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I STIDEES ON THE CAPSULE OF VIBRIC UHOLERAE 0139 BENGAL
| :
i ABSTRACT

vibrid cholerae 0139 Bengal is the second aetiologic agent of chelera.

¥. cholerae 0139 differs from V. cficleras OL. the traditional aetioleogic agent

of cholera, by the possession of a capstle. The preseni project aims to

define the biological signifioénce of the capsule. By anaiogy with other

capsulated V. cholerae non-0l strains, the capsule of . ch@lerae 0139 may

confer increasad virulence.; such as sérummresistance. resistance to
|

phagocytosis and invasioﬁ of the intestinaliepithelium on the organism. It

has been reported that the capsule aqd the lipopolysaccharide of V. cholerse

0Ol39 share antigenic epitope(s). It is to bq defined whether the capsuleis a -~ —

protective antigen for incorpération into a Qaccine. For evaluation of immune
response in natural infection and for protective efficacy of vaccines,
capsular antigenmbased:assays need to be.developed. For this purpose,
capsule-based antigen will be prepared by interaction of F. cholerae D139 with
phages that specifically attack capsulated V. choleras OL39 strains and then
the degraded capsule will be conjugated to a suitabie carrier. The capsule of
V. cholerde 0139 shows cross-reactivity with several bacteria and the basis of
cross-reactivity will -be demonstrated by structural elucidation of surface
polysaccharides. Bésed on a unigue sequence that encodes the surface
polysaccharide of V. cholerae 0139, a PCR assay will be developed for rapid

diagnosis of V. cholerse 0139 from alinical and anvironmental samples.
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AIMS OF THE PROJECT

General aim

To study the importance of the capsular polysaccharide of

Vibrio

cholerae 0139 Bengal, the recently discovered second aetiologic agent of

cholera.

Specific aims

1)

2)

3)

6)

To study the effect of capsular polysaccharide (CPS) of
. cholerae 0139 Bengal on increasecd virulence of V. cholerae 0139
such as serum resistance, resistance to phagocytosis, and invasion

of epithelial cells.

To study the proteciive efficacy of monoclonal antibodies to CPS

in a suckling motise cholera model.

To study the interaction between phages specific for F. cholerae
0139 Bengal and the CP8 of . chioleraes 0139 Bengal to generate

cligosaccharides.

To conjugate oligosaccharides of CPS of F. chiolerae 0L39 Bengal to
carrigrs such as tetanus toxoid, B-subunit of cholera toxin and
polymerized acrylamide to generate specific capsule-based antigen

for immuncdiagnostic tests.

To study the structural basis of cross-reaction between the CPS of

V. cholerae 0139 Bengal and other cross-reacting bacteria.

Based on the unique sequences encoding the surface pelysaccharides

of V. choleras 0139, design prime%s and develop a polymerase chain-- . - o

i



c)

8.

reaction {PCR) assay for detection of ¥. cfiolerae 0139 in clinical

and environmental studies.

Significance :
F. cholerae 0139.Béngal is a'recently éiscovered second aetiologic agent
of epidemic cholera. Although ‘there are striking similarities between
v. cholerae O139 and (E1 Tor biotype of) V. cholerae O1. the traditional
causative agent of cholera, the forme# differs from the latter in the
possession:of a CPé. By ahalégy with other encapsulated bacteria, the
CPS of V. choleras OL39 is expected to have important bioleogical effects
such as conferment of increased virulence on the organism. Preliminary
data suggest that the CPS of V. cholerae 013% is an important antigen;
it may have structural similarities with other bacteria which may form
the basis for cross-reactivity and throw light on the origin of
V. choderas 0139, Horeover, it has become obvious that CPS-based assays
need to be developed for diagnosis and immuﬁe response studies to
infection and vaccination. The proposed study will help: (a)
understand the biological sianificance of CPs, particularly its effect
on increased virulence of V. cholerae 0139, (b) develop molecular
biological and immunodiagnostic tests. (c) possibly throw light on the

evolution of K. c¢holerse 0139, and (d) ultimately in vaccine development

against cholera due to K. cholerae 0139.

ETFICAL IHPLICATIONS

! .1_. M ' . .' -
The stqdy will not involve experiments in human beings, stool samples only

will be collécted. However, studies will hbe carried out in suckling mice

using standard procedures.

4



9. BACKGROUND, EXPERIMENTAL DESIGN AND BIBLIOGRAPHY

BACKGROUND

Cholera is an acute secretory diarrhoea and is endemic in most of the
developing world. The traditional causative agent of cholera is ¥. cficlerae
0l. qhere are two biotypes (classical and El Tor) and two sercotypes (Inaba
and Ogawa) of F. Eholerae oL (1). Of the;seven pandem@cs of cholera the world
has eiperiencedlso far, the fifth ané sixth pandemics were due to the
classical bi?type of V. cholerase Ol, whereas the current, seventh pandenmic, is
due to the;El Tor biotype of F. choléree 0L (2). Non-Ql V. cholerae
serogroups were Kknown to be the causétive agents of sporadic cases of
diarrhoea and extra-intestinal infections, but not the causative agents of
epidemic cholera (3). Theraefore, it was surprising when ¥. cholerae 0L39
Bengal, a non-0J serogroup emeréed as a second a=stlologic agent of cholera in
late 1992 in the Indian subéontinent (4). In a short period siﬁce its
emergence, V. cholerae 0139 has invaded several countries in fsia, and cholera
cases (due to F, c%wder%e 0139) have also b;en exported to several developed
countries (4). Therefore, ¥. cholerae 0139;has come to be considered as the
p;obable aetiologic agénf of .the "eighth pan@emi&""of cholara (4). S
The percentage-isolatibn of ¥. chivlerae 01 and ¥. cholerag 0139 at the
Clinical Research and Sérvice Centre {(CRSC) of the International Centre for
Diarrhosal Disease Research, Bangladesh (1CDDR,B} is shown in Figure 1. The
CRSC at Dhaka treats approximately 100,000 patients a year for diarrhoea. Of
these, a 4% systemic sample of patients (every twenty-fifth patient)
(surveillance patients) is cultured for enteric pathogens including

V. cholerae (5). The data presented in the figure represent isolation rate of

¥. cholerae in the surveillance patients. In 1992, cholera was caused by

030798
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¥. choleprge 01 only. . Tn 1923, the first yéar of ¥. cheolerae 0139 epidemic,
the isolation of FV. cholerae 0139 predominated. However, beginning in 1994

and continuing through 1995, V. chelerae Ol 'has re—emerged as the predominant

strain. The reason(s) for the diminished isolation of ¥. cholerae 0139 is not
understood. V. choderaé 0139 (or even V. cholenae Q1) would have undargone
changes in the envircnmental persistence that would have allowed V. cholerae
0l to re-emerge as the predominant strain. However, it is important to note
that V. cholerae 0139 continues fo cause cholera albeit at a low level. 1t is
difficult to predict the future course of V. cholerae Ol and 0139 infections;

both strains may coexist with one strain as the dominant strain or one strain

may completely replace the other.

fhe similarities between V. c¢fiolerge OL39 Benagal and V. cholerae Ol E1 Tor
biotype are numerous. These extend to morphology, culture, possession of
virulence antigens and the type of disease they produce among other properties
(4). There are also differences, the most important of which is the
possession of a capsule by V. cofioleras Q0139 Bengal (&), a bicpolymer that is

absent in ¥. choleras O1.

-

Several gram-positive and gram~negati§e bacteria possess capsules (7). The
i '
properiy of capsule production is also found among non-OlL ¥F. cholerae (8) and

! :
variat?on in capsu1§ production determiﬁes colonial morphology. Capsulated
bactefia prqducel ohaque colonies and bécteria in translucent colonies are
either.non"cépsuiated or &inimallj capsulated (8). Cépsulated bacteria are
ailso $erum£resistant cdue to inability to Tix complement and resist
phagocytosis (8). The latter two proper;ies will confer on the organism the

ability to cause invasive disease such as septicaemia, especially in

immunccompromised patients, a proparty common among several non-0L V. cholerae

.



roups {(9). Again. among non-0L  F. choleras serogaroups. Heavily

1 E—

=2 ds)

capsulated strains are more likely to cause septicenia than strains that are

minimally capsiulated (10). Since V. choleras 0137 1is reported to have a thin
!

capsdle (11). this may explain why the incidence of septicemia in ¥. cliclerae

0139 infection is low (L2-14).

.Since V. cholerdae OL37 isolates are capsulated. they produce opaque colonies,
and phase' variation to translucent colony types is also seen (11).
Preliminary studies suaggest that F. cholerae QL3979 are serum-resistant but

detailed data are lacking. on intrade?mal inoculation. V. cholerae 0139

i !

produced bacteremia iﬁ suckling mouse (li) and on oral challenge of adult

rabbits, invasion of intestinal epithelial calls by V. cholerae 0139 was seen,

! [,

whereas these properiies were absent @ith V. cholerae 01 (lg): In a.
preliminary ultrastruptural study of tﬁe upper  small intestinal mucosal
i
biopsies of F. cholerae 0139 patients. more infiltration of polymorptionuclear
lelkocytes was seen as compared to that seen in K. cholerae QL patients (16).
In keeping with this ohservation, a significantly higher proportion of
v. cholerae 0139 patients has been found to have faecal leukocytes as compared
to ¥. cholerae OL patients (17). This may iﬂdiégte the ability of V. clivlerae
0139 to invade intestinal mucosa. In a preliminary study of invasiveness of
V. cholerae Ql37, somne isolates were found to snvade HEp-2 cell monolayers as
documented by the gentamicin-surival assay and by demonsfration of
intracellular bacteria by electron microscopy (18): surprisingly, this
property of invasion was also found among soms isolates of V. chwleras Ol.
However, this needs to be validated in a wmore appropriate cell 1line, such as

Caco~-2 which is a human intestinal derived cell line (1%9). The effects of

petabolites that inhibit actin polymerization, microtubule formation,



receptor-mediated endocytosis, endosome acidification and receptor recycling
also need to be studied to define the exact mechanism of cellular invasion by

hacteria.

The structure of the CPS of V. choleras Q137 has been determined. lhe CPS 1is
built up of hexasaccharide repeating units of one 0-galactose residue, two
colitose residues, one M-acetyl D-guinovosamire residue, one N-acetyl-D-

glucosamine residue, one D-galacturonic acid residue and one residue of

phosphate (20). The highly unusual components are colitose, and the phosphate"-

whichiis cyclic, the latter has not been previously described in bacterial
glycaJs. The 1ipopolysaccharide {LPS) a@d CPS of V. chelerge 0139 are cross-—
reactﬂve (21). Based on studies conducted on wild type capsulated isolates
and Tnphoa mutants defective in LPS/CPS synthesis with:monéclonal antibodies,
it was postulated that CP$ might be  a polymerized form of LPS$S (21).
Strucﬂural studies on the LPS obtained from a V. cholerae 0139 Bengal strain
showed that the molecule in addition to the V. cholerae 0L lipid A-core region
contains a single repeat unit identicél to that of the CPS (22). This
explains the cros§~reactivity between the LPS and CPS of ?. cholerae 0139
Bengal. However, another study has disputed this finding and reported that

CPS and LPS are antigenically different (23).

' 1 : :
¥. choleras 0139 Bendal shows cross-reactivity with V. cholerse serogroups 022

and 0155 (24), some .strains of dercmonas frota (25), Vibrio wmimicus (26),

- - | - ———

Escherichiia coli serogroup 055 and 531monelga greenside (20). The nature of -

the cross-reactivity between V. cfiolerae OL39 and ¥F. cholerae serogroups 022
. | ,

and 0OLS55, and #4. frofta is on an ab-ac type basis, where "a" is the common

antigenic epitope and "b" and "c" are unique antigenic epitopes (24,25). The

LPS structures of £. cely 055 and 5. greenside are Known. fheir cross-



reactirity with . cficlergs 0139 may be due to the presence of a common
epitopé containing a trisaccharide composed of colitose. galactose and an
N~acetyl glucosamine (20). We have recentiv completed a study on the
structure of the O-antigenic polysaccharide of the cross-reacting A. trota
strain (27). The cross-reactivity is most likely due to a common
tetrasaccharide identical to that found in K. choleras 0139 CPS except for the
cyclic phosphate. 1t is noteworthy that this epitope is only present on the
most distal part of?the’LPS molecule (27)j The structural basis of cross-

reactivity with V. chelerse serogroupé 022 and 0155, and V. mimicus is yet to

b; cletermined. !

We have generated a synthetic analogue of CPS of V¥, cholerse 0L39 which when
coupled to a carrier 5rotein showed‘reactivity with rabbit polycional
antiserum to ¥. cholerss 0139 in an enzyme immuncassay (28). The specificity
of this analogue needs to be further studied. and if found specific. can be
coupled to a suitable carrier to be used as an antigen in 1mmune response
studies. It should also be possible to use the synthetic amalogue in a
receptor blockade therapy which can be explored in the infant mouse cholera

modeal .

In our laboratories, we have derived several monoclonal antibodies specific
for V. chiolerse 0132 and these belong to Igl3 and IgM classes of
immunoglebuling (29,30). The specific epitopes that these monoclonals bind to
on ¥. wholeras 0139, are yet to be determined. 1f some of these monoclconals

bind to CPS, their effectiveness to prevent cholera by passive protection in

an infant mouse cholera model can be evaluated. This will demonstrate whether

CPS is a critical antigen to be incorporated in a potential vaccine.



Nata so far suggest that ¥F. oholerae 0137 might be derived from V. cholerae O1
El Tor. Studies on the genetics of O-anticgen synthesis in V. cholerae 0139
suggested that 14 of 17 genes involved in the O-antigen synthesis and Ogawa
saerotype modification in ¥. chclerae 01 are absent in V. cholerae 0139. The
three remaining genes & &, R and 5 were present in a modified locus. The
sequence of these genes resembled transposases of a nunber of insertion
seguence elements., It is likely that this insertion sequence recombined with

a set of novel genes is responsible for LPS/CPS synthesis in 0139 serogroup.

Acquizition of these novel genes wouled have led to an incompatibility in LPS- -

synthesis that selected for deletion events that eliminated V. choleras OL

regioﬁ (31).

| .

| | :
Recenﬁly, Comsioék el al. generated Tnpﬁoﬁ mutants of V. cholerse 01392 which
abolished both Q—antigeﬁ and capsule production (:32). By mapping the
insertion site and extendea PCR analysis, a region of approximately 3§ kb long
not presenf in ¥, choleras QL was identified an ¥. cholerae 0L3% (33).
Exploiting tﬁe similarity of LPS antigeﬂ‘of Salmenells oreensice with that of
LPS/CPS of K. cholerae 0139. we designed a pair of primers (5 -
GYC ATT ATT AdA ACT GC-3' and 5;~GCG TTA TAG GTA Tua TC-3') for PCR detection
of ¥. choleras 0139, In a preliminary screening ot isolates,;the primer pair
generated an amplicon of 417 kb from 0139 igolates only, not from V. cholerae
0l. However, these pﬁimers will have to% be furtharr tested with control
isolates for sensiti;it; ang specificity. If proven sensitive and specific,
the PCR will prove to bs an invaluable adjuHct in the diagnosis of V. cholerae

i

. !
0139 infection. Combined with immunomagnetic bead capture of V. chiolersze 0139
with the help of specifi& monoclonal antibodies. the sensitivity of PCR can be
increased in clinical and envirenmental monitoring of V. choleras 0139. With

the availability of sequence data from the gene bank (3),33) of the gene(s)

10



1

eﬁcoding the surface polysaccharide of V. oholeras 0137, 1t should now be
possible to match our péimer sequenées Lo ddentify the position of the gene
that is being amplified. 1t may correspond to a glycosyl transferase that 1is
involved in the surface polysaccharide synthesis (20 Manning., personal
communication). 1n case out primer sequences are found not to be satisfactory

on Further screening of 1solates, it should be possible to design new primers

for PCR using the gene bank data.

Even though V. choleras 0137 shares striking similarities with . chiolerae 01
El Tor. Mukeriee’s phage specific for El Tor vibrios, phage 5. does not attack
¥, cholerae 0139. Mukerjee's phage specific for classical biotype of
V. cholerae QL, phage 1V also does not attack V. choleras Q139 (34). Wer
sought phages that will specifically attack F. cholerge 0139, from the stools

of patients infected with V. cholerae 0139 and identified several phages

belonging to Fedoviridas family. These phages specifically attacked

capsulated wild type V. cholerae 0139 isolates that formed opadgue colonies on
Luria %gar and were serum reszistant,. V.rchojerae 0122 isolates that lost the
abilitT to produée capsiule. hence forméd translucent. colonies and serum-
sensitive, were not attacked. It is Ebvious that the receptor{(s) for the
phages are present on the dapsule of V. choleras OLI9 (35). The pbhage-capsule
intera?tion needs to be studied to see whether an enzyme(s) may degrade the
capsule analogous to the interaction betﬁeep phage CP=1, and ¥. cholerae Ol
{36), and phage P22 and Jalmonella (37)Q if so, the phages can be used to
deqrade CPS to generate oligosaccharides for conjugation teo a carrier to

generate antigens for immunodiagnosztic tests.

11
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10. FXPERIHENTAL DESIGN

| i - -
For this study. ‘the following V. cfielerae OL39 Bengal strains are available:
! ' '
wild type strains; spontanecus translucent mutants that have lost the ability
to produce capsule, but reacts with 0139 antiserum; and Tnpfod mutants that

lost lthe ability to synthesize CPS and LPS and do not react with 0139

antiserum.

Serum resistance test: This test will be carried out as described previously
(21). Both pooled guinea pig.sera and pooled adult human sera will be used.
The viable bacteria will be enumerated after incubation of a standard dose of
young culture with:seralfor 1'h at 37°C. Serum resistance Qill be calculated

as 100X the ratio of th% number of colonym#orming units obtained after cells

¥

are incubated in unheated serum divided by the number of colony—formihg units

- ‘ -. ) o _ ' e
obtained after the cells are incubated in heat-inactivated serum. Capg&gated

strains of Klebsiella prsumonias will be used as pnositive controls, and

. cholerae 01 gtrains #ill be used as negative controls.

Phagocytosis test: This test will be carried out as described previously
(38). A standard dose of young bacterial culture will be incubated with
polymorphonuclear leukocytes obtained from the blood of healthy adult
volunteers. The incubation mixture will aléo contain pooled human serum From
adult healthy voiunteers. After appropriate incubation time, viable bacteria
will be enumerated. The controls included will be same as those in the serum

resistance test.

L050 in mice: This test will be carried out as described previously (8) to

f determine the relative virulence of capsulated wild type strains and non-



|

capsulated variants of P.Ichoderae Q139. Groups of mice will be injected
intradermally with serial dilutions of culture, and 50% lethal dose (LDSD)

will bé calculated. Bacteremia will be checked for by culturing blood.

Invasion of Caco-2 cells: This assay, will be carried out as described
 previously (39). . Instead of -HEp-2 cells, Caco-2 cells wil}. be used. A
standard dose of bacteria will be incubated with Caco-2 cell anolayer. After
infection period, the monolayer will be incubated in presence of gentamicin to
kKill extracellularvbacferia; The gentahicinnsurviving progeny will be

ot .
enunerated after lysis of the monolayer.

The invasive propertf-oﬁ bacteria will be ;erified by transmission elegtron. . ..
nicroscopy . AftEr!infection'with bécteria abd after incubation in presence of
gentahicin, the (cells wihl be Tixed with glutaraldehyde in cacodylate buffer,
stained with uranyl aceéate and examined bf transmission electron microscopy
for intracellular bacteria. An invasive strain of Shigella Fflexrneri 2a will

be used as a positive control and a nonpathogenic human Ffaecal isolate of

Fscherichiia coll will be used as a negative control.

The effect of metabolic inhibitors on the invasion of Caco-2 cells by
. cholerae 0139 Bengal will be examined as déscribed previcusly in the
quantitative cell culture assay containing gentamicin {39). fhe inhibitors
that will be used are: cytochalasin 0, chlorogquine, ammonium chloride,

dansylcadaverine and colchicine.

Localization of attachment of monoclonal antibodies to V. chiclerae 0139
- Bengal: This will be carried using a set of meonoclonal antibodies (Mabs)
against K. cholerae 0139 generated in our laboratories. The purpose of this
; experiment is to identify Mabs that will specifically bind to CPS. This
!
t
:
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experiment will be carried out by immuncelectron microscopy and gold |1
. i .

by standard procedures (40). '

abelling

Suckling mouse cholera model: This model will be used to study the protective
efficacy of Mpbs directed against the CP3S of V. cholerse 0139, and the

synthetic analogue of CPS.

The 50% lethal dose (LDSO) of a wild type strain of capsulated clinical
isolate of V. coholerae 0139 Bengal will be determined in the infant . mouse
cholera model as described previously (41). The ability of rHabs to protect
against cholera due to V. choleras QOL39 will be detefmined by incubating HAbs
with ¥. choleraes 0139 and challenging a group of infant mice with the antigen-
antibody mixture. To evaluate the protective efficacy of synthetic analogue
of CPS, infant mice will be orally fed with the synthetic analogue prior to

challenge with V. choleras QL39.

PCR assay for detection of V. cholersae 0139: Current PCR assay referred to
previously will be e*tended to include a large number of different bacterial
species to test its sensitivity and specificity. In addition, acute watery
diarrgoeal stools including those from cholera patients will be screened for
detec%ion of V. éholerae 0139. The conditions of PCR assay are: separation
of strands ét 9400/30 se¢, annealing of primers at SOOC/Gﬁ sec and primer

extension at 72°C/1 min.

We will also try to increase the seraitivity of PCR by immunomagnetic
separation (IHS) of bacteria first, and then conducting the PCR on captured

bacteria (42). The specific HAbs to V. cholerae OL39 will be used for IHS.

Determination of capsule-deficient V. cholerae 0139 isclates 1in patients:

This will be determined in 50 consecutive cholera patients infected with

) ! L4



V. cholerae QL35 Stools are routinely plated onto the primary isclation
meg&um, taurochelate~tellurite-gelatin agar (43). From each patient, about 10
randomly picked ¥. cficleras 0139 colonies will be subjected to susceptibility
to a ¥. cholerae 0139 phage. Colonies not attacked by the phage will be
considered as capsule deficient (This test has been validated previouslty
[351). This will be further confirmed by testing some isolates for serum
susceptibility. Serum susceptible ¥. cholerae 0L3? are capsule deficient
(21). The presence of LPS in the capsule-deficient strains will be confirmed
by SDS-PAGE and silver staining (44). The proportion of patients with only
capsule-deficient bacteria, and the propeortion of capsule-deficient colonies
in mixed infections with both capsulated and non-capsulated colonies will be
deterpined. These data will b2 correlated with clinical severity of
infections in patients. The clinical severity will be judaed based on
obiective criter{a such as degree of.déhydration, freqguency of purging and

requirement of fluid replacement therapy (45). This portion of the study will

i
i

be done in donjunction with an approved protocol entitled "Further evaluation
of the oral ETEC vaccine and studies on the immune responses in acute watery

diarrhoea” (protocol no. 96-014, Pl: F. Qadri).

Generation of oligosaccharides: [n order to generate oligosaccharides trom
¥. cholerae 0139 CPS, the above described phages will be used. Due to the
high specificity of these phages for capsuiated strains, itlis likely that
enzyme(s) is present ;with a giycosidasﬁ activity. [T so, specific
oligosacharides may Sé denerated by incubation of purified CPS with ﬁurified
phages and the resuit;jg oligosaccharides icould than be separated _by_gel- . _. .._.
permeation chromatography. Since the CPS is built up of carbohydrates, it is’

& poor immunogen. Conjugation of the whole native CPS to protein is possible,



but due to its large molecular weight, the immunogenicity of the conjugate may
not increase. Chemical methods for degradation of large polysaccharides are
availa?le. However, the V. choleras 0139 CPS contains both acid-labile
(colitése) and 4alkali~labile (galacturonic acid) components. Enzymatic
degradltion of the CPS will generate oligosaccharides easy to characterize
without the risk of losing:important epitopes. The oligosaccharides will be
characterize@ by 1H-NMR aﬁd 13C-MMR as well as by mass spectrometry. The
purifi£d oligosaccharides will then be conjugafed to different carriers
depending on the purpose of the.comjugaté, i.e. (i) acrylamide-CPS conjugates
will be used as antigens in erzyme immuﬁoassay; (ii) protein-CPS conjugates
(bovine serum albuﬁin. cholera foxin B-subunit or tetanus toxoid) will be used
as immunogens for generation of‘specific antibodies .

Ancther approach for generation of antibodi%s and Tor genesration of specific

' )

diagnostic antigen is to couple a detoxified LPS molecule to different

carriers. The rationale behind this iz that the LPS$S molecule contains a

—_—— i - . mm—— it

single repeat identical to that of the CPS. iSince the LPS is an endotoxin, it
1s important to detoxify; it. Thizs can be achieved by O-deacetylation using
!

anhydrous hydrazine. Following controlled oxidation, we will introduce

reactive groups in the inner core region of the molecule for use in

conjugation.

Cross-reactivity with other bacteria: Both V. chiolerae 022 and O155 as well
as one strain of V. mimicus have been shown to react with polyclonal anti-
V. cholerae 0139 antibodies. In addition, some strains belonging to the
rReromponas  trots species showed similaf reactivity. To explain the cross-
reactivities, the strains will be grown in fermentor and the LPS extractec by

hot-phenol/water. After dialysis and lyophilization, the LPS will be

16
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subjecged to chemical and immunochemical analyses. The chemical analyses will
includq: sugar- and methylation amalyses: specific degradations: combined gas
chromatography - mass spectrometry: fast-atom bombardment mass spectrometry;
and L3C-NMR and 1H-NMR (20).
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TIME~FRAME ?

a) fo carry out epecific aime | and 2 & months
b) To carry out specific aims 3 and 4 - - 12 months
c) To carry out specific aims 5 and 6 12 months

TASK OF INYESTIGATORS

a) M. John Albert and F. tadri
- To carry out specific aims 1., 2 and 6.
b) A. Welntraub and P-E Jansson |
- Te carry out specific aims 3, 4 and 5
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ICDDR, B Budget for studies on the Capsule of
Vibrico cholerae 0139 Bengal

IN USs
1997 1998 Total
perscnnel
M. John Albert (5%) 5110 5365 10475
Research Assistants (100%)x2 7600 8135 . 15735
Subtotal 12710 13500 26210
i N .
Supplies and Readents
| :
| ' ‘
Animals! 1000 1000 2000
Molecular Biology Reagents 6500 - 6500 13000
Tissue culture reagents . 2000 2000, 4000
Electron microscopic study 800 - 800 1600
Airfreight of reagents 1000 1000 2000
Subtétal: 11300 - 11300 22600
Other contractual
Rent, communication, utility 200 465 665
Printing and Publication - 800 800 : 1600
- Subtotal: 1000 1265 ‘ 2265
Interdepartmental Services
Media . 2000 2000 4000
Land Transport Co 100 : 100 200
Medical Illustration 200 200 400
staff Clinic 100 100 200
Library Services 100 : 100 200
: - s I - - - s vy —a—
Subtotal: . 2500 ; 2500 5000
Travel :
International Travel 3000 ‘ 3000 6000
Per diem 160¢ 1800 3400
Subtotal : 4600 4800 9400
Total: 32110 33365 65475

Note: Budget requested for two years only (Jan 1997 - Dec 1998)
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|

Division of Clinical Bacteriology and Clinical Research Center,

Karolinska Institute, Huddinge Hospital, Sweden
Component of budget in USS$

Salary 7
{Lab Technician 25%)

Chemicals and reagents |

Overhead (12%) —

Subtotal:

Travel to Bangladesh
including per diem

Total:

1996 1997 1998 Total
i
. - |
9429 10000 10700 30129 |
4857 11000 8500 24357
1714 2520 2300 6534 i _
16000 23520 21500 61020
0 3500 4000 7500
0
16000 27020 25500 68520

Note: Budget requested for 2% years

J3/SARECBGT.MJA

(July 1996 - Decembexr 1998)-
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This is a very ambitious proposal which aims to examine a broad range of questions relating

to the pathogenesis of V. cholerae O139, the efficacy of specific LPS and capsular MAbs, the
chemistry and structure of the 0139 O-antigen and capsule and PCR development for epidemiology.
All of these areas are very worthwhile and important but I am concerned that it embarks on much
more than can be realistically accomplished in the time-frame of the proposal.

Specific Comments

1.

73]

P.5. It is not true to say that capsule and complement resistance "will confer on the organism the
ability to cause invasive disease". This may happen but is not a natural consequence otherwise
there would have been rampant septicemia in O139 patients.

P.6. How was invasion by O139 examined? These experiments need to be examined carefully
and not just bacterial counts. '

Some of the chemical data are very difficult to assess because the relevant publications and
information are not available to the reviewer. '

P.8. Work in a number of laboratories has already shown that MAbs to O139 polysaccharide are
highly protective in the infant mouse model. Do the applicants really propose to use mouse
MAbs for passive protection?

P.9. Professor Weintraub has already been informed which gene is being amplified by the PCR.
The experimental approaches are satisfactory.

Given the ready phase variation observed in 0139 strains, would it not be appropriate to see if
other virulence traits may also be affected by the variation.

P.13. It would be worth confirming that the capsule-deficient strains do still have the 0139 LPS
pattern by SDS-PAGE and silver staining,

The budget is not excessive, however, I believe that the applicants may have to prioritise the
work to be done because of the ambitious nature of the proposal.
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Detailed comments
Title: Studies on the Capsule of Vibrio cholerae )139 Bengal

Since the presence of capsular polysaccharide is a majou difference
between strains of Vibrio cholerae O1 and 0139, many investigators ]
have been paying the attention to the capsule. Therefore, many
competitions will be seen throughout the world against this project.

The originalities of this project are found in its methodology as using |
specific phage, monoclonal antibodies, carrier ‘proteins for capsular N
oligosaccharide, etc. Although the feasibility depends on the capability

of the investigators and availability of the laboratory equipments

necessary, | have to believe that the priject must be feasible. This

study would give a great impact to understand pathogenesis of of V,

cholerae 0139, leading to the development of effective vaccine.

Reviewer:
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Response to reviewer # 1

1.

General: The reviewer commented that the project is very
ambitious, and it may not be possible to accomplish all tne

objectives within the stated time-frame.

Response: This is a collaborative proposal among three

different laboratories. The two collaborating laboratories

in Sweden have a lot of resources which are not apparent in

the proposal. Some of the work has progressed well " since
t

writing this proposal. - We are confident that all the

objectives can be’realizedbwithin.the stated time-frame.

Specific comments:

1.

P.5. It is not true to say that capsule and complement
resistance "will confer on the organism the ability to cause
invasive disease". This may happen but 1s not a natural
consequence otherwise there would have been rampant

septicemia in 0139.

Response: This is clarified in the last para on page 6 and
in the first para on padge 7. Bacteremia is dependent upon
the degree of capsulation. gdince the capsule of V. cholerae

0139 is thin, this may explain why bacteremia is rare in

V. cholerae 0139 infection. Even in non-01 V. cholerae
infections, bacteremia occurs only in immunocompromised
|

gubjects.

!



P.6. How was invasion by 0139 examined? These experiments

need to be examined carefully and not just bacterial counts.

Regponse: Invasion was examined by gentamicin survival and
by electron microscopy which are standards. See lines 14-17,

para 2, page 7.

gome of the chemical data are very difficult to assess
because the relevant publications and information are not

available to the reviewer.

Response: These data have been published in appropriate

international journals.
|
1

P.?. Work in a number of laboratories has already shown that

MAbs to 0139 polysaccharide are highly protective in the
infant mouse model. Do the applicants really propose to use

moyse MAbs for passive protection?

Perhaps, this work is going on in the reviewer's laboratory.
Certainly, there are no published data. The aim of the
exercise is to find out whether capsule is a protective

antigen. See lines 6-7, para 3, page 3.

P.9. Professor Weintraub has aiready been informed which

1

gene is being amplified by the PCR.

Regponse: The reviewer has !informed that the gene
corresponds to glycosyl transferase. See lines 3-5, para. 1,
page 11. 5



The experimental approaches are satisfactory.

Response: No comments
Given the ready phase variation observed in 0139 strains,
would it not be appropriate to see if other virulence traits

may alsc be affected by the variation.

Response: Other virulence traits that can be examined are
toxin production and colonization factors. These are being
studied by an M.Sc student. Hence we do mnot intend to

duplicate this study.

t
P.13. Tt  would be worth confirming that the capsule-
deficient strains do still have the 0139 LPS pattern by SDS-
1

PAGE and silver straining.

This will be done. See lines 8-9, para 1, page 15.
|
The budget is not excessive, ‘however, I believe that the

applicants may have to prioritise the work to be done because

of the ambitious nature of the proposal.

Response: This has been addressed
Reviewer # 2. .

There were no spec¢ific comments from the reviewer.
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