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ABSTRACT SUMMARY

Recently considerable interest and optimism have grown over the
prospects of immunological control of shigelloéis by using live
or%l vacecines consisting of attenuated mutant strains of the
pathogen. Various methods of genetic attenuation are being tested
with promising results which, together with the enhanced knowledge
on some key aspects of the pathobigiogy of shigella, would make it
possible to adopt an attenuation strategy that may be Dboth safe
ang effective, For an invasive pathogen such as shigella, of
which neither the details of the pre-invasion biology nor the role
og a toxin in the disease is clear, the following strategy 1is
conaidered worthwhile, That is, isclating strains that would
iévade but would destroy themselves scon after invasion. Such a

ntguicidalm consequence can be introduced into a strain by genetic

|
blocks in metabolic pathways,

| .
The protocol aims at isolating strains of Shigella dysenteriae 1

with two independent suiecidal blocks sc that the reversion
frequency will be at a low level. One of these blocks will be in
the galactose utilization pathway leading to galactose-induced
bpcteriolysis. Diaminopimelic acid (DAP) auxocirophy would be the
second block. Since the distributioin of DAP is restricted to the
ﬁell—wall, any impairment in its biosynthesis would lead to a weak
cell-wall, As a result, cell growth will trigger cell lysis.

t

The attenuated mutant strains would then be tested in an adult

rabbit model for their colonizing and protective potential.



SECTIOIN II - RESEARCH PLAN

;
A. INTRODUCTIOIN

1.

Objective

Qur overall aim 1is to develop mutant strains of Shigella
dysenteriae 1 which when taken orally will induce a local
immune response but which will not cause disezse nor will
revert %o become virulent. These 3, dysenteriae 1 strains
would constitute a group of candidate vaccines for further

testing.

Background

{a) The pathoblology of shigella and genetics of

invasiveneas:

Shigellosis 1is a prototype of invasive diarrhoea. The
pathogenic pathway begins with the ingestion of .2 small
number of virulent organisms, The disease appears +to
have two phases - the watery phase and the dysenteric
phase, The former may involve some kind of preinvasion
colonization (such as transient mucosal adherence} and
production of toxin. The dysenteric phase follows

invasion and intraceliular multiplication.

- The mechanism of pre-invasion colonization is not well
understood. Among the four strains of shigella that were

examined many years back by Duguid and Giliies (1956},



only S, , fiexneri had adhesive surface appendages
{fimbriae). idherence of the non-fimbriate strains may
thus be mediated by O-antigens and/or host factors, The
major event triggering the dysenteric phase of the

disease 1s invasion.

The role of toxin in . shigella pathogenesis 1s
controveraial., Strains of shigella manifest three toxin
activities: neurotoxic activity in mice, cytotoxicity in
cultured animal cells and enterotoxicity in rabbit ileal
loop. Recen£ evidence suggests that a single peptide-
toxin is'responsible for all the -three aqtivities (Bik1iid
and Olsnes, 19835. - The facts that non-toxigenic (later
proved to be actually hypotoxigenic) strains produce
disease manifestations similar to the toxigenic strains
and that substantial quantities of toxin can be detected
in patient stool by using a highly sgnsitive ELISA method
(M. Bennish, ~ personal communication) point to the
necessity of isclating true toxin - negative mutants for

further studies.

Among the virulence factors, invasiveness has received
relatively more attention and the genetic determination
of this trait is better understood. 4 large 140 Mdal
plasmid is present in nearly all isoclates of shigella.
Its role in the production of form I cell surface
antigen has been studied. Strains of S. sonnel that

apparently had lost the plasmid became non-virulent and



also 1lost the ability to produce characteristic antigen
(Sansonetti et al., 1981). A large plasmid 1is “also
implicated in the invasiveness of S. flexneri (Sansonetti
et al., 1982). Evidence to the contrary 1s also known.
For example, nalidixic acid resistant mutants of 3.
flexneri 6 carrying the 140 Mdal plasmid were non-
invasive in the Sereny test (D.A. Sack, personal

communication).

In S. dysenteriae 1 there are several plasmids including
the large 140 Mdal plasmid. Here agaln, its apparent
loss correlates with non-invasiveness K. Haider,

personal communication).

Past shigella vaccines:

Orally delivered vaccines are at present considered to be
the most promising immunizing agents against intestinal
infections. The wvaccines could be nonliving antigens,
attenuated strains of the pathogen or harmless carrier
strains expressing protective antigens of the pathogen,
Being an invasive organism, shigella presents problems
when applied to live vacecine development. Thorne and
Gorbaéh (1977) highlighted some of these problens. A
good colonizer which, in the case of shigella means a
good invader, 1is Ilikely to ﬁe a good vacecinator (Dr.
Jekyll). Rut an invader has a greater potential to

revert to virulence (Mr. Hyde).



ir shigelia three approaches bvased on conventional
genétics were adopted 1in the past to develop a live

vaceine.

(1) Strains of shigella that became, through a single
step mutation, streptomycin dependent and were unable to
proliferate indefinitely in the intestine were used as
live oral vaccines, Also used were avirulent colonial
variants, These so-called "first generation® vaccines had
poor growth 1in the Intestine and required very large
inoculum and multiple doses. Some strains also underwent

genetic reversion

{(1i) The second generation qf vaccine strains are the
mutant-hybrid (MH) strains in which avirulent shigella
mutants Treceived, through genetic hybridization, the
xylose-rhamnose region of E. c¢oli K12 chromosome. The
presence of the xyl-rha region in the shigella chromosome
made the strain unable to maintain itself in the
intestine and was thus considered safe, The Shigella
flexneri 2a MH straln, although safe, failed to multiply
in the intestine. These MH strains thus also failed to

produce a succeszful vaccine,

For references to the original work on these two

categories of tested vaccines see Levine ef al. (1977).

(i1i) The third generation of vaccine consisted of a

hybrid E, coli strain in which Shigella flexneri 2a

surface antigenic determinants we transferred via



(e)

conjugation (Levine et al., 1977). This vaccine was also
unsuccessful, Recently, the plasmid-borne Shigella
sonnei form I surface antigen determinant was transferred

to the typhoid vaccine strain Salmonella typhi Ty21a.

This strain protected mice against Shigella sonnei

challenge (Formal et al., 1981) when administered through
intraperitoneal or subcutaneous routes, It is not known
whether the strain is effective in human intestine after

oral administration.

The strain, ho;ever, is very safe; an inoculum of 1010
viable cells produced no untoward effects in human
volunteers, fhis candidate oral vacceine may be
scheduled for a field trial Soon (D.J. Kopecko, perscnail

communication),

Current activities:

Current avtivities in shigella vaccine development

generally involve the following approéches:

(i) The search for suitable carrier strains that ecould
contain and express shigella antigens has continued,
Recently, secientists working at the Walter Réed Army
Institute of Research have successfully transferred S.
flexneri 2a O-antigen genes into Salmonella typhi Ty21a
and also isolated a strain of E. coli K12 which carries
the S. flexneri invasive Plasmid and the O-antigenic

determinants of g, sonnei, S. flexneri-2a, S. flexneri 3



ang dvsenterise i (D.d. FKopecko, personal

—.

€N

communication). These strains appear promising but these

are yet to be tested in humans.

One possible problem with carrier strains such as

Salmonella typhi or E, coli K12 pertains to the question

of colonization of the intestine by these carriers. 1t
is clear that for triggering local immunity a 1live
vaccine must be able to colonize the gut, an attribute
which these carrier strains perhaps do not possess.
Selection of strains with the ability to colonize the gut
efficiently is thus an area that merits active
investigation. Successful vaccine of this category will

probably depend on this important contingency.

(1i) One way to obviate the necessity of finding & good
colonizer (to carry antigens of the pathogen) ‘is to
capitalize on the invasiveness of the pathogen itself,
That is to say, the pathogen should be modified such that
its invasive ability is retained but it looses its
virulence, There are very few choices left for making an
invasive strain avirulent after it has been allowed to
invade the muco=za. The most promising and logical
approach is to see that the strain looses the capaclty to
multiply within the intestine and is consequently cleared
rapidly, alliowing only enough time to trigger local

immunity.



Therefore, one currently favoured approach is {0 isolate
what may be called "suicidal' putants of the pathogen,

An example of such a strain is Salmonella typhi Ty21a,

The strain bhas a block in the galactose wutilization
pathway which causes the accumulation of toxie amounts of
galactose-1-phosphate and uridine-diphosphate-galactose
resulting in cell lysis (Germainer and Furer, 1975)., 1In
2 like manner, other "suicidal blocks" can be introduced

to ensure a low reversion rate and enhance safety margin.,

(iii) Recently, interest has generated 1in cloning
protective shigella  genes. It involves \the
identification of the Protective shigella antigens and
cloning the ¢corresponding genes in a safe carrier
bacterium, In cloning shigella antigenic determinants
the choice of the carriér strain may again present
problems, However, these efforts promise to iead
shigella vaccine development activities to more defined
levels - -to those of single peptide vaccines and

synthetic peptide vaccines.
Rationale:

We have selected S. dysenterize 1 for a live vaccine strain
because the serotype is unique in its virulence, epidenmic
potential and antibiotie resistance. We believe that
development of attenuated vaccine strain is likely to be
successful even though past attempts have not resulted in a

practical vacecine, This is because of enhanced knowledge of

9
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come of the ¥ey .vents in the pathoblology of shicells and on
the genetics of virulenne, It will be ¢nm-id.m~Tv -tlel by an
animal model being develcped av present. e alsc .£l3eve that
attenuated shigelia is a wortbwhile choice for & Iive ~vaccine
rather tharn E. coli cor Salmorella carry -  antigenic
determinants of shigella. e reason for t; > tuat the
nature of colonization of shigella in ite intestinal
ecological niche is 1ike1y to be related to the development of
local immune response and this attribute may not be readily

offered by a carrier strain.

Isolation of "guicidal' mnmutants in shigella has not been
reported, to the best of our knowledge. However, attempts are
being made to -obtain by recombinant DHA methods mutants in
shigella with deletion in the galactose operon (D. Kopecko,
! personal communication). Such deletion mutants would be quite

stable, But our proposal of double mutants with two

independent blocks may also make the strain quite safe.

B. SPECIFIC AIM: -

{a) To isolate strains of Shigella dysenterias 1 with t{wo

nsuicidal” blocks —- one in the galactose utiiization pathway

Es

and the other in the biosynthesis of dianinopimelic acid.

(b) Testing an adult rabbit animsa) model the strains! ability to

colonize the gut and induce protection .

10



MATERIALS AND METHODS:

(a) Plasmid-mediated invasiveness:

There is strong evidence that a large plasmid (over 100 Mdal}
carries determinants of invasiveness in the shigellae. We
wish to examine whether the 140 Mdal plasmid detected in S.
dysenterjae 1 determines invasiveness. Plasmidless strains
will be isolated by subjecting cultures to curing conditions
and isolates will be screened for plasmid losé. A high degree
of correlation between plasmid loss and loss of invasiveness
will be taken as evidence that the plasmid determines
invasiveness, This information is necessary because after a
strajin has been crippled there will remain no easy way to
monitor its invasive ability in experimental systems,
Presence of this plasmid may thus indicate that the strain is

potentially invasive.

Isolation of "suicidal” mutants:

Galactose-sensitive mutanta:

Attempts will be made to isolate mutants sensitive to

galactose~induced bacteriolysis., The experiment will be

generally modelled after that of Salmonella typhi Ty21a.

Cultures will be mutagenized (UV light and MNNG), subjected to
pencillin enrichment and screened for Eolonies on galactose-~
containing plate showing evidence of 1lysis, Prospective
isolates will be purified by repeated transfer or single-

-

golony isolation and will be studied in shaken cultures with

11



b

| respect to growth, toxin production, nature and extent of
bacteriolysis induced by galactose and influence ¢f media and
other sugars on cell lysis. Routine tests will be performed

w to study the frequency of reversion to galactose resistance
and the nature of these resistance clohes will Dbe studied

(lLevels of resistance, frequency etc.).

i DAP auxotroph:

! Diaminopimelic acid (DAP) is a cell wall constituent found in
some bacteria. Its occurrence in strains of shigella has not
been, to the best of our knowledge, reported. We wish to

i examine if shigella cell wall 1s subs{santially enriched with

DAP, The method we propose to follow is that of Fukasawa and

Nikaido (1961).

We will asasume for the present that shigella ecell-wall
contains DAP and proceed on te isclate mutants blocked in DAP
synthesis, Cultures that will be used for this will be the
astable galactose sensitive derivatives, These will be
| mutagenized and selected for DAP requirement. DAP requiring
| isolates will be grown in liquid culture to study cultural
characteristics and physiology of lysis, These studies will

be closely modelled after those reported for E. coli (Davis,

| 1952; Rhuland, 1957; Meadow et al., 1957).

(c) Test of virulence and protection:

The mutant strains will be examined with respect to

| invasiveness d4in the Sereny test and virulence in an animal

12



model, 4 suitable animal moedel to test virulence and
'protective potential of strains would considerably aid the
mutant isolation program. An adult rabbit model has been

developed (Cray, et al. 1983) and adapted to Shigella flexneri

6§ (D.&. Sack, private communication), Conditioned rabbits
i have been successfully colonized with this strain, This model
will be further developed and adapted to S, dysenterise type
.1 to study colonization, virulence and protective ability of
| strains,
|

D. TIME SCALE:

The anticipated time scale for the work we propose to do is as

foilows:

o b PO T Lt P B0 O S A A B b ks ek A S S R LIS i e e A e e e 8 R e St ke b v o ks Ay e dmd ks e e oy e e S T

| Animal Model Work to define |
| conditions of colonization !
]
]
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! Plasmid in !
! invasiveness |
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YEAR 1 ‘
(July '86 - June '87)

1
1. PERSONNEL SERVICES

SECTION III - BUDGET‘

Némg Position,§ effort Cost, US §
i
i) Zia Uddin Ahmed P.I., 50% 2,351
|
i1i) David A. Sack Consultant -
i1i)M.R. Sarker Research Trainee 1,200
iv) [ Pathologist 25% 1,200
v) To be recruited Research Qfficer,
| Level 5, 100% 1,703
vi) Senior Technician ,
Level 4, 100% 1,252
vii) Lab atiendant,
Level 1, 100% . 762
r 8,468
2. EQUIPMENT
j
a) Laminar Flow Hood, Vertical Air-flow,
compleite dincluding air-freight . 12,000
b) Fume hood, 60", complete including air-freight ... 5,200
[
3. MATERIALS AND SUPPLIES
' |
Media, Chemicals, Biochemicals,
Disposable plastic supplies, Glassware ‘e 5,000
!
¥, XEROX, PRINTING AND PUBLICATION 1,000
fear 1 Total 31,668

iT



BUDGET

YEAR 2. :
{(July '87-June '88) Cost, US §

1. PERSONNEL SERVICES
|

Same as year 3 + 20% increase e 8,721
|

2. EQUIPMERT
|

Spectronic 20 Spectrophotometer ﬁith freight .... 1,300

I
3. MATERIALS AND SUPPLIES

Media, Chemicals and reagents, Glassware,
Disposable plasticware e 5,000

Animals (Rabbit and Guinea pig) e 3,000

4., Building a darkroom for photomicrography

fluorescent microscopy. cnaa 6,000
5. Xerox etc, cees 1,000
" 25,021
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BUDGET! i

YEAR 3
(July '88 ~ June 1'89)

1. PERSOKNEL SERVICES Cost US %
|
Same as year 2 + 20% increase cea 10.0060
2. EQUIFMENT . -

3. MATERIALS AND SUPPLIES

Meédia, reagents, disposable

plasticware . . . e 5,000
Animals e 3,000
4. Xerox Ete, ‘oo 1,500
19,965
|

COsT
Direct cost year 1 - 3 cae 75,254
! Indireect cost (31%) - 23,328
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