensron was then dlluted to 5 mL wath sterlle dd HZO and
‘adjusted to an 0pt1cal densrty of 012015 a't 540 nm usmg a

K Coleman spectrophometer Next 1 mL qf thrs suspensron wasv

o mlxed W“h 50 llL of - [1251] labeled extract (approxlmately 5x106":"'g 1

s _temperature for 1 hour in 15 ml mlcrocentrlfuge test tubes‘

O
cpm) dlluted 10X in’ 0 1% BSA dd HzO and mcubated at room- ° ‘

: ‘vThe bacterra were sedlmented by centrlfugatron (3 mmutes) a
Eppendorf mtcrocentrrfuge | The. supernatant solutlon : was‘:
: ‘removed : the bacterral cell pellet was suspended rn da: HzO and - R
"the centrrfugatlon step was repeated Fmally, 100 u.L of Laemmlls
3 SDS PAGE sample buffer (see append;x '?2) was add go _the p
,_.:-.:‘.washed pellet of bacterta and the suspensrons‘were heateﬁt‘;&’gor S‘r
: :_mrnutes 1n_ borlmg water and loaded onto a 14% SDS-.vZ
> polyacrylamrde gel The gel was stamed wrth Coomassre Blue
-"-"ff"drred on a Bto Rad model 1125B slab gel, drrer and exposed for';‘-",’"._ | .
- ~‘ ‘48 72 hours at -70° c to Kodak X- OMAf RP mm usmg DuPont‘ S

‘ Cronex Lrghtnmg Plus mtensrfymg screens ‘Densrtometnc analysrs

of the autoradrograms was per.formed on a Chromoscan 3' o

'1of bacterral suSpensxon (optlcal densrty of 012015 it

| 'densrtometer (Dept of Brochemrstry Unlversrty of Alberta) fromv__
v 'the Joyce Loebl Co - |

Competrtlve brndrng assays were also performed One mL of
purified CFA/L pili (154 pg/WLjwas mixed with 50 uL of labeledf:f--f""?7 N
| extract (dlluted lOX in 0 1% 'B'Sf H

-‘ddeo) and mcubated at room

9\-.~. .

_temperature for one hour m 15 -mL mrcrocentr:fuge test tubes/

L,-A_'rhen pelleted bactena resultmg from the Sedlmentatron »of 1 mL*"‘?'

was added to the l mL of purrfred CFA/I prh contaml‘



labeled extract ThlS mlxture was mcubated for another hour The

bacterra were then sedlmented by centnfugatton (3 mmutes)
4 i

an- Eppendorf mlcrocentrxfuge The supernatant solutlon was“"

removed and the bactenal cell pelle.t was washed twice wnth -

ddeO as - descrtbed above The bactenal cell pellets were then o

e

analysed by the SDS PAGE procedure

CE

41\3 Mycoplasma | galltsepttcum Lecttn Hemagglutlnauon Assay
| Fifty mlCI'Oll[Cl'S of purtfred CFA/I plh (05 mg/mL in. PBS) '
were” added to washed human erythrocytes (4 x 105 cells/mL in

©50 uL of . PBS contammg 04 M mannose) in a 96 round bottom
well - mlcrotltre plate ; Aftervl..‘ hour 1ncubat10n at roonr
temperature wnh occaslonal rockmg to keep the erythrocytes'vv. Ll
B suspended and facxlltate plll bmdlng to receptors 50 uL of M U -

gallzseptxcum ‘- lectrn (two fold serlal drluttons wx‘fh PBSV.-',"

£

contammg 04M mannose) _was added to the appropnate wells'
' The mlcrotltre plate was exammed for hemagglutmatron mhlbmon T

after 2 hours at 4 C

The bontrols for thts assay were the followmg (l) wells '

L

'contammg only erythrocytes (2) wells contalnmg erythrocytes_"-, _
and purlﬁed CFA/I (50 "uL -at 05 mg/mL) and’ (3) wells contammg ]

erythrocytes and two fold drlutlons of M galltseptzcum lectlni SR
2 14 Protem A Gold Labelmg o '» o ,\] |
Thls procedure was convemently camed out on. a’ sheet of B

Parafrlm (10 X 25 cm) stuck to the bench top usmg a frlm of water e

Ftrst ‘the ,grlds (formvar- and carbon coated g[ow dlSChargediv‘“"ﬂ :



:..removed wrth a Small stnp of blottlng pap_,__;,,_ "» Grids . weére - washed .‘?l,.f..

'J-]?'-before use. wrth a Denton Vacuum DV 502A apparatus ) were o

o floated upsrde down for 20 mmutes on a- PBS droplet (wrth 05% |
BSA) contammg the antrgen sample The grtds werc then prclted

';__.up thh a platmum loop and excess selutlon'was carefully

: o three trmes by floatmg them: on_ droplet of 05% BSA m PBS for a

L few seconds wrth blottmg‘ between washes The grxds were' |

"transferred to an antxbody droplet dlluted m 05% BSA in PBS (for
anusera wrth hlgh tltres an optlmal dtlutlon was fo-md to be

:approx1mately 1100) and mcubated at room temperature for

’ about 1 hour An mverted Petn drsh was used ‘to cover the

'droplet(s) to reduce evaporatlon durrng the mcubatlon perrod

,After mcubatwn the gnds were’ blotted dry and washed m 05% . '.

"»'»;"”BSA in PBS as descrrbed above and ﬂoated on’ a droplet of protem
- A gold (dtluted IIYOO in 05% BSA-PBS) under cover for 1 hour at - -

"-."_:"room temperature Subsequently, the grlds were blotted washed

and stamed Wlth 1% sodrum phosphotungstate They were blotted

-'"'dry wrth small pneces of frlter paper before examrmng them m the

,_Phtlrps EM 300 transmlssron electron mlcroscopeg using . an

e

‘acceleratmg voltage of 60 . KV
_ T (9« :

o 2 15 Electron Mtcroscopy e

The two bacterral strams (CFA/I+ and CFA/I) wem mlxed

i

s fwrth human erythrocytes (m a llO ratro respectrvely) and

':_mcubated at room temperature for l hour The cell suspensron >

S :was then centrlfuged to sedrment the erythrocytes and bound

bacterra (for further detarls see sectlon 28) The supernatantt L



- - .

'--_solution"‘was removed and the sedrmented cells were frxed -

| overmght at 4 C wnth 35% glutaraldehyde m OlM phosphate_'

.-buffer pH 7. 2 in’ the presence -and absence of . 0075% Ruthemunr

fmmutes each) in phosphatc buffer and post frxed Wﬁh OsO4 (@in "

" -Rcr‘ The next. day ‘the. fxxed cell pellets were washed 3 txmes (15;._.,

phosphate buffer pH 7.2) for- 12 hours ‘The specrmens were“l

rmsed in ‘phosphate buffer 3 tlmes, each for 15 mmutes, " and then,._’

"cfehydrated in ethanol 1in, a stepwnse gradlent from 25% tolOO%, 15

: m”’u‘cs.at each. concentratlon Absolute ethanol was - thén

freplaced by . propylene oxrde for 15 mlnutes The propylene oxrde' K

was replaced w1th Epon dlluted Il wrth propylene oxide and left_'

overmght in” open vrals for the propylene oxlde to: evaporate Thevv

»

'.‘,“next day, the specrmens were transferred to fresh ﬁpon and left'

| -,’_forv‘ 2 hours ‘ Fmally,.the specrmens were. transferred to- fresh‘

i ,Epon m BEEM capsules and were} left - overmght at’ 60 C to allow_'_

ﬂ.-'polymenzauon of the Epon The specrmens Were trtmmed and_ e

iasecuoned on a’ ultramrcrotame the sectrons were stamed thh

: uranyl acetate and lead c1trate (10 & 3 mmutes respectrvely)

: 'exammed and photographed wrth the Phrlrps EM 300 transm1351on," v

electrOn mrcroscope

T

2 16 Preparauon of Collordal Gold

All glassware used in’. thts preparatlon was chromlc acrd-'

,f_'washed well rmsed in’ hot tap water and autoclaved pnor to use- PR

:to remove contammants Small quaxltmes’ of contammants causeg

'fcloudmess of the gold preparattons orf) lnterfere wrth the formatton .

of . the - desnred size of gold sphere 044) All aqueous solutlons_'



through a MxllrQ water treatment system (mQ HZO)

".requxred m thrs preparauon were'made wrth dd HZO processed s
R

Collordal gold was made by reducmg chloroaunc acnd (HAuCI4)

wnth sodxum crtrate (41) vae mL of 0 l% HAuCl4 m mQ water

' {Was added to 45 mL of mQ water and the solutlon was strrred | ' o
_v"-contmuouslyland heated to the botlmg pomt 0 75 mL of freshly—
.prepared 1% sodrum cnrate ‘was | then( added, \Xxeldmg a gold

partrcle su;%k of approxxmate.y 24 nm The solutlon was heated to

100° C wrth constant uStlrnng When th&tsolutlon turned a “_;r__ o s

““burgundy color it was allowed to cool to room temper&m -
mL 1% aqueous polyethylene glycol (PEG 20 000) was a
stabrhze the colloxdal gold suSpenswn (44 91) The pH of a

" - aliquot of the solutron was . measured and the stock solutlon was “'

“ 'adjusted to pH 47 thh 1M acetrc acrd

: 2 17 Preparatlon of Glycoprotem Extract" Gold Complexes Lo

| Adsor‘ptlon brndmg equrlrbrrum experlments were used to

. lde'termme the" mmlmum amount of protem_ requlred for e
}rstabrlrzatron of the colIordal gold (44 9I 92) From a stock of l."_',':: |
'mg/mL of glyc0protem extract two fold drlutnons,:rangrng from‘, .

:,O 00195 to 05 mg/mL were prepared Two mL of each dlluuon_;f;"" :

}"was added to 02 mL of collordal gold solutron and vxgorously

_»,‘._.-mrxed After 5 mmutes, ()2 mL of 10% NaCl was added mlxed "! L

" l_'raprdly and allowed to stand 5 mrnutes before determmmg the

'.‘,Optrcal densrty at. 580 nm PrJtem-collmdal gold soluttons ,dlffer

in color as thexr concentratron ratto changes, from pmk to clear to

V»purple—blue Uﬂk color mdxcates protem excess A clear o /



) 'approxrmatel\y' cquwalent A purplc blue solutlon mdlcates an'-.': N

N

exccss of collordal gold partlcles To ensure complete coatmg of‘i ;

L

jsolutton occurs when the ratno of protem extract to collmdal gold rs o

- thc collordal gold partrcles a protem concentratron two tlmes m._. '

" cxcess of the equlvalent pomt is; suffrc:ent " '~ ¢

s supernatant solutton was drscarded The pellet was suspended mu,

10 ml of PBS with 0.2 mg/mL PEG.

.'5

It was calculated that 125 mg of extract could stabllrze":v o

& -

'centrlfuged at 11, 500 rpm (m the SW 40 rotor) for 1 hour and the

2 18 Wheat Germ Afflmty Chromatography

was performed m glass wool plugged pasteur plpets contammg

_jj‘_approxrmately 04 mL of wheat germ agglutmm agarose (obtamed-”-'

Affmrty chromatography of lodmated extract preparatrons"

_ added dropwxse to. the collordal gold wrth gentle s’tlrrmg ' After 5‘

mmutes 2 n:f of«YNEG was added to prevent agigregatron of the' :

' ,centrrfuged at’ 1500 rpm in a SW 40 rot()r for 1 hour :The

; rcsultmg pellet was drscarded The supernatant solutron was‘_‘

o from Pharmacra P L Brochemrcals Co., Dorval Quebec) whrch had:f‘ .

n bemg Q’horoughly washed and equrhbrated w1th 1% BSA 1,n mQHZO.'_l -

"The 1odmated extract (200 uL) was uted in" column buffer (1% =

L

BSA m mQHzO) and added to WGA agarose The suspensron was

| 18 L of collondal gold (pH 47) The glycoprotem extmct was"_ T

‘act colloxdal gold: partlcles The- gold extract 'c'omplexes were‘_;f{ o

mtxed end over end for three hours at 4 C to allow bmdmg to the_'-’ PR

o afflmty matrrx The_ WGA agarose ‘was then transferred to a glass'»"—_""' '

o wool plugged Pasteur prpet The unbound matertal was washed.



»"out thh 8 mL of 1% BSA m mQ HZO and 0 S mL fractlons were/

"'.;_'v-*'_collected After the sxxteenth fractxon bound glycoprotems were '

. j.fclutcd thh 8 -mL of 05 M Nacetylglucosamme and another"

;lﬂ,_sxxteen 0. 5 mL fractlons wcre collected Al.lquot_s_ ij‘,)vthe_ p,eak,';:V

"fractxons were analysed by SDS PAGE S o



' 3. RESULTS

i 31 Prehmmary 1nvest1gat10ns

Imtrally the ?a;qterral strains. (H10407 CFA/I+ and H10407P

g
: ‘CFA/I) were examrned ‘to confrrm that they were rdentrcal in. all

"'_v'.vrespects exdept for the presence of CFA/I prh on H10407

’ *"Therefore, electron mrcroscopy was. performed on the bacterral

- &
R strams after overmght growth (37 C) on CFA agar to (1) confrrm

'the presence of pili on the H10407 straln and the absence of p111 -
. on the H10407P stram and (2) to evaluate the number of prhated |
"orgamsms and the amount of prlrauon - Electron mrcroscopy«
.revealed that greater than 70% - of the CFA/I+ bactena ‘were
",'.multrprhated (Frgure 1), whereas no prlx could be seen on the‘
“'_"CFA/I' bacterra Electron mlcroscopy revealed that both strams
'.of.E coli - possessed flagella I . | - ' B o
The presence of CFA/I plll on the respectrve strams was also \
exammed by MRHA of human erythrocytes and bacterral |
’agglutmatton usmg polyclonal and monoclonal antrbodres drrected -
'_'_'-'agamst the CFA/I prlr (Table3) Both procedures provrded further RNy
'»evrdence that the prll expressed by H10407 were rndeed CFA/I -
'?”-prh and 1t confrrmed the . absence of thxs typea.of pllus on H10407P
- In addmon the t‘woo strams were examrned for plasmrd
‘.'content (Frgure 2) to ascertam the presence or absence of the 60 X

106 MW plasmrd whrch cames the genes encodmg for CFA/I prh
:The ethrdu.hm bromrde starned agarose gel of plasmrd DNA

s




= »wnh l% PTA Prepared as descnbed in Matenal and ‘me thods

/

El““"“‘mlcrograph of Plhated H10407 E. coli negatlnvcly

slamed

‘p' = CFA/I I)lll 5 ﬂagﬁl«la Lt / (/n

- -j_‘Bar = 1 mlcrometcr






E ';;'f;"'_whrch trme the hemagglulnatlon reactlon was noted

A":'*'

Table3

. Agglutmatron Reactxon of H10407 E. coll wrth Human

and Gumea Prg Blood and Polyclonal Antr CFA/I Prh e

Antlbodles T

i Hurhan‘ ‘ Gumea prg " AnuCFA(I
“blood * blood . antibodies -

00T (CRARD (B <> ST i e

GO (CRAY () ()

,‘ "_"'1) Washed erythrocytes (human or gumea prgs) were suspended_”j e
. in PBS: (contammg 1 mM- Cat+ and 10 mM ‘Mg*+)-at a concentration - -

-of 108 cells/mL as’. “determined by ‘using -a. hemocytometer Then".'_;

50 uL ~of - blood was mlxed w1th 50 kL of the respeetwe bactendl,’;._;f'v;‘».u}.,
 strain (at a concentratlon of 35 x 1106 cells/mLin PBS, 1 mMCat*+

~and 10 'mMMg*++) on’ a’ glass - slide and rocked - for 1 mlnut\e? ar

o

2) 50- uL of each bacter1a1 stram was mrxed w1th 50 uL of-_-.:,_'_"‘
o polyclonal serum” (anu CFA/I pili, tltre 1/32,000) on a glass slide, . - %
. " the’ mixtures ‘were . r‘ooked for I mxnute and the agglutrnatlon-';}-,'»".V:;

R
. A
. A
o L

et

’ -reacrlon was recorded

'used both m the presence and absence of 02 M Mannose

PBS suspensrons of human blood of groups A B and O wereg



. rmouREz

An ethldlum bromrde stamcd agarose gcl of plasmld DNA obtamedﬁ

: 'H'.f.»from cnlcrotaxrgenlc E COll 1solates Samples were analysed on""""

0 7%-

(c' \ ,t) Lancs a, ’b,* c, and d contaln plasmxds of Lnown"." '

md

-Trls borate (pH 88) agarose for 85 hours, 100\/;

Putar wcnghts (27 Mdal 23Mdal, 38\ Mdal and 60 Mdal

rcspcctxvcly) used to’ callbrate the gel Lanes e -f) and g comaln,"f“:.:"T..

the plasmrds 1solated from CFA/I E colz .1s_olates, and lanes h SRR

' _and - contam the plasmld from CFALI+, E.: c’ol[ 'is‘o‘la‘tes ~+The - .

Posmon of the molecular welght (M/dal) markers are shown on thev.’"'-'_';

}u;,.
A

.nght of the fxgurc '






'-rcvealcd that HlO407 arrled the 60 Mdal plasmld whlch was

¥

B f'found to be Iackmg in. the H10407P stram o .‘

: "fvthe prcsencc of CFA/I prlr

T

rmally, LPS analysrs of the 1{10407 and HIO407P strams"-:_::'-,;;i'if"__',
3.4.»‘:.,.was performed A srlver stamed %S PAGE revealcd that bOth'
:;;stralns had srmllar LPS (Flgure 3) S : : ‘.

R

‘o

'i"drffcrence in the 1ntqactxons of HQQ407 and HI-O407P was due tof.g

& :

3 2 lsolatlon and punfxcatlon of ! CFA/I prlr ‘ .

-'-stamed? SDS PAGE gels and 1o flagella (the major contammant)

CFA/I plIl were purrfred by the procedure descrlbed

—'.'-'fMaterrals and Methods 23|i ‘The quahty of the purxfred pllr:-~ '

KT

'j_preparatron was determrned‘“ by SDS PAGE and 'electrob

g._ Lo

l-'_.'.lmrcroscoplc exammatlon P111 preparatrons were consrdered to b

4-

'pure wl#x; only sone band could be detected 1n Coomassre blue_.i;,,_i_ ‘j.“

f‘feould be detected by elther electron mtcroscopy or SDS- PAGE

PR L I

': 2

Lhdl
[ 3

e

On SDS P,AGE exammatlon of at least 15 preparatxons, one

majdg ’band was detected wrfh arg;' apparent molecular welght of
15 200 : 800 (Frgure 4) Thls yalue was in: good agneement wrth

that calculated from the pubhshed @mmo acrd sequence for the |

CI‘A/I prlm subumt of 1§,058 (57) Although the CFA/I+ stram

rd

absence *’of hemagglutmatron of gumea pxg erythrocytes “the” gel

also mdlcated that the strams drd not produce type 1 plll because -

._. “ P
P ‘

Tl

'I‘hcse prelrmmary \ 1nvestl’ﬁauons _assured that _?an-'yf"-'v

uéed m lh-lS study was ,j'é’dged to be free of type 1 p111 by the B .



= SllVCl‘ stamed SDS PAGE to rcveal thc LPS mmcues of the".'ﬂ

B

',f-resﬁectlve bacterla , Lane 1 contams mo’feculzﬂ' wclght markers",._’_,“’-ﬁ';;_'.'

- :'(thelr weight xs mdlcated along “the 31de) Lane 2 contams the LPS-.:: L

B I_vmomes of H10407 (CFA/I*) bacterla La.UC 3 COﬂFii_lD_S. the -,,LRS of S

- _  ;1—;104071> (CFA/I ) bacterla
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S f:??FI'GU'REA;E%? i :

,rr B

."SDS PAGE analysrs of purlfred CFA/I pm Purlfred CFA/I pm were_?;

."‘:‘{'Z'subjected toa,drsconthOus SDS~PAGE m the presence of B-

_'mercaptoethanol us1ng a 20% separatmg gel The ge]s were'}f.‘_'it‘ .

‘f‘"starned wnh Coomassxe blue and the posmons of the standard}"‘:_«

,jprotelns (lv' i
45,000, &

v molecular wetght mrxture CQntammg ovalbumm

ch'_motrypsmogen - 26 OOO B- lactoglobm 18 400

‘»"'lysozyme - 14 OOO bovme tryps1n lnhlbltor - 6000 and msulm A

:-'-'__-.,.and B'chalns - of 3000 obtamed from Bethesda Researchfj'_'«F»f?

i .‘Laboratorxes Garthersburg, MD) are mdrcated by therr molecular':” R

welghts on' the nght of the ﬁgure Plll t’rom N gonorrhoea strain e

5 -,:'MS 11 (G C Pllm molecular werght - 17 500 klndl* PrOVlded by

G K Schoolmk) P aerugmosa stram K (PAK pllm molecular:'ﬂ.:'f‘:v’.j”

- weight - 15,000 and E. coli. contarmng the plasmrd pﬁbzos-_;;fff_

,(EDPZOS) pllm molecular wexght 6900 were analysed

| '-"welght standards

" addition o the’ CFA/I pm preparauon to prowde extra Qﬂeculaﬂ‘f



<



materral was seen 1n the numerous CFA/I prlr preparattons (80)

' 3 3 Bacterra bmdrng assay v‘i‘ o Y :" | ’ T

no: protem band wrth a molecular werght of 17 000 or aggregated

L

The rmttal ob_]eetrve was to mvestrgate erythrocyte receptors

;"».v"’usmg purrfred [1251] labeled CFA/I ptlr However when 1od1nated

_probes are used for receptor studtes it 'is—‘_. 1mperat1ve toﬁ,---&-ﬁ

_'aCCOmplrshed by . demOnstratmg that the labeled

"»“,retamed 1ts brologrcal acttvrty or that unlabeled lxgand 1s capable X

:__"bmdmg characterrstrcs of the 1odmated lrgand (3)

_ demonstrate'that- -the 1od1natron procedure has not altered thef'

_ hrs can ;

ltgan.': g has

. of’ competmg for receptor brndrng srtes wrth the labeled probe
v'Slnce t-_-was found that purrfred CFA/I prlr do not cause;f'
,-hemagglutrnatton ‘a characterrstrc whtch was reported prevrously'':_"_'v_"_'_--‘~ X
(28), it Was 1mpossrble to use the hemagglutmatron reactron to.}'“;}["
demonstrate retentron Of bxologtcal actrvrty in’ 1od1nated CFA/I pzlrf

"i"preparatrons Therefore we exammed the mtegnty of the-;’“

‘,",freceptor bmdrng stte 1n 10d1nated CFA/I prlr preparatrons by the;‘ ;

_.competmve bmdlng procedure

B S
v However when [l251']~labeled CFA/l pllr (>7D% TCA‘
‘ A

aprecrprtable counts) were used m erythrdcyte competmve btndmg
- assays; LN .
_assays ;we were unable to demonstrated any reductron m thew‘
number of- bOUﬂd [‘2511 counts m the presence of excess unlabeled -'»»t”cf'.

CFA/I prlr Thrs suggested that (1) rodmatron had altered the

B j.erythrocyte receptor btndmg srte of CFA/I prlr such that labeled

?'and unlabeled plll were bmdrng to erythrocyte membranes by

“{ S t



."':.'-fdrfferent mechamsms or* (52) the blndmg afftmty for CFA/I;" |
:receptors was so low that bound p111 were betng removed from':'"_"fv-'._*._.:'v'-“‘
:"'";‘-.“i_;:‘iﬁseparate erythrocyte bound from : unbound plll (3)
(erythrocytes contamed enough receptors to btnd all of the labeled,;

: and unlabeled prlr in- the competttlve brndmg assays Although:_'~.g

absence of unlabeled CFA/I pt]l less than 1% of the 1nput 1251- o

.”’_the erythrocyte surface durmg the wash1ng procedure requr{ed to-

f the last pomt (3) seemed unllkely because 1n the presence ‘or

CFA/I counts were bound ‘to the erythrocytes it - was 1mpossrble to'-.j_

drsungursh between tl@frrst two - possrbtlmesf "7'~ijh‘\\3,‘_" "

Smce 1t was not possrble to: de(nonstrate that 1od1natedf_'_"

CFA/l prlt retamed the same bmdlng charactenstxcs as unlabeled\ﬂ’t:",'_‘.

plll the decrsron was made to examme the mteractlon of whole3__- s
bactena wrth erythroc)'tes The data from such expenments"ﬂ !

demonstrated that CFA/I+ organtsms bound srgnrfrcantly better to"": o

Further the addltton of . purrfted CFA/I plll to the reactron’;.._f:'_‘."':

m the erythrocyte membrane than CFA/I' organlsms (Tayecl)

mlxtures caused ‘a . reductlon m the numbeT of bound CFA/I'..'JF

prllated orgsmsms to thatl of the level observed for the nonplltated_.’

| Orgamsr@ (Table 4) These results s‘uggested (1)’ that the btndmg
| of CFA/I+ orgamsms to the erythrocyte membrane is medtated by

CFA/I plll ‘ and (2) that there are at least two apparent"-f

mechanrsms 1nvolved in’ the attachment of H10407 orgamsms tof.

the erythrocyte surfa(e The first mechamsm mvolves the specrfrc

mteractton of CFA/I prlr w1th 1ts receptor(s) on the erythrocyte‘_f"

surface and a second mechamsm whlch is shared between CFA/I+"-'. G

' ’ ",' O~ : .

-
. . .
.

.ot CFA/I bacterta

4 '*;*3'



"*'CFAJH,;Q ﬁ?

S tram : Condmons

L;,’_Erythrocytes

| 'Il*HlO407 | Expenmental i

; Bactena to
(a) R

ks '% Inocullum % Dxfference m ST
- :.!_"f.__,Bound 3 S D.- Prcseﬂce of; P‘h(b)l-‘

CFAMTY . g (4"

cram JPLCREE

. ‘ .‘:
: ~CFA/I"= .

©CRAN  aypI

;*”ﬁ66+2o

,229+50

4_1 2 7»

130+ 49 | +13 288

“120+39 'fbfféj?{vd

162230 6780

W) 35106 colosy "foi‘mmg anits of H10407 CFA/I* o or CFAL: - L
s bacterid (200 uL) ‘were - ad;ded to 4 X7 107 ﬂrvthrocytes (200 uL)»_ i
o and ‘ba¥eriay : BT

nutrient. agar plats * an

_.'l""':'.‘c) ErYthrocyte attachment experlments werc peffOPmed m the‘ffﬁ
e ,;presence or. absence of 07 mg/mL P““f' ed CFA/I p’h e

Sl

R L

: - f uncl bactenal colony fOrmmg umts e
| “determmed byiplatxpg 100 uL of the washed erythrocyte pellet on .

the ‘percent babterla bound o

by the Student T, Tcst)

was' i

the

UL ery ~Was’ cali:ulatebl Each value represents the mean of at@ *
TS _least 6 de?rmmationswug* B e

ili: Was found to be statlstlcally»:f;_

the}ff; '




"=seen n the mteractton between CFA/I+ bacterla and h

.
ol

"‘ltterature (6)

E observatlon rs con51stent w1th prevrous frndmgs reported m the

s

An electron mrcroscoptc mfvesttgatron of the 1nteractlon'f_’_::‘;v.;,_-v

between eCFA/I+ or CFA/I bactena and erythrocytes‘ls shox‘vn 1n
.-“.',‘-frgure 3. Qfl‘he electromlcrographs revealed that there was thSlcalil"":f

| ‘::v“.,contact between C'FA/I" bacterla whereas there was “al a)’s a gap

_erythrocytes membrane, the CFA/I p111 were not easrly VlSlble"f:;""'
""When ruthemum red was used to examme the bmdmg njt greater'-i._;-""'
o 'dctatl the pth on the CFA/I+ Orgamsm became more Vlsually-.'f' |
.‘promment ’lmkmg the organlsm to the erythrocyte membrane::-'
."'f‘;v;(Frgure 3),. whereas w1th the CFA/I' orgamsm whtch was m S
: “':..t-vphysrcal contact w1th the erythrocytes membrane revealed the;"f,

;presence of ‘a dark stammg materlal surroundmg the bactertum“_"

Enzyme treated erythrocytes were‘also used in" bmdlng:;
;_‘.}expenments w1th whole orgamsms ‘ The results obtamed from_:_:_f,‘-‘.fi‘»'v‘
e '-,thrs mvestlgatron (Table 5) mdlcate that the reéeptor for CFA/I-

.:'_plll on the erythrocyte membrane 1s a sraloglycoprotem Thxs*j

3 Extractlon of Human Erythrocyte Membranes wrth thhrum""‘f: |
' ---.ADnodosahcylate L R S /‘- - Coln ; b

To lnvestlgate further “the . nature of the receptor

B

. - 'fi-f',".glyco;)roterh extract of erythrocyte membranes was prepared as
. -._‘-,descnbed in sectton 27 of Matertals and Methods The extractf_.;---v‘"’:v‘ﬁ_:’
-‘l-.v(‘thure 6) caused the (shde) agglutmatton of CFA/I+ but not of.':

:»',CFA/I' orgamsms at a. protem concentratton o,f OS mg/mL hi-s',.l’j.‘



g FIGURE 5 l Electron Mrcroscopy

.

'_;’]},ﬁ.".'-'CFA/I* and CFA/I*‘ bacterxa were . mcubated wrth :
- -described in Material - and Methods. = The erythrocyt‘es.{’
;.IVYA.;._:!‘SCdlanth by centnfugatlon and:- the cell pellets were: fxxed at -

4 C overmght in 3.5% glutaraldehyde (OIM cacodylate buffer pH " -
’72) in the presence or’ “absence - of - 0075% ruthemum red. The-
,','.ffflxed suspensmns were washed three times ‘ih~ 0.1’ M- cacodylate_g;,‘"_._..;:.;,
*. buffer, pH 7.2, "The ‘specimens  were'. post—frxed for-1/--2 hours- = s
- with? 10% Os04 in cacodylate ,buffer Af@r washmg to remove_':ﬁi__f_: el
_~ ‘_._excess OSO‘W the cells were dehydrated w1th ethanol cand
__.jfpropylene ‘oxide, emﬁedded in- epon, sectioned, stamed With- lead{vf)
-.;‘v_'ff-curate - urany[ acetate and exammed m the electron mtcroscope

- Electron mlcrographs of thlf? sectlon of H10407 bacterta assocrated{;"-;'-'f R
-~ with - human erythrocytes -~ Each photograph represents ‘a- 52, OOOX'.,?_*.
'_»y,"magmfxcatron CFA/I plh H = H10407 bactenum E
.l‘_ferythrocyte e v_; S _-_‘,._;..,._ ., ‘ T . :

_.}':(A) Ruthemum red stamed mteractlon of H10407 (CFA/I+)

"_'bacterra wrth erythrocytes el T e

-.?(B) Ruthemum red stamed 1nteract10n of H10407 (CFA/‘Ir )
( ‘bacterxa w1th erythrocytes e R

wrthout ruthemum red stam

(D) H10407 (HFA/I) bacterra mteractmg w1th erythrocytes:}f;\v-
w1thout ruthemum red stam e e

(C) * HI040% (CFA/L+). bactcna" 'nie‘r\act’ihg' thheryghrocytbs .







TABLE 5
Attachment of H10407 Bacterla _ S
_-‘a,to Trypsm— or Neurammrdase Trcatcd Human

I Erythrocytes o :
Treatment HlO407 Stram % Inoculum Bound £ S D b-

Ly _\

Sl e VCFA/I 'v ‘4 .139 442‘ TEo

‘Hv

. Trypsin© o CcRAm 13343 L

i 'CFA/;I{‘,-"_:'T R C B

REL AN
@)

. Neufaminidase ' CFAM* 194
T CRAM 12

S+

,' 3 - 5 X 106 colony formmg umts of/'l‘lf()407 CFA/I+ or CFA/I
_..-;..._bacterra (200: uL) were added 'to 4. x 107 erythrocytes (200 uL)’; ;
- .and. bacterral attachment Was:; assayed as: descnbed in' the -text:,: . -

',‘.v‘f"l‘he number .cof bound _bécterial. colony . formrng units . waey.:.'

determmed by platmg 100 ul of the ‘washed erythrocyte pellet on "

©nutrient agar plates: dnd the percent bacteria bound to the "

:“;erythrocytes was. calculated *"Each value represents ‘the ‘mean: of at- |
" “least ' 6 -determinations. . The drfferenée between the attachment of *

,Z‘;H'O407 CFAIT+ bactéria “to erther ‘trypsin-. or “eu'amlmdase-gl

©.‘.attachment of ~H10407 ' CFA/I- bacten

treated: erythrocytes and’ untreated erythrocytes ‘was” found to, he
statxstrcally significant - (p~ <0.05).. * The Trfference between [ the. "
| \to .either trypsin- or . i
T ‘neuramtmdase-- treated erythrocytes ‘and* treated erythrocytes;
Lo Was found to-be. stattsttcally msrgmﬁcant (pﬁ?o 2) |

B
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- v_extracts‘.

"prcqenccz of"- {S'mercaptocihanol usmg a 14% .separatmg geI ‘h“e-r‘

SDS PAGE analysns f ; lycoprotemr extract

crythrocytc membrancs prepared ‘by ;:,thc hthlum"d’"

procedure as‘ dcsgr;bed by Marchem & Andrcws (1971) ’The:;_.'_'z_

g,cl was QJVefustamed

: . . "‘.":""
‘me"Xj?has glycoprotum cxtract i ,;;ai“-“‘.

~.

PR

f o

- by
Kl

i,

,«’. ) i
o Y7 :
a9, :
R A

uodosahcy-la(c e
s&crﬁ s:ub}ccted to dlscontmuous SDS PAGE p thcvw,’_

Lanc 1 has mo,fecufm wexght standard\







o fsrte wtth the labeled extract

1”

"»',CFA/I prln Based on tlus obscrvatron a serres of bmdtng assays

: ._‘:'.,_'lsolatlon procedures usmg labeled extract and CFA/I+ ‘and CFA/I R

__'._v‘bactcna were.- performed SN — R e

Ir_'_'?'_._’j.usrng extract and purrﬁed CFA/I prlr as well as’ a serres of affmrty'

The bmdmg assays were done ‘as- descrlbed in sectton 2 11 of:v_ B o

v"».,'v.,_fMatenals and Methbds Brndmg assays usmg CFA/I plll coated.:,b._i"'i

'i',polystyrene test tubes and labeled extract were performed '_t’__',o-‘

""',mvestlgatlon mdrcated that room temperature (RT) was superror
'-""_.-,Competrtron studles used to demonstrate specrfrc bmdmg off

labeled extract to CFA/I plll also 1nd1cated that room ternpe ature '

3 J-'cstabllsh the opnmum temperature for the assay : The results (O

L C=" 2,733 21525 cpm" RT= 6605 + 434 cpm, n= 6) of this

"was the best temperature to perform the assay ’ at O° C the i t_f

drfference 1n brndtng was 1221 924 cpm v whereas at RT the net' o

B 'dlfference was 4740 703 cpm

Bmdmg assays (Table 6) also 1ndrcated that labelmg the",'_'jﬂ'""

-,:.CFA/I Plll Wlth 1251 destroyed or . altered its receptor bmdmg_','»'“-@

i::the extract dld not alter its receptor bmdrng domam smce,,'ﬁf‘:

-*“;-;'domam,_ smce unlabeled CFA/I p111 d1d not compete for receptor :

.'.'_4-bmdmg srtes wrth the labeled probe However [1251] laﬁlmg of”

z;unlabeled extract was able to compete for the CFA/I ptl‘r receptor;.-"?; ;

Further expertments were performed

..‘mrmmum amount of purqtfted p1l1 that would be necessary for

- '»_'..Abmdmg assays (Flgure 7) The data mdlcate that 20 p,g of purrfied".bf‘_

'.CFA/l was suffrcrent for coatmg the polystyrene test tubes



e ‘PolYS‘t\yrene":"L.aBeled’ V:Labeled Unlabcled Unlabeﬁd CPM Bound2 th thfcrcncc

. Coated- »(uL) Ly Ly ‘:_(uL)
cwitho oo e s

CUCEAML e 100 e 200U 1ges

B ,fnsa‘;_ R LU R I L1 3

Test Tubes  Pili - " Extract Pilit: Extract' LoaSDL

Cela

4-

R T T T T w T Y T

+

e T e _; 1399,
S04 L

Al’v

+

» :Ex:"rzic'tkf RIS TR 3379_ 1594 T w

+

TS
- ; N
S
\O

"

T

6.

T "é . Lot e [ . | . ’ ¢ . ce . T KT R

Bt

-v::Test tubes were coated w1th 50 ug of CFA/I otﬂ'.'f.gl,ycop;otein;‘gf:f_._f'.
*_;extract R R S P

- ) Glycoprotem extract concentrat:on = l7 ug/uL (unlabeled)

CFA/I plll concent:atton 1 O ug/uL (unlabeled)

2) Results of two expenments performed m tnplncate

. ,"3) The polystyrene test tubes were coated as descrlbed m'j.--

- T.;_Materlals -and.- Methods - 211 . -The bmdmg assay .consisted of vl

~ . incubating the labeled.,o;pmponent m the _respective - polystyrene'
- test tubes fof 3:hrs., in a totalreactiod mixture volume
.--'jg;mQ water’ 1% BSA) -After 3 hrs,, (at. room- temperaturc) thcse fest’ .
__,_"':'_;_’tubes were washed. 3 times. thh mQ@waggr (l% BSA,) ‘fanu counted-;
inca gamma counter ia SR .

~of 0.5mL L




©.

',Saturatron brndmg expenment to establrsh the amount of pllx-" E

rcgurred", to saturate bmdmg srtes o'n th; test tubes _ Theh':i-'-‘;f_;“f

'V'Ai.iPOl)’Styrene tubes were actrvated w1th 25% glutaraldehyde and;-_."iv

_,;»{hen mcreasmg amounts of CFA/I pllr were’ added The lUbes,' e

N

s were w-ashed 'and the remarmng protem.bmdmg sxtes were-_

o ~blocked wrth 0. 1% BSA Bmdrng of labeled extract was allowed to.

.i_proceed for 3 hrs at room temperature The tubes ‘were washed e

R to remove unbound extract and the amount of bOund radroactxvrty..';;‘f"*-*-

.-.-was determmed 1n the gamma counter



100

ugof CFA -




the extract contaqu several

Fmally, bi'n'd.in"g tsotherm assays we're':' ':”-per-fo'r'm'e'd

determlne the physrcal characterrstrcs of the ' extract CFA/I‘-‘-”‘“.
"'f receptor moxety 1nteractrons (Flgure 8) Scatchard analysxs of thls . :

data (Flgaure 8b) produced ‘a strarght lme 1nd1cat1ng that (I)'-' -

there was no blndmg co pcrat1v1ty, (2) the bmdrng srtes were': ;

hom\ogeneous and (3) bmdmg could be saturated Ho_,wev,er_, -Slnc¢_ PR

.‘\ . . .
assrgn an aff1n1ty constant to he receptor

% The - affu)lty 1solatron procedure (outlmed

Ma‘e“afs a"d Methois) usmg labeled extract and CFA/I+ and_'.

CFA/I orgamsms revealed a 27 000 molecular welght band that"v”"““

was assocmted only wrth the CFA/I+ orgamsms (Flgure 9)--
Further evrdence for the specxfrcuy of the . 27, OOO> molecular
Welght band - for CFA/I p111 was obtamed by demonstratmg that IR

purrfred CFA/I pili Werc able to compete ror utndmg wrth CFA/I+ v

orgamsms (Frgure 9, Lanes 4 & 5)

OAlthough hlgh amolecular welglt 1od1nated naterlal v.mchi"*

falled to\e’nter the Separa“ﬂg gels was also det ci‘ d omy in lanes‘; 37 o

. contamlng CFA/I+ bound extract co.nponen':'

determrned whether thlS represents aggregates 'of the 27 OOO

molecular werght CFA/I suecrfrc specres’f" a umque erythrocyte ‘

receptor

s

. " .

35 Erythrocyte versus E. colt THI10407 Sensmvrty o
Gll)taraldehyde leatron m _ _~ PR AR -

Erythrocytes dtluted 1: 10 in PBS ‘were flxed overmght at 4

C m mcreasmg cerrcentrauons of glutaraldehyde (Zi to 40%, also

“ . .
— -
£

fremams to be ot



mmg
'Frgure 8a Brndmg rsotherm data Polystyrene tubes weref-""""

-"-4".’ac»t1vated and coated wrth 20 f;g of CFA/I plll as descrrbed

‘.'_'Materrals and Methods 2 11 lxncr;easmg amounts of [12511 labelcd-fiif'".

'jextract were then added to the tubesh 1n the presence of 0 1% BSA

' and allowed to brnd for three hour§ at room temperature Thc

f tubes were washed and the amount of bound radroactrvrty wasutv'v_a-
"_"'_determlned The.ug of bound and unbound extract was,
determmed from the specrfrc acttvrty @ protern concentratron of."_.,.j '

-’the extract was determrned by the Lowry procedure )

Frgure 8b Scatchard plot of equrlrbnum bmdr’ﬂ% data of frgure 8a :




" GPMbound”

| oJ_’ —

30000 -

" FIGUREsa

r_'

020

T T T

60 80 100 126 . - .

©uL labeled extract

CreuRes

4 0.041

bound /unbound

-

006

- 0051

S ‘3-’S'¢.at'cha'rd‘ plot - _‘ S

T 'v-vx.*

02 . 03
©ongbound

- .

0.4




"'.";"‘_',_CFA/I+ or CFA/I- orgams )

'."descrr.l\)ed in, M'atenals
L. iremove : unbound magti:
= v"drscontmuous‘ SDS PA.'

Identxfrcatton of human erythrocyte receptors for CFA/I pth :
" were | mcubated with [125I] labeledf,':{

'duodosallcylate extracts"

the orgamsm‘s’j-
E .in: the: presence

were . subJected

* human' erythrocyte membranes as. o
Fof Methods | After extensive washmg/ to;_.';

:f," B- mercaptoethanol‘-""‘ i

" using a 14%- separating gel. Pamel a. 48 h .exposure’ autoradrogram':_.

":-i_ of dned gel Lane 1: total 1od1nated erythrocyte extract. “Lane. 2

. extract: components bound to CFA/I* bacteria: Lane 3 ~-extract
Vcompon"nts bound CFA/I bacterta*-'- Lane 4 (separateﬂ_,j::. e

_f‘experl

nt). -extract cqmponents ‘which - bOund to CFA/I+ bactena‘-"""'

- in 'the absence’ of purtfted CFA/T pth Lane 5: - ‘extract components SR

'f'-'_whtch bound o CFA/I+ bacterla in- the presence of 15 mg/mL
- purified "CFA/l" plll The . positions :of . the molecular weight 0
,,.:-:-_markers are’ showqﬁ‘on1 the rtght of “the ftgure Panel b

".;Densrtometrxc scans ~of “lanes 1, 2, and 3jn the orrglnal;'.::_f:-:"._':*-"*

":,autoradlogram. The absorbance scale 1s the same fqr all threej:" A
"-scans and the arrows indicate the 26 000 molecular wexght band.g

i e for bmdmg to CFA/I+ orgamsms This'1s a
iV SDS-PAGE gel The expenment was. repeated three‘,.;-", o







:""f}.'!:v,:'dll‘“ed W“h PBS) The followmg day, the erythrocytes were:

»_'v'jj_tthoroughly ,washed 1 PBS and suspended the Sanle“:;j‘:"

"".ff_'..concentratxon m PBS contammg 04M mannose Glutaraldehyde.iﬁ_..-

= f:xed red blood cells were agglutmated by the bactena The

,:_v»converse experlment was performed whereby 400 FLL allquots of"_f"_..'f.v..i",'i“:':

t bactena (CFA/I*“) were flxed overmght m the same._'?‘:':'ﬂv

'4"-7°°"°°“tra“°“5 °f glutaraldehyde (uscd for ftxmg the red blood“’f“f’r-"f-"-..;
-‘;“cells) When the CFA]I+ bactena were mlxed thh erythrocytesf';-_:*_-_

:’-A'._'(1/10 in PBS contammg 04M mannose) hemagglutmauon was not'-»'f"_'.f}j-:}”}

"observed ' These results suggest that CFA/I plll are mvolved m»" K

| the bmdmg to the ervthrocyttes smce flxatton w1th glutaraldehyde;f"_l-f.'

”-"‘.wdestroys the hemagglutmauon reactlon *, Whereas the pnln'vv."gv,'.':--'-i

receptor on the crythrocytes membrane was not senstttve o

_-_.‘_?_glu.aréldehyde ftxatron therefore, 1ts CRA/I prll blndmg dOmam 1s ":

-not a protem componént (data not shown)

3 6 WGA Afﬁmty Chromatography

Wheat germ - agglutmm has afflmty for N acetyl [3 D--lof"l

‘glucosamme ohgomers and Nacetyl [5 D glucosamtnyl resrduessv'

L (84) To determtne lf the labeled extract contamed such groups qeoon

_,'_-,"-‘-_was allowed to mteract w1th WGA agarose ¥ After Washmg ,'the'-_"ﬁ:--f’ ;

N mxxturc ffee Of any unbound labeled extract the bound matertal..~-r"_.""f:'--"‘

':'f:..was eluted from the column wtth OSM N-acetylglucosamnfe The

",data obtamed mdlcates that the 27 000 MW band 1dent1ﬁed as t“. ¢ ~

_':-_.‘: .component responsxble m bmdmg to CFA/I pxlt possesses

e acetylglucosamme resrdues (thure m) - 1_"‘_{_5: Sl

,

.
-
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L FIGURE 0L 0 g o P (0 e

o

Afnmty chromatography of lodnated erv h yre' extra‘ct "'o'n'_'

':'_wlreat germ- a}lﬂhlf"‘.u.(W(JA) agarose In the upper BOI‘UOD of L

""?_‘S".the flgUJ‘C 05 mL fractxons were collected from the columns 'j'

"‘ -'.',L'..'_';Bound matenal Was cluted (arrow) w1th 05 M N-'

-'.:-;.',l':i":acetylglucosamlne (GlcNAc) 1n PBS SDS PAGE analysrs and

aautoradtography of the column peak fractrons is shown in the"“-l""

'bottom portlon of the frgure Lane l‘ [12’1] Iabel,ed ezctract Lane e

2z labeled extract components wluch farled to bmd to WGA and

LA :appeared m fractlons 1- 5 Lane 3 labeled extract ~components';i'5 o

,-"'whtch wcre~ elutecl from the WGA wrth GlcNAc (fractlons l’7 20) e

e :.'_The Ilosmons “of the Coomassxe blue”stamed molecular wetghtf’-:" |
"":_;"'standards (molecular wetghts X lLl

3. The arrow besrde lane 3 1ndlcates the posmon of the 27, 000:. .

_Lmolecular welght CFA/I receptor spemes ~

3) are shown to the left of lanef"ﬁ.f:‘.;'
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that glycophorm is mvolved m CFA/I p111 blndmg ?»; e

;_=.‘37 M galltseptrcum Lcctm Hemagglutmatlon Inhlbltron Study
s Based on ﬁfgg@sults obtamed (Table 5) and the 1nformatron;f’” L

,"favar?ble on thc major components of the human erythrocyte:;”
‘f.mcmbrane 1t was suspected that glycophorm (MW 29 OOO) (18
‘,:.v'lO?y) could l)e the receptor for CFA/I p111 To establlsh tl7c role (rf,-
'-‘iany) of . glyeophorm a hemagglutmatron 1nh1b1t10n study usrng M.
.galllseptzcum - lecun and purrfled CFA/I prlr was performed_’-i
_4"’_(F1gure 11) The results show that purtfled CFA/I prlr mhlblted,"'

. “‘e bmc‘:lmg 0f M 80”1S€P“wm : lectm to. glycophorm suggestl,nb;.‘

".bmdmg domam of CFA/I prlr e ‘

o Frve drfft:rent monoclonal antrbodles drrected agamst the

ar

.
R

'.38 Expenments desxgned to determme locatron of receptor_;_,,';

-:CFA/L Pll'l fa gi‘ft t‘rom Dr” Paranchych) were obtamed It was of 1 A

mterest to see where they bound on. the prlus (Frgure 12) because”f‘_‘_

-,‘.as§umed that these4g,monoclonal rimbgdres erther bound to the ‘

f‘._these monoclonalsB mhrblted hemagglutmatlon Therefore it. was

'.'receptor bmdmg domam on - the p111 of“r;n some way sterrcallv L
,-.vrnterfered thh h bmdr&g to the erythrocyte membranefnﬂ‘:’”"’
,..'receptor Protem A gold mvestrgatlons were not elaborate enough_’_f |

,':fto help elucrdate the monoclonals respectrve bmdmg srtes SRR

. 'v.v‘".Apparently, all monoclonals bound throughout the length of the'»'~

_':"plll and no drstmct reglons were observed "for any of ﬂre_'_.}_sf,’_;’ .

»

".;vmonoclonal antlbodres used Thxs same 1mmunoelectron teChmﬂue e

’ fl»‘ ._Y- ) o )
RPN

| ——tr,




-_--'fD conjam p;ll (0 Smg/ml) 2% erythrocytes (m PBS a?ﬁ 4Mf\‘;*"

M gailxsepucum lectm hemagglutmatxon mhlbmon study WellsH

: Tfm row A contam 2% erythrocytes m PBS 0 4 M Mannosc Wcl§
"im row B contam CFA/I plh (05 mg/ml) and 2% crythro@s

“-:'_',PBS 04M Mannose) Wells in row C contam M, gallxs'epucum*”_-v-:'

lectm startmg at 72 mg/ml then serxa[ly dxluted two fold (left to

v-rtght) and 2% erythrocytes (m PBS‘ 04M Mannosc) Wells= m rowf '

'_.-_':"'AMannose) and lectm sertall’l dtluted left to nght startu@ at.
! 7 ng/ml . B R e - R

e
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-_nfﬁ-’Electron mlcrogrnphs of Protem A gold studlcs usmg monoclonal

":,‘j'"'anubodles as desclxbed_ m matcnals and methods 216 The

"',by the vanous monoclonal annbodlcs

.”:’a) McAb #1:; R
T MeAb#2

19 Mt #3'75‘*".'."',' M s )
OO MeAbHS e
e) McAb #6 S E

techmque was used tf) vvsuallze the varlous antlgemc sntes defl}ed

‘.".4. .

| The magmflcatloh ofeachplcturels38,400X o






to determme 1f the receptor bmdmg domam', 'w

- '\( ._“ "A V

m bmdmg

.4‘

obtamed from thlS mvestlgano_"
ended " S ‘_ o

.'.'. . “ L o B IR B

o



the presence of p111 in H10407

= resrstant hemagglutmatlon of human erythrocytes (MRHA),"A:_,}':.'-

' 3'5‘ rn order to- evaluate bmdmg medlated by CFAIL plh

s~ R Pie— s — e ™ ..-..f\-.-\ ——'_\n\w .. -\

o i*.‘f.‘j-,./4'-‘.D,IS»CUSSLQN R e

Thc Ob_]CC[lVC of thrs mvestlgauon was to ldentlfy the human R

cxperlments were performed to confrrm that the two strams of E

alt (HIO407 and H10407P) were essentlally 1dent1 al asrde frgm.-"'.-:{_"A

The presence or absence of the 60 X 1()6 ’ MW plasmrd{.;‘v

cncodmg CFA/I plh was conftrmed - the two strams of H10407 E-"

L colr by the alkalme extractron of Brrnboxm and Doly (8) h"ei'vﬁ""‘”’

TD . i

electron mrcroscop)’, and the agglutm'non of - the CFA/I ptllated-b'

prlus =

"r“‘

4erythrocyte receptor for CEA/l pilr Therefore ﬁhe prelrmlnary_‘,";-‘-.‘.'

. expressron of CFA/I prh was routrnely deterntmed by mannose-'ﬂl.i'

orgamsms by poly and monoclonal antlbodres agamst the CFA/Il

In addmon the pre‘sence of type \1 pth whtch may(be”‘""i\'

'J

mannose sensmve heniagglutmatlon of gumea ‘prg erythrocyte,s,f."'n"”'

expressed by the two strams of H10407 E colz CVere examtned by

W

type 1 prh were not detepted by thlS procedure Oyermght culture SR

(37: C) on CFA agar appears to suppress the cxpressron of.*xpe 1.- S

prlt (31 62) It was necessary to suppress type 1 prh expresslon

O —
-\".

The hpopolysaccharlde (LPS) profxles of both strams Were T

mteractlons between bacterra and/ erythrocyte membranes (11

12 93) The strams used m the mvestxgatron had a srmrlar LPS

exammed to;’ﬂensure they were 1dent1cal smce LPS may mﬂuence



proflle on exammatton by SDS PAGE Consequcntly, any lnfluence

"'?'; medrated by the LPS morettes would be umform for both strams

After the prelxmmary 1nvest1gauons the hemaggluttnauon e
':"‘- of human erythrocytes by CFA/I+ orgamsms was used as an assay |

to examtne the mteractton of the CFA/I pxlr and erythrocytc

membrane receptor From the bmdmg studles a sngmfxcantly
hrgher amount of adherence to erythrocyte membranes was
obs rved wrth prhated orgamsms compared to that of nonprhated
bacterta (Tablr' 4) To dctermme the specrfrcrty of the blndmg for
the CFA plll, punfled CbA/I prll were used to compete for
brndrng The presence of purtﬁed CFA/I plh reduced the number
of erythrocyte bound prhated orgamsms to the level observed for"‘;

.7’ the non prhated orgamsms Thls observatron 1nd1cated that the

"‘l;undmg of prhated orgamsms to the erythrocyte membrane was
.*‘ZT-.;-‘medrated b}' CFA/I Plh (’I‘able 4) A reason why SO much punfted .

prIl were requxred to mhtbrt the bmdmg of (.FA/I+ | orgamsms m.“f
erythrocytes can be based on (l) the monovalency of the prh

based on electron mrcroscoplc observatrons (thure 5), m addmon

to the physmal observauon that purrfled CFA/I plll does not cause

hemagglutmauon and (2) on the electron mrcrosc0pxc observauon '

that CFA/I+ orgamsms were multrprhated therefore therefore




'v':'.:',""}Thrs observatron can be mterpreted m three ways _ (l) tlle;.-“‘:.._.'.":".'
.‘bmdmg of CFA/I--, orgamsms may have been an arttfact resultmg__j’j:.’v

.'--‘from the}co sedlmentatlon of bacterta the presence ofﬂf”/"'*’"":

: j'_‘forgamsms, () CFA/I' btndmg may have been the result of

‘_ removal of sxalxc acrd groups by neuramtmdase triatment would R

- -

crythrocytes durmg the centrrfugatron to remove unbound"'

/

ﬁhydrophobrc or 1ontc 1nteracttons between CFA/I bacterra and the/

membrane components whrch were also observed to blnd/to both L
CFA/I+ and CFA/I"‘ bacterla 1n the affmlty lsolatxon procedure-f'. :
(I‘ngure 8) or (3) the presence of type 1 plll on both strams of

bacterxa The co sedtmentatlon theory s the most lrkely'.v_':__:__"l,-"-f'_

l"»

".,. G

explananon for the apparent bmdmg of CFA/I‘.‘ orgamsms BT T

surface of the erythrocyte membrane (77 104 IOS 107)

also result 1n a. decrease in’ the surface negauwty ) erythrocytes -

If the CFA/I‘S'org,amsms were"':‘

1omc ' h)’drophobxc fmechamsms then th alteratxon i_n'. .

erythrocyte surface charge by the trypsrn or neurammtdaseg:.:

treatments should have resulted m a change in CFA/I bmdmg to_-; Tl

mannose-contammg glyc0protems should also have resulted m a .
decrease in attachment If bmdmg were due to type 4 pm an‘_f“ o
: unltkely event in any case because the growth of H10407 bacterta';v'_-"___-l

°" CF A agar SUPPresses the productton of thexr type 1 plll (31

erythrocytes because the effect of trypsm on human erythrocytesv,-_. RV

;.}"frts to remove the extracellular domams of 81YCOphodm, the majorﬁ.""

J/ Slalogiycoconjugate and contrlbutor of negatlve c arge to theff:-:

ndmg to erythrocytes> through v'

erythrocytes and. thts was not -observed (Table 5) The removal of




To elucxdate further the nature of the erythrocyte receptor,_"

bmdmg experm’tents w1tl‘f" trypsrn-"i or :neu‘ramlmdase treated:_'-_

_: erythrocytes we‘re performed The data m table 5 demonstratedf-t"1.“.:-"
that the CFA/I prh reoeptqr on the erythrocyte membrane may befi'_.._‘.'i‘l
‘a s;aloglycoprotem due to 1ts sensrtwuy to these enzymes Thefj-;;:
major smloglycoprotem present qn the erythrocyte membranef‘":'-'.._H'
whxch is: sensmve to both enzymes is glycophorm (77 1103-"1‘

Therefore to evaluate the poss1ble rolg of glyc0phorm as the

gallrsep'ucum (4 46),‘ wh1ch hemagglutmates :’_uman erythg,)cytes \

The assay was de51gned to demonstrate whether" p}mfled CFA/I'
p111 could 1nh1b1t thedad . '

_f:.lectm medrated\

hemagglutmatron re

that the CFA/I receptor 1s elther (l)

the same*plane as glycophorm such"- h'at theIVI

"'n“ or %
‘ o y .

’ .-“":,bmdmg of- - rlr-.,to" thelr receptor(s) stencally hmders the M‘."_'_"'_t

"."-"'.‘."j,gallzsepttcum lectm from blndmg to glycophorm




vi_extract and CFA/I ptllated bacterra _' Thts prellmmar""f’“',-f,

_"b'ind'i-'n"g expertments usxng extract and CFA_

,dld not comp‘ete for btndmg‘ However when th

“'_,."_,“_:“"were pe formed wrth [1251] labeled extract srgm

_-':‘:»F-':'-'whtch 1nhlb1ted MRHA of CFA/I plltated orgams’ms

?.-jvl,__'_--reported that thls staloglycoprotem fractlon mhrblted MRHA etght ‘--";_

o .;_ttmes more effectrvely than dld free sralrc acrd S g . T
» The 1solatton of a water soluble gl)’coprotem extract allowed-. R

,-:_between CFA/I and 1ts erythrocyte sraloglycoprotem receptor(s)_' .

L present m the extract smce by mcreasmg the 1omc strength of the;_f':w-f.!

o "f_:mtxtme it prevented the agglutmauon of plltate%.

'"“;,;"-{_-‘questron could not have been answered umng in ct erythrocytes

e *_.smce they are’ sensrttve to osmottc vartabtlrty

They also

"‘--:f‘f’mvesttgatton of 1omc charge mterference m mteractrons between‘_g';‘-;.'."‘-v o

'7"7v-'."r.suggests that 1omc mteractlons do mfluence the assocratton___",__

,bactena Thts S

The extract and purrfred CFAIJ ptlt were also used to

"fﬁ"j_'lnveshgate the phystcal eharacterrsttes of CFA/I erythrocyte.}'?:

3 v.pol)'styrene test tubes The btndlng of [IZSI] labeled VCFA/I prlr to;“'
" ‘.:vv_fextract coated polystyrene test tubes and that of [125[] labeled'.'a’;‘-‘.t.":
."_i-:extract to CFA/I-coated test tubes (Table 6) was exammed . When_';:;t":":
the experrments Were Performed wrth [1251] labeled CFA/I prlr |
'very Ixttle bmdmg was observed ar;d unlabeled purtfred CFA/I pih" .

.-j‘,was observed and was reduced m the presence of umabeledi':'-'f"

':;.’j"-.extrft These results suggested that the [1251] &radro rodmattoni:':"_
'.-ﬂ-',f“:,.:,_procedure (\Yhtch labels tyrosme resxdues), destroyed the brndmg:‘.jz},

"_v'__actrwty of CFAII plll but had no effect on extract receptor acttvrty

e e,

Xp rrments‘ N

et eraciions. Thlslwas “accomplished_ by performing ©

coated;-_‘} S




"'Thls'g observattorr suggested ; tghat °tyrosme resrdue s) n_“th'

_ pt.lt"play a role m the bmdmg to the erythrocyte,-.exttra.ct

'these re51dues are 1odmated ,the structural mtegrxty J of the

v-bmdmg domam 1s altered or destroyed The_:;‘f_rec'eptorfjb‘ind'_f_}n
'-i:'domam of CFA/I plll may be srmllar to that Of pertusms toxmz‘f’

L .'v;f'whrch has been reported to be sensmve to damage by the same{:-".:

: ',-.:l._'rodmatron”procedure (3) Based on these observattons, all"‘

-”:‘;v:-"jsubsequent experrments were performed usmg "‘-'[12511 Iabeled

extract bound to CFA/I coated polystyrene -te‘st tubes o |
When the bmdmg data were analysed by the Scatchardf-’"

!'b’”'_-"Proced“fe a Stralght lme _;wa""':_obtamed Thls mdxcated that (1')"5'"'

--_'.jj‘:’i-there was no bmdmg co operatxvny, (2) !bmdmg srtes were_;._.

',_""._j_'homogenous, and (3) bmdmg" can be satura,ted Extrapolatxon of:";_'c:-_'

v".‘j,"",v'i-i:'the graph suggested that 20 ttg of plll bmd: ip';)roxrmately d 37 ng_»_..’j-f'
u;?:‘if‘"of extract However thlS 1s not certam, smce 1t 1s not knokvn how_'&
; ';__,‘_much plll remamed bound to the polystyrene test tubes

Once the physrcal propertresﬂuv;‘f

reeeptor‘f-

Afwere documented the task was

_nent(s) m,;':‘r
= '}-';'the extraCt Tms was accomplxshed by ', AT a
_?CFA/I




pres'ence' _00'0 + 1500 molecular v'welght COmponent was

seen in —th ! ptlxated bactena (thur029) prepar'ttlons"

::.\:
Densuometrtc analysrs (frgune 9 Panel b)

the

autoradlograms conflrmed the presence of the 27 000 molecular:‘-h
Welght bandythh pthated orgamsms ThIS molecular werght Eand

{:orresponds approx1mately to the molecular wexght of glycophgrtn

e A 1nvSDS polyacﬂylamlde gels (18 42) Addmonal ev1dencé fox.

" the specrfjlty of the 217, OOO molecular welght band for CFA/I plll

"",}_-"to human erythrocyte membranes

fwas obtamed demonstratmg that purtfled CFA/I plll was able
- ;o compete for rts bmdmg to CFA/I+ orgamsms (Fxgure 9 panel /Y)
; ' The data in’ ftgn.(e 9 (panels A and B) and Table 4 also

S suggest that n0n specrfrc surface propemes such as LPS and

‘ﬁglycocalyxes may be 1nvolved m the adherence of HIO4071!r E colt K..

«

Collectrvely, the data obtarned along._wlth 1nformatxon v

.reported regardﬂtg erythrocyte membrane eompoments suggested

e ..

'that the erythl;OCyte membrane receptor for CFA/I plll 1§‘t

: 'f,leCophorm A Wl f"-":.l"'!Pf“'““‘1 moretles - berng h}

. (}yernlght glutaralde)hyde flxatton of

'.=,-'erythrocytes at 4‘, C prror to p’ert’ormang a hemagglutmauon wrth

"“_z-the respectlve b ctena d:d not alter ,hemagglutmatton smce

.vglutaraldehyde does not fxx sugars as 1t does pcotems In addmon P

;;".’ ‘u."_the removal of stahc ac1d (Table 5), commonly found on

membrane ollgosacchartde chaxns srgmfrcantly reduced" t'he"”';"»";,i

'“"'.".‘f‘.btndtng Of P’hawd orgamsms

Further support fpr the 1dent1f1catron of the CFA/I prh :

receptor on _"the_ human erythrocyte ,m'embrane could:. be obtamed




_'__-‘{"_'iby performmg (1) btndtng a‘s's"éys wuh En(a—) human;f

'.'."_"."'erYthrocytes : whrch lack glycophorm (107), (2) hemagglutl;‘:“'"""""‘

-"'react1anluatton after seque‘gtxal treatment of erythrocyte}_.f_.“-
membranes wrth glycosrdases and (3) by electroelutmg the 27 000',

".".{ molccular welght Band from thc st-polyacrylamrde gel a“d'?‘v

- _i-,,ralsmg polyclonal antttbodtes to 1t 'I‘hese anttbodtes could then be

e

uscd to see 1f they 1nhrbrted hemagglutmatldn of CFA/I*Z:_
’:'_f_-'_orgamsmsr.- Fmally, the antrbodres could be used to 1solate tﬁel'
"'.'*'_'receptor from the erythrocyte membrane extract Once th

‘:receptor component 1s 1solated and purrfred 1ts mterjtctton wrth_; g
- CFA/I plll may be charactenzed by ammo acrd/sugar analyses and-,_'-_
_" more complete kmettc studtes . ', SR T B -

’ , vIt would be of 1nterest to estabﬂshw conclusrvely&that‘\”

glycophorm A s the erythrocyte receptor for CFA/I plll for the‘}'».;'

v.'two drfferent sugar chams on the molecule are sxmrlar to resrduesfi
o ‘found on many other glycoprotems If these sugars are essentral_;'

jstructural components of the ,receptor, the_data could be’g*

-i:_-'i"_'-_t"extrapolated to other gly00pr0tems, SUCh as those found on-:v";-

""-f?'f-l’eptthelral cells on the mtestmal mucosa I may then be‘."'i

vbreasonable to consrder vaccme development based onaf-_,(lv)ff.-"
| synthettc pepttdes representmg CFA/I’ prlus*#eceptor, bmdtng-f;
domams or (2) novel pharmacologtcal compounds desrgned to'._}.
block ptlus receptor 1nteracttons 1n acutely symptomatrc pauents :

Electron mtcroscopy (thure 5) revealed that the pll.l bound';;”
L to mtact erythrocyte membranes at the dlstal end Thts
mformatlon lS m agreement wrth that obtamed m the study of .

Knutton et (6&2) The monovaTency of the CFA/I ptlus may



"-:'v"tcxplaxn 'why purlfxed pth do not cause_hemagglutmatton of: hlymanv

eryth'roc)nes “ they are not able to crosslmk "'”rythrocytes, unhke'

“’.';',i_v_"'.":_the multrprhated‘ CFAII+ bactena It also“.'ralses the{ ,oilowmg‘

-,;.,;f___‘é--:'separate from the structural p
‘*_"f_'*sxte consxst of a three drmensxonal confxguratron of the termmalj’a;“-i

:,-pllln suhumt" Wrthm the last tWo years,_lt has been observed that'

:questlon does the pllus»txpm have a specrﬁ{ bmding adhesm

.":component or;, does the bmdmg

"f"_"'the adhesrve properues of type l and P pxh resrde'_m a proter

"""'dlfferent from the pllm subumts (72 78 79) Based on hese

’:reports 1t was hypothesxzed thatfsuch a ~system may exlst':for""""' ;

v,.j’;_wCFA/I plh Therefore 1t 1s possrble that one or more of the mmor-,

g Av}-;bands often seen m §DS PAGE prep tlons of S N
ﬁ"8 MRHA and bmdmg to’_-"'}

_4_1s the adhesm responmble for med -
L human mtestmal epithehal cells e . e

Conversely, ‘ these bands may represent contammatton
r resultmg from the punﬂcatxon procedure If thxs lS the case‘ the{»_.

o "_i__"-}_'adheswe property of CFAI 2111 1s conferrcd by 1ts sequence a“d‘.z.};,'f],

B Y o
'-'_-,»-»-;three dnmenswnal structure, lnke gonococcal plll (96) Thts;--~ s

'"""...-{’.themselves) could concewably

_':;’sraloglycoconjugates (such as t‘hose oof e

stmcture (whethei‘ 1t 1s a separate adhesrve component or the ptl'

" .'- mzc many related

ﬁYm?%M. and- .»ivntestmal?;
E;mucosa "d’xthelxa), ._wuh drffenng affimtr [



. _‘

revealed that these monoclonals bou'n"d"ro ’externally exposedf_»'.f__}.‘:j:::v

lttteral sues on the CFA/I pilr (ﬁgure 12)

srte structure to the sraloglycoprotems found }on the xntestmal'-_-f'_‘jj"'*'--

expenment farled to prod\tce co'nvmcmg andv Aeprod—?:rble results P

The,_cmtplmg effncrency 'between th'_' collordal gold‘ Aand”etttract

components was quesuoned

protern rs best performed at the protems 1soelectne

ertract had several components and may have be;n

J

heterogeneous to be used in’ collordal gold expenm ents' 'of thrsﬂlv'

.

nature . o . Lo C oo . : S L :
Protern A gold (Staphylococcus aureus protem A hnked to
collordal gold partrcles) studres were also . performed to localrze":_‘, -.;_-v‘ﬁf;

ultrjastmettrr‘lly the vartous antrgemc srtes agamst whlch seVeralf"_‘f“-. _

monoclonal a““bOdles (MCAb) were dtrected Electron mrcroscopy e

In conclusron the results of thrsvrnvesttgatron have:‘{f";'zf*'f?‘f"

supported the earher fmdmg of Bartus et al (6) that the humani,,'__:f-"-‘

erythrocyte receptor for CFA/I prlr rs a sraloglycoprotem due to rts
sensmvrty to'l nelzlramrmdaseqand trypsm treatment As well the
procedures used/ in thxs study/have allowed the 1dent1f1catton of,;'f:"'::v.
the CFA/I prlr erythrocyte receptor,_a 27 000 MW_ morety from aj
mrxture of glyCOproterns extracted from erythrocyte membranesJ

The tdentrfrcatron of thxs receptor has ultrmately lard the"-'-:j-v'}’...f :
grounds from whrch one can proceed to 1solate purtfy, and ’fully_

characterrze the erythrqcyte receptor for CFA/I pth Then one can

compare the erythrocyte sraloglycoprotem' and tts actual brndrngr:?:'ﬂ_'_;“f'"
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A s use tryptose blood agar base thh yeat extract

Lo

- CFA plates: - -

R - 7 5 g of casammo acnds
I3 g of,yeast extract: v Ui
<+ =050 mL of 5%:MgSO, (stock sol)
R 0075 mL of 5% MnClz (stock sol)

S li1507g of ‘agar- =
72150 mL of dd H20
'_ "f}‘ff— pH: to. 74 (approx)
s autoclave and dxspense -

.--autoclave and dtspensc l ., R

'_'-710 g Tryptone
=58 yeast extract R e R
-1 g NaCl S U RN TR S
,-1000 mL dd H20 Lol ST T e
R PH 72 S S o .

- autoclavc and dlspense
R . L 5 ’

(dehydrated) ﬁnal pH 7. 3.
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f"Acryla.mlde BlS (30 O 8)]
"1.875 M Tris, pH 8.8
0. 2 M disodium EDTA
_ ‘.Mllll QTM water

3 TEMED (add” before persulfate)

L "v_'.- E

| 10’% Ammomum persulfate (fresh) 03 mL
- 30015 mL_f E

cer.
. Acrylamlde BlS (30 0 8)
,"IOMTns,pH68 .
0.2 M disodium EDTA
"M.llll-QTM ‘water - .
*TEMED (add béfore persulfate)
-."10% Ammomum persulfate

-'i}f'Trxs (ngma 72 9)
'fGlycme R .
’SDS (BDH of Blo-Rad nly )

WL A .
. P o W

10% SDS (BDH) S

;.Dlthxothrentol (DTT)
- =or~ (B - mercaptoethanol)

" glycerol (glycertn) - _,, |

1.0M Tris pH 6.8 -

- Milli. -QTM ‘Water - .
‘Saturatéd - bromphenol blue

: (m water) : :

CLogr e

125 mL_;; SR AT T
1:5';60‘ mL R
03-mL

' --;109 mL o

25 mL
-1.88 mL L
0 15 mL B

103 mL. " .
0008 mL

0015 mL

20 mL Co
0.078 g (= SOmM fmal)- o
(04 mL) N
10mL - o~
0625 mL /\

60 mL



'."'1‘1",'.11000 ml. HZO "

| .Appcndlx 3 i ﬁw
SR ; BUFFERSOLUTION FORTHE DiRECT ELIS-:
: S SOLUTIONS |

.",1e59 B NazCO3 ERL T e

293¢ NaHC()ap. fffi;:;‘, SR N R e

02g NaNy*-

‘_V'Q‘V"-,so g NaCl B PR
Lo02g KH2PO4 12 HZO (o 46 g thhout

'..-‘HzO 0 75 g w1th 7 HZO)
05 mL Tween 20 ST e T R e
‘51"'-1000 mL H20 pH = 74 T e :

97 mL dxethanolamme
*-_-,-1--.800mLH20 T e T
.02 g NaN3 -

Adjust pH to’ 9 8 thh conc HC‘I thtn make up to 1000 ml
» . . .:'.yf.-'-} :..;'.:‘_: - Y . G




R e .AppC&le 4 _ DR -
‘ BUFFER.S FOR THE BIRNBOIM—DOLY PLASMID EXTRACTION

—_— —

‘4‘~-.-0005 L Tris (I'M, oH 8)

. -0:005 mL 40% glucose
095 mLHyO .

0.5 mL 20% SDS

E :"o 04 mL EDTA (o 25 M pH 8)
‘ - mlx m ‘a bulk solutlon and add below components when ready to
- use solutlon 1. ST : : .

e 0 01 mL 5 mg/mL RNasc(z _ S e
L  0 002 g lysozyme R L - e
'_Sglutlon 2 . RO

- 02mL NaOH (10 N)

";{,9 3.mL Hzo

Wl
- use thhm a week of makmg up solutxon

.

- "_3 M NaOAc 8



Lowry Assay

Soluuons i
Solutlon A | |

, S 0 2g KN’«I Tartratc R
DBQA”._ ’ * S e Dxlutc to lL thh dd H20 £

Soluuon B

Solutxon C -j_ i | N ’ ST

. FER

:' - 1 part Soluuon B 50 pans Solutxon A

2 Prochure ;_'7' R R SEREEE S :
LT use 0. l% BSA (PBS) as the"standard protem R
add 10-60ug of your standard protem to j

nespectwe fest tubes thh 4 final volume of 200 uLn. S
add to- these test tubes 400 uLof solunorr [olR S
“incubate for tén’ minytes “at room temperature e
the add 50 UL of - Folin | eagent (chluted T:1-in PBS)
mcubated for 30" mmutes at ‘room’ tempcrature S
then read absorbance at 600nm R r




To make 10x  PBS;

: ch S g
‘jKHzPOzz LA 2g et
Nl oo 80g g
i 'NaZ}'IPO4 7H20 SR e 21 6g “ T
- add ddHZO to. 1 L mark and autoclave’x '
o :_to make 1 L of PBS w1th Mg+2 and ca+2 N T
. add 1 mL of 0.IM CaClyand 10 mL of 0IM. MgSO4

whxch ‘have been autoclaved separately before
:faddmg Jt the PBS L . .



::';725 'n'L-at alxdensxty of 1.2006 .
L s mL-at a densxty of - 110075
- ‘vthen add the p111 prep §olutxon t(xthls gradlent

Ry of 1.30057 7




