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SECTION I -~ RESEARCH PROTOCOL

Titie : Composition and Immunological properties of the

outer membrane proteins of Vibrio cholerae.

Principal Investigator : Shahjahan Kabir

Starting Date : March, 1980 ' 1_

Completion Date : February, 1981,

Total Dicoct Cogt : $ 18, 600.00

Aveilability of funds :

&) Seieatific Director’s Rematks :

by CUontroller’s Remarks :

Abstract Summary @

The study plans to analyse the outer membrane orotoins of

Vibrio cholerae from several atrains belonging to both the biokypes
{mlzmsical and E Tor) and the serotypes (Ogawa and ipabal,

Vibrio choleras will be grown under various eullursl epuditions.
Membrane proteins will be isciated from the bacieris by segquesntial
{reatment with lysozyme and Triton X-~100. The compogition of

the membrane proteing will be apalysed by polyacryiamide gel
slecirophoresis in the presence of sodium dodecyl sulphate,
Antisera to the puter membrane proteins will be raised in rabbiis
and the immunochemical compoaition of the outer membrane
proteics will be analysed by immupodiffusion and immunoelectro~-
phoresis. The prophylactic potential of the puter membrane
proteine would be studied in rabbits against experimenial chelera.
Rabbits immuntsed with the outer membrane proteins will be '
challenged with live vibrios of both biotypes and serotypes, The
degree of protection will be measuved by the intestinal fluid




response in the 1igated ileal loops. The prophylactic potential
of the outer membrane preieins would be compared with these

of the whole cell vaccine and the cholera toxoid,

Beviews :

a) Research involviog humsan subjects :

1) Research Committes :

¢} Director:

d) BMRC:__

e) Countrolier/Administrator :



SECTION H -~ RESKARCH PLAN

A, INTRODUCTION

1. .Q;qj,gc_ﬁi_gg : The long term objective of these studies is
o control diarrhoeal diseass caused by the torin-secrotiag,
non-invasive bacteria such as Vibrio cholexae through |
immunological research and vaccine development. Henes,
researchk will be carried ocut to develop vew and improved
immunogens with primary emphasis on those obiained
from baoterial somatic structures, Experiments will be
_performed on small laboratory animals to determine the
protective capacity of the somatic antigens agains! cholera.
It is anticipated that isiormation shtatned from such studies
will make significent contribution to the design of studies
to immunise bumsan beings against soteric Bacterial

infections.,

Backgrousd @ Vibrio cholerae, the caugative agent of cholera,
ie & Gram-negative bacterium which celonises the small
intestine, It secrotes an exotoxin which binds to the
ganglioside receplor and causes an autpaﬁring of the fluid
into the gut lumen, The currently available vaccine against

cholera is partly effective for a short duration.
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In cholera sndennc axeas the population acquires 8 significact degree

ure to Vibrio cholerag

of specific immuné protection due to. 8XpOE
antigens(l), Thus if has been cheerved that with inc reasing age the

rate of reinfection is lowered a8 weil as the incidence of the dise-asa.

Alsb, from vosieer studies it has neen ohserved that cowalescents

from induced cholera were ;:asistanl: to homologous challenge for
upto 12 monthe(2). These findings suggest that it should be possible '

to induce effective immunity agaiost cholera.

Both aatibacterial as well as.ant’itaxtc immunity ave developed in the
host after an infection of cholera(3, 4). Although there are controversies
as to the reiative profecticn provided by aptibacierial versus

antitoxic immunity, recent ‘atudies on the immunity ageiest cholera

in mé,n indicated that the predominant immune mechenlsm was
antihacterial rather thas anfitoxic in pature(s), This was based on the
finﬁings that although purified cholera tawoid waa ﬁﬂti@ﬂiﬁ when |
administered parenterally and orally, it fatled to provide prabacﬂ:m

agalnst challenge, Howevsy, clinical choler cnnferrgd formidabie

protecticm agatnst both homplogous and heterologous challenge,
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Cholera vaccines, composed of killed vibrioe and admi}:xitst;ared
parenterally, do induce immunity., However, the prota(i;tive
capacity is of limited duration, being 40-60% during thte first 2
months and 10-20% after ¢ months(l, 8). Begides, the v’igholﬂ cell:

! .
vaceines are known to be reactigenic i.e., induce pain| and fever.
i
]

i

Cell wall antigens cousisting mainly of lipapslysaﬁchaﬁdas(LPS}
of both Ogawa and Inaba serotypes have heen isclated ajm"i tried

in the field(?). The Inaba antigen snd the whole cell moj:mapear:iﬁe
insba vacoines gave protection against infection by Vib:i-iu cholaras

Inaha E1 Tor biotype, The menovalent Ogawa vaccine was

ineffective although it induced vibriccidal antibady titer rises
against both Ogawa and Insba serotypes, T a field m@iﬁ conducied
in the Philippines, significant protection was provided hy a
mosovalent Inaba whele cell vaceine against Ogawa Infactions(§).
These resultz indicate thal Ogawa vaccines do not confer protection
against infection by Insha, Howsver, lnaba vaccises CI;QSE

protect agalnst Ogawa infoctions, Both the whole cell ﬁacci:m

ag well as the LPS enriched antigen can induce faver and pain

in the hosi, Considering ail these problems sssociated with the

curreatly availabile cholera vaceines it would be desirable to have



o new and improved somatic antigen which would(a) be nontoxic

{b) cross protect against all biotip es and serolypes and {¢) confex

jonger immunity.

The Protein antizens of Vibrin choplerse

Vibrio choleras, Hke other Gram-negative bacteria such as

Escherichiz coli, pessoseen three digtinet layers: the outer
membrane, the imneyr or cytoplasmic menmbrase and the
peptidoglyoan(d). The suter membrans contains surface components
such as proteins and Iipopolysaccharides and it is most Hkely

that these componesis would fntersct with the hoat in prder te

elicit antibacterial imamune respobse.

Proteins comprise abowt half the weight of 'the outer membrane
of Gram-negative baoterin, There i3 evidencs in the lteratare
that protein antigens shaved by bcﬁh Inaba and Ogaws serotypes
might contribute to the vibriocidal activity in antigers raised
against lve vibrios(10). But, these authors did not characterigd
the protein antigens. Besides, very little is known about the
composition and immunological properties of tﬁe outor membrana

of Vibrlo choierae,
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Structure of the outer membrane of Gram-pegative bacteris :

The outer membrens of Gram-negative hacteria is composed.of proteins,
phospholipids and LPS, the velative axoounis of which depend on
growth conditions, The proiein composition of the outer membrane ,-
is relatively simpie and depending on the strain and growth
conditions, 16 to 25 protain bands are usually resolved by
SD8~-polyacrylamide gel electrophoreeis, However, two or five
polypeptides ave preseunt jn groatest amount. These include three

r four proteing with molecular weights in-the range of 40, 060, Thess
proteins are vesistant to solubilisation in SDE and depending on the
temperature of solubilisatioo exhibit differant mobilities during
aigetrophoresis, Io saddition to thess meioy niut;ef mombrane profeins
of higher molecular weights another major profein saslad lipoprotein

is present geveral Gram-negaiive bacteria(ll), This protein exists

in both bound and {ree-form sad has been detected in ¥scherichia coll

Salmonella and Shigsila,

Outey mencbrans proising as immunogens

There are severai studies reiated to the compositinn of the cuter
membraoe proteins of Gram--negative bacteria such ps Escherichia

coli and Salmonella(i2). But, compsaratively little is known about




their immunclogical propsxiies. Recent studies indioate that the

outer membrane proteins of Qﬁﬁhﬁfic‘g@ﬂq_@ and Sgimpretin cab

act as surface antigens (13, 14, 15}, Thus anfisera yained agaiost

the outer membrans proteios of Balmoneliy have been found to

render proteciion against experimenial gaimoneliosis(ls). AlSo,

antigenic Cross reaciivity ‘among soveral serctypes of B, ¢

Saimonsliz typhimuzivm and Shigells have been vopevted (14}

Recently, Geyer ot al(l7) have isolated a LPS-hindieg cell surface

protein from salmonelln miopesola which cross vaaoted with aeversel

entoric strains such &8 Saimonelia typhimurivm. B, eoli and

Shigella, These findings suggest thal sume of the puter mambrang

proteing of Gram-gegalive hacteria because of their presence oR

the cell surface posSsess antigenic properies.

Preiiminary studies (18} ¢

There are two blotypes of Vibrio cholerae @ Bt Top and olaanical.

Within each biotype there are two serotypes: Qpaws and inghe. o

the preliminary atudy the outar membrane was prepared [rom mil

thege strains accordiag o the mathod described by Schusitman{is)

and the membrane proleins wers analysed by sodiun dodeoyl -

sulphate-polyacrylanids gel slectrophoresisEDS- PAGE). All {hese
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straing contained a major protein of molecuiar weight 48, 6060, But
they differed in composition and prf:;pu rtioss of minor protelns.
The suter membrane pretein profile was influenced by the growth
medium. A polypeptide of molecular welght 15, 000 was sorerved

in the outer membrane whea Vibrio choleyas ngaws a396{claasical)

weye growh in peptone-waler, wheveas a proteia of molecular
walght §8, 000 appeared whea grown in the synthetic medium.
tinder snsershic growth conditions the proportions of the iow
molsceuisr weight pretein 18, 000 was greatly euhenced, The outer
mewhrene contained hoat medifisble proteins as the pelypeptides
with molecular waighta 43, 000 and 37, 060 ﬁiﬁagﬁyﬂm@d when
memhrane profos were disaggregated in sodinm dedscyl sulphate
2t or abeve 50°C. tmrounochemieal studies showed that Vibrie
sholerse possesszd & protein astigen in the ouisr membrase which
was comnon 1o a1l biotvpes and seroiypes. Thus, the antiserum
raised sgalost the outer membrane of one clageical gtrain{Ogawa 379;‘:3‘;
produced immungpreciptiation agelnst the owler membrans
sveparation from different biolypes and serotypas. Toricity of the
various cull envelape compouents such as lipspolysaccharide, (he
outsr membrans proteins wes studied in the mouss(26h, K was

sheerved that the outer membrase did not poasess any toxisity



whoreas the lipopolysaccharide component of Vibrio acholoras

was found to be toxio,

Rationale ; There are several reasons which justily the prasgat
atudy. Firsily, the currently available whole rell vaccine againat
cholern has ooly Hmited effectiveness for a short duration. Hence

the varioue cell surface componenis of Vibrio cholerag should

ne analysed in detail in order to develop new aud inoproved
{mmunogens, Membrane proteins comprise about 50% of the cell

surfsce, Yet, very little ia known sbout them. Therefove, (hers

18 good reason to analyse the outer membrane of Vibrmo cholerse
w0 &8 to {8) have a better undersiandiog of the cell surface
arvehitecture and () explore these componpenis as potential

immunogeas, firel fo animals and if promising, lafer in man,

Secondly, studies in mioe indicate that membrane proteips of

Vibrio cholerns ave vontoxic whereas LPSghe othex eoll surface

componeat,possess toxio propertios, Alse, the existiog whole
cell vaceine cauge pain snd fever in man, Hones it is destirable

to develop an immunsgen which would be nentoxic.
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Thirdly, preliminary studies have demonstrated that 2 polypeptide

of molecular weight 48, 000 was preseunt in the outer membrane of

all biotypes aud serotypes of Yibiio pholerae, Also, the anfiserum

to the suter membrane proteins of Vibrlg sholerag Ugswa, 395, &

#lasefel strafn, sgplutinated Vibrio choleras of ali Motpes
and serctypes. Heoces there is a good rationale to davelog an

immunoegen which would croes react wiih all blotypes and serstypee,

SPRCIFIC AIMS @

1.

To study the suter membrane proteins from agveral streins of
¥ 2

Vibrio cholerae belonging to both biotypes and both sexclypes &o

a8 to obtain o brosd spectrum of the outer membrane praotein profite,

To study the suier membrane profgis proftie of other sntevotoxigenic
vibrios such a8 app-aggiutinabie vibrios(NAG’s) and Vibrio

parahaemoivticus,

To ithuwunise laboratory antmals such as rabbite agelast the outer

membrane protefos of Vibrio cholerss,

To examine the wabigenic erpas raaciivity of the major suter memnrane

proteiu in severa . stralns of Entersbacterisose by -

2. bacierial agy futination

i

b, varipus imn cooelecirophpretic techudiques,



il e

5. To evaiuate the protective capaecity of the outer membrane
proteine in adult yabbits against chalienge with classioal and

El Tor biotypes of both Inaba awi Ogawn serotypss,

6. To compare the sificacy ©f the outer wembrane proteins of

Vibrio cholorae as immunogens agaiost the cholera vaceine and

cholers tozoid,

7. To examine whether differences exist betwean the membrane

protein profile of the multi-antibiotic resistant atrains of

Vibrio ‘cholorag and thuse sensitive,

8. If the results of the above sbjectives sre promising attempts will
be mads to study the immunogenecity of Shigalis and

enterotoxigenie ¥, poli vuter membrace proteins,

METHODS OF PROCKDURE

Bacterizl siraing ;

The study will emphasize on the strains of Vibrio choleras beionging

to both the bistypes (€] Tor and elassteal) and serctypes (Ogawa and
inaba), Also it will include strains from non~chelera vibrioa such
as NAG's and Vibrio paralmemolytivue and enteropathogenic

Gram-negative bacterie such as Shizella, B, eolt and Sslmovella.
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Growth media :

The following media will be used to grow Vibrie choleras
1. Peptone water . A 3% solution of peptone water, pH 7. 4 would

be prepaved as directed by Burrows et al (20).

s

Hemisyutheiie or syncase ! This medium will be prepsyed

according to the procedure described by Finkelstein et al &1).

8.  Synthetic : In this medium fugradienis will be the same as
those described in the semisynthetic medinm esospt that
casaminoacids will be replaced by 2, & gms/liey of each of the

foliowing aeids : glutamios, serine, mspartic acld aw! arginioe.

Growth ennditions

1. Aevghie : Caliures will he {ocubated with or without shallng

o ,
at 37 C and harvesied at the stationavy phase of the growth,

2. Anserobic : Media containing bile salts will be prepared by
adding 1 g(2.2 mM) sodium deoxyeholate to 1 iiter of gyncase.
The medium will be prereduced for 24h v an atmoesphere of Hy
and COg and the growth will have to be maintaived in Guaa pax

jars{BBL) in a similar stmosphere st 37°C for 16h%
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oyeparation of the oufer memhrane ;

Vibrio cholerae cultures(2so ml) witl be grown at 37°C with shaking

to u censity of Aggp 0.8 = 1. 60 and harvested at 12, D00 5g for

15 min. ﬁt 0-4%¢C. The cell paliet will be resuspendad In 25 ml of i:u:l M
Tyis-HCL, pH 7.8 and ahearad at 4% in » Waring blender
(19, 000 rev /min, 45 seo) Lo remevs fagelia ss desoribed fox
¥, coli (22;; The suspension wili be diluted eiufold in the
Tris-buffer and subjecied to centrifugation at 12, 0adsg fow 19 miles
The vell pellet will be resuspended in cold 0, 75 M suerose - 10 mM
ffess- HOL, pH 7.8 (0.7 mi suervse solution per 10 Agon anits of
oviginal culture), The suspersion will be sransfarred to an Kriewmeyey
fiask containing lysozyme (2 mg/ml of Hgl, €.09 wmi/ml of sell
suapension) aad {he miziurs ippuhated in ice for 2 ﬁim The
susnension wiil be diluted with 2 volumes of cold EDTA (1.8 miMl
and kept at 4°C for 3 h. The spheroplast will be lysed by the osmotic
shock by slowly pouring the suspousion into & volumes of cold wa&:m‘.;
with magnetic stivring and will be stirred for 10 mio. io the cold.
The total membrane fraction will be recovered from the pamedic
iyaste first by cé&txfifugﬁﬁm at 12, 000 xg for 15 min, at 2 -»«4% to
remove the unlysed cells and irter by centrifugiag the supe rasiant

iaf 48, 000 xg for 30 min, The petlat wiil be msu&pﬂudﬁd intn
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0,01 M Tris~-HC1 {pH 7.8) containing 19 mM EDTA by a 53:3.%@@
and to be washed once with Trig-HOL @01 M), pH 7.8 contminng

5 M MgClo. The inner membrane will be dissoived from the tetal
membrane by extraction at 67C for 20 wia, with 2% Trites X~ 100
containing 5mM EDTA described fox E, goli by Schoaitman{id).

The puter membrane will be recovered as a peliet.

Enzyme asgay : Lo check the purity of ihe outer mambrant

preparation, the NADH-oxldase antivity will be assayed a5 described
by Osborn ot 81(23). Tho jnoubation mixtors for the messuroment
of NADH-oxidase activity will contain 50 mid Teig~HCl, pH 7. 5

0.12 mM NADH, 0.2 mM dithiothreitol and the membrane preparaiion

i0.1-0.2 mg of protein) in a volume of 1.0 mi, The rale of decresse

in shaprhance will be messured at 340 nm al 2570,

Spdium dodecii sulphate-poivacryiamide gel electrophorosis (SLE-PAGL
DS PAGE wiil be osrried out aseording to the method of King and
Lamslli(z4). The slab gels (10% acrylamide) will be cass batwson
glags plates (156 X 15em) o 8 Wight of 10 om using Spaobrs of

1.5 mm thick, The gel sclution will he overiaid with water until
polymerization is eompleted. A stacking gel (3% acrylamide) of I om

height will be applied on top of the analytical gel. Electrophoresis will
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be performed at 30 mA uniil the tracking dye would resch the

ond of the gel.

The slsb gels wili be fixed by treating them with 2 spluhion i

45. 4% methensl sod 6. 2% acetic soid in water. The gels will bo

stained with geantle shaking for 21 in 0, G95% Coomassie huitliant

Bige B-25¢ dissolved in iseprepasol 259 and acatic neid (0%

and wonld be desinined by shakiog gveseight in 10% seatic acid,

Unless otherwise stated, membrace profuins will he dissggregated

by mixing an sgusl volme sf sample buffor ©. 125 M Tris-

hydrocnloride, pil 6.9, 4% SDE, 104, w-yperesptomethanol,

0. 002% bromophens! blus) with & sample conmiaing 10 b 100 mg

. of protetn. The migture will be hagked af 1060 € for 8 modn.

isplation of the puter membrane PIEISind:

i Gel filirstion in the pregence of sodium dodecyl sulphate :

Membrane proteing {ca. 800 mg) wiil be treated with 8. 056 M
Trig/HCL {80 mi, pH 7.00) containing 1% sodhwn dodecyt
auipi;ate IS0 and 1 mM EDTA at 2570 for a period of

1 h, The dissolved materisl will be sopiied on to 5 colums

of Sephadex G-200 s eluted al 352¢ with ¢, 05 M Trig/ECL,
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pH 7, 00 containing 1% SD3, 1 mM EDTA and ¢.02% sodinm agide.
The flow rate will be 25 mi/h and 7.5 wl {ractions are to be
collected. Fractions under each peak are to be pooled, dialysed

ngainst several changes of gterile water and lyophilized.

Isolation of the polvpeptides from the polvacrylamide gels

The polyscrylamide gel section coniaining gepnrated protein bands

will be cut into pieces and macerated by passing thepugh a

syringe. Proteics will be eluted by shaking at 377C 4nto 10 volumes

of 0,05 M NH, HCO; ocontainiog 1% SDS. After 8 k, the polyacrylamide
fragmeats will be removed by centrifugation and then washed once
with & small volume of elution buffer, The combined gupsrnatants

will he dialysed agalost S.ES in prder to remove the buifer nri;giﬁaﬂ‘y, .
present in the gel. Upon {yephillisafion Ny HCOg will be removed
teaving a protein- SDY mixture whick will be utilised for (nrihee
studies,

Antisers :

Antisers against Vibric cholerae membrane proteins will be prepared

in rabbits by immunisiag sach rabbit with 1 g of Vibrio cholerae
Ogawa 295 total membrane, suspended in 9, 5 mi of saline and &a

aqual volume of Freund’s incomplete adjuvant. Antigens will be



_administered on days 0, 14, 28 and 42, Blopd will be collected

one week after the last injection, The aniisera will be stored -

st-70°C until use,

Tmmunodiffueion :

The outer mermhrane proteios will be aolubilized in the non-lonio
daﬁergﬁn& Tween 20, Briefly, coe volume of @ 0, 10 M Tris-HCL
(pH 8. 6} containing 5% Tween 20 will be added to 1 volume of the
membrane suspension. The mixtuve will be shaken for a period of
2 hours &t room temperature and will be centrifuged at 10, 000 xg.

The supersatsut will be subjected to tpmmuneodiffusion in 27 agsrose.

Immunsoelectrophoresis ¢

The outer memhrane proteius, solibitised in Tween 20 &5
deseribed shove, will be subjected to immuncelastrophoresis in
a babital butfer, pH 8.2 in 2% agavess for 1 b and allowed o

diffuse ageinst antiserum to Vikrio gholeras todal membrang,

Challenge studies :

Immunizstion : Rabbits a1e to be immunized subcataneously o
both flanks on days 0 and 7. They are to be chatlenged vin ligated

ileal lpops on days 14 and 18.



Preparaiion of lHegated 1sal loops :

Tleal loops ure to be prepared according to the method of

De and Chatierje(25). Rebbita are to be fasted for 48 b 1o aliow
etiralnating of fecal pellet. Fack segment of the ligated Ueum

will be challenged one balf wiiltliter of a vihrio suspension,
appropriately diluted i{x-?BSG {(phoaphate buifered saline, pH 7.2
containing 0. 1% gelatin). Each segwment will be approximately

6 to D cm in leagth and esch separated by an uninoculated segment
of about 2 cm. Control loops will receive 0, & mi of PBBG or

0.5 };g- of cholora toxiu io 0. 5 mi of dilusnt. After 18 b the rabhbits
are to be saerificed and the ileum excised . Loops ars io be
cavefully measured and the ratio of the voluwe of fluld accumulated
{in miliititera) to the length of the segment {n cas:s&imﬁ;ara} 'Wﬁ%il

he ealoulated and expressed ag the fluid aecumulation(¥FA) ratic.

SIGNIFICANCE :

~ Suecessful completion of the propesed studies should conaiderably inﬁrém@a

our knowiadge sbout organtastion of the cell wall of Vibrio choleras. The
studies will provide gpeeific information on the presence of common

proteip antigen among varicus biotypes and serotypes of Vibrio choleras

as well as other sntoric bacteria. The study rmight lead to the pessikility of
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developing & upo-toxic immunogen which would provide

protection against challenges with all blotypes and sorolypses

of Vibrio cholerae,

FACILITIEE REQUIRED

1.

Office space : Office space reguired for the .
Principil Investigetor,

Laboratory space : Laborsiory space reguired for

exparimental work.

Hospital resources : Mone

Animal respurens @ 100 rabbits.

Logietical support : aone

Major items of equipments :

&, Ultracsptrifugs

b, Blsctrophoretic apparatus for

i. 1. Polyacrylamide gel electrophoresis
i, Immuencelectrophoresis

111, Croased immunoaiectrophoresis

Oiber specialized reguirements ;
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COLLABORATIVE ARRANGEMENTS ;

The principel Investigator would maistain a coliaborative
resegrch programme with the Max~Planck Institute fur
Immusbiclogie, Freiburg, Germany which is  very well
equipped to perform analytical works on baoterial cell
gurfane antigens. The priusipal investigator tag acussed
this possibility with the Director of the Maz- Planck-Ingtitule
in gwsmén and would ke to spend 2 few weeks thers duving

the eourse of this study.



SECTION I - BUDGET

A, DETAILED BUDGET

1. PERSONNEL SERVICES
NAMYE POSITION g, TIME ANNUAL :
E—— USED SALARY TAKA  DOLLAR
Dr, 8, Kabix Seleatist 25% 105, 600 36, 250 -
Dr. A, Mabmood  Assc. Sclentiss 0% 71,000 7,100 -
M, 5. AN Tachoician 100% a6, 568 28, 568
Mr. Shafinlish " 5% 1, 069 .
b total - 49, 918 -
2. SUPPLILS AND MATERIALY
Reagents, chemicals | Tk. T, 18,000 -
Sub total Tk, 15,0006 -
3, EQUIPMENT - £ 5, 000
sub total Tk, - $ 8, 609
4, PATIENT HOSPITALISATION
Nong



8.

™

2,

OUTPATINNT CARRK

None

ICDDR, B _TBRANSPORT

Hona

TRAVEL AND TRANSPORTATICH OF PERSGHE

international travel TAKA
Tranapork 1 meosting
Per diem 14 days

Cnilzborative work 50 days

A L LA S

Sub tetst Tk, -

prorieprirekai e oo e

TRANSPORTATION OF THINGS

import of Eguipments :
Local shipment o nong

Sub tokal -~

RENT, COMMUNICATIOND AND UTILITLLS

Postage Tk. 500,60
Telsphone -~ none .

Cable - BOnS

Rant -~ TORO

DOLLAR

i AT e

2, H0o
300

2, 500

Bub total Tk, 500,00

$ &, 000

AT M I AR

$ L4000

$ 1,000

DRI T
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11,

13,

PRINTING AND REPRODUCTION

Printing forms &00

Bpecinl reproduction 2, 000

Publication cosls 500
Sabtetal z, 500 $ BOG

OTHEER CONTRACTUAL SERVICED

Hone

CONSTRUCTION, RENOVATION AND ALTERATIONS

HNong

ANIMAL BEQUIREMENT

100 rabbits Ti., 12, 500

Sub total Tk, 12,500

il v BT AT Y
e T AT s 17681
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12.

13,

B, RUDGET SUMMARY

CATEGORY

Personnel

Supplies

Boudpment

Patient hogplielization
Outentionts eare
ICDDR. B transport
Travel Perams
Transportetion things
Rert/Communication
Pmﬁiaxg & reproductios .
Contractusl service
Congtruction

Animal reguiremend

Yoar ~_ 1
TAKA DOLLAR

i O e 200

60, D13 -
15, 600 .
- §, 000
- 5, 000
- 1,600
500 "
2, 560 500
1%, 500 -
T gy, 418 12, 500
Total § 18, 60D
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