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Spacific aims

1) To cdemonstrate the existence of "in vive' antigens on V. cholerae
0L diselated from cholera patients and to assess in an experimental

model the collective protective significance of such components.

2) To clone the aenes encodinag each of the "in wiwve” antigens in
order to construct isogenic mutant strains with which to evaluate

the pathogenic sionificance of these components.

3) T assess the siagnificance of toxin-zoregulated pili as a

colonization factor for E1 Tor strains of V. ofindemsaee 01.

S$ignificance

It ds now clear that the virulence detarminants of pathogenic bacteria
are nol constitutively expressed, so the identification of candidate
protaective antigens cannot rely simply on studies of organisms which
have bean grown " in vitro'.  The studies proposecd will be the first to
examine the anticens produced by V. cholerae in response to the human
intestinal environment. As such, they have the potential to improve our
understanding of the disease process in man and to identify novel

-

components of vaccine significanca.

ETHICAL IMPLICATIONS

From patients. ztool, sera and jeiunal juices will be studied.

w2
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11, BACKGROUND, RESEARCH PLAN AND BIBLIOGRAPHY
al BACKGROUND

At the proseat time there is still ne ideal cholera vaccine, i.e. one which is
botit highly immunogenic and protective on tha one hand yet completely safe,
inexpensive and convermient to  administer on the other. Thg best of the
Formilations presently available is an oral inactivate vaccine developed by
Holmaren’s aroup. which comprises encrmous mimbers of Killed bacteria together
with the purified B subunit of the cholera toxin molecule. This vaccine is
completaly sate apd reazsonably effective when adeinistersd to adults in the
fiold, conferring a protection rnte'mf S0% over 3 years (L}, It is, however,
comparatively expensive to préduce and the need for multiple doses is a
ag) ious practical cdisadvantage. In addition, protection for children below
the age nf 5% years is only short-term. .Remearch continue; on the causative
agent, of the disease. the bacterium V. cholerse, with the aim of identifying
new virulence determinants which can be exploited as protective antigeﬁs for

the devaelopmant of more affective vaccines.

Colonization factors and protective antigens of V. cholerae

The colonization factors of V. choleras have received much attention over the
past 10-15 vears. Experimantal studies have implicated a va}iety 6f factors,
including a flagellar adhesin (2,3). various molscules operationally defined
as haemaaolutinins (4,5), and most recently toxin—coregulated pili (TCPR) (6).
OF theze, only TCP has been shown to promote colonization of the human gut.
In human volunteer studies. Herrington et al. (7)) compared the behaviour of an

attenuated (non-toxigenic) V. cofmlerge strain with that of an isogenic TCP-



nagalive mutant., The mutant strain lacked the colonizing, immunizing and
protective potential of its parent. By analogy with sarlier experience with
Lochwrichia oolf pilus colenization factors, it seems likely that antibodies
to TCP would pretect against infection. ﬁlthough'fhis remains to be
demonstrated for human disease, TCP is a protective antigen in the infant
mouse cholera model (8,%). Recenl experiments in our laboratory showed for
the First time that antibodies o TCP are sufficienf to pirotect infant mice
from a potentially lethal inoculum of JCP-positive Classical K. cfoleras

(8.9,

The First antigen to be described as a protective aﬁtigen in e#perimental
cholera models was lipcpolysaccharide (LPS) (10,11). Until recently, evidence
that antibodies to LPS might be protective_ in man was circumstantial, but
direct avidence comes from a recent cholera challenge'trial which assessed the
protective efFficacy of a candidate bivalent cholera-typhoid vaccine (12). The
vacoine essentially comprised Sadsonells typhi Ty2la bacteria expressing
O-antigens cloned from V. cholerae. Vaccinees sufferad significantly less
puraing and excreted Ffever challenge organisms than controls. Two of eight
vacoinges - the only racipients to show significant serum bactericidal
respronses following immunization - were completely protected against disease,
indicating that antibodiss’ to O-antigenic determinants are sufficient to

nediate protaection (12).

Alilhough the killed oral vacocine developsd by Holmgren’s group comprisas
vibrics which express antigens associatecd with the LPS structure, they wers
not. cultuwred appropriately for production of TCP. 1t has been suggested that
the inclusion of TCP would improve the protective efficacy of this vaccine

formulation (13); if so, it mighl be possible to reduce the numbar of bacteria



per donse or Lhe nunber of doses  peoquilred. Whather TCP is the only non-LPs
I

nrokeclive antigen iz not krown.

Expression of bacterial virulence factors is not constitutive

Holecntlar biological studies in the past few vears have areatly improved our
undatstandina of the genetic control of virulence determinant expression.
Although much remains to be learped. fwo things have become clear. First,
virulanne  faclors are not necessarily constitutively expressed {6.14,15),
Secomvl.,  alobal  requlatory aenes control the expression of sets ‘of Qe IFs

agncoding, for examplse, piroducts critical for pathogenicity: in this way, the

synthesis of divarse virnlence factors can be coordinately controlled (14,16,

Mathoosns such as . choderse have evolved a variety of virulence determinants
which collechively allow the hacteria to cause disease in man. Howsver, thess
organisms musl also cope with prolonged periods of aexistence outside a
suzcaptible host, in the external enviirornment. Production of multiple
virulance Factors miaht be not only unnecersary during this pariod, but miaht
also reduce 1he likelihood of survival through sub-optimal alleocation of
Hmited resources.  Teleologically it is mwore sensible to have sets of factors
undei 1he control of globhal regulatory genes. so that the organism synthesizes

those factors most appropriate at the time.

-

In thn case of . cioleras, the production of TCP is coordinately controlled
With production of the cholera toxin (hence, toxin-coregulated pili) and of at
leasi two ocuter menbrane proteins (6,16). A alobal regulatory gene., foM, has
been identificd (6,16).  The s1imuli which induce expression are under
investigation, bot appsar o include tamperature, pH, osmolarity and the

presence of oo lain amino acids (16) . A recent study by Jonson =¢ al. (17)



indicates that V., cholerge synthesize a nunber of ‘novel membranre proteins
during growth in the adult rabbit intestine. At legst 8 "in viveo-specific"
proteins are induced: these are immunogenic and not - evident in nembrans
profiles of "in vitre' grown bacteria. This raport Has obvious implications
for those interested in vaccine development. If any of the "in vive' proteins
performs a vital rele in pathogenesis, neutralization of this function by
antibodies might prevemt, infection. Clearly it is'no longer sufficient to
study the antigens present on bacteria which have beeﬁ_grown I vitere' (18).

b) RESEARCH PLAN

B e e

The aim of the present proposal is to determine whether V. choleras expresses

- aritam

novel antidens during growth in the human aut.. '1f so, the protective
sianificance of these components will be evaluated by ?ssessing the protective
polential of the respective antibodies 1in the infant mouse cholera model.
These antibadies can also be used to clone the-"jn vjﬂﬁWSpecific” antigens as
a prelude to their more detailed characterizgtion.; The coristruction of
isogenic mutant strains lacking the capacity to produce a particular "In vive-
arntigen” will allow an assessment of the pathogenic significance of each such

i

component..

-
i) Do V. cholerae produce novel antigens during in vive growth in man?

{
About 40 adult cholera patients. 502 of whaom will‘be ﬁnfécted with Classical
biotype and the other 50% infected with El Tor bictype will be studied.
V. choleras will be recovered from the rice-water stcélslof cholera patients
: b

by differential centrifugation, using a method similar to that descriped by
Johnson «¢ al. (17). These "in ?Imd’ organisms wi%l be stored frozen in

i i
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P
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aliguots and used to prepare anbizera in rabbits. The_?ausative bacteria will

v "

:
i

be atreaked onto selective media and stored in lyophilized form. aAcute and

convalescent sera and jejunal fluids will also be collected. Acute specimens

will be collected as soon as after admnission and convalescent spacimens after

: o !:

1. t
The rabbit antisera will subsequently be extensively ab?orﬁéd with homologous
] _ i
“in vitro-grown” bacteria, to obtain antibodies collectivelﬂ directed against
PR :

two weeks.

+ -‘E BN . "
any antigens exclusively produced during replication fzn vive' . Then,

- } [ “
Tfollowing the approach of Johnson et 41. (17), these absorbed sera will be
/.

applied to immunoblots of "o vive" and "in vitro'l grown bacterial
L I

»

i ; .
suspensions, to detect the “in vive antigens'. Similar blots will be
]
performed using patient serum and jejunal Fluid samples to determine whether

these antigens are immunogenic in their human host as a result of bhacterial
¥

drowth within the gut. It is possible that "in vive' antigens will be
exprassed at low levels "in vitro'. Therefore, absorption of sera with

Vin vitre-grown” bacteria is likely to remove spacific low level antibodies to
’ ' P .
in vive antigens” and result in failure of expariment. To avoid this, sera
i
! i
from rabbits immunized with "in vitro-grown” bacteria will be absorbed with
-

lipopolysaccharide antigens. The absorbed sers will be§used‘to probe Vibrios
]
i

collaected from the human gut. Low level antibodies would, therefore,
- . ‘ i : N
recognize antigens that are expressaed more “in Viy@'ﬂ‘and this should

¥

demonstrate differences between "irn vive' and " in vjtrcflexpressed antigens.

!
1

CIF the absorbed rabbit antisera. identify novel membrane proteins, their
. ' 1 ! .

. . . . (", .
protoctive activities will be assessed in Adelaide, using the infant mouse
S .
cholera model (8). Becauss the proteins of interest will not be present on
the ("im vitro-grown") challenge bacteria, the normal procedure of pre-

I
: E‘

B
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treating the challenge inoculum with the antisera of iéterest micht not result
in protection of the infant mice. Thus, our previous studies showed that the
protective polential of antibodies Lo TCP was greatly reduced it the challenge
organisns were TCP-negative at the time of administration {8). In this event,
antibodies could be administered intraperitoneally, prior to oral challenge to
ansura Lheir continued availabilily during the course of infection (e.q. ref.
19).  The protective significance of the separate "in vive-antigens” can be

asseased following the cioning of the various structural genes (see balow).

111 Cloning of genes encoding in vive-antigens

Because thn “in vive-antigens” are not produced during "in vitre culture,
cloning of ihe structural genes will require the use of expression vectors.
This approach wonuld fnvolve partially digesting the bacterial ONA with
restriction enzvmes, such as Sw30 or fagl  and cloning into vectors with
regulatable promoters . The fUC plasmids are suitable for -this purpose -
exprassion can be induced by the addition of IPTG. ‘The plasmids would be
maintained in a ZlacI9 strain to pravent inappropriate expression.  [We have
used 1this approach for cloning antigens of Griardia damblia.] An alternative
vector is one which contains the {,v promoter (a hybrid £ro-l1lsc promoter)
which can also he controlied in the same way but gives much higher expression

-

levels.

The absorbed antisera specific Tor "0 vive-antigens” will allow isolation of
the cldnes of interest, which can then be used to prepare antisera specific
for the cloned antigens. These can be tested for protective activity as
described above. In addition, adult female mice can be immunized with the

clonas prior to mating; challenge of the resulting offspring with the

B8



homologons shrain will allow an evaluation of the protective significance of

LH
&

the cloned antigen.  This anodification of the infant‘house cholera model has
been previously used in our laboratory (20): its advantage is that antibodies
are being continually transmitted to the suckling mice in the milk.
Therefore, even if "in vive' production of the antigen is somewhat delayed,
the antibodies will stil) be available.

Each of the cloned genes can also be inactivated by snsertion of an antibiotic
resistance cartridge. prior to homologous recombinatioi of the defective gene
inte the chiromosome. [ If the cloned DNA Fraaments are not sufficiently large
Lo allow ready allelic exchange by homolodous recombination, then they can be
usad as probes 10 identify larger fragments Trom gene libraries which we have
conztruclted. ] This will allow the derivation of isogeﬁic mutant strains, each
different. from its parent by itz inability to synthesize a single "in vive-
ankicgan". The  pathogenic signifiéances of each such antigen can then ba
evaluated by comparing its colonization and persistence with its parent atrain
in competition experiments (3,6) in infant mice. Briefly, this iﬁvolves the
feeding of a mixed (parent/mutant) incculum to infant mice. At various bimas
after dosing, the animals are sacrificed_and intestinél homogenates preparad
and plated onto differential media to allow separate e;umeration of parent and
mutant oiganisns. '

iii) The colonization factors of El Tor V. cholerae .

The present proposal would also provide an opportunity to test excreted
vibrios for the presence of TCP. Studies in ou; (8% and other (21)
laboratories suggest that the inductive stimuli for TCP synthesis might be

different for strains of the Lwo biotypes of V. cheleraes. Detailed
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immunoblotting and electron-microscopic (EM) analyses | have consistently
detected TCP on organisms of Classical biotype which hava begn appropriately‘

cultured "in vivtro® (6,8,21). However, these same methods|have been unable to

detect TCP expression by numerous E1 Tor strains cultu"ed!ﬂnder identical
conditions (8,21). Southern hybridization analyses indicate that El Tor
strains do possess DNA homologous to that encoding TCP in stréins of Classical
biotype (9,13) and it is, therefore,. assumed that the %ddition of TCP to
Holmgren®s oral inactivated vaccine will résult in improved protective
aefficacy against strains of either biotype. The underlying assumption, is that
£l Tor strains will be induced to express TCP by undefineq stimuli present in
the human gut. Very recently, Sun ef &l. (19) reported tLat fwo k. cholerae
X .
strains of El Tor biotype produced TCP "in vitre" foilowing culture in
specialized media. We have subsequently cultured eight other strains of this
biotype using these media, but have been unable to detect TCcP expression'(Voss
and Attridge. unpublished). In addition, Johnson et al. (17) failed to detect
the production of TCP during the growth of El Tor bacteria in‘the rabbit gut..

Clearly, further studies are required to determine the significance of TCP as

a colonization factor of Fl1 Tor V. cholerae. . |
r []

; .
We have prepared a source of antibodies to TCP by extensive absorption. of a
!

polyclonal rabbhit antiserum, and have confirmed the rqstr%cted specificity of

o .

this reagent by inmuncblotting. The absorbed serum detects TCP on wild-type
i .

strains of Classical biotype, but not on isogenic nutant strains unable to

produce TCP.  This reagent would initially be used to exaTine the presence of

TCP on Classical vibrios excreted in the cholera stool. On the basis of both
}
. , - . . I
exparimental (6,8) and clinical (7) studies, such samples Houldlbe expected to -
, H '
be positive, b it is possible that TCP expression is "switched off” late in
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infection. nlso possible, but parhaps unlikely, is the denaturation of TCP
during passage of vibrics through the large bowel. :
i

If excreted Classical vibrios are indeed TCPwpositivﬁ.,;it ‘would then be
- §
. g '
possible to determine the TCP status of excreted £l T?r Vﬁ cholerae, using
N

il
T

both colony and Western-blotting. 1In addition, suspensions‘of‘both hiotypes
would be applied to EM grids. for subsequent EM and imiund-EHinspeotion in

Adelaide. Should the El Tor samples. be TCP-negative, the approach outlined
. : . I
above will allow an investigation of the colonization! factors produced by

vibrios of thisz biotype. i !

g
!
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The strdies te be pertorned in the first year of the project will be primarily

conducted at TCDDR.B., Dhalka .

The gene cloning, strain construction and animal

exnszriments will be performed in Adelaide in years two and three.

14. ITEMIZED SPECIFIC TASKS FOR EACH LISTED INVESTIGATOR

Most of the actual experimental work will be performed by ¥rs. Elena Voms

whose Ph.D. thesis will be centered upon the studies outlined here, and a

Raraarch fissistant (to be appointed).

Dr. S5.F. Attridge

Dr. M.J. Albert
anc
Dr. F. Qacdiri

D, M. R. 1slam

fAzsoc. Pralf. Ploa. Hanning

Mrs. Elena Yoss

Supervisor of Mrs. Elena Voss

Wiltl assist with animal studies designed
1o evaluate pathogenic and protective
siagnificance of "in vive' antigens

Will supervise Research fAssistant in Dhaka

Will overses collection of F. choleras,
sarum  and jejunal fluid samples,
preparation of absorbed rabbit antisera
and immunchlotting analyses

Care of patients and collection of samples

Will provide molecular bioclogical
axpertise pecessary for cloning of genes
encoding "iIn vive" antigens and
construction of isogenic mutant strains

-

In fAdelaide, will perform electron-
microscopic examination of agrids prepared
in Dhaka, c¢loning of genes encoding
"I ovive” antigens and construction of
mbant strains lacking capacity to express
inclivicual "in vive" components.

Infant mouse experiments to evaluate

pathogenic and protective significance of
"in vive! antigens

L&



15, BUDGET

We seek Funds to cover the cost of experiments to be performed in
Dhaka curing the first year of this project. Subsequent

-~

axpaerimants in Adaelaide will be Financed by NH&MRC grants held by
Dre=, Attridos and Manning.
a) Personne]

Research Acsistant. salary for one year Jss 3,000
b) Operating costs

Reagents For immuneblobting ‘ 7,000
Ml a e ) 1,000

Dizposable lab-wares . 7 .500
Rabbits for production of antibodies 1,000
FRerctnid tment of patients for
convalescent specimen collection 1,000
<) Capital equipment,

Transkblol S0 svshem (Bio~Rad) 1,500

Incubation tray . 200
Toncubation tray lid A 5E
d) Travel

fiv-taram .- 1,650

Living expenses .- 1,300
e Correspondence and compuiing

Fax messages, pustage of manuscript
by courier mail, photocopying
and compubing of patient data 500

Total for one vear Uussg 25,703



e, JUSTIFICATION OF BUDGET

al Parsonne)

¥4

The work te ha performed in Dhaka will reguire ithe services of a3
Rassarch Nssistant for a year. [nikially this person will be
Fespoisinle For eollecbion, preparation, storage and  cataloauving  of
bacterial and serum samples.  Sobseouently "io o vive” organisms will be
peeed to qenarate rabbil antisera which wil) then be extensively absorbed
prior io nsa dn dmnunoblotting analyses. Patient serum samples will
also ke lkasted to retermine whether the "in vive” antigens are

Immiagenie

I3) Operating costs
Thare are costs of dispozables which are sssential for carvrving out the

sthdv.

i) Capital equipment
We have a very old immmeblot apparatus in the laboratory which needs Lo

he replaced Ut order to carvy out this work.

o) Travel
We meett ol roturn aconomy airfare Trom Adelaide to Dhaka to enable
Dr. 5. fittridge to visit Ranaladesh. Living expenses relate o

projocted visit of 1L and 6 weeks duration.

w) Correspondence and computing
These are nacessary expenditures Tor successful completion of the

project.,

FIA mh /MG ROVSUR D PRT
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RESPONSE TO DR. SCIORTINO™S COMMENTS

To avoid Lhe posaibility of absorbing out desired antibodies with

i wrbee grown’ bacteria, the anbizera Wwill beae absorbed with

43

lipopoly=accharide as sugaested by the referee. Thi

modifFicarion has now bean included in the protocol.

We do notb agrea with the second comment that undue emphasis has
besny plaoced apon 10D Dur approach will allow the ocloning of
"ym wive antigens” whatever their nature. While it appears that
rep is wob very immunogenic in man, it is also clear that this
structue is wvital Tor the cnlonizing and immunizing potential of
an atteruated. oral cholera vaccinea. There remains considerable

s

doubt. however, as bo whsather TOR 1

]

as important for the
pathogens=is of E1l Tor sbtrains as that of classical biotyps. The
experiments we have proposed will clarify this issue, which has

obviocus vaccing significance.
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The data which will be obtaihad during the course df the‘research project
seems creative, and very Informative. The research schedule seems appﬁopr1§te.
’S1nce I could not find any data about personal ability of the investigator(s)
(e,a., publications), I can not judge the invesf1gator's ability to carry out
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Ndequacy of Project Design
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a} without qualification ' 7
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DETAILED COMMENTS

Please briefly provide your opinions of this proposal, giving special
attention to the originality and feasibility of the project, its potential
for providing new knowledge and the justification of financial support
sought; include suggestions for modifications (scientific or financlial)

where you feel they are justified. {

(Use additional pages if necessary)

The experiments described herein, take an informative and logical
approach to answering a lingering question, "are vibrios different when grown in -
the human gut?" This question has recently become more important due to ‘ _
several reports that vibrios may have developed unique in vive regulatory systems
for pili and outer membrane proteins. Although the PI's research approach is
not entirely novel, it is feasible and likely to provide some firm answers to fill the
gaps in the current knowledge and understanding of cholera immunity.

The scientific approach is valid and up-to-date. The experimental design
(although not detailed) appears to have only one major flaw. The PI states that
the expression of cholera virulence factors is not constitutive and it is under a
unique regulatory control, but in the experimental design he/she overlooks that
the genetic regulatory factors for virulence components are unknown. Therefore,
it occurs that conditions of in vitro growth often induce low level production of
virulence factors in vitro (such as cholera toxin and TCP). There is some concern
that the PI doesn't take into consideration that in vive antigens are expressed at
low levels in vitro. Therefore, adsorption of sera with in vitro grown bacteria, is
likely to remove specific low level antibodies to in vivo antigens and result in
failure of the experiment. For example, the TCP pilus is minimally expressed in
some vibrios when grown in vitro (as pointed out by the PI), Nevertheless, the
TCP pilus is an "in vivo" regulated component. Also, in cholera-immune
individuals there is minimally detectable antibody to the TCP pilus. Because TCP
antibody levels are low and easily adsorbed from polyclonal sera, the studies
described in this proposal would have overlooked TCP altogether if the in vitro
grown organism used to adsorb sera wag phenotypically TCP*. To avoid this
error, experiments should include the use of LPS-adsorbed sera from rabbits
immunized with in vitro grown bacteria. This adsorbed serum should be used to
probe vibrios collected from the human gut. Low level antibodies would therefore
recognize antigens that are increased in vivo, and easily demonstrate differences
between in vivo and in vitro expressed antigens.

It is also recommended that less emphasig should be placed on studies
concerning the TCP pilus. Recent, reportd| indicate that in clinical and
experimental cholera, the TCP pilus does not cohttibute demonstrably to the
vibriocidal response. In fact, cholera immunity occurs in the absence of
detectable TCP antibody. S

The funds requested for support appear reagonable. The time limits
described to perform experiments also appear reasonable.
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