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SETTIUR II - EESEARCHE PLAT

£. INTRODUCTION

1‘

2.

Objective:

Objective of the study is to 1isolate temperature-sensitive

(ts) mutente of Shigells dysenteriae 1 and select a set . of

mitants with the ability to induce protection in an adult

rabbit model,

Background:

Considerable interesi and optimism have grown 'over recent
years in developing live oral vace;ne against enteric
pathogens by using genetically attenuated straiﬂs. Various
methods of attenuation are being examined with increasing
hope of success. Attenuation can be achieved in a varieiy of
ways but the choice would depend greatly on the pathobiology
of the organisz. For an invasive pathogen like Shigella of
which neither the pre-invasion biology is well understood nor
the involvement of an extracellular product (toxin) in the
disease is clear, one approach merits special consideration.
That is, allowing the strain to invade but making it so
crippled that it fails to proliferate and maintain itself in
the body for very long. Such erippling could be brought
about by introducing "suicidal blocks"™ and/or temperaiureq'

sensitive {ts) mutations.

Suicidal blocks currently being considered are (a) block in

the galactose utiiization pathway as exenpiified by

RECEIVED 8 0CT 2001
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Salnonella typhi Tysta {Gerzainer and Furer, 1975 and

dlaminopizellc acid {DAF) requiring cuients =5 reported 1o I,
coil (Davis, 1952; Fpulenc, 1957; Headow er al., 1957,. Boit
of ‘thesze blocks make growtn ‘suicidalt that_is, rapid cell
lysis ocecurs. In the former case, the mutant accumulates
toxie amounts of galactose-i-phosphate and uridine
diphosphate galactose resulting 1ir cell lyais, bAFP
auxotrophy causes the synthesis of a weak cell-wall because
the component has a restricted distribution and is 1localized
in the cell-wall, However, since DAP auxotrophy does not
interfere with cellular growth, ithe mutation causes rapid

cell lysis,

Likewise, temperature sensitivity can provide effective
attenuation. Strains can be isolated that are unable to grow
at the body temperature of +the host (non-permissive
temperature) but éan be grown in the laboratory at a lower
temperature {permissive temperature). There are many
advantages of temperature-sensitive mutations. For example,
nutritional conditions are not likely to have any effect on
the expression of temperzture sensitivity and surface
antigens are likely té remain unaltered. Qimple
manipulations involving transformation can be used to

introduce several ts mutations in one sitrain thus rendering

reversion frequency negligible (Hooke et al., 1¢85).

To the best of our knowledge, isolation of temperature-

sensitive mutants of shigella has not been reported, Methods
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potential it i pecezizpy lhat tiey sevzin the ebility (o
partially colonrize the zut which, in tbs cese of shigella,
probably peans invasion, Jovasliveness is likely necessary
for the strain to optimally stiruiate the 1local immune

syvsterm,

kbllity of an attenuated strain of Shigella to colonize the
gut is thus an important contingency on which would depend in
a major way the wvaccine potential of such strains,.
Colonization ability is, therefore, an aspect which, we
believe, merits investigation., It is in this context that we
wish to study the colonizing and protective attributes of =

range of Shigella dysenteriae 1 temperature-sensitive

mutants.

Rationale:

Temperature - sensitivity offers an important attgnuation
mechanism in pathogenic bacteria. Since several independent
temperature-sensitive mutations can be combined into one
strain, the method is capable of generating highly stable and
safe strains for use as a 1£}e vaceine, However, a vaccine
strain must retain in the process some important
eharacteristics that would enzhle it t5 trigger ipmunity,
For invasive enteric pathogens such as Shigella, =2 ts mutant
should be able to colonize the gut at the restrictive

tenperature for z limited periocd of tire,



will coionize iLhez gut for a period of tine Loms enougr Lo
stimulate 1local iorunity before the strain is cleared fron
the systerm., Such strains are also expected to be protective.

The present protocol is designed to test this conjecture.

We have selected 5. dysenteriae 1 for this study because of
its virulence and epildemic potential and because vaceine
development against this strain is identified by ICDDR,B and

WBO as a high priority area.

SPECIFIC AIM

The specifie aim is to isolate temperature-sensitive (ts) mutants

cof Snigella dysenteriae 1 and select a set of mutants with the

ability to induce protection in an adult rabbit model,

EXPERTMENTAL

(1)

Isolation of ts mutants:
Temperature-sensitive mutants will be isolated by

mutagenizing cultures of Shigella dysenteriae 1 with K-

methyl-N-nitro-N-Nitrosoguanidine and subjecting the
mutagenized culture to cycles of penicillin and ecycloserine
enrichment. Details of the procedure will be similar to

those followed for the isolation of ts mutants of E. goli

(Hooke et 21., 1978). On the basis of the response of the
isolates to restrictive temperature, the mutants will be

classified as. (2) "tight" - that is, complete cessation of



(11)
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growth Lredietely after transfer to the ronper ..oz
tezperature amd [b) "Comsiling® strains czpadle of . it:.
proliferation after tirersfer to nomperviesive tumper-turs
foliowing which, there 18 complete cessa;ion of zZrouwth.

These mutants will then be tested for their ability to

colonize rabbit intestine.

Plasmid profiie of these strains will be examined ir order to
determine if the strains still carry the large plasmid (M.W.
about 140 Mdal) which is believed to carry determinants of

-

invasiveness,
Determination of virulence and colonization potential,

Virvlence of the ts nutants will be determined by using the
Sereny test and by feeding conditioned rabbits (see below) an
inoculur of size equal to an inoculum of the virulent parent

that would kill 50-100% of the animals.

Colonization potential of the strains will be assessed in an
Adult Rabbit Model. The rabbit colonization model (RCM)} was

developed for Shigella flexneri 6 (D.A, Sack, personal

communication). The procedure was as follows. Rabbits are

fed with at least 25 mg of tetracyeline over a 36h period

prior to administration of bacterial inoculum. Then, at time

0, cimetine (50 mg/kg body wi) is administered intravenously.

At 15 and 30 min, 15 m! of a soiution of 5% NaHCO is fed.
3

Tumediately after the second dose, 15 ml of baeterial

suspension is fed which 1g followed by i,p. injection of 2z m!
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of & itingnure ¢f opiux, Toe arirmels are tesr.iies
and  bacieria in the intestine are quentitated {lray et al.,
19B3). We &lso Intend to carry out 2 histologicel wxarination

of the small and large intestine for evidence of colontzation

and pathological conditions.

The adult rabbit model is currently being studied by us with

Shigella dysenteriae i and will be use3 in ‘the present study.,

Protection test.

A preliminary evaluation of the protective ability of the ts
mutents will be carried out in the following manner. Rabbits
will be given two inocula of the ts mutani containing 1010
CFU, each separated by a time interval of 21 days. They
will then be chalienged with two virulent homologous inoculz
-~ one equlvzlent to the LD dose and the cther one 1log
higher than LD dose, Deathsgccurring within 7 days will be

50
recorded .,

Time Scale:

Mutant isolation:

November 1985 to February 1987.

Mutant testing:

Mareh 1686 to June 1987.



I. SIGRIFICARCE

Tepperature~sensitive mutation represents a potent route to
ackieving highly effective genetic attenuation and thus
promises to be useful in the isolsztion of 1live vacecine
strains, The present study is expected to answer whether ts
mutants, despite the attenuation, nevertheless retain the
ability to pértially colonize the gut in experimental rabbit
and also afford protection. The investigation thus would
provide an dindication as to whethsr this approach bhas a

potential for generating live vaccine strains of Shigelia.

[2%]

ACTLITIE

i
s

REQUIPED

&3]

See Budget.
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SECTION II1 - BUDGET - yeer

{Novaxber 1983 Lo October

PERSONNEL JERVICES:

Rame Position, time effort % Cost, §
Zia Uddin Ahmed P.I. 504 2,351
David, A. Sack Consultant 0
1
! Co-Investigator 25% 1,250
1 (pathologist)
1
To be recruited | Research Officer,
! level € 100% 2,500
!
! BResearch Officer,
! level 4 1004 1,800
!
1 Lab, attendant
. 1 level 1 100% Boo
! .
8,701
SUPPLIES & MATERIALS:
Item
a) Media, chemicals, biochemicals .. 5,000
b) Glassware, dispensable plastic 5,000
¢) Rabbits, 200 € $12 per animal ‘e 2,400
A 12,400
EQUIPMENT:
Kame Cost
Refrigerated Incubator
(including freight) 2,700
XEROX, PUBLICATION 1,000
25,801

10




2,

Lat
.

BUDGET ~ Year 2

{November 1986 Lo October 1987)

e

PERSONNEL {with 15% salary inecrease)

SUPPLIES
EQUIPMENT

XEROX, PUBLICATION

Cost
Direct
Indirect

TOTAL COST

11

Cost,

10,006

13,400

1,000

4

24, 106

49,207
15,254
64,461



5.

JUSTIFICATICN OF BUDGEI IToMS:

Salary:

4 Senior Technician wiil provide worxking support to the anjzal
model work aﬁd a Research Officer to the mutant isolation work.
The P.I. will be responsible for training these workers, planning
experiments and ensuring efficient operation of +the laboratoery.
Dr, David &, Sack will advise on the animal rodel work. The

laboratory attendant will be mainly involved in washing glassware.

[}
We have incorporated a senior level local position with a time

input of 25% intended to be filled by a trained pathologist who
will participate with the animal studies and will study the
histology of the rabbit intestine following oral administration of

bacteriz.

Supplies:

We aticipate a sizable input in acquiring standard laboratory
glassware and other routine items because we are in the initial
phase of organizing and equipping the Bacterial Genetics

Laboratory.

Refrigerated Incubator:

Genetics Laboratory has a small refrigerated incubator (6 coft)
which 1s both o0ld and overburdened, Screening for temperature-
sensitive mutants wouid reguire z largeﬁ ineubation space,

Hence this item will be very useful.
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