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ABSTRACT

The primary product after trypsinh. digeetioh of the
EDP208 p111n monomer was the N-terminal dodecapept1de {N-
ace}y{ Thr-Asp-Leu- Leu-Ala- Gly Gly-Lys-Asp- Val- Asp Lys)
This pept)de was chemically synthe51zedJ coupled to bovine
serim :Hbumtn (BSA) using aiphotoreactive croestinktng d
agent, and used in 1mmunoblot and enzyme linked immunosor-
bant assays (ELISA), to show that it was capable of inter-
‘acting with anti-EDP208 pilus specific antibodies. This \

peptide was also shown to be_immunogenic since the synthet~‘
| ic peptide—BéA cohjugate was capable of prodoctng antibod-
ies in rabbits and these antibodies were found to ihteraot
with native’ EDP208 pili. |

In order to examine the res1dues respons1b1e for the
‘antigenicity of the EDP208 N-terminal dodecapept1de,.a ser-
ies of synthetic pept1de analogs were produced The rela-
tive affinities of these peptides for EDP208 pilus specific
‘ant ibodies was determined by a compet1t1ve ELISA using the
Fab fragment of ant1-EDP208 p11us 1mhunoglobu11n G (IgG)
From these exper1ments it.was estab]1shed that the ant1gen-
ic. reg1on resides’ in the N-terminal pentapeptide and the -
key res1dues responsxb]e for the ant1body ant1gen inters
action are the N- acetyl Thr1 Leu3 and Leu4

Affinity chromatography of ant1-EDP208 pilus IgG on a

oolumn hav1ng the N-terminal dodecapeptide-BSA conJugate asa

iv



the 1igand, resulted 1n the separation of two distinct
sptcies of antibodies One population was specific for the
N-terminal dodecapeptide while the second population did
not interact with the dodecapeptide but was capable of in-
teracting with intact EDP208 pili. These”ﬁes‘mt‘s suggested
%that a second antigenic determ1nant exists.in the remainder
of the EDP208 p11ds prote1n
| Monoc lonal ant1bod1es were produced aga1nst co]oniza-
t1on factor ant1gen 1 (CFA/1 ) pili. Four monoclones were
selected for further study. As determined by 1mmunoblot and
ELISA assays, three of the four monoc]ones were spec1f1c
for only CFA/1 pili, whereas the rema1n1ng clone produced
pant1bod1es capable of interacting with CFA/1 and K99 p111
The latter type of pili are E.coli adhes1ns spec1f1c for
' bov1ne and ov1ne 1nte$t1ne K99 p11us spec1f1c antibodies
~were able to inhibit the hemagg]ut1nat1on ability of E.c6li
possessing CFA/1 pili, as well as 1nteract with CFA/1 pili
in a competition ELISA. These results indicated that a com-
mon element may exist between these {wo pili types.
To further examine the spec1f1ty of CFA/1 p1lus‘mono-
clonal and polyclonal ant1bpd1es. “immunoblot and competi-
. tion ELISA assays were performed using native,CFA/1 pilin
pept1des Only the polyclonal antibodies were capable of’
interacting with any of the fragments tested and these an-
tibodies were found to bind a CNBr fragment encompass1ng :

residues 47-78j\ge§€Fai\synthet1c peptides, representlng

@



different regions of this fragment were produced and tested

" in competition ELISAs using polyclona1 and monoclonal anti-

-

bodies. No interactions were detected between any synthetic

peptide and any of the.anxibodies. Thus, it was conc luded
that the major epitope in the cyanogen bromide fragment may
be conformationai in nature,-and not represented by the |
linear synthetic peptides. ‘ |

CFA/1 pili were also stud{ed in coonection with their
role in adherence to mamma11an tissues. The ability of

"CFA/1 P* or CFA/1 p-

tron microscopy and viable adherent bacteria assays. Littie
or no adherance was detected of e1ther P* or P~ bacter-
1a to tissue culture or 1solated 1ntest1na1 cells. However,

CFA/1 pilus mediated adherence was observed to human eryth-
l ' -

¢ . s . .
rocytes. This adherence was inhibited by increasing concen-

trations of CFA/1 pili, as well as by the pre-treatment of
the erythrocytes with trypsin and neuraminidase. This sug?
gested that the putative receptor for CFA/1 pili on human
erythrocytes may be a glycoproteiﬁ pos$essing a key N-ace-

-

tylneuraminic acid moiety.
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CHAPTER 1
INTRODUCTION

A protein antigenic‘dexghminant. or epitope, is a
term used to describe a region of a protein which is recog-
nized by antibody molecules and/or thélls in the immune
response to the whole protein (Atassi, 1984). This response
can also'bé’elicited by either a peptide or a peptide con-
jugate'on~a larger carrier protein, such as bovine serum
albumin. In general, peptide conjugates eficit a better im-
mune response. Anti-peptide antionies can be génerated to
any region of a protein and these antibodies can in turn
recognize the intact protein, even if the region is not
bart of an antigenic site (Atassi and Habeeb, 1977).

The study presented in this commuhicatﬁon describes
the attempt té delineate the antigenié structure of the -
bacterial pilin protein geherated by two distinct strains

" of Escherichia coli. The schemes used to achieve this goal

are similar to those which will be discussed in this sec-
tion. A brief review of what has been done to date inthe
elucidation of the antigenic structure of proteins will be
presented, followed by background information on the'two

proteins used in this particu]ab study.



A. Antigenic Structure of Proteins

The ability to elicit an immune response by a protein
is termed immunogenicity, with the protein as the immuno-
gen. This is a complex response in which contributions are
made by B cells (the antibody secreting cells), T helper
and suppressor cells as well as the idiotypic network and
ma jor histocompatibilty- complex (Atassi, 1984). A protein,
or a fragment thereof, is calléd antigenic if it 1s recog-
nized by the product of an immune response, such as the
antibodies. 9hemica11y synthesized or native pept1des have
been shown to elicit antibodies which interact with the
" native protein (Lerner, 1982). Howevgr. one must not con-
fuse these regions to those which are immuﬁogenic when the
whole protein is used as the antigeh. |

Two distinct classes of antigenic determinants have
been identified. One type can be made up of surface resi-
dues of a protein which com&” into close prokimity with each
other due to the folding of the polypeptide chain. These
residues are not normally found és a string of adjacent
amino acids. This type was once ca]]éd conformational but
since both types are sensitiQe to conformational changes
this type has been more.correct1y called discontinuous
(Atassi, 1978). The other form usually is combrised of a
continuous region of the polypeptide chain and is often

called a sequential determinant. It is generally considered
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that all antigenic determinants are topographical in that
they are structures found on the surface of the protein.
They may beycgntained in one segment of the protein but not
necessarily involve all the amino acid residues in the seg-
ment . Certain regions of the QUrface of the protein may be
called immunodominant since it is to this region that the
majority of the protein specific antibodies are produced
during an immune\resgdnse. This could be due to special
structural features of this region on to the regulatory
mechanism of the immune syetem (Benjamin et al., 1984) .
Very few proteins have been thoroughly examined with
regard to their antigenic structure. The best known examp-
les include myoglobin, lysozyme, cytochrome c, serum albu-
min and‘hemoglobin.-The two classical examples are myoglo-
bin and lysozyme. These two proteins are discussed briefly

in what follows. ‘ ¢

1. Sperm Whale Myog1ob1n

Sperm whale myoglobin is a prote1n made up of 153
éminO-acids (Edmundson, 1965). The amino acid sequence is
Known as well as the three dimensional X-ray crystal struc-
ture (Takano, 1977). Atassi (1875) described the complete
antigenic structure of this protein, whieh consisted of
five different sites. Each of these sites, which include
residues 15-22, 56- 62 94-99, 113-118, and 145-151 con-

sists of consecutive amino acids located at bends or expos-
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ed corners of the native protein. This is an example of a
protein whose antigenic determinants are all sequential or
continuous in nature. Atassi also reported (Twining et al.,
1981) that 99.8% of the antibodies in various anti-myoglob-
in antisera could be removed by binding sequentially to
these five sites. He also suggested that these sites are
the only antigenic determinants on the protein as well as
on myoglobins from other mammg]ian species. This was the
:first protein to be completely examined for antigenic
determinants and provided the basis for the study of other
proteins. .

Althbugh Atassi’'s study of the immunochemistry of my-
oglobin is historically important, results from other re-
searchers have provided a different concept of the antigen-
icity of this protein. For example, Berzofsky et al. (1980)
found that several monoclonal antibodies to sperm whale my-
oglobin were specific for topographic epitopes and did not
interact with the five sequencia] determinants described by
Atassi (1972). This and other examples are documented by
Benjamin et al. (1984) in their review of the antigenic
structﬁre of proteins.

For the study of myoglobin, Atassi developed what may
be known as the classical approach to deTineating antigenic
sites of a protein (Atassi, 1972). He used five general
procedures fo elucidate fhe following parameters: q) effect

of conformational changes on the immunochemistry of the
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protein' b). the effect of specific chemical modifications

of am1no aC1ds in the prote1n, e.g. 'c1tracony1at1on of 1ys—
e

1ne residues; . C) 1soJat1on of a 1arge number of overlapp1ng R

| ”ﬁauépt1des and exam1nat1on of tHb1r ab1l1ty to interact with

ant1 proteln ant1b0d1es, d) the effect of spec1f1o chem1ca1

mod1f1cat1bns on react1ve pept1des and e) ver1f1cat1on of

. the other approaches us1ng‘chem1ca11y synthes1zed pept1des

1n the assays estab11shed w1th the nat1ve prote1n and pep-
t1des He stressed that none of the approaches alone is

‘s ff1c1ent for prov1d1ng accurate information but results

" others.

2. Lysozyme SR ‘, :

The ant1gen<c structure of lysozyme was deduced us1ng
the forement1oned strateg1es Atassi et al. (1976) found -
that th1s prote1H had three anttgenlc sites, each cons1s-
t1ng of sequent1a11y d1stant but spac1a11y adJacent res1-

dues brought into close prox1m1ty by the folding of the‘ '

po]ypépt1de chaln It represents a prote1n whose antigenic

structure is d1scont1nuous in nature The precise de11nea-
t1on of these s1tes was accomp11shed by using a nove1 ap-

proach to those ‘previously descr1bed Th1s approach is. ca]-

led sur face- s1mu1at1on synthesis. They chem1ca11y synthes1-

zed these determ1nants such that the. spac1a11y adJacent

surface res1dues were d1rect1y linked via a peptide bOnd

| w1th the appropr1ate spac1ng between res1dues ache1ved by

»
V-4

’ one approach must be conf1rmed by at 1east one of the.
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the insertion'ofhgTycine residues. For example, the Tirst
site was constructed of the residues Arg-125, Arg-5, Glu-7,
‘Arg-14 and Lys-13. The length of the region was calculated
to be 3 nm and the s1te~was sat1sf1ed by the synthet1c pep-'
tide Arg- Gly GTy Arg-Gly- Glu Gly-Gly-Arg-Lys. Th1s pep-
tide does not exist in the nat1v% Eysozyme molecule but
adequately" represents the arrangement of residues on the
- surface of the prote1n and efg1c1ent]y interacts with lyso-
zyme specific antibodies. | B | -

chever, as with. myog]obin, recent studies on‘the

ant1gen1c1ty of lysozy.e have revealed that ep1topes other
than the ones descr1bed by Atdssi exist. One site in par-
1cb1ar is conta1ned in the disulfide loop (residues 64-80) .
Severa] groups have delineated th1s'ant1genic site TArnon
e‘(19TTT;LSm1th-GiTT et al., 1982) which was not found to be
antigenic by Atassi et al. (18786) . -d : '

| On the basis of these and other studies,,AtaSSi‘pro-
posed several general conclusions relating to ‘antigenic de-
term1nants of prote1nsJ(1984) Ant1gen1c sites are usua]ly .
small (5 10 key res1dues) and possess discrete boundar ies.
They are usually assoc1ated w1th the surface of the prote1n
but one must be aware that not all exposed reg1ons of a
protein necessarily-constjtute antigenic sites. They are
present in small numhers and mOstvimportant they~are'very'
sensitive to conformat1ona1 changes as weTT as to changes
in the env1ronment of the region (e.g. amino acid subst1tu-

3
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tion direcf]y in the site or in areas inf}pencingthe con-
formation of the site). | |
.. Another feature of impobtance is the heterogeneity of
the response to an antigenic site of a‘protein.‘Atassi
(1984) described two theories for the basis of this hetero-
geneity. First, he suggested that a variety of ntibodies
exist which have 1dentlca1 specifities fon a/§£§c1f1c ant1-
gen, that is they interact with the same ant1gen but have
different aff1n1t1es or binding en rg1es “for the ant1gen
Secondly, in his study of myoglobin and lysozyme (Atass1.
1972) he found that a part of the antigenic site can b1nd
bome of the antibodies to the whole site. He postu1ated-
this cou1d be due to the production of ant1bod1es aga1nst
various parts of the site. Thus, one may not have a popula-
tion of antibodiés possesing different specificities but
rather antibodies with a difference in binrding a?finities
for,fhe same antigen. | |

Recently, new apprqachee'to the analysis of antigenic
: determinants of proteins have been ﬁntroduced. The first of
these new approaches involves the ability to predict the
location of ant1gen1c reg1ons just by Know1ng the amina .
acid sequence of the protein. Hopp and Woods (1981) based
their-prediction.ru1es on the sprhise\that ahtigenic detenf gh‘
m;nants are:surface features which are'frequently found }n.

reg1ons ‘which are exposed to solvent. These rules also rely

on the presence of charged hydroph111c amino acmds in or

S
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near an ahtigenid region. Each amino acid in the sequence
of the protein is ssigned a hydrophi1icity Vaiue and,these‘
va]ues are repet1t1 ely averaged along the length of the
vpolypept1de cha1n. According tc the results presented by

this group, a high point of,hydrcphilicity‘invariab]y‘1ies

thin or immeadiatly a jaceht to an antigenic defermin—
ant. However,’several ca‘es exist where»the’antigenic sites
of prbteins are hydrophoblc in nature. For example, Atassi
(1984) found in the.case'of myog}obin that'only two of the
five antigenic sites rephesent hydrophilic maximasaccording
_fo the Hopp and Woods criter"a. Also, several hydrophi]ic
regions of this protg#n are not antigenic. This. re1nforces‘
the idea that although atl ant genic-sites are exposed to
the surface of a protein, not Q11 exposed reg1onsnare anti-
genic. In other cases, hydrophdgﬁc interactions qu{te'often
provide a major contribution to the antigen-aﬁfibody\com{,_
: p]ex Fof one, the'immunodomihantsregion of 1nf]uenzainrus
hemagg]ut1n1n is entirely hydropho hob1c (Atassi and |
Webster, 1983) It is possible that hydrophob1c reg1ons be-
~.come exposed because of the three di ens1ona1 folding of

the prote1n. Since the pred1ct1on rules do not take second-'

ary structure into cons1¢eyat1on one !

ust be aware of‘th1s'

limitation when using such rules. These rules, however, .

could be very useful in cases where one'is unable to use

PR

classical immunochemistry. For example, these rules are of-

ten used for virallproteins which are ext\emeTy difficult

\\
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‘1o punify in fne quantities necessary to perform a thoreugh
exam1nat1on They could also be used in cases where the DNA
. sequence is Known of a prote1n whose function or 1ocat1on
is not well characterized (e.g. foot and mouth virus, Pfaff
et al., 1982; Epstein-Barr virus, Dillner et al., 1984),

Another appnoéch to predicting the antigenic struc-
ture of proteins deals with the mobi]fty of certein seg-
ments of the protein. Westhof et al. (1984) were the first
to introduce this 1dea} They analyzed lysozyme, myogleb}n.
‘and tobacco mosaic virus protein (TMVP), whose X-ray crys¥
talographic struetures were well enongh defined to deter-
mine atomic temperature factors for each4amino acid. The
calculated temperature factors, when plotted versus each
residue, provides a graphic image,of the degree of moblity
ex1st1ng along the polypeptide chain. These nlots were used
to examine the correlation between mobile segments of the |
protein and the location of .their antigenic determinants.
They found that their predictions were very accurate for
myog}obin and TMVP.wnich both have seduentia] antigenic
determinants. The authors stated that their system is only
useful for proteins with the sequential type of determinant
but that.it will probably be this type of epitope which
will be selected for synthetic‘vaccines. »

Tainer et al. (1584) also considered the impor tance
of mobility for'antigenic determinants of proteins. The

protein they chose to study was myohemarythrin; whose crys-
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ta] structure is also well defined. A piot of tempereture
factor4 versus amino acid sequence produced réﬁions of high
and low mobilty. From this piot they selected several pep-
tides for synthesis and subsequent antibody production. Al
antibodies raised against rigid peptides interacted only
weakiy or not at all w1th(the native protein while those
raised against mobile peptides reacted very well. These
results thus suggested that mobilty can be correlatedeith
antigenicity Again, the po]ypeptides of choice contained
sequential determinants This method of prediction, like
the others is limited in its usefulness for 1dent1fy1ng
discontinuous epitopes and has the disadvantage_that it re-
lies too heavily on ihformation obtained from the three di-
men51ona1 structure of the protein. Since the X-ray crys-
,~taliographic structure of only a limited number of proterns
has been established to the’ reso]ution necessary for this
dmethod this correiation can not be applied to the maJo Cty
of proteins whose antigenic structures are of 1mportance

The most reliable method for the delineation of anti-
genic determinants of proteins is probabiy that described
by Atassi, primarily the use of fragments obtained from
proteoiytic or chemical oleavage of the intact protein. The
prediction rules of Hopp end Woods appear equally useful,
especially in‘cases where insufficient amounts of protein

are available for classical immunochemistry, provided one

is aware of the 1imitations‘regarding discontinuous and hy-

e
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| drophobic epitopes. The study of the contribution of mobi 1-

ity to antigenicity is only useful when the X-ray crystal

structure of the protein in question is Known.

B. Synthetic Peptide Vaccines

The elucidation of antigenic and immunogenic regions

of viral and bacterial proteins is desirable if synthetic

%4

. vaccines for these diseases are to be constructed. The use

of syntHetic peptides conjugated to carrier pbotéins is
rapidly becoming a feasible agent for vaccination. Thé
usual method of vaccination has involved the use’of Killed
or live but attenuated (inactivated) organisms, purified
viral prdtéins or inactivated bacterial toxins. However, \
problems have arisen with these vaccination schemes, pre- ;

dominant]y'due to the limited source of viréf mateﬁia] and

the continuous evolution of strains with serological dif-

ferences. The sYnthetic approach offers a solution to these

probiems in that only the relevant antigenic moiety neces-

sary for protective immunity is used (Arnon et al., 1983) .

- Bacterial synthetic peptide vaccines are still quite
new as thé,uSe oflinactivated toxins has been guite suc-
cessful (e.g. choleré toxin B subunit vaccines, Ho1mgrén,
1981). However, a few good examples do exist for peptfde
vaccines. For one, Audibert et gl. (1981) have shown that

active immunization against diptheria can be achieved using
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a tetradecapeptide representing residues 188-201 of the
diptheria toxin linked to a carrier protein. Thisfpeptide.
conjugate can elicit ant1bod1es 1n QU1nea pigs which in
turn attach to the toxin and neutra11ze its lethal effect.
Another good example is found w1th the M protein of §t£gg-
tococcus pyogenes. Th1s sur face proteln confers resistance
of these bacteria to phagocytosfs by mamma11an macrophages.
‘Beachey et al. (1981) synthesazed a 35 residue peptide
- which, when injected into.rabbits engendered both a cellu-
lar and a Humoral immune respense to the “intact protein.
Passive immunization of mice with the resultant rabbit sera
provided protection against a cha]lehge“with‘type 24 Strep-
tococci. This appears to be an important step fn the deve]-
opement of a vaccine for acute rheumatic fever, glomerulo-
nephr1t1s and rheumatic heart disease wh1ch are all caused
by this organism. |

As for viral synthetic vaccines, the recent litera-

ture has shown an iacrease in the studies in this area. A
19é3 review by Arnon gt»gl. describes several examples
where synthetic peptides from corresponding capsid and en-
velope proteins. have been used‘to elicit antibodies capable
of neutralizing foot and mouth, hepatitis B and influenza
viruses. In the majority of the studies the peptides of
choice were predicted from the amino acid sequence projec-

ted from the nucleotide sequence, since important viral

proteins are often difficult to purify or isolate. The pre-
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determined synthetic peptides were usua]ly'attached to c;r-
rier 5roteins and the resultant conjugate used as the im-
munogen. The resulting antibodies were assayed for the
ability to neutralize the intact virus. Successful experi-
ments have been noted by many groups (e.gs. feline 1eukemia
virus, Nunberg et gl{; 1984: Epstein-Barr virus, Luka et
al., 198?). |

A significant problem with many vaccines involves the
1ncreas1ng appearance of antigenic var1at1on from strain to
strain. Strain spec1f1c regions must be avo1ded Row1ands ”
et al. (1983) found that several distinct serotypes of foot
and mouth virus existed and antibodies elicited against the
ma jor immunodominant region of one boor]y neuthalized a
different serotype. Studies are continuing for both viral
and bacterial systems to identify a common element capablie
of neutralizing a broad range of strains. Hancock et al.
(personal communication), for example, have raised mono- .

clonal antibodies directed against the Pseudomonas aerugin-

osa outer membrane protein F which interacts with a variety

of P. aeruginosa strains. These antibodies é]so conferred
paésive immunity to mice challenged with different strains
of  these bacteria. Thus, there is a high probability that a
broad spectrum vaccine can be developed, with synthetic
vaccines providing the basis of disease prevention 1n‘the

future.
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C. Antigenic Determinants and Vaccines of Bacterial Pili

lBacteria] pili are thin, nonfliagellar filamentous
structures located on'the sgrface of a variety 6f bacteria.
They were first identified by Houwink (1949) and Anderson
(1949) as thin filaments and later termed fimbria (Latin
for thheéd or fibre; Duguid et al., 1955) and pili (Latin
fof hair-1ike, Brinton, 1965). For convention, thevterm
"pili will be used for several filaments, pilus for one fil-
ament and pilin for the protein subuhit making up the fila-
ment. One pilus consists of approximately 100 identical
pilin subunits arranged in a helical array (Brinton, 1965).
Most pili can be placea into one of two groups. The first
group includes conjugative pili. They are encodq? by self-
transmissible plasmids (Achtman et gl.,1971). These pili
are involved in bacteria-bacteria interactions during tge
“mating process where the donor, or piliated bacterium, at-
taches to the recipieht‘bacterium prior to transfer of
genetic material (Helm&fh and Achtmann, 1978). The second
group include the co1oniiation pili or adhesins. These
structures are often found on pathogenic bacteria and en-
able thesé organisms to adhere to specific tissues of the
host. This adherance propefty allows the bacteria to coion-
ize the susceptible tissue, after which toxins or other
pathogenic mechanisms lead to the disease process. These

type;f;?\BTT+\an§ often called colonization factors.

—
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The characterization of antigenic and immunogenic
determinants of pil+ from either one of the forementioned
groups would provide useful information regarding the pilus
structure and funct1oq Generally, antigenic determinants
are located on the surface of the protein (Atassi, 1984).
For conjugative p111, these regions may be involved in the
donor-recipient cel] 1nteract1on or in bacter1ophage pilus
attachment. In the case of .colonization pili, ‘immunodomin-
ant peptides could provide the basis for synthetic vaccine;
as well as proxjdg information on the region of the pilus
involved in.the adhes ion tovmammalian tissues. To date, on-
ly a few p11us protewns nave been examined with regards to
antigenic determinants. These will be d1scussed along w1th .
the current state of Knowledge regarding'p11us vaccines.
1. Conjugat ive_;gyi N

The major éntigenic determinants of three serglogi-
cally distinct conJugat1ve pili have been elucidated. A1l
three pilus prot;;ns contain N terminal acetylated am1no
acids and in all three instances thesewreSJdues are maJor
contributors to the antigenicity of the protein. In the
EDP208 pilus system, the N-acetyl group and the firsﬂ,five
amino acids contain the major epitope. The impor&ant en-
tact points in this antigen-antibody interaction are he
N-acetyl Thr!, Leu3 and Leu#. This site was deline-

|

ated using synthetic peptide analogs of the N-terminaﬂ reg-
| i

|
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jon in an immunological competition assay. The N-terminal

octa- and dodecapept1des were also found to be highly im-

ft unogen1c (Worobec et al., 1983 & 1985).

The F and ColB2 pilus proteins have been sequenced by
DNA technology (Frost et al., 1984; Finlay et al., 1984)
and were found to be identical except for mimor changes in
“the N-terminus. Finlay et al. (1985) concluded that these
N-terminal fegions also harbour the major antigenic sites
of these’pilus proteins. They found that synthetic and’na-
tive peptides comprizing the first 8 amino acids of the F
protein and the first 6 amino acids of the ColB2 protein
are ible of interacting with 60-80% of the homologous
pifﬁs Specific antibodies, as detected by the same compe-
tition assay used for the EDP208 system (Worobec et al.,
1985) . However, these peptides‘did not interact with heter-
ologous antisera and can be classified as type specific
determinants. . -~

' There appears to be a pattern developing with the an-.
tigenic determinants of conjugative pili. The major epi~-—"
topes are all located in the N-terhini of the pilus pro-
teins and all involve the blocked N-terminal amino acid.
This reg1on may be involved 1n the cell-cell interaction
during the mating process. All three con3ugat1ve pilus
types are also capable of attaching bacteriophages. They

efficiently bind the DNA filamentous phage, f1, and each

have specific phage which attaches only to one pilus type
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(WiTTets &rdSkurray, 1980). The N-terminal region of the
different pilus proteins may be involved in the type spec-
ific phage binding, while some part of the remainder of the
pfofein could be important for the‘interaction with f1 |
phage. Studie§ into the different phage binding patterns of
these and other. conjugative pili is presently underway

(Frost et al., personal communication).

2. Colonization Pili

‘ Rigorous characterization of antigenic‘determinants
in adhesive pili has been performed in very few instances,
although many theorectical predictions have been reported. 
The two pilus proteins subjected to a thorough immunochehi-
cal characterization aré those produced\by Neisseria
gonorrhoeae (Rothbard et al., 1984 and 1985) and Pseudo-

monas- aeruginosa K (Sastry et al., 1985). Rothbard et al.

‘ ‘
(1984) produced native and synthetic peptides of gonoccocal

pilin from N. gonorrhoeae Strains MSII and R10. They found

that antisera raised against the homologous pilus filaments
and native peptides bound synthetic peptide which repreéen-
ted a 30 amino acid disulfide loop near the carboxy termi-,
nus of the protein; However, hetefologous sera did not in-
teract with these peptides, suggesting that each of the
peptides contained strain specific epitopes. Peptides cor-
responding to-hom&logous‘sequences in both pilus proteins

were found to be only weakly immunogenic. The poor immuno-
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genicity of these regions, explains at least in part, why
pili from a single gonogoccal strain are not suitable for
use as a vaccine. They did find a region which was capable
of eliciting antibodies which interacted with the pilus
protein when prepared as a synthetic peptide-conjugate.
This same region in the native protein was not immunogenic.
Antibod{és produced against this particular peptide were
capable of jnteracting with pili from both strains. More -
recently, this group (1985), using synthetic peptide conju-
- gates of gonococcal pilin, found that antisera directed |
against the residues 63-84 were the most efficient in bind-
ing pili from all stains tested. Sera against this peptide
also inhibited a heterologous gonococcal strain from adher-
ing to human target cells. Thus it is this type of cross
reactive peptide which could be considered as a candidate
for an effective vaccine against gonorrhea.

Sastry et al. (1985) determined that the ma jor anti-

genic site of the P. aeruginosa K (PAK) pilus protein

re-sideé in the central portion of the protein
(encompassing residues 82-110). This epitope apears to be
‘conformational in nature. Watts et al. (1983) originally
identified four regions of this protein which interacted
with PAK pilus specific antisera. Sastry et al., using a
more sensitive assay system, deduced which of these reéions

is the most immunogenic. More recently, Sastry et al.

(1985) determined the amino acid sequence of the pilus pro-
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tein produced by Py aeruq1nosa O (PAD) . This protein and

that from PAK are highly, homologous for the f rst 54 resi-
dues but there is no homology in the reg1on encompass1ng

res1dues 65~ 96 and there is 11m1ted homology in the re-

' ma1nder of the sequence The maJor ant1gen1c site of the

/

PAK pilus prote1n res1des in the hetero]ogous. or stra1n
/speo1f1c region. The mapping of the antigenic: sites of the
‘PAO p111n protein is underway By ana1ogy to the gonococca]

system the 1mmunodom1nant reg1on in Pseudomonas p111 will

: probab]y be found 1n the stratn specific reg1on of the pro-

®

tein. Thus, this system w111 also requ1re the select1on of 8
a pept1de wh1ch is common ‘to all Pseudomonas stra1ns but '
exposed on the surface of the 1ntact p11us Q

No def1n1t1ve 1mmunochem1ca1 stud1es have been per-v
'fohmed on other colon1zat10n p11u5ftypes The am1no ac1d |
sequence of the K88 p111n subun1t has~ been*determ1ned for
threeqserolog1ca1 var1ants wh1ch 1nc1ude K88ab (Gaastra et
gl., 1981), K88ac (dosephsen et a] 1984) and K88ad
(Gaastraiét gl.,,1983) There are from 20 to 30 d1fferences
1n'the’sequences of these prote1ns,‘a11 of ‘which appear to
ocour.in clusters. A'hypenyariabte regtonVWas found‘between
residues 162 and 175‘(the’proteins are 564 amino acids in

length) Hopp and Woods (1981) prediction‘ru1es indicate

14

- that th1s/reg1on does not co1nc1de with a reg1on of h1gh

: ant1gen1c potent1a1 but the Gaastra group specu]ated that

th1s stra1n spec1f1c area should contain a maJor ep1tope



1ess antigenic variation from stra1n to strain becomegiia
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f(dos%phsen et al. 1984)v Antigenio studies are underway.

One should note that prom1s1ng results have been obtained

1n the prevent1on of neonatal d1arrhea 1n pigs with %he use

of pur1f1ed K88 p111 as a vaccine (Nagy et al., 1978).
Pregnant sows were 1nocu1ated with pur1f1ed K88 which re-'

?

sulted in the pass1ve protect1on of those newborn p1g]ets

who suckled on the immunized mothers. The immunity was med-

f1ated by anti-pilus ant1bod1es 1n maternal. colostrum. Un-’

A

problem, it appears that synthetic pept1de vaccines may not
be necessary. Howeuer,’the e]ucidation of'antigenic deter-
minants on these pilus proteins is stil1 useful . in eluci-
dat1ng the structure of the p11us and the mode of. attach-
ment of these f11aments to porc1ne 1ntest1na1 ep1the11a1
mucosa. ‘
| The am1no ac1d sequence has also been determ1ned for.
the K99 p111n prote1n (Roosendaa] et a1 1984) Th1s group

noted that many sequent1a1 and genetwc s1m11ar1t1es ex1st

'between this pilus and the pyelonephr1t1s assoc1ated p11us

(PAP) (de Graaf et al., 1984; Normark et al., 1983 ).
only funct1ona1 s1m11ar1ty is that they both med1ate at-

tachment to epithel. cells, PAP to uroep1the11a1 cells of

, humans and K99 to ca]fwand 1amb 1ntest1na] cells. The hy->
;droph111c1ty prof11e of the K99 protein 1nd1cates Jthat five .

areas are poss1b]e candidates for ant1gen1g§s1tes ‘Roosen-
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oaal'et'al mentioned that the antigenic properties of a
synthet1c pept1de from one of these reg1ons is under inves-
t1gat1on ‘As with the K88 p11us, successfu] p11us vaccines
have been deve]oped Morgan et al. (1978) vaccinated preg:
nant dams with pur1f1ed K99 or 987°P (another co]on1zat1on
pilus type 1nvolved in porcine neonata] dtarrhea) pili.
This vacc1nat1on conferred protection to neonatal’ suck]tng
pigs agatnst d1arrhea caused bx\enterotox1gen1c E. coli
beartng the homologous .type of pili. No stra1n assoc1ated
variations have been 1dent1f1ed with these two pilus pro-
teins; thus it may not be necessary to pursue the search
for antigenic determ1nants on these proteins so]e]y for the
intent of synthetic pept1de vaccines. However, as with all
other p11\\ types discussed, the antigenic properties ot
pili can provide va]uable information regarding pilus

Q
structure and funct1on '

The ant1genlcvstructures of colon1zat1on factors 1
and 2 (CFA/1 and CFA/2), 11Kew1se have not been exam1ned
Klemm and M1KKe1sef‘(1982) used-the Hopp and Woods hydro-
‘ph111c1ty rules to predict the 1ocat1on of five ma jor can-
didates for antigenic sites located throughout the CFA/1
pilus protein but no further studies on the nature'of these
 sites have béen repor%bd Howev;r, several groups have
shown, using an1ma1 mode]s, fhat the adm1n1strat1on of
these colonization factors confers protection to chal]enge

A\

with the approprtege strains of enterotoxigenic E. coli

<l
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(CFA/1, de la Cabada et al., 1881; CFA/2, Boedeker et gl.,‘
i9&2). These two pilus types are.found on bacteria causing
aiarnhea in humans. Whether or not synthetic vaccines will
be necessary for human’consuhpiion will depend on the out-
come of further trials. - |
Levine et al. (1983) have discussed the advantages of

developing a polyvalent pilus vaccine for immunization a-

- gainst human diarrheal disease. They suggested that along

‘with CFA/1 and CFA/2 pili one should include type 1 (man-

nose sensitive) pili. These types of pili are found on the
majority of enterotoxigenic E; coli strains, and are invol-
ved ih attachment of E. coli to intestinal mucosa (Issacson

t al., 1978). However, Levine et al. (1982) found in human

‘volunteer studies that no consistant evidence ofbprotection

with these pili was observed. Salit et al. (1983) isolated

~ .
and characterized type 1 pili fro veral clinical sources
and found that there was ,consideri homo logy 1'n'the N- |
terminal amino acidrseqﬁénce of these pilus proteins. How-

ever strain specific’regions may exist in these pilus pro-

_ teins. This may be why Levine found no conclusive protec-

tion with type 1 pili in his immunization studies. If such ‘

_ is the case, the elucidation of the antigenic determinants

of several of these isolates would confirm the suspicion of

variation and provide fﬁrther information for the produc-

tion of a broad spéctrum synthetic vaccine.

4

£

The antigenic'StructUTe of the majority of pilus pro-
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teins has not yet been established. Since pilf vaccines ap-
pear to be relatively efficacious, the need_for synthetic
peptide vaccines may not be necessary although the produc-
tion of synthetfc peptides maY[be more economically feas-
ible when large amounts of the immunogen are difficult to

obtain. : ) ;

'_‘C. Nature of Pili used in this Study
. hv ‘ ™ ‘
Although many pilus types exist, on1§ two were selec-
ted for immunochemical examination in this etudy. Two phys-

iologically d1st1nct pilus systems were chosen. One was the

conjugative p11us EDP208 and the other was CFA/1 a repres-"

entative from the colonization group. The aim was. to iden-
t1fy and character1ze the major ant1genwc determinant of
each of these pilus prote1ns and in doing so gain some in-

sight 1nto their structural ang functional characteristics.

1. Eopzoe Conjugative Pili

Conjugative pili are encoded by self-transmissiblie
p]asmids and are necessary for transfer of genetic material
from the donor to the recipient bacterium (Achtmann et al.,
1871). The EDP208 .pilus is'encod%d by a derepressed deriva-
tive of the naturale occurring lac plasmid, Folac (incom-

patibility group Fclgg), which was originally isolated from

Salmonella typhﬁ (Falkow and Beron, 1962). This derepressed
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EDP208 plasm1d was shown by Brad]ey and Meynell: (1978) to
;produce pili whtch are identical to those encoded Ry the
original S. xg i straln Since the EDP208 strain is multi-
p111ated 1arge amounts of pur1f1ed pili are readily ob-
tained from it. EDP208 p111 are serologically unrelated to
the best character1zed conjugative p111, F- pili, and are
resistant to the F-spec1f1q RNA phage. However, both p11us
types can attach the filamentous DNA phage, f1 (Datta,
| 1975) suggesting possibletstructural simttartties between
the two pili. These two types of pili are also similar.on‘
the basis of etectron mtcroscope and X-ray fibre diffrac-
- tion stud1es (Fo1khard et al., 1979). According to electron
m1croscopy, both p111 have a diameter of 8.5 nm and are up
to 20 uM inslength. X-ray fibre diffraction stud1es indica-
ted that both are hollow cylinders with an-outer diameter
ot 8 nm and inner diameter of 2 nm. blus each consists of
suhuntts in four coax1a1 he11ces of pitch 12.8 nm.

; The EDP208 pilin subun1t has an apparent molecular
weighé:of 11,500 daltons (Armstrong et al., 1980) and is
eo-puritted thh tightly. associated'carbohydrate and phos-v
phate. Armstrong et al. (1981), were ahle to remove all of.
the Jarbohydrate and phosphate from th1s p11us Armstrong
et _l (1980), noted that the overal] amino ac1d composw-f.
tijons of F and EDP208 p111n were very 51m11ar Recent]y,
Frost et al. (1984) pub11shed the DNA sequence of the F

pitin gene which represented a prote1n consisting of 70
St : : v
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amino acids, %jth a éorrespbnding mdlecular weight of 7200
dalténé. The N-terminal sequence of the EDP208 pilin pro-
tein was also deduced by Frost et al., (1983) and bears no
resemblance to that of the F proteinléxcept for the N-ace-
tyl group on the N-terminal amino acid, which is commbn to
both. _

Finlay et al. (1983) characterized the EDP208 plasmid
and found that a 16.5 Kilobase region was required for pil-
us production. The subclioning and DNA sequencing of the
EDP208 pilin gene is underway (Finlay, unpubliéhed) and the
comparfson of the resultant sequenc;'with that‘obfained for
F will be important to substantiate the amino acid homolog-
ies presented by Armstrong et al. (1980). Armstrong also
found distinct structural similaries betweén the two. Cir-
~cular diéhrOism reVealed that both have an alpha helical
content of 65-70%. , | |

Tryptic digestion of EﬁPéOB pilin resulted in the re-

lease of predominantly the N-terminal dodecapeptide (Frost
et al., 1883). This dodecapeptidé was chemica]]y synthesiz-
ed, covalently coﬁp]ed'fo bovine serum albumin using a
photoreactive cross]inking reaéant and used as both an
antigen and an immunogen. Worobec et al. (1983) found that
this dodecapeptide contained a ma jor antigenic determinant
“which.was,immunogenic as well as antigenic;.This site was'
" further delineated with the usé of.synthetic peptide anal-

ogs and the immunodominant region was found to reside in
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the first five amino acids. The Key cont;ct pbin@s with
pilus specific antibodies were the N-acetyT"Thr1 and the '
1eugine residues in the third and fourth positions (Worobeg = .
t al., 1985). The role of this region in the fﬁnctibn of

 — ——

the pilus has yet to be»estab1ishéd.

2. Colonization Factor Antigen 1 (CFA/1) Pili
| CFA/1 pili were first jdentified by Evans et gl.
(1975) as an antigen on the surface of enterotoxigenic E.
coli strain H-10407 (078:H11) originally isolated from a
human subject in Bangladesh. These pili.wéreﬂfound to be
cessary for(the‘adherance ﬁnd'subsequent colonization qf
(;Ze human smal]l intestine (Evans et al., 1977 and 1978).
Once colonized, these bacteria secrete toxins fesponsib]e
for inducing the excretion of water and salts from the in-
testinallmucosa, resulting in diarrhea. CFA/1 pili have
been detected. on a variety of ETEC strains isolated from
patients experiencing aéute diarrhea from various develop-
ing countries such as'Thailand (Changéhawa]et ;L,gl.,
1984), South Africa and Ethiopia (McConnell et al., 1981)
and Mexico (Evans et al., 1978). 4 ‘
The gene encoding the structural pﬁoteih of CFA/1
pili has been located bn a 60 megéda]ﬁon noncon jugative
plasmid which also encodes the heat stable (ST)'toxin and

is mobilized by a second sma’ler plasmid encoding the heat

labile (LT) toxin (Elwell and Shipely, 1980). The expres-
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sion of CFA/1 pili is temperature dependent in that pilus
production is stopped when the bacteria are grown at 180C
as opposed to 379C (Klemm, 1982). Electron microscopy re-
veals the CFA/1 pilus as a rigid, .thread-liKe structure
which is 0.5-1.0 pM in length and 7 nm in diameter contain-
ing an apparent axial hole (Gaastra and de Graaf, 1982) A

s1ng1Q CFA/1 p11u$ consists of approx1mate1y 100 identical

,p‘1‘ﬁ subunits, each with a molecu]ar we1ght of 15,058 dal-

"tons. The complete amino acid sequence has been established

by Klemm (13882).

Evans et él. (1977) correlated the preserice of CFA/1
pili on H-1d407 with the ability of these bactehia to ag-
glutinate human type A erythrocytes in the presence of
mannose. Faris et al. (1980) demonstrated that the glyco-
conjugafe GM2 was capable of inhibiting this hemagglutin-
ation reaction and proposea that this moiety may represent
a component of the CFA/1 specific- receptor on human eryth-
rocytés.:The nature of the CFA/1 pilus specific receptor on
human intestinal cells has not been examined.

The ant1genwc characteristics of CFA/1 pili are of
interest in re]at1on to the development of synthet1e vac-
cines as well as a means of describing the mode of attach-
ment of these struétures‘to human intestiha] mucosa and
érythrocytes; The CFA/1 pilus prdtein was examinéd'for
antigenic determinahts using native and synfhetic péptides

in several immunoassays with CFA/1 p11us'speci§§c'polyclon-
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al and monoclonal antibodies. These studies, as well as
those descibing the role of CFA/1 pili in the adherence of
H-10407 bacteria to human erythrocytes and a variety of
mammalian tissues, are presented in this treatise.-

The study of the fwo forementioned pili involved the
development of relevant immunochemical assays which have .
been'appliéd to the eﬂucidatién'of antigenic determinants
on other pilus proteins (ColB2 and F‘pili, Finlay et al.,
1985; PAK pili, Sastry et al., 1985). Useful information
 was obtéined regarding the structure of.both pi]Us.types as
well as their respective roles as mediators of adheraﬁce:
EDP208 during the mating process and CFA/1 in pathogenic
adhesion. The results from these studies are presented‘in

what follows.



CHAPTER Il

MATERIALS AND METHODS

A. Materials

1. Bacteria

Enterotoxigenic Escherichia coli, strain H10407 (078:

H11), containing the CFA/1 plasmid was used for CFA/1 pilus
production and attachment studies. This was an original
isolate from a subject in Bangladesh which was Kindly don-
ateq by. Margaret Finlayson, Provincial Laboratories, Edmon-
ton, Alberta. Other bacteria used in attachment studies
were E. coli H10407 CFA/1” (078:K80:H11), a non-piliated,
non-pathogenic strain (obtained from Francis Jackson, Uni-
Vergjty"of Alberta, Edmonton, Alberta), and a non-piliated
strain isolated from the E. coli H10407 wild type (obtain;d
from R. Silver, Food and Drug.Administration, U.S.A).
EDP208 conjugative pili were purified from the E..
coli strain ED3873, which consisted of the EDP208 conjuga~®
tive plasmid in the host strain JC6256 (K12 F~ trp lac),
kindly donated by N.S. Willets, Biotechnology Australia PTY (ﬂf:
Ltd., Roseville, New South Wales, Australia. The EDP208 _

L 1,“
Ny

plasmid is a naturally occuring lac plasmid, Fglac, orig-

29
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inally isolated from Saimonella typh{'&Fa]Kow, 1962) .

" E. coli VIDO1 (0101:K")K99* bacteria were used in
specificity studies of CFA/1 monoclonal antibodies. This
strain Las’obtained from d.F.C.A.‘PantereK, Alberta

Agriculture, Edmonton, Alberta.

2. Animals

BALB/cCr (H-2d) mice used in CFA/1 monoclonal anti-
body production were}maintained at the University of
Alberta Health Sciences Animal Center. Breeding stock was
originally obtaingdbfrom Jackson Laboratories, Bar Harbour,
Maine. Mice dged were 22 weeks of age.

Female New Zealand White rabbits, obtained from
Ellerslie Animal Farms, University of Alberta, Edmonton,
Alberta, were used for the péoductiqn of polyclonal anti-
sera. The rabbits were bétweeh 6 weeks and 2 years of age
during the various injections and bleeds. This strain of
rabbits was alsg used for attachment studies wherein rab-
bits ranging from neonates to 2 year 61d adults were sacri-
ficed:and small intestine removed for enterocyte and sec-

tion production.

3. Tissue Culture Strains
Monoclonal antibodies directed against CFA/1 pili
were secreted from hybridoma cells made.from the fusion of

BALB/cCR murine splenocytes with NS1/Sp2 myeloma cells (a
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., fusion of NS1, ATCC TIB 18, and Sp2, ATCC CRL 158,.cell
lines obfainéd from B. Singh, University of Albe}ta, Edmon-
ton, Alberta). NS1/Sp2 is an azoguanine resistant, non-
secreting myeloma cell line derived from BALB/c mice.

The tissue culture cell lines used for the study of
CFA/1 pilus specific adhesion of H10407 bacteria are listed
in Table I1-1. A1l lines were obtained from the Amer ican
Type Culture Collection, Rockville, Maryland.

NS1/Sp2 cells were thawed prior to each'fgsion and
passaged oniy to the desired density needed for fusion.
Other cell lines wére passaged no more than 20 times prior
to thawing a new sample. All lines were frozen in 20% (v/v)
dimethylsulfoxide in fetal calf sefum and stored in liquid

nitrogen.

4. Bacterial Culture Media

L-broth consisted of 1% (w/v) tryptone (DiFCO Labora-
tories, Detroit, Michigan) and 1% (w/v) NaCl, pH 7.2. TSB
agar (DIFCO) was used for the growth of ED3873 bacteria for
the production of EDP268 pili and for determining the num-
ber of colony forming units (CFU) when performing attach-
ment assays.

CFA .broth (Evans et al., 1977) consists of 1% (w/v)
Casamino acids (DIFCO), 0.15% (w/v) yeast extract (DIFCO),
{ mi/1iter of 5% (w/v) MgsOgfiand 0.1 m1/Jiter of 5%

(w/v) MnClg, pH 7.4. CFA agar (CFA broth with 2% (w/v)
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TABLE II-1

Tissue Culture Cell Lines Used in Adheren;g Assays

-

ATCC Number Common Name Comments
HTB 40 HuTu 80 Human duodenal adeno-
carcinoma
|
CCL 241 ~ FSH 74 Intest. Normal human fetal

§

CCL 238 Human Colo. Human colonic mucosal
cells
CCL 6 Intestinal 407 Human embryonic origin
' - contains HelLa marKers.
cCcL 2.1 HelLa 229 Human cervix epith-

elial carcinoma
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| o PR &
agar, DIFCO) Wae used for the growth of all types of H10407
lbacteriao : | | . | S ‘ )
E. col1 produc1ng K99 p111 ‘were grown on 1mproved
i Minca media (Guinee et al. 1977) which consists of 1.36 g
KH2P04, 10.1 g NagHPO4- 2H0, 1.0 g glucose, 1.0 -
Toml trace sa]ts solut1on 1 0 g Casam1no ac1ds,\12 0Og agar,
" 0.1-m1 of 20 mg/ml b1ot1n, 0.1 ml of 8 mg/ml tryptophan
(Sigma Chemical CO., St.Loy1s,’MO.), 1.0 ml of 5 mg/ml am-
dpicillin (Sigma)} 0.1 ml of Ox8'mg/m1;thiamine, and disti?—
1ed water td make it 1 liter, pH“7.5..The trace saltsfcon-
ta1ned per Titer: MgSO4-7H20 10 g} MnCTQ—4H20,
x g FeC13 6H20, 0 135-g; and CaCla- 2H20 0.4 g.
COATL bacter1a1 med1a were autoc laved for 20 minutes at

20 1b/1n2 at 1260C. Ant1b1ot1cs were added ‘after media

‘were autoclaved and cooled to 500C.

5. Tissue Culture Med1a";; , _
NS1/Sp2 mye1oma ce]ls and estab11shed CFA/1 mono-
clones were grown in RPMI 1640 (G1bco Canada Inc. Bur11ng-
ﬁton, Dnt ) conta1n1ng 10% (v/v) heat 1nact1vated (56°C
for 30 min.) fetal calf serum (FCS G1bco) %‘(v/v) 100 mM
ksodium pyruvate, 1% /v 200 mM L g]utam1ne (G1bco) 1%
(v/v) 50 mM oxa]oacet1c ac1d and 1% (v/v) pen1c1T11n/
streptomyc1n (10 OOO units/10, OOO pug/mi, G1bco) “New hy-
br1domas were grown in HAT med1a until thﬁ% reached the

‘, dens1ty 1nd1cat1ve of subc]on1ng HAgﬁﬁed1a was the fore-

\
i
i
2
i
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méntioned suppleménted RPMI média containing 2 m]{TWter of @
50 X HAT which is 0.0194 g thym1ne (51gma) 0. 068‘g Hypo-
xanthine (S1gma) and 5 ml of 1000 X aminopterin (0. 0176 g
- aminopterin (S1gma) in 100 ml of 0.1 M NaOH) per 100 ml of
distilled water A]] ce]l types used during monoclonal
ant ibody stud1es were grown at 370C, 7% C02 and 95%
hum1d1ty ’

Tissue culture cell 11nes used in bacterial attach-‘

‘ment studies were grown in m1n1ma1 essent1a1 media (MEM)
with nonessent1a1 amino acids and Earle’s Bas1c Salt Sup-
p11ment (BSS, GTbCO) with, 10% FCS at 37°C 5% COo and

100% humidity. The medium for'éFL241 fetal intestinal cells
was supp11mented with 0.1 mM 6&a1oacet1c acid (S1gma) 0.5
‘mM sodium pyruvate (S]gma)‘ and 0. 2 un1ts/m1 1nsu11n'(Sigf
ma). |

| A1) tissue culture medianWeré_fi]Ter.steriliied uéing
a'O.ZaPm Mi]]iporeFi]ter'(Mjflipore Cbrp., Bedford,

‘Mass: ).

6. Buffers \ |
Standard sé;ine;citﬁate (SSC) is 0.15 M NaCl, 0.0015

M sodium citr&té,'bH 7.0. Phdsphaté buf fered saline (PBS)

contains §.0 g NaCl, 0.2 g KH2POg, "1.15 NagHPO4- N

12 HQO 0.2 g KC1" 1n 1 liter of d1st111ed water, pH 7.4.
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7. Chem1ca1s enzymes and reagents
A11 solutions were prepared from analyt1ca1 grade
reagents in double distilled. water unless otherwise stated.
Acry]am1de and N, N - methy]eneb1sacry1am1de (electro-
‘phoresis grade) were obta1ned from BDH Chemicals Ltd.
Poole, England. Guan1d1ne hydrochloride and Ultra pure
"Tris- HC] were obta1ned from Canadian Sc1ent1f1c Products
Ltd, London, Ont. Trypsin (TPCK), chymotryps1n, and car-
boxypeptldase A (DFP) were purchased from Worthinton Chemi-
cal Corp., Freehold N J. Type .IV papain was purchased from
Sigma. CsC] was obtained from Terochem Laborator1es, Edmon-.
' ton,.Alta. Bovine serum albumin (BSA) was purchased from
'¥Sigma. - ' | N
foluene scintillation fluid consists of 0.5 g POPOP
-Bis{ZQ[S—phehyloxoy1]}-benzene)?and 6.0 g of PPO (2,5 .
: d1pheny1oxazo1e) both scihti]lation grade'from Eastman
Chemicals, in 1 11ter of toluene Aqueous Count1ng Scintil-
lant (ACS) was purchased from Amershgm Corp., Arlington |
Heights, 1111no1s _
A]l h1§h pressure 11qu1d chromatography (HPLC) sol-
vents Were HPLC grade obta1ned from BDH Chem1cals HPLC

N
~

water was de1on1zed by pass1ng d1st111ed water through a

Mii;r ore M1111 -Q filtter. system Tr1flouroacet1c acid used

4!:"'

?ov”HPLC was obta1ned from Pierce Chemical CO., Rockford,

‘ﬂ

&

| I11linois.

Boc (t-butyloxycarbonyl)_amino,acids purchased from:
, : o B ‘

e
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Prote1n Research Foundation, dapan, Bachem Fine Chem1cals
Inc., Marina del Rey, Calif.; Chemical Dynamics Corp ,
South Plainfield, N J.; Spenco Division of Beckman Instru-
“ments Inc , Palo Alto, Ca11f and Vega-Fox B1ochem1ca]s,
Tucson, Ariz., were used W1thout further purification.
Methylene ch]or1de {CHoC19) from Terochem Labora-

tories was distilled over CaCO3 prior to use. 1-4 Diiso-

é&IEA) was distilled first ovel NaH then

propylféthylami@b
over niqpy}ff'f‘ or Yo use. Picric acid, from BDH Chemi-
cals Ltd., wee atese]ved in mgthy]ene chloride and dried
over MgS04 before use[_Pyrtdine was distil]ed'byéh nin-

* hydrin, | | \

Co- po1y(styrene, 2% diviny lbenzene) benzhydry]am1ne-

PR

HC1 resin was purchased from Protein Research P”pnda i E
and 4-methy1'ben2hydhy1am1ne ‘resin was_purchased from? vega

Biochemicals.

8. Rad1oact1ve mater1a1s .
| Protein A 1251, 25 pCi/ml in 0.03 M phosphate buf- A
fer containing 40% ethanol end‘acet1c acid (pH 4.0), was
obtained,fhom New Ehgland Nuclear Corp., Dupont Canada, La-
chine, Quebec. Nal251, 1.1 mCi/60 pl in 1 N HC1, used for

iodinations was obtained from Edmonton Pharmaceutical beh-
ter, Edmonton, Alberta. (1-14C) Gly (0.25 mCi) was ob- o«
tained from NEN. | - e )



‘B..ﬂgmagq1utination

The ability to detect the presence of CFA/1 pili on

H10407 by hemagglutination was useful when growing bacteria

for pilus purification and when using piliated and unpilia-
ted bacter1a for adhes1on exper1ments H10407 bacteria
bear1ng CFA/1 pili are capab]e of agg]ut1nat1ng human type
A erythrocytes. The assay was per formed as follows: Colon-
1es-se1ected from CFA agar plates were‘buspendedlin‘10 M1
of 1% (w/v) mannose (in*PBS) on glass slides. Bacteria can
also be suspended in L?broth, as used in éttachmégt assays,

and 10 pl of this mixed with the mannose. To this, 10 pl of

- 5
a 10% (v/v) erythrocyte suspension (in 0.9% NaCl) was ad-

ded and hémaggiut$nation observed. Hemagglutination occur-
red 1mmead1ate1y for bacteria with. CFA/1 p111 and not at,
all for CFA/1 minus strains. To detect if any type I pili
(often ca11ed¢hannose sens1t1vexhemagg]ut1n1ns) wéré pres-
ent, the assay was done with human and gu1nea @pg erythro-
cytes, using PBS lacking mannose. _

Inhibftion of hemagglutination by CFA/1 pilus specif-

ic monoclonal antibodies and K99 pilus specific polyclional

“antibodies (obtained from.J.F.C.A. Pantekoek) was performed

as decribed above except that 10 pl'of the undiluted anti-
body source was added to the bacterial-mannose suspension
prior to the addition of erythrocytes. Inh1b1t1on was jud-

ged at 5 and 10 minutes after the addition of red blood



cells. The abi1ity‘oﬁ CFA/1 mdnoclona1 antibodies, CFA/1,
polyclonal antibodies and K99 specific,polyqlonal antibod-
jies to inhibit hemagglutination by'VIDO1 Kgg+ bacfenia

was done as described except that VIDO! bacter1a were sus-’
‘pended in PBS and a 10% (v/v) suspen51on of sheep erythro-

cytes were used.

C. Pili Purification

1. CFA/1 Pili

H10407 bacteria possess1ng CFA/ 1 p111 were grown on a
éing]e 100 mm diameter by 15‘mm petri dish (Fisher Scienti-
fic Co... Canada) conta1n1ng CFA agar, at 370C for 24
hours. The bacteria were removed from the plate by gent]e
scraping, resuspended in CFA broth and 0.2 m! per plate ofl
this suspensidn was used to inoculata 14,4 cm diameter pet-
ri dishes containing CFA agar. The plates were incubated
overnight dt 370C. Bacteria were again removed from the |
plates by'séraping and mannose resistant hemagglutination
per formed to maKe sure the bacteria were st111 produc1ng
CFA/1 pili. Bacter1a were suspended in approx1mate1y 300 ml
of SSC (for a 40 plate preparation) and stirred for 1-3 |
hours, using a nagnetic stirrer, at 49C. Removal of pili
from the bacterial surface was accomp]ished by blending
with a Sorvall Omnimixer at 2000 rpm for 5 min. The'celis,

were removed by centrifugation at 8,000 x g for 10 minutes



-39
while piTi remained in the supernatant. To remove any pili
which may be trapped 1nvthe cell pellet, the pe11efs were
wéshed with 200 ml of SSC and recentrifuged.,The supernat-
ants_wére pooled and subjected to an ammbn1u543u1%hte pre-
cipitation (25% w/v), at 49C for 16 hours. Th;’precipita>
ted pili were remqved by centrifugation at 8000 X g for 15
minutes. The pellet contafning pili and any other proteins
which were co-precipitated was resuspended:in distilled

water and layered on a pﬁeforméd CsCT step gradient. The .
.‘gradieht,consisted of 5'ml CsCl of density 1.50 g/ml, a 4
ml step containing 1.40 g/ml, followed by Fhreé 2.5”&1
steps of densi£y11.30, f.éG; and i.iO g/ml. 20 mls qf pili
were layered on ‘to fhis gradient and‘sémp1es centr #Miged at
20,000 rpm for 16 hours in a Beckman SW27 rotor using‘a
Beckman L2-65B ultracentrifuge. The pilus band (rho=1.307)
| was removed from the gradient and dialyzed aga1nst,d1st11-
led water to remove the CsCl. The p111 were tested for pur-
ity using sodiuh dodecyl sulfate polyacry]amide electro-
_phoresis (SDS-PAGE) and'electron microscopy. The most com-.
monkéontaminant, flagellin, was usually removed using a
second CsC1 step gradient. |
: D
2. EDP208 pili

EDP208 pili were purifﬁed according to the specifica-
tions of Armstrong et AN 1980. Briefly, ED3873 bacteria

were grown on TSB agar - aluminum trays (27 cm by 38 cm
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by 1.25 cm) by incubation ovefnight,'at 370C. The cells
were removed from the trays by gentle écraping, suspended
in S$SC, and stirred With a magnetic stirrer for 2 hours, gt
40C, This-was sufficient to Eemove the majority of pili
- From the bacter1a1 cell surface. Cells and debr1s were re-
moved by centrifugation and the cell pellet was ‘washed 2 or
3 times w1th SSC to ensure, that the majority of the p111
were removed. Supernatants containing the pt}f were pooled,
adjusted to 2% (w/v) polyethylene glycol 8000, 0.5 M NaCl
and éolub1e pi]i a]]qwed to precipitate overnight at 40C.
Precipitated pili Wéreafemoced from so]ution‘by‘centrifuga-
tion and ;he pili pellet was resuspended in disfil]ed wat-
er. This solution was-layered on preformed CsCl gradients,
prepared as described in Section C.1 of this chapter, énd
“centrifuged for 20 haurs at 20,000 rpm in a Béckman SW27
rotor. The pi]us band (rho = 1.2-1.3) was. removed from the
gradient and dda%yzed)agaihst distilled water to remove the
CsCl. Pur1ty of the preparat1on was determined by SDS-PAGE

and e]ectron m1croscopy

D.'SDS-Po1yacry1amide Gel Electrophoﬁesis

SDS-PAGE of proteins and peptjides was carried out by
the method of Lugtenberg (1975), unless specified other-v
wise. A s]ab'gel apparatus with 0.75 mm Teflon spécers and

20 well comb, purchased from Bet&?;da Research Laboratories
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‘Inc , Ga1thersberg, MD., was used. The running»gels Were
10-12 cm long and contained 15% acrylam1de 0.27% methy]ene—
bis-acrylamide, while the stacking gels were 1-2 cm long
and contained 7% acrylamide-0.18% bis acrylamide.

1-5 pg of lyophilized prbtein or 5-10 pg of peptide
| Qena dissolved in 20 pl of sample buffer which consists of
\ 95 ml Tris-HC1 (0.25 M, pH 6.8), 1 ml of 10% SDS, 1'ml of
50% glyqero], 0.2 ml of beta-mercaptoethano]l 0.2 ml of
0.04% (w/v) bromphenol blue and br35 ml of water. Samples
were boiled for 20 seconds and loaded on the gel. Geis were
run at 30 mA constant current until the samples had entered
the running gel, then run at 45 mA constant current until
samples had travelled the desired distance. After e1eétro-
phoresis, ge]sAwere stained overnight in a solution con-
taining 0.5% (w/v) Coomassie Bri]]iant Blue R (Sigma), 25%
(v/v) 1sopropanol and 10% (v/v) acetic acid, then“aestained
using several changes of a 10% (v/v) acetic acid, 10% (v/v)
‘ methanol destaining solution.

SDS-PAGE of 11popolysacchar1de (LPS) was carried out
according to the procedure of Laemlli (1870). The BioRad
Protean s]ab ge] apparatus and 1.5 mm spacers and 20 well

comb, obtained from BioRad Laboratories Canada Ltd., Miss-

‘ issauga, Ont., was used. The runn1ng gel had a final acryl-
- amide conceﬁtration of 14% and the stacking gel had a final
acﬁy]amide concentration of 5%. A1l solutions used were

made up in water deionized by the Milli-Q filtration sys-
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tem. ,

For rapid diagnosié of the type of LPS on the surface
of bacteria, 10 pl from a 60 ul digestion mixture ¢contain-
ing 109 bacteria, proteinase K and Laem11li sample buffer
(supplemented with 50 mM dithiothreitol, DTT) was boiled
for 5 minutes and 1oaded on the gel. For purified LPS, 0.6-
10 Hg was resuspended in 10 pl of Laeml1i sample buffer;
boiled for 5 mlnutei and loaded on the gel. Laemlli sample
buﬁfer consisted of 2 ml of 10% SDS, 0.4 m]lbeta-mercapto-
ethah§1, 1.0 ml glycerol, 0.625 m1 1.0 M Tris pH 6.8, 1.0
m] of water and enough bromphenol blue to ensure a blue
colour. The geTs were run at 10 watts constant‘power fbr
3.6 hours,

LPS gels were silver stained according to the proce-
QUre of Tsai and Frasch (1982). The gel was removed from
the apparatus and placed in a chromic acid washed glass
dish containing destain/fixer made up of 40% (v/v) ethanol:
5% (v/v) acetic acid and fixed overnight. The fixer was
poured off and rep1a¢ed with 200 ml of freshly prépared ox-
idizing reagent (1.4 g periodic acid in 200 ml1 of fixer)
which was allowed to.react for 5 minutes with constant mix-
ing. The gel then was transferred, with the minimal amount
of manipulation, to a second acid cleaned dish containing
500 m! of degassed, deionized water. The gel was washed for
15 minutes in this manner using three changes of water. The

silver reagent was then added and allowed to react for 10
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minutes. The silver stain reagent must be prepared fresh
prior to use and was made by add1ng 2 ml of concentrated
NH40H to 28 ml of 0 1 N NaOH (diluted from F1sher 1.0 N
NaOH), followed by the slow addition of 5 ml of 20% (w/v)
AgNO3 (Fisher). It is important to have the solution
stirring vigorously during the addition of the silver. To
this, 115 ml of degassed, distilled water was added. The
steining solution was poured off and gel washed as'before
with degassed, distilled water. After the final wash, 400
ml of developer (0.5 ml of formalin or formaldehyde and 50
mg of citric acid 1@ 1 liter of water) was added and stdﬁn-
ed bands allowed to develop. Developement was stopped with
the addition of 7% acetic acid in water. Gels were 'stored
indefinitely in 7% acetic acid previded they wefe Kept out

of the light. . |

X ' . E. Electron Microscopy

Samples for electron hicroscopy were applied to cop-
per grids which had been coated with parlodién and carbon.
Grids were negatively stained with 1% (w/v) sodium phospho-
tungstate, pH 7-7.2. Samples were viewed and photographed
jp a Phillips EM 300 transmission e]eCtnon micihoscope.

For thin sections, erythrocytes with bound bacteria
were fixed overnight in 3.5% buffered (0.1 M cacodylate

buffer, pH 7.2) glutaraldehyde, contéining 0.075% rutheniuﬁ
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red (Sigma Chemical Co., St. Louis, Mo.) when indicated.
Ruthenium red inté;acts with polyanions and is often used
for visualization of cell surface polysaccharides (Luft,
1971). The fixed suspension was then washed 3 times with
0.075% ruthenium red in 0.1 M cacodylate Suffer, then pq"t~
fixed for 1-2 hours with 1% 0s0O4 in the same buffer. Af—u
ter briefly rinsing with buffer, the samples wene dehydrat-
ed in ethanol as follows: 15 minutes in 25% etﬁgnol, 15
minutes in 50% ethanol, 15 minutes in 75% ethanol, 15 min-
utes in 90% ethanol, 3 X 15 minutes in absolute ethanol.
This was followed by two 15 minutes washes in propylene ox-
ide; The sample was left overnight in an open vial contain-
ing a 1:1 mixture of pbopy]ene oxide:epbn (LX112, Ladd Re-
search Industries Inc., Burlingtor Vermont), then trans-
ferred to fresh epbn in Bean caps es. Thin seétions were
cut with a glass knife (produced using a LKB 7810184‘%-
maker) using a microtome (Reichert-Jung Ultra Cut). : i\
sections were stained with'5% urany! aéetate,in methanol
for 10 minutes, washed thoroughly with water and placed in
lead citrate for 2-6 minutes. The stained sections were
washed again with water and dried prior to viewing in the
electron micfoscope. |

For experiments in which Protein A labelled gold
beads were used to visualize pilus-ahtibody interactions,
" the following procedure'was used. Bacteria were spfead on

TSA plates and incubated overnight, at 37°C. The resul-
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ting bacterial lawn was gently scraped off the plate and
resuspended in 1.0 ml of distilled, deionized water. A 1:16
dilution of this suspens}on‘was made and 10 ul placed on a
carbon coated grid. The drop was left on the grid for 5-10
minutes, then the grid was waéhéd twﬁge with distillqu de-
jonized water. The appropriate dilution of purifi?q IQG was
added to the griq and allowed to incubate fof oné Hour, at
room fémperature. Thisgjwas followed by four washes in 0.5%
(w/v) BSA, ié PBS, after which a drop containing a 1:100
dilution of Protein A-gold (Protein A G15, EM-Grade, SPI
Supplies, Toronto, Ont.), in the BSA solution, was added
for another'ﬁour, at room temperature.‘The grids were wash-
ed four ¥imes in 0.5% BSA, then s;aihed with 1%;phosbhotun-
gstate, as previously descibed prior to vieﬁﬁng in the
electron microscope. |

Thin sections and Protein A go]d exper1ments were

performed by P. Pieroni, Dept. of Med1ca1 M1crob1ology

F. Protein and Peptide Chemigtry -

1. Amino Acid Analysis

24, 48 and 72 hours in 6 N constan $"11ng HCL conta1n1ng w‘

0.1% phenol, in evacuated, sealed tu@é ‘at 110°C Quant |
P %w o s \/
ties were calculated. as the averagew‘;Tue from these three~f

R

f' "91»"" ?2 o
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time periods of hydrolysis. For serine and threonine, val-
ues were estimated by extrapolation to zero time of hydro-
lysis and for isoleucine, leucine and valine, the 72 hour
values were used. Mgthionine was determined as methionine
sul fone by oxidizing the protein with performic acid
(Moore, 1963). Peptide resins were hydrolyzed as above in a
mixture of 2 ml of 12 N HC1, 1 ml of acetic acid and 1 m]

of phenol, according to Gutte and Merrifield (1971).

2. N - terminal Analysis (Dansylation)

Dansylation of the amino terminal residue of various
peptides and proteins was carried out according to Hartiey
(1970). 5-10 nmol of protein was suspended in 0.1 M sodium
bicafﬁonate and lyophilized in a 5 mm glass tube. This was
dissolved in 10 p]kpf double distilied water and 10 pl of
dansyl chloride (1-2 mg/ml in{acetone). Tubes were sealed
with éarafi]m and incubated for 1 hour at 379C, after
which the solution changes colour froméyeilow to clear. Th;rh
samples were 1yop?§§#§ed and hydrolyzed in”507p1 of 6 N
constant boiling HC1 at 1109C in evacuated, sealed tubes
\for,24 hours. The hydrolyzed samples were dried in ggggé
and suspended in 8 pl of acetone:acetic acid (3:2, v/v) and
spotted on 5 by 5 cm micropolyamide sheets (Schleicher and
Schull, obtained from Pierce Cﬁemical Co., Rockville, I11.)
for dansyl amino acid identification by thin layer chroma-

tography. Thin layer chromatography was carried out as des-
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cribed by Need]eqaq (1975),}using thhee'solvent systems and "
two.directions; : ‘_" : e - e

N,
N
N

3 Preparation’ of p111n monomers'

Pilin monomers of both EDP208 and CFA/1 pili were h
prepared'as follows To a suspens1on of p111 in water,
enough SDS ‘was added to make 1% {w/v). This was boiled for.
5 minutes and ‘allowed to coo1 20 30 ml of acetone was ad-.
ded and p11rn allowed to prec1p1tate 1n an_ 1ce bath for 1.
}'5hour The precipitate was pel]eted by centr1fugat1on at

10, OOO X g for 20 m1nutes an resuspended in the des1red

'volume of d1st111ed water
v s
4. Enzymat1c d1gest1on

Lyoph111zed CFA/1 pili o p111n used for tryptlc di- )
gest1on was suspended 1n a m1n1m 1 volume of 0.1 M ammonium
biearhonete, pH 8.2. To th1s, trypsin’ (TPCK) in O 01 M HCT
| .was’added 1n1t1a11y as 1 in 50 (enzyme substrate) mo]ar
‘:rat1o and a]lpwed to d1gest for 4 hours at 370C. A fur—
ther aliquot of tryps1n was added to a f1na1 concentrat1on"
of 0.04 moles of tryps1n per mole of p111/p111n and digest-
i 1on cont1nued overn1ght D1gest1on was stopped by 1yoph1--
11zat1on of the d1gest1on mixture. |

‘Carboxypeptidase A (Cpase A) digestion:ofrpilin;was
'performed aecord1ng to Needleman (1975); 25 pifof-Cpase A
stoek.(BO mg/ml)'was mixed with 100 ul-of freshly made 1.0%
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(w/v) ammon1um b1carbonate To this suspension, enough 0.1
M NaGOH was added to dissolve the enzyme,}then the pH was
adjusted by adding 0.1 M HClvdr,_w1se and checKed using pH

& .
the enzyme.becomes insol-

paper. If toc much HC1- is aﬁ"‘
uble and the’ procedure mustﬁ repeatedL{The volume'of‘the
'act1vated Cpase A solut1on was ra1sed to 1.0 ml by the ad-
.dition of 1% NH4HCO3 Approx1mate1y 100 nmol of p111n |
was prec1p1tated with acetone The pellet obta1ned by cen-“
‘tr1fugat1on was resuspended in 50 pl of 1% NH4HC03 con4
ta1n1ng 1% SDS. Twenty ul of the Cpase A solut1on ‘was ad*
- ded and digestion. at 37CC was a]lowed to proceed for the
desired 1ength of t1me (usua]ly 1, 3,.5, and 24 hours). The
: appropr1ate contro]s were treated 1dent1ca11y and included
Call buffers w1thout the enzyme or prote1n and all buffers
‘p]us the enzyme but without the prote1n The react1on was
‘stopped by the add1t1on of 200 p] of 1 M aoet1c/ac1d wh1ch
"also causes prec1p1tat1on of the prote1n The prec1p1tate
was pe11eted by centr1fugat1on and supernatants, wh1ch con-
| ta1ned the free amino acids, 1yoph111zed and resuspended 1nv
| water*several times to remove the vo]1t11e buffers They
- were then subjected to am1no acid ana1ys1s us1ng the Durrumv
D-500 amino acid amalyzer. All reactions were performed in
1.5 ml microcentrique‘tubes (Bjo Rad). Centrifugation was

) done in an Eppendorf 54}4 Microcentrtfuge{

’5.‘éyanogen bromide (QNBn)fdjgestion and purificatipn of

» ; .¢, s
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CNBr pept ides _—
CNBr c]eavage of Cﬁ£/1 p1]1 was performed according

to the procedure of Need1emadﬁj1975) 1 umol of 1yoph111zed
pili was d1sso]ved in a minimal volume of 70% formic acid
(2-3.m1). To this, 500 molar excess of solid CNBr per meth-
tonine was added (swnce CFA/1 ‘pilin has 3 meth1on1nes, 1500
umol of CNBr was used) and the reactnon allowed to proceed
‘for 24 hours';t room temperaturea5To-stop digestion 30 ml’
of water was added to the‘digestion mixture and the sample
immediate1y shell frozen and lyophilized.

‘Partial purification of CFA/1 CNBr peptides was
achieved fo]low1ng the procedure of Klemm (1982). The lyo-
\ph111zed samp]e was d1ssolved in 1 ml of 6 M guan1d1ne HC1
in 0.2 M NH4HC03 pH 8.0 and loaded on a Pharmac1a |
Sephadex G-75 column (118 by 1 cm) equ111brated w1th the e
same buffer ' The column was run at a flow rate of 2 ml/hr.
Fract1ons were collected us1ng a Pharmac1a Frac 300 frac-
tion co\]ector ané absorbance at 280 nm measured us1ng a s
Pharmacia UV-1 Single Path@ﬁ%n1tor The appPOpr1ate frac-
t1onskwere poo]ed 1yoph111zed theh resuspended in a m1n1—
mum vo]ume of water and passed through a Pharmac1a PD- {0
column (10 by 1 cm) for desalting purposes The contents of
each poo] were exam1ned by SDS PAGE amino acid analysis
and dansy]at1on N- term1na1 analys1s Each of the three. .
pools‘(called CNBr1, 2,,or 3) was found to contain one pre-

dominant peptide along\with Tow 1evels ofvthe other two.

1+
|
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G. Peptide Synthesis

1. Basic Principles of solid phase peptide synthesis
’ All of the pepttdes in this study.were synthesizedvby

solid phase synthesis accbrding to the technique of
Erickson” and Merrifietd (1976). Amino acids, having their
stde chains and N-alpha amino group biocked by protecting
groups, are sequentta]]y coup1ed'to an insoluble resin sup-
port. The a]pha carboxY] group of a protected amino acid-
was activated and coﬁpjed to the.deprotected alpha-amingk’
ternina1 of a peptide on the resin, hence, achievtng C toN
synthesis Br1ef1yq the f1rst amino acid 1s ‘linked to a
benzhydrylamine support in the.presence of the coupling a-.
gent d1cyclohexylcarbod11m1de (DCC) The next amino acid
. was coup]ed after the Boc group of the peptxde on the resin
is removed by treatment with 50% tr1f1ouroacet1c acid (TFA)
in Cthlg' The deprotected peptide was neutralized with

5%. DIEA in CHaCl2. The next Boc amino -acid was m1xed N

with the coup11ng agent DCC ‘and added to the res1n Th1s o
| procedure was repeated to ensure the max1mUm~ceupltng of

" each residue. Once. the pept1de had been compdeted the pep-

\7

tide was acetylated then detached from the res1n us1ng an-.

hydrous hYdrof]our10ua@é§ (HF) The extent of coupling af-
ter each d1ff1cu1t§@%srdue or rout1ne1y after every third

8 .
residue, was\donevby p1cr1c ac1d monitoring. The enttre :
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procedure was“automated, with the exceptioh of the coupling
of the first amino acid, and performed qn a Beckman Peptide

Synthesizer Model 990.

2. Chemical synthesis of EDP208 and CFA/1 pili peptides
EDP208 piiin peptides were prepared by A. Taneja, B.

Wu and R Perker from the laboratory of R. Hodges. The

CFA/A p111n peptides were prepared following the same pro-
cedures used in that 1aboratory, which was descr1bed in

detail by Worobec et al. (1985). 3
;x% A11 peptides were synthes1zed on co-poly(styrene, 2%

Q‘1"‘9’1ny1benzene) benzhydrylamine-HC1 resin (hydrochlor1de

e

salt from Protein Research Foundat1on, subst1tut1on = 0.8
nmol of free amino groups-per gram of resin). The program

used for the attachment of each amino acid was a moditica-

tion of that descr1bed by Hodges et al (1981) and was re-

ported by Worobec et al (1985) A rad1oacf1ve1y 1abe11ed
Boc(1-14C) glycine residue prepared by the method of Itoh -

R

t al’ (1975) was incorporated in the EDP208 p111n pept1des

—— ot

~at pos1t1on 7 (Worobec et al. 1983). Monitoring, by the

picric acid method was carried out after the coup11ng of
the f1rst ammno acid and at var1ous places along the devel-

op1ng pept1de chain. The program for picric acid monitoring

. was described by Worobec et al. (1985) .

After synthes1s was. completed the peptide'Was

| cleaved from. the dried res1n following the procedure of
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Hodges and Merrifield (1975) by SUspending the resin in 1
ml- of 10% (v/v) anisole, followed by the’addition of anhy-
~drous HF and mixing at 40C for 45 min. The solvents were-
removed under~reduced pressure, resin washed w1th ether (to‘~
remove the anisole) and the peptide extracted with 4 x 5 ml
of TFA. The combined TFA washes were evaporated and the
re51due redissolved in water and 1yophi lized. Aii peptidee
cieaved from thevbenzhydryiamine resin had'C-terminai

amides.

3. Purificatidn of synthetic peptides

CFA/i'piiid peptides AcP{55-64), AcP(55-70), AcP(B]'
70), and AcP(91:99) were purified by reversed phase high
pressure liquid chromatography (HPLC) ueiﬁg\a Waters‘pBond- -
pak_anaiyticai C18 column (obtained from Waters Associates,v_
MiLford,'Mase.) with a linear AB gradient where solvent A
was 0.1% TFA/water and &oivent B was 0.05%'TFA/adetqhit-
rile. | R g

EDP208 synthetic peptides.here purified using either,
~ a Beckman Ultrapore C3 reverse phase HPLC column or a What-
man PXS-C8 column. An‘AB gradieﬁt was used where A and B
were asvdescibed for the purification of CFA/1 peptides.
ATl peptides were purified u51ng a gradient of 1% B/min.
and a flow rate of'1 mi/min. The oniy peptide not purified
by this procedure was AcP (1- 12) which was pumﬁi&ed accord-

ing to the specifications of Worobec et al. (1983),Vusing
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an AG1 X 4 column (1.8 X 50 cm) -and eluted with 0.1 M pyri-
dine acetate pH 5.0 at a flow rate of 60 ml/hour at 55°C.
The purity of all peptides.has examined by HPLC and amino

~acid analysis.

;4 Preparat1on of formyl amino acids
To study the role of the naturally occuring acety]-

ated-amino terminus of EDP208 pilin, synthetic peptide ana-
logs were made using N-formy1 instéad of N-acetyl as the N
tebmina] blocKing group. Formyl glycine and formyl-O-ben-
zyl-L-threonine were prepared byvd.M.R.lParKer according_to
the procedure of Worobec et al. (1985). Both formyl der%Va-
tiVes'were ChecKed for purity by melting point determina-
tion and H NMR {Dp0) as descibed in Worobec et‘al.

(1985). These amino ac1ds were coupled to the appropriate
"peptide while still on the resin,’using the procedures out-

lined in Secfion G.2 of this chapter.

5. Preparation of covalently cross-1linked peptide-BSA
'y . |

con jugates "
Syn%hetic peptides containing'1ysiné residues were
covalently linked to BSA using‘the synthetic crosslinker N-
'~hydroxysuc01n1mde ester of 4- az1dobenzo1c acid (AB-ONSu, \
}%1nd1y donated by P. Chong, prepared accord1ng to Chong etfw

1.71981). The.

’ pept1des were der1vat1zed W1th the photoaf—'.
~ finity probe ## described by Worobec et gl._(1983)%_8r1efe}; :

N .
.
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ly, 14cC 1abe11ed on unlabelled peptide at\a concentra- |
tion of 1 umo] 1n‘0 ul of aqueous NaHCO3 \(0\4 mg in 250
pl of water) was placed on jce'and 10 pmol of o]d or 14c
\abel]ed AB-ONSu, (6100 cpm/mnmol) in 250 pl, 4;as added
dropwise ‘over a per1od of 10 minutes, w1th constant st1r-
ring. The reaction was allowed to proceed for 1 hour at
I 00C then at room temperature for 24 hours. The modified

" i

peptides were genera]ly purified by reverse phase HPLC, as
\\\\\\descr1bed for - the purification of 'EDP208 synthetic pep-
tides, except for the or1g1na1 AcP(1-12) peptide which was
dpur1 ied using‘a 1.6 x 100 cm Sephadex G-25 cotamn and elu-
ted w1tn\0 1 M NH4HCO3-at a flow rate of 10 m1/hour . In |

both cases, the products were mon1tored by rad1oact1V1ty as.

well as UV absorbance -
, A 5-10 fold 1ar excess of the mod1f1ed pept1de to

BSA (Fract1on IV) was used in the coupling procedure One
to two mg of lyophilized peptide-probe:was d1ssolvedh1n 75-
150 p1 of a BSA solution (made up by dissolving 125 mg of
BSA in 1 ml.of 0.1 M KHaPOs, pH 6.8). The mixture was
irradiated for 1 hour using a RPR 208 preparative reactor
equipped with RPR 3500 Anostrom 1ampsu(obtained from
Rayonet; The Southern New England Ultraviolet Co., Middle*
ton, Conn.) which resulted in the crosslinking of peptide
to SSA via'the photoaffinity probe. For the most part, the
peptide-BSA conjugate was purified by reverse phase HPLC on

a Synchropak RP-8 column (250 X 10 mm; flow rate‘oft4‘m1/
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min., obtained from Synchrom Inc., Linden, Ind.) using a
gradient of 2% B/min where the solvents A and B were the
same ae brevious]y described. The peptide conjugate ET1-BSA
(or AcP(1-12)-BSA) was the.only exception and it‘wes puri-
fied as described by Worobec et al (1983), using a 1.6 X
100 cm Sephadex G-50 column eluted with‘fﬁmM HC] at a flow
rate of'10 ml/hour. The ratio of peptide to BSA was usually
1- 3 pept1de 1 BSA but ET1-BSA was also obtained at a 72
vpept1de.1 BSA by comb1n1ng 20,umoles of modified peptide
with 0.1 pmole of BSA (a 200:1 ratio) and photolyzing for
90 minutes. These ratios were ceﬁculated.by the amount of

radioaetivity in each eample.

'H. Immunological Methods

1. Ahtieera productioh

Anti-pilus poly:aonal sera.used in pilus ahtigenic
structure determination was obtained from female New Zea-
land white Eabbitsu 100 pg of pure pili (in sterile 0.9%
NaCl) and an equal volume of Freunds comﬁ]ete ad juvant .
(B fco) were thoroughly mixed by passipg the so]§%1qm Hack
- and forth through a double hubbed needle attached to two
syr1nges Th1s m1xture was injected subscapular]y and in
the gluteal region of the rabbit. The; §ame procedure was

done 2-4 weeks later except that Fredﬁ%ﬁ incomplete adju-

vant was used. The rabbits were bleq¢¥rom the ear vein 2

‘23 .

. 6
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weeks later and sera titered using the ELISA described la-
ter in this section. Usually titres of 1/1 -5 x 106 were
obtained If lower titres were obtained, a second injection
of the prote1n was necessary and done as above using incom-
plete adjuvant. The rabbits were bled at two week intervals
until the desired gquantity of sera was obtained.

Anti-peptide BSA antisera, used in early studies of
the immunogenicity of EDP208 synthetic pept1des, were pre-
pared by 1n1t1a11y 1nJect1ng ‘the rabb1ts subcutaneously at
several sites w1th a total of 600 ug of the peptide conju-
gates in complete adjuvant. This was followed with a boos t -
er injecti;n one month lateﬁ_with the same amount of pro-
tein in incomplete adjuvant. The rabbits were bled from the
‘ear vein at two week 1ntervals after the final injection.

Pilus specific mur1ne ant1sera used to determine
which mice tovuse‘for monoc lonal ant1b6dy prodqction, was
made using an aﬁfernate proéédure. Femé]e BALB/CCR mice
were injecfed intravenouly’via thé tail vein with {0 Qg of
purified CFA/1 pili in 0.2 ml of saline. One week later, a
second 1nJect1on was administered. The mice were bled from
the tail vein one week after the final injection and the f/
titre of the sera determined by ELISA. The mice w1th ‘the
best titres were selected for monoc lonal antibody.experi-
ments. | |

" In the cdse of both anima]’types, pre-bleeds were ob-

tained prior to any injections and sera tested for any
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reactiQity in-an ELISA to the protein in question. In the
studies presented here, anti-pilus specificity was neglig-

ible prior to injection.

2.Immunoblot procedure Q :
Proteins and peptides were transferred from SDS-°
polyacrylamide gels to nitrocellulose and reacted with
anti-pilus or anti-peptide conjugate antibodies, followed
by antibody-antigen complex detection using 1251 jabelled
Protein A. The procedure was similar to that of Iowbin et
al. (1979) except that 1251 labelled Protein A was used
instead of 1231 labelled sheep immunoglobulin G (IgG).
After electrophoresis, proteins were transferred to
nitrocellulose paper using an Electro-blot Apparatus (E-C
Apparatus Corp., St. Petersburg, Fla.).hBriefly, the gel
‘was plaéed on a piece of filter papér, which was previouéﬁy
wetted With the'trﬁnéfer buffer, and placed on the cathode
side of the e\eétrophoresis grid.-The gel was over layed
with a piece of nitrocellulose (0.45 pm, Schieicher and
Scheui]) which was pre-soaked with distilled water. Ali air
bubbles which were present between the gel and the nitro-
cellulose were gently removed by rubbihg,.after which the
entire‘comp]ex wasfcovered.with a second piece of wet fil-
ter paper. This "sandwiéh" was he]d in place on the grid

with several layers of Scotch Brite pads (3M Company), and

the grid was closed and lowered into the electrophoresis

)
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- tank containing‘enough transfer buffer to cover the grid.
The transfer~buffer.consisted of 0.025 M Tris-HC1, pH 8.3;
0.192 M glycine and 20% (v/v) methanol and was stored at
40C until use. The transfer buffer was circu]ated‘through
the tank with a pump during the procedure to enhance 6001-
ing. Electrophoresis waé carried out for 2.5-3 hours at 4
mA/cm2, at which point prote1ns up to 68,000 daltons
were completely transferred as é;tected by Coomassie blue
staining of the transferred gel. Samples were rout1ne1y run
in duplicate during SDS-PAGE to ensure thatvone half of the
gel could be stained while the other half was transfer-
red. |

Pilin, peptides or peptide conjugates bound to nitro-
pept1de conjugate ant1bod1es followed by rad1oa9t1ve Pro-
tein A (Protein A specificé]ly binds to the Fc portion of
IgG and some IgM’s)} After transfer, the nitrocellulose pa-
per was placed in 25-50 ml of Buffer I containing an appro-
priate dﬁ]utionlnf rabbit antisera or mouse monoclonal
antibodies (1:25 to 1:250 dilutions were used in these
‘studies) and 1ncubated overnight a* 370C with constant
.shak1ng Buffer I consists of 150 mM NaCl 5 mM EDTA, SQ;mM’
Tris-HC] pH 7.4, 0.25% (w/v) gelatin and 0.05% (v/v) Noni-
det P40 (nonionic detergent P40, an octyl—phenél-ethylene-
oxide condensate containing an average of 9 éthy]ene‘oxide

per molecule, obtained from Sigma Chemical Co.). This' was

1t



followed by a 2 hour wash1ng step in 50 ml oﬁ Buffeﬁ%‘
370C w1th shaking. 1 pCi of 1251 Prote1n A 1n 50 m? bf'
‘Buffer I was added and incubated at ~37©C for 2 hourq W1¢h
constant shaking. The paper was then br1ef1y r1nsed wk%h xWﬁ
gistilled water and washed with Buffer 11 for 1 heur at’ @,}
'370C, with shaking. Buffer Il consists of "1 M NaC1v 5 mM
'lEDTA, 50 mM Tris-HC1 pH 7.4, 0.25% gelatin and 0.4% (w/v)
sarcosyl (97% n-lauryl-sarcosiné, from Sigma). Since this
Quffer has a High salt and detergent content, limited ex-
posure to the paper is recommended to ensure that the pro-
teins are not removed from the paper. The paper was finally -
rinsed with distilled water, then thoroughly dried prior to
autoradiography using Kodak X-OMAT AR film. The film was
exposed to the paper at -70°C for 2-7 days and developed

using a Kodak X-OMAT automatic developer.

3: Immupoglobulin G isolation

Pilus spgcific IgG was isolated from po]yé]ona] rab-
‘bit sera or mouse ascites fluid.using a Pharmacia Protein A
Sepharose CL-4B co]umn. One gram of freeze dried Sepharose
Was swollen for 15 minuteé in 2.5 ml of‘PBS and placed in a
10 ml syringe, to act as column. The column was equilibrat-
ed with PBS. 1-2 ml of serum or ascites fluid was filtered
with a 0.45 pm Millipore filter and loaded on the column.

" The sample was washed through the column with 3 volumes of

PBS. One m] fractions were collected and the absorbance at
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280 nm was measured for’ each frack on This effluent con-

tained all serum proteins excluding 1gG. The IgG bound to

-

the co]umn was eluted. wx‘h 10 w1 of 1.0 M acetic acid. -
Aga1n, 1 ml fract1ons were: co]lected and the absorbance at
280 gp measured A- large peak was observed, fract1ons were
pooled and dialyzed against PBS or distilled water. All
fractions were tested for anti-pilus actijty in.an ELISA. -
The resulting IgG was stored in the presence of. NaN3 at
-200C until needed. The ooncentration of IgG was deter-

mined Using the relationship Apgg = 1.6 for a 1 mg/ml
solution of 1gG (Watters and Maeliche, 1983) .

'{4 Preparat1on of Fab fragments from IgG

“¥ pilus specific 1gG, purified from rabbit antisera us-
3%

 ing-Protein A sepharose CL-4B affinity chromatography (as

' descibed in Section H.3), was subjected to papain digestion

to obta1n Fab fragments according to the procedure of
Porter (1959). 3 5 mg of 1yoph1111zed IgG was resuspended
1n 1 m] of d1gest1on buffer (100 mM NagPO4, pH 7.2; 10

- mM cyste1ne and 2 mM EDTA). A 1:100 (w/w) ratio of;pgba1n
to 19G was "added and d1gest1on allowed to proceed for 16
nhours at 37°C Digestion was stopped by the addition of
.enough 1odoacetam1de to make a final concentratxon of 0.15

:t M and. any 1nso]ub1e material was removed by centr1fugat1on

,;‘1n a microcentrifuge. The- supernatant was loaded on a Seph-

‘adex G-100 column (1 X 37 cm) equilibrated with a ‘buf fer Q%



made by combmmg 100 ml of 0.1 M Tris- HC1. pH 7.2, 100 m1
of 0.067 W NagP0g pH 7.4 and 800 ml of 0.14 M NaC, The
column was run at a flow rate of 20 mls/hr Fractlons were
collected using a Pharmacia. Frac 300 fract1on collector and
fract1ons mon1tored ‘by a “Pharmacia single path UV § mpnltor
set at 280 nm. Two peaKs were routlnely observed These |

“ fractlons were pooled and checked for the presence of Fab
;by SDS PAGE and by pass1ng the pools through a Prote1n A

"Sepharose column One pool usually conta1ned und1gested IgGg

‘»';and oound to the Prote1n A column The other ‘woo d1d not

i b1nd to the Prote1n A column and was found to be - Fab The -

_~Fc port1on became 1nsoluble and was removed by centr1fuga—
§t1on pr1or to load1ng the sample on the G- 100 column Maxi=

“ mum yLeld of pure Fab was usually 25% of the input IgG (on
. a: molar ba51s) |
5 ELISA*assays - rf“c "5? ?_

N 1%

“The pPlnClpleS of the enzyme l1nked 1mmunosorbant as-.t“

fsay (ELISA), used for the detect1on of p1lus spec1f1q ant1<

©

;sera,‘IgG,_an ‘ ,b were descr1bed by Voller et al 3 874)
The as ed sin- this study were mod1f1cat1ons o{wthe";f7
orf lnal assay?lMlEroté}re‘olates (Dynatech Immulonhl ,: ”
| lates. Alexandr1a, ‘Va. ) we e coate w1th 200" JAE per well
of a 5 ug/ml of pur1f1ed p1l1, p1l1n or pept1de congugate‘y‘
‘ *ng(b"ffer (pH 9. 6) ?or' '

hours , at”4°C in a motst chamber h1s represented a

<
S
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saturating conpentration of protein. The antigen Saturated
we11s were ‘washed 3 X 3 m1nutes W1th PBS conta1n1ng 0.05%
(v/v nggn 20 (PBS T) After wash1ng, the plates were in-
cubated for 2 hours at room temperature W1th 200 pul per |
we]] of the appropr1ate d11ut1on of ant1body 1n'PBS,T-con-
ta1mng 1% (w/v) BSA (PBS- T -BSA). The presence of BSA'p‘re-
;'vented the non spec1f1c attachment of ant1body molecules to ‘“
the microtitre wells, resu1t1ng in- false A4 %ead1ngs
{Unbound or excess antibody was washed Jayay ;ntQ*BBS T and
rema1n1ng ant1body ant1gen complexes 1ncub5%ed w1th goat-
anti-rabbit (or mousel IgG conJugated to a]Ka11ne phospha- |

J'Atase (tha1ned from Boehr1nger Mannehe1m Corp , or Slgma

~and used'at a 1:1000 dv]ut1on for sera and "1gG or at a 1:

¢

; ; 500'dilution for'Fab) for 2 5 hours, at room temperature

'1.t1me (usua11y about 15 m1nutes)

"The plates were. then washed’ and ‘the a]Ka11ne phosphatase o
_ffsubstrate P- nt;c gheny] phosphate (S1gmar104 substrate u
\ tatﬁ”&é’ at Qﬂrﬁﬁ%let was adifed as a 1 mg/mq so‘lut1on in
'10%34v/v) d1ethanolam1ne After an appropriate ttme inter-. .

| ywl the abSOrbance at 405 nm was determ1ned with a T1ter-

‘eMu1ttscan ELISA p]ate reader (F]ow Laborator1es Canada2 "

';s1ssauga, Ont. ). The t1tre of 1nd1v1dua1 ant1sera wés

calculaked u51ng a lxnear regress1on program where X =‘(1/
AAnt1body d11ut1on) and Y = (1/A405) The t1tre or end

point was descrtbed as the ant1body 811ut16n requ1red to -
[ =B

‘obta1n an A405 of 0 05 after a predetermtned ]ength of .

e .
; . ) N wel T
v ’ E Al - )4 4 RSN

o R
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To compare the ability of synthetic peptides, native
peptides, peptide conjugates and whole ptli-to interact
‘with pilus speettﬁe anttbodies,ta‘cpmpetitionuELiSA‘similar
.‘ to that described by.dolivet‘gt gl.‘(1983)‘was'used; Micro{
., titre-p]ates-were COated wtth whdﬁe.pili‘as described .
Mgbove Var1ous concentrat1ons of compet1tors (synthet1c
gpept1de pept1de conJugate or native fragment) or whole
p111 were 1ncubated with 25 50 pmol/ml of p11us Spec1f1c
*1gG or Fab in PBS-T-BSA ﬂpr 1 hour at’ 370C then over -
night at 49C. A11quots (200 pl) of each compet1tor/

. ant1body ‘mixture were then transferred to the p11us coated
vwells and allowed to 1ncubate fbr 2 hours, at room tempera-
ture This allows any uncogplexed ant1body to react with
the p111 attached to the wells This ref]ects the ab111ty -

!ﬁhof the compet1tor to 1nh1b1t the pilus an%ﬂbody 1nteract-
ion. After washing, the ant1body pilus complexes were quan-

- t1tated colortmetr1ca11y as prev1ously descr1bed using theA
a]Ka11ne phosphatase aSsay The results were presented
graph1cally, using sem1—1og graph. paper where the absc1ssa
was eXpressed as compet]tor concentratfon and ‘the ordinate,

as % jnh1b1t1on. Percent inhibition was calcu1ated as foﬂ-

1owg;'»_, . SR '.2. ‘. :

%“INHIBITIONA= (Aho5 COMPETITION X 100)- - ¥100

|

{/%~ " A4os NO-COMPETITION . p \*«\

:The né compét1t1on" Values were obta1ned by perform1ng the

‘°ELISA w1th the same concentrat1on o@)ant1body used in the



o

: ‘*atmn of tota(pleen ceTls was, ’( 108 NS1/Sp2 ceTLs |

5connect1ve tissue rema1ned beh1nd The spTeen ceTTsU:Fre

| é4
compet1t1on mixture, but without any compet1ng prote1n
Each vaTue represents an average of 3 5 readings.. The re-
su]ts from this type of experiment were quantitaied by the
1- 50 -which is the concentrat1on of the compet1tor required
to g1ve 50% 1nh1b1t1on The 1-50 ‘was aTso used as the d1-
rect measurement of the aff1n1ty b1nd1ng constant, ak, as

descr1bed by N1eto et al. (1984). : .

1. Monoclonal Antibodies

a

Hybr1dom5 production and propagatton

Two nga]e BALB/CCR m1ce, ‘which were pr1med w1th

'( i :‘\

CFA/1 p11f3~§s

--e3cr1bed in th1s chapter, Sect1on H 1 were

boosted by. “ntr.venous anect1on of 10 ug of p1T1 Four

’ vgaws Tater; the an1maTs were sacrificed by cerv1caT d1sToc—_

myeToma cells accvrd1 g to the proceure of thler and

Milstein (1976) Spleen ceTTs were 1solated by gentle maEh— ‘

ing of the spTeen 1n a mesh s1eve This procedure allowed
the spleen ceTTs to effuse through the sieve, wh11e the
resuspended "in FCS free RPMI med1a and washed twice pel-
Tet1ng the - ceTTs at 800 X g, for 10 m1nutes The ceTTs were
counted and the v1ab111ty checked by diluting in¥. 4% try-

pan blue and count1ng‘§g a hemocytometer The f1naﬁ concen-
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were washed and a fingl COncentration of 1.0 x 107 total

vceTTs was used for the fusion (spTeen:myeToma cell.ratio of

20.1). The fusion was performed using 1 ml of 50% (w/v) PEG

1480 (Dow Chemicals, in RPMI med1a) The fused cells, sus-

A

gnown'in RPMI

pended in RPMI plus 20% FCS, were pTated out at ‘a dens1ty o

of 1 x 107 ceTTs/tOO pT/weTT into Linbro 96 well micro- .

titre plates and incubated at 370c¢, w1th 7% carbon diox-

 ide and 95% ‘humidity. HAT media was added to each well on
f‘fday 1 and fresh HAT added on days 2, 3, 5 and 8 after the
1fus1on On day 8, the resdﬁ[ing supernatant soTut1ons were :
: screehed for ant1 -CFA/1 antibodies by ELISA (described ®e-

.,0

1ow ThgwweTTs showing the highest antibody levels and

hav1ng v1s15§§ clones, were subcToned by d11ﬂ£1ng'the weTT‘
contents to 1oo*cells/m1 in RPMI plus HT and add1ng 20 pl

“ of th1s s&Spens1on to’ 1 0 pl of 107 normaT mouse erythro- »

Lo

A

were . subcToned w1th each cTone occupy1ng a separate pTafe T

cytes per weTT of a 96 weTT pTate F)ﬁ; or1q$na1 cLones h

!,Q

The final. ceTT concentrat1on for subcTon1ng was 2 ceTTs/

well. ﬁf&er 6 day F growth the subclones were screened‘.’

by tHe ELISA afd. 10 cj]ones with the h1ghest antibody Tevel@
were seTecte for fufther growth. These 10 clones were

£20% FCS until they reached a density at
which the ceTTs cou]d be frozen Cells were usuaTTy frozen

in the presence of 20% DMSO in FCS at den51ty of" 1 x 107

‘ ceTTs/ m1 accord1ng to the procedure of Kohler and M1Tste1n

(1975)&5F1vesof these 10 monoc lones were chosen onéahe bas- e

| ) . : . Lo LN o ' . a,
£ , . Yo 59 . o A

-



tﬁitic fluid

r

_ =g
ter,- the mid

’nmonoclonaT Spec1f1c1ty

-%uhon oP EFA/1 pih for 6”-8 hours at 4°C After wash-

ERARRY:

is of antibody titre for antibody amp1if1cationftn.mouse

LS

ascites fluid. , = S

BALB/cCR mice (5 mice per monoc lone ) were 1n¥ected

2 Production of ascitic fluid

1ntraper1toneal]y with 100-200 p1 of pristane (2,6 YO 4-

tetramethy] %entradecane Aidrich Chemicals) at least 2

weeks pr1ot to use for asc1tes product1on They were then
Nf’kﬂa E
K+ fo

'f‘ed d1stended’:at which point the asc1-

was centr1fu .8, 000 X g to remove cells and debris,

‘ then f11ter ster111zed us1ng a 0.45 Jm M1111pore f11ter

The monoc lones treated in this fashion were called WPC- 1

3 5 and 6 and were used- for a11 further stud1es‘W1th CFA/1

-monoclonal ant1bod1e§v kA S .
L , e \\,~A!'V

o "ot

3. ELISA for hyg?ddﬁa,screening, titre determinatiiy/and
, . .

&

The EL&SA*used for hybr1doma screen1ng was a mod1f1-

‘;t1on of the proceduré of Vo]ler et al. (1974) and srm11ar
3 .
‘ to that descr1bed ;;JFect1on H 3 of th1s chapter Briefly,

A

4 *

ours after 1rrad1a-

ed u31ng an 18 gauge needle The f1u1d;'

im1crot1tre plates wede coated W1th 100 u1/we11 of a 4 ug/m]

1

i
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1ng, the plates were 1ncubated w1th 100 u]/wel] of superna-
tants ‘from the growing hybr idomas for 16 hours at 4QC |
-Anti-CFA/1 p11us ‘specificity was deteéted co]or1metr1ca11y

, using goat -anti mouse IgG conJugated to a1Ka11ne phospha-

" tase (1500 dilution) and the alka11ne phosphatase sub-

-

strate p- n1tro pheny 1 phosphate Absorbance at 4@5 nm was

determ1ned as described prev1ous1y _ ﬂJ VLA‘ , 5'1;‘ .
For titre d@term1nat1on and spec1f1c1ty of ant1body %

produced in ascites (WPC 1, 3, 5 and 6) and supernatahts B

~(al 10 monoclones) the ELISA was as descr1bed above.

’ except ant1gens were al]oked to coat the wells for 16 hours

and the ant1gen saturated3we1ls were lncubated for only 2

hours with various d11ut16ms ‘f the ant1body source (in

'PBS T).

- .‘ e
. <9 . B

wh .
4. Class determinatijom of CFA/1 mono%al antibodies

‘r:' Asc1tes f1u1d frpm WPC-1, 3} 5 and © and the super-
.natants of the rema1n1ng 6 CFA/T monoc lones were used in
the ELISA as descr1bed above in order aaadeterm1ne their <
1mmunoglobu11n isotype. After coat1ng mi€rotitre we1ls w1th
CFA{1 pili, the‘sudernatants'd11uted 1:3 (starting with a
1110 dilution) and Hscitic fiuid diluted 1:5 .(starting with "
a 1:50 dilution) were added and plates'thCUbated for. 2
‘hours at- room temperature Th1s was foldowed by 1ncubat1on \\
“with goat anti mouse 1gGy, lgG2a, \IgG2p, 19€3 and& : Wﬁwﬁe
-IgM conJugated w1th alkaline phosj\atase (K1nd1y donated by
. . ) W

PN )
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*B. S1ngh University of Alberta, Edmonton, Alta.). The
A405 determ1ned after the add1t1on of the substrate was
used: to dtst1ngu1sh the 1sotype of the part1ou1ar monoclon-
al ant1body In all cases, only a single 1sotype was recog-
n1zed for. each ant1body T\?s wap ‘also add1t1ona1 proof |

vthat the ant1bod1es were monoclonal

J. lodination
s Mt - -pilus IgG was 1odinated using 1,3,4, 6-tetra-

chloro 3 a]pha, 6 a]pha d1pheny1g1ycour11 (lodo-gen, ‘ob-
tained from P1erce Chenngali) 100 pgpof purafted lyoph111»
1zed IgG was d1i§olved in 0. 33¢M sodlum phosphate pH 7 4 -
and transferred to a 12 x 75 mm tube which was precoated
with 40 pg of Iodo-gen (20 pl of 2 mg/ml lodo-gen in chlor-
oform dried. onto the bottom of the tube under nitrogen

gas). 0 '5 mCi of Nal251 was added and the mixture incu-
bated for 60 seconcs. The reaction mixture was removed from
the Iodo gen tube and transferred to a second tube contain-
ing PBS with 0.1% 854 and 0.1 K1 Th/is stops thg iodina- )
- tion - process 10 pl of thls sample was’ removed d11uted 1n

. 2.5 ml PBS and 10 pl of the diluted material. éounted Thls
value was then used when ca]culat1ng the spec1f1c act1v1ty
of the 1abe11ed prote1n The rema1n1ng react1on mixture was

passed through a.G- 25 column {1 x 10 cm) which was equ111b-

rated with 1% BSA in PBS The 1od1nated IgG Was e]uted with-

v
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PBS. One ml fractions were collected and 10 pl aliquots
were counted for 2 minutes using an LKB 1270 Rackgamma 1l
counter .- Peak fract1ons were poo]ed and subJected to TCA
_precipitation to determ1ne which pool contained the pro-
tein. TCA precipitation was performed as follows: 25 pl of
each sample was mixed with 1 ml of 1% BSA in PBS and!O.S‘mTi"
I ,of ice cold 10%V(V/v) T;A for TCA + samples or 0.5‘m1 of
;@%%tPBS for TCA - samples. Protein waé a]lerd to precipitate
NF%fer 16 minUtes on ice, .then the tubes were centfifuged at
'§;$QO x g to remove the precipitate. 25 pl of g:ch supernat-
n ant W&s counted for radioactivity. Spec1f1c act1v1ty was

wu&$a1cu1ated using thé fo]]ow1ng formula:
¢§ﬁ£?5pec1f1c = Tota1 cpm Added X TCA Preclg;tab g Fraction

?’1

f a?» Activity g Protein Addad
gy
', TCA Precipitable = (cpm in (TCA- - ) - cpm in (TCA + ))

cpm in (TCA - )

e Fraction -
!ﬁ% ”fcpta-l recovery, which represents the amount lr protein r‘e-‘
. -4.:5

.k ‘L\.JJ

ubved fPOm the column was calculated usnm;fhe following

equat1on

o N ¢ S M

TQtaluRecovery = cph it pool X TCA Precipitable Fraction
. Specific Activity |
Theuiodinated protein was ﬁun on.a §h$ pdlyacqylamide gel..

The gel was dried using a. BioRad Model 224 Slab Gel Dﬁyer

ey,
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and set up for‘autoradiography using Kodak X-OMAT AR film.
This was done to g¢stablish the émount of iodine in the IgG
and in the BSA carrier protein:}Usually the majority of

counts were localized to the 1gG molecules.

K. Affinity Chromatography .

1 Preparatvon of Activated CH Segharose 4B-1igand column

; .The general procedure for coupling 11gands to ‘Acti-
vated CH Sepharose 4B was as descr1bed by Pharmac1a Brwef—
1y, 0.5-1.0 g of freeze dr1ed Activated Sepharose was plac-
ed in a s1ntered glass funnel. 20 m! of 1 mM HC1 was added.f
and resin allowed to swel] for 15 m1nutes The resin was .
then w:shed with 200 ml1 of ice cold 1 mM HCl-while 1n the B

funnel and under vacuum. SiXx mg of synthet1c pept1de AcP

ﬁwff;ff con;ugated to 8SA (14c-gly at 400 cpm/mol) or 1 mg
: of ‘synthetic peptide AcP(1-8) (also 400 cpm/nmo]) was digdf
solved in 2.5-5.0 m1 of 0.1 M NaHCO3 and 0. 5 M NaCl pH
8.0. These two species represent the N- term1na1 peptide of_
EDP208 pilin. Several aliguots were removed‘ spotted on
WHatman 3 mm filter disks and 10 ml of toluene sc1nt111a-
 tion fluid was added to the dr1ed d1sks The disks were :
" ythen counted in a Beckman ‘LS §800 sc1nt111at;on counter ..
The washed resin and the prote1n solution were comb1ned in
a 10 ml d1sposab1e syringe (t® act as the column appara- \7

tusL, then mixed by inversion for one hour at room tempera-
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ture. The effluent whis collected and column washed with 2
column volumes of the reaction buffer to remove any unat-
tached protein. The unreac;ed grodbs on ¢ he sepharose were
blocked by incubating the column in 0.1 M ‘Tris HC1, pH 8.0

" for one hour at room temperature. The effluent was collec-
ted and the‘co1umn washed with alternating column volumes
of 0.1 M sodium acetate 0.5 M NaCl pH 4.0 and 0. 1 M Tris-
HC1 pH 8.0. Th1s was done 5 t1mes, then washed w1th a f1nal
5 volumes of PBS. 2-3 ml fract1ons were collectgd at each
.stage. 500 p] aliquots from each fraction was mwxed with 10
ml of AC&@and counted in the sg1nt111at1on counter. Gener-

‘ ally, approximately 50% ef the 1nput prote1n or .peptide

remained covalently attached to the co]umn.

% . . . } ’
2. Affinity purification of ar’to‘s, pilus. specific

o & . o .
ant ibodies o ¥ | % .
ya ' ""The gehe?al procedure for affinity punijjca@ﬂqmwoﬁmﬁg

antibodies was the same whether using a 100 pl aliguot of
the column or the whole co1umn and was as fo'llows m1 8f
pure .IgG in PBS was added to the resin and incubated with
Eonetant mixing fo; 2 hours fat 370C. Depending od the IgG“
preparation, 1 m] conta1ned 0. 35 to 0. 79 mg TheAfate of
the‘:\iut IgG- was monitored either by fo]\ow1ng the absor-
bance .at 280 nm or count1ng a11quots at each step in the

‘gamma counter, when’ 1257 1abe11ed IgG was used The effiu-

ent was collected,” either by pe]let1ng the resin in an Ep-
. f N
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pendorf Centrifuge 5414 for 30 seconds when 100 di'of the
resin was used, or by elution from the 10 ml syridae col-
umn when a large amount of I1gG was used 1h the experiment.
The resin was washed W1th geveral volumes of PBS‘end 1 ml
fractions were collected. After the final wash, 1 m] of 6 M
guanidine HC1 in 0.2 M ammonium bicarbonate, pH 8. 4 qps ad-
ded and the res1n was incubated for 1 hour at 37°C. The
effluent was collected, the resin washed with.PBS, and the
fractions collected as above. The unbound antibody in the
first effluent was pooled and stored at - 200C. The bound
antibody, which was removed from the resin by treatment‘V
with 6 M guanidine-HCl, was podged and dialyzed overnight

againet distilled water then stored, at -20°C. -

3. Characterization of affinity purified antibodies using
ELISA - - | o
' ‘The-speéificity of:the three Spectes df adti-EDPfOéf,
" pilus specific antjbody obtained from affinty»chromato~
graphy with Activated CH SepharosefAcb(1-8) ot AcP(1-1Q)-
BSA were examined using both typ8s of ELISA described in
'Sect1on H.5 of this chapter In the regular ELISA m1cro-
titre wells were coated with 5 pg/m] of EDP208 pili and 5
ug/ml_ovacP(1-12) BSA. The three types of Igﬁ (1nput, un- .

bound and bound) were serially d11uted start1ng with 25

pmol/mi and used in the-assay. Ant1body—antlgen complexes L

5 JRIN
were detected ccﬂommetmcaﬂy usmg gdat aﬁrﬁﬂtq}‘ Bt 1
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alkaline phosphatase followed by p-nitropheny]l phdsbhéte.v

o

L. Lipopolysaccharide (LPS) Purification and Ang!zsig

1. Rapid identification of LPS type

Bacteria were greWn overnight at’37°C on Pror -

mally used For pilus purification. The bacteri‘ e gently
scraped from agar plates and ‘suspended in PBQ;GE é densjty
of| 109 cells/ml as determined by adjusting mﬁ‘b.o. at
0 hm to 0.12. One ml of the suspension was pelleted in an
ppendorf m1cr0¢entr1fuge Model 5414 for 5 m1nutes The
supernatant was removed and pellet suspended in 50 ul- of
Laemmli sample buffer containing 50 mM DTTu(see Section D
" of this chapter for speci#ications). The solution was soni-
cated 1n a Branisonic 220 son1cat1ng water bath and then
boiled for 5 m1nutes After c0011ng, 10 pl of proteinase K
{EberingeEvMannheim Corp., 1 mg/ml in Laemmli sample buf:.
-fer) was added. The’samples were mixed well and incubated
for 2 hours at 600C with intermittent mixing. Aliquots
‘were then rebolled for 5 m1nutes and 16 p1 of each were
loaded on a slab ‘gel for SDS- PAGE After electrOphores1s,
‘the gel was f1xed overn1ght and s11ver sta1ned Both gel
preparat1on and staining were d15bussed in Chapter I1,
Sect1on D The presence of a 1adder indicates smooth LPS.
& The absence QF a Iadder (a ser1es of 511ver sta1ned bands

o
represent1ﬁg,the range of mu1t1p1e repeat1ng oI1g®sacchar-

w

=g o
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< - ide linkapes on the LPS core) but presence of a 1ow molecu-
lar we1dht band repmesents rough . LPS
2. Purifieatien of ﬁs by Hot PHenc1-Water extract fon
LPS pur1f1cation was ac%ording to Westphal and dJann
‘J(1965). Bacteria were grown overnight on six, 14.4 cm dia-
meter petri dishes containing the apprepriate agar. Bacter-
ia were removed by gentle scraping and washed once in water
and pelleted by centr1fugat10n at 8000 x g. The pe]met was
wewghed to get an est1ma€g ‘of the amount of bacteria. 0. 7 -
1.5 g of pelleted bacteria was used in these experiments.
35 ml of 700C double distilled water was adde"to suspend
the pellet. The sample was. reheated to @9°C and mixed |
with 35 ml of preheated 90% (v/v) agueous pheno} for 15
m1nutes at 70°C The mixture was cooled and centr1fuged
at. 5000 x g for 50 minutes after wh1ch three layers were
observed an insoluble residue in the bottom phenol phase,
wh1te 1ayer at the phenol-water 1nterface and a s]1ght1y
opaleseant top aqueous 1ayer The top aqueous phase con-
ta1n1ng th% LPS, was carefully removed. The rema1n1ng phen.
ol layer was re- -extracted once more with water The aqueous
" 1ayers were‘Fooled and the LPS prec1p1tated by add1ng 1 mg/
mﬂ of dry sod1um‘%cetate and 3 vo]umes of acetone,- and in-
cubat1ng overn1ght at -200C. The prec1p1tate was removed
by centr1fugatwon at 8000 x g for 10 minutesjsThe pellet

was washed f1rst with 70% (v/v) &etone then '100% acetone.

" 3
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The final pellet was dr1ed under n1trogen The peT1et‘was .

'_resuspended in 10 ml of double d1st1lled‘water and centr1-

J
fuged at 45,000 rpm for 2 hours. in a BecKman k2 GSB cen-

trifuge, us1ng a Beckman 50 Ti rotor The supernatant was

removed and. the peliet was resuspended in more water and

recentr1fuged. The final pel]et was resuspended in a min- .
imum volume of water and lybph111zed Y1elds _ranged from

1-8 wt¥%. Pur1ty was checked by SDS-PAGE. Annunt of conta-;

m1nat1ng prote1n was chec ed by the'Lowry procedure (1951)
and found to be less than 1%, bvae1ght.

h3 Detect1on of LPS spec1f19 ant1hod1es byaELISA

y\

. To check 1f any: LPS was co- pur1f1ed with var1ous"
},types of wili, both direct and compet1t1on ELISA’é were £
done us1ng ant1 p11us ant1sera The d1rect ELISA’ was a mod-
’1f1cat1on of that descr1bed in Chapter II Sect1on H 5
'M1crot1tre wells were coated with 100 pl of the p111 exa-
mined as well as with 500 pg/ml of purified LPS from the
strain in quest1on The coated wells -were. then 1ncubated

?w1th 1/10 d11ut1ons of pre- immune sera p11us speC1f1c sera

or monoclonal ant1bod1es Ant1body ant1gen comp]exes were

detected co]or1metr1ca1]y w1th the alka11ne phophatase 3%

’

tem as prev1ously descr1bed -
| Compet1t10n ELISAs were done to determ1ne if LPS was

contam1nat1ng the pili used in prev1ous assays. M1crot1tre

5

wells were coated w1th pili as Before The compet1t1on mix-
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tures contained e1ther p111 or LP$S as the. compet1 .o‘ (\mth
LPS at a starting concentratton of 200,000 pmol/mi for '
-‘rough LPS and 300 pg/ml for smooth LPS). Ant1body ant1gﬁn'
»comp\exes were detected color1metr1ca11y us1ng alka11ne
phosphatase Percent inhibition was calcylated and the re-
su1ts-presented<graph1ca1]y by,p]ott1nd % 1nh1b1t1on versus

Co L
.competitor concentration. R ;

M. Bacterial Adhehence7A§says- X

BN . . . t
. ~ " . ¢ . .
. ~. S : . \

')

11. Adherence of H10407 bacteria toét1ssue culture cells
Tissue cu]ture cells were grown in MEM conta1n1ng 10%
| FCS to confluency in 24-well t1ssue cutture plates (0.5-2. 0

x 106 cells/well). H10407 bacter1a were grown overn1ght

- on CFA/1 agar. The bacter1a were then scraped,fpom/tﬁe aga# ?

| and gently resuspended in. L broth to 11$1t shearing p111A
from the cells. Thws suspens1on was checked for the pres-
ence (of CFA/1 and type tfp111 by:hemagglut1nat1ont(Chapter.
iI Section B) and by anttbody agglotination using 10 pl of
cells in 10 pl of CFA/1 specific ant1sera Bacteria were

| then diluted to 2- 4 ’x 10 10 CFU/m1 (Aggg = 0.2-0.3) in
\L-broth The adJusted suspens1ons were sertally diluted in t
' MEM Tissue cu]ture wells were washed with MEM, to remove
unattached ce]Ps and FCS conta1n1ng growth medium. To the
washed monolayers, 200 M1 of a 10~ 6 (conta1n1ng 2-4 x

\

Vo



- for [2-3 hours on ice. 100 pl of the 10-7 and 10-8 diflu-

t1 ns of the ‘fnput bacteria were plated on TSA p1ates to

~ determine the number of CFU added to the monolayer . After

1 cubat1on unattached bacter1a were removed and we]ls were

w shed with. three 0.5 ml a11quots of MEM. The washes were

"pooted and 100 pl plated on TSA p]ates. then 1ncubated

T\

overn1ght at 370C, AT exper1ments were done in dup11cate
and ‘the number of unbound bacteria was determined by count-
1ng the resu]tant colonaes The extent of bacter1a1 adher-

ence to FCS coated, cell free tissue cu]ture p]ates was _

‘ -determ1ned in the same manner.

‘&

2. Adherence of‘Ht04Q7 bacteria to‘rabbit,intestinal

cells o v

Rabb1ts rang1ng in. age - from neonates to 2 year old

adults were used for the exam1nat1on of attachment oF

H10407 pt and P’<bacter1a._Adherence assays were per-
formed using‘O 5 x 0.5 cm intestinal pieces. Rabbits were.
sacr1f1ced and the small 1ntest1nes removed The excised
intestines were placed 1mmead1ate1y in ice cold MEM t1ssue '
culture med1um then cut open long1tud1na11y The -intestinal

she\ts were gently spread open, "luminal surface up, on a

. ch111\d\gjass plate. Mucous was removed w1th cotton swabs.

The clean 1ntest1ne was then cut 1nto p1eces with a razor

b]ade and p1eces placed in MEM med1um in t1ssue culture

5
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plates. _\\Q, s

The adherence assay used was s1m1lar to that pre-

78

viously described The bacter1a were suspended in L- broth
and diluted as before . Adherence to p1eces was performed 1n
‘24 wel] tissue culture plates P1eces were placed in 200 p1
'.of MEM eontaining the f1na1 bacter1al suspension- (5-8 x ’“
103 bacter1a) After 1ncubation for 2 hours on 1ce,°the
sSpernatant so1ut1ons were removed from the p1eces which
| were then washed with three 0.5 ml a]lquots of MEM. The
wash so\ut1ons were pooled and 100 ul plated on: TSA\p1ates
~Thé results wereiQZQressed as percent of input bacter1a
funbound “ ’

| .
S1m11ar exper1ments were performed w1th p1g, mouse,

.
'guinea pig and ‘human 1ntest1na] pieces. The assays were .
identical ak 'resutts expressed in the same fashion as. that
previously described. |
o e
3. Adherence of H10407 bacterla}to human bucca] ce11s

}jw_ | The basic adherence assay used .was that descr1bed in -

' the p'ev1ous sect1on Buccal ce]]s were harvested by scrap- -

'~ner 11n1ng of the mouth with cotton swabs Cells
| were SUSpended in MEM and‘washed twwce by centr12rgat1on at
900 x g for 5#m1nutes Q “fs»were resuspended at approx1-
’ tmately 2 X7 106 cel]s/ZGﬁ p! and added to 1.5 ml microcen-
tr1fuge tubes Bacter1a were grown checKed for p111at1on

: and d11uted as descr1bed prev1ously 200 ul of bacter1a (5-



| . 79
8 x 103) ‘was added to the buccal\cells and incubated aS‘
,before Supernatant solutions were réhoved buccaI ce11s
were washed with MEM, and 100 pl of the pooled supen%atants
solution were spread on McConkey agar (thco) plates As
with Qhe other ‘experiments, bacterta] binding to microf e

tubes in the absence of buccal cells was. determined

-
t .
t

4. Adherence of.H10407 bacterta to‘hhman type A erythro-
cytes L | ! o |
- The presence o;CFA/1 p1H on H10407 bacter1a was de-~
tected by the ability of these bacteria 40 agg1utinate hum-
©an type A erythrocytes (Evans et al. 1977) Hence, the
ab111ty of H10407 CFA/1 P+ "and CFA/1 P- bacter1a to adhere
to erythrocytes ‘was exam1ned, us1ng the same assay desrkbed
previously in this sect1on Out dated human. erythrocytes
(obta1ned from the Canadidn Red. Cross, Edmonton Alta.)
were washed three t1mes in PBS contd1n1ng 1 mM Mg+2 and
' mM Ca+2) by centr1fugatton at 120 x g. Bacteria were
checked for p111at1on then adJusted to a dens1ty 2-4 x -
1010 &FU/m1. 50 uv. of a 10°3 d1]ut1on‘of the bacterial |
}suspens1on was m1Xed with 200 pl of a 2 x 108 cell/ml
erythrocyte*Suspens1qn in stertle 15 ml capped con1ca1
| centr1fuge tubeé and 1ncubated for 1 hour at 00C After
1ncubat1on “the red. blood cells ‘were pelleted the super—ﬁ
natants were collected and d11uted appropr1ate1y These d1-

' 1ut1ons were plated1 on TSA p]ates. along w1th ‘the appro-
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priate dtlUtions ot inpUt’bacteria For the esttmatton of
the nUmber of bacteria bound to the erythrocytes, the final
erythrocyte pellet was 1ncubated for 20 m1nutes. at 37°C
with 200 pl of Q 5% (w/v) trypsin. 100 pl of the trypsin-

' 1zed pe11et was plated on TSA plates. The resultant colon- .
_ies were enumerath and compared to the number of CFU addedr
to the assay to detertine the percent of bacter1a which
were associated with the erythrocytes (refered to as %
_1nput bacteria bound) . To determine the effect of this
tryps1n1zation on bacteria] v1abi11ty and d1vis1on the
appropr1ate strains of Lacteria were p]ated on TSA plates
before and after incub tion for 20 minutes, at 37°C in ¥

L B

0. 05% trypswn The st ndgrd cbntro] exper1ments were per-

h' formed 1n the absenc of red b]ood cells and the results

were expressed as % of input bacterra unbound. Incubat1on
‘-at 00C was chosen as the standard temperature to minimize
jbacter1a1 d1v1s1on dur1ng the assay. This assay was a]so
' performed us1ng types 0 and B blood with no s1gn1f1cant
difference in resu]ts} Type A blood was chosen as the re-
sult of convent1on 1n Keep1ng with the hemagglut1nat1on
‘studies done by Evans et al (1977).
To determ1ne if the adherence of H10407 bacteria to“
erythrocytes was p1lus specific, erythroéytes were pre1n-
cubated w1th 1ncreas1ng amounts of CFA/1 p111 for one hour 4
at 00C prior to perform1ng the adherence assay descr ibed-

ean11er Results were expressed graph1ca11y by plott1ng %
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bacteria bound versus concentration of combeting pil
To determine the effects of’neqraminidase and rypsin
on'p11us receptors; human type A qryfhrocytes WQre pre-
ftﬁeated wigh‘thése enzymes prior to performing the adher-
ence assays Two mg of, fryp§1n~(b0v1n§ pancreatic trypsin,
type III, Sigma Chemical Co ) were dissolved in one ml" of
PBS contaming { mM Ca*2 and f mM Mg+2 At SQ/cH\ution
of. washed packed erythrocytes was incubated for one "hour,
at 370C with a fina] concentration of 1 mg/ml trypsin,
Smg)of PMSF was dis-
n PBS). The same

The reaction was stopped with PMSF (6.7
solved in 1.0 ml of DMSO the diluted 1 19,
’procedure was used for the neuraminidase (Boehr inger- Manne-
heim, from Ciostridium,gérfringes) treatmqnt except'a final
éoncentration of 1.0 pg/ml was us;a}LThe binding'asgay des-
cr ibed eér]jer in this section was then per formed and the

percént.pf inéut bécteria bouﬁd tovthe erythrocytes was

calculated.



CHAPTER III

The Immunodominant Region of the EDP208 Pilus Protein

r A. Introduction

EDP208 conjugative pili are encoded by a derepressed

derivative of a naturally occuring lac plasmld Fo_gg ori-,

ginally isolated from Salmonella typhi (FalkowhjET"' G
1962). Armstrong et al. {1980) have shown that ED'yéﬁ:gilf
conta1n a single repeating po]ypept1de subun1t of 11, 500
daltons, each with a blocked N- terminusk More recently,
Frost et al. (1983) used 'H NMR to identify the block1ng :
“group as an N-acetyl moiety. They also determined the am1no
acid sequence of the 12 residues at the N teranus of §h1s
protein. This q?decapeptide was the primary product-releas-
‘ed upondigestia?\of the-pilin monomer with trypsinj'withf§.

out any further cgeavage in the remaining C terminal reg-
eV :

fon., '

The wish to chafabterize the immunological properties
of this EDP208 pf]in N-terminal dbdecapeptﬁde brought about
the studies discussed'in'this chapter. This provided a mod-
e] system in wh1ch it was poss1b1e to precisely delineate a,
ma jor ant1gen1c determ1nant using synthetlc pept1des and

peptide-BSA conjugates and sensitive 1mmun010g1ca1 assays

»
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such as ‘1munob1dttihg and competitive ELISA. These experi-
ments allowed us to 1dent1fy a’ ma jor antigenic site,” to,
deduce which amino acids were necessary for antibody-
antigen interactions and to determine whether the ant1gen1c
region was immunogenic. Theée stu&ies could provide a gen-
eral strategy for identifying ant{genic sites on other.pil-
us prote*ns. primarily‘fhosé which are virulence factors -on
’pathqgenié bacteria. They also pro;ide'the basis for poten-
- tial vacéine deve lopment thrqugh'the ué; of syntheﬁic pép-
tides. Finally,, the examination of the antigenic structure
of sUch proteins provides a useful strategy for the surface
. mapping of proteins, by:locatiné regions on the surface of
the protein that are recoghingle'by\the mamma lian immune

system.

B. Results and Discussion

1. Preliminary sfudies

As shown by Frost et al.(1983), treatment of the
EDP208 pilin monomer with trybs{n resulted in a cleavage at.
Lys12 to yield an N-terminal dodecapept1de, ET1 (Mr=
~1500), and the rema1n1ng C term1na1 fragment, ER (Mr=10,
000). ET1 will also denote the equivalent synthet1c pept1de
AcP(1-12), which has a C-terminal am1de instead of the free
alpha carboxyl group. Partia]'cleaQage also occured at

Lys8 to yield the smaller fragments ET2 (residues 1-8)
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and ETS.(residues 9-12). The sequences of these peptides
'are shown in Table I1l.1. To determine whether any of these
peptides were antigenic all four were purified acccording
{3) the method of Frost et al. (1983) and used in an ELISA
with ant ¥- EDP208 pilus specific antisere ET1 and ER showed
some reactivity with the antibody whereas ET2 and ET3 “
failed to. show any significgnt reaction with the antibody
These results suggested that both the N-terminal and C-ter-
minal»regions may contain antigenic sites. However, it was
difficult to determine whether the antigenicity of the EDP-
208 peptides was beiné masked 1n any way by their attachj
ment to a solid substrate in the microtitre we]ls To over:
come this problem, and the fact that the natxve fragments
were difficult to pur1fy 1n the quant1t1es needed for im-
munological studiesr the N-terminal dodecapeptide was syn—
thesized and cova]ently,coupted to e’§§A carrier protein.
The‘remaining.studies,were then performed with either syn-
thetic peptides~or thejr corresponding peptide-conjugates.

/V -~

2. $pecificity of antispilus antisera for EDP208 pili
Before proceeding with further experiments- to local-
ize antigenic sites on the EDP208 pilus prctein,‘the anti-
body source was examined for p11us specificity. We were
part1cu1ar1ly concerned with the poss1b11ty that the ant1-
pilus ant1serum may contain antibodies against the highly

immunogenic surface molecule, 11p0polysacchar1de (L PS)

QJ



TABLE 111.1 . .
’ . T

Amino acid sequence of tryptic peptides from EDP208 pilin

Peptide No. of Residues . Amino Acid Segquence?@
ETH 12 ‘ ‘Ac-Thr-Asp-Leu-Leu-Ala- Gly- Gly Lys
; -Asp-Val-Asp-Lys
ET2 8 " Ac-Thr-Asp-Leu-Leu-Ala-Gly- Gly Lys ..

ET3 o4 o -Asp-Val-Asp-Lys
l : . .

a.

Sequence from Frost gLAgl.'(1983).

Y
!
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which* could have co-purified with the pili. To test for
this possibility. "LPS was pur1fied from the E. goli strain
JC6256 (the strain used for EDP208 pili preparation) and
examined for its abilty to 1nteract with anti- -pilus ant1-

L3

. »
é%erum o

LPS from dC6256 waS‘deternined’to be the rough }ype,*
Ra, using the proteinase K digestion‘procedUre described 1in
Chapter 11, Sect}on L.1. Tﬁe LPS was then purified on a
larqe scale by the hot phenol water method (Chapter 11,
Section L.2) and checked for pur1ty by SDS-PAGE followed by
silver staining (Figure I11.1). The purified LPS was then-
“used in a direct ELISA (Chapter 11, Section L.3) to test

for the presence of anti-LPS antibodies in pre- immune and -

EDP208 pilus specific sera. In this thegis a direct ELISA

refers to 'an assay where: 1) ant1gens are used to coat the

microtitre wells, 2) antibody is added’ to the antwgen coat-
ed wells, 3) a seoond'antibody having alkaline phosphatase

crosslinked to it is used to detect the extent of the anti-

body-antigen interaction in 1) and 2). In both cases anti-

LPS antjbodiee were not detected.'The same LPS was then
used in the‘competition ELISA (Cnapter 11, Section L.3).
The . competition was performed us1ng purified 1gG from EDP-

208 p1lus specvf1c antisera and results are shown graph1-

cally in F1gure I11.2. Contrary to results from the d1rect

ELISA one -can see that pur1f1ed LPS was - capable of titrat-

ing out a small amount of anti-LPS IgG, but that the rela-

n . . ~

\



~igure 111.2 Competitive ELISA using purified LPS from
E.coli JC6256 as the competitor. Microtitre wells were -
coated with EDP208 pili were incubated with competition
. mixtures consisting of LPS, EDP208 pili and pilus
‘specific IgG. IgG was present as 25 pmole/ml in each
‘ m1xture Details of the assay are found in Materials
and Methods . , ;
Symbols: QEDP208 pili as the compet1tor* - ) dC6256 LPS
- as. the compet1tor ,

3 - . . ’ ' ]
. - N
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tive étrength of the LPS-IgG interactidn was approximate1y
1000 fold less than that of the p11us IgG interaction., It‘
is. therefore un11Ke1y that the ant1 -LPS ant1bod1es wou]d
1nterfere in any significant way in immunological assays

ihvolving‘antigenic determinants of EDP208 pilin.

3. Antigenic1ty and 1mmunogen1c1ty—of the N term1na1
dodecapept1de ET1 . | |

. The; N- term1na1 dodecapept1de was synthes1zed by sol1d
phese synthes1s, as described in Chapter 11, Sect1on G 2 '
‘and covalent]y coupled to BSA (ET1-BSA) as descr1bed 1n
Section G 5 of the same chapter The final pethde had the‘
seguence N- a]pha Thr-Asp-Leu-Leu- Ala- G]y Gly- Lys Asp Val-pV

Asp-Lys- amide which was 1dent1ca1 to the nat1ve seque“ce offp_

th1s pept1de The pept1de was coup]ed to BSA throug jf%e;,ffi?

*

_toreact1ve coup11ng reagant, The N hydroxysucc1n

of 4-azidohengoic-ac{d'(ABONSp). The pept1de conJugates hadfﬁﬁ
,ET1£BSA.ratios of‘2.8:i and. 72:1. The 7211 conJugate was e
used for immunizing rabbits to maKe anti-ET1-BSA antisera.
‘ . '
‘a) ELISA studies using anti pilus and anti ET1-BSA antisera:‘w
Ant1sera obta1ned from rabbits 1mmun1zed w1th either
pur1f1ed p111 or synthet1c ET1-BSA were prepared as des-

cribed 1n,Chapter_I;. Section F,i. The .antisera were used |

- in dfreet ELiSA’s‘to determinefthe exteht of interaction
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with pili, ET1, ER and ET1-BSA. ERViS the.insolubTe c ter-f
‘minal fragment obtained after trYpsin digeStion of the pi]a
in monomer . The ‘assays -were performed as descr1bed in Sec-
tion F.5 of Chapter Il and involved coat1ng m1crot1tre'
wells w1th saturating amounts of ant1gen, and 1ncubat1on
with d11ut1ons of the appropriate sera followed by detec-
tion of antibody-antigen'complexes with,goat;anti-rabbit_
conJugated to aTKaT1ne phosphatase. The results obtained
are shown in F1gure III 3. o |

The ET1- BSA conJugates 1nteracted to a large extent.
with ant1p1lus ant1sera, 1nd1cat1ng that ETt is an ant1gen-
ic determjnant Thws was also refTected in the ab111ty of
free ET1 to interact with the ant1p11us anttbod1es The |
| Agps, or ELISA values are quite low for the free pept1de
wh1ch probably reflects the ster1c effects caused by the
peptide b1nd1ng to the. p]ast1c wel]s That is, the regton
: of the pept1de conta1n1ng the ant1gen1c sxte may also be
the s1te of attachment to the plastic. A]ternately, ET1 may
not be b1nd1ng to the m1crot1tre wells to the same extent
.as the correspond1ng pept1de BSA conJugate With ET1-BSA,
the peptlde is coupled to BSA via Tys1ne res1dues Teav1ng)
the rest of. the pept1de free to. 1nteract with antlbody |
There was 11tt1e d1fference in antibody binding to ettherfﬁ
the 2.8: 1 or 72:1 conJugate This could be exp1a1ned by the/

extensive crossl1nk1ng of pept1de on the 72:1 conjugate,

resu1t1ng in masking all but a small fract1on of the ET1

S PS



Figu
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re 111.3 ELI5A studies showing the interactions between
EDP208 pilus species and either anti-EDP208 pili anti-
sera or anti-ET1-BSA antisera. . B

A. Results obtained using a 1:1000 ditution of anti-
EDP208 pili antisera. : P

B. Results obtained using a.1:1000 dilution of anti-
ET1-BSA antisera. = S )

The results represent-an averdge of 8 experiments.

‘Error bars .represent the standard error of the.mean.%

.
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moiecules.

"ET1-BSA waS'aiso immunogenic,'as indicated by the re- .
- sults in panel B of Figure II1.3. Anti- ET1-‘SA'antibodies
were capable of interacting with intact pili, as well as
the free peptide and peptide conjugate. There was a Tow
ievei of interaction with the C terminai peptide ER but -
this may be explained as being due to a smaiiaamount of un-
| digested pilin contaminating the ER preparation

) On the basis of these experiments it was conciuded

( thas\at least two antigenic sites existed on the piius pro-
tein. ‘Antipilus antibodies reacted strongly W1th the N ter-
minus and ER in the ELISA. Even if one considers that a .
sma]i amount of pilin may -be contaminating the ER prepara-

. tion,_the 1evel of interaction with ER suggests that this
fragment probably contains one or more antigenic determin--
ants.}However since further digestion of ER was difficuit
because of it’s insolubiiity and high proportion of hydro-
phobic re51dues (see Table 1. 2 for amino acid comp051-
tions), the examination of this fragment for antigenic re-.

Mﬂi'gions'was postponed. s

1 ,&

b) meunoblot ana1y51s of EDP20€ pilus species

A second approach used to evaluate the antigenicity‘
of ET1 and ER was that of immurioblotting. The procedure was
described in Chapter 11, Section F 2 and 1nvo]ved the. elec-

L _trophOretic transfer of protein from SDS-poiyacry]amide

.

(9



TABLE 111. 2

Amino acid compositon of EDP208 pilin and corresponding
tryptic peptidesa

Amino acid Pilin ___ ER ety
Lys 7 5 2
His f 0 0 .0
Arg 2 2 0
Asp 10 7 3
The 12
'}Ser' 2 1 0
‘G‘lu. . 2 1 o
Pro’ 0 0 0
Gly o1 9 -2
Ala : 9 . 8 f | 1

“1/2cys 2 N/Db 0

© val 10 8 B
Met 5 5 0
Ile 10 . 8 0,
lew 12 1o 2
Tye .2 2 o
Phe’ 7" 1 0
Trp 0 0 "o
Total 103 84 . 12

a. Am1no acid composition based on - values obtained from
amino acid analyses done by Frost et al. (1983)

e

b. Not determined.
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gels to nitrocellulose paper. The nitrecel]ulose was treat-
ed with pilus specific dr,ET14BSA specific antisera and
antibody-antigen complexes detected using 1251 yabelled
protein A (from Steghylpcoccus aureus) followed by autorad-
iography. Duplicate gels were run: one was'used.for the
transfer of proteins td.nitrOCellulose,'While'the other was
stained with Coomassie blue for direct visualization of . the
prote1n _ |

As shown in F1gure I11. 4A all proteins were easily
detected by the staining procedure. Both pilin and ER usu- °
ally m1grated in the monomeric state but often ran as a di-
mer whlch was readily seen after 1mmunoblott1ng ‘and auto-‘
— radiography (F1gure I11.4B). Extended boiling of these two
uspec1es often led to aggregat1on as detected by SDS- PAGE |
(unpubl1shed results). On]y the 2.8:1 ET1- BSA conjugate was
o ‘used as the 72:1 complex was too large to penetrate the
E&"c”‘fv"‘(’geI. The ET1-BSA migrated d1fferent1y than BSA_wh1ch can be
due to the modificéttons'of BSA during the'COnjugation‘prp-
cess. F1gure I11.4C shows that the transFer gpopess was ef-
ficient as no prote1n bands were detected upon staining of
the gel after transfer.

Figure 111.4B and 4D represent autpradiograms ob-
tained for th?}correspond1ng n1troce11ulose sheets treated
W1th ant1 pilus and ant1 ET1-BSA antisera, respect1ve1y As*
expected on the bas1s of the ELISA resu]ts in €1gure III 3,

“anti-pilus ant1sera (F1gure I111.4B) reacted approx1mate1y

,\\‘
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Figure I111.4 SDS-polyacrylamide gel electrophorgsfs ui P
transfer of EDP208 pilus proteins to nitrocéllulose 'f:&;
paper. « . ‘ : o
Lane 1, 5 pg of ET1-BSA (2.8:1); lane 2, 5 ug of EDP208
pili: lane 3, 5 pg of ER; lane 4, 5 ug of BSA.
A. Coomassie blue stained SDS polyacrylamide gel.
B. Autoradiograph of proteins transferred from a dup-
‘licate of gel A to nitrocellulose and reacted with g
1:1000 dilution of anti-EDP208 pili antisera and 1291
labelled protein A, - : o ,
C. Coomassie blue stained duplicate of gel A after the
transfer process. ’ '
D. Autoradiogrigh of proteins transferred from gel A to
nitrocellulose *and reacted g%th a 1:50 dilution of
anti-ET1-BSA antisera and 1221 labelled protein A.

o
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twice as strong.with pilin as with ER. The jnteraction with |
" ET1-BSA was high, conf1rﬁing that ET1 constitutes an anti- -
genic region. Figure I11.,4D shows the expected 1nteractjon

of anti-ET1-BSA antisera with ET1-BSA, a$ this was the‘1m-
| munogep, but more interesting is the 1nteraction‘w1th pili,
This re-enforces the observation that the N terminal dodec-
apeptide 1s. an éntigenic'sjte and confirms the 1dﬁg that
this region in"the»intact piTus is immunogenic. Thfs anti-
- serum djd not reédt with BSA in either immunoblot or ELISA
‘ekperghents This was not surpriéing.sihce any anti-BSA |
. ant1bodies were probab1y complexed by the large amounts of
BSA used in the ant1body dilution buffers Agament1oned )
earlier, the wqu_1nteract1on of ER with the anti ET1-BSA
sera was probably'dué to contaﬁinatihg, unc]eayed pilin.
Both types of antisera were capable of interacting
with pjli to a larger extent than the pepfid@ conjugate in
“this assay.»IhffhEWELISA there appears to Ee an equiva]ent‘
amount of interaction of the. two spécieswwith.the two sera.
Tﬁe reason for this waé unc]gar'but may reflect the qiffer-'
ent- levels of 'acceséibﬂi‘ty of ET1 for antibody bindiﬂng %n
s the twé‘assays. In the immunoblot, .the proteins may be -
boﬁnd to the‘nitrdcellulose by a.differentrregioh*of the
molecule tham in the ELISA and the antigen%c site may be
masked in the former assay. | |
On the bas1s of the results from the two exper1menta1

k4

procedures d1scussed in this section, one can conclude that

1
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the therminal dodecapeptide is one of the Qajor_antigenic
determinants of ‘the EDP208 pilus protein, and that one or
more additional sites may exists in the C terminal portion
of the protein. ET1 was also shown to be 1mmunogenic, since
antibodies raised to this peptide interacted with pili.
Since this area was also available for trypsin d1gestion.
it is likely that it is exposed on the surface of the pro-
teﬁn, perhaps as é'loop or hjnqﬁ that is available for

antibody binding and B-cell recognition.

» |

: : \ ‘ ‘
4. The role of the acetylated N-terhiﬁus‘in the antigen-
icity of the N terminal dodecapept ide, ch(1-124

Antigenic prediction ruies..sugh'as those established
by Hopp and Woods"(1981),'suggest that antigenic determi-
‘ nants are usually located in, or adjacent to, reg1ons of
greatest hydroph1l1c1ty On this basis, .one would pred1ct
that the C terminus of ET1 (residues 7-12, Gly-Lys-Asp-Val-
Asp-Lys-amide) should contain the antibody combining site
~since this region was more hydrophilic than the N teﬁmiﬁal
part (residues 1-5, NAc-Thr-Asp-Leu-Leu-Ala). However,
coupling of ET1'to BSA through residue’s"Lys‘!B.and'Lys12
did not abolish the}antigeniéity of the pept%de;'suggestﬁng.
that these res1dues may not be involved with ant1body bind-
ing. Thus, it became necessary to cons1der the less hydro-
philic N- term1ng1 region of ET1 as the antigenic site and
to ask if the’unusual N-terminal blécked émino acid NAc-Thr

3

|
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contributed to the antigenicity 6f this peptide. To attempt .

" lto answer this question, a series of analogs of ET1 were
synthesized, coupled to BSA and used in immunoblot and
ELISA assays. The list of peptides synthesize&pfor all sub-
sequent experiments are in Table III.3, with modified resi-
dues circled. | . .

The first peptide analog to be synthesized was AcP
Q1-8). This peptide was covalently linked to BSA and tested
for antigenicity using the same techniques as desqhibed for

M‘ET1. AcP(1-8) was found to be as antigeh1c and immunogenic
as the dodecapeptide. Immunoblot analysis, as well as ELISA

. studies (data not showm), using anti-Agb(i-S)-BSA anti-
bodies confirmed that this smallgr pepfide contained the
antigenic site of ET1.and that the octapeptide was just as
;mmunogenic as the dodecapeptide, in that these antibodies
strongly interacted with intact EDP208 pili. These results
support the suggestiom that the antigenic determinant is
located in the hydrophobic rather than thé hydrophilic
region of the N-terminal dodecapeptide.

Thé next question asked was how important is the N-
acetyl moiety on thg'N terminal amind acid for antigen}ci-
ty. To answer this question, a number of analogs of AcP
(1-8) were made, covalently attached to BSA and tested for
antigenicify ih the‘direct ELISA.The results from the‘ELISA
are shown in Figure III.5:}Each analog was examined for its

ability to interact with pilus specific (Figure III1.5A) or
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TABLE III. wo C
- A ot
Amino acid sequences of synthet1c peptlde analogs of the N-termlnal
dodecapeptide of EDP208 pilin

sl

. pPeptide? ‘ ’ Peptide Sequence _

AC.P( 1=12) 3 Ac-‘ghr-hsp-Leu-Leu-Ala-Gly-Gly-Lys-Asp-Va 1-
, R p-Lys-amlde

AcP(1-8) A Ac-Thr-Asp‘f-‘&.‘.eu-Leg-Ala-Giy-Gly-Lys-amide
"Ac(ser) P(1-8) o | Ac—@—Asp-Leu-Leu-Ala-Gly-Gly‘-Lys-amide

‘ I.Ac (ala) 'p(1-8) Ac'@-hsp-Leu-Leu-Ala-Gly-Gly-Lys-amlde

Ac(Gly )V Tp( V1-8 Y | —@-Asp-Leu-Leu-Ala-Gly-Gly*zLys-amlde

' Ac(Gl"y)a?( 1-8) Ac-@-Thr-Asp-Leu-Leu-Alav-Gly-Gly-Lys-amlde o

For (Gly) 'P(1-8) Asp-Leu-Leu*Ala-Gly-Gly-Lys-amlde

. Iicp(}-e\) - ; c-Asp-Leu-Leu-A,la-Gly-Gly-Lys-amlde
Ac (Gly) 5p(1~8) Ac-Thr-Asﬁ-Leu-Léu@'Gly-Gly-Lys-famide
. Ac(Gly)ﬂ,SP'ﬁ-a) Ac-Thr-Asp-ﬁeu-@-@-Gly-Gly-Lys-amide

Ac(Gly)3 4,5p(1- e) Ac-r\Thr-Asp-Gly-.cly-i,ys-amide‘

Ac(Gly)2 3,4 5P(1 -8) Ac-Thr @ @ @ @ Gly-Gly-Lys"-amide

3

_AcP(I;S) IR Ac-Thr-Asp-Le'h-LeueAla-amide
AAc(G‘ly).1§(b1-55. ' ' QI}C-@‘ASP-Leu-Leu-Ala-amide
| AC.(G;.y')ZP(‘I-S.) o Ac-Thr-@—Leu-Leu-A_laj-amide'
. Ac(Gly')jP(.1f5) ‘ Ac-'i‘kfia?Ae?-@-Leu-Ala?amide
: . - : , .
_ A_c.(Gly)4P( 1-5) . K Ac;Thr-AsbfLeu-@-Ala-amide
Ac(Gly)5p(1-5) . Ac-'rhr-_ixsp-peu-i,eu—@-amide
, ForP(1-5) ‘4 @-Thr-Asp-Leu-Leu-Ala—aﬁiee p
.:“ACP(1)" ©. Ac-Thr-amide - . ' '«. “ o

L

a. Nomenclature example ‘Ac(Ser)1p(1-8) is the synthetic N-termx-
nal acetylated: EDP208 pilin fragment, residues 1-8 with a C termi-
nal amide and a serine substltutlog at position 1. (Gly’)a repre- ’
sents an additional gylcinme on the N-term:mal end of residue .1. The
Ycircled res:Ldues are the modifications from the’ natlve sequence.

.

ra
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Figure IIIx5 ELISA studies showing the ability of synthetic
peptide conjugates to ynteract with anti-EDP208 pili or
anti-ET1-BSA antisera. g o S
A. Results obtajned using a 1:1000 uilution of anti-
EDP208 pili antisera. ' o
B. Resuits obtained using a 1:1000 dilution of anti-
ET1-BSA antisera. S '

Details of experiments are in Materials and Methods.
Error bars represent the standard error of the mean
obtained from-.3 individual experiments. : '

"
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;ET1- BSA spec1f1c antisera (F1gure III 5B). A1l of the pep-
cﬂt1des in th1s set of exper1ments were mod1f1ed at the N-
'term1nus Dea11ng with pane] A first, the most str1K1ng re-
sult was seen with AcP(2 -8)-BSA, wh1ch did not react at a11
with the pilus spec1f1c ant1sera The same“resu]t was ob-
~ served 1n immunobiot exper1ments with AcP(1-8)-BSA specific
ant1sera‘(da' ot shown) This suggested that the threon1ne

at pos1t1on . was- 1mportant for antibody binding to th1s

peptide. It was not certain if the threonine ‘side cha1n was,.

important or the spac1ng between the N- acety1 of Thr!l and
.the carboxyl of Asp2 was the feature necessary for anti-
‘body b1nd1ng " The 1mportance of the side cha1n functional
i groups~of_the first amino acid was exam1ned~by rep]ac1ng
the threonine in theg?#s{ posttion with a sertne, an_alaf
fnine or’a‘glycine. The conservative‘change from threonine
“to serine, AcP(Ser)1P(1-8)-BSA; resulted in onlyla mtnor '
decrease in ant1body b1nd1ng This suggests that the methyl
of the threonine side cha1n is un1mportant for the pept1de-
{\ant1body 1nteract1on When the threonine was replaced by
‘either an alan1ne or a g]yc1ne, Ac(A]a)1P(1 8)-BSA or Ac

V(G1y)4P(1~8)-BSA a s1gn1f1cant decrease in ant1body
'b1nd1ng occurred re-enforcing the hypothes1s\that the hyd-t

Croxyl group of the threon1ne 1s 1mportant for" pept1de anti- =

body interactions. The add1t1on of anﬁgktra glycine to the
N-term1nus,”Ac(G1y)aP(1 8) BSA was carried out to deter-

mine the importance‘of the.length andvspacing'between func-
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tional ‘groups in the antigen antibody interaction. This

peptide also showed a decreased ab111ty to bind pilus spec-

ific antibod1es, but not 1ower than that seen- w1th Ac '
(A1a)1P(1-8)-BSA or Ac(Gly)1P(1 -8)-BSA. At this stage,

it is d1ff1cult to form any firm theor1es as to the actua]

‘, contributions of the N- acety] and the threon1ne hydroxyl to

the peptide-antibody interaction. .

The final modification in this set of. experiments was |
the réplacement of the NAc-Thr‘with an N-formy] g1yc1ne.
. For(Gly)1P(1-8)-BSA. This peptide conjugate was unable to

“interact with anti-pilos antibodies, suggesting that‘bothl

the acetyl and the hydroxy1 moieties are important func-

t1ona1 groups in the ant1body antigen 1nteract1on To’exa-

mine the contr1but1on of each of the rema1n1ng am1no ac1d

side cha1ns 1n th1s ant1gen1c pept1de. severa] add1t1ona1

’analogs were synthes1zed and subJected to a compet1t1on

.“ELISA The results are d1scussed in'the next sect1on of

this chapter ,

Panel B of F1gure III 5 represents the nelatwve af—
f1n1t1es of the forement1oned synthet1c pept1de conJugates
for anti-ET1- BSA antibodies. The resu]tsAare qu1te s1m11ar

to those observed for anti-pilus antibodies. The octapep-

tide binds more antibody than any of the other conjugates'
or even pili- Th1s may. ref]ect the ab111ty of the synthet1cx‘
’gpept1de to conform to the ant1gen binding s1te of the ant1-

body more effchently than same reg]on in intact pilin. The |

+



"‘_ by the assays used in these stud1es

| | T
'pept1de probably has a greater flex1b1l1ty than the p1lus \

\
ant1bod1es to the same extent as observed ‘with anti-EDP208

. protein. Ac(Sér)‘P(1 8)-BSA d1d not 1nteract with these *‘

X p1lus spec1f1c ant1bod1es Th1s,may bg’due to,a i fference
41n specif1c1ty of theAtwo‘antibody sourCes perhaps inv01:
ving the importance of the methy] group of Thrl. A1l of
the other conjugates bound'anti-ET1-BSA antibodies to some -
extent, even AcP(2-8)- BSA and For(Gly)‘P(1 8)- BSA wh1ch
did, not 1nteract with p11us spec1f1c antisera. S1nce the
fant1body source is polyclonal it probably conta1ns anti-
bod1es wh1oh recognize overlapping determ1nants on a pro-
'tetn. For‘example, one antibody population may bind to res-
1dues 1-6 while anotber recogniies residues 2-7. This;.
‘pbenomema was observed by Atass1 (1975) dur1ng h1s studies
on the ant1gen1c structure of %yoglob1n However, AcP(2 8)
does not 1nteract w1th pl]us specific antisera, suggesting
that if there does exist a group of ant1bod1es.spec1f1c for-
: thts'peptide, thisdpoputation was-too“smalt,to,be detected

-

\ Th1s series .of exper1ments prOV1ded two additional
bteces of ‘information regard]ng the nature of the antigenic
determinant at the N-terminus of the,EDP208 pilus protein.
Firstjxthe'therminal'ootapeptide was found to-be1equa11y

ant1gen1c t? the dodecapept1de “thus reducing the ant1gen1c

to 8 residues. Second the acety] and hydroxyl

ﬁbE\first amino ac1dJ NAofThr,'were‘found to

moideties of
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be key functional groups in the ant@gen antibody interac-

tion. | A

5. Identification of specific amino acids responsible for
the antigenicity of the N terminaI octapeptide AcP(1 -8)°

" The results presented in the previous sections showed -

' that the maJor antigenic determinant of EDP208 pilin is in
the N termina] octapeptide AcP(1 8). ~ Moreover, studies
w1th sy et1c analogs of the octapeptide containing modi -

f1cat1ons 1n the N-terminal amino acid, NAc- Thr, reVealed

that this residue contr1butes s1gn1f1cant1y to the antigen

antibody interaction in:this s§stem, To further deduce the
impertanée of'each residde in the oetapeptide in this'in-
teraction, the unconJugated peptides presented 1n Tab;e

_III 3 were synthe51zed and examined 1mmunoiogicaily How;

‘ ever,‘in this series of - exper1ments the pept1des were sub-
jected to a "competition" rather than a ‘direct" ELISA pro-
cedure. _ v | | | >"

~ The competition ELISA i_s‘p,ar-'tjc‘,uiarily useful for

companing_the‘antigen-antibedy_interaction'of a‘series of
peptides ‘To avoid cdmp]ications which may arise from the
use of divalent IgG molecuies (higher binding constants
were obtained with 1ntact pili than with peptides when IgG
was used in th1s assay, due to the ab111ty of IgG to cross-

~ bridge on the p111 but not‘w1th free peptides data not

shown),.monovalent‘ﬁab fragments were prepared (Chapter II,

N
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Section F.4) and. their. ab111ty to interact with EDP208 pili
and peptide ant1gens was compared as.sdescribed in Chapter
II Section F.5. This procedure provides a measure of the
amount of anti pilus antibody in the polycTonal Fab prepar-
ation wh1ch is directed against a specif1c¢entigenic deter-
"minant, as well as a quantitation of the abi]ity of each

peptide to inhibit the pi1us-ehtibody;innéractidn (eg. 50%
| inhibttiop). It sheq]d‘be noted that free,peptides cah.be\‘
iuSed in the competitiop ELISA whereas peptide-conjugates
are preferred for use in the direct -ELISA. .

' F1gure II1.6 shows the resultE of g compet1t1on ELISA'
in which the act1v1ty of free and BSA conjugated AcP(1—1%)
and AcP(1-8) were compared to that;of whole EDP208 pi]i. It
may be éeen that at maximumﬁidhtbition whole pili titrated:
“almost all of the pi]ue epecific Fab, while the free pep-
tides and'their correspohding peptide conjUgateS'titrated‘
approx1mate1y 80-85% of the same p11us spec1f1c Fab These p
results confirmed ear11er observatwons that the ‘ma jor pro-.
: port1on_of antjbodves in the.ant1-EDP208 pilus sera ere
dihected_against an epitope 1n.thekN-tepmina].dctapeptide~
regibnt, . | ' .

From FigurepIII.B,-one can also observe that the

Igg values, i.e., the concentratidn'of cohpetitor pequir-
»ed'to'echieve 50% inhibition of antibody (in this case Fab)
binding to the pilus eoated'microtitre wells, were essen-

tially the same (approximately 50 pmol/ml) for-the free



Figure I111.6 Competition ELISA using synthetic peptides,
" peptide conjugates, and EDP208 pili as competitors with
EDP208 pilus.specific Fab as the antibody source. Fab
used at 25 pmole/ml in competition mixtures. See Mater-
ials and Methods for experimental detail.
. Symbols: O EDP208 pili, @ AcP(1-8)-BSA, O AcP(1-12),
m AcP(1-12)-BSA, a AcP(1-8). :

]
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peﬁtide and intact,pi1f. The 150‘vaTue for the AcP(1-12)-
BSA conjugate was also in the Qenerel range-(25'pmol/ml).
wh11e AcP(1 -8)-BSA yielded a value of 4 pmol/ml. Thus, it
is ev1dent that the re]at1ve affinity of EDP208 pilus spec-
ific ant1bod1es for the N-terminal octapeptide is virtual]y
the same as that for whole p111, suggest1ng that the com-
petition ELISA is the method of choice for compar1ng the :
interaction of synthetic pept1des with anti p11us antibod-
ies.

i .
B

a.’Caicu1ation of apparent'af%inity constants (aK) ffom
Ig50 values obtained from the cpmpetftion ELISA

Nieto et gl.’(1984)5djscﬁssed'another aspect of the
competition ELIgl‘that is applicable to the studies dee-
cribed in this chapter. These authors deseribed the reila-
etionship‘between the appareht affinity cbnstant,‘aK;,and
the Igg values obtained frg;Aﬁnhibition curves. They
showed that aK can be defined as the reciprocal concentra-
kt1on of free hapten (or pept1de) required for 50% 1nh1b1-
tion of ant1body binding to immobilized antwgen (or pili
‘which is coating the\m1crot1tre we11s).{The aKk valdes cal-
culated from their ELISA stUdieS'were‘found to be in good
agreement with K'va]ues’obtained from ciéssicalAe*periﬁente
used to determine aff1n1ty constants, such as the Farr as-
say (Stupp et al., 1969). The Farr assay 1nvo1ves the im-

munoprecipitation of sseveral concentrat1ons of radiolabel-
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led antigen with a constant amount of antibody The affln-
ity constant is calculated from the Sips plot of log
| (b/Abt - b}}yersus log[Ag] when log(b/Abt b)=0, then K =
~1/1Agl. j%f

"igis the concentrat1on of bound antigen and Abt
is the total number of antibody binding sites. Nieto et al.

(1984)(a§tes several exampleS»where the aK and K values are
very similar. One example was'that'of an anti-hapten"mono-
clonal ant1body called 31- 78 The ak value of 1.9 x 106
1/mole was in agreement with the K of 1.10 x 108 1/mole
‘determined by Rothstelnland Gefte (1983), using floures-
cence quenching.'Nieto et él»‘(1984)halso oerfonmed both
the Farr assay and comoetitive ELISA to determine the auer-
age affinity constant’fo%‘aq\anti-pjazophenyl-arsenate
antibody. Results froqxﬁhe Far?\assay'described an affinity
constant of K = 1. 96 X 105 1/mole, whereas the 1nh1b1t1on
assay produced an aK 1.0 X 105 l/mole On the basis of
these cons1derat1ons, aK values were calculated from the
I'sg values for each of the pept1de analogs exam1ned in
the present study. The lgp and correspond1ng aK values: Q;
are presented ‘in Table‘III.A.. | |

A briefldescrtption of Nleto’s logic for conrelating
- the apparent affinty constant to the Iso‘values from
’compet1t1on experiments is as follows "

1f one assumes that ant1body reacts 1ith—free,antigen
(Agf) and the antigen attached to the soli ’surface ”

~ (Agg) then the folldwing‘reactlon can -occur: -



TABLE III.4

Relative affinities of EDP208 pilusfspecific antibodies for
synthetic peptide analogs of .the N-terminal antigenic

region ‘ .

Peptide ; 1-502 (pmole/ml)  Group Altered akP(l/mole)
EDP208 pili 45 . none 2.2 x 107
AcP(1-12) - . 45 none . 2.2 x 107
AcP( 1-8) 35 : none 2.9 x 107
Ac(ser) 'p(1-8) 45 ‘ Thr! 2.2 x 107
Ac(Ala) 'P(1-8) ' 8,000 Thr 1.3 x 10°
Ac(Gly) 'P(1-8) 10,000 ' Thr! 1.0 x 10°
Ac(Gly)aP(1-8) 5,000 Ac-Thr' 2.0 x 10°
For (Gly) 'P(1-8) 300,000 Ac-Thr' 3.3 x 103
AcP(2-8) no inhibition Thr! none
Ac(Gly)SP(1-8) 190 Ala> 5.2 x 106
Ac(Gly)4»5p(1-8) 62,000 Leudalad 1.6 x 104 .
Ac(Gly)3,4,5p(1-8) 100,000 Leud - Alad 1.0 x 104
Ac(Gly)2»3,4,5p(1-8) >100,000 Asp? - Alad ~ <1.0 x 104
AcP( 1-5) ' 9 none 1.1 x 108
Ac(Gly) 'P(1-5) 5,000 Thr! 2.0 x 100
Ac(Gly)2P(1~5) 390 asp? 2.6 x 106
Ac(Gly) 3p(1-5) 58,000 ' Leu3 1.7 x 104
Ac(Gly)4p(1-5) 180,000 Leu4 5.6 x 103
Ac(Gly)Sp(1-5) = 170 " - Alad 5.9 x 106 °
ForP(1-5) 75,000 cH3 1.3 x 104
ACP(1) no inhibition none none

a. I-50 = competitor codcentratiqn required for 50% inhibition
in the competitive ELISA ‘

b. aK is the apparent affinity constént determined by the method
of Nieto et al. (1984)..
aKk = 1/1-50 ‘
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561/ (Ab) (AgFT (1)
Kg = (AbAgg)/(Ab)(Agg) (2)
r case the free antigen is’the competitor, either pili

Ab + Agf
Ab + Ag

AbAg ¢

or synthetic pept1de1‘and the solid surface antigen is the
pili coating the microtitre wells. Caﬁatarero et al. (1980)
found that there was no competition for'binding to the sol-
id surface in a mixture of proteins, prov1§ed that the to-
ta\hprotein concentration was low. This means that using
.small concéntrat1ons of both antibody and competitor in the-
competition mixture will ensure that any exchange of bouﬁg
‘or free antigen in the anfigen'binding BB:ket of the anti-

body will be minimal when the competition mixture is incu-

\\$\<f’ bated in the pili coated microtitre wells

—

They also assume that Ags bound to the antibody is
‘almost negligible with respect to the total Agg, thus K\
can be defined as: )

K' = K/Kg(Ags) = (Ab)(Agf)/(Ab) (Ags)(Agfr\V/(3) @
When 50% binding is achieved, the antibody concentration
bound to the solid phase [(AbAgg)sg! is half of th
"valu found when no antigen is used ;n the competition

([AbAggl100), which are ihi/£9§u+t§/obtained from the

non-competitive data 7 our assay. Thus:

//155595¢¢ﬁ5/= 2(AbAgg)50 ()
and from equations (1) and (3): '

(AbAgs) 100 = K/K' (Ab) 100 (5)

-

where (Ab)1gp is the concentration of free antibody in
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fhe absence of antigen In our case we used from 2 5-5. 0 X
10-8 mole/1 of ant1body in all compet1t1on exper1ments
From equation (3); (4) and (6): . - Y

K = 1/(Agf)5o x-2(AbAgs) 50/ (Ab) 100 ~(8) |
where (Agf)5o is the concentratlon of free antigen and
(AbAgf)so is, the concentrat1on of soluble ant ibody-
antigen complex that is in equilibrium with the solid phase
‘ahtfbody-antigen eomplex When'SO%»inhibitiOn has oecuredi'
They essumeé’that (AbAgs) 50 and (Ab) 100 concentra-
tions were s1m1lar enough so that ] ' ' |
2(AbAgf)5o/(Ab)1oo = 2(AbAgf)5o/(Ab)1oo -1 (7) .
;nd aK can be defined as: 'f

aK = 1/(Agf)5o x 1 .or ak 1/(Agf)5o (8)
They make the assumpt1on that the amount of ant1body at 50%
* inhibition is so small that-it becomes negligible when ca#-"
vtulatibg ak. The final re]étionehip is similar to the final
re]at1onsh1p between the K calculated by other methods,.
thit is K.-}t/[Ag] anonoff and. PreSSman (1958) described,
the average associat1on consiant, Kd? fer an ahtibodyeas
the reciprocal of'ffee hapten concentration when one half
of the combining eifes on the antibody ere-occupiedi‘Nfeto

t al. (1984) assume that the association and diseociation

o lrate of the ahtiquy-anttgen interaction are similar enough

to be called equa], and thus can ceﬁrelafe.the Nisonoff re-

4

| 1at1onsh1p to the ak.

App11cat1on of the N1eto relat1onsh1p to some of the -

Lt]

S
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159 values obtalned from exper1ments descr1bed using
ED@QQQ p11us spe01F1c antibody resulted 1n the list of af-
finity conetants found in Table II11.4," under the head1ng of "
_aK. The aK values of AcP(1-5) and EDP208 pili,‘fof example
| are 1.1.x2108;;/m01e,and 1.0 x 107 1/mole, respective-
ly. These are tn the range of K values determined by hore‘
conventional methods (Nimmo et al., 1984; Griswold and |
Nelson, 1984). The values for EDP208 pilus antigeﬁs are.one
log higher than‘most found in the 1tteréture,lwhich‘may re-
flect the_htgh affihtty antibodies generated by our meth-
ods. The aK values for the peptides cdnteining the‘méjor
ant1gen1c s1¢e are higher than that calcu]ated for pili
wh1ch aga1n may be attributed to the flex1b111ty of a pep-’
t1de over a mu1t1mer1c protein and the1r ability to assume
a better fit in the ant1gen b1nd1ng pocket of the ant1body.
The only aspect not discussed by Nieto.was the valency
difference between Fab and IgG.'NisQnoff~(19§O) foqnd'that
.the equilibrium constants‘for thevassociation of:antibody
or Fab with a hapteh are approximately the same, thus'it*f*f””ﬂ
probably makes no difference in.the eK deterh1natioﬁ | |

,whether IgG or Fab was used.

b) Synthetic analogs of AcP(1-8; ‘
’The‘importahce of the N terminal amino acid of EDP208
piltn, acetyl threonine, was exémined using a seriee of

‘peptide anaiogs made by replacing thts resﬁdue‘with othwr

y
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amtno actds (Table 111, 3). The results of the compet1t1on v
' ELISA with N- term1na11y modi fied: analogs of AcP(1 -8) are -
-presented graph1ca11y in F1gure 111.7 (1nh1b1tton curves)
‘and guantitatively in Tgble I11.4 (Isp’s and ak). All
| pept1des were compared to AcP(1- 8) 1nstead of whole pili,
‘s1nce th1s pept1de was shown to conta1n the maJor ant1gen1c
determ1nant of the p11us prote1m and the results in F1gure
I111.6 showed that thts pept1de has . the same relat1ve affin-
1ty for ant1 p11us antibody as: 1ntact pili. When the threo-
 nine was replaced by serine, Ac(Ser)1P(1 -8), there was'.
Tittle detectable decrease in the peptwde s ab111ty to b1nd'
’antlbody, as compared to AcP(1 8). Th1s suggests that the
f methy group on the threon1ne side cha1n is unimportant for'
ant ibody b1nd1ng Replac1ng the threon1ne w1th an a]an1ne,‘l
Ac(A]a)1P(1 -8), or a. g]yc1ne, Ac(Gly)1P(1 8) resulted
in’ a,decrease in b1nd1ng aff1n1ty ref]ected in a 300 fo]d
v1ncrease in.the concentration. of pept1de needed for 50%
:1nh1b1t1on (see Table II1.4 for the Igp values). This
,]suggests that the hydroxyl group on the threon1ne (or thev |
serine) in. the f1rst pos1t1on is 1mportant for anttbody
binding to this ant1gen A further decrease in b1nd1ng af—
f1n1ty was observed for the pept1de For(G]y)‘P(1 -8).
‘These results 1nd1cate*that both the acetg] and hydroxy]
mo1et1es of the N term1na1 threoﬁ!he are necessary for op-

t1mum ant1body binding. The insertion of an extra g]yc1ne

between the acetyl group and the threonine (Ac(Gly)2

)



Figu

re II1.7 %ompetition ELISA using>synthetié peptide
analogs of AcP(1-8). having subtitutions for the
N-termina@ amino.acid -as competitors and EDP208 pilus
specific Fab:as. thg antibody. Fab used at 25 pmole/ml
in competition mixlures. . '
Each curve is labelled appropriately.
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.tP(1 8))‘ resulted in a similar bind1ng prof11e and aff1n1ty_'7
values as Ac(Gly)1P(1 8), suggest1ng that the acetyl and
hydroxyl groups must be in close prox1m1ty to have effe-
cient ant1body b1nd1ng The complete remova] of the f1rst
vfam1no acid, as with AcP(2- 8), destroyed any detectable’
ant ibody antigen interaction confirmtng the importance of
‘of this system. _ , . o
In geheral ‘the resu]ts obtaihed'trom the competition
| ELISA were very similar to those found w1th the direct ’
ELISA performed w1th the correspond1ng peptide conJugates
-and presemted in F1gure 111.5. The only d1fference was seen
Qw1th the' pept1de For(G]y)‘P(1 8), 'wh1ch did hot react )
w1th anti- -EDP208 p11us antibodies in the d1rect ELISA . THe
) compet1t1on ELISA showed that this peptide d1d interact to
‘a - smal] extent w1th the ant1body source. '

The resu]ts found w1th the N- term1na1]y modified pep-
tides could be 1nterpreted to mean. that the acgetyl threo-
n1ne is the on]eres1due respon51b1e for the ant1gen1c1ty
of this reg1on. For reasons d1scussed in the prev1ous ‘sec-
tfon however, th1s did not seem 11Ke1y To determ1ne the
,pos;1b1e contr1byt1on of other residues in the pept1de,' .
another set of analogs of AcP(1 8) was synthes1zed where
-each am1ho acid in the pept1de was progress1ve1y replaced
m'th_a‘gl\ypi»né. These peptides are listed in Table 1I1.3.

The reeulteVpresented grabhfoal]y in Figure 111.8, wht]eq

S
v



Figure 111.8 Competition ELLISA using synthetic analogs of
AcP(1-8) which have adjacent residues replaced with
glycines as competitors. EDP208 pifus specific Fab was
used at 25 pmole/ml in competition mixtures.-

Each curve is labelled appropriately

X
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Igp and aK values are 11sted in Table III 4.
Rep]acement of Alad with a glyc1ne Ac(Gly)5P
(1-8), resulted in a slight decrease in antibody binding,
indicating that the alanine methyl s1de'oha1n group contri-
butes only slightly to the overa]lvantibody“binding. How-
ever, the accumulative effect of removing both the alanine
and 1euc1ne 4 side groups in Ac(Gly) 43P (1- 8) resulted
in approximately a 3 log decrease in the aK values, when |
compared to AcP(1-8). Th1s suggests that the bulky leucine
group in the fourth position is very 1mportant for the 1n—
~teract1on with ant1body When leucine:3 was also rep]acedh»
with a glyc1ne, Ac(G1y)3 4,5p(1-8), there was a further.
 decrease in the ak value. It is therefore thought that both
leucine 3 and 4 are important in the pilus- ant1body inter-
: action. The final analog, in wh1ch Asp 2 was also replaced
by a-g]ycine res1?ue. Ac(Gly) 2,3,4,5p(1- 8), provided a
further, but not substantial, decrease in binding affinity.
This suggests that the carboxy1 of the second res1due is
only 1nvo1ved to a sma]] extent ﬁn the binding process
The results from this exper1ment 1nd1cate that two
add1t1ona1 residues are 1nvolved in the ant1body antigen
interaction of the N term1na1 octapept1de Residues 3 and
4, botﬁ 1euc1nes, play a maJor ro]e A1though pre11m1nary
exper1ments suggested that the acetyl threonine may be the
only residue necessary for ant1body binding, the present

results show that the other groups are also involved. It is
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barticularily wor th ‘noting that‘peptide Ac(Gly)2:3,4,5
P(1-8) wh1ch is essent1a11y the N term1na1 threonine fol-
lowed by a str1ng of glycines, has a very reduced antibody
binding capacity, suggest1ng‘that the NAc-Thr is only one
of several residues that cohtribute to the 1nteract1on of
AcP(1-8) to p11us spec1f1c ant1body This was further sub-
stantiated when “the analog, NAc-Thr- amide, AcP(1)
shown to have no detectable 1nh1b1t1on act1v1ty in the com-

pet1t1on ELISA.

c) Synthetic AcP(1-5) and related synthetic analogs
Since the peptide Ac(Gly)5P(1-8) was highly active
in the competition ELISA (Figure‘I{I,B), it seemed possible
}that the entire aritigenic N-terminal site could be localiz-
ed within the N-terminal pentepeptide. The octapeptide has
two .glycines in the sixth and seventh positions which prob-
ably contribute little to the antibody interaction. The N-
terminal pentapeptide, AcP(1—5) - was therefore‘éynthesized
and used in the compet1t1ve ELLSA to compare 1ts ant1body _
affinity with that of AcP( -12) AcP(1 -8) and who]e pili.
-~ The results are presented in Figure I11.9 (1nh1b1t1on
'chrves) ‘and Table 111.4 (Isg and akK ‘values). A1l three
‘!!ptides were capable of titrating more‘then 80% of the™
pilus specific antibodies, as compared to EDPZOé pili,
wh1ch titrated out 100% This suggests that the pentapep-

‘ tide contains the maJor antigenic determinant of the pilus



Figure I11.9 Competition ELISA using synthetic analogs of
" the N-terminal region of EDP208 pilin and EDR208 pili
as competitors. EDP208 pilus specific Fab, at 25
pmole/ml was used as the antibody source. -
Each curve is labelled appropriately
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photein but alternate'sites may occur in the native protein
since who;e pili are"capable of titrating out 20% more an-
tibody in this assay than the synthetic peptides. It is
worth noting that as the peptide is shortened from‘the C
terminus'(Figure 111.9), the Igp Qa]ues decheasengable
I11.4). This suggests that the shorter peptide conta1ning
| only the ant1geﬂ1c determ1nant is more flex1b1e in presen-
‘ting a conformation that fits the antigen binding site of
the anti-pilus anfiboéy. .
| /’ ‘4The'resu1ts in Figure IIIl.S 1ndicated that AcP(1-5)
“is a major antigenie determinant. To %nvestigate the con-

/ ‘
‘tribution of each of the five residues to the antigen-

' antfbody int;;action. several analegs of Acp(1-5) were syn-

 thesized. These peptides are. listed in Table II11.3 and re-
phesent médifications‘such'thatxeach amino acid in the net-
vive sequence was replaced by a'glycihe These peptides were
used as competltors in a compet1t1on ELISA and the results
are presented graph1ca1]y in Figure III 10 The relative

" affinities of each peptide are listed in Table III.4.

Replacement of‘alanihe at position 5, Ac(Gly)S-

P(1-5), resu1ted in a emall decrease in ahtibody binding,
with respect to AcP(1-5). Replacement of aspartic acidmat,
bosition 2, Ac(Gly)2P(1-5), also showed only a minor de-
‘crease in antibody hinding when . compared to AcP(1-5). These
results indicate that the a]an1ne and thlﬁ?spart1c acid |

' resldues make only weak contr1but1ons to the ant1gen1c1ty



Figure I11.10 Competition ELISA using synthetic analogs of
AcP(1-5) as competitors. The analogs have the indicated
residue replaced with a glycine. EDP208 pilus specific

" Fab, at 25 pmole/m! was used as the antibody source.
Each curve is labelled appfiibriately. )
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of the pentapept1de -These conclus1ons were also obta1ned
from exper1ments performed w1th the AcP(1- 8) analogs Ac
(Gly)5P(1 -8) and Ac(G1y02 3, 4 5P(1 8) (Figure III.8 and
Table 111.4). Substant1a1 decreases in ant1body binding, as
‘reflected by Isg and aK vatues in Table I11.4 were ob- .
served .for pept1des Ac(G]y)‘P(1 -5),. Ac(Gly)3P(1 -5), and
'Ac(Gly)4P(1 -5), in which the threon1ne residue and each

of the two leucines were reptaced w1th g\yc1ﬁ§s There was :
a 550 to 20,000 fold increase in the Isg values of these
peptides as compared to AcP(1 -5). A substantial’ (8300 fold)\
increase in the Igp value was also observed when the ace-
tyl mo1ety was reptaced by a formyl group, ForP(1 5) This .

~ re-enforges the i

o tance of the acetyl methyl group in
the ant1gentctty of this pept1de |
The 1mportance of the two leucine re51dues was 1n1t-

ially noted with the peptides Ac(Gly)4 5p(1-8) and Ac |
(Gly)3.4,5pP(1-8) (Figure 111.8) which had Isg va]ues of
62,000 amd 100,000 pmot/ml respect1ve]y ATl of these ob-
_'senyat1ons 1nd1¢ate that two areas of the pept1de are con- -

tr1but1ng to the ant1gen ant ibody 1nteract1on the N-ter-
m1na1 acety] threon1ne and the two 1eucunes at pos1t1on 3
and 4. ny/,n.;
The chem1ca1 structure of AcP(1= 5) is schemat1ca11y
.presented in F1gure 117,11 , with the Key<neéct1ve groups
c1rc1ed The impor tant contact po1nts w1th the ant ibody’ for

acetyl threon1ne are ‘the s1de cha1n hydroxy1 v1a hydrogen
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‘bonding and the acetyl methyl by hydrophob1c 1nteract1on y
The two 1euc1ne side chaing are probab]y 1nvolved in hydro-'
phobic 1nteract1ons,w1th the antibody. None of” these 1nter7\
actions, 1ndividUaJ1y},arehsuffieiehtlfor'antibody bindihgt
Neither AcP(1), which s onlyvacety1'th5eontne her AcP
v(2 8), which is missing the threon1ne but has both 1eu-.f
_"c1nes. were capable of show1ng detectab]e 1nh1b1t1on in the‘
' compet1t1on ELISA (Tab]e 111.4).

Dne could specu]at:y?flﬂwthe acetyl threon1ne is’ the

first’ res1due to 1nterac{3hgpfthe ant1body and 1n1t1ates
the b1nd1ng of the rema1nder of the ant1gen1c reglon Th1s“
is s1m11ar to a proposal made by Lem1eux et al. (1983).t6
descr1be the forces 1nvo]ved in- the b1nd1ng of blood group j

zsubstances to ant1bod1es They postu]ated that the main -

driving. force was 1n1t1ated by the estab11shment of polar
‘1nteract1ons at ‘the per1phery of the bYinding site. On the
vother hahd, it is equa11y poss1b1e %hat the free energ1es
of the contact pants are additive (Sehecter, 1974) but a'
-"certatn*minmum‘ﬁree energyimust be’preseht<to achieye ini-
yvtiel binding (Eisen, 1980) eb competitieh\in-the ELISA.
S / . | L
6 Aff1n1ty pur1f1catlon of two d1st1nct spec1es of ant1-4
EDP208 pllus ant ibodies B

The f1na1 step in the character1zat1on of the anti-

gentc-structure of EDP208 p111«was the estimation of the

amount of pi]us‘specif}c‘antibody present in the tetal
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polyclonal populat1on Affinity columns were made us1ng a

| synthet1c pept1de represent1ng ther term1na1 ant1gen1c

 -s1te as the ligand. Purified ¥gG from the p11us specific

antisera was passed through the column and the amount of
IgG binding to the column determined.

The column support chosen for th1s aff1n1ty co lumn

. was Pharmac1a s Act1vated CH Sepharose The ligand b1nd1ng

‘u\
group\was a s1x carbon spacer followed by the act1ve esterv

'of carbod11m1de It spec1f1ca11y binds to free amino groups

on the ligand to form a peptide l1nkage The resulting Iig~"
and-support bond was stable to 11gand 1each1ng even after.

extended use. Deta1ls of column preparat1on are found in

’Chapter IT, Sect1on K 1.

The first aff1n1ty co]umn was prepared us1ng the

synthet1c pept1de AcP(1 8) thch had a single free amino

group at Lys 8 ava11ab1e ﬁor attachment to the act1vated

column Th1s column was used as a model for the developmenﬁ

of the proper aff1n1ty chromatography methodoJogy The ac-\

~tual co\umn used in the experiments descr1bed in th1s sec- @

4
tion was: made us1ng the peptide eonJugate AcP(1-12) BSA

\.
\

- The rat1ona]e for—using the peptide conJugate was the ex-',:\\\\

peCtationfthat there would be an increase in the effictency

- of attachment to the column because the BSA molecule has .

more free amino groups than the pept1de alone. In both
cases the pept1de/con3ugate was intrinsically rad1olabe1-

1ed so that the amount of ligand attached to the column
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.could be determined. Approximately 50% of the input of

ei ther the pepttde or the conjugate was Found'to bind to

 “the co]umn, ind1cat1ng that either the pept1de or the con-

Jugate could be used- as the 11gand s1nce both attached with -
equal eff101ency to the resin. The~column used in the pres-
,ehf stUdtes cOntained'84 nmoles'of'peﬁtide per. one gram of
resini; | L o " .
| To determ1ne how much ant1 EDP208 p11us spec1f1c IgG
‘fbound to .the AcP(1 12) BSA column ‘two procedures were ex-
amined for feas1b11ty in future exper1ments F1rst, purif-
~ied 1gG was radiolabelled with 1251 (Chapter I1I, Section
‘d) and_m1xed with'co)d igG tohmake up,the‘input,IgGrto pase
through the‘column‘ The fate of the'IgG was traced follow-
~ ing the 125‘I‘label -S&cond, cold IgG was used as the in-
put ant1body and the fate of th1s source fol]owed by meas-
uring the A2g0 of each samp]e dur1ng the procedure The
details of the bas1c affinity assay are descr1bed in Chap-
-ter I, Sectlon K‘ggﬁnd 1nvolved collect1on of unbound IgG -
from the column effluent and removal of bound (AcP(1-12)'U
spec1f1c) IgG using guanidine hydroch]or1de ﬁegardless of .
the assay method less than 0.1% of the input IgG bound to
the co]umn Th1s appeared to be a reasonable percentage
since the source of ‘the IgG was polyclonal. .

The bound IgG, was class1f1ed as monospec1f1c with

regards to the N= term1nal ant1gen1c site of the pilus

‘protein. The IgG that did not bind to the aff1n1ty»column
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was also sd@ed for further oharacterization Direct ELISAs

were performed\on these two species and the resu]ts are

presented in F1gure IIT1.12. The ELISA was performed as des-‘

cr1bed in Chapter\il, Section K.3. M1crot1tre-wells.were )_.

coated either with EDP208 pili or AcP(1-12)-BSA and ach -

. antibody species was allowed to interact with these-anti?

gens, All spec1es 1nteracted with pili but the unbound

fraction of IgG did not interact to the same extent as the

ey

others. Since the antipilus ant1bod1es in the unbound frac-w-:»}

t1on d1d not 1nten@ct w1th the N=- term1na1 pept1de (Figure
III.12 B), it prob bly conta1ns ant1bod1esiwh1ch are speci-

*fic - for an edditio'al‘anttgen?E"site tnuthe pilUs“protein;i

-~ As eXpected the bound IgG reacted w1th AcP(1-12)- BSA

To determ1ne whether  the second ant1gen1c determ1nant
may be assoc1eted‘w1th the C-terminus of the prote1n (the

-seQQnd"epitope on F and Col1B2 pilus proteins was thought to

reside in the C-terminus, Frost, personal communication)}
the EDP208 pilin monomer was made (Chapter II, Section F.3)
and'subjected to carboxypeptidase A digestion (Chapter I,

Section F.4). Digestion with CPase A was done for 1,3, 5

and 24:hours. Table II11.5 shows‘thatbsimilan amounts‘of
amino acids were released whether the digestion wasfper-

formed for 1 or 24 hours. Whole piji, pilin, and pilin di-

_gested with CPase A for 24 hours were used'as<competitors

in a competition ELISA using the input‘and unbound IgG

. fractions as ‘the antibody source. “rie results are presented

presuy;
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F1gure I11.12 ELISA stud1es using afflnlty purif1ed EDP208
pitus specific IgG. Input IgG is the polyclonal IgG
prior to affinity purification using the Activated CH
Sepharose - AcP(1-12)-BSA affinity column. Unbound IgG
is the fraction of total IgG which was not retained on
the affinity column. Bound IgG refers to the IgG which
did remain on the affinity column and was removed using

'guan1d1ne hydrochloride. Experimental detalls are des-
cribed in"Materials and Methods.
A. Results obtained when microtitre wells were coated
- with 5 uyg/ml of EDP208 pili.
B. Results abtained when microtitre wells were coated
with'5 pg/ml of AcP(1-12)-BSA. ; _
A1} IgG was used at 12.5 pmole/ml. . ,
. Ll
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Amino aéids:released after Carboxyheptidase A digestion of

EDP208 pilin

1 Hour Digestion

24 Hour Diqestion

Résidue nmoles released? Residue nmoles released?
Thr 12.3 " Thr 7.4
val 9.4 val 12.2
Ile ,10.9 e 16.0
Leu 12.0 Leu 16.8
Phe 7.8 Phe TR}
Lys 9.8 Lys 3.6

a. Amino acids and cohcentrations released were determined

from amino acid analysis of digestion supernatants.-
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as inh1b1tion curves in Figure III.13. One can see that

there is very 11tt1e difference in the affinities of either

antibody for any of the competitors. From this one can con-
clude that the second populat1on of antibodies is not di-
rected at-a determinant involving the immeadiate C-terminus

of the EDP208 pilus protein.

7. EIectron microscopy of affinity purified antibodies
' ~Electron m1croscopy experiments. were also performed
to deduce the regions of the. intact p11us to which each of
‘ the aff1n1ty purified ant1bod1es are 1nteract1ng Intatt
' EDP208 p111 were incubated with the unfractionated IgG, the
‘unbound fraction of IgG and the N-terminal specifielantifAc
vp(I;éjfBSA I1gG (previously péssed through a BSA-sepharose
- column to remOQe ahy'anti-BSA‘IgG).AThis was~folldwed by /
, the additioh of Protein A linked to goId.partiQIes, used
for the detection of‘IgG_wheh viewed ih'the eIectrgn/micro—

scope (see Chapter II, Section E for experimental details).

The pilus-IgG-Protein A gold complexes were Viewed in the

electron m1croscope and the resuTt1ng m1crographs are pre-
a ented in Figure. III 14, Panel A represents the 1nteract1on
of EDP208 pili w1th the unfract1onated pilus specific IgG
wh11e Panels B and C show the results obtained with the un-
bound and N- term1na1 specific AcP(1 8)-BSA IgG, respect1ve-
ly. Panel D shows EDP208 pili after 1ncubat1on with non-'

immune IgG. Th1s is the control which representsuthe extent

o'



Figure I11.13 Competition ELISA using EDP208 pilin and car-
"~ boxypeptidase treated pilin as the competitors with un-
.~ fractionated and the unbound, uncharacterized, EDP208

‘pilus specific 1gG as the antibody sources. IgG ‘was
‘used at 25 pmole/ml. o . , .
Symbols: O Input IgG with EDP208 pilin as the competi-
tor, ® Input IgG with 24 hour carboxypeptidase diges-
. ted EDP208 pilin as the competitor, O Unbound IgG with
"EDP208 pilin as the competitor, ® Unbound IgG with 24
- hour carboxypeptidase digested. pilin as the competitor.
§?? tgrminology is the same as described for Figure



C 141

:5\8_053 zo:.<Ezuozoo motEn_s_oo

OOOO_

7
4
[

OQ

0001

0

10b

{08

—Joor

%

NOILIGIHNI



¥ |
bl o &

¢

Figure 1I11.14 Electron micrographs of affinity purified
EDP208 pilus specific IgG associated with EDP208 pili.
IgG is detected by Protein A linked to golid particles.

' See Chapter 1, Section E for experimental details.
A. Unfractionated polyclonal pilus specific 1gG
associated with intact EDP208 pili.

B. Unbound, uncharacterized affinity isolated 1gG
associated with intact EDP208 pili. _ L

'C. N-termina)l specific anti-AcP({1-8)-BSA IgG associated

with intact EDP208 pili. o L.
*. D. Non-immume 1gG associated with intact EDP208 pili..

Bar = 0.5 micron,
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of n A= spec1f1c p11us IgG gold interactions. "

/ It may be seen that both the unfractfonated and the
hunbound fraction of I1gG become attached.to the Iatera] sur4
face of therpi1usi(Pane1s A ande)- The results obtained
| us1ng the N- terminal spec1f1c ant1 -AcP(1-8)-BSA antibodies
{”are found in Panel C These ant1bod1es did not bind to the
‘s1de of the p1lus but appear to attach to the p1lus tip.
S1m11ar results were obta1ned when these ant1bod1es were
| vconcentrated 10 fold (data ‘not ’ shown) Frost et al. (per—
sonal commun1cat1on) also observed attachment of an F p1lus.
u jspec1f1c monoclonal ant1body to the tips of ‘the. 1ntac¥ F -
pilus in a s1m11ar manner to that seen w1th the EDP208 N-
.term1na1 spec1f1c ant1body ”

. The foregoing observat1ons suggest that two d1st1nct
epttopes are present on the EDP208 pilus, one exposed on
theylateral'su#%Zce of the\p11us wh1ch is recognized by the}
unbound, uncharacterxzed populat1on of IgG and one- exposedF
on the pilus tip which is recogn1zed by IgG spec1f1c for
‘the N- term1na1 octapept1de Both are on the surface of the1
p1}us, thus ava11ab1e for B cell recogn1t1on dur1ng the im- |

h\mune response , ‘ | ‘ ‘ /
| Armstrong et al (1980) found that‘the ED?ZOB ptlin
monomer was very resistant to either chemical or proteoly-
} t}c‘d1gest1on. Tryps1n cieavage resulted . in the release of
theVN-terminaljoodecapeptide, leaving the re@aining region

insoluble and resistant»to fur ther cleavages. Thus,rjt'may
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' characterized fraction of EDP208 pilus specifi

J do not recognize'an ebitope_at the immea;'u

] / 145
be d1ff1cu1t to determine what const1tutes the other epi-
tope(s) of th1s pilus protein. The results presented in
this sectdon however, have indicated that ‘the second, un-

ant1bod1es

- erm1nus of

 the protein nor do they recogntze a con*ﬁitaﬁ1ona1 deter-t

. minant as these ant1bod1es 1nteract equal]y with p111 or

“pept1de conjugated to BSA,

_ the denatured monomer in the compet1t1on‘ELISA.

fﬁ?The EDP208 pilus'appeans to be an ideal system for
lstudying antibody-antigen int faCtions.~Pre11minary expéni-
ments 1nd1cated that the location of a maJor ant1gen1c s1te {
‘was the N-terminal dodecapep 1de This peptide was- found to

be 1mmunogen1c as we11 s1nc an1ma1s 1mmun1zed w1th eith-

er the dodecapept1de or the /corresponding N- term1na1 octa- ,»\

/

roduced ant1bod1es capable of

‘1nteract1ng with the whole pilus.. The subsequent studies

@ﬁu$1ng ana]ogs of either the octapept1de, AcP(1 -8}, or.tne

. pentapeptide, AcP(t-S) r vealed that this ep]toperconsists

of .only five residues. A cord1ng to Lerner et al. (1981), a
minimum of seven res1dues are necessary for antlgen1c1ty.
but Schecter (1974) us1ng ‘poly-L-alanyl res1dues and

“tetra a]an1ne analogs, found that ant1bod1es were capable

of . recogn1z1ng a 3 res1due lirnear sequence o —

$

J SR

oo
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Exper1ments carried out wj th synthet1o pept1de ana-
logs of AcP(1 -8) and AcP(1-5) (Figure W7, 8 and 10)

(%)

, showed that maJor recogn1t1on s1tesjfor pL]us specific
ant1bod1es 1nclude the NAc Thr and the leuaine side groups
at pos1t1ons 3 and 4. The acety] methyl and the two leucine
s1de chains may be involved in hydrophob1c 1nteract1ons
with the ant1gen b1nd1ng cleft of the ant1body. wh11e, the

’ hydroxyl group of the threon1ne‘1s probably involved in’
) .

)

h,hydrogen bond1ng v
X-ray diffraction studies of 1mmunoglobu11ns have in-
dicated that the ant1gen comb1n1ng site 1s a groove with
4 the approximate dimensions of 1.5 x 0.6 nm and 0.6 nm deep\
(Polzak et "al., 1976). This groove can accomodate a pept1de'
~ of five am1no,ac1ds in the extended beta sheet conforma-‘*l
‘tion, to ten amino ac1ds in an alpha helical conformation.
" The major antigenic determ1nant of EDP208 pili is consis-
tant w1th this structure S1nce it is a pentapept1de 1t is
probab]y in the extended conformation. However, eluc1dat1on
- of the'precise cont1gurat1on of the bound pept1de in the
antibody b1nd1n s1te“must await X- ‘ray @W&sta]lograph1c
studies on co- crysta111zed ant1gen ant1body complexes (Amit

5.

t al., 1985).

, y o™
Predictiojrules for determining antigenic sites on

vprote1ns were descibed by Hopp and Woods (1981). These
ru]es are extenF1ve1y used for deduc1ng antigenic regions

without us1ng the classical but ted1ous methods of Atas@@

X

|

|
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(1975) . These rules state that antigenic determinants lie

" in or adjacent to areas of*high*hydrophilicity Based on

,
i oy

this premise, one WOuld pred1ct}that the C terminal end of
the dodecapept1de AcP(1 12), which has two lysines at posi-
tions 8 and 12, shou1d contain the ant1gen1c site. However,
this study has shown that it is the hydrophob1c groups

which prov1de the N term1na1 site W1th -the most stable con-
tact points with the ant1body Th1s is pot a new discovéry,

as both Lem1eux and Atassi have reported this phenomenon

Lemieux et al (1983) showed that hydrophob1c 1nteract1ons

were 1mportant in the 1nteract1on of carbohydrates with. an-
t1bod1es Atassi and Webster (1983) and Atass1 (1975) found
the same was true for some. of the ant1gen1c sites of myo-

globin and influenza virus hemagg]ut1n1n For the EDP208 N

_ terminal determinant, the hydroph111c amino ac1ds are not

&

_ maJor contr1butors to the antibody- ant1gen 1nteract1on and

may serve to pos1t1on the h1gh1y hydrophob1c reg1on 6n the -
surface of the prote1n

Recently, F1n1ay et al. (1985) identified’the»major

'ant1gen1c determ1nants of two other conJugat1ve p11us pro- i

te1ns These two p111. F and Co]BZ are re1ated in sequ- :

~ ence, structure and function. Beth prote1ns have an N- acet-,ﬂ

y]ated alan1ne as the N term1naI amino ac1d As w1th the

LY

. .EDP208 p11us protein, the maJor ant1gen1c s1te of these two

qgtprote1ns is 1ocated at the N temguggs,_w1th the acetyl

group as an essent1a1 compone_n

Phere are no. s1m11ar1t1es



v
Tk,

BN

'
LIEN]
Ve

&

A

148

betﬁéen the-two F p11us types and EDP208 except, perhaps in

their ro]e 1n onjugat1on Helmuth and Achtman (1978) show-
ed that dur1n bacterial mating, the pilus of the donor |
ce]l attaches to the surface of the recipient cell, perhaps

‘via a. spec1fic receptor, after which the two cells are

“brought together. It is believed that the two cell mem-

branes then fuse to permit genetic material to pass from
the donor to the rec1p1ent Perhaps it is the N- term1na1
reg1on of these p1lus prote1ns wh1ch is 1nvolved in th1s

cell to cell contact No stud1es have been 1n1t1ated to ex-

7

.am1ne this relat1onsh1p As for the comparison of the EDP-

+208 ant1gen1c,& te with those from other p11us types, no
Lt

homolog1es hayé been identified. K l.emm (1981) suggested

that the K88 major ant1gen1c determ1nant was 1ocated in the

centra1 port1on of "the. prote1n Rothbind et al (1984),

found that the 1mmunodom1nant reg1on of the gonococcal p11-

us prote1n was in the c term1nal reg1on wh11e Watts et al\

I
(1983) found that there were four ant1gen1c reg1ons wh1ch

were loca11zed at the N and C term1n1 of the Pseudomonas

eruginosa 5-p11us prote1n Thus one cannot pred1ct from

other p11us prote1ns, where an ant1gen1c determ1nant may

,res1de

F1nally, the stud1es d1scussed in Sectwon B. 6 of th1s

’chapter revealed the presence of an a]ternate ant1genqc, '

&

and 1mmunogen1c reg1on on the EDP208 pllus prote1n Pre11m-j

1nary stud1es,,us1ng the nat1ve C terminal tryptic: frag-

PN
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'ment, ER (Figure III.3 and 4), suggested that a seoond,de-

terminant ex1sted in this peptide This idea was further

supported by the demonstration that a unique ciass ofapiius .

, speoific antibodies does not. 1nteract with the N terminai

| i

antigenic site but does 1nteract with whoie piii To date.
the nature of this region is uncharacterized although pre-

iiminary studies repo ted in this thesis suggest that it is

. not assoc1ated with t e 1mmeadiate C terminus of EDP208 o ‘

= pilin.
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Chapter IV
Monoclonal Antibodies Against CFA/f Pili

C)

A. Introduction

KohTer‘and,Mt]stein (1976) developed_the technology = .
to produce immortal cell 1ines which contihuously and re? )
/produc1b1y produce unique antlbody molecules These cel]

_11nes are prepared by the in v1tro chem1ca11y med1ated fus-

) jon of sp]enocytes (B cells)ffrom mice 1mmun1zed w1th a

spe01f1c 1mmunogen and cells from a mouse tumor (myeloma
cells) -The resu1t1ng hybr1d ce1l (hybr1doma) has the anti- .
body produc1ng capac1ty acquired. from the mouse B cell and
the ab111ty to grow permanently in cu]ture (a‘character1s-
tic acqu1red from the mye]oma ce]l) ’Theaantibodies‘produc-
ed by these hybr1d cells are called "monoclonal ant1bod1es
'fas each hybr1d stems from a. 51ngle B ce11 and when grown in
culture produces a s1ng1e c]one of 1dent1ﬁa1 cells
,(Now1nsk1 et al., 1983) _ _‘“_ " o v
- This chapter deals with monoclona1 ant1bod1es produc-
»ed aga1nst colon1zat1on factor ant1gen 1. (CFA/1) from en-
‘terotox1gen1c E.coli. CFA/1 are f11amentous structures of-

ten ca]]ed p#11,}found on the surface of enterotox1gen1c

) bacter1a CFA/1 p111 are ought to be necessary . for the

ol
. ';.50"'

-




adherence and subsequent colonization oi/these,bacteria to
the human intestinal mucosa Once colonized the bacteria
secrete tox1ns which are the A'!sative agent of diarrhea

g (Evans et al., 1978). Monoclonal antibodies were prepared"
against this pilus for use in the identification of anti-
genic determinants on the pilus protein and in the identi-
fication of mammalian cell receptors for these pili., Such -
,antibodleslmay eventually be useful .in the preparation of.
synthetic vacc1nes for dianrheal disease. This chapter 1
deals with the production and spec1fic1ty of these mono-

clonal antibodies ahd their use in the study of CFA/i pilus

antigenic structure

[
- gk

fB. Results and Discussion

1. Monoclonal antibody production : |

| A detailed description of how monoclonal antibodies

pto CFA/1. pili were produced is prov1ded in Chapter 11, Sec-

tion 1.1 and I. 2. Female BALB/cCr mice were 1mmunized wi th

whole pili and spleen cells fused with NSl/Sp2 myeloma :

cells 250 putative CFA/1 hybridomas were screened by the

: direct ELISA (Chapter 11, Section I. 3) for anti CFA/1 act-
1v1ty From these, the 5 hav1ng ‘the highest antibody titre.,

were. selected for subcloning Four monoclones were. fur ther

"selected from the five 86 well plates of subclones, on the

lba31s of'higthLISA titres andrused to produce mouse asc1-'
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tic fluid. The four monocfones were named |[WPC-1, WPC-3,
~ WPC-5, and WPC-6.
| The isctypes of the four CFA/1 monoclonal antibodies
chosen were found to belong to the IgGza immunoglobulin
sub-class. Sincé all antibodies were of the same isotype,-
it may be suggested that‘they are derived from the same
original clone. However, as shown below, all‘fodr.aqtibdd- |
" ies have different propehfiés. Alsg, since hyperimmuns‘miée
were used for the fusion, it is pdssible that the cells a-
vailable for the fusipn“were the high affinity I1gGaga pro-
“ducing B cells. w L

— _
d2;iMonoclona1 sbecificify as,deférminéd'by ELISA

AhtibodieS'produced by monoclohesHWPC-1 WPC-3,

WPC 5, and WPC-6 were exam1ned for act1v1ty towards CFA/1
pili using the d1rect ELISA As shown in F1gure Iv.1, al]
'four have s1m11ar prof11es~and endgpjnts (from 1/5 X 105
for WPC-6 to 1/1.3 x 107 for WPC-5, endpoints were cal-
culated usiﬁg a’]inear’hegression program{:as,dessribsd'in'
Chapter 11, Sect1on H.5).. | - ' |
| To test for the pos31b111ty that smal] amounts of é%%
11popolysacchar1de (LPS) may have been present in’ the pili
used to 1mmun1ze the mice, LPS was pur1f1ed from H10407
\CFA/1+ bacter1a'(Chapter I1, Section L.2) and used as the
-antlgen coat1ng m1crot1tre wel]s in the direct EadSA Crude’
asc1tes, 1nduced by the monoclones WPC 1, . WPC- 3”%W$C 5, and

g&v‘rn
B

B
®

no.
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. Figure IV.1 Titre of CFA/1 monoc lonal antibodies, as deter-
mined by the direct ELISA. See Materials and-Methods,
Section 1.3 for experimental details. ‘

Symbols: O WPC-1, @ WPC-3; O WPC-5, ® WPC-6.
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WwPC- 6 was diluted 100 and 1000 times and used as the anti-
body source n this assay There was. no detectable interac-
tion between the monocionai antibodies and LPS. These mono-
¢lones are therefore\spec1f1c for CFA/1 pili.

Each of the fou monocionai antibodies were examined
for 1nteractions with other types of pili, us1ng the direct
'ELISA Any homoiogies between the CFA/1 and the other pilus
dtypesvcan be detected by thistmethod. In the assay, micro-
titre wells were coated with a s%turating concentrationpof
'CFA/1 pili and S“Other piius.types. These pili includéd.two
_conjugative, plasmid encoded types from E.coli, EDP208 and
ColB2; two adhesive types, K39 From E.coli and gonococcal.

(G.C.) from Neisseria gonorrheae (Kindly donated by‘G.

' Schoolnik, Stanford Un1ver51ty, Palo Alto, Caiif ), and PAK

"pili from Pseudomonas aeruq1nosa K Various dilutions of

the four monoclonal antibodies were used and antigen-
“antibody comp lexes were detected using goat anti -mouse. IgG
‘1abeiied with aikaiine phosphatase. Figure IV.2 shows the
resuits of this experiment. Panels B, Cﬁ-and D represent
the results obtained using WPC-B,(WPC+5, and WPC-6, respec-
tively. There was little or no interaction between these
‘antibodiesnand thebnon CFA/1 piiit The results *nvPanei‘A
reveal a distinct reaction of WPC-1 with K99 pili and a;
minimai reaction with CoiB2lconjugative pili. The interao4.
tion with K99 may represent a similar region in both piii
types Since the amino aCid seq&ence of K93 (Roosendaai et

st
iy

X
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Figure IV.2 ELISA assay §howing interactions between CFA/1
monoc lonal antibodies and various types of pili.
Details of the .assay are described in Chapter II,
‘Section I.3. Microtitre wells were coated with the .
indicated pili, followed by imcubation with a 1:1250

“dilution of ascitic fluid from each of the monoclones
and antigen-antibody complexes quantitated at 405 nm,
using the goat anti rabbit alkaline phosphatase

- enzyme reaction. - ,

A. Results obtained using antibodies from WPC-1.

.B. Results.-obtained using antibodies from WPC-3 .

C. Results obtained using antibodies from WPC-5.

D. Results obtained using antibodies from WPC-6.
 G.C. is gonococcal pili from Neisseria gonorrhoeae.
PAK is pili from Pseudomonas aeruginosa K.

o
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al, J 1984) p111j bears no resemblanoe to -that of CFA/1 pili
‘tKlemm 1982) it is not a sequence homology which is re-
vf'cognized by this monoclonal ant ibody . However, both pilus

;f‘types are v1rulence factors on enterotOX1gen1c E. gol1, and

. both are 1nvolved in bacter1al adherence to. 1dtest1na1 mu- -

| oosé One may specu]ate that a common tunct1ona1 determ1-

j  nant is present in CFA/1. and K99 p111 K99 piTi are respon- |

:s1b1e for the adherence of bacter1a to the 1ntest1na1 muc--
osa of calves and 1ambs, whlch eventua11y results in neo-
;nata] diarrhea (Runnells et al 1980)# Far1s et al. (1980)
~located Qhat they be11evedxwas a common receptor for CFA/1
and K99 p111 on erythrocytes Th1s receptor was the gang-

;.11os1de GMg g]ycoconJugate Recently. Sm1t et al. (19845

‘found that the actual erythrocyte receptor for K99 p111 was,

- a- glyco11p1d wh1ch was unrelated ‘to the: ganglwos1de GM2
They’d1d not test the ab111ty of CFA/1 p1l1 to 1nteract
with’ th1s receptor If the receptor for CFA/1 p111 does |
‘g-;turn out to be the sanfe as that For K99 one would pred1ct
v“that these two structures ‘may have a common conformat1ona1
bep1tope wh1ch»1s recogn1zed by the WPC 1 ant1bod1es '

&

',”(T‘ The 1hteract1on betw en WPC-1 and the, con3ugat1ve

id'p11us, Co]B2 is’ mor icult: to exp1a1n The am1no ac1d

0

7J;eequence of eac“fprote1n has been determ1ned (CFA/1 by

/

A Klemm,. 1982 and Cot82 by Finlay et al. ‘i984) q@t no re—'
/"J7cogn1zab1e homoTog1es are 1dent1f1ab1e ", The two p111 types,-'

zmoreover;\have dafferent funct]ons Dne could argue that

o \'

2o
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poth pili types are 1nvolved in cell- cell c ntact CFA/1
w1th human 1ntest1nal cells and Cole w1th other baoter1a1
cells during the mat1ng process Thus structural sthxlar-
ities 1nvolving theﬁfdherence functlon may exist However,.
the Cross reaction is Tow when compared to that w1th K99

and any sim11ar1t1es between the two: p11us uypes may not be

s1gn1f1cant.

| 3. Monoc1ona1 spec1f1c1ty as determined by WMOb'Iot ’ v

ana]ysis A | . i .=»;, iy ﬁ?’;y
o An a]ternate method ?or exam1n1ng the spec1fic1t1€
.h'of monoclopal ant1bod1es from WPC-%, WPC-3, WPC-5; and

.WPC 6 - 1nvo]ves the 1mmunoblot procedure (Chapter 11, Sec-‘@‘
t1on H. 2) The s1x p111 types used in the d1rpct ELISA were
run on SDS po]yacry]am1de gels and e1ectrophoret1ca1ly
transferred to n1troce1lulose paper. The papers were then
1ncubated wtth ant1bod1es frpm onejof the four monoclgnes, '
then antmody aﬁ'%n caupﬂﬁx%%were detech@d usmg 1251 L
d]abel]ed prote1n3A from taphylocoocu aureus ‘followed by

autorad1ograp”' Dupl1cate gels were stained with Coomass1e |

y-»blde for d1rect‘v1su 1tzatlonvof the prote1ns The results,

“‘errred Panels C D E, and F\represent the auﬂbrad1ographs i

L

“zhare shown in F'}ure IV 3 ‘The staqned gel is shown in panel"

: _gA wh11e panel B 135 gel stamed after the transfer pro-

L

,dcess to show that al] prote1ns have been eff1c1ently trans-'

: N
,robta1ned from\n1troce11ulose papers treated w1th ant1§od1es
‘ . RS ST . vud
"i& s

1 e 'm.'ﬂ
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Figure IV.3 Immunoblot analysis of- CFA/1 monoclonal

antibod1es . ‘ :
‘Lane 1, of prestained\grote1n standards (BRL)
ovalbumin ?43 000 daltons) , alpha-chymotrypsinogen
(25,700 daltons), beta- lactoglob1n (18,000 daltons),

> wcytochrome c (12,300 daltons), bovine tryps1n 1nh1b1tor
{6,200 daltons), and 1nsu11n B chain (3,000 daltons);
lane 2, 5 ug of CFA/1 pili; lane 3, 5 ug:of K39 pili;
lane 4,,5 pg of B pili; lane 5, 5 ug of EDP208 p111 '
lane 6, 5 pg of PAK pili; lahe 7, 5 u% of gonococcal
pild. .
A. Coomassie blue sta1ned prgteins after SDS-PAGE.

. B. Coomassie blue stained du 11cate of gel A after the

‘transfer process. .

C. Autoradiograph of protelns transferred from a dup-
licate of gel A to nitrocellulose and gagated with a
1:25 dilution of WPC-1 antibodies and I protein A.
D. Autoradiograph of proteins transferred from a dup-
3 icate of gel A to nitrocelliulose and trgated»with a
»50 dilution of WPC-3 antibodies.and I protein A.
"E. Autoradiograph of proteins transferred from a dup-
licate 'of gel A to nitrocellulose and % gated with a . |
1:50 ditytion of WPC-5 antibodies and I protein A
F. &utoradiograph of proteins transferred from a dup-
11tate of gel ‘A to nitrocellulose and % gated.w1th a
1225 dilution of WPC-6 ant1bod1es and I protein A.
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.from WPC 1, WPC 3, WPC-5 and WPC -6, respect1ve1y It may be
’seen that there was no detectablellnteract1on between any
of the ant1bod1es and the pilus types other than CFA/1
: Th1s confirms the results obta1ned with WPC- 3, WPC- 5 ‘and
WPC-6 from the ELISA. However, unlike the results shown in
Figure IV.2, WPC-1 ant1pod1es only recogn1zed CFA/1 p111‘jn '
th1s assay The putative common determ1nant on the K99 p11-_
us may be conformat1on dependent and unrecogn121b1e after

denaturation of the protein in SD$ -gels.

. \“

4. Inhibition of hemagglutination by m;ﬂmm antibod-

1*% ’ ) | |
’i
vans et [ 1917) descr1bed a corre]ation between

the presence of CFA/1 p11gpon enterotox1gen1c E. co11 and.&@

@

the ability of these bacterff to agglut1 até human type A
erythrocytes in the preSence or absegce of mannos;. S1nce
the presence of mannose does not interfere in the. Hpmagg]u-
t1nat1on CFA/1 p111 are often ca]ﬂed mannose res1stant he-
magglut1n1ns (MRHA) un] ike ‘type 1 p111 wh1ch will not he-

| magg]ut1nate in the‘beesence o ‘nnose and are cal]ed man-

nose sens1t1ve hemagglut1n1 s. (MSH i Sa11t and ‘Gotschlich,

1977). (/

! To study the 1nteract‘

| \f bacteria bear ing CFA/
p111 and human type A erythrocytes, the effect of the CFA/T
monoctonal’ ant1bod1es on hemagg1ut1nat1on was - examined.
1H10407 CFA/1+ bacter1a were prejncubated-w1th undlluted |

)
‘ ey
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antibody from WPC-1, WPC-3, WPC-5 and WPC-6, then -used'-in.
~ the hemagglutination assay (Chapter 11, Section B) A]l
four were capable of inhibiting hemaggiuﬁdnation This sug-
'.gests that the antibodies are pither binding to the region ‘
on . _the pilus responsibie for. erythrocyte 1nteraction orj} Akﬁ
~’binding to an unreiated area and causing a steric 1nhibi-
;t1on ‘of the cell- cell congpct _ .
Since WPC 1 was- capihle of 1nteracting w1th K99 piii"'

in the direct ELISA 1t *wds of 1nterest to determine wheth—

er this- aﬁtibody could iﬂhibit ‘the hemagg1u<~ .
teria po$se551ng K99 pili or whether K994 f; : ghartibod- .

es @ould < h1b1t CFA/1 1nduced hema iut”.ﬁ

First, HiO407 bact’“{ '“es51ng CFA/1 piii were

frific polyclonai antiserum

,ﬁg and tésted for mannose rfci'_‘nt hemagglutination Inter-'
! KAkl

tingiy. the antiserum was’ capabie of 1nh1b1t1ng the he-

maggiutination, t?us, 1end1ng support. to the earlier obser-

: vation (Figure IV 2) that CFA/1 and K99 pili possess a. com-
mon determinant "However, the atte “to 1nh1b1t agg]utina-
.tion of ‘sheep erythrocytes by the K99 containing E. coii i
strain VIDO1! failed with all'gzur monoc]ona] antibodies
‘Eggs;{aithough there does appear to be a. region of 51m11ar-
f'ity between .the two piii this region may not be 1mportant

“ for the 1nter§ct10n of K93 p111 W1th erythrocytes
§ ’

~ . .
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“' 5 Elactron microscopy of monoclonal antibody pilus 1nter- |

: actions

’ .
.oy

Immunoelectron microscopy was used to examine where

. CFA/1 monoclonal antibodies attach to the 1ntact pilus

' was lncubated witH intact CFA/1 pili Each mlxture was

*vejwed in ﬁ‘Philips EM300 electron. microscdpe. Slmilar re\:;

Purified 1gG from smonoc lones WPC-1, WPC-3, wpc 5, cand wPC- s,'.

H\ w

placed on carbon coated grids. negatively stained and

_fults were obtained for’ all fdhr antibod1es The results’*;“‘

using antibodies from WPC 5 are shown in.Figure V.4, Panel

A shows 1ntact pil1 without the ant1body treatment and pan-‘

el B shows CFA/1 pill treated ‘with the&nehoclonal ant1body

Th%ﬁantibodies are b1nding along the e‘;ire surface of the
palus in what appears to be & hel1cal 5a®tern P111 are
believed to be made up of hundneds of repeatlng subunlts
wh1ch are arranged in a helical array (Br1nton._1“ b ‘
Folkhard et al ,‘bl981) It is theréfore possuble ﬁt‘the ' \\
antibodles b1nd tb. each subunit ng1ng rise to the obser-

.. cved helical pattern Abraham et al. (1983) fouhd a similar

pattern of monoclonal ant1bod1es b1nd1ng to type 1 q‘§1

‘_ They also noted that the d1srupt1on of the p1lus strd%ture

—

v

w1th denaturants1abol1shed theég1nd1ng of these monoclonal B

?‘.. antibod1es They concluded that thenr antlbody was d1rected

aga1nst 3 quaternary determ1nant which was" at the subun1t—-

njf?subunit 1nterface S1nce the monocional. ant1bod1es@d1rected

\
T

"agalnst CFA/l were. capable of 1nteractang w1th\Yhe denatur—,f

-

BN
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. ed pilus protein, they were probab]y interacting W1th a se-‘
quent1a1 epitope in the pilin subunit. However, since WPC-1
was unable to interact with the K99 pilus after exposure to
~denaturants (SDS-PAGE), WPC-1. may bind to a conformation’ 4
| dependent epitope 1nvolving quaternary structure in the KQQ
'é pilus. ' Lo ' ‘
A0
6. Relattve ﬁffinities of monoclonal and polyclonal antt-
. bodies for. QFAI1 pdli . : | -
The ;&na# eXper1ment in the stydy of CFA/1 monoclonig
V gm'% §£t12od*es"w3@ deS1gned to determine the1r relat1ve binding
}“0 aff1n1t1estfor CFA/1 p1l1 us1ng compet1t1ve ELISR’s The .
expeicmentﬂﬂﬂﬂgta1ls of this assay are found in Chapter ‘11,
. Section H‘ ; the theory beh1nd the assay and the calcul*
at1on oh‘aa'“rmty constants are found in Chapter BI,\ Sec-
t1ons B.3 and B.6, respect1vely The m1crot1tre wells were

cbgted‘with CFA/1 p111 A su1tab1e range of concentrations -

i 'GFA/1 p111 were incubated with 25 pmole/ml of IgG‘
from ]riof:’ﬁ&%eé “WPC- 1. L WPC-3,. WPC-5, and wpc 6 as well as
IgG’froh G%*/T and»KQQ pilus spec1f1c polyc]onal ant1ser*

The p111-IgG mtxtures were allowed to 1nteract w1th the

p111 coated wel]s and the extent of 1nh1b1t1on of this in-

v
teract1on calculated for each p1l1 concentrat1on The re-

)

sults are presented graph1ca11y as 1nh1b1tton curves 1n\
F1gure IV 5. 150 values (the amount of compet1tor requ1r-‘
d for 50% 1nh1b1t1on of the ant1body p1lus coated we]] in?

ey,
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“iFigure IV.5 Competitive ELISA using monoclonal and
‘ polyclonal antibodies -for the comparison of binding
“affinities for CFA/1 pili. 25 pmole/ml of purified 1gG
from each antibody was used in the assay. See text for
details. ~ S
(Symbols: O monoclonal antibodies from WPC-1, @ mono-
. ~clonaly antibodies from WPC-3, ® monoclonal antibodies.
., from WPC-5, O monoclonal anttbodies from WPC-6, &°
%" " CFAf3 pilus specifil polyclonal antibodies, A& K93
- .pilus specific polyclonal antibodies. ' ‘
. gl .
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lated as described by Nieto et al., 1984) are listed for .

”each antibody 1in Table IV.1. One can seé from Figure 1v. 5

‘.'t . ,
»

A

16y

teraction) and aK's (the apparent aff1n1ty constants calcu-“ff

that all four monoc lonal’ antibodies have a similar 1nh1b1-rp':

tion curve. Different binding affinities were observed for'7‘

each monoclonal antibody (Table IV.1), suggest1ng that they !

originated from separate hybridomas. The inhibition curves
of the polyclonal IgG have a3 different shape than those of
the monoclonal antibod1es This may be explained by the

fact that monoc]onal antibodies are, spec1f1c for one: deter-,
minant on the pilus, whereas antibodies from a polyclqnal
sourge represent‘a mixture;of‘antibody’types»to all the an-
- tigenic regions on the pilUs; 1ncluding oveﬂﬁappingkareas
of the same determ1nant This\heterogeneity resu]ts 1n a
shallow slope in the 1nh1b¢¢1on curve in comparison to the

y "\

sharper s lope observed for the monoclonal antibodies.

A distinct crossreact1v1ty was again found to ex1st.

between CFA/1 and K99 pili (Figure IV.5). The aff1n1ty of f

K9Q antibodies for CFA/1 pili was lower than that seen for

CFA/1 pilus specific antibodies (Table IV.1§. The reason.
for the<weaker-+nteract1on of K89 ant1bod1es for CFA/1 p111

is not clear. Chapter 11] describes the exam1nation of mod

1f1cat1ons in ant1gen1c sites and the effect of changes 1n-

antigen- ant1body interactions with mod1f1catwons in ant1-'

’gen1c s1tes fOr another p11%s protein. Subst1tut1ons 1n the

~

Sequence Of a maJor anhgemc determmant resulteﬂ 1n aﬁg" L ¥
vy . I - k2

e Y‘Al;.f"

yo. * o :{

AT :ﬁ



170 .

Table IV.1

CoﬁpaFisoh of affinities of monoclonal and polyciondlfantt¥ @i&
bodies for CFA/1 pilid - o o ‘
Antbigg_c_ix source . 1-50b(pmole/ml) _akS(1/mole) ‘G
‘ - . | ‘ T 06 3 ff"
_WPC-1 150 BT x 105 L
wPC-3 \‘ 110 9.1 x 106
wesl A
WPC-6 o . 40 2.5 x 107
CFA/1 pilus specific " 33 3.0 x 107
polyclonal antisera ' .
" K99 pilusgspeci fic 1400 7.1 x 105
polycloqafgﬁntisera . '
ER

¥

a. 25 pmole/ml of purified 1gG from each antibody source
. was used in a competition ELISA with CFA/1 pili as the
‘comppetitor., Details of the experiment are found in the

Materialk and Methods and results presented graphically in

Figure IV.5.

4

'b. 1-50 is the concentration of competitor required for 50%

.

inhibition of antibody binding to'the antigen coated micro-
titre wells. = ° . o , / )

c. aK is the apparent affinityfcoﬂstant for. the antibody.

aK ‘= 1/1-50, according to Nieto et al. (1984).
‘ . ) o . v > s “ .
e - oo "

o, . ’ -
S v A - ‘
v \
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: shi ft in b1nd1ng aff1n1ttos as reflected by 1nhtb1tton ‘
2 curves similar. to that aoen wtth the KQS antibodies lSoe "
Figure III g). However,a sdnfe no dtrect aequenctal homology
‘was found between the K99 and CFAL! pilus ppotetns. the
common det@erminant"{_may be confor&ﬁonal (1n na}tre. .
7. Antigonio Determinants on CFA/1. p111
An attempt was made to characterize the spectfiotttes
of the CFA/1 speciftc monoclonal antfbodtes described in
the foregoing Native and aynthetic peptides were used in
immunoblot “and competttion ELISA experiments along with
CFA/1 ptlus specific monoc lonal and polyc\onal antibodtes

The results are presented in what follpws .

oy

a) CFA/1 native peptides N b

- Tryptic d1gest1on of CFA/1 p111 and pilin was per'\

- formed as deeoribed in Chapter II, Seckion F.4, Both intact
pili and the pilin monomer were reIat1ve1y resistant to
_ this dtgestion as determined by SDS-PAGE. Cyanogen bromtde
chemical cleavage of the pilus prote1n was more euccesstul
in that‘three large fragments wene released " as predicted

- on the basis of tpe‘am1no acid‘sequence of the protein A F:’*

(F1gure Iv. SL. These fﬁlﬂﬁbnts‘were parttallyﬁpur1fied by,. -
conveqt1ona1 ] exclusion-ohromatography as’ descr1bed in “

)

Chapter 11, Section F. 5. Further attempts" purﬁfy these

?L%ﬁgr %:ragmgnts tothomogene1ty falled thus precl&ﬂ]ogxamy 1‘
X 2R

L . . i

7 % ’ . \
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R |
.8 : .10 - ' .15
'Val-G]u-Lys-Asn‘Tﬂe:Theral—Thr-Ala-Ser—Val-Asp-Pro-Val-I1e-
- 20 © .25 , 30
. Asp-Leu-Leu¢Gln-Ala-Asp-Gly-Asn-Ala“Leu-Pro-Ser-Ala~Va]-Lys-
3 o~ ) a0 45
Leu-A1a-TyrfSer-ProtAla-Ser-Ly -Thr=Phe-Glu-Ser-Tyr-Arg-Val-
- w50 ) 55 o 60
}kMet-Thr-Gln-Val-His-Thr-Asn—AsntAJgfﬂhn-Lys-LysPVal-lle-Va];
S ‘ 65 70 75 -
Lys-Leu:Ala-ﬁspJThrfPro-Gln—Leu-Thh-ASEHVa1-Leu-Asn-Ala-Thr-m
—% 80 — 85 90
gVél*Gln4Mé;-Pro-I1e-Ser-Va1-Ser-Trp-Gly-Gly-Gln-Val-Leu]Ser--‘
] . kY W B v
_ S 95 T 100 o . 105 .
THthhr-Ala-Lys-GTu-Phe-Glu—Ala-AIEIAla-Leu-GlygTyn-Ser-Alaf
~ - 110 - 115 o 120
Ser-Gly-Va?-Asn-Gly-Val-Ser-SerfSer-G1n~GIU-Leu-Val-I1e-Ser-'
| T s 130 0 135
“FA]g-A]a-Prb'tys-Thr—Ala-Gly-Thr-A]a-Pno-Thr*Ala-G1yrAsn-Tyr-

.= 140 . 145 N
Ser—GlyfVal-Va]-Ser-Leu-Val-Met-Thr-LeUfGly-Ser-COOH

IV.6 Primary structure of CFA/1 pilin (Klemm, 1982).
The beginning and end &f CNBr3 dre indicated by @ .
Synthetic ‘peptides used in subsequent immunoassays
are underlined.

Figure

'?
i,
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ochem1cal analysis of each 1nd1vidual fragment However ,
the three fragments were readily separated by SDS polyac-

~rylam1de gel electrophores1s (ngure IV 7) thus prov1d1ng

‘ 'the p0551b1l1ty of 1mmunoblot analys1s of these peptides

-Hence, the CNBr pept1des (called CNBr1 for the h1gher mole-
cular weight peptide, CNBr2 for the m1ddle band and CNBr3 .
- for the lower molecular weight pept1de) were subJected to
w.\SDS PAGE, electrophorect1cally transferred to nitrocellu-
‘lose and the blotted pept1des were reacted w1th either ‘
‘~'CFA/1 p1lus spec1f1c polyclonal ant1sera or ant1bod1es from
f'the CFA/1 specific. monoclones WPC-1, WPQ 3, WPC-5 and
WPC-6. Details of, the 1mmunoblot are as desr ibed in Chapter
II, Section H.2. ~None of the‘monoclonal ant1bod1es-reacted
‘w1th ang of the CNBr pept1des, in the 1mmunoblot assay

(data not shownl This suggests that the four monoclonal
ant1bod1es may be specific for a, conformat1onally dependent ‘
epitope which is d1srupted by the denatur1ng cond1t1ons of
the SDS- PAGE However, the polyclonal ant1bod1es d1d 1nter-'
act with the lower molecular ‘weight peptide, CNBr3 (res1-
dues 47-78, Figure IV.8), suggest1ng that an antxgen1c de-“
‘terminant is localized in this pept1de fragment

¥4
/

b) CFA/1 Synthetic Pept1des
The CNBr peptLde identified as ant1gen1c by the pre-

vious exper1ments was d1ff1cult to purify in suff1c1ent

v ————

quant1t1es to produce subfragments for competition EEISAY s

~
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1 2 3 4 5

re 1V.7 SDS-polyacrylamide gel'electrophoresiS'of CFA/A
pili and corresponding cyanogen bromide peptides.:

1 = from to to bottom, ovalbumin, alpha chymotrypsin-
ogen, beta lactoglobulin, lysozyme and cytochrome ¢
(doubtet), bovine pancreatic trypsin jnhibitor (BPTI),
and the A and B chains of insulin, molecular weights of
the standards are indicated by the thousands; 2 = CFA/A
pili; 3 = CNBr1 (residues. 79-147); 4 = CNBr2 (residues
1-46): 5 = CNBr3 (residues 47-78). . ~

k ~
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Figure IV.8 Immunoblot analysis of_CFA/1 pi]in'and CNBr

peptides.’ o : . .
A. SDS-PAGE of proteins prior to electrophoretic
transfer to nitrocellulose. :

1 = CFA/1 pili; 2 = CNBrt; 3 = CNBr2: 4 = CNBr3.

B. Autoradiograph of gel A after transfer to nitro-
cellulose and treatment with a 1:250 dilu%ign of CFA/1
specific polyclonal antisera followed by 1

labelled protein A. o U :

See materials and Methods for experimental details.

Key molecular weights are noted on the left side, in the

-
!
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Attempts were-therefore made to further de11neate the CFA/1

‘epitope in.CNBr3 through the use of synthetic peptides. /
Secondary structure and - hydrophilicity prediction

studies were performed on the CFA/1 p111n sequence in order -
to 1dent1fy peptides«possessing strong antigenic character- \
istics. The resylting ana]yses are presented in Figure
IV.9. Panels A, B, and C are alpha he11x, beta sheet and
beta turn orofiles; respectively, as’ determined from the
parameters of Chou and Fasman (1978). Panel D represents
the Hopp and WOOdS‘(1981) hydrophilicity pro#ile for the
same protein. Each point represents en'average of six con-
secutive amino acids. {he regions consjdered to be poten-'
ltia] candidates for antigenic sites ar;,indiCated by hold,
horizontal lines. One can see from Panel D, that two large
hydrophilic maxima e;istr Therregion centered onqresidues
91-98 also coincide with a strong alpha he]ix flanked on
either side by beta turns and appears to be:the best can-
didate. The second hydrophilicity maxtma is broader'and
soans’the residues 52-68. It appears .to be predominantly
betelin structure and does posses a turn centered on the
proline in position 66. It was these-two regions which were
1n1t1a11y selected for synthes1s and examination.

- The sequence of the two synthetic peptides called
AcP (55- 64 angd AcP(QO 99) are found in Table IV.2. AcP(55-
't64) was chosen because it overlaps the tuo.edjacent puta-

tive antigenic regions 52-59 and 61-68, as well as the fact



Figure IV.9 Antigenicity profi]é‘énd:secondary structufe

\

predictions of the CFA/1 pilus protein. Each point is.an

average of 6 amino acids. Horizontal lines signify

predicted antigenic determinants. -

?. gleha helix content as determined by CHou and Fasman
1978) . R

B. beta sheet content as determined by Chou and Fasman.

C. beta turn content as determined by. Chou and Fasman.

D. hydnophilicity content as determined by Hopp and

Woods |1981). < -

AN
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Tabte IV.2

CFA/t Synthetic Peptides

{

« ) s .
Name . Seguence iyt
- Toreapm gt?

i—-f ™ 4

AcP{55-64) Ac-ThrrLys-Lys'Val-IIe-Val-Lys-Leu-Ala-Asp-aﬁidé*_
AcP(61-70) Ac-Lys-Leu-AlafAsp-Thr-Pro-G1n-Léu-Thh-Asp:amide

AcP(55-70) Ac-Thr-Lys-Lys-Val-Ile-Val-Lys-Leu-Ala—Asp—Thr-
' Pro-Gln-Leu-Thr-Asp-amide

. AcP(90-99) Ac-Ser-Thr-Thr-Ala-Lys-Glu-Phe-Glu-Ala-Ala-amide

b3 ]
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that it resides in the CNBr fragment which 1nteraeted with
CFA/1 Qilus specific polyclonal antisera. AcP(90-99) was
chosen because it was highly hydrophilic, suggesting a
strong- antigenigity potential. Competition ELISAs were per-
formed using the two synthetic peptides as compet1tors a-
long with antibodies from both polyclonal and monoc lonal
sources. Both purified IgG and fFab were used as the anti-
body in the assays. Neither peptide was capable of inter-
acting with any type of antibody as detected by the compe-
tition assay (data not shaqwn) .

Two other peptides, AcP(61-70) and AcP(55 -70) (see
Table IV.2 for sequence and Figure IV.6 for location in
protein) were synthesized under the premise that peptide .
AcP(55-64) did not‘encompass the entire antigeeic region
and the presence of the proline residue at position 66 may
be a Key‘contact point with the antibody. Again neither |
.peptide was ab]e to show any reactivity with any of.the
monoc]ona] or polyc]onal CFA/1 pilus specific ant1bod1es
mkt is possible that the aA:;gen1c region in CNBr3 is loca-
ted in the regions not examined with synthetic peptides
(e.g. res1dues 46-55 or 70 -78) but these peptides did not
represent good cand1dates for antigenic sites in terms of
the parameters presented 'in Figure IV.8. However, as dis-
cussed in Chapter 1, prediction rules are nof always reli-
able when searching for antigenic determinants. It is also

poesib\e that the antigenic site in CNBr3 is discontinuous
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in nature, that is comprized of amino acids d1etant in the
protein sequence but brought into close proximity due to
the folding of the polypeptide chain. If this were the

case,’the systematic use of overlapping synthetic peptidee

vwould not be sufficient to identify this type of epitope.

As for the speitficity of the four monoclonal antibodies
WPC-1, WPC-3, WPC-5 and WPC- 6 ope can also assume that
they recognize a conformational ent1ty; not present in the
three CNBr peptides, or a region destroyed by the cyanogen

cleavage of the CFA/1 pilus protein.

C. Conclusions

Four monoclona] antibodies were successfully made
against CFA/1.pLJ1 0f the four, three (WPC-3, WPC-5 dhd
WPC-6) were highly specific for only CFA/1 pili, as detec-
ted by ELISA and immunoblot analyses using six different
pili types One showed spec1f1c1ty towards K838 and ColB2
p11q A1l four had s1m15pr titres (Figure IV.1) and b1nd1ng
affinities (Table Iv.1Y and the apparent affinity constants

for the antibodies werg in the same range as those calcu-

lated for other monoclonal antibodies (Nimmo et al., 1984).

Electhon microscopy showed that all four antibodies bound
to determinants in the pilin monomer, as each bound to the
1atera1 gyrface of the intact pilus in an apparently heli-

cal array (Figure IV.4). The actua1 specificity of these
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antibodies was not elucidated.

Monoclonal antibodies from WPC-1 were capable of in-
teracting with K99 pili in tpe direct ELISA. This suggeated
that the two proteins may poesess a common antigenic re-
gion. These two pili types have very similar biolo@ical
functions. (They are both thought to be necessary for bac-

Jchment to intestinal cells, CFA/1 to human small

terial att

intestine (Evans et al., 1978) and K99 to calf and lamb

—m—

intestine (Runnells et al., 1980). This adherence leads to .
bacterial colonization and subiequent aiarrhea. Faris et
al. (1980) indicated that the ganglioside GMp may serve

as the receptor on erythrocytes for both CFA/1 and K99
pili. However, Smit et al. recently found that the‘eryth-
rocyte.receptor for K99 pili was actually a glyco]%pid
which had little resemblance to GMj. Thesé authors did

not include CFA/1 pili in their studies.

Norgren et al. (1984) found that for bacteria posses-
sing the Pap pili (pyelonephritis associated pili), pilus
formation was not sufficient for baptérial.adhesion to uro-
epitheliai cells. Other gene products, in conjunction with
the pilus, were necessary foh adherence. Labigne-Roussel et
al. (1984) reported a similar observation with a strain 6f
uropathogenic E.coli which expressed a protein which pro-
moted hemagglutination in the absence of pili. These two
observations indicate that different binding domains exist,

one for erythrocytes and one for epithelié] cells. It is
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‘p0§siblé that K99 and CFA/1 pili share one of these dgmains
and that WPC-1 is directed against the common region.

K99 pi\us specific polyclonal antibodies were capable
' of inhibiting the hemagglutination of human érythréthes by
bacteria possessing CFA/1 pili, as was the case with the
CFA/1 monoclonal antibodies. However ; the reverse was not
true: CFA/1 antibodies did nét interfere with K39 specific
hemagglutination. This diminishes the possibility of a com-
mon erythrocyte binding domain between K99 and CFA/1 pili.
The inhibition of hemagglutination by K99 specific antibod-
jes may reflect a sterié inhibition by antibodies binding
to a region close to the receptor binding domain. One can
still not rule out the existance of ‘a common region impor-
tant in epithelial cell adhesion nor.a reghmw:ﬁ general
homOlogy which has nothing to do with pilus function.

Compet1t1on ELISA’s using K398 p11us specific antibod-
jes resulted in a definite interaction between these an'ti-
bodies and CFA/1 pili. The apparent affinity of the K388 an-
tibody-CFA/1 pili interactiop was about 50 fold lower than
that involving CFA/1 ménoclona1 or polycional Igé. This was
probably due to .the presence of minor differences in the
two determinants.

The existance of crossreaction between pili from dif-
ferent bacterial strains is not a new discovery. Watts et
al. (1983) found that polyclonal antisera specific for one

pilus from a strain of Pseudomonas aeruginosa was capable

-

&
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of interacting with pili from a relzéed Pseudomonas strain
as well as with pili- from Neigseria gonorrhese. All three

pili types had-a région of sequential homology which was
the basis of this cross reaction. The possibility of a se-
quential homology between CFA/1 ch K99’p111 9005 not /
exist, according to the published sequences of the two pro-
teins but one can not exclude a conformational hbmclogy.

Immunoblot analysis using the four monoclonal anti-
bodies failed to detect any interactions with pili other
than CFA/1. Monoclonal WPC-1 did not react with K99 in this
assay, although a distinctvinteraction was detected with
ELISA assays. Abraham et al. (1983) found a similar result
with. one of their monoclional antibodies directed against
type 1 pili. They found that after denaturation the pilus
protein was unable to bind a particular antibody. They
stated that this antibody may bind to a region spanning Ewo
pilin subunits, perhaps involving a subunit-subunit inter-
face. WPC-1 may recognize a similar epitope on the K389 pil-
us which would be destroyed during SDS-PAGE. The region on
the CFA/1 pi]us‘ probably within the pilin monomer since.
antibody interacts with the denatured pilin,

The "actual specificity of the CFA/1 monoc lonal anti-
bodies has yet to elucidated. Studies with CNBr peptides
from the CFA/1 pilus protein indicated that polyclonal
antibodies recognize a peptide encompassing residues 47-78.

Attemats to identify the epitope within this fragment fail-
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ed suggest1ng that the ep1tope may be conformat1ona1 or
d1scont1nuous in nature Since the monoc]onal antibodies
fa11ed to 1nteract w1th any of the pept1des, it 1s 11ke1y
that they are also spec1f1c for a conformat1ona] ep1tope

‘However, they may also be d1rected at a reg1on on the pro-.
l‘ .

.

In conclus1on four CFA/1 spec1f1c monoclona] anti-
bod1es were 1solated and part1a11y character1zed ELISA and'
1mmunoblot stud1es w1th intact p111 and pept1des showed |
that these ant1bod1es are. probably directed aga1nst confor-
mat1ona11y dependent ep1topes on ‘the CFA/1 p11us prote1n
CIf it is th1s reg1on of the p11us wh1ch is respon51b1e for
1nteract1ng w1th receptors on human 1ntest1na1 cells one*
could pronose the use of these ant1bod1es as the basis for
a pass1ve orally adm1n1stered preventat1ve treatment
aga1nst d1arrhea, s1m1]ar to that described by Sherman et

,_gl, (1983) using monoclona] ant1bod1es to K99 p111 for the

prevent1on of d1arrhea in ca]ves,



CHAPTER V

v N ) . }
CFA/1 Pilus Mediated Adherence to Mammalian Cells

A.Introduction
‘ %
CFA(1-pili have also been studied in connection with
their role in adherence to mamma11an t1ssues Evans et al.
have found that E.coli co11 bear1ng CFA/1 pili b1nd to 1ntest1n-
- al ep1the11a1 ce]]s of neonatal rabb1ts {(1975) . - Moreover,
the presence of CFA/1 p111 coincided w1th the product1on of
' d1arrhea when enterotoxigenic E.coli was adm1n1stéred to
healthy human volunteers (1977). These stud1eslwere gener-
a11y accepted even though the Evans group did not examine
the molecular basis of this bacter1a1-1ntest1nal ce]] in-
teract1on Thus the exper1ments presented-1n this chapter_
were performed to estab11sh the bas1s of this interaction
with the idea of e1u01dat1ng the nature of a receptor for /
CFA/1 pili on 1ntest1na1 cells. o /
Far1s et al. (1980) determ1ned that the gang11os1de
ng was capab]e of 1nh1b1t1ng the interaction of H- 10407
bacter1a posse551ng CFA/1 p111 with human type A erythro-
cytes. The hemagglut1natron of human erythrocytes by these
bacteria was estab11shed by experiments performed by Evans

t al. (1977) and has been routinelly used as a rapid bio-

l
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/1og1ca1 assay for the presence of CFA/1 p111 on enterotox1?

genic bacter1a Th1s chapter also dea]s with the interac-

.tion of H-10407 bacteria with red blood cells and prelimin-

ary efforts tb\establish the nature of the receptor for
. dad

CFA/1 pili..

B. Results and Discussion

1. Acherence of H-10407 bacteria to tissue culture cells ,_'fgi
‘Initial studies of the adhesive qualities of H1O4077f?ﬁf7

bacteria were performed us1ng a variety of human tissue "*Fre

cu]ture cell lines. The basic assay used in these exper~ fgfj;f-

iments is descr1bed in Chapter II,. Section M. 1 The 1dea1’

assay for assessment of adherence is to rad1o]abe1 the

vhbacter1a. and determ1ne the number of bacter1a attached to‘fu

the mamma11an ce]] by traeing the rad1oact1v1ty However

CFA/1 piti are only, produced when bacteria are grown on

so]1d med1a, thus maK1ng efficient 1ncorporat1on of rad1o-

active Tabel d1ff1cu1t (data not shown). The next best as-

—

sa§ was the one chosen for these studies’, that is, the

‘viahle bacter1a1 ce]l assay (Mackow1ak and Marllng Cason,

1984) The presence of CFA/1 p111 on the’ bacter1a used in

“'the assay was mon1tored by testing the ab111ty of these

bacter1a to hemagglut1nate human type A erythrocytes in the

~presenpe of mannose. The hemagg]ut1nat1on of guinea pig

;erythhocytes was also performed in the absence of mannose
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- to ehsure that the bacteﬁiaydid not possess type 1, or man-
nose sensitive pili. The presence and/or‘absenée of CFA/1
pili was also determined by the extent to which each type
of bacteria was able to agglutinate CEA/1 pilus specific
antisera. The P or CFA/1", control bacteria were ae-
lected from CFA/1* H-10407, by screening several co]on1es
for the absence of CFA/1 pili, as determined by the lack of
hemagglutination, antibody'agglutination, and by'eleCtron'
micréscopy. The termino]ggy used throughout this chapter
Wil] be H-10407 P* for bacferia possessing CFA/1‘p111 and
H-10407 P~ for those without CFA/1 pili.

The tissue culture"cells,wera dﬁown'to aonoiayers ini
24 wé]] tissue culture p]ates. The hono]ayers'were fho-‘
roughly washed, placed on 1ce and 200‘p1 conta1n1ng 5-8 x..
103 colony forming units of P or P~ ﬁ 10407 was
added. Binding was allowed . to proceedlfor 3. hours, after
wh1ch the supernatant so]ut1ons were p]ated to establish
the. number of unbound bacter1a The percent of input bac-
teria wh1ch did not b1nd to the t1ssue culture’ cells was
calculated and the results are pra§gpted 1n_Tab1e V.1,
These results repreéent the avafages of several determina-
tions and their Standard deviat%ohgl One can see that on
the average very”Tittle of the input'bacteria adheréd'dith
no 51gn1f1cant difference observed between the b1nd1ng of

. piliated and non- p111ated bacter1a (as determ1ned by the

| Student t test).,S1nce the tissue cu?ture cells used repre-
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Table V.1
Adherence of H-10407 Bacteria to Tissue Culture Cells

e

Cell Line  H-10407 % Ihput Bacteria Unboundd NS

(origin). ‘- Strain ~_+/-5.0.b .
HeLa o WP+ 98.0 +/- 2.8 3
(cervix) P- 91.8 +/- 8.5 -3

Colo pr 93.5 +/- 6.5 2’

(colon)d P, 75.0 +/- 25.0 2
HuTu o opt 74.5 +/- 10.0 3
(duodenum)d P~ 79.8 +/- 9.3 3
ccL24t p+ " 84.2 +/- 11.5 3
(fetal) p- , 90.5 +/- 13.5 3
INT. 407 pt - 82.4 +/- 7.2 4
(intestine) P- ' ' 84.5 +/- 4.0 4
" None p+ | 74.7- +/- 18.5 4
P 85.8 +/- 12.6 A

a. 5-8 x 103 colony forming. units of H-10407 P* «or P~
bacteria were initially added to the tissue culture mono-.
layers and bacterial adherence assayed as descibed in the
text. The percent of input bacteria unbound represents the -
amount of bacteria initially added to the monolayer which
were recovered from the supernantant and wash solutions
after incubation of bacteria and tissue culture cells. This
was determined from plating these solutions on TSA plates
and enumerating the resultant colony forming units. For all
‘tissue culture cell lines the difference between P+ and

P~ attachment was found to be statistically insignificant
(p > 0:2, as determined by the Student t test).

b. standard deviation . .

c. N = the number .of experiments used in calculation of
bound and unbound bacteria, each experiment was performed
in duplicate. ’ ‘

d. originating from an adenocarcinoma.
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sent many areas of the human intestine, these results ap-
pear to contrad1ct the observat1ons of Evans et al. (1975)

and Knutton et al. (1984a) "As prev1ously mentioned, Evans

>“found that the presence of CFA/1 p111 on bacter1a fed to,

humans correlated with the production of d1arrhea, sug-’

‘gesting that CFA/1 pili mediate bacter1a1 colon1zat1on of

‘the gut prior to caus1ng the disease. Knutton showed, us1ng

light and e]ectron microscopy techniques that H- 10407 pt \
bacteria adhered te human duodenal enterocytes and brush J

borders at a mean of 4.0 bacteria per cell. They theorized

that this adherence resulted in colonization which eventu-

" ally leads to severe diarrhea. In contrast, pilus mediated

~intestinal pieces from-a variety of mamma]ian-sourdes.

adherence}was not observed in our tissue culture assay sys-
tem. This could be explained by the fact that the majority

of these cells are frem,carcinomas and the'appropriate re-
ceptor for CFA/1 pili has been altered or lost. However,

the fetal 1ntest1na1 ce]]s (CCL241) were normal, but pilus

mediated b1nd1ng was st111 not observed. To reso]ve this

contradiction, the assay was performed on freshly isolated

2. Adherenee-of H-10407 bacteria to mammalian. intestinal
cells .

The objective/;f.this sfudy was to corroborate the
results presented Evans et al. (1975) regardin@ adher -

ence to neonate1 rabbit intestinal cells and to determine
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if the samelbadteria will also adhere to a number of other
intestinal types. |

Evans et al. (1975) injected H-10407 P* and P~
bacteria into the intestiha] lumen of the duodenum of four
day old rabbits. The Eabbits were sacrificed 18 hours later
and assessed for diarfhea and H-10407 colonization of the
small intestine. They observed an increase in colony form-
ing units of the pi1iafed'bacteria injected into the rab-
bits with a concomitant diarrheal response. The experiments
presented in this section examine‘the‘intéraction of the
same strains of bacteria with'intestines using the adhesion
assay. | | | .
Neonatal rabbits were sacrificed and their small in-

testines removed. Pieces of the duodenal'region were pre-
pared and assayed for binding of H-10407 P* and H-10407
P- bacteria as described in Chapter II, Section M.2. The
resu]ts are presented jh fable V.2 and bepresent fhe per -
cent of input bacteria (5-8 Xx 104.coiony'forming units)
which did‘not bind to the intestinal.pieces. As observed -
_‘~;Wf&huthe tissue culture cells, only a minimal amount of ad-
'F{i;héfﬁhce occuﬁred, with no statistica) difference between
. :ftHé adhé%enée of piliated or non-piliated bacteria. This is
o in direct confrast with the obSerations of Evans et al.
and the disdrepéncy may be attributable to severa1 facfors.

‘First, in our assay the mucous layer on the intestine was

carefully removed before proceeding with the assay. It
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Table V.2

Adherence of H-10407 Bacteria to Neonatal Rabbit Intestines

H- 10407 % Input Bacteria Unbound?
Strain . _+/- 5.D.b
P+ 97.8 +/- 11.7

p- - 95.5 +/- 3.5

o

a. 5-8 x 104 colony forming units of H-10407 P* or P~
bacteria were added to the intestinal piece and bacterial
adherence assayed as describéd in the text. Percent of
unbound bacteria represents the percent of the bacteria
initially added to the assay which was recovered in the
supernatant and wash solutions. Supernatant and washes were
combined and plated on TSA plates. The resultant colony
forming units were compared to those obtained from plating
the initial or input bacterial suspension. The data repre-
sents the averages of four experiments, each performed .in
duplicate. The difference between-P* and P” attachment i
was found to be statistically insignificant (p > 0.2, as
determined by the Student t test). — :

b. standard deviation



’ %
L4

193
could be possible that the bacteria initially interact with

the carbohydrate rich mucous layer followed by actual at-

tachment to the enterocytes. However. adherence should
still be observed in our assa§ even if this theory was cor-
rect. Also, it is believed that the:duodenum is virtually
sterile due partly to the mucous layer. Bacteria are quick-
ly removed from this area by the mucous which acts as con-
veyor belt (Finegold et al., 1983). Only bacteria which
oossess mechanisms to penetrate the mucous and firmly at-
tach to the underlying brush borders remain pathogenic. In-

teractions of this type should have been detected in our

assay. The second factor which. may have resulted in a d1f-

T~

_ference between th1s study and that of Evans et al. may be

related to the temperature'at which the assay was perfor-

med. The results presented in Table V.2 were optained from |

”‘e&per1ments performed at OOC However , prev1ous experi-

W
“ P

ments which were also performed at 370C and at room tem-

perature, yielded 'similar adherence values (results not

~shown) . Therefore the assays were performed at 00C to en-

sure that bacterial division was limited. F1na11y, the pos-
sibility exists that the strain used in this study was dif-
ferent from that used by Evans. It is possible that over

\ 5 L
tor which is unreTated_to EFA/i-pili. This factor may be

the yearé\Thé\gjraﬁn has lost en\in£g§anf1 adherence fac-

another component associated with the pT]US, similar to the

af1mbr1a1 hemagglutinin found 1A ‘uropat ogen1c E coli des-
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cribed by Labigne-Roussel et al. (1984). It is also wor th
noting that Dean and Issacson (1982), in their studies of
the role of various pilus types in adherence to rabbit in-
testinal villous epithelium, observed similar results to
those presented in Table V.2. They found that g987P and KQQ
p1l1ated E.coli adhered to the rabbit intestinal ce]ls 1n\
an in vitro assay but CFA/1 positive E.coli fai]ed to do ; 

so. More recently, Laux et al. (1984) demonstrated that %z

coli strains positive for K88 or K99 pili readily adheré&"
to murine intestinal epithelial ce]ls but CFA/1 p111ated g:?'

bacteria did not. These results confirm our obs‘;ﬁh

but prov1de no explanation for the di f ferences between
these resu]ts and those of Evans et al.

The same adherence assay was peﬁformed using intest-_
inal pieces isolated from 3 month old pigs, adult rabbits
and guinea pigs; The results were similar to'those obtained
with the infant rabbit. Human buccal epithelial cells were
also harvested'and‘asséyed (Chapter 11, Section M.3) but no -
appreciable adherence to these cells of either piliated or
non-piliated H-10407 was detected. The final experiment in
this series was perfomed with intestinal‘pieces obtaiﬁed
from human ileal biopsies. Again, no detectable binding of
either type of bactera was observed. The ihteractibn of
both types of bacteria to all of the intestinal~cells was
observed by phase contrast light microscopy buf no obwvious

CFA/1 pili-mediated bacterial-intestinal cell interactions

b

»
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were detected. Thern1y intestinal type not examined was
the duodenum, due to the difficulty in obtaining biopsies
in.this region. Since it was to duodenum that Knutton et
al. (1984a) 6bserved marked H-10407 P* attachment, it
would be advantageous to study this intestinal region. How-
eer, until an appropriate source of human ddodenum can bel

obtained no further examination of pilué mediated'adherence

to intestinal cells will be pekiormed.

3. Adherence of H-10407 bacteria to human erythrocytes  {
As discussed previously, Evans’ group (1977) devised
a rapid method'for the identification of bacteria posses-
~sing CFA/1 pili by the ability of such bacteria to hemag-
_glutinate human type A erythrocytes in the presence of man-
nose. This suggests the preéence‘of é specific interaction
between the two cell types. Faris et al. (1980) deduiced
| that the component on the red blood cell mémbrane'whic; is‘
‘important in the pilus-red cell intéfaction contains the"
- ganglioside GMp. The experiment of choice by this group
was that of iphibition of hemagglutination by this glyco-
conjugate. The studies presented in this section approach
the problem in a more direct fashion. The actual binding to
the red cell was quanf&tated and the effect of severaT‘
agents on this intehaction was examined with a vﬁew to
characterize the putative red cell réceptor for CFA/1._pili.

The first stage in this study was directed at estab-
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lishing that a pilus specific {nteraction with the erythro-
cyte does occur. The binding assays Qsed in this section
were similar to those in previous sections of this chapter
and are described in detail in Chapter 1I, Section M.4. 4 x
107 erythﬁocytes were incubated, at 00C, with 3-5 x
108 colony forming units of H-10407 P* or P~ bacteria
for 60 minutes. The number of adherent and non-adherent
colony forming units was determined as described before.
The results are shown in Table V.3. Two different categor;
ies of results are presented. The first set is the total
amount of bacteria removed from the bacterial suspension
during the attachment assay.’This value wasAqetermined by
p]at{ng thelsuspension, before and after incubat{on with
erythrocytes, on TSA plates ahd assaying for the number of
colony forming units (CFU) which occur after incubétién of
the plates overnight, at 379C. The percent of the origin- .
ally added bacteria (input bacteria) remaining in theq
supernatant was subtracted from 100 to qbtain the value in
Table V.3.

The second category refects the number of bacteria
obtained afFer the treatment of the final erythrocyte pel-
let with 0.05% (w/v) trypsin. Trypsinizatioﬁ resulted in
the partial lysis of the erythrocytes, and wés thought to
release the major proportidn of attached bacteria. fhis
suspensién was plated on TSA plates to duantitate the re-

sultant CFUs. The percent of the input bacteria located by
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Table V.3
adherence of H-10407 Bacteria to Human Erythrocytes

% of Input Bacteria? +/- s.p.b
H-10407 P* H-10407 P~

-

Total'Bacteria Removed . '
from Supernatant® 78.4 +/- 1.0 84.9 +/- 10.2

Total Bacéeria

Recovered 34.3 +/- 8.2 13.2 +/- 3.3

a. 3-5 x 106 colony forming uniss of H-10407 P* or P~
bacteria were mixed with 4 x 107 erythrocytes and bacter-
ia) adherence assayed as,described in the text. Each value
represents the mean of 4 experiments, each performed in
duplicate. '

b. standard deviation

c. Bacteria remaining in the supernatant after incubation
of bacteria and erythrocytes, then- centrifugation of eryth-
rocytes was determined by spreading the supernatant solu-
tion on TSA plates and counting the number of colonies
formed after incubation at 370C. The percgnt of the input
‘bacteria found ih the supernatant was calculated and sub-
tracted from 100% to obtain the amount of bacteria assumed
to be attached to the erythrocytes.

d. After the incubation of the erythrocytes with bacteria,
the erythrocyltes were centrifuged, then treated with
trypsin. The trypsinated erythrocytes were spread on TSA
plates and incubated at 370C to determine the number of
colony. forming units of bacteria which may have originated
from cell-associated bacteria. ‘
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this method was called the number of bound bacteria but are
more aptly called the "percent of input bacteria recover-
ed". Previous experiments to assess the effect of trypsin
on bacterigl viability showed little or no inactivation
(data not shown).

The major points to note from the information presen-
ted in Table V.3 are that both P* and P~ bacteria ap-
pear to be attaching to the erythrocytes. When looking at
values obtained for P* and P~ bacteria removed from the
supernatant, thefe appéars to be little difference in the
adherence of the two strains to the erythrocytes. However,
when considering the va]ugslobtained for balteria removed
from' the erythrocyte pellet (i.e. bound bacteria), a sig-
nificant difference Js evident between the adherence of
p* and P~ bacteria (p < 0.05, as determined by the Stu-.
dent t test), with more P* bacteria adhering than P~.
These resu1fs suggest t%e possible involvement of CFA/1
pili in the adherence of P* but not P~ bacteria to hu-
mén erythrocytes. Similar results were obtained when the
.eXperiméht was performed at room temperature. Neither hem-
agglutination nor adherence occured when the assay'was per-
formed at 3709C (data not shown). The assay was performed
af 0°C to prevent bacterial division during the duration
_of the experiment.

The fact that only H-10407 P* bacteria were capable

of hemagglutinating human erythrocytes implicated the in-

N‘f:"‘“/.mt“) °
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volvement of CFA/1 p111 in the adherence resu1ts presented

-in TabMe V. 3 It was hypothes1zed that two different modes

of . @%tachment _4' ex1st d1st1ngu1sh1ng the. attachment
propert1es of #* and P bacter1a to erythrocytes An

add1t1ona1 exper1ment was therefore carried out to deter-

A

mine the effect of pur1f1ed CFA/1 p111 on the. adherence of__
- H- 10402 ‘P* bacteria to erythrocytes The f1rst experlment
to establish 1f CFA/1 pili were involved . 1n ‘attachment was
to determ1ne 1f he observed adherence to erythrocytes was
pilus sp€c1f1c Hyman type A erythrocytes were pre-treated
}\w1th 2 1 mg/ml of pur1f1ed CFA/1 pili pr1or to perform1ng
the prev1ous1y'de cribed adherence assay.’ The results are
shown in Table V. 4 As one can see there is‘a s1gn1f1cant~'
decrease in the adherence of Pt bacter]a to p11us treated

, erythrocytes However, the pre treatment of erythrocytes
vw1th p111 had no s1gn1f1cant effect on the attachment of
'P"bacter1a Thus, one can conclude that the attachment

of CFA/1;pil1ated bacter1a to erythrocytes is primarily

4‘p11us mediated. A secéhd adherence mechan1sm also exists,

. but it is not‘1nh1b1ted by CFA/1 pili. The nature of th1s"
~mechanism was not.persued" .
i To establtsh if the 1nh1b1t1on of H- 10407 pt adher:“

ence to erythrocytes by purified CFA/1 pili was dose relat-
ed, erythrocytes were pre\teatéd w1th var1ous concentra-

,t1ons of CFA/1 p111 prior to perform1ng the prev1ous1y des-

cr1bed adherence assay The- resu]ts are presented in Figure

ﬂ.
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Table V.4

‘Adherence of H-10407 Bacteria tc%mythrocytes in the
' Presence or Absence of CRA/1 Pilid

"H-10407 . Treatment % Lnbgt Bacteria % Difference
Strain Bound® +/- sb.¢ - . +/-5.D.C
ot - CFA/1 pili  24.0 +/- 5.7 & <. w5
o | . © 15.5 #/- 9.8d

pH + CFA/1 pili 8.5 +/-.3.9 T
p- - CFA/1 pili 6.8 +/- 1.9 . & -

| o 0.9 +/- 4.28
5 N 9 A/ e

CEA/1 pili 5.9 +/-.2.3

a. Adherence expeiiments were performed either without pre- =
treatment of'the erythrocytes or with treatment of the g
‘erythrocytes with 2.1 mg/ml. of purified CFA/1'pili prior to
.performing 'the assay. L ‘ , S : ‘
'b. 3-5 x 106 colony forming upits of H-10407 P* or P~
.bacteria were added 'to 4 'x 10/  erythrocytes and bacterial
adherence assayed as described in the text. The number of
bacterial colony forming units determined by plating the
erythrocyte peliet (obtained after incubation with o
bacteria, followed by centrifugation and trypsinization) on. .
TSA plates-was used to calculate the the percent of ‘input
bacteria associated with®the erythrocytes. Each value -
represents the méan of 4 experiments, each performed in ‘
duplicate. - s coe : : R

c. standard deviation.

d. The difference in the adherence of’P*,bacieria in the -,
presénce and absence of CFA/1 pili was found to be 'statis-
. tically significant (p < 0.05," as determined by the Student .-
t test). o . o S '

. ] . ER ” ;
e. The difference in the adherence of P~ bacteria in the . .
presence and absence of CFA/1 pili was found ‘to be statis-
Eica]l{ insignificant (p> 0.2, as determined by the Studént
t tes : ‘ ' . L Do ' B T

S ) 7
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V. 1 ‘as theipercent of the input bacteria bound to the
»erythrocytes ‘versus p111 concentrat1on The percent of 1n-
bput bacteria bound was" determ1ned by plat1ng the final
erythrocyte pellet (obta1ned after 1ncubat1on wi th. bacter-“
followed by gentle centr1fugat1on) on TSA plates and
v’compar1ng the number of CFUs associated w1th thi's pellet |
vand the acgpal number of CFUs 1nit1a11y added to the assay'l
V'm1xture Each exper1ment as done in dup11cate and 3 6 ex-
‘ perxments were done at ‘each p11us concentrat1on There was<
" a def1n1te decrease in attachment of the p111ated bacteria
'w1th the increase in concentrat1on of pili. There was a
: large standard dev1at1on fbund for many of the adherence o
'"values Thts can be attr1buted to the d1fference in degreee
of'p111at1on of the bacteria from exper1ment to exper1mentr~\
as each exper1ment was performed on a separate day How-
ever, the genera1 trend of 1nh1b1t1on of bacter1a1 b1nd1ng.,
'1n the presence of 1ncreas1ng amounts of free p111 1s read-
ily observed Saturat1on appears to occur at 19 1960 ug/ml.
This range of concentrat1ons 1s 1n Keep1ng w1th those used -
by Issacson et al (1978) when estab11sh1ng the 987P p11us
.spec1f1c adherence of bacter1a to porc1ne 1ntest1na1 ep1-'
-the11a1 ce]]s Fromythese and the prev1ous exper1ments 1t
Qrcan be assumed that a: p11US spec1f1c adherence of H- 10407
‘1P+ bacter1a to erythrocytes exists.

‘Faris’ group also exam1ned the effect of pretreatment -

*;of,red blood ce11s wnth two enzymes..tryps1n and‘neuramtn-

-



_Figure V.1 Binding inhibition curve showiihg the ability ,%f
- . .increasing concentrations of CFA/1°'pili to inhibit the .
- attachment of H-10407 P* bacteria to human type A
"~ erythrocytes. For details see text. \ o

Foo s
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idase on hemagglutination by H-10407 bacteria.‘They found
that red #lodd cells treated with neuraminidase‘but‘not
trypsin lost the abi]ity’to interact with the bacteria in
question. The effect of these two enzyhes was examined in
our system. Human erythrocytes were pretreated for one hour
with both of these enzymes (method descr1bed in Chapter Ir,
Section M.4) prior to perForm1ng the adherence assay. The
results are presented as the percent of input bacteria
 bound and are found in Table V.é. A statistically signifi-
cant decrease in the binding of piliated bacteria was ob-
served with both enzymes'(p < 0.05) whereas the treatment
had no signtficant effect on the binding of unpi]iated bac-
teria (p > 0.2). Since there was no effect on the unpili-
ated bacteria, one can.assuhe that the components disrupted
- by the enzyme treatmerit were pi]us‘specific. One should
| note, however, that the results-obtained with trypsin are
in_contrast to those obtained by Faris, although our re-

t sutts with neuramintdase are similar to those of Faris. QOur
findings suggest that the receptor for CFA/1 pili may be a
g1ycoprote1n | 3 ’

The f1na1 approach to asse351ng the role of CFA/1
piTi in the .interaction between H- 10407_P+ bacter1a and
human erythroéytes involved electron microscopy. The ery-
throcytes were mixed with Pt and P~ bacteria, the sus-
pens1og was washed and fixed, thed stained with ruthenium

" red. The stained mater1a1 was imbedded in epon and thin
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Table V.5

. Adherence of H-10407 Bacteria to Trypsin or Neuraminidase
Jreated Human Erythrocytes ,

, " H-10407 % Input Bacterig
Treatment Strain _Bound? +/- S.D.
None - Copt 33.7 +/- 10.0
- ‘ P- C 13,9 +/- 4.2
Trypsin ' P+ 18.3 +/- 4.3¢€
. P 15.1 +/- 4.6d
Neuraminidséé; pt - 19.4‘+/-'C3.8,c
. | P- 12.1 +/- 1.0d

a. 3-5 x 106 colony forming uni;s of H-10407 P* or P~
bacteria were mixed with 4 x 10/ pretreated erythrocytes
and . bacterial adherence assayed as described in the text.
Each value represents the amount of the bacteria initially
added to the assay which was recovered from the final
erythrocyte pellet. After incubation of erythrocytes and
bacteria, the erythrocytes were pelleted by gentle centri-
fugation and plated on TSA plates. The resultant colony
forming units were compared to. those obtained from the
plating of the initial bacteria suspension. Two to ten ex-
periments were performed, each in duplicate.

b. standard deviation.

c. The difference'between<:;e attachment of H-10407 P™
bacteria to either trypsin or neuraminidase treated
erythrocytes and untreated erythrocytes was found to be .
statistically significant (p < 0.05, as determined by the
Student t test). : :

d. The difference betweén the attachment of H-10407 P~
bacteria to either trypsin or neuraminidase treated
erythrocytes and untreated erythrocytes was found to be
statistically insignificant (p > 0.2, as determined by the
Student t test). : : '
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sectioned for hicroscopic examination. The entire procedure
is described in Chapter 11, Section E. Figure V.2.shows
electron micrographs of of P* bacteria with erythrocytes
(Panel A), of P~ bacteria with erythrocytes (Panel B) and
equivalent samples which were not treated with ruthen1um
red (Panels C and D). The piliated bacteria; regardless of
the tredtment employed, appeared to be suspended from .the
“‘surface of the red ce]f membrane by thin filaﬁents. which
could be considered to be pili. Knutton et al. (1984b) made
the same opservations whed they performed simj]ar electrory,
microscopic exberiments. It should be noted that ruthenium
red is thought to bind to negatively charged surface poly-
saccharides (Luft et al., 1971). However, CFA/1 pilus pro-
teins have little or no carbohydrates cova]ent1y associated
wfth them (Gaastra and de Graaf, 1982), thus the basis for
ruthenium red staining remains to be elucidated. Unpiliated
bacteria also appear to be adhering to the erythrocytes.
This binding was also detectedqby the adherence assay re-
sults described in Tables V.3, V.4 and.V.5. As seen in
Figure V.2, panels B and D, unpi]iated'bacteria.associate
much closer to the erythrocyte membranes than do piliated

bacteria. The nature of this adherence is presently‘not

upderstood.

3

In summary, the adherence of H-10407 bacter1a to hu-
man erythrocytes dur1ng the hemagglut1nat1on react1on mayr

be pilus specific, although adherence also occurs with un-



Figure V.2 Electron micrographs of thin sections of H-10407
bacteria associated with human erythrocytes. Details of
sample preparation are described in Materials and Meth-
ods. Each photograph represents a 52,000 X magnifica-
tion. P = CFA/1 pili, H = H-10407 bacterium, E = eryth-
rocyte . '

‘A. Ruthenium red stained interaction of H-10407 pt
" bacteria with erythrocytes. ’ .

B. Ruthenium red stained interaction of H-10407 P~
bacteria with erythrocytes.

C. H-10407 P* bacteria interacting with erythrocyte,
wi thout. ruthenium red stain. ‘

D. H-10407 P~ bacteria interacting with erythrocytes
~without ruthenium red stain. :

g
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piliated bacteria. The receptor for CFA/1 pili on the
erythrocyte was found to be sensitive to trypsin and neura-
minidase, suggesting a glycoprotein with an N-acetyl neura-
minic acid mpiety may contribute to this receptor.

4. Interaction of H-10407 bacteria with synthetic carbo-
hydrate conjugates |

~ Another approach to the determination of a receptor
for CFA/1 pili involved the ability of H-10407 P* bacter-
ia to agglutinate latex beads coated with synthetic carbo-
hydrate moieties. CHEMBIOMEDVLfd.r(Edmontonq Alberta) pre-
pared the carbohydrate linked beads listed in Table V.6.
H-10407 P* and P~ bactbria‘were suspended in PBS, mixed
with thé beads and assessed for aggldtinatidn. Neither the
P* nor the P~ bacteria were capable of agglutinating
any of the carbohydrate conjugg?es; Unfortunately, the
gahg1ioside GMo was unavai]ablgﬁgb we could not determine
if Faris’ conclusion that this glycoconjugate is the recep-

tor was correct,

C. Conclusions

The initial aim-of this project was to idéntify a
tissue culture cell line which possessed the appropriate
receptor for CFA/1 pili. This would provide a convenient

supply of receptor material for biochemical characteriza-
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Synthetic Carbohydrates? Used in H-10407
s Agglutination Assays

n<v{-

Structure {3}

Trivial Name

8Gal(1-3)8G1cNAC

+(1—+4)
QFQC
| aFuc(1-*2)BGal(1—+3)BGlcNAc
. +(1-+4)
a Fuc

xGalNAc(1—3)BGal
BGal(1—+4)BGlc .
2aGal({1—3)8GlcNAc

BGal

BGal(1—3)aGalNAc :
gGal(1—3)8GIcNAc(1—+6)BGal
BGal(1—+4)8GIlcNAc(1—+3)8Gal
aGal ‘

aGalNAc(1—3)8GalNAc
BRGal(1—4)8GlcNAc
aMan
aGalNAc(1—+3)8GalNAc(1—=3)aGal
aGal(1—4)8Gal
BGal(1—3)BGalNAc
aMan(1—2)aMan
BGlc(1—2)aMan
8GalNAc{1—2)gGal
BGal(1—4)8GlicNAc
+(1—+3)
aFuc

8GlcNAc({1—4)BGal
BGalNAc(1—4)8Gal
a-L-Fuc({1—4)8Gal :
aNANA(2—+6)BGal(1—4)BG1eNAC
aNANA(2—3)8Gal
aNANA(2—~6)BGal(1—~4)8Glc

‘Lewis A

Lewis B

B Lactose
Lewis C

T

Forssman-Disac
B LacNAc.

Forssmén-Trisac
Py
GM 1

a. carbohydrates were synthes1zed and covalently coupted to

Latex beads by CHEMBIOMED Ltd.

Edmonton,

Alberta.
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tion. However, none.of the humen cell lines tested in our
assay appear to interact w1th H-10407 P* bacteria. The .
same results were found with a variety of freshly isolated
mammalian mucosal epithelial cells. The only definitive ad- -
herence of CFA/1 piliated bacteria was found using fresh??}
isolated human dJ;denal cells (Knutton et al., 1984a). Our

kstudy of the HuTu cell line, of duodenal adenocarcinoma
origin, resulted in little attachment of either piliatéd or
non-piliated H-10407. This could have beeh attributed to
the origin of épe line, in that being from a carcinoma the
cells may have either lost the normal cell surFaée receptor
for CFA/t1 pili or the receptor was altered in Some way»
Once normal human duodenum becomes available the appropri-
ate experiments will be performed to deterﬁine in CFA/1
pili do have a role in attachment to this tissue.

The results obtained using intestinal pieces from in-
fanf rabbits are contradictory to thos%&ebserved by Evans
et al. (1975). They found that CFA/! pi]iatéd H-10407 bac-
teria but not the unpiliated equivalent colonized the gut
of neonatal rabbits and resU]ted in diarrﬁea. We found, in
our assay system, that there was little attachment of eith-
er P* or P~ H-10407. Dean and Issacson, (13982), also
found little or no adherence of H;10407 P* or P~ bac-
tertp to rabbit intestinal epithe]iuﬁ. Further, Deneke et

al., initially observed that CFA/1 positive H-10407 bacter-

ia were capable of adhering to human duocdenal epithelial
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cells (1984). More recently, Deneke reported that a sub-
stantial decrease in the adherence of CFA/H'positive E.coli
to the same intestinal cells occurred when the assay was
performed in the presence of sulfhydryl-modifying agents
(1985). Slhnce CFA/1'pili do not contain any sulfur contain-
ing amino acids (Klemm, 1982), this data suggests that
CFA/1 pili are not involved in attachment but adherence is
mediated by another cell surface component which does pos-
sess an essential sulfhydryl moiety. It is also interesting
to note recent work published by Evans et al. (1983) which
describes in vitro binding of many strains of E.coli bear-
ing either CFA/1 or CFA/2 pili to trypsinized fetal intdst-
inal epitﬁe]ia] tissue culture cells. Careful scrutiniza-
tion of their data revealed very inconclusive correlation
between the preseﬁce'of CFA/1 pili and adherence. In fact,
H-10407 P* bacteria were far iess efficient in binding
than other strains. A reasonable explanation for this dis;
crepancy may involve a change in the bacteria during suc-m
cessive subculturing in the laboratory. The bacteri we
used possess CFA/1 pili, as detected by electron nﬁcroscopy
and antibody aggiutination but may haQe lost other surface
components which may be neccesary for adherence to intest-
inal cells. The presence of non-fimbrial hemagglutinins and
adhesins on uropathogénic E.coli have been demonstrated
(hemagglutinin by Labigne-Roussel et al., 1984, and adhes-

ins by Norgren et gl.,‘1984). In both cases pili were also
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expressed but other proteins were necessary for either
hemagg]ut1nat1on or adherence to ep1the11al cells. One can
‘\speculate that there is a second prote1n perhaps at the.
‘bacter1a1 ce]] surface or 1ncorporated W1th the pilus, that
is required for adherence to either human or rabb1t 1ntes-
-t1na1 cells. This also suggests that. two d1stnnct receptors -
may exist on the two t1ssue types. We found- that hemaggliu-

}‘ tJnat1on of .red blood cells by H-10407 P+ bacter1a does

not occur at 37°C but in vivo adherence of these bacter1a

3

- to 1ntest1na1'cells shou]d occurﬁat;th1s phys1olog1ca1 tem-
perature for: these bacter1a to be conSIdered ‘as pathogens
ﬁS1nce our. bacter1a are capable of hemagg]ut1nat1ng eryth-
rocytes and have” been shown to 1nteract with the red ce]ls
~in.a p11us spec1f1c manner one can ‘assume that it is the -
p11us wh1ch med1ates the hemagg]ut1nat1on react1on but it -
is the41ntest1na1 adhes1n ‘which has been 1ost Thus, if our'
“bacter1a are 1ndeed def1c1ent 1n th1s component they. shou]d .
not adhere to either 1nfant rabbit or human intestinal
| cejls This theory Qi11cbe‘persued upon receipt'of_human;
‘duodena] ep1the11um ‘ ‘ - -

CFA/1 p11us med1ated adherence to human erythrocytes

'_ was effect1ve1y demonstrated Adherence of H-10407 P*

‘ bacter1a was inhibited by pretneatment of the erythrocytes .
‘w1th 1ntact »pur1f1ed CFA/1 pili.>This pilus med1ated ad-
'herence was greatly reduced after treatment of the red Lo

':'cells w1th tryps1n or neuram1n1dase,vsuggest1ng ‘that the
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putatt@é”receptor may be a glycoprotein possessing‘an im-
por tant N acetyl neuraminic acid moiety. The effects of
these tWO enzymes on intact human erythrocytes 1s well doc-

umented. Steck et al. (1971) found that only the s1alogly-

LI

coproteins are d1gested to any extent when erythrocytes are -
treated with tryps1n.'%nder$on gt al. (1981) reported that
trypSinizatjon of erythrocytes resulted in the release of
40 amino acids and 80% by weight of the carbohydrate
moieties of the maJor erythrocyte glycoprote1n, g]ycophor-

.uFa1rbanKs gt (1971) found that treatment of eryth-
\rocytevghosts W1th.neuram1n1dase pr1mar11y effected the
_ glycoproteins result1ng in the1r 1ncreased mob111t1es on
SDS-PAGE.'One cou]d speculate that one of these glycopro-
teins, perhaps glycophor1n cou]d conta1n the putat1ve
'erythrocyte receptor for CFA/1 p111

| CFA/1 p11us med1ated adherence to human erythrocytes

 was also demonstrated by electron microscopy. In photo-‘
.:graphs the p111ated bacter1a appeared to be attach1ng to
the red cell membrane by long i laments, presumably via ‘the
pt]us'tip. One.coutd"specu1ate‘that a specificrstructura1
feature is present at the pilds,tip ‘- interact wtth‘the

‘ putat1ve red cell receptor A similar effect has been dem-

~_onstrated in phage- b1nd1ng to the F conjugative pilus.-Fil-

amentous DNA phage bind exo]us1ve1y to the tips of th1s
pilus (Marv1n and Hohn, 1969) whereas 1cosohedra1 RNA phagg

such as R17 attach along‘the s1des‘of the p1lus (Crawford
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and Geste]and 1964) . Recent]y‘, Frost et al. (unpublished)
‘produced a-monoclonal antibody spec1f1c for the t1p of the
F p11us Tt 1s poss1b1e that the same effect is occurr1ng
with the CFA/1 attachment to erythrocytes One cou]d specu-
late ‘that ster1c factors determ1ne that only the t1p of-
p11us b1nds to the red ce]] membrane but the observat1on
that pur1f1ed CFA/1 pili are not capable of agglut1nat1ng
‘human erythrocytes strongly suggests that these pili are
monovalent One shou]d ‘also note that in all experiments
performed us1ng erythrocytes, P~ bacteria were capable of
' attachment. This adherence was not. altered by the treatment
’-of the red ce]ls w1th»enzymes and was not 1nh1b1ted by 1n-‘”
| tact CFA/1 pili. This could reflect a nonspecificfadher?f‘
ence perhaps mediated by bacter1a1 LPS or some abundant

cell’ sQPface prote1n One could speculate that two types of
<

. 7'1nteract1ons are occurr1ng, a h1gh1y specific pilus mediat-

ed- one and a nonspec1f1c 1nteract1on The nature of the

second-adherence mechanism was not examined.

i
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