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9. Aim of the project

a)

b)

10.  Ethical implications :

General aim

To contribute towards an understanding of the possible virulence

mechanism of B. fragilis and to development of diagnostic tests

based on the toxin gene and its preoduct.

Specific aims

i) to study whether toxin-production in #. fragilis is
plasmid-mediated

ii)  to make a cosmid~based gene bank of total cellular DNA of
B. fragilis

iii) to seléct, by using a tissue culture assay and ONA probes,
clone(s) producing toxin of &. Fragilis
, !

iv) to subclone the toxin gene in a small DNA fragment to
facilitate further studies towards identification of the
toxin, .its mode of actibn and studies aimed at developing
diagnostic tests

Significance

Same as general aim :

None



11, ABSTRACT SUMMARY

Attempts will.be made to test whether any plasmid is involved in the
expression of toxigenicity in Bacteroides fragilis. Total cellular DNA from a
£oxigenic_strain of #. fragilis will be isolated and partially digesied with
the restriction endonuc:lease BamHl. Using this digest, a gene bank will abe
made in the cosmid pHC79. Clones from the gene _bank will be screened for
toxin production using a tissue culture assay. Positive glones will be
isqla_fed and the coding region will be sub_cloned using stand;‘ird procedures,

Attempts will be made to produce DN# .pr“obes using sequences of the toxin gene

and to dbtain,pur'e toxin using an in vitro ONA-dependent translation systenm.

12. BACKGROUND, RESEARCH PLAN, BIBLIOGRAPHY

[Al BACKGROUND

It is recognized that a large proportion of diarrhoeal episodes has no known
etioloéy (Guerrant et. al., 1983). 1In rec:ent years, the possibility of some
strains of Bacteroldes fragilis, a Gram-negative, strictly a.naerobic
bacteria, *being associated with diarrhoeal illness has drawn attention and
interesting results have bean reported. Some isol‘atés of 8. fragilis hav;ez
been demonstrated to elaborate a fypé of toxin which is functionally similar
to the known toxins produced by other ent_?ric bacteria. The toxin has a
demonstrable secrer“togenic activity in certain assays, that is,in lamb and calf
ligated ileal loops (Myers et al., 1984, 1985). Such strains of 8. Ffragilis
have been designated as énterotoxigenic Eac;‘teroz'dés fragrlis (ETBF). There
" are other animal models also where enteroi-virulenée of such strains can be

readily demonstrated. For example, adult rabbits with ligated ceca and



i
healthy infant rabbits can be infected with ETBF strains which cause lethal

1

diarrhoeal illness (Hyers et al., 1987a; Myers et al.. 1998).
}

Although very clear data are at present lacking, association of ETBF with.
diarrhocea in humans 1is.becoming increasingly significant as a result of
careful studies. The firsti report on the isolation of ETBF from cases of
acute and chronic diarrhoea (with no other detectable etiology) was based on a
population in an Indian Reservation in Arizona (Myers et al., 1987). In a
recent, more extensive case-control study in this same population, it was
Ffound that ETBF isolation was significantly associated with cases of acute

diarrhoea, as compared to control cases (Sack st &l., US-Japan meeting, 1990).

*

“Toxin produced by ETBF strains is an extracellular Qroduct, releasad by the
cells into the growth medium. Standard assays which are emploved to-detecf
enteric bacterial enterotoxins such as Y-1 adrenal cells, Chinese Hamster
Ovary (CHO) cells, suckling mice, hamster, pig and rabbit ligated ileal loop
assays, have failed to demonstrate enterotoxigenic effects of ETBF strains
that cah be ideﬁtifiad by lamb and calf ileal loop assays. Nor has it been
possible to detect DNA sequences in such strains coresponding to the sequences
of the cholera toxin (CT) or heat-labile enterotoxin of £ coli (Myers et al.,
1985). Althéugh enterotoxigenic activity c¢an be demonstrated in several Qhole
animal models, such as adult rabbits with ligated ceca and in infant rabbits,
the secretogenic activity of the toxic principle in ETBF strains can also be
demonstrateq clearly in lamb and calf ligated ileal loops. These rather
costly and cumbersome assays make studies on the epidemiology of ETBF strains

and on the biology of the toxin considerably difficult.

Recently, a tissue culture assay using the cloned human colonic epithelial

cell line HT29/Cl has been developed (R.B. Sack, US-Japan meeting, 1990).



. This assay which is highly sensitive €(87%) and specific (100%) for ETBF
strains thus provides an opportunity for more extensive laboratory-based
experimental work on the toxin and its mode of action. In the present
protocol, we propose to study whether or not the gene coding for toxin
production is plasmid-borne and-to clone the geﬁe using the standard gene
cloning techniques‘ and the above HT29/Cl tissue culture assay. Genes of
Bacteroldes sp; have been successfully cloned and expressed in £. coli K-12.
Forrexample, Anderson et!al. (1984) cloned the gene coding for fimbriae using
a.positive selection plasmid vector, pTR262. Hatsushito et al. (1990) cloned
endoglucanase. gene from B. ruminicola in a bacteriophage _~based genomic

library and achieved successful over-production of the enzyme by placing the

geng under the control of the tac¢ promoter.

[B]1 RESEARCH PLAN
MATERIALS AND METHODS
Bacterial strains and plasmids

A strain of well~ch$racterizéd ETBF of human origin strain, 077225-2, will be
used as é.reference ETBF strain and as’the source of DNA for use in
constructing a gene bank. The gene bank will be made in the cosmid pHC79 and
maintained in £. coll K-12 strain DH1. For subcloning purposes,‘we propose to

use the insert*selection'plasmid vectors pUC18 or pucls.

L
E

Reagerits

Restriction endonucleases, cosmid pHC79 and the pacgaging kit, plasmid pUC18

and pUC1? and restriction buffers will be obtained from Boerhinger Hannheim,



Germany. The in vitro transcription/translation kit will be purchased from

Amersham.

Cultivation of ETEF strain

The ETBF strain will be grown on brain-heart infusion slants and stored in
sterile defibrinated bovine bloecd at 470°C‘ - Fof large volume cultivation,
bréin heart infusion broth (BHIB) will be used. A seed culture will first be
made by stireaking frozen material on a blood-agar plate and incubating the
plate anaerobiéélly at 37°% for 48 hours. Five or more colonies from the
plate will be inoculated into 100 ml of'BHlp in a conical flask and incubated

anaercbically fér 48 hours.

For the cultivation of £. .ceoli strains, standard media such as trypticase soya
brptp or agar, and Luria-Bertain medium will be used. ' X-gal plates will be

Il

used for insert selection in plasmid pUC18.

Isolation of ONA

1

Plasmid DNA will be isolated by the method of Birnboim and Doly (1979). For
the isolation of genomic DNA, one or hore of the severallprocédures commonly
, i ,
used in Gram-negative bacteria will be employed. The DNA will be of
sufficiently high molecularxweight, pure enough so as to allow its digestion
by restriction endonucleases. We do not foresee the need for purification of

DNA using CsCl—ethidium bromide density gradient ,centrifugation. The

procedure with which we will start is the following.

Cells from 100-500 ml BHIB cultures will be collected by centrifugation and

suspended in 3 ml of a solution of 8% sucrose, 0.5 MEDTA and 20 mM Tris.Cl, pH'

@



8.0 followed by the addition of 0.6 ml of lysis solution (lysozyme 1Omg/ml in

10 nmM Tris.Cl, pH 8.0). After mixing, the cell suspension will be left at

roc;m temperature or at 37°C for 10-30 min. Then, 9 ml of a solution containg

0.5 MEDTA, 0.5% SDS and 100 ug/ml proteinase ¥ will be added and the resultant
viscous lysate will be incubated at 56°C for 2 h. The lysate will be
extracted once with an equal volume of phenol saturated with_leH Tris-HCl, pH

8.0 followed by one extraction with phenol/chloroform and one with chloroform.

The aqueous phase will be dialyzed against 5 L of imM Tris, pH 8.0 overnight. .

.Affer méking the solution 0.3 M by adding 1/10 th volﬁme of a solution of 3
NaCl, the DNA will be precipiated with two volumes of ethanol. The fibrous
precipitate will be collected, washed with 70% ethanol and vacuum-dried. The

>

DNA  will be dissolved in imM Tris.HCl, pH 8.0 and stored at 4°C.

A procedure has been recently described to obtain DNA from Bacteroldes
ruminicola (Matsushita et al., 1990). If pure DNA is not obtained by the

above procedure, the latter method Qill be used.

Correlation of plasmid with tox.z'cfty"

Toxigenic and non—tgxigeni§ isolatés of 8. fragilis will be éxamined_for the
presence of easily detectable plasmids. Reports on the occurrence of plésmids
in &. fragilis are.scantyﬁ Stiffler et al. (1974) detected the presénce of
plasmids, ;n clinical . isoiates by iabelling the DNA with 3H—thymidine and
supjecting to dye-buoyant densitynequilibrium centrifuaation. Thesé
relatively sméll and low-copy plaémidsjwere fﬁund to have no oﬁvious
association-with drﬁg resistance. The isolates examined by thése authors were

clipical in origin but it is not known whether these were toxigenic.

s
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If a correlqtion is detected by studying a sample of known toxigenic and non-
toxigenic isolates, using routine rapid plasmid isolation techniques, then it
will be worthwhile to study.the plasmid further. Study of the biology of a
plasmid which does not carry a selectable marker is not be easy. Such
studies, in a major way, are dependent on obtaining plashidless variants. If
the plasmid is highly unstable, such variants could be obtained easily by
actﬁally examining a small number of colonies (about 200 or so). Otherwise,
it will be neceséary to mark the plasmid of interest with a selectable marker
-- a drug-resistance transposon — which could then.be used to follow plasmid-
loss or p{asmid-transfer. It is difficult‘to predict how, difficult will these

i

manipulatioﬁs be in &. fragilis.

Restriction endonuclease digestion

Total DNA will be partially digested with Sam3A. That is, the DNA solution
will be digested with a certéin amount of enzyme for different lengths of time
(2-10 nin) and the différent digests will be mixed. This is expected to

. result in a partially digested preparation.

Fragment size selection

The digest will be e}ectrophoresed in a preparative agarose gel. The region
of the gel corresponding to 35 kb will be removed and the DNA fragments -
electiro-eluted. After extraction with phenol, phenol-chloroform and
chloroform, the.DNA fragments will be precipitatéd with ethanol. This

population of DNA fragments will be used to make the gene bank.
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Gene bank

The cosmid pHC79 will be digested with Bam#l to linearize the molecule, and
then bacterial alkaiine phosphatase will be added. The solution will be
incubated at 37°C to dephosphorylate-the 5'-ends of the DNA molecules. After
- usual pﬁenol*chloroform and chloroform treatments, the DNA molecules will be

precipitated with ethanol.

DNA fragments of the 8. Fragilis genome, prepared as described above will then
be ligated with the linearized, dephosphorylated cosnid molecules using T4 DNA

1igase: e

The ligation mixture will be packaged in bacteriophage heads using the packing

kit obtained from Boerhinger Manrtheim.

The packaged heads will be used to transfect competent cells of £.coli strain
" DH1 by using standard procedures (Maniatis et &l., 1982). The transfécted
cells will be stored in 1 ml aliquots at -70°C after making the cell

|
suspension 15% with respect to glycerol.

Screening the gene barik - i

Transfected £. c¢oli cells will be plated onto LA medium containing 50 ug/ml
ampicillin (to select the cosmid-containing cells). Ampicillin-resistant
colonies will be tested for the production of toxin using the tissue culture

assay.

Each Aﬁpr clone will be grown in 10 ml BHIB overnight at 37°C under ampicillin
selection. The culture suspernatant obtained after centrifugation will be

concentrated approximately 20-fold wsing Amicon Centriprep Concentrators or



t
Amicon Stirred cell apparatus (Myers et al., 1984). The concentrate will be

" Filter-sterilized and tested for toxic activity in the tissue culture assay.

Sub~cloning

Toxin—positiQe clones (of which attempt will be made to isolate more than one)
will be identified. Plasmid DNA from the clone will be isolated by using the

alkaline lysis procedure of Birnboim and Doly (1979).

The plasmid DNA will be digeéfed with one of sg&eﬁal different festriction
ehzymes‘so as to obtain-a sméli nuﬁber of fragments.l These fragments will be ‘
isolated froﬁ preparative agarose gél, purified ‘and cloned into pUCl8 by
following standard procedures (Maniatis et al., 1982). The sub-clones will be
tested for cytotoxicit& wsing the cell culture aésay. The sub-cloning
strategy depends entirely on expression of the toxin gene in £. c¢oli which may
not be the case. Alternative approach to screéning the library is to develop
a \DNA sequence using the N-terminal sequence of the toxin, affinify—purified

by using antisera and use the synthetic DNA sequence as a probe.

Validation of the Tox! ¢lones

Each Tox' clone identified by the cell culture assay will be tested in lamb
- and c¢alf ligated ileal loops and compared with a reference ETBF strain with

respect to the level of toxin-activity.

Projected directions for further studies

After a subclone containing the toxin gene in a relatively small fragment (2-

3 kb) is obtained, further studies could follow two major directions,  both

10



aimed at developing diagnostic tests. One approach could be directed to
developing DNA probes for the detection of toxigenic 8. fragilis. The other
approach could be based on the toxin molecule. The toxin could be purified to

homogeneity and used to raise monoclonal antibodies for a diagnostic ELISA.

ONA probes and external collaboration . .

Probes can be made using restriction fragments of the cloned DNA or by
determnining the seqUence.of the gene one can design synthetic oligonucleotide
probes. For these studies we propose to‘"identify' in the near future an

external laboratory where facilities for such experiments are in routine

+
-

operation.

This phase of the project is expected to 'commence during the second year --
that is, after the cloning and subcloning part has been successfully

completed.

Identification of gene product

The cleoned product could be. identified by recourse to in vitro

transcriptibn/translagjfgL_ggaagg;x_ Such systems are commercially available

(Amersham). These experiments will be planned in more details after the toxin
gene has been cloned. Our immunology "laboratory will be involved in these
studies. Details of these experiments are. therefore, omitted from this

protocol.

11



FACILITIES AT ICDDBR,B AND COLLABORATION

Facilities available at ICODR,B are adequate for the gene cloning work
proposed in this protoceol. Fine structure analysis of the Tox' insert leading ”
to sequencing the gene will best be done at an external laboratory. For this,
a collaborating centre‘needi to be identified which we intend to do in the

near future. Physical facilities available are adequate for the proposed work

and no major capital investments are anticipated.

12
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Year 1

Year 2

WORK PLAN

Setting up the tissue culture assay .

Prepﬁration of gene bank

Subclening of the toxin-containing sequence
using cell culture assay and by DNA probes

Toxin purification using a transcription-
translation system in viiro

Restriction endonuclease analysis of the
toxin gene and sequencing
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Page 2 (of 2)

PETAILED COMMENTS

Please briefly provide your cpinions of this proposal, giving special-

attention to the originality and feasibility of the project, its potentiai
for providing new knowledge and the justification of financial support

souyhk;

include suggestions for modifications (ecientific or financial)

where you feel they are justified. 't

(Use additional pages if necessary) -

This project is a seemingly straight-forward proposal to identify the genehc ‘

location of the gene for Bacteroides fragilis enterotoxin, to clone the gene

using a suitable detection systern and to develop a gene probe. Most of ’rhe:
methods to be used are routine and there is no particularly novelty in the

project design. However, there are several flaws In the. pro;ec’r as it stands.

1.

The analysis of plasmids and correlation with toxicity relies on the fact

that if the toxin(s) is plasmid encoded then it is stable in this form.
However, many toxins are associated with mobile genetic elements
and it is not unreasonable to assume that the same could apply in
Bacteroides and Consequenﬂy it may not be possrble to find @
correld’non

"

The methods for plasmid analysis are not the most dppropndre cnd
dlkdlme-lysrs without rddroc:cﬂvely labelling is preferred

The digestion of the DNA for constructing of the library is inappropriate.

The cosmid vector pHC79 requires at least 31kb and a maximum of
45k of DNA' to be cloned o be able to be packaged. . .~THUs,
fragments of 20-25kb are only likely 1o produce mixed-cosmids which

may provide confusion sorting out genomicTorganization, | suggest

that the DNA should be sized-fo-arGund 35-40kb. Also, a partial BamH
drges‘r is not.ideais since it has @ ébp recognition sequence and there is
the possrbm‘ry of getling  noh-clonable fragments.  This can be
overcome by using partial Sau3A digests which also help to randomize
the cloning better so that ¢ fruly represenfdhve selection of cosmid

- clones covenng the genome is obtained.

Dephosphorylation of the vector should be done OT about 37°C., 68°C'

will inactivate the enzyme. -
The cloning strategy reliés.on expression of the toxin in £.coli However
this could be a serious flaw, especially since we know that expression of
a varlely of toxins are regulated via species specific transactivating

elements. Thus, it is possible to clone the toxin gene(s) and not-get any

expression.  Thus, Iookrng for the biological activity would fail. At

. aitemative approach is to work up an antiserum (or even a MAD, if

i
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reasonably concentraied and partially pure preparations of toxin can
be obtained) and use that to affinity purify material for N-terminal
sequence analysis. This could be used to predict an oligonucleotide for

probing the genomic library.

5. Expression of the toxin clone in minicells is not a feasible approach to
get pure toxin. :

The time scale of the project seems appropriate, however, | am not
convinced that the number of personnel requested is justified. Certainly the
operating costs seem excessive and need to be justified, The project should
be able to be done on about half the maintenance budget requested.

Whatis the $48,000 overhead? | L

Is 0 15% increase for year 2 excessive?

1
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DETRILED COMMENTS

Flease bricfly provide your opinions of this propesal, giving special
attention to the originality and feasibility cof the project, its potential
for providing new knowledge and the justification of financlal support
soughts include suggestions for modifications ({scientific or financial)
shere you feel they axe justified. . : i
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RESPONSE TO REVIEWERS' COMMENTS

Dr. D. Kopecko has given suuport without qualification.

Following are the response to Dr. P. Manning's comments

1.

We will resort to alikaline lysis for plasmid analysis,

It is true that a correlation may not be abvious between
the presence of .plasmid and toxin production by a strain.
However, it js not the most significant part of the project.
If a correlation however does appear as significant,

furtehr studies as to the stability of the association

and possible transposon involvement will be examined.

We wlli now use Sau3A instead of BamHl. This is a vexry -
good suggestion, and fortunately we do have this enzyme
at hand for ready use,

. .BAP should 1ndeed be used at 37°C — 68°C was a typo-

graphic error.

We will test for both biological activity and use

probes which will have to be disigned. We have incorporated
the lead given by Dr. Manning towards the development of

a useful probe, :

. The minicell portion is withdrawn as it indeed is a-

highly technical area and the results may not be easy
to interpret.

All of the comments of the reviewer have been -most
enlightening which I accept with gratitude.



