
1  IDENTIFICATION OF GENES The present, invention relates to methods for
the identification of genes  involved in the adaptation of a microorganism
to its environment,  5 particularly the identification of genes responsible
for the virulence of a  pathogenic microorganism. Background to the
invention 10 Antibiotic resistance in bacterial and other pathogens is
becoming  increasingly important. It is therefore important to find new
therapeutic  approaches to attack pathogenic microorganisms. Pathogenic
microorganisms have to evade the host's defence mechanisms  15 and be able
to grow in a poor nutritional environment to establish an  infection. To do
so a number of "virulence" genes of the microorganism  are required.
Virulence genes have been detected using classical genetics and a variety
20 of approaches have been used to exploit transposon mutagenesis for the
identification of bacterial virulence genes. For example, mutants have
been screened for defined physiological defects,. such as this loss of iron
regulated proteins (Holland et . al, 1992), or in assays to study the
penetration of epithelial cells (Finlay et al, 1988) . and survival within
25 macrophages (Fields et al, 1989; Miller et al, 1989a; Groisman et at
1989). Transposon mutants have also been tested for altered virulence in
live animal models of infection (Miller et al. 1989b). This approach has
the advantage that genes can be identified which are important during
different stages of infection, but is severely limited by the need to test
a 30 wide range of mutants individually for alterations, to virulence.
Miller et WO 96/17951 PCT/GB95102875  2 al (1989b) used groups of 8 to 10
mice and infected orally 95 separate  groups with a different mutant
thereby using between 760 and 950 mice.  Because of the extremely large
numbers of animals required,  



comprehensive screening of a bacterial genome for virulence genes has not
5 been feasible. Recently a genetic system (in vivo expression technology
[IVET]) was  described which positively selects for Salmonella genes that
are  specifically induced during infection (Mahan et al, 1993). The
technique 10 will identify genes that are expressed at a particular stage
in the infection  process. However, it will not identify virulence .genes
that are regulated  posttranscriptionally, and more importantly, will not
provide information  on whether the gene(s) which have been identified are
actually required  for, or contribute to, the infection process. . 15 Lee &
Falkow (1994) Methods Enzymol. 236, 531-545 describe a method  of
identifying factors influencing the invasion of Salmonella into  mammalian
cells in vitro by isolating hyperinvasive mutants. 20 Walsh and Cepko
(1992) Science 255, 434-440 describe a method of F  tracking the spatial
location of cerebral cortical progenitor cells during the development of-
the .cerebral cortex in the rat. The Walsh and Cepko  method uses a tag
that contains a unique nucleic acid sequence and the  lacZ gene but there
is no indication that useful mutants or genes could be  25 detected by
their method. WO 94/26933 and Smith et al (1995) Proc. Nail. Acad. Set USA
92,  6479-6483 describe methods aimed at the identification of the
functional  regions of a known gene. or at least of a DNA molecule for
which some  30 sequence information is available. WO96/17951  3 Graisomn:
et -al (1993) .Prot. Nail Acad. Sci. USA -90, 10334037  describes the
molecular, functional. and evolutionary analysis of sequences  specific to
Solmonella. S Some virul genes are already known for pathogenic
microorganisms  



such:- as Esceherichia cob, Salmonella typhimurium, Salmonella typhi,
Vibria cholerae, Clostridium boudinum, Yersinia pestis, Shigella flexneri
and Listeria monocytogenes but in all cases only a relatively small number
of the total have been identified The disease vvhich Salmonella typhimurium
causes in mice provides a good experimental model of typhoid fever (Carter
& Collins, 1974).  Approxnnately forty two genes affecting Salmonella
virulence have lion  identified to date  (Groisman & Ochman, 1994).  These
represent 15 approximately one third of the total number of predicted
virulence genes  (Groisman and Saier, 1990}: . The object. of the present
invention isto identify genes involved in the  adaptation of a.
microorganism to itsenvironment, particularly to identify  20 further
virulence genes in pathogenic microorganisms, with increased  effieiency. A
further object is to reduce the number of experimental animal used in
identifying virulence genes. Still further objects of the  invention
provide vaccines, and methods for screening for drugs which  reduce
virulence. 25 Summary  of  the invention In one aspect of the invention;
there is provided a DNA which is isolated from a gene .  of a Salmonella
genome and hybridises to any one of the Salmonella sequences  30 shown in
Figure 5 under stringent conditions, wherein said gene is a virulence gene
which when mutated in or absent from a Salmonella results in reduced
virulence.  3q  In another aspect of the invention, there is provided a DNA
which is isolated from a  gene of a Salmonella genome and hybridises to any
one of the sequences identified  herein as SEQ ID Nos 8 to It, 14 to 36,
and 38 under stringent conditions, wherein  said gene is a virulence gene
which when mutated in or absent from a Salmonella  results in reduced
virulence. In another aspect of the invention, there is provided-a
virulence gene (1) comprising a  sequence identified herein as any of SEQ
ID Nos 8 to 11, 14 to 36, or (2) contained in  



SEQ ID No 37 or 38, or a part thereof or a variant of either (1) or (2)
with at least  .85% sequence identity, wherein the part thereof is at least
50 nucleotides -and wherein  mutation or absence of said gene in Salmonella
results in reduced virulence. In another aspect of the invention, there is
provided a polypeptide encoded by a gene  or DNA according to the
invention.  In another aspect of the invention, there is provided a mutant
bacterium wherein if the  bacterium normally contain. a gene comprising a
sequence identified herein as any of  SEQ ID Nos 8 to 12 or 14 to 36 or a
gene contained in SEQ ID No 37 or 38, or a  variant thereof with at least
85% sequence identity, or agene of a Salmonella genome  which hybridises to
any one of the Salmonella sequences showing in Figure 5 under  stringent
conditions and wherein the gene is a virulence gene which when mutated in
or absent firm a Salmonella results in reduced virulence, the gene is
absent or  inactivated in the mutant bacterium. Inn another aspect of the
invention, there is provided a VGC2 DNA of Salmonella  typhimurium or a
part thereof or a variant of said DNA with at least 85% sequence  identity,
wherein- VGC2 DNA is defined as DNA of Salmonella typhimurium located
between the ydhE and pykF genes, as shown in Figure 8, wherein the part
thereof is at  least 50 nucleotides and wherein the DNA is a-vinilencegene
which when mutated in  or absent from a Salmonella results in reduced
virulence. In another aspect of the invention, there is provided a promoter
of a gene of the VGC2  DNA' of a Salmonella wherein VGC2 DNA is defined as
DNA of Salmonella  typhimurium located between the ydhE and pykF genes as
shown in Figure 8, or  equivalent DNA in another Salmonella. 3b  In another
aspect of the invention, there is provided a mutant bacterium wherein if
the  bacterium normally contains a gene that is the same as, or has at
least 85% sequence  identity to a gene in VGC2, said gene is mutated or
absent in said mutant bacterium,  wherein VGC2 DNA is defined as DNA of
Salmonella typhimuriun located between- the ydhE and pykF genes as shown in
Figure 8. In another aspect of the invention, there is provided a method of
making a bacterium  according to the invention comprising the steps of
mutating said gene in a bacterium  



and isolating said mutant bacterium. In another aspect of the invention,
there. is provided a vaccine comprising a mutant  microorganism or
bacterium. according to the invention, or a mutant bacterium  wherein if
the bacterium normally contains a gene comprising a. sequence identified
herein as SEQ ID Nos B to 3.6 or any-one of the Salmonella sequences shown
in  Figure 5, or. contained in SEQ ID No 37 or 38, or a variant thereof
with at least 85%  sequence identity; and wherein the gene is a virulence
gene which when mutated in or  absent from a Salmonella results in reduced
virulence, the gene is absent or  inactivated in the mutant bacterium. In
another aspect of the invention, there is- provided a. use of a mutant
bacterium or  microorganism as defined above as a vaccine. In another
aspect of the invention, there is provided a pharmaceutical composition  (.
comprising a bacterium or microorganism as defined above and a
pharmaceutically  acceptable carrier.  In another aspect of the invention,
there:is provided a polypeptide encoded by a gene  of the VGC2 DNA of
Salmonella typhimurium or a part thereof of at least SO  nucleotides, or
encoded by a variant of said DNA with at least 85%. sequence identity  to
said VGC2 DNA wherein VGC2 DNA is defined as DNA of Salmonella  typhimm um
located between ydhE and pykF genes as shown in Figure 8. .ac  In another
aspect of the invention, there is provided a use of a mutant bacterium
wherein if the bacterium normally contains a-gene that is the same as or
equivalent to  a gene in VGC2,, said gene is mutated or absent in said
mutant bacterium; said  mutation or absence resulting in reduced virulence,
or a mutant bacterium, wherein if  the bacterium normally contains a
virulence gene comprising.a sequence identified  herein as-any of SEQ
ID-Nos 8 to 36, or any of the Salmonella sequences shown in  Figure 5, or
'contained in SEQ ID-No 37 or 38, or an equivalent thereof; the gene is
mutated or absent in' the mutant bacterium, said mutation or absence
resulting in  reduced virulence, in the manufacture of - a medicament for
preventing microbial  infection in a host in.need thereof { _. In another
aspect of the invention, there is provided a use of a - mutant bacterium  



wherein if the bacterium normally contains a gene that is the same as or
equivalent to  a -gene in VGC2, said gene is mutated or absent in said
mutant bacterium, said  mutation or absence resulting in reduced virulence;
or a mutant bacterium, wherein if  the bacterium: normally contains. a
-virulence gene comprising a sequence identified  herein as any of SEQ ID.
Nos 8.to 36, or any of the Salmonella sequences shown in  Figure 5, or
contained in SEQ ID.No 37 or 38, or an equivalent thereof, the gene is
mutated or absent in the mutant bacterium, said mutation or absence
resulting in  reduced vinrlenee, said mutant -bacterium further comprises a
DNA encoding an  antigenic epitope from said other pathogen in the
manufacture of a medicament for  vaccinating a host against a pathogen.
Disclosed herein is a first method for identifying a microorganism having a
reduced  adaptation to a particular environment comprising the steps of :
WO 96117951 PCT/GB95(U2875 4  (1) providing a plurality of microorganisms
each of which is  independently mutated by the insertional inactivation of
a gene with a  nucleic acid comprising a unique marker sequence so. that
each mutant  contains a different marker sequence, or clones of the said
microorganism; 5 (2) providing individually a stored sample of each
-mutant  produced by step (1) and. providing individually. stored nucleic
acid  comprising the unique marker sequence. from each. individual mutant;
(3)  introducing a plurality of mutants produced by. stop (1) into the said
particular environment and allowing those microorganisms which 10  10 -are
able to do so to grow in the said environment; (4) retrieving
microorganisms from. the said environment or a  selected part thereof and
isolating the nucleic acid from the retrieved  microorganisms; (5)
comparing any marker sequences in the nucleic acid isolated  '15 . in step
(4) to the unique marker sequence of each individual mutant stored  as in
step (2); and (6) selecting an individual mutant which does not contain any
of  



the marker sequences as isolated in step (4). . 20 . Thus, the method uses
negative selection to identify. microorganisms with t 3  reduced, capacity
to. proliferate in the environment: A microorganism can live in a number of
different environments and it is  known that particular genes and their
products allow the microorganism  25. to adapt to a particular environment.
For example, in order for a pathogenic microorganism, such as a pathogenic,
bacterium or pathogenic  fungus, to survive in its host the product of one.
or more. virulence genes  is required. Thus. in a preferred embodiment of
the , inv~ntion:a gene of`  a microorganism which allows the microorganism
to adapt to a particulaar  30 environment is a virulence gene. W0 961179 5
1 PCr]GB9siol875  5 Conveniently, the particular environment is a
differentiated multicellular  organism such as a plant or animal. Many
bacteria and fungi are known  to infect, plants and they are able to
survive within the plant and. cause  disease because of the. presence of
and expression from virulence genes.  Suitable- microorganisms when the
particular environment is a plant  include the, bacteria Agrobactedur
tumefaciens which forms turnours  (galls) particularly in grape; Envmnia.
amylovara;.. Pseudomonas  solanacearum which causes wilt in a wide range of
plants; Rldzobium  legurninosarum which : causes. disease in beans;
Xanthomonas campestds 10 p:v. cirri which causes canker in citrus fruits;-
and include the 'fungi  Magnaporrhegrisea which causes rice blast disease;
Eusarium spp- which  cause a variety of plant diseases; Erisyphe spp.; .
Colletotrmchum  gloeosporiodes; Gaeumanrivmyees graminis which causes :root
and crown  diseases in cereals and-grasses; Glornus spp., Laccaria spp:;
Leptosphaeria 15 maeulans; Phoma rraeheiphila; Phytophthora spp.,
Pyrenophor'a Ceres;  Verricillium alboarrum and V. dahliae; and
Mycosphaerella musicola and  M. fijiensis. As described :iii more detail
below, when the microorganism  is a fungus a haploid phase to its. life
cycle is :required:  



20 Similarly, many tf icroorganisms-including bacteria,: fungi, protozoa
and  trypanosomes are:knownto infect animals, particularly mammals
including  humans. Survival of the microorganism within the animal and the
ability  of the microorganism to cause disease is due in large part to the.
presence of and expression from virulence -genes, Suitable bacteria include
.  - 25` Bordetella spp. particularly -B. per7ussis, Carnpylobacter spp.
particularly C jejuni. Clostridium spp. particularly C botulinurn,
Enterococcus spp.  particularly E. faecalis, Escherichia spp. particularly
if. coli, Haemophilus  spp: particularly 1? ducrey and 'H injluen ae,
Helicobaeter SM..  particularly A. pvlarm Klebsiella spp. particularly, K .
pneumoniae, 30 Legionella spp. particularly L. pneuniophila, Lisreria spp..
particularly L. WO 96/17951 PGT/GB95(02875  6 monocytogenes, Mycobacterium
spp.particularly M. smegmads, and M.  tuberculosis, Neisseria. spp.
particularly N.. gonon*oeae. and N.  meningitidis,. Pseudomonas. spp.,
particularly Ps. aetuginosa; Salmonella  spp., Shigella spp.,
Staphylococcus slip. particularly S. aureus,  Streptococcusspp.;
particutarly;S. pyogenes.and.pneumoniae, 1 ibrio spp.  and Yersinia spp.
particularly Y. pesos. All of these-bacteria cause-disease  in manand also.
them are.animal models of the disease. Thus., when these  bacteria are used
in the disclosed method, the particular environment is an animal which they
can, infect and in which they cause 1)  10 disease. For example,when
Salmonella typhinuajum is .used to infect a mouse the mouse develops.a
disease which serves as a model for typhoid  fever inman. Staphylococcus
aureus causes bacteraemia and renalabseess  formation in mice (Albus:et.al
(1991) Infect. Imtnun::59, 1008-1014) and  endocarditis in rabbits-(Perlman
& Freedman. (1971) Yale J. Biol. Med.  15 44, 206-213)_ It is required that
afungus or higher eukaryotic parasite is haploid for the  relevant parts.
of its life (such as-growth-in the environment). Preferably,  a
DNA-mediated integrative transformation system is available and, when 



20 -the-microorganism is a human; pathogen,.conugniently an animal.model'of
the humawdisease::is available. Suitable.;fungi-.pathogenic to. humans
include certain A-spergilius spp.(fpr.:exampleA. fuiuigatus), Cryptoeoccus
neofonnans and Histoplasma. capsulattan.. Clearly the above-mentioned
-fungi have a haploid phase and a:DNA-mediated integrative transformation
2-5- systems are available for them..-Toxoplasma- may also be -used, -being
a  parasite with at haploid phase -during infection.. Bacteria .have a
haploid  genome. Animal tilodeis:of human: disease-ar*often-available-in
which the animal.  30 in a mouse, rat,..rabbit. dog-or monkey.: It is.
preferred if the, animal is a WO 9&17951 . PCP/GB95/02875  7 mouse.
Virulence genes detected by the disclosed method using an animal model of a
human disease are clearly very likely to be genes which  determine the
virulence of the microorganism in man.  Particularly preferred
microorganisms for use in the disclosed methods  are Salmonella
typhimurium, Staphylococcus aureus, Streptococcus pneumoniae, Eneerococeus
faecahs,. Pseudomonas  aeruginosa and rtsperiillits fumigates.. 10, A
preferred embodiment of the invention is now described. A nucleic acid
comprising a unique marker sequence is made as follows..  A complex pool of
double stranded DNA sequence "tags" is generated  using oligonueleotide
synthesis and a. polymerise chain reaction (PCB). 15 Each DNA "--tag" has a
unique sequence of between about 20:aid 86- -bp-preferably about 40 by
which-is Ranked by "arms" of about 15 to 30 bp,  preferably about 20-bp,
which are common to all.'tags". The:numbor of  bp in the unique' sequence
is sufficient to : allow large numbers (for  example > 1010) of unique
sequences to be generated by. random 20 . oligonucleotide synthesis but not
too large to allow the formation' of  secondary structures which .may'
interfere. with a PCR:.: Similarly, the  lengthrof:the - arms should be
sufficient to allow. efficient " p riming of  



oligonucleotides in a.PCR. 25 It is vyell-'known that the sequence at -the
S` end of the oligonucledtide  need .not match the target sequence to. be
amplified. : Y " is> tr~l .:that -0i rs xi = 1 :fix P D *7  structures-
with eachother longer than 2 bases, especially at their;'' ends,  3{l ` as
this ibaturt may promote the formation. of an artifactual product called wo
96/!7951 ra/GS9s/o287s  8 "primer dime?-'. When. the. 3' ends of..the, two
primers hybridize, they  form a "primed template" complex, and
primerextension resultsin a short  duplex product called "primer.dimer". 5
Internal secondary<structure: should.be avoided in primers. For symmetric
PCR, a 4M0% G+C -content is oftezi recommended for both. primers,  with no
long stretchesof any onebase. The classical melting temperature
calculations used- in conjunction with DNA probe hybridization studies
often. predict that a given primer should anneal' at a specific temperature
10 or that the 72C extension temperature will dissociate the
primerltemplate  hybrid prematurely. In practice, the hybrids are more
effective in the  PCR process than :generally. predicted by simple Tm.
calculations.  Optimum annealing temperatures-may, be determinedempiricaly
and may -15 b,-- higher than predicted. Taq DNA polymerase does have
acti%ityin the  37-55C: region, so primer extension will occur during the
anneding step  -and-. the hybrid will be. stabilized:  The concentrations
of the -primers are  equal in conventional (symmetri c) PCR and; typically,
within 0.1- to l- tM range.  20. . i_  The "tags". _are_ ligated..into..a
transposon.or-iransposoa4i ce-eeletnent to f o r m .  -the:: nucleic a c i
d i p . : comprising.. a .- unique_..ma~;ker . sequence.  Conveniently, the
transposon- is carried on, a suldde--vector. which is  



maintained as .a plasmid in a '"helper" organism, but which is lost after
transfer to the microorganism of the disclosed method. For example. the
"helper" organism maybe -a strain of Escherichia coil, the  microorganism
of the. method may be.Salmonella andthe. transfer is a  conjugal transfer.
Although the transposon can be lost after transfer, in -a proportion of
cells :it iintdergoes a.-trattapos'rtion event:hrrough:which it  30
integrares'at rloftm, alone -with its unique tag, into-- he genome of the
Wo.srnass;, rcrrCS9Stbsts  9 ':Udti organism usedin the method. his most
prefcrred:if the traasposon  or transposon }tke element can be selected:
For example, in ft case. of  Salnwne'Fla; a kauamycin resistance-gene maybe
present inn the tr-ansposon  and ckc onjugants are selected on
medium-containing kanamycin. It is also 5 possiblelato complement an
euxotrophie marker in the. recipient cell with  a` iorial-grne in
the-nucleic acid comprising the-unique markeir, This.  method-16-
fiarticularly convenient when fungi are. used in the method.  Prefer:-ably
the: complementing- funexionai gene is not, derived> from the - -same-
species as -the recipient microorganism, otherwise non-random
integrationrevents. may occur. It' rs also particularly convenient -.if the
transposon or transpOnon-like  element as carried ..oat a vector which cis
maintained episomally {ic not as  15 part of the chromosome) in the
microorganism used in the first method d closedherein when in a first given
condition whereeas, upon  changingAat:i3ondition 1o a second giiven
condition,_the.episorne-:.cann(c)t be maintained pertititting the
selecxion-of a.ceil-in w. hictr. the :transposon oc
transposon4lke:elemen4lias uirdergonoa transposition event-through which
it 'intega ates at random; along with its unique .tag-, into the .genomc
-of the t icroorgattidm. used in the method. - This particularly-
convenient .  - embodkfl*nt is advantageous because, once -a
microorganisrrr carrying thd  episornal veaar is-made,-Then eachtitne the
transposition cvent is.seteeted  



for or-iridticed.byot ai ging the condition of the microorganisitt-(or- a
done 2-5 thereofy from. a first given--condition -to -a -second -given
condition, -the  transposon can integrate at a -different site in the
genotne -of the  rriicrootgairisrrt .Thus., once a master: collection of
microorganisms are  made, each member of which contains a unique tag
sequence in the 'Imlispasbivcc rr =tranSpbso 4ike element :carried: on
-the.: episomat vector  -(when: in the. first given condition), it.cam-be
used -repeatedly to generate WO 96117951 PGT/GB9sJ02875  10 poolsof random
insertional mutants, each-of which contains a:different tag  sequence (ie
unique: within the pool). This embodiment is, particularly  useful because
(a) it reduces the number and complexity of manipulations  required to
generate the plurality ("pool") of independently mutated 5 microorganisms
in step (1) of the method; and-(b) the.:number of different  tags need only
be the; :same: as . the number of microorganisms: in the  plurality of
microorganisms in step (1) of the method:.. Point (a) makes the  method
easier to use in organisms for which transposon mutagenesis is  more
difficult to perform (for example, Staphylococcus aureus)-and point 10 (b)
means that tag - sequences., with: particularly good : hybridisation
characteristics can be selected therefore making quality. controleasier. As
is described in more detail below, the "pool" size is conveniently about
100 or. 20.0 independently-mutated microorganisms and, therefore the
master collection of microorganisms is conveniently stored- in one or two
15 96-well microtitre plates. In. a-particularly preferred embodiment the
first given: condition. is a first  particular temperature or temperature
range such as 25C to 32C, most  :preferably about 30C and the second given.
condition. is a, second 20 particular temperature. or temperature: range
such: as; 35 C: tP.45 C, most  preferably. 42C;: in: further preferred.
embodiments the,..first given  condition is the presence-- of an-
antibiotics- such -,as. streptitmycin .:and the  second given condition is
the absence.. of the.said antibiotic; or-the first  



given condition is the absence:-of an antibiotic. and the. ;second given
25 condition is the- presence of the said antibiotic.:. Transposons
suitable for integration into the.genome-of Gram negative  et c?ahve th of
a anspcasnns:suitable  # ac(erta include Tn ,. Ttrl AMA for
integration-into the genome of Grampositive bacteriainclude Tn916  30 and
derivatives or analogues thereof. Transposons particularly suited for WO
907951 PCT/GB9S702875  11  use with Staphylocaceus aureus include Tn917
(Cheung etal (1992) Proc.  Natl. Acatt: Sci. USA 89,:6462-6466) and Tn918
(Albus et al (1991)  Infect. Immun. 59, 1008-1014). 5 It is- particularly
preferred if the transposons have the properties of the  Tn917 derivatives"
described by Camilli et. al (1990).J. Bacteriol. 172,  3738--3744., and:
are carried by a temperature sensitive vector such as  pE194Ts (Villafane
et at-(1987) J. Bacteriol. 169, 4822.4829):: 10 It will be appreciated that
although: transposons are convenient for  iinsertionally'inactivating a
gene, any other known method,. or method  developed in the future may be
used: A further convenient method of  insertionally inactivating- a gene;
particularly in certain bacteria such as  Streptococcus, is 'using
insertion-duplication mutagenesis such as that 15 described in Morrison et
al (1984) J.Bacteriol 159, 870: with respect` to  S.pneumoniae. The general
method may also be applied to other  microorganisms, especially bacteria.
For fungi, insertional mutatibnsare ereatedby-transformation using DNA.
=20 fragments- or':plasmids carrying the "tags" and,= preferably.
:selectable  -markets encoding; forexample, resistanceto hygromycin'R
orphieomycin -1: =(seeSimth eta((i.994) Infect. /mmtinol. +62.;5247
5254):"PAndotn, single  -integration of DNA'fraginents encoding hygromycin
B resistance into the  genotne of filamentous fungi;- using restriction
enzyme i mediated 25 integration (REMI; Schiesti & Pet-es (1991);. L U et
al (1994) Proc. Nail: .  



Acad. Sci. USA 91,.12649-12653) are known. A iitopl&1 iserthsbal
itlufag*enesjs I h t t)i e Ytt'n ftttigii `tis deselbed in.  SSe i estt&
Petes (1994) incorporated herein by'reference; and include, for  30
example. the use of Ty elements and ribosomal DNA in yeast.  WO 96/17951 -
PGT16n95102875  12 Random integration of the transposon or other DNA
sequence allows  isolation of a plurality of independently mutated
microorganisms.wherein  a different gene is insertionally inactivated in
each mutant and each mutant  contains a different marker sequence. 5 A
library-of such insertion mutants is arrayed in welled<microtitre dishes
so that each well contains a different mutant microorganism. DNA
comprising the unique marker sequence from. each individual mutant
microorganism (conveniently, the total DNA from the clone is used) is 10
stored: Conveniently; this is done by removing a sample of the
microorganism from the microtitre, dish, spotting it onto a nucleic acid
hybridisation membrane (such as nitrocellulose or nylon membranes),  lysing
the .microorganism in alkali-.and fixing the ' nucleic. acid to the
membrane. Thus; a replica of the contents of the-welled microtitre dishes
15 ismade. Pools of the microorganisms from the welled:microtitre.disWare
made and  DNA is extracted. This DNA is used as a target for a PCR using
primers  that anneal :to the common "arms" flanking the "tags" and the
amplified 20 DNA is labelled,. for example with 32P. The :product of the:
PCR is used tJ .  to -probe: the DNA stored: from each  individual ..mutant
-to provide- a reference hybridisation pattern. for the.replicas of
the.'i*elled: microtitre  dishes. This is. a check that,each of
theindividual microorganisms does,  in fact:; contain 'a. marker sequence
and, that.the..marker sequence can be  25 amplified and labelled
efficiently. Pools of transposon mutants are made to introduce -into the
particular  



tr61nvetntenfly,- 9fi +uell mtcrcati#t a ritsttes use aittl the  pool
contains 96: transposon mutants. However, they lower limit for the 30 pool
is two mutants, there is no theoretical upper limit to the size of the 1 0
96/17951 PCT/GB93/03875  13 pool but, as discussed below, the upper limit
may be determined in  relation to the environment into which the mutants
are introduced. Once the microorganisms are introduced into the, said
particular  S'' environment those microorganisms: which are able to do so
are allowed to.  grow in the environment: The length of time the
microorganisms: are left  in the environment is:determined by the nature of
the microorganism and  the'enviionment After a suitable length of time;.
the microorganisms are  recovered from theenvironment, DNA is extracted and
the DNA is used 10' as atemplate for a PCR using primers that anneal to the
"arms" flanking  the '"tags"_ The PCR product it 'labelled, for example
with 4P, and is-.  used to probe the DNA stored from each individual mutant
replicated from  the welled microtitre.dish.. Stored DNA are identified
which hybridise  wealdy or not atall with the probe generated from the DNA
isolated from 15 the microorganisms recovered front environment. These
non-hybridising  DNAs correspond to mutants whose adaptation to the
particular  environment bas been attenuated" by insertion of.the
transposorv tdr other  DNA sequence. 20 In a particularly preferred
embodiment the "arms" have no, or very little,  label compared to
the=".,tags" For example; the PCR primersare-suitably  designed4to:contain
ono, or a single;:G residue, the'rNlabelfrd nucleotide  is dCTP' and; 'in:
this case, no or one radiolabeled C - residue is  incorporated, in each
"arm" 'but a greater number of tadiolabelled C 25 residues are incorporated
in the .."tag"'. It is preferred if t11e "tag" has at  least ten-fold more
label incorporated than the "arms"; preferably twenty- fold or more; `thore
preferably fifty-fold. or more' Conveniently the . , artirs cart ='l1e
xeinovelllfrat~ tii~ "tag" using a suit~b~e, i=es1*on  



enzyme, m site for which may be incorporated' in the primer design. 30 WO
96/17951 PCr1GB95/02875  14 As discussed above, a particularly preferred
embodiment of the invention  is when. the microorganism is a pathogenic
microorganism, and the.  particular environment is an animal.: In, this
embodiment, the size of the  pool of.. mutants : introduced. into the
animal is -determined by (a) the 5 number of cells. of each mutant: that_
are likely to. survive in the. animal  (assuming a virulence gene. has not
been, inactivated) and (6) .the total  inoculum of the microorganism...If
the: number,in;(a) is..too. low then false  positive results.may arise and
if the number;in (b) is too high. then the  animal may die before. enqugh
mutants,have bada chance -to. grow in the 10 . desired. ;way <: 'Me..
number of.cells in:(a) can be determined: for each microorganism. .used .
but itis preferably. more, thaw 50, more preferably  moec: than.-100. The.
number of different.:mutants:..that. can be introduced into a single.  15
animal is preferably-between 50 . and: 500, conveniently .about _ 100. It
is  preferred if the total: inoculum does not exceed.:10` cells,. (and it.
is  preferably 105 cells) although .the size of the inoculum may be varied
above or below this amount depending on the microorgapistwand the  animal.
20 fl  In a:particularly: convenient method an inoculum of .10. is used.
containing 1000 cells-each of -.100 d fferentmutants for.;,. stpgleanimai..
It :will be  appreciated. that ~in.,this.:method..oneanimal : mn.,be,.
used. to screen 100  mutants compared to prior art methods-which. require
.at-least-lQO: animals  25 to screen 100, mutants... However., it is
convenient to inoculate. three animals with the.same pool - of.,rntrtants
t~ tlta# at le t 1 a c tt.ite txtvesti ated.(one as- plt 4b  check the.
reliability of the: method), whilst .the: third .is: kept as.aback-up: 



30 Nevertheless, the method still provides a greater than 30-fold saving in
the WO 96/17951 PCT/GB95/02$75  15  number of animals used. The time
between the pool of mutants being introduced. into the animal  and the
microorganisms being reeovere&may vary with the microorganism  5 and animal
used. For example, when the animal is a mouse and the microorganism is
Satmonetla ryph murium, the time between inoculation  and recovery is about
three days. Inyone.embodiment of the inventionmicroorganisms are retrieved
from the  10: environment.in.stop (5) at a siteremote from the.site of
introduction in  step (4), so that the virulence. genes: being investigated
include those  involved in the spread of the microorganism between the two
sites. ~For example, in a plant the microorganism may be introduced. in a
lesion  1S- in the stem or at one site on a leaf and:the. microorganism
retrieved from  another site on the leaf where a disease state is
indicated. In the.case of an animal, .the microorganism may: be, introduced
orally,  intraperitoneally, intravenously or intranasally and is retrieved
at. a later  20 time from an internal organ such as the- spleen. It may be
useful to . compare .the virulence genes identified by oral administration
and those  identified by intraperitoneal administration as some genes maybe
required  10 establish infection by one route:but not by the other.:. It
is-preferred if  Salmonella is introduced..intraperitoneally. 25 Other
preferred environments which.'may be used to, identify virulence  genes are
animal cells zin:culture (particularly macrophages. and epithelial  ell)
and lant r Ha in re'-_ Although uag cells in. cult~ire wail be  useful in
-its-own nghl, it :will alsocomplement the use of. the whole  30 animal or
plant, as the case may be, as the environment. W0 96117951 PC1/6895102875
16 



It is also preferred if the environment is a part of. the animal body.
Within a given host parasite interaction, a number of different
environments are.-possible,.-including- different organs :and..tissues, and
parts thereof such as the Peyer's. patch. The number of individual
microorganisms (ter cells)- recovered from the  environment should be at
least twice,. preferably:atleast ten -times, more  preferably 100-times the
number of different mutants introduced into the  environment. For. example;
: when an:-animal is inoculated with 100 10 different mutants around 1O000
individual microorganisms should be  retrieved and their marker DNA
isolated. A further preferred embodiment comprises the steps: 1,5 (1A)
removing auxotrophsfrom theplurality of mutants produced in step  (1); or
(6A) determining whether the mutant selected in step (6) is an auxotroph;
or 20 both (TA)- and :(6A); It is desirable to distinguish an. auxotrpph
(that is a mutant microorganism  which requires growth- factors' not-
needed-,t by the wild -type or by  25 prototrophs) and a mutant
microorganism wherein a .gene `allowing the microorganism to. adapt to a
particular environment is. inactivated.  Conveniently, this ' is---done.
between steps -(1) and-(2) or after. step (6).  Preferably auxotrophs are
not, removed when:: virulence genes are being  30 identified. - Wo96=95i -
PCIYGS95/02375 17  Also disclosed is a second method of identifying a gene
which allows a microorganism  to adapt to a particular environment, the
method comprising the first method disclosed  above, followed by the
additional step: (7) -- isolating the ittsertionaiiy-inactivated genie.
or.pact thOMf Ebom the  -individual= mutant selected in-step.-(6). 



l...J llficthods_tvi isoiauitg-::a gene conta ninga unique-marker are.-well
hiosyn  Win the art of-molocmiar-biologyr A further preferred embodiment
comprises-. the further additional. step:  (8) . isolating firm awild-type
microorganism the corresponding wild- 1S -type-gene using the
insertionally-inactivated gene isolated in`-step.(7) or  part theteof:.as a
probe. Meth6dsor-~gcne-probingare weitknown: in the artof molecular.-
biology.  2Q Molecular: biological:. met ods suitable for use:in.tbe prime
of tFie"preseuf  = ittventiori'are
disclosed-in..SambrookerVI-(4J9R%-ineocpQtrated.herreinby V(ffien the
riiicroorganisrii" is :a:.naicroorganisn- patTtog nio to gn animal and- ::
' gAne is . a: virulence -gene:. and a:: tiansposon, -has been used -tcz -
iusertioria0y.-inactivate the gene, it-is"eonvenient for the virulence
genes  to be: eloned by digesting genomic DNA- from the -individual mutant
selected in step (6) with a restriction enzyme which cuts outside the
ti'Aitspbson(ligating size, fi-actionatcd: DNA c9utaining llto
Eransposonintc- 31} a plasm'rd, and selecting plasmid recombinants on the
basis of antibiotic a!Q 961th51 PCIXGB~St0287  18 resistance conferred by
the traitsposon and not_ by tlteplasinid  The  microorganism- genomic D11A
adjacent to-the. tr-ansposon.is:sequettced  using two primers which-anneal
to the terminal regions. of the-transposon,  and two: primers which anneal
close to the.polylinloer sequences of the 5 plasrriid. The sequences
,may.-be subjected to-DNA database searches to  determine if. the
transposon has interrupted .it -known .virulence. gone.  Thus,
conveniently,: sequence obtainedbithismethod the sequences present in the
publicly available databases such as WdBL  ,and Gen33anlt;- ,Finally ii
the:interrupted se-qu e;appears tabs in;a new  14D virulence gone, the
mutation is- transferred to- a new-geuctio back ground (for - example by
phagc` lam-mediated transduction in the case of  SahmAellay and; the mid of
: the mutant, strain is Actermhicd~ to confirm  



that theavirulent phenotype is. clue. to the transposition-event and not a.
secondar). mutation:. : 15 The number of individual mutants screened in
order;. to.-detect ail of the  A rulence genes in a microorganism de ponds
on the number ofger es in the  gonotbe'of the: microorganism. For example,
it is likel y: that 000 5000  mutants of$almenella typhimuriu n need to be
screened in order to detect 2(l. elec. majority of v fulence genes Whereas-
-far-Axpergillus spp., which has  a
largerrgenome.than:--&`almmondta,.around ?A.0j10-:mutants:aTf,-screened. -
Approximately 4%-of noa-essential.S..t)phrnuriim:-gete e thought to  be
required fdr. virulence (Gitssman 1 -.Saier,- 1990) and, if so, the Z
iWhimurrAaii .genonte cantains - approximately, I50 - virulertyc :genes.
However, the methods * disclosed provide a faster, more convenient and:
-much more practicable route toidcntifying virulence genes. { Also
disclosed is a microorganism obtained using the first method disclosed
above.  N Wl~9G/i793f .  . P+CT/tB93fl138?3. 19- Such. rttTcroorgardstns
arc usZfiil: kbeeaao they fiave aho-pv0porty of not  being adapted- to
survive in a partieukth cnvirxintnent.  MI pre*rred embodiiment,a
pathogenicitti "oorganism is not adapted to  S sai-%iire'In a- -host
organism- - (enviro.iui-eat) ate,. in the. case of  mitt oori airisms -that
am patfiogeitia Yet animals,. particularly mammals,.  mote part cularty
humans, the mutant . obtained by the method -disclosed maybe used in a
vaccine. j ,  Th*,mutaart is ovutrlent, -ad  



therefolc',eXpectecl,toobe suitable for administration to a-patient, but
it- is. 4o- tz ted to- be antigci ic: and give -u se i(c)_ a protective
immune lrspoast  'Tn: a :fiurttici ChibOdiinent this ptiAogenic -micip ani
m not  adapted to survive In - a host organism, obtained by the -methods
diseiosed,:is modified, preferably by the introduction of a suitable DNA. i
' soqucnce, to J ap an antigenic" epitopcs friortt another pathogen. 3lds
rtrodified microorganism Cmff. -act Also disclosed its a microorganism
comprising a mutation in a gene identified using the sQFoud method disclo
.abovg Thus, although the microorganism obtained using the first method
disclosed above is  " = vst &fl; 4tis pfufetited of a mutation is
specifically- introduced into the  -la=.a'pnfbresad- m invent,
=patticutarty.-when the ftdcrooig tisin is to be used in a araccinei- tfe
mutation in the gene i t a - deletion . or a frameshift- mutation or any
culler ".mutation  which is  substantially incapable of reverting. Such
gene spet;ific_mutations can be  made using standard procedures such as
introducing into the microorganism %a-copy of-the mutant gcnc'on an
autolfomous repllcon  39; (Such- as a plasniid- or :viral gcftoinc)
and.-relying on homologous  wo4wi795t. rcrictvsns~  20 tccombination to
rtttsoduee tlie.m"whonto. the.copy of the gem in tha  genomc of
themicxoorganism: -  A dislscd-,are a suitable  ?uueroorganism for use ina
vaccine and a vaccine comprising a suitable microorganism  and a
pharmaceutically-acceptable Garner. T esuitable,rttleroorganim
is-tlieagorcmcntioncd ttvirulant,rrtatant. 11 dive immunisaiion.gf
the-patient is pcacfe red.. In this approach, one or  more Inutautmic ganis
ins am prepared in an immunogenic formulation"
s"ontaining.sultAbie-:adjuva malaic arricrs agd.adml stcred-.to
tlte::paticnt"  rn. nown: ways. Suitable adjuvants. indudc"Fround's
complete cir  %nt ompletc adjux a, muramyl:d ~id; the 'lscomis". ofEP 1 9 9
4Z EP 15 .I8 lbd-andEP"23- 039,-alarmim'um.hydroidde,.saponin,.la dcxtrari,



~tetttxai "oils : such .2S, taliglypi), vegctabie :oils (such as :araclits
oil);  iiposomes, Pluzwonic polyols or the Ribi adjuvant system (see, for
example  G1i-A-21$9 l~llj..- "Piuronie" is a Registcwd Trade Mark. The
patient  40 -b ntrriuu sed-is "a paucntrNuirng to be protected from the
disuse  ( ...:'. 20 caused by. the virulent form.(jf tho microorganism: The
disclosed avirulent microorganisms or a fucxnala#ion: thcreo :may
bc.a4ltninistarrdby any.-convontiona]mcdtod,  i  "P +ttera} teg
subcutane(c)us or intminuaeular) injection.  25 The tziatment may consist
*fa single dose_ or a :iiluratity.of doses ovete a period- of time. -  -
Whilst it is possible for a disclosed avirulent microorganism to be :admits
tsrpj atone; it As pneferabfe tovresent.it" as a g~iarmat~citdt at  t)
fgrtnwiation, together Wittr one or mom acceptabte carriers.. the, i rric
(s~ wes x17951 PGT/Cs 95102875  21 Musa e' "zt eptabtein. fete sense  6eltg
connipatihle: with iho avtrutent  t icitioirgaiusm of the:-'invention- and-
not -deleterious- to the recipients  thereof. Typically, 'tte _camers will
be water or saline which will be  stor3te.atid pyrogen free:' -5 J t will-
be appreeiated that, the vaccine disclosed depending ..: mic'ooxgansm
coin,on its component, may be useful in the fields of human medicine and
veterinary medicine.. lt) . Diseases caused liy'tnicroorganistns are
krtovrir inmany animals, such:a'  domostic:animals. -no-vaccines of the
invention, when containing an
apP-'oJi`aviriiteiit'iniixvvrgastsrnpaiticarlardy~virulenttratitft,,anc
useful in'mi}n.t ut-tlso fir,=for dminlik,. cows; sheep ,pigs; homes, dogs
and'cats; md-in poultry such as chickens, turkeys, dukes and goose IS 



Also disclosed are a gene obtained by the second method as disclosed above,
and a  polypeptide encoded thereby. M. 120 gene; -the tieliide-riot
only--ttte' regions o DIN tha6-code for`:a  potypeptii9&but also Ye tttoty
t is'of P ~fA said} _as t glous'of DNA  = tat= regifi$~tu `ti isct pfreii
-trxnslation and;. for -some mie}cesrp n sms; ."sl3tii the gene ' dricludes
-promoters, :transcription  terntiriatbis,-'i"ybdsotniiii>ing
s8quens.:ti3td for soritttorganisnis introns  -25. - &t splice-recogniudn
"sites-..: "-..  . -  z.._,. Typieally;.4equonte -irifii tioiievf the
inactivated -gene:obtained: in step  Yt`tbnvniitiit7~?:equb"clnicstii
etfiiszifitfnspiisai~"- u eel as flee fiiyl~i?dt ite"of a sequencing
primer-. The-derived :30- sequence o"r a' DNA : restriction-fragment
adjacent-to-the inactivated gene W09Gtl795t - PGtGB9=2$7at  22 itsel is
"tiled to take a; [rybridisat on pig wit[r Wrliic h-to idenfi and  isolate
from a: wild-type organism, the-corresponding wild type AM :  It is
preferred if the hybridisation probing- is doric utuler `stdngont  5
conditions to ensure that tho-gene, - and not -a relative, is obtained. By.
- "stdajoar wccmeati that-the gene_hybddis s to the probe when -the gene
isinunobiilsedonametmbraneand the probe(whi(lt"in-lids is >200  nucleotides
In length). is in solution and thaimmoOlli=Ogpne hybridised  probe is
washed -fn X01 xSSC- at 65C for 10 -min. SSC is 0.15 Air  1.0NaCI/0 01S M
Na citratea .. Fr+efik-wA-pralae -seq nOcs- for
-CtPbiBg-'SafWvneRa:vhvIcnec, genes are,  .showniri<F%g es: 5 and: 6 arld
desg laeil i t Example 2.  15 In a particularly pmferned embodiment' the
Salmonella :vintlence genes  comprise :tb sequence shown.-i r, Figures 5
and 6 .and described in  EX unpla 



-20 In further-preference the genes are those contained within, or at least
part of which is :. .  containied within, ,the sequences shown in Figures
11 and 12 and .which have been t  ;identified by the second method t -
d_osPabo e> iThe sequences shown in Figures 11 arid 12 ar-e part-of a gene
cluster from Salmonella  i Pftvn n which I have called vinrlence gene
eiuster 2 .(VGC2)L The position of  25 iiratrsposon insertions are.
indicated within the sequence, and these transposon.. oinsertions
inactivate a virulence detetmiriant of the organism. As is discussed more
tfully below, and in particular in Example 4, when the second method
disclosed above is used to identify virulence genes in Salmonella
typhimurium, many of  the nucleic acid insertions (and therefore genes
identified) are clustered in a relatively  small part of the genome. This
region, VGC2, WO 96/17957 PC17GB95102875  23 contains other virulence genes
which, as described below, form par[ of the  invention. J-he gent; isolated
by the method disclosed can be expressed in a  .5. ->vsuitable host dell.
Thus; -the gene (DNA} i;n y be used in accordiutce with  lato~vn : niqueS,
appropriately" modified. in  view of the teachings  "co ntaip$.lterein,:
to-construct an catpression Vector, :which is then" used to  ".transform an
a gpt riate-host cell for the expression and production of the  <paly
eptide-of thelni~eridoh. `Such techniques include those disclosed in
US-Patent Nos. 4,440,859 issued 3 April 19.84 to Rutter etaI,-4,530,941
issued 23 July-.1985 to Weissman 4,582,80.0 Issued 15 April 1986-to
trrowI, 4,677;063 issucd=30 June 1987 to Mark-etW..,-4,678",751issued 7
July 1987:to Goeddel, 4,704,362 issued 3 November 1987toitakiraetal
4,710463 issued: I December 19$7 to Murray, 4,757,016 issued 12 July  15
40. Toole, -Jr. ex al.- 4,766;075 issued 23, August 1188-to Goeildel et  -,
.-Al and = 4;81-,648" :issued 7' MarchJ989-14 Stalker, -alt- of which am
incolporated herein by refe acncs. The -DNA coding 'the :polypeptide
constituting the compound   ( 20 :: disciosc4 may beloused to a wide
variety of other DNA sequences for 



= -datrar ud ion3ntaafi.appropriate host. fe:companion DNA, -Mill .depwd
.1"n the:nahtrtof the host, -the-manner of the iutroductto i' of the DNA
'": into=the Bost aticl-vlhhetliar episomal-nia n tctiail a or-irftegrition
is:desircd:. Qenerally,: -the DNA z is inserted into-ati expression vector,
such as a  "plasmid, in -proper- orientation and correct reading frame -for
expression.  ...r. = if neccssary,-the DNA may be, linked to the
appropitiate.franscripfanal and - translational regulatory control
nucleotide sequences recognised by the -desired ::host, although. such
controls" are generally "availab1e in the  3E1:: eziinession vector.:- The
vector "is then introd4ced into: tite_hoat tliroiigtt WO 96/17951
PCTIGB95102875  24 standard techniques.- Generally, not all of the hosts
will be transformed  by the vector. Therefore, it will be necessary to
select for transformed  host cells. One selection technique involves.
incorporating into the  expression vector a DNA sequence, with any
necessary control elements, S - that codes for-a.:selectable trait
in,the-transformed-cell, such as:antibiotic  resistance. Alternatively, the
gene for such selectable trait can be on  another vector, which is used to
co-transform :the. desired host cell. Host cells that have;been transformed
by the recombinant. DNA.of the  .10 invention are then cultured. for a
:sufficient, time and under Appropriate  conditions known to those skilled
in theart..in, view of the, teachings  disclosed herein to permit the
expression: of the polyp eptide,_;which can  then be recovered. 15 Many
expression: systems are known, including bacteria (for example E.  coli and
Bacillus;subuil s), yeasts (for example Saccharomyces cerevisiae),
filamentous.fungi (for example Aspergillus), plant cells,, animal cells and
insect cells. 20 . ;The;vectors include a prokaryotic replicon; such, as
the GoIEI. ori, for  ssion  propagation in aprokaryote, even if the vector
is to he used forxpre in other, :non-prokaryotic, cell, types. The vectors
cats also include an.  



Appropriate. promoter such as a-prokarypticpromoter capable: of directing
the expression (transcription and translation) of the genes inr a bacterial
.25 .,host cell,.such.as E. coil, transforme l..therewith. A..promoter
is:.an expression control element nformed-by a- DNA... sequence
jai=-pgrmits -bittdi -of, f4A--polymeraseaand trattsctspta it tot occur.
Promoter sequences compatible with.:, exemplary ;bacterial hosts are n ss
0 typically provided in 01M mid vectors containing convenient restrictio
ite WO 96117951 PCC/GB95M2875  25 for insertion of a- DNA segment.of the.
present invention. -Typical prokaryotic. vector plasmids are-
pUC18,.,.pUC19, pBR322 and  pBR329 available from Blond Laboratories,
(Richmond, CA, USA) and  5 .. up7W%A=and pIU=-3 available from Pharmacia,
Piscataway, NJ, USA. .A typical mammalian cell vector plasmid is. pSVL
available from  Pharmacia, Piscataway, NJ, USA. This vector uses the SV40
late  promoter:to.: drive expression of cloned; genes, the highest level of
10 expression being-found in .T antigen-producing cells,, such as.COS-1
cells.  An example of an inducible mammalian expression. vector is. pMSG,
also  available-from Pharmacia. This vector uses the
glucocorticoid>inducible  promoter of the mouse mammary, tumour virus long
terminal repeat to  .15 drive expression of the cloned gene. Useful:yeast
plasmid vectors. are pRS403-406and. 1pRS413-416 and are  generally
available from Stratagene Cloning Systems, La Jolla, CA 92037,  USA.
Plasmids pRS403, pRS404, pRS4Q5_:and ..pRS406 are Yeast 20. lnteerating
-plasmids . (Yips) rand . incorporate; he yeast selectable markers  -
411S3, TRW, LE112. and , URA3.- ... Plasmids.:.pRS4I3.-416; are Yeast
Centromere plasmids (YCps) A variety of methods have been developed, to
operably link DNA to  25 `'vectors via complementary cohesive .termini..
For. instance;  complementary homopolymer tracts can be added to the DNA
segment to  



be inserted to the vector DNA. The vector and DNA segment'are then b ro err
tsbnditt betCVeen:che complouentarj+ ltt~wmopc lymeric .  tails: to form
recombinant DNA molecules.:: 30 -.- WO 96117951 PCrIGB95J02v5 26  Synthetic
linkers containing one or more restriction sites provide an  alternative
method of joining the DNA segment to vectors. The DNA  segment, generated
-byendonuclease restriction digestion as described  earlier, is treated
with bacteriophage T4, DNA polymerise or E. coif DNA - . 5 polymerase I,
enzymes that remove protruding, 3Lsingle-stranded termini  with their
3'-5'-exonucleolytic activities; and fill in recessed 3'-ends with.  their
polymerizing activities: The combination of-these activities therefore
generates blunt-ended DNA t~  10 segments. The blunt-ended segments are
then. incubated: with a large molar excess of linker molecules in the
presence of an enzyme that is able  -to catalyze the ligation of
blunt>ended DNA . molecules, . such as  bacteriophage T4 DNA ligase. Thus,
the products of the reaction, are  DNA segments carrying polymeric linker
sequences it their.ends. - These 15 DNA segments are then cleaved with the
appropriate restriction, enzyme  and ligated to an expression vector that
has been cleaved :with an enzyme  that produces :termini -compatible with
those of the::DNA segment:  Synthetic linkers containing a variety of
restriction endonuclease sites are 20 commercially available from a
numberof sources:-includingrintemational  Biotechnologi Inc,'NewHaven,-CN,
USA: A desirable way to modify the DNA encoding the polypeptide of the
invention is to use the polymerise chain reaction as disclosed by-Saiki et
25 al (1988) Science 239, 48.7491: In `this method the DNA -to be
enzymatically amplified is-flanked by two  "s 1`fic bli o tttcletitide
:ptinidrs whrclr,-theinsei-ves ,became iltcorporated',  



into the amplified DNA: The said specific primers may contain restriction
30 endonuclease recognition sites which can be used for cloning into WO
sen7sst 1Pe~ixGSSSro  - 27 expression Vectors using methods known in the.
art. VAriants 91f-the-90, nes also form part of the invention. It is prefer
d if the  -variant ha&at_least-70%-sequence identity, moz.-prefr. bly_ at
least 85%  51% sNueaae~icJcptit;!;-mast pceferakilp-at least-9-M-se ucnr id
ctdty with-the jgenes isolated by the method tdisclQsed. Of course,
replacements;  deletions _ and insertions may (it- tolerated.. The degrrye
of, .slmhacity  lxetwebnsonetnudelo.acid=scqucnw and:anothor, can be
dftradood.using the GAl'_program othe-University of Wisconsin Computer
Group.  10 Similarly, variants of proteins encoded by the genes are
included. . l y `variapts": we indude,;insertions, deletions and
substitutions, ;either  cotiscrvatiye:ornon consera ative, where-sueti
changes do not-sgbstantialty  15. Alter:the-nornia-f inetion of the
protein. . By "couservative<substitutlons" isiutended eombinations.such
as-tity., Ala;  Vat, lle~ t eu; A3tg,:.Glu; Asn,%.Gin; 8cr, TJtc,' Lys;
Arg; 'and Phe, Tyr.  variants rita _lie made using-the well known methods
of :- rotei  ezgincetiitgaticl:site dit?ectr.d titutagsi. .  Also disclosed
is a third method of identifying a compound which reduces the ability of a
microorganism to adapt to a particular environment comprising the steps of
selecting a  compound which interferes with the function of (1) a gene
obtained by the second  method disclosed above or of (2) a polypeptide
encoded by such a gene. c`scneeris-for compounds which. affect the wild
type ceti but not a Wo.96/r793t PC0GB9S 2VS.  28 cell overproducing a gene
isolated by the methods disclosed are included. For cacample;
-inoneremtbodidlent onc=il is a:wild type. cell and asreond."  S - Cell is
the Su li novella Mch-is -made. toove 



pre= the gene-isolated bby  the method. disclosed. The viability and/or
growth of each cell f  the particular ottvirortmettt-is. determined in the
presence of a compound to be tested to idea Which compound rcduccs viab
or-grov &  of the wild type. cell biut=not the-cell over xpicssing-the
said-gcne 10 _  1 1 i s p r e f e M if tile'geneis a virulence:gene.  For
example, in one embodiment the nticroorganisw- (sum- .as S.  ryp'fii
zzunum) is made to over-express the virulence gene identified by the 15
first method discloscd-above Each of (a). the "over- f expressing"
,micmorganism ai d (b) an equivalent microiorganism.(whit r does. not
over-express the, vindence gene) am used to.itifect .dells in.  tcultat :
-Witethera p rticidartest compauud will:. selectively inhibit the
virulence gene function is -determined by. assessiug the amount of the test
20 -. -com pound Which is ",*r-te: prey, uttinfexion of the ltost cells by
{n}.  the over-expresstngtnierpoegarusm anr#:1b9 t#te a aivaleut
iiricroorgat-istt  (at least for some vitrileaw gene products it is
envisaged that the test  Compound-will-inaotivate therm, and itself be
inactivated, by bindiit ; to the  Vituience gene }product). If more of the
compound is.requiirectto-pmitnt  25 idfecxioit by :idle- {a) -than- (b)
then ,(his -sugge$ts- that, the cotiipound i&  selective.: It is
lircfetrcd-If the microorganisms Ouch as-.Satmonellaj am  destroyed
eitiraoel(ultirly :by-a mild antibiotic such as::gentariticti {which  does
not penetrate host cells) and that the effect of the test compound in
preventing infection of the cell by the microorganism is by lysing the said
30 cell and determinitighow mativ microorganisms are:present(for axatnpfir
WO 96/17951 PCr/GB95/02875  29 by plating on agar).  



Pairwise screens and other screens for compounds are generally disclosed
in Kirsch &. Di Domenico (1993) in "The Discovery of Natural Products  5
with a Therapeutic Potential" (Ed, V.P. Gallo), Chapter 6, pages- 177-221,
Butterworths, V.K. (incorporated herein by reference).: . Pairwise screens
can be designed in a number of related formatsiin which  the
relative-sensitivity to a compound is compared using two genetically  10
related strains.. If the strains differ at a single.. locus, then a
compound specific for that target can be identified by comparing each
strain's  sensitivity to the inhibitor. For example, inhibitors specific to
the target  will be more. active against a super-sensitive test strain-when
compared to  an. otherwise isogenic sister strain.: In an agar diffusion
:fora at,. this is 15 determined. by measuring the size of the zone of
inhibition surrounding the  disc or well carrying the compound-. Because
of-diffusions a continuous  concentration gradient of compound. is setup;.
and the: strain's. sensitivity  to inhibitors is proportional to the
distance, from the disc:or, well to the  edge of the zone. General
antimicrobials" or antimicrobials with. modes r`) 20 of action. other than
the desired one are generally observed as having  - similar actiaties;
against the two strains... Another type of nolecular'genetit screen,
involving pairs of strains where  a cloned gene product is overexpressed in
one strain -compared to a, control  -25 strain. The.:rationale behind this
type of assay is that the strain containing. An elevated quantity of the
target protein ;should be, more resistant to  inhibitors specific.to the
cloned gene: product than an isogenic strain,  eotttaitiing.nortital
aniaut5ts of the targe"protein. 'Jivan agar. diffusion  -assay, the zone
size-surrounding a specific compound is expected to be 36 smaller in the.
strain-overexpressing the target-protein compared to an wo vcti~vsi
rcrlcasst 2$7&  30  otherwise isogenie strain. ~ldditiorially br alto
auvely seda ow-of a.componndis=adiieved. in the  following steps: 



1.. A mutant microorganism obtained using the first method disclosed above
is used  as a control (it has a given phenotype, for example, avirulence).
C2 1 ' ' 2:-"  i4 co npbuod to be -tested is - mixed witk the~.i d-ty  ..
ttiicrpbrga3isin  3 The 'wild-type :mcroorganism is: introuced into the
environment  (with' or Without'tht test compound} IE the Mid-type:
-microorganism is- unable to - a4apt .to - the  environment (following-
.-tmatrnent by, or in the co: presetrof, the  compound): the - toinpound is
-one which reduces: the -ability of the 1 = microorganism to-adapt to, or
survive in, .the:.particularenvironment. .  -When the environment is -am-
animal- body and the : microorganism i is-a.  pathogenic microorganism the
compound identified by this method can be  Used imm- a = mgedicamneat- to .
prevent or -+ameliorate- iiEfecEiotr . - with :the  rhicroorgarisnt. Also
disclosed is a compound identifiable by the third method disclosed above.
'It will be appreciated that uses of the- compound identifi@d bx the
00-0-method disclosed aoy are related to the method by which it can be
identified,  3fi and iu particular in W09017951 PCr1(B93ft287S .  31
rclatioa:to the host of a pathogenic microorganisai. >kor &xatple, if thc'
Compound is"identifiableby-a method which-.uscs_a-virulence.gene,.or  .;
xilypeptide cncodedthemby, from- a bacterium which infects a mammal,  the
compound- may: bc useful, in. treating infection qf: a mammal -ky that  5.:
bacterium. Similarly, if the compound is identifiable by a method which
Uses a  ~virtileace-:gene, or- _ do encoded them. (corn: a ngus which  t i
t s aplaiit; ilre compound maybe useful in,tmatang nfectiorl of a plant  I
= --by that f rngus. Also disclosed is a molecule which selectively
interacts with, and substantially inhibits  



the function of, a gene disclosed above or a nucleic acid product thereof.
IS - :.By nucleic acid product- thereof" WGG-ind rde.any -RIBA,
--especially,  -amitNA,.transcribad*4Dm thegene Pre era4l~
a-molecnlc:whiclt seieetively imerat iuith; and_sutistanti'aiij~  t :-~
_,-. inliibtts -fiitrariorr_ of said gcti or said nucleic -cid product is.
An,  ;' ntisense<noclcie:acid' or niiideic-ac id. deriirntive hlor~e.pr
eferably, said molecule is an antisense.phgpitudeotidee. 25
Antisensc-otigonucleoddes-a1 single-stranded nucleic acid, which can
specifically<bind to a:eomplementary npoleiC agid segtiei{ce, I3y. binding
to the appropriate target sequence,.n.RI~IA_J{14A,;p I~NA-DI*IA, or RNA-- O
DNA duplex is formed. These nucleic acids are often termed "antisense"
causethey arse:complementarytoihesensc.oi_coding strandpfthc gene.  3D "
"Ifeobntly, fortfiation ova td 1e helix", roveri P P . Possible where the
WO 96/17951 PC17GB95M2875.  32 oligonucleotide is bound to a DNA duplex..
It was found that  oligonucleotides could recognise sequences in the major
groove of the  DNA double helix: A triple helix-was formed thereby. This
suggests that -':it is possible to synthesise sequence-specific
moleeuleswhich specifically  5 bind double-stranded DNA via recognition of
major groove. hydrogen  binding sites. Clearly; the sequence of=thc
antisense nucleic acid or oligonucleotide can  readily be detertninedby
reference . to the nucleotide sequence of the gene  10 in question. For
example, antisense nucleic acid or oligonueleotides can be designed which
are complementary to a part of the sequence shown in  `-F igures.11 or 12,
especially to sequences which form a partof a virulence  15
Oligonucleotiides are subject to being degraded or inactivated by cellular 



-endogenous nucleases: To counter this problem, it i1: possible to use
modified oligonucleotides, eg having altered interuueleotide linkages, in
which the naturally occurring phosphodiester linkages have been replaced
with` another.linkage. Fora example, Agrawal et: at, (198$) Proe Natl. 20 '
Acad. Sc:. UM - 85 7079-7083 showed increased inhibition in tissue  culture
of HIV-1 ,using .. oligonucleotide -.:phosphoramidates and
phosphorothioates. Sarin et a!-(1988) Proc.- Natl. Aca7L Sci. LISA 85,
7448-7451 > demonstrated . increased , .inhibition of - HIV-1 using
oligonucleotide methylphosphonates. Agrawal et a! (1989) Proc. Nail 25
Acad. Sc!; -USAB86 7790-7794 showed inhibition of-HIV-1 replication in
both early-infected and chronically infected cell cultures. using
nucleotide  sequence specific oligonucleotide phosphorothioates. Laeitherer
al (1990)  "'". >LL{ Proc. Nat!. Acad. ScL USA 87. 3430-3434 report
inhibition in tissue culture of influenza virus replication by
oligonucleotide phosphorothioates.  30 WO 96/17951 PCF1G095/02875 33
Oligonucleotides having artificial linkages have been shown to be resistant
to degradation in vivo. For example, Shaw et at (1991) in.Nucleic Acids
:Res. 19, 747-750, report that otherwise unmodified oligonucleotides
become more resistant to nucleases in-vivo when they.: are blocked at the 5
`3!;end by terta n capping structures- and that uncapped oligonucleotide
phosphorothioates are not degraded in vivo. kdetaileddescription of the
H-phosphonate approach to synthesizing .  oligonucleoside phosphorothioates
is provided in Agrawal and Tang (1990)`  10 Tetrahedron Letters 31,
7541-7544, the teachings of which are hereby incorporated herein 'by
reference. Syntheses of oligoitueleoside  methylphosphonates,
phosphorodithioates, phosphoramidates, phosphate  esters, bridged
phosphoramidates and bridge phosphorothioates are known  in the art. See,
for example, Agrawal and Goodehrld (3987) Tetrahedron .15 Letters 28, 3539;
Nielsen et al (1988) Tetrahedron Letters 29, 2911 Jager  



et al (1988) Biochemistry 27, 7237; Uznanski et al (1987) Tetrahedron
Letters 28; 3401; Bannwarth (1988) HeIv. Chim. Acres: 71, 1517;  Crosstick
and Vyle (1989) Tetrahedron Letters 30, 4693; Agrawal et al  (1990)-Pr6c.
NaL Acad. Sei. USA 87, 1401-1405, the teachings of which 20 are
incorporated herein by reference. Other metfiods for synthesis 'or
jiroducuon <. also are `possible. In a preferred embodiment the
iligonuci"eotide is a deoxyribonucleic acid (13NA), although ribonucleic
acid (RNA) sequences may also be synthesized and applied. 25 The
oligonucleotides useful in the invention preferably are designed to  resist
degradation by . endogenous nucleolytic enzymes. . In vivo  degradation of.
oligonucleotides produces oligonucleotide breakdown Sbbreakdown'
lodactst&mir:eitke to  odttc s of r du`eed engage in nori-specific
hybridization and are less likely to be effective.  30 relative to their
full-length counterparts. Thus, it is desirable to use WO: 96/17951
PCF1GB95102875  34 oligonuc ebtides:that are resistant to degradation in
the body and which are  able to reach the targeted cells. The present
oligonucleotides can be  rendered, more resistant to.degradatiion in vivo.
by substituting one or more  internal artificial intemucleotide linkages
for the native phosphodiester 5 linkages, for exarnpie;:by replacing
phosphate with sulphur in the linkage.  Examples of linkages that may be
used include phosphorothioates,  methylphosphonates, sulphone, sulphate,
ketyl, phosphorodithioates,  various phosphoramidates, phosphate esters,
:bridged phosphorothioates and bridged phosphoranudates:. Such examples are
illustrative, rather than Q  10 limiting, since other internucleotide
linkages are known in the art. See, for example, Cohen, (1990) Trends in
Biotechnology. The synthesis of  oligonucleotides having one or more of
these linkages substituted for the  phosphodiesterinternucleotide linkages
is, well known in the art, including  synthetic :pathways-for producing
oligonucleotides having mixed.  



15 internucleotide linkages. Oligonucleotides can be. made resistant to
extension.: by endogenous  enzymes by "capping" or iincorporating similar
groups. on the 5' or 3'  terminal-nucleotides. A reagent for.
capping.is.:commercially available as  20 Amino-Li ok IF" from Applied
BioSystems Inc, Foster City,. CA;  Methods,for capping.are..described. for:
example,,. by:Shaw_et_al.(19911  Nucleic Acids Res.,, 19. 747-750.: and.
Agra wal et a4..(1991.). Proe.. Natl.,  Acad. Sci. USA--88(17), 7595-7599,
the teachings, of which are: hereby  incorporated herein by reference. 25 A
further method of making oligonucleotides resistant to nuclease attack  is
for them. to be "self--stabilized" as described by-:Tang et al (1993)
.Nucl.  Aeirs R-es:.--31. 27 9 2735w-tnco posted :herein: by referenc
stabilized oligonucleotides. have hairpin loop. structures, at their 3'
ends, 30 .-.and show increased. resistance.. to degradation by snake venom
WO 96!17951 PCWGB95/02875  35 phosphodiesterase, DNA polymerise 1. and
fetal bovine seitm. The self.  stabilized region of the oligonucleotide
does not interfere in hybridization  -with -complementarynucleic acids,
and. -pharmacokinetic .and stability  `studies in mice have
shown-increased-in vivo persistence of self-stabilized  5 oligonucleotides
with respect to their linear counterparts. In accordance with the
embodiments of the invention, the inherent binding specificity of
antisense,oligoaucleotides. characteristic of base pairing. is,enhanood by
limiting, the availability. of the antisense compound to its intend: locus
in 10: vipo; permitting lower dosages to bo used and minimizing
systemiceffects.  Thus, oligonucleotides are applied locally to achieve
the.desired effect.  The concentration of the oligonucleotides at the
desired locus is much  higher than-if the oligonucleotides.were
administered systemically, and the  therapeutic effect can be. achieved:
using a significantly lower total amount. 



15 The local high concentration of oligonucleotides enhances penetration of
the targeted.-cells and effectively blocks translation of the target
nucleic  acid, sequences.. oiigonucleotides can. be delivered to the, Jocus
by any means- The 20 appropriate for localized administration:-of a-drug.,
For example,.-'a solution ofahe oligonucleotides can be injected'dkectly to
the site:or can.  .  -bd delivered by infusion using an .inf ision pump.
The. o. iigonugleotides . - alsocannbe incorporated-into animplantable
device which when.. placed at the desired site, :permits the -
oligonucieotides to. be released into the  .25 surrounding. locus.. . -The
oligonucleotides era--most preferably. administered via a.hydrogel
material. The hydrogel is noninflammatory and biodegradable. Many such,
materials now are known,. including. those made from: natural and  30,:
".synthetic polymers.- In a picferred embodiment, the method exploits a WO
96117951 PCTIGB95l02975 36  hydrogel which is liquid below body temperature
but gels to form a shape- retaining semisolid hydrogel at or near body
temperature. Preferred  hydrogel are polymers of ethylene oxide-propylene
oxide repeating units.  The properties of the polymeraterdependent on tho
molecular weight of 5 the polymer and .,the relative percentage of
polyethylene oxide and  polypropylene oxide in the polymer. Preferred
hydrogels contain from  about 10 to about 80% by`weiight ethylene oxide and
from about 20 to  about 90 %: by weight propylene oxide. A particularly
preferred hydrogel  contains about -70% polyethylene oxide and 30%-
polypropylene oxide. 10 Hydrogels which can be used are available, for
example, from BASF  Corp., Parsippany, NJ, -under the tradename Pluronic't.
In this embodiment, the hydrogel is cooled to a liquid state. and the
ohgonucieotides are admixed into the liquid to :a concentration of about I.
15 mg oligonucleotide per gram of hydrogel. The: resulting mixture then is
applied onto.the surface to be treated, for example by spraying- or
painting  



during surgery or using a catheter or endoscopic procedures: ' As the
polymer warms, it solidifies to -form a gel, and the oligonucleotides
diffuse  out of the gel into the-surrounding cells over a period of time
defined by  20: the exact composition'of the gel: The oligonucleotides
canbeadmtnistered 4y-means-Of otheritnplants that  are commercially
available or described' in `the scientific literature,.  including
liposomes, microcapsules and implantable devices. For 25 example,
implants'. made 'of biodegradable materials. such. as  polyanhydrides,
polyorthoesters. polylactic acid and polyglycolic acid and  copolymers
thereof, collagen, and protein polymers; or non-biodegradable
lnateria3ssiich seihylttre inyl eetate`ft~VAtjpolyvinyi'acetate;ettiylelte
vinyl alcohol. and derivatives-thereof-can be used to locally deliver the
30 oligonucleotides. The oligonucleotides can be incorporated into the Wt]
Y6li99;1 PMG119=2675  39 material. as it is polymerized or
solidified,--using. melt- or" solvent  eiaporadon techniques, or
mechanically mixed with the material. In one  embodiment,- the
o11gonudeotides are. m1xe4 into or gpplfed .onto coatings.  -for
implantable devices such -as -dextran: coated--silica. beads, starts, or
txttheteis - The dose- :of oligonudeotides - is dependant,-. is Itlio:
sizq: of the  ougonucleotides andtho"purpose .for.. which is it adm ii
istcre.d.I I_ n getierafi,  ( .- .the ranga..gs..: ralculatsai based. it
the surface -Of 69M Wbe treated.  1'0. 31he a ve.:dc a of oijgonudeotid is
somewhat dept owthc l  :cherrrical-composition;of.xhe oligoncicleoGderibut
is generally in the rafte,of about 30 to 3000 Kg per square centimetre of
tissue surface area.  The.orgOriUclezrtidesrnay. be administered to
it,e3aatientsysteiniaally for  15: boih.;hOmpeuticand-prophylacfic
purposes; The ollgonedeoddes may lie  _: { < adttiitr%stri eel l,y- any
:effective met[iod, :fira: example; .parenteratly (eg 



inii yenousl subcutaneously, mtraniuscularly) or-by-ozal, nasal or. other
m ans which:p it the 'o[ gonuclooodes, t(c).%;xceess: and:. tou{ate in the
patient's' 6lo6c sit-eam- v :Qligoirudeotidcs ":admirdstGred ,systemically
20 preferably are given in:addition to loea]y administered
oligonucleotides1  :d ut also halts utiti .in tlre: absenes 41 ditcal dtnit
i tration.. A-dozage in  th6 1 g04- vtit scrawl Sl.l;to.about-liltgcarir
K:a Itrrir ration to. an.  adult humaa;genstadly well be
e#1eciueifor<ttss:purpnsm:...-; _ >.  2 $ : ; It will appreciated that the
molecules  disclosed M.  usefulin.treating or preventing any. infection
caused byAQ microorganism  from : Wt!ieh_the, said gene-lras:been splated.
-or. a,;close.-ielatiye: of said  microorganism. Thus, the said molecule is
an antibiotic. Thus, also disclosed is a molecule as described above
tivoisi - rer~cs93~o-s  38.  for use in medicine. Also disclosed is a
method of treating a host which has, or is susceptible to, an infection
with a microorganism, the method comprising administering an effective
amount of a  molecule disclosed above wherein said gene is present in said
microorganisms, or a  close relative of said microorganism. By Kef#ec ave
rinoun6" rve=xneari'an amount which- substaatially.pcrvents- 10=or ameliot
utes itie=ittf,cdon:: By- "host"::wc include any9uuimal iii phOit
-wliich:4nay-,bcri ifeete- by--a iWbroarganist r:.-.: pTt will be
appreciated. that pharmaceutical forwuiatlons of the molecuie. 15 disclosed
above are also included.  Such pharmaceutical formulations comprise the
said molecule together with one or  :more' acceptable carriers. The
carrier(s) must be "acceptable" in the sense of being  con~patil ie vritli
the said molecule - and-not deleterious to_th,a recipients - - -thereof-.
Typically, the carriers. will be water or saline which will be sterile and
pyrogen free: 



-:As: rttionetl ve;: escx bed;inmoirsti it inJ3xampk4 l elow,  = :I=tZave
found"that tcciialn Virulence genes art -44#0 d:an;Sarft~r dla
typh(niurijum -in..a -regiorvof.The ?cltramoseme titer: I hair ~calic t ! t
2.  DNA-DNA hybridisation experiments have determined -chat sequences 25:
.: oniaivgous -to at:icasE,patt of. /Gt =afre:.fourid. fn many species
aria:  strains of Salmouellu but are iiot present in the E:-colt
and-SIiigelltr- strains  tested `{see Example 4). -:
These.sequences-alcricrst.~eeriainly: correspond-e  conserved genes at
least in Salmonella and at least some of which are -virulence genes.1It is
believed that equivalent genes-in 'other Salmonella  pe<aas aytd:_ if
pion!~ecl'wivaientgenes~n,otlrer eifterioor-other fiacxera avo~cii~st
PlTlGB9Sy12833  39 wilt also be virulence genes: whether a.gcde,widdn-tha
VGt .: giou: is -gen64-S.' ream  deteumined For example, those genes within
VGC2 which have been identified by.thef  r t second method disclosed above
(when  applied to Sathnionclfa ryphhmariun and whereiit.tfie
eiir~lctiatkteat -is' an  animal such as a mouse) are virulence genes..
Virulence genes at also  icicn6fieil byi mal ug a "mutation hi the gene -'
fctablq; a iWWnpolar.  rhutation).: and determining whether the mutant
strain .is aviruleiut. i ethods:~rf rtia ang mutations rui a selected gone
are well known and are  Bribed lrelmv. Also disclosed is the VGC2 DNA of
&mnonella lyphinu,nw, or.- a'par't-thereof, or a valiant afsaid'DNA or a 15
variant :o a pattt6d cof. The VGt; DNA of Salirioneija rypf3imtari is depi
c# diagr*t4 naticalIy  itr:guiic 8 *nd is readily ob4aniable from
8itl46nella ayphrmtrriiim ATCC  ,:14(328 (available-"from the:Americatt T  



ypc `Culture Cbllectioui, .12391  29 Pariclawri Drive, ltvekviilc;
lslarylancr20$52; "USA; also deposited at th`e  :? ?i "i"tr;'Isat li fi
ltli Lab`Aiatory service Gold ,' U U"der txession  ?- ha l`IC`IG,9292i:)-
the iitformaitdn i~oyid in E A4". For example, probes derived from the
sequences shown in Figures .1-1 and 12  may be used to identify A.clones
from a Salmonella typhknunum genomic  'brary: Stanitard genome walking.
methods can be employed to obtain all af-the VGC2 DNA. The. restriction map
shSn in Figure .8 can be used  .to=identify-and locateDNA. fragments from
VGC2__, ~i6L i:kvtiH"~.-3''0...`x-i 1Y,' a. - .Y. a. "i~.._.. - ...  ' ~y`"
part: of the VGC2 DNA of Salmonella typhamunuin" we Wean any  :.~3~1~1
sequence which comprises at .least--id nucleotides;: preferably at least W0
941.793f PCT1G$ 7D2$7  40 20 nucleotides, more preferably at least 50
nucleotides,- still more  preferably at least 160 nucleotides; and most
preferably it least 51  nucleotides .of Vat . A particiilady preferred
:pan: of the VGOC2 -DNA  is_ the,sequence, shosint-in Ftgurc..li,. or..a
part thereof. .-Another -.5 particularly pwformd partof the -VGC2. DNA is
the sequenco shows- in  Figure d2, or a partthere  Advarttngectuslyxthe
part-of the VG DNA is agene, or, part:themeo .  `11) _ Ggaes.cait.be
idenitl a l.withiit:the_VGC2 region by statistical analysis;of,  the open
reading frames using computer programs.known an, ttie.a--tL If an  open
heading frame is gmater than about 100 colons. it is. lWel + to be.a  -gene
(although genes.-smaller than this are known). Whether an open  reading
frame.corresponds. to thepolype tide coding region. of a:gene. c~ut  15 be
determined experimentally. For example, a -par-t = of : tht -DNA
corresponding to the open reading frame may be used as a prgbe:in a  .
northern, (RNA)blot to determine whether mRNA is expred which.
hybridisesto the-sa}d :DNA; alternatively or additionally a.ntutadoa may  



be introduced into theopen reading frame and the effect of the rriutation
:.' 3Q on the Phenoty{ . of t$e,a#crovr~anism can be_.deterrtrnedti_ .11
henotype.is cltajrgedihert-tfr sn reading frame correspponds ?tea gene.
Me;ttods,of identifying Stites within a'DNA sequeirce c lectown in the  Ay'
variant ..of said DNA or a.variant of a.pan tbgrevf" we iuctude.any
variant as defined by the term "variant" above. Thus, variants iof VGC2, .
DNA ol:: SalmoneIIa. rypf imutium --. include  311 equivalent genes, or
pmts Lbereof, from oilier Salmi eltat sj i su f Otf~ 46! ~95t Pmcogso s  41
Satrgoneya typhl and Saltnorretla wuefiea, as well as equivalent genes, or
parts thereof, from other- bacteria such as other enteric bacteria. " fly
cequivalont gene" we include genes which are functionally. equivalent.  5`
and those-in which-a mutation leads:to aiutilac:phenotypc (such as
avirulcnce): It willbe appre ~rted that before the present invention Vt;( -
: or the genes contained therein had not been- identified and ces_tainly
not,  .implicated in virulence: determination. Thus, further disclosed is a
mutant bacterium wherein if the bacterium  normally contains a gene that is
the same as or equivalent 1o:--a gene. in V.GCZ, said- :gene.is --mutated
or. .absent- in" said- mutant  bacterium; ..methods - of . making "a mutant
-bacterium. wherein  if the  bacterium normally coruains.agene that-isA&
"same-na or equivalent to a. 15 gene -in VGC2;. said gone is mutated. or
absent in said.mutant-bacteniunk  The following is:a preferred-methodto
inactivate a VGC2 gene. One first  sdbclones the gene. ore a DNA fragment
from a Salnrpnella A DNA library.  or - other DNA library using - a
:.#'ragment - of VGt as a :probe in (( ` hybridisation, experimdrits,:
atrd.in ap-the gene-withinespeet to =restriction  enzyme
sites:and-characterise 4begene by DNA sequencing in &cheddfia  -soli: Using
restrictitrtt-c y nes; one then-intrmluces.into. the. coding - "  -ragion
of the-gbneasegmeftof"DNA encsoding:r+esiMance [o aa:anUbiotac 



(for example, kanamyein), possibly after" deleting. a portion of the
cod'ing'  region of the:"cloned--gene=by r estric ion :onz qni st 'Methods
and DNA  2S" contracts coirfaining an--antibiotic resistance marker-
aj)c.availabld ---to ensure that the inactivation of the gene of interest
is preferably non: polar, - that is to say, does not affect the
expressionof genes downstream from the gene of interest. The mutant version
of the gene is then transferred from E: coll. to .Scdtrronella xyphimuriuin
usiing phagt: P22 .transduction and  -.3fi transductants checked try--
Southernhybridisation- -for homologous W0 96lr79S1 PCTLGB95103875  42
recombination of-trio mutant goneirito the chromosaii . - " Ibis approach
is Commonly rued in -Salmonella (and can be used in S  r3p7.d further
details cart be found=in many papers; including Galan  5- nt a1-(199-2)
174, 433$-4349::- -  Further disclosed is a use of said mutant bacterium in
a vaccine;  pharmaceutical compositions comprising said bacterium and a
pharmaecutieally-aooepialile candor: a polypeptide encoded by... VGt 1.9 "
DNA- of Saltrtonella;ypirtmuriam: or a part thereof, or aaw iiianf of a
pat.  thcncof: a uWhod of idcntifyiuga:campotirid which reds s thc--abili
ty .of :  bacxerium to infect OV Ok se disease: in .a host; a com-pound
iiicntifiab3c  by: -said nietltod; a nieleculc which-- se cet vely .
intctacts :.with, and  sLbstartCM y itffiibits the luuetion'of, a gene in
VGC2-or a nucleic product 13 --' -tire of; and medical uses
and..pharmaceutical compositions thereof. The VGC2 DNA contains genes which
have been identified by the first and second  methods disclosed above as
well as genes which have been identified by their location  - { (although
identifiable by the first and second methods disclosed above). These
further disclosed embodiments relate closely to those disclosed earlier
and, accordingly, the  information given in relation to those earlier
embodiments, and preferences expressed in  relation to those earlier
embodiments, applies to these further embodiments. It -is- ti fd:ifihe:gene
is from -VGG2=or is-an equivalent gene from  



another species of Salmonella such as S. tyhi. It is preferred if the
mutant "bacterium- is, a S. typhimurltim'-itiutant or a" mutant of another
30 species of Sahnondla such as- !'tjplu. WO 96117951 PCT/GB95/02875  43 It
is believed that at least some of the genes in VGC2 confer the ability for
the bacterium, such as S. typhimurium, to enter cells. The invention will
now n be described with reference to the following 5 Examples and Figures
wherein: Figure l illustrates diagrammatically one particularly preferred
method of  the invention. 10. Figure ,2 shows a Southern hybridisation.
analysis of DNA from 12S.,  typhimurlum exconjugants following digestion
with EcoRV. The filter was  probed with the kanamycin resistance gene of
the mini-Tn5 transposon.  Figure 3 shows a colony blot hybridisation
analysis of DNA from 48 S. 15 ryphimurium exconjugants from a half of a
microtitre dish (Al-H6).- The  filter was hybridised with a probe
comprising labelled amplified tags from  DNA isolated from a pool of the
first 24 colonies (Al-D6):. Figure 4 shows a DNA colony blot hybridisation
analysis of.' 95 S.  20 typhimurium exconjugants of a microtitre dish
(Al-Hl l), which were  injected into a mouse. Replicate. filters. were
hybridised with labelled  amplified tags from the pool (inoculum pattern),
or with labelled amplified  tags. from DNA isolated from over 10,000 pooled
colonies that were  recovered from the spleen of the" infected animal
(spleen pattern): 25 Colonies B6, All and CE gaverise to weak
hybridisation' signals on both  sets of filters: Hybridisation signals from
colonies A3, CS, G3 (aroA),  and Fl O are present on the inoculum pattern
but not on the spleen pattern.  Figure 5 shows` the sequence of a
Salmonella gene isolated using the 30 method of the invention and a
comparison to the:Escherchiacoli clp. WO 96/17951 PCP16895102875  44  



protease genome. Figure 6 shows partial sequences of further Salmonella
gene isolated using  the method of the invention (SEQ ID Nos. 8 to 36). 5
Figure 7 shows the mapping of VGC2 on the S. typhimurium  chromosome. (A)
DNA probes from three regions of VGC2 were used  in Southern hybridisation
analysis of lysates from a set of S. ryphimunwn  strains harbouring locked
in Mud-P22 prophages. Lysates which 10 hybridised to a 7.5 kb Pstl fragment
(probe A in Figure 8) are shown.  The other two probes used hybridised to
the same lsates. (B) The  insertion points and packaging directions of the
phage are shown along  with the map position in minutes (edition VIII, ref
22 in Example 4). The  phage designations correspond to the following
strains: 18P, TT15242, 15 18Q, 15241; 19P, TT15244; 19Q, TT15243, 20P, T
F15246 and 20Q,  TT15245 (Ref in Example 4). The locations of mapped genes
are shown  by horizontal bars and the approximate locations of other genes
are  indicated. 20 Figure 8 shows a physical and genetic map of VGC2. '(A)
The positions  of 16 transposon insertions are shown above the line. The
extent of  VGC2 is indicated by the thicker line. The position and
direction of  transcription of ORFs described in the text of Example 4 are
shown by  arrows below the line, together with the names of similar genes,
with the 25 exception of ORFs 12 and 13 whose products are similar to the
sensor and  regulatory components respectively,, of a variety of two
component  regulatory systems. (B) The location of overlapping clones, and
an  EcoRIIXbal restriction fragment from Mud-P22, prophage strain TT15244
are shown as filled bars. Only the portions of the X clones which have 30
been mapped are shown and the clones may extend beyond these limits.
IWCCTIRED SHEET' (MULE 91) WO 96/17951 PCT/6B95/o2875  45 



(C) The positions of restriction sites are marked: B, BamHI; E, EcoRI;  V,
EcoRV; H, HindIII; P, Pstl and X, Xbal. The positions of the 7.5 kb  PstI
fragment. (probe A) used as a probe in Figure 7 and that of the 2.2  kb
Pstl/HindIII fragment (probe B) used as a probe in Figure 10 are 5 shown
below the restriction map. The positions of Sequence I (described  in
Figure 11) and Sequence 2 (described in Figure 12) are shown by the  thin
arrows (labelled Sequence I and Sequence 2). Figure 9 describes mapping.
the boundaries of.VGC2. (A) The positions  10 of mapped genes at minutes 37
to 38 on the E. coli K12 chromosome are  aligned with the corresponding
region of the S. typhimwitan LT2  chromosome (minutes 30 to 3.1). An
expanded map of the VGC2 region  is shown with 11 S. typhimurium (S. t.)
DNA fragments used as probes  (thick bars) and the restriction sites used
to generate them: B, BamHI; C, ,15 Clal; H, Hindll; K, KpnI; P, PstI; N,
NMI and S, Sall. Probes that  hybridised to E. toll K12 (E. c.) genomic DNA
are indicated by +; those  which failed to hybridise are indicated by
Figure 10 shows that VGC2 is conserved among and specific to the  20
Salmonellae. Genomic DNA from Salmonella serovars and other  pathogenic
bacteria was restricted with Pstl (A), HindIII or EcoRV (B)  and subjected
to Southern hybridisation analysis, using a 2.2 kb  PszIIHindIIT fragment
from a clone 7 as a probe (probe B Figure 2). The  filters were hybridised
and washed under stringent (A) or non-stringent  25` (B) conditions. Figure
11 shows the DNA sequence of "Sequence 1" of VGC2 from the  centre to the
left-hand end (see the arrow labelled Sequence I in Figure. 2). The DNA is
translated in all six reading frame's and the start and stop .  30
positions of putative genes, and the transposon insertion positions for WO
96/17951 FCr1G1195/02875  46 various mutants identified by STM are
indicated (SEQ ID No 37). As is conventional a * indicates a stop codon and
standard nucleotide  



ambiguity codes are used where necessary. 5 Figure 12 shows the DNA
sequence of "Sequence 2" of VGC2 (cluster C)  (see the arrow labelled
Sequence 2 in Figure 2). The DNA is translated,  in all six reading frames
and the start and stop positions of putative genes,  and the transposon
insertion positions for various mutants identified.by  10 STM are indicated
(SEQ ID No 38). As is conventional a * indicates a stop codon and standard
nucleotide  ambiguity codes are used where necessary. 15 Figures 7 to 12
are most relevant to Example 4. Example 1: Identification of virulence
genes in Salmonella  lyphimurium 20 Materials and Methods  Bacterial
Strains and Plasmids Salmonella iyphimurium strain 12023 (equivalent to
American Type  25 Culture Collection (ATCC) strain 14028) was obtained from
the National  Collection of Type Cultures (NCTC), Public Health Laboratory
Service,  Colindale, London, UK. -A spontaneous nalidixic acid resistant
mutant of  this strain (12023 Nall was selected in our laboratory. Another.
derivative  of strain 12023, CL1509 (aroA:;TnlO) was a gift from Fred
Heffron. 30 Escherichia colt strains CC 1.18 Xpir (A[ara-leu], araD,
AlacX74, galE,  RECTIFIED SIT RULE 9t} WO 96/17951 PC r/GB95/02875 47
galk', phoA20, the-I, rpsE, rpoB, argE(Am), recAi, Apir phage lysogen)  and
517-1 Apir (TV, Smf, reed, the, pro, hsdR-,M+, RP4,2-Tc:Mu:KmTn7, ..  )pir)
were gifts from Kenneth Timmis. E. coil DH5a was used for  propagating
pUC18 (Gibco-BRL) and Bluescript (Stratagene) plasmids 5 containing S.
typhimurium DNA. Plasmid pUTmini-Tn5Km2 (de. Lorenzo  et at, 1990) was a
gift from Kenneth Timmis. Construction of semi-random sequence tags and
legations 



10 The oligonucleotide pool RTI(5'-CTAGGTACCTACAACCTCAAGCTT
[NK]W-AAGCTTGGTTAGAATGGGTACCATG-3') (SEQ ID No 1), and  primers P2
(5'-TACCTACAACCTCAAGCT-3') (SEQ ID No 2), P3 (5'- CATGGTACCCATTCTAAC-3')
(SEQ ID No 3), P4 (5'- TACCCATTCTAACCAAGC-3') (SEQ ID No 4) and P5 (5' 15 =
CT.AGGTACCTACAACCTC-3') (SEQ ID No 5) were synthesized on a
oligonucleotide% synthesizer (Applied Biosystems, model 380B). Double
stranded DNA tags ,were prepared from RTl in a 100; l volume PCR
containing 1.5.mM MgClj.50 mM KC1, and 10 mM Tris-C1 (pH 8.0) with 200  pg
of RTI. as target; 250 pM each dATP, dCTP, dGTP, dTTP; 100 pM of 20 primers
P3 and PS; and 2.5 U of Amplitaq (Perkin-Elmer Cetus): Thermal  cycling
conditions were 30 cycles of 95C for 30 s, 50C for 45 s, and 72C  for 10 s.
The PCR product was gel purified (Sambrook etal, .1989), passed  through.
an eiutipD column (available from. Schleicher and Schull) and digested .;
with 4nl prior. to ligation into:.pUC18 or pUTmini-Tn5Km2: For. .ligations,
25 plasmids were digested. with Kpnl and dephosphorylated with calf
intestinal  rt ,alkaline phosphatase (Gibco-BRL).. Linearized piasmid
molecules . were gel purified (Sambrook et al, 1989) prior to.ligation to
remove any residual uncut  plasmid DNA from-the digestion. Ligation
reactions contained approximately  50 ng each: of plasmid and double
stranded tag. DNA. in a 25 id. volume with I 30 unit T4 DNA. ligase
(Gibco-BRL) in .a buffer supplied with the, enzyme.  RECTifnED SHEET ME Si)
WO 96/17951 PCT/6B95/02875  48 Ligations were carried out for 2 h at 24C.
To determine the proportion of  bacterial colonies arising from either self
ligation of the plasmid DNA or uncut  plasmid DNA, a control reaction was
carried out in which the double stranded  tag DNA was omitted from
the.ligation reaction. This yielded no ampicillin 5 resistant bacterial
colonies following transformation of E. colt CC118  (Sambrook et al, 1989),
compared with 185 colonies arising from a ligation  



reaction containing the double stranded tag DNA. Bacterial Transformation
and Matings  .10 The products of several ligation between pUT mini-Tn5Km2
and. the  double stranded tag DNA were used to transform E. colt CC 118
(Sambrook  et al, .1989). A total of approximately 10,300 transformants
were pooled  and plasmid DNA extracted from the pool was used to transform
E. coll S 15 17 ) pir (de Lorenzo & Timmis, 1994). For mating experiments,
a pool of  approximately 40,000 ampicillin resistant E. colt S-17 >.pir
transformants,  and S. typhimurium 12023 Nal` were cultured separately to
an optical  density. (OD)s of 1.0. Aliquots of each culture (0.4 ml) were
mixed in 5  ml 10.niM.MgSO4, and filtered through a Millipore membrane
(0.45.urn 20 diameter.).. The filters were placed on the surface of agar
containing M9  salts (de Lorenzo & Timmis' 1994) and incubated at 37C for16
h. The  bacteria were recovered by shaking the filters in liquid LB medium
for 40  min at 37C and exconjugants.were selected byplating..the.
suspension onto  LB medium containing 100,ug m[' nalidixic acid (to select
against the donor 25 strain) and 50.pg.ml-' kanamycin (to select for the
recipient strain), Each  exconjugant was checked by transferring nalidixic
-acid. resistant (nai),  kanamycin resistant (kan) colonies to MacConkey
Lactose indicator medium  (to :distinguish between E. colt, and S.
typhimurium), and to LB medium  containing ampicillin. Approximately 90% of
.the. nal , kan' colonies were 30 sensitive.. to ampicillin, indicating
that these resulted from authentic  RECTIFIED SHEET (RULE 91) WO 96117951
PCTIGB95102875 49  transposition events (de Lorenzo & Timmis, 1994).
Individual ampicillin- sensitive exconjugants were stored in 96 well
microtitre dishes containing  LB medium. For long term storage at -80C,
either 7% DMSO or 15%  glycerol was included in the medium. 5 



Phenotypic characterisation of mutants Mutants were replica plated from
microtitre dishes onto solid medium  containing M9 salts and 0.4% glucose
(Sambrook et al, 1989) to identify.  10 auxotrophs. Mutants with rough
colony morphology were detected by low  magnification microscopy of
colonies on agar plates. Colony Blots, DNA extractions, PCRs, DNA labelings
and hybridisation  413 For colony blot hybridizations, a 48-well metal
replicator (Sigma) was used  to. transfer exconjugants from microtitre
dishes to Hybond N nylon filters  (Amersham, UK) that had been placed on
the surface of LB agar containing  50 pg ml-' kanamycin. After overnight
incubation at 37C, the, filters  supporting the bacterial colonies were
removed: and dried at room :20.`-.: temperature, for 10 min. The bacteria
were lysed with 0.4 NNaOH and the  filters washed with 0.5 N: Tris-Cl pH
7.0 according to the filter  manufacturer's instructions. The bacterial DNA
was fixed to the filters by  exposure to UV light .from a
Stratalinker:(Stratagene).. Hybridisations to  J2P4abelled probes were
carried out under stringent conditions as previously 25-- described (Holden
et al, 1989).. For DNA extractions, S. typhimurium  transposon mutant
strains. were grown in. liquid LB medium in microtitre  dishes or
resuspended in LB medium' following growth on solid media.  Total DNA was
prepared by the hexadecyltrimethylammoniumbromide  (CTAB) method according
to Ausubel et al. (1987). Briefly,. cells. from 150 30 to 1000,ul volumes
were precipitated by centrifugation and resuspended in  RECTIFIED SHEET
(RULE 91) WO 96/17951 PCT/0B95/02875 50  576 ul it. To this was added 15 p1
of 20% SDS and 3 tcl of 20 mg m14  proteinase K. After incubating at 37C
for 1 hour, 166 pl of 3 M NaCI  was added and mixed thoroughly, followed by
80 gl of 10% (w/v) CTAB  and 0.7 M NaCl. After thorough mixing, the
solution. was incubated at 5 65C for 10 min. Following extraction with
phenol and phenol-chloroform,  the DNA was precipitated by, addition of
isopropanol, washed with 70%  



ethanol and resuspended in TE at a concentration of approximately 1 pg  pE4
s  10 The DNA samples were subjected to two rounds of PCR to generate
labelled probes. ` The first PCR was performed in 100 1 reactions
containing 20 mM Tris-CI pH 8.3; 50 mM KCI; 2 mM MgCI2; 0.01%  Tween 80;
200M each dATP, dCTP, dGTP, dTTP; 2.5 units of Amplitaq  polymerase
(Perkin-Elmer Cetus); 770 ng each primer P2 and P4; and 5 jig 15 target
DNA. After an initial denaturation: of 4 min at:95C,.thermal cycling
consisted of 20 cycles of 45 s at 50C; 10 s at 72C, and. 30 sat 95C.  PCR
products were extracted with chloroform/isoamyt alcohol. (24/1) and
precipitated with ethanol. DNA was resuspended in 10 l TE and the PCR
products were purified by electrophoresis through a 1.6% Seaplaque (FMC 20
Bioproducts) gel in TAE buffer. Gel slices containing fragments of about
80 bp were excised and used for the second PCR.' This, reaction was
carried out in a 20 kl total volume, and contained 20 mM Tris=Cl.pH 8.3;
50 mM KCI; 2.,mM MgCl2; 0.01 % Tween 80; 50 'UM each dATP, dTTP,  dGTP;:10
pl'2P-dCTP (3000 Cilmmol, Amersham); 150 ng each primer P2 25 and P4;
approximately 10 ng of target DNA (1-2 fcl of 1.6% Seaplaque  agarose
containing the first : round PCR product); 0.5 units of Amplitaq
polymerase. The reaction was overlayed with 20 1 mineral oil and thermal
cycling was performed as described above: Incorporation of the radioactive
label was quantitated by absorbance to WhatmanDE81 paper (Sambrook et  30
al, 1989). i ECiIFIED SHEET (FILE 91) WO96/17951 PCT/G095/02875  51
Infection Studies ..Individual Salmonella exconjugants. containing tagged.
transposons were  grown in 2% tryptone, 1% yeast extract, 0.92% v/v
glycerol, 0.5%  



5 NaPQ" 1 % KNO3 (TYGPN medium) (Ausubel et at, 1987) in microtitre plates
overnight at 37C. A metal:replicator was used, to transfer a small  volume
of the overnight cultures to a fresh microtitre plate and the cultures
were incubated at 37C until the ODs8, (measured using a Titertek  Multiscan
microtitre plate reader) was approximately. 0.2 in each well. 10. Cultures
from. individual wells were then pooled and the OD,50 determined  using a
spectrophotometer. The culture was diluted in sterile saline to
approximately .5x105 cfu ml'`. Further dilutions were plated. out onto
TYGPN containing nalidixic.acid (100 mg ml-') and kanamycin (50 mg ml'')
to confirm the cfu present in the inoculum. 15, Groups of three female
BALB/c mice (20-25g): were injected  intraperitoneally with 0.2 , ml of .
bacterial suspension. containing  approximately 1x103 du ml'!. Mice were
sacrificed three, days post- inoculation and their spleens were removed to
recover bacteria. "Half of 20 each spleen was homogenized in 1 ml of
sterile saline in.a microfuge tube.  Cellular debris was allowed to settle
and 1 ml of saline containing cells still  in suspension was removed. to a
fresh tube and centrifuged for two minutes  in a microfuge. The supernatant
was aspirated and the pellet resuspended  in I ml of sterile distilled
water. A dilution series was made in sterile 25 distilled water and 100 ml
of each dilution. was plated onto TYGPN agar  containing. nalidixic acid
(100 ug mlT').and kanamycin.(50 ug ml'').: Bacteria  were recovered from
plates containing between 1000 and 4000 colonies, and  a total of over.
10,000 colonies recovered from each spleen were pooled and  used to prepare
DNA for PCR generation of probes to screen colony blots.  30 AECi1FlEb
SHEET (RILE 9i} WO 96/17951 PCf/GB95/02875  52 Virulence gene cloning and
DNA sequencing Total DNA was isolated from S. tyPhimurium exconjugants and
digested  



separately with Sol, Salt, Pal and SphI.Digests were fractionated through
5 agarose gels, transferred to Hybond N+ membranes (Amersham) and subjected
to Southern hybridisation analysis using the kanamycin resistance  gene of
pUT mini-Tn5Km2 as a. probe. The probe was labelled with  digoxygenin
(Boehringer-Mannheim) and chemiluminescence detection was  carried out
according to the manufacturer's instructions. The hybridisation 10 and
washing conditions were as described above. Restriction enzymes which  gave
rise to hybridising fragments in the 3-5 kb range were used to digest  DNA
for a preparative agarose' gel, and DNA fragments corresponding to  the
sizes of the hybridisation signals. were excised from this, purified and
tigated into pUC18. Ligation reactions were used to transform E. cola 15
DHSa to kanamycin resistance. Plasmids from kanamycin-resistant
transformants were purified by passage through an elutipD column and
checked by restriction enzyme digestion. Plasmid inserts were partially
sequenced by the di-deoxy method (Sanger et al, 1977) using the -40 primer
and reverse sequencing primer (United States Biochemical Corporation) and.
20 the primers P6 (5'-CCTAGGCGGCCAGATCTGAT-3') (SEQ ID No 6) and  P7
(5'GCACTTGTGTATAAGAGTCAG-3') (SEQ ID No 7)-.which anneal  to the I and 0
termini of TO, respectively. Nucleotide sequences and  deduced amino acid
sequences were assembled using the Macvector 3.5  software package run on a
Macintosh SE/30 computer. Sequences were 25 compared with the EMBL ..and
Genbank DNA databases` using the  UNIX/SUN computer system at the Human
Genome' Mapping Project  Resource Centre, Harrow, UK. REOHF1E0 SHEET (l 1LE
g) . WO 96/17951 PCT/0B95/02875  53  Results Tag Design S The structure :
of the DNA tags is shown in Figure Ia. Each tag consists of  a variable
central region flanked by "arms", of invariant sequence. The  



central region sequence ((NKJm) was designed to prevent the occurrence of
sites for the commonly used 6 bp-recognition restriction enzymes, but is
sufficiently variable to ensure that statistically, the same sequence
should 10 only occur once in 2 x 10"molecules (DNA sequencing of 12
randomly  selected tags showed that none shared more than 50% identity over
the  variable region).. (N means any.base.(A,.G,.C or.T) and K.means G or
T.)  The as contain Kpnl sites close to, the ends to facilitate the initial
cloning  step,. and the HindIILsites bordering the variable region were
used to release 15 radiolabelled variable regions from the arms prior to
hybridisation analysis.  The arms were also designed such that primers P2
and P4 each contain only  one guanine. residue. Therefore during a PCR
using these primers, only one  cytosine will be incorporated into each
newly synthesised; arm, compared to  an average. of ten in the. unique
sequence.: When radiolabelled dCTP is 20 included in the PCR, an average of
ten-fold more label will be present in  the unique sequence compared with
each arm. This is, intended to minimise  background hybridisation signals
from the arms, after they have been  released from the unique sequences by.
digestion with Hindill. Double  stranded; tags were ligated into the KpnJ
site of themini-Tns transposon 25 . Km2, carried on plasmid pUT (de Lorenzo
& Timntis, 1994). Replication  of this plasmid is dependent on the
R6K-specified rr.product,of the pir gene.  It carries the oriT sequence of
the RP4 plasmid, permitting transfer to a variety of bacterial species
(Miller &:Mekalanos, 1988), and the tnp gene - .  needed for transposition
of the mini-Tn5 element. The tagged mini-Tn5 30 . transposons. were
transferred to S. typhimurium by conjugation, and 288 WO 96117951
PCT/GB95/02875  54 exconjugarits resulting from transposition events were
stored in the wells of  microtitre dishes. Total DNA isolated from 12 of
these was digested with  EcoRV, and subjected to Southern hybridisation
analysis using the  kanamycin resistance gene of the mini-Tn5 transposon as
a probe. In each 5 case,-the exconjugant had arisen. as a result a single.
integrationofthe.  



transposon into a different: site. of the bacterial genome (Figure 2).
Spechciryand sensitivity studies 10 We next determined the efficiency and
uniformity of amplification of the  DNA tags in PCRs involving pools
ofexconjugant DNAs as targets for the  reactions. In an attempt to minimise
unequal amplification of tags in the  PCR, we determined the maximum
quantity of DNA target -thatcould be  used in a 100 pl reaction, and the
minimum number of PCR cycles, that 15 resulted in products which could be
visualised by ethidium bromide. staining  of an agarose gel (5 g DNA and 20
cycles; respectively). S. typhimurium exconjugants which had- reached
stationary growth phase in  microtitre dishes were combined; and-. used to
extract -DNA: This was  20 subjected to a PCR using primers P2 and P4.. PCR
products of 80 bp were gel-purified and used as targets for a second PCR,
using the same' primers  but with 32P-labelled CTP. This resulted in over
60% of the radiolabelled  dCTP being incorporated into the. PCR products.
The- radiolabelled  products were digested withHindIIl and used to probe
colorty-blotted DNA 25 from their-corrmponding. microtitre dishes. Of the'
1510 mutantstested in  this way, 358' failed to yield a clear signal on an
autoradiogram following  an overnight exposure of the colony blot. There
are three potential  explanations for this. Firstly, it is possible that.
a, proportion of the  transposons did not carry tags. However, by comparing
the transformation 30 frequencies resulting from ligation reactions
involving the transposon in the WO 96/17951 PC17GB95102875  55 presence or
absence of tags, it seems unlikely that untagged transposons  could account
for more than approximately 0.5 % of the total (see Materials  and
Methods). More probable causes are that the variable. sequence was
truncated in some of the tags, and/or that some of the sequences formed 5
secondary structures, both of which might, have prevented amplification.
Mutants which failed to give. clear signals were not included : in further
studies. The specificity of the efficiently amplifiable tags. was
demonstrated  



by generating a probe from 24 colonies of a microtitre dish, and using it
to  probe a colony blot of 48 colonies, which included the 24 used to
generate 10 the probe. The lack of any hybridisation signal from the 24
colonies-not  used to generate the probe.(Figure 3) shows that the
hybridisation conditions  employed were sufficiently stringent to. prevent
cross=hybridisation among  labelled tags, and suggests that each
exconjugant is not reiterated within a  microtitre dish. 15 There are
further considerations in determining. the maximum pool size that  can be.
used as an inoculum in animal experiments. As. the quantity of  labelled
tag for each transposon is inversely proportional to the complexity  of the
tag pool, there is a limit to. the pool size above which hybridisation 20
signals become too weak to be-detected after overnight exposure of an
autoradiogram.. More:. importantly, as the complexity of
the.pool.increases,  so must the likelihood of failure of a virulent
representative of the pool to  be present in sufficient numbers, in the
spleen of an infected animal, to  produce enough labelled probe. We have
not determined the upper limit for 25 pool size in the murine model of
salmonellosis. that we. have employed; but  it must be in excess of 96.
Virulence tests of the:.transposonmwants 30 A total.of 1152 uniquely tagged
insertion mutants (from two microtitre WO 96/17951 PGT/GB95102875  56
dishes) were. tested for virulence in BALB/c mice in twelve pools, each
representing a 96-well. microtitre dish. Animals received an
intraperitoneal  injection of approximately 10' cells of each of 96
transposon mutants of a  microtitre dish (105 organisms in total).. Three
days after injection mice 5 were sacrificed, and. bacteria were recovered
by plating spleen homogenates  onto laboratory medium.. Approximately
10,000 -colonies recovered from  each mouse -were. pooled and DNA was
extracted.. The tags present in this  DNA sample .were amplified and.
labelled by the PCR, and colony blots 



..probed and compared with the, hybridisation pattern obtained using tags
C)  .10 amplified from the inoculum (Figure 3). As a. control, an aroA
mutant of S., yphimuriumwas tagged and employed as one of the 96 mutants in
the  inoculum: This strain would. not be expected to be.recovered in the
spleen  because its virulence is severely: attenuated (Buchmeier et.al,
1993). Forty- one mutants were identified whose DNA hybridized to
labelledtags from 15 the inoculum but not from labelled tags from bacteria
recovered from the  spleen. The experiment was repeated and the same
forty-one. mutants were  again identified. Two of these were the aroA-
mutant (one per pool), as  expected. Another was an auxotrophic mutant (it
failed to grow-on minimal  medium). All of the mutants had normal colony
morphology.. 20 Example 2- . Cloning and partial characterisation of
sequences. flanking  the.transposon DNA was extracted from one of
the.mutants described in Example I (Pool  25 1. F10), .digested with Sstl,:
and subcloned on the :basis of kanamycin  resistance. The sequence of 450
bp flanking oneend of the transposon was  determined using primer P7. This
sequence shows 80% identity to the E.  coli clp (Ion) gene, which encodes a
heat-regulated, protease (Figure 5). To  our knowledge, this gene has not
previously been implicated as a virulence  30. determinant. WO 96/17951
PCTVGB95102975  57 Partial sequences of thirteen further Salmonella
typhimurium virulence genes  are shown in Figure 6 (sequences A2 to A9 and
BI to B5). Deduced amino  acid sequences of P2D6, S4C3, P3F4, P7G2 and P9B7
bear similarities to  a family of secretion-associated proteins that. have
been conserved 5 throughout bacterial pathogens of animals and plants, and
which are known  in Salmonella as the inv family. 1m S. typhimiwiwn the My
genes are  required for bacterial invasion into intestinal tissue. The
virulence of inv  mutants is attenuated when they are inoculated by-the
oral route,. but not  



when they are administered intraperitoneally. The discovery of inv-related
10 genes that are required for virulence following intraperitoneal
inoculation  suggests a new secretion apparatus which might be required for
invasion of  non-phagoeytic cells of the spleen and other organs. The
products of these  new genes might represent better drug targets than the
inv:proteins in the  treatment of established infections. 15 Further
characterisation of the genes identified in this example isdescribed  in
Example 4. Example 3: LDSM1 determinations and mouse vaccination study  20
Mutations identified by the method of the invention attenuate virulence.
Five of the mutations in genes not previously implicated in virulence were
transferred by P22-mediated: transduction to the nalidixic acid-sensitive
25~ parent strain of S. typhimurium`12028: Transductants were checked by
restriction mapping then injected by the intraperitoneal route into groups
of  BALB/c mice to determine their 50% lethal dose (LDS). The LDS values
for mutants S4C3, P7G2; P3F4 and P9B7 were all several orders of  magnitude
higher than that of the wild-type. strain. No difference in the 30 LD50 was
detected for mutant P1F10; however, there was a statistically WO 96117951
PCT/6B95/07875  58 significant' decrease in the proportion of PIFIO cells
recovered from the  spleens of mice, injected with.an inoculum consisting
of an equal proportion  of this strain and the wild-type strain. This
implies that this mutation does  attenuate virulence, but to a degree that
is not detectable by LD5a.. 5 Mutants P3F4 and P9137 were also administered
by. the oral- route at an  inoculum level of 10' cells/mouse. None of the
mice became ill, indicating  that the oral LM., levels of these mutants are
at least an order of magnitude higher than that of the wild-type strain.
<rt  



10 . In the mouse vaccination study groups of five female BALB/c mice of
20-25  g in mass were initially inoculated orally (p,.o.) or
intraperitoneally (i.p )  with serial ten fold dilutions of Salmonella
typhimurium mutant strains P3F4  .and P9B7. After four weeks the mice were
then inoculated with 500 c.fu. 15 of the parental wild type strain. Deaths
were then recorded over four  weeks. A group of two mice of the same age
and batch as the mice inoculated with  the mutant strains were also
inoculated i.p. with 500 c.f.u. of the wild type  20 strain as a positive
control. Both non-immunised mice died as expected  within four weeks.
Results are tabulated below: 25 .1) p.o. initial inoculation with mutant
strain P3F4. initial inoculum in no. mice surviving no. trice surviving
c.f.u. first challenge wild type challenge  5 x .109 5 2(40%) .  5 x 108 5
2(40%) WO 96/17951 PGT/0895/02875  59 5X10' 5 0(0%)  2) i.p. initial
inoculum with mutant-strain P3F4 5 initial inoculum in no. mice surviving
no. mice surviving  c.f.u. first challenge wild type challenge  5 x 106 3
3(100%) 5 x 10' 5 4(80%)  5 x 104 6 5 (83 %)  10 5X10' S 4(80%) 3) p.o.
initial inoculum with mutant strain P9137 initial' inoculum ft no. mice
surviving no. mice surviving  15. c.fu. first, challenge, wild type
challenge  



5 x-109 5 0(0%) 4) i.p. initial inoculum with mutant P9137 20 initial
inoculum in no. mice. surviving no. mice surviving  c.f.u. first challenge.
wild type challenge  5x106 4 2(50%)  From these experiments I conclude that
mutant P3P4 appears to give some 25 protection against subsequent wild type
challenge. This protection appears  greater in mice that were immunised
i.p. Example 4: Identification of a -virulence locus encoding a second type
III secretion system in Salmonella lvphimurium 30 Abbreviations used in
this Example are VGC1, virulence gene cluster 1;  VGC2, virulence gene
cluster 2. WO 96/17951 PCT/GB95102875  60 Background to the experiments
described. Salmonella typhimurium is a principal agent of gastroenteritis
in humans and  produces a systemic illness in mice which serves as a model
for human  5 typhoid fever (1). Following oral inoculation of mice with S.
typhimurium, the bacteria:pass from the lumen of the small intestine
through the intestinal  mucosa, via enterocytes or M cells of the Peyer's
patch follicles (2). The  bacteria then invade macrophages and neutrophils,
enter the  reticuloendothelial system and disseminate to other organs,
including theN 10 spleen and liver, where further reproduction results in
an overwhelming and  fatal bacteremia (3). To invade host cells, to survive
and replicate in a  variety of physiologically stressful intracellular .and
extracellular  environments and to circumvent the specific antibactenal
activities of the  immune system, S. typhimurium employs a sophisticated
repertoire of  15. virulence factors (4). To gain a more comprehensive
understanding of virulence mechanisms of  S. typhimurium and other
pathogens the: transposon mutagenesis system  



described in Example 1. which is, conveniently, called `signature-tagged 20
mutagenesis' (STM), which combines the strength of mutational analysis
with the ability to follow simultaneously the fate of a large number of
different mutants within a single animal (5 and Example 1; Reference 5 was
published after the. priority date for this invention). Using this.
approach we  identified 43 mutants with attenuated virulence from a total
of 1152 mutants 25 that were screened. The nucleotide sequences of DNA
flanking the  insertion points of transposons in 5 of these mutants. showed
that they were  related to genes encoding type.Ill.secretion systems of a
variety of bacterial  pathogens (6.. 7). The products. of the inv/spa gene
cluster of S.  typhimurium (8, 9) are proteins that forme a type .lll
secretion system 30 required for the assembly of surface: appendages.
mediating entry into WO 96!17951 PGT/GB95/02875  61 epithelial cells (10).
Hence the virulence of strains carrying mutations in  the inv/spa cluster
is attenuated. only if the inoculum is administered orally  and not when
given intraperitoneally, (8). In contrast the S mutants  identified by STM
are avirulent following intraperitoneal inoculation (5).  In this example
we show that the transposon insertion points of these 5  mutants and an
additional 11 mutants identified by STM all, map to the same  region of the
S. typhinwrium chromosome. Further analysis of this region  reveals:
additional genes whose deduced products have sequence similarity 10 to
other components of type III secretion systems. This chromosomal  region
which we refer to as virulence gene cluster 2 (VGC2) is not present  in a
number of other~entericbacteria, I and represents an important locus for
S. typhimurium virulence. 15 Materials and Methods Bacterial Strains,
Transduction and Growth Media. Salmonella enterica  serotypes 5791
(aberdeen), 423.180 (g allinarum),-7101 (cubana) and 12416
(typhimurium`LT2) were obtained from the National Collections of Type 20
Cultures, Public Health Laboratory Service; UK. Salmonella typhi BRD123  



genomic DNA was a gift from G. Dougan, enteropathogenic Escherichia.  toll
(EPEC), enterohemorrhagic E. coil (EHEC), tririo cholera biotype El  Tor,
Shigella flerhefl serotype 2 and! Staphylococcusaureus were clinical
isolates obtained from the :Department of Infectious Diseases and 25
.Bacteriology; Royal Postgraduate Medical School, UK. Genomic DNA  from
Yersinia pestis was a gift from J. Heesemann. However, genomic  DNA can be
isolated using standard: methods: The bacterial strains and the  methods
used to generate signature-tagged mini-TO transposon mutants of  S.
typhimurtum NCTC strain 12023 have been described previously (5, 11). 30
Routine propagation of plasmids was in E. cols DHSa. Bacteria were WO
96117951 PCT/GB95/02875  62 grown in LB broth (12) supplemented with the
appropriate antibiotics.  Before virulence levels of individual mutant
strains were assessed, the  mutations were first transferred by phage P22
mediated transduction (12) to  the nalidixic acid sensitive parental strain
of S. typhimurium 12023. 5 Transductants were analysed by restriction
digestion and Southern  hybridisation before use as inoculum. Lambda
Library Screening.. Lambda (X) clones with. overlapping insert  DNAs
covering VGC2.. were obtained by standard methods (13) from a  10 X1059
library (14) containing inserts from a partialSau3A digest of S.
lyphimurium LT2 .genom.ic DNA. The library _ was obtained via K.
Sanderson, from the Salmonella Genetic Stock Centre. (SGSC), Calgary,
Canada. 15 Mud-P22 Lysogens. Radiolabelled DNA probes.. were hybridised '
to.  Hybond N (Amersham) filters bearing DNA prepared from. lysates of a
set  of S. yphimurium strains harbouring Mud-P22 prophages at known
positions in the S. yphimurium genuine. Preparation of mitomycin-induced
Mud-P22 lysates was.as described (12, 15). The set of Mud-P22 prophages 20
was originally assembled by Benson and Goldman (16) and was obtained  from
the SGSC. 



Gel Electrophoresis and Southern Hybridisation. Gel, electrophoresis was
performed in I % ,,or 0.6%,agarose gels run.in0.5 x.TBE. Gel fractionated
25.. DNA. was transferred to. Hybond Nor N+. membranes. (Amersham) -and
stringent.. hybridisation and washing procedures (permitting hybridisation
between nucleotide. sequences, with 10% or less. mismatches) were as
described by Holden et al,. (17). For non-stringent conditions (permitting
hybridisation between sequences, with 50.x: mismatches) ..filters were 30.
hybridised overnig4t at-42C.in 10% formamide/0.25.M Na,HPO,/7% SDS WO
96/17951 PCr7GB95102875  63 and the most stringent step was with 20 mM
Na2HPO4/1 % SDS at 42C.  DNA fragments used as. probes were labelled with
[''-P]dCTP using the  'Radprime' system (Gibco-BRL) or with
[digoxigenin-11]dUTP and detected  using the Digoxigenin system (Boehringer
Mannheim) according to the ,5 manufacturers' instructions, except that
hybridisation was performed in the  same solution as that used for
radioactively labelled probes. Genomic DNA  was prepared for Southern
hybridisation as. described previously (13).  Molecular Cloning and
Nucleotide Sequencing. Restriction endonucleases 10 and T4 DNA ligase were
obtained from Gibco-BRL._ General. molecular  biology techniques were as
described in Sambrook et al, (18). Nucleotide  sequencing was performed by
the dideoxy chain termination method (19)  using a Ti sequencing kit
(Pharmacia).: Sequences were assembled with the  MacVector 3.5 software or.
AssemblyLIGN packages: Nucleotide and 15 derived amino acid sequences were
compared. with those in the European  Molecular Biology Laboratory (EMBL)
and SwissProt databases using the  BLAST and FASTA programs of the GCG
package from the University of  Wisconsin (version 8) (20) on the network.
service at the Human Genome  Mapping Project Resource Centre, Hinxton, UK.
20 Virulence Tests. Groups of five female BALBIc mice.:(20-25g) were
inoculated orally (p.o.) or intraperitoneally (i.p.) with l0-fold dilutions
of  



bacteria suspended in physiological saline. For preparation of the,
inoculum,  bacteria were grown overnight at 37C in LB broth with shaking
(50. rpm) '25 and then used to inoculate fresh medium for various lengths
of time until an  optical density (OD) at 560 rim of 0.4 to 0.6 had been
reached.. For cell  densities of 5 x 40' colony. forming units (efu):per ml
and above,. cultures  were concentrated by centrifugation and resuspended
in saline. The  concentration of cfu/mI was checked by plating.a dilution
series of the 30 inoculum onto LB agar plates. Mice were inoculated i.p.
with 0.2 in[ WO 96/17951 PCT/GH95102875  64 volumes and po. by gavage with
the same volume of inoculum. The LD50  values were calculated after 28 days
by the method of Reed and Meunch  (21). S` . Results Localisation of
Transposon Insertions. The generation of a bank of  Salmonella typhimurium
mini TO transposon mutants and the screen used  to identify 43 mutants with
attenuated virulence have been described 10 previously (5). Transposons and
flanking DNA regions were cloned from  exconjugants. by selection for
kanamycin resistance or by inverse PCR.  Nucleotide sequences of 300-600 bp
of DNA flanking the transposon were  obtained for 33 mutants. Comparison of
these:sequences with those in the  DNA and protein databases indicated that
14 mutants resulted from 15 transposon insertions into previously known
virulence genes, 7 arose from  insertions into new genes with similarity to
known genes` of the  enterobacteria and 12 resulted from insertions into
sequences without  similarity to entries in the DNA and protein databases
(ref. 5, Example 1  and this Example). 20 J  Three lines of evidence
suggested that 16 of 19 transposon insertions into new sequences were
clustered in three regions of, the genome initially  designated A, B and C.
First, comparing nucleotide sequences from regions  



`flanking transposon insertion points with each other and-with those in the
25 databases showed that some sequences overlapped with, one another or had
strong similarity to different regions of the same gene. Second, Southern
analysis of genomic DNA digested with several restriction enzymes and
probed with restriction fragments flanking transposon insertion points
indicated that some transposon' insertions were located on the same 30
restriction fragments'. Third when the same DNA probes were hybridised w0
96/17951 PCTIGB95/02875  65 to plaques from a S. ryphimurium X DNA library,
the probes from mutants  which the previous two steps had suggested might
be linked were found to  hybridise to the same X DNA clones. Thus two
mutants (P9B7 and P12F5)  were assigned to cluster A, five mutants (P2D6,
P9B6, PI IC3, P1 1D10 and 5 PI 11410) to cluster B and nine mutants (P3F4,
P4F8, P7A3, P7B8, P7G2,  P8GI2, P9G4, PIOEII and PI IN) to cluster. C
(Figure 8). Hybridisation of DNA probes from these three clusters to
lysates from a set  of S. ryphimurium strains harbouring locked-in Mud-P22
prophages (15, 16)  10 showed that. the three loci were all located in the
minute 30 to 31, region (edition VIII, ref. 22) (Figure 7), indicating
that, the three loci were closely  linked or constituted one large
virulence locus. To determine if any of the  X clones covering clusters A,
B and C contained overlapping DNA inserts,  DNA fragments from the terminal
regions of each clone were used. as 15 probes in Southern hybridisation
analysis of the other X clones. Hybridising  DNA fragments showed that
several X clones overlap and that, clusters A,  B and C comprise one
contiguous region (Figure 8). DNA fragments from  the ends of this region
were. then used to probe, the X library to identify  further clones
containing inserts representing the adjacent regions. No h 20' clones were
identified that covered the extreme right hand terminus of the  locus so
this region was obtained by cloning a 6.5 kb Ec6RIIXbaL fragment  from a.
lysate of the Mud-P22 prophage strain TT15244 (16). Restriction mapping
.and. Southern hybridisation analysis were, then, used to  



25 construct a physical map of this locus (Figure 8). To distinguish this
locus  from the well characterised inv/spa gene cluster at minute 63
(edition VIII,  ref. 22) (8, 9, 23,. 24, 25.26), we refer to the latter as
virulence gene  cluster I. (VGC1) and have.termed the new virulence locus.
VGC2. Figure  2::shows.the position.of two portions of DNA whose nucleotide
sequence 30 has been determined ("Sequence 1" and "Sequence 2").. The
nucleotide. . WO 96/17951 PC r/GB95/02875  66 sequence is shown in Figures
I i and 12. Mapping the boundaries of VGC2 on the S. typhimurium
chromosome.  Nucleotide sequencing of X clone 7 at the left hand side of
VGC2 revealed  5 the presence of an open reading frame (ORF) whose deduced,
amino acid. sequence is over 90% identical to the derived product of a
segment of the  ydhEt gene of E. coli and sequencing of the 6.5 kb
EcoRUXbaI cloned  fragment on the right band side of VGC2 revealed the
presence of an ORF whose predicted amino acid sequence is over
90%.identical to pyruvate (m)  10' kinase I of E. toll encoded by the pykF
gene (27). On the E. toll  chromosome ydhEand pykF are located close to one
another, at minute 37 to 38 (28). Eleven non-overlapping DNA fragments
distributed, along the  length of VGC2 were used as probes in non-stringent
Southern hybridisation  analysis of E. toll and S. typhimurium genomic DNA:
Hybridising DNA 15 fragments showed that a region of approximately 40 kb
comprising VGC2  was absent from.the E. coli genome and localised the
boundaries of VGC2  to within 1 kb (Figure 9): Comparison of the location
of the XbaI site close  to the right hand end of VGC2 (Figure 8) with, a
map of known Xbal sites  (29) at the minute 30 region of the chromosome
(22) enables a map position  20 of 30.7 minutes to be deduced for VGC2:
Structure of VGC2. Nucleotide sequencing of portions of VGC2 has  revealed
the presence of 19 ORFs (Figure 8).... The G+C content of  approximately 26
kb of nucleotide sequence within' VGC2 is 44.6%, 25 compared to 47% for
VGC1 (9) and 51-53% estimated for the entire  



Salmonella genome-(30). The complete deduced- amino acid` sequences of ORFs
1-11 are similar to  those of proteins of type III secretion systems (6,
7). which are known to  30 be required for the export of virulence
determinants in a variety of bacterial WO 96/17951 PC rIGB95/02875  67
pathogens of plants and animals (7). The predicted proteins of ORFs 1 - 8
(Figure 8) are similar in organisation and sequence to the.products of the
yscN-U genes of Yersiniapseudotuberculosis (31), to invC/spaS of the
inv/spa cluster in VGCI of Salmonella yphimurium (8, 9) and to ,5
spa47/spa40of.the spa/taxi cluster of Shigella flexneri (32, 33, 34, 353.
For example the predicted -amino acid sequence of ORF 3 (Figure 8) is 50%
identical to YscS of Y. pseudotuberculosis.(31), 34% identical to Spa9 from
S. flexneri (35) and 37% identical to SpaQ.of VGCI of S.. typhimurium (9).
The predicted protein product of ORF9 is closely related to the LcrD family
10 of proteins with 43% identity to LcrD of Y. enterocolitica (36), 39%
identity to MxiA of S. flexner! (32) and 40%.:identity to InvA of VGCI
(23). Partial nucleotide sequences for the remaining ORFs shown in Figure
8 indicate that the predicted protein from ORFIO is most similar to Y.
enterocolitica YscJ (37) a lipoprotein located in the bacterial outer 15
membrane, with ORF11 similar to S. typhimutium InvG, a member of the  PuID
family; of translocases (38). ORF12 and ORF13.show significant  similarity
to.the sensor and regulatory subunits respectively,: from; a variety  of
proteins comprising two component regulatory systems (39). There is  ample
coding capacity for further genes between ORFs 9:and 10, ORFs 10  20 and
11, and between ORF 19 and the right hand end of VGC2. VGC2 is conserved
among and ls.specific to. the Salmonellae. A 2.2 kb  PstlI indIII fragment
located at the centre of VGC2 (probe B, Figure 8)  lacking sequence
similarity to entries in the DNA and protein databases. was 25 used as. a
probe in Southern hybridisation analysis of genomic DNA from  Salmonella
serovars and other pathogenic bacteria (Figure. lOA). DNA  



fragments hybridising under non-stringent conditions showed that VGC2 is
present in S. aberdeen...: S. gallinarunl,..S. cubana.:S..tvphi. and is
absent  from EPEC. EHEC. Y pesos, S.flexneri. V.. cholera and S. aureus.
Thus 30 . VGC2 is conserved among and is likely to be specific to the
Salmonellae. WO 96/17951 PCT/6B95102875  68 To determine if the
organisation of the locus is conserved among the  Salmonella serovars
tested, stringent Southern hybridisations with genomic  DNA digested with
two further restriction enzymes were carried out.  Hybridising DNA
fragments showed that there is some heterogeneity in the 5 arrangement of
restriction `sites between S. ' typhlmurium LT2 and S.  gallinanon, S. '
cubana and S. typhi (Figure lOB). Furthermore, S.  gallinarum and S. typhi
contain additional hybridising fragments to those  present in the other
Salmonellae examined, suggesting that regions of VGC2  have been`
duplicated in these species: 10 VGC2 is required for virulence in mice.
Previous experiments. showed  that the LD50 values for i.p. inoculation of
transposon mutants P3F4, P7G2,  P9B7 and PI IC3 were at least 100-fold
greater than the wild type.strain (5).  In order to clarify the importance
of VGC2 in the process of infection, the 15 P.O. and i.p. LD50 values for
mutants P3F4 and P9B7 were determined  (Table 1). Both mutants showed a
reduction in virulence of at least five  orders of magnitude by either
route of inoculation in comparison with the  parental strain. This.
profound attenuation of virulence by both routes of  inoculation
demonstrates that VGC2 is required for events in the infective  20* process
after epithelial cell penetration in BALE/e mice. Table 1. `LDsa values of
S. typhimurium strains.  LDS6 (cfu) Strain i.p. P.O.  25 12023 wild type
4.2 6.2 x 10  P3F4 1.5x106 >5x109.  



P9B7 >1.5x106 >5x109  cfu, colony forming units WO 96/17951 PC1/GB95/02875
69  Discussion A hitherto unknown virulence locus in S. ryphimurium of
approximately 40  kb located at minute 30.7 on the chromosome by mapping
the. insertion  5,. points of a group of" signature-tagged transposon
mutants with attenuated virulence has been identified. (5). This locus is
referred tows virulence gene  cluster 2 (VGC2) to distinguish it from the
inv/spa virulence genes. at 63  minutes (edition VIII, ref. 22) which we
suggest be renamed VGC1. VGC1  and VGC2 both encode components of type III
secretion systems.  10. However, these secretion systems are functionally
distinct. Of 19 mutants that arose from insertions ,into, new genes (ref. 5
and this  example) 16: mapped tothe same region of the chromosome. It
ispossible  that mini-Tn5 insertion occurs preferentially in VGC2.
Alternatively, as the 15 negative selection used to identify mutants with
attenuated virulence (5) was  very stringent (reflected, by the high. LDw
values for VGC2 mutants) it is  possible that, among the previously unknown
genes, only mutations; in those  of VGC2 result in a degree of attenuation
sufficient to be recovered in the  screen. The failure of previous
searches. for S.. typhimurium. virulence 20 determinants to. identify VGC2
might stem from reliance on cell culture  assays rather than a live animal
modelof infection. A previous study which  identified regions of the S.
typhimurium LT2 chromosome unique to  Salmonellae (40) located one such
region (RF333) to minutes 30.5 - 32.  Therefore, RF333 may correspond to
VGC2,: although it was not known  25;. that RF33,3-was involved in
virulence determination. Comparisons with the type IIl.secretion systems
encoded by the virulence  plasmids of Yersinia and. Shigella..as well as
with ,VGC1 .of Salmonella  indicates that VGC2 encodes the. basic
structural components of the 30 secretory apparatus. Furthermore, the order
of ORFs 1-8 in VGC2 is the 



WO 96117951 PCU6B95102875  70 same as the gene order in homologues in
Yersinia, Shigella and VGCI of  S. typhimurium. The fact that the
organisation and structure of the VGC2  secretion system is no more closely
related to VGCI than to the  corresponding genes of Yersinia, together with
the low G+C content of 5 VGC2 suggests that VGC2, like VGC1 (40, 41, 42)
was acquired  independently by S. typhimurium via horizontal transmission.
The proteins  encoded by ORFs 12 and 13 show. strong similarity to
bacterial two  component regulators (39) and could regulate either ORFs;1-I
1 and/or the  `secreted proteins of this system. 10 Many genes in VGCI have
been shown to be important for entry of S.  typhimurium into epithelial
cells. This process requires bacterial contact (2)  and results in
cytoskeletal rearrangements leading to localised membrane  ruffling (43,
44). The role of VGCI and its. restriction to this stage of the  infection
is reflected in the approximately 50-fold attenuation. of virulence 15 in
BALE/c mice inoculated p.o. with VGC1 mutants and by the fact that  VGCI
mutants show no loss of virulence when administeredd i.p, (8). The  second
observation also explains why no VGC 1 mutants were obtained in  our screen
(5). In contrast, mutants in VGC2 are profoundly attenuated  following both
p.o. and i.p.' inoculation. This shows that, unlike VGCI, 20 VGC2 is
required for virulence in mice after epithelial cell penetration, but ..
these findings do not exclude A role for VGCI in this early stage of
infection. Thus in summary mapping the insertion points of 46
signature-tagged.  25 transposon mutants on the Salmonella iyphimurium
chromosome led to-the  identification of a 40 kb virulence gene cluster at
minute 30.7. This locus  is conserved among all other Salmonella species
examined, but not present  in a variety of other- pathogenic bacteria or in
Escherichia coli K12.  Nucleotide sequencing of a portion of this locus
revealed II open reading 30 frames whose predicted proteins encode
components of a type Ill secretion 



WO 96/17951 PCI'/GB95/02875  71 system. To distinguish between this and the
type III secretion system  encoded by the inv/spa invasion locus we refer
to the inv/spa locus as  virulence gene cluster I (VGCI). and: the new
locus as VGC2. VGC2 has  a lower G+C content than that of the. $almonella
genome and is flanked by 5 genes whose products share greater than 90%
identity with those of the E.  coil ydhE and pykF genes. Thus VGC2 was
probably acquired horizontally  by.insertion into a region corresponding to
that between the ydhE and pykF  genes of E. coli. Virulence studies of
VGC2. mutants have shown them to  be attenuated by at least five orders
of-magnitude compared with the wild  .10 type strain following oral
orintraperitoneal inoculation. References for this Example 1.. Carter, P.B.
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Microbiol: 6, 3077-3087. Example 5 Identification of virulence eenes in.
Streptococcus  pneumoniae (a) Mutagenesis 15 In the absence of a convenient
transposon system, the most efficient way of  creating tagged mutants of
Streptococcus pneumoniae is to use  insertion-duplication mutagenesis
(Morrison et al (1984) J. Bacteriol. 159,  870). Random S. pneumoniae DNA
fragments: of 200-400 bp will be  generated by genomic DNA digestion with a
restriction enzyme or by 20 physical shearing by sonication ,followed by
gel fractionation and DNA  end-repair using T4 DNA polymerase. The
fragments are ligated into  plasmid pJDC9 (Pearce et al (1993) Mol.
Microbiol. 9,1037: which carries  the erm gene for erythromycin selection
in E. colt and. S. pneumoniae),  previously modified by incorporation of
DNA sequence tags into one of the 25 polylinker, cloning sites.: The size
of cloned S.. pneumoniae DNA. is  sufficient to ensure-homologous
recombination. and reducerthe possibility  of generating an'
unrepresentative library in E. coil :(expression of S.  pneumoniae proteins
can be toxic to E.. colt).- Alternative vectors carrying  different
selectable markers- are available and can be used in place of 30 pJDC9.
Tagged plasmids carrying DNA fragments are introduced to an 



WO 96/17951. PCI'/6B95/02975  75 appropriate S.' pneumoniae strain selected
on the basis of serotype and  virulence in a murine model of pneumococcal
pneumonia. Regulation of  competence for genetic transformation in S.
pneumoniae is governed by  competence factor, a peptide of 17 amino acids
which has been 6 characterized recently by Don Morrison's group at the
University of Illinois  at Chicago and which is described Havarstein,
Coomaraswamy and  Morrison (1995) Proc. Natl. Acad. Sci. USA 92,
11140-11144.  Incorporation of minute quantities of this peptide in
transformation  experiments leads to very efficient transformation
frequencies in some 10 encapsulated clinical isolates of S. pneumoniae.
This overcomes a major  hurdle in pneumococcal molecular genetics and the
availability of the  peptide greatly facilitates the construction of S.
pneumoniae mutant banks and allows flexibility in choosing the strain(s) to
-be mutated. A proportion of transformants. are analysed to verify  15
homologous integration of the plasmid sequences, and checked for stability.
The very low level of reversion associated with mutants generated by
'insertion=duplication is minimized by the fact that the duplicated regions
will  be short (200-400 bp); however if-the level of reversion is
unacceptably.  high; antibiotic selection is maintained during growth of
the transformants  20 in culture and during growth in the animal. (b) -
Animal model The S. pneumoniae mutant bank is organized into-pools for
inoculation into  Swiss and/or C57B1/6 mice., Preliminary -experiments are
conducted to  25 determine the optimum complexity of the. pools and the
optimum inoculum level. One attractive model utilises inocula of 10' cfu,
delivered by mouth - - to the trachea (Veber et at (.1993) J.
-Antimicrobial Chemotherapy 31. 473).  Swiss mice develop acute pneumonia
within 3-4 days, and C57131/6 mice  develop subacute pneumonia within 8-10
days. These pulmonary models 30 of infection yield 10" cfu/lung (Veber -et
-al (1993) J. Antimicrobial 



WO 96/17951 PCT1GB95/02875  76 Chemotherapy 32, 473) at the time of death.
If required, mice are also  injected intraperitoneally for the
identification of genes required for  bloodstream infection -(Sullivan et
a! (1993) Antimicrobial Agents and  Chemotherapy 37, 234). 5 (c) Virulence
gene identification Once the parameters of the infection model are
optimized, a mutant bank  consisting of several thousand strains is.
subjected to virulence tests.  Mutants with attenuated virulence are
identified by hybridisation analysis, 10 using labelled tags from the
`input' and `recovered' pools as probes, If S.  pneumoniae DNA cannot be
colony blotted easily, chromosomal DNA is  liberated chemically or
enzymatically in the wells of microtitre dishes prior  to transfer onto
nylon membranes using a ,dot-blot apparatus. DNA flanking  the integrated
plasmid is cloned by plasmid rescue in E_ coli (Morrison et 15 a! (1984) J.
Bacterial.. 159, $70), and sequenced. Genomic DNA libraries  are
constructed in appropriate vectors maintained in either E. colt or a
Gram-positive host strain, and are probed with restriction fragments
flanking the integrated plasmid to isolate .cloned virulence genes which is
then fully sequenced and subjected to detailed functional analysis.. 20 4v
Example 6 Identification of virulence genes in Enterococcus faecalis (a)
Mutagenesis Mutagenesis of E..faecalis is accomplished using.plasmid pAT112
or a  25: derivative, developed for this purpose., pATI 12 carries genes
for selection  in both Gram-negative and Gram-positive bacteria" and, the
att site of  Tn1545..It therefore requires the presence in the host strain
of the integrase  for transposition,.and. stable, single..copy.inse.rtions
are obtained if the host  does not contain an.excisionase gene (Trieu-Cuot
et al (1991) Gene 106, 30 21)_ Recovery of DNA flanking the integrated
plasmid is accomplished by 



WO 96/17951 PCr/GB95/02875  77 restriction digestion of genomic DNA,
intramolecular ligation and  transformation of E. tali. The presence of
single sites for restriction  enzymes in pAT112 and its derivatives will
(Trieu-Cuot era1(1991) Gene  106, 21) allows the incorporation of DNA
sequence tags prior to transfer 5 to a virulent strain of E. faecalis
carrying plasmid pAT145 (to provide the  integrase function) by either
conjugation, electroporation or transformation  (Trieu-Cunt eta! (1991)
Gene 106; 21; Wirth eta! (1986) J. Bacteriol. 165,  10 (b) Animal mode! A
large number of insertion mutants are analysed for random integration of
the plasmid by isolating DNA from transcipients, restriction enzyme
digestion and Southern hybridisation. Individual mutants are stored in the
lwells of microtitre dishes, and complexity and size of pooled inoculaare
15 optimised prior to screening of the mutant bank. Two different models of
infection caused by E faecalis are employed. The first is a well
established  rat model of endocarditis, involving tail vein injection of up
to 108 efu of  E. faecalis into animals that have a catheter inserted
across the aortic valve  (Whitman et al (1993) Antimicrobial Agents and
Chemotherapy 37, 1069); 20 Animals are sacrificed at various times after
inoculation, and bacterial  vegetations'on the' aortic valve are excised,
homogenized and plated to  culture medium to recover bacterial colonies.
Virulent bacteria are also  recovered from the blood at various times after
inoculation. The second  model is of peritonitis in mice, following
intraperitoneal injection of up to 25 109 cfu of E. faecalis "(Chenoweth
et'alt (1990) Antimicrobial Agents and  Chemotherapy 34, 1800). As with the
S. pneumoniae model, preliminary.  experiments are done to establish the
optimum complexity ofthe pools and  the optimum inoculumlevel. priorto
screening the mutant bank.  30 WO 96/17951 PCTI6B95102875  



78 (c). Virulence gene identification. Isolation of DNA flanking the site
of integration of pAT112 using its E. coil  origin of. replication is
simplified by the lack of sites for most of the  commonly used 6 bp
recognition restriction enzymes in the vector. 5. Therefore DNA,from the
strains of interest are digested with one of these
enzymes,.self-ligated"transformed into E. coli and sequenced using primers
based on the.scquences adjacent to the. att sites on the plasmid. A genomic
DNA library of E. faecalis are probed. with sequences of interest to
identify  intact. copies of virulence genes which are then sequenced. 10
Example 7: Identification of virulence genes in Pseudomonas aeruginosa  (a)
Mutagenesis 15 Since transposon Tn5 has been used by others to mutagenise
Pseudomonas  aeruginosa, and. the mini-Tn5 derivative that was used for,
the identification  of Salmonella typhimurium virulence genes (Example 1).
is reported to have  broad utilisation among Gram-negative bacteria,,
including several  pseudomonads. (DeLorenzo and Timaris. (1994) Methods
Enrymol. 264, 20, 386), a P. aeruginosa mutant bank is constructed using
our existing pool of  signature tagged mini-TnS transposons by, conjugal
transfer of the suicide  vector to: one or more virulent (and possibly
mucoid) recipient strains. This  approach represents a significant time.
saving. Other derivatives of Tn5  designed specifically for P. aeruginosa
mutagenesis (Bella et al (1985) Gene 25 33. 293). may alternatively be
employed with the.mini.TnS. transposon.,  (b) . Animal model and virulence
gene identification The bank of. P.. aeruginosa insertion mutants, is,
screened for attenuated  virulence in a.chronic pulmonary infection model.
in rats. Suspensions of  30 P. aeruginosa cells are introduced into a
bronchus following tracheotomy, W096/17951 PCT/GB95102875  79 and disease
develops over a 30 day period (Woods et at (1982) Infect.  



Immun. 36, 1223). Bacteria are recovered by plating lung homogenates to
laboratory medium and sequence tags from these are used to probe DNA
colony blots of bacteria used as the inoculum. It is also possible to
subject 5 the mutant bank to virulence tests in a model of endogenous
bacteremia  (Hirakata et at (1992) Antimicrobial Agents_ and Chemotherapy
36, 1198),  and cystic fibrosis (Davidson et a! (1995) Nature Genetics 9,
351) in mice.  Cloning and sequencing of DNA flanking- the transposons is
done as  described in Example I. Genomic DNA libraries for the isolation
and 10 sequencing of intact copies of the genesare constructed in the
laboratory by  standard methods: Example 8: Identification of virulence
genes in Asuergilus -fitmigqw  15 (a) Mutagenesis :The functional
egiuvalent of transposon mutagenesis in fungi is restriction  enzyme
mediated integration (REMI) of transforming DNA (Schiestl and  Petes (1991)
Proc Mad, Acad. Sci. 88, 7585). In this process, fungal cells  are
transformed with DNA fragments carrying a selectable marker in the 0) 20
presence of a restriction enzyme, and single copy integrations occur at
..different genomic sites, defined by the target sequence of the
restriction  enzyme.. REMI has already been used successfully to isolate
virulence  genes of Cochliobolus (Lu et al (1994) Proc. Natl. Acad. Sci.
USA 91,  12649) and Ustilago (Balker et a! (1995) Mot. Gen. Genet. 248,
547), and 25 have shown that incorporation of active restriction enzyme
with a plasmid  encoding hygromycin resistance leads to single and
apparently random  integration of the linear plasmid into the A. fumigates
genome. Sequence  tags are introduced into a convenient site in one of two
vectors for  hygromycin resistance, and ,used to. transform a clinical
isolate of A.  30. fumigatus. W096/17951 PC UGB95/02875  80 (b) Animal
model and virulence gene identification The low-dose model of aspergillosis
in neutropenic mice in particular  



closely matches the..course of pulmonary disease in humans (Smith et at
(1994) Infect. Immun. 62, 5247). Mice are inoculated intranasally with up 5
to 1,000,000 conidiospores/mouse, and virulent fungal mutants are
recovered 7-10 days later by using lung homogenates to inoculate liquid
medium. Hyphae are collected after a few hours, from which DNA is
extracted for amplification and labelling of tags to probe colony blots of
DNA from the. pool of transformants comprising the inoculum. DNA from 10
the regions flanking the REMI. insertion points are cloned by digesting the
transformant DNA with a restriction enzyme that cuts outside the REM1
vector, self ligation and transformation of E. coll. Primers based on the
known sequence of the plasmid are used to determine the adjacent A.
.fumigates DNA sequences. To prove that the insertion of the vector was 15
the cause of the avirulent phenotype, the recovered.plasmid is recut with
the  same restriction enzyme used for cloning, and transformed back into
the  wild-type A. fumigatus parent..strain. Transformants that have arisen
by  homologous recombination are then subjected to virulence. tests. .20
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7585-7589. 84  SEQUENCE LISTING  (1) GENERAL INFORMATION: (i) APPLICANT:
(A) NAME: RPMS Technology Limited (B) STREET: Commonwealth Building, On
Cane Road  (C) CITY: London 



(E) COUNTRY: United Kingdom  (F) POSTAL CODE (ZIP): W12 ONN (ii)TITLE OF
INVENTION: Identification of genes  (iii) NUMBER OF SEQUENCES: 38 (iv)
COMPUTER READABLE FORM: (A) MEDIUM TYPE: Floppy disk  (B) COMPUTER: IBM PC
compatible (C) OPERATING SYSTEM: PC-DOS/MS-DOS (D) SOFTWARE: Patentln
Release #1.0, Version #1.25 (EPO)_  (2) INFORMATION FOR SEQ ID NO: 1: (i)
SEQUENCE CHARACTERISTICS:  (A) LENGTH: 89 base pairs  (B) TYPE: nucleic
acid  (C) STRANDEDNESS: single  -(D) TOPOLOGY: linear (ii) MOLECULE TYPE:
cDNA  (iii) HYPOTHETICAL: NO  (iii) ANTI-SENSE: NO (vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide  (xi) SEQUENCE DESCRIPTION: SEQ ID
NO: 1: CTAGGTACCT ACAACCTCAA GCTTNKNKNK NKNKNKNKNK NKNKNKNKNK NKNKNKNKNK 60
(9  NKNKAAGCTT GGTTAGAATG GGTACCATG .89 (2) INFORMATION FOR SEQ.ID NO: 2:
(i) SEQUENCE CHARACTERISTICS:  (A) LENGTH: 18 base pairs  (B) TYPE: nucleic
acid  (C) STRANDEDNESS: single  (D) TOPOLOGY: linear (ii) MOLECULE TYPE:
cDNA  (iii) HYPOTHETICAL: NO  



(iii) ANTI-SENSE: NO (vi) ORIGINAL SOURCE: (A) ORGANISM: Synthetic
oligonucleotide  (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 85  TACCTACAAC
CTCAAGCT 18  (2) INFORMATION FOR SEQ ID NO: 3: (i) SEQUENCE
CHARACTERISTICS:  (A) LENGTH: 18 base pairs  (B) TYPE: nucleic acid  (C)
STRANDEDNESS: single  (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA  (iii)
HYPOTHETICAL: NO  (iii) ANTI-SENSE: NO (vi) ORIGINAL SOURCE: (A) ORGANISM:
Synthetic oligonucleotide (Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
CATGGTACCC ATTCTAAC 18 (2) INFORMATION FOR SEQ ID NO: 4:  (i) SEQUENCE
CHARACTERISTICS:  (A) LENGTH: 18 base pairs  (B) TYPE: nucleic acid  (C)
STRANDEDNESS: single  (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA  (iii)
HYPOTHETICAL: NO  (iii) ANTI-SENSE: NO (vi) ORIGINAL. SOURCE: (A) ORGANISM:
Synthetic oligonucleotide  .:.;j (xi) SEQUENCE DESCRI-PTION: SEQ, ID NO: 4:
TACCCATTCT AACCAAGC - - 18  



(2) INFORMATION FOR SEQ ID NO: 5:  (i) SEQUENCE CHARACTERISTICS:  (A)
LENGTH: 18 base pairs  (B) TYPE: nucleic acid  (C) STRANDEDNESS: single
(D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA  (iii) HYPOTHETICAL: NO (iii)
ANTI-SENSE: NO - -- - (vi) ORIGINAL SOURCE: (A) ORGANISM: Synthetic
oligonucleotide  (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 86  CTAGGTACCT
ACAACCTC 18  (2) INFORMATION FOR SEQ ID NO: 6: (i) SEQUENCE
CHARACTERISTICS:  (A) LENGTH: 20 base pairs  (B) TYPE: nucleic acid  (C)
STRANDEDNESS: single  (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA  (iii)
HYPOTHETICAL: NO  (iii) ANTI-SENSE: NO (vi) ORIGINAL SOURCE: (A) ORGANISM:
Synthetic oligonucleotide  (xi). SEQUENCE DESCRIPTION: SEQ ID NO: 6:
CCTAGGCGGC CAGATCTGAT 20  (2) INFORMATION FOR SEQ ID NO: 7: (i) SEQUENCE
CHARACTERISTICS:  (A) LENGTH: 21 base pairs  (B) TYPE: nucleic acid  



(C) STRANDEDNESS: single  (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA -
`"  (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO - - (vi). ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide` (xi) SEQUENCE DESCRIPTION: SEQID
NO. 7: - - - `V  GCACTTGTGT ATAAGAGTCA G 21 (2) INFORMATION FOR SEQ ID NO:
8: - - - - (i) SEQUENCE CHARACTERISTICS: (A) LENGTH: 300 base pairs  (B)
TYPE: nucleic acid (W) STRANDEDNESS: double  (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: DNA (genomic) - (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE: (A) ORGANISM: Partial sequence of Salmonella
typhimurium  virulence gene 87  (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:
GGTCTTAATG TACGGGCATG GTCTGCATCG ATAACTCCGG CACGCAAATC GCCATCGATA 60
CTCATTTGTT TGGCTGGCAT CCCATCAAGC GAGAAACGTG CGCTAACTTC CGCCACCCTC 120
TCGATACCTT TTGTAATGAC AATAAATTGC ACGATAGTAA TGATGGTAAA TACGACCAAC 180
CCAACGGTGA GATTTCCTCC TACGACAAAC TTACCGAAAG CATCCACAAA TATTACCGGC 240
ATTATGTTGT AACAGTACCC AGCCGTGATG TGCTGATTGG GGAGTTAACA ACCGATTTAT 300  (2)
INFORMATION FOR SEQ ID NO: 9: (i) SEQUENCE CHARACTERISTICS:  (A) LENGTH:
300 base pairs  



(B) TYPE: nucleic acid (C) STRANDEDNESS: double  (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: DNA (genomic)  (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE: (A) ORGANISM: Partial sequence of Salmonella
typhimurium  virulence gene (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:
GCGCGGACGC TAGTGTGGTG GGTGACAGCC AGACGTTACC GAACGGGATG GGGCAGATCT 60
GTTGGCTTAC AAAAGACATGG000ATAAGG CGCAAGGTTT TGGGACTGGA CGTTTTCGCG .120
GGCAGACAAG GTATCTCTGT CTTATTAAAA TGTGTCCTGC TTCGGCATAT GTATCGAACC 180
CTCGGAGCAA.AGTCGTTTGG GCGCAGAATT AGTACGTTTG GGTCGGTTGCTGTTATTCCT 240
TGGGCTCGGA AAAAGAGTGC CAGCGTGAAG GAGTGGGATT TGGCAGACTG GCCGCCTAAT 300,  (2)
INFORMATION FOR SEQ ID NO: 10: (i) SEQUENCE CHARACTERISTICS: (A) LENGTH:
300 base pairs - - - (B) TYPE: nucleic acid (C) STRANDEDNESS: double (D)
TOPOLOGY: linear - - - (ii) MOLECULE TYPE: DNA (genomic) (iii)
HYPOTHETICAL: NO  (iii) ANTI-SENSE: NO  (vi) ORIGINAL SOURCE: (A) ORGANISM:
Partial sequence of Salmonella typhimurium  virulence gene (xi) SEQUENCE
DESCRIPTION: SEQ ID NO: 10:  88  CACTATAGGG AAAGCTTGCA TGCCTGCAGG
TCGACTCTAG AGGATCTACT AGTCATATGG 60  ATTGCACTTG TGTATAAGAG TCAGGATTAG
AGGACATGCG CCGGGAACCA TACTATCTTT 120  



TTCCGGTGCT TCGACGCCAT TTGCGGAAAC CACAGACTTT TTGCGGCGAA TGAGGATAAT 180.
TGGCAATGCT AACAACGCTG AAAAGAAAGC GAGAGTGATA AAAGGAAAGC CAGGAATTAA 240
AGCGAGGAGC ATTAAAACCA CAGCGGCTAA TATGAGCGAC TGAGGTTGTC TGGCAATTTG 300
(2)~INFORMATION FOR SEQ ID NO: 11: (i) SEQUENCE CHARACTERISTICS:  (A)
LENGTH: 300 base pairs  (B) TYPE: nucleic acid (C) STRANDEDNESS: double
(D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic)  (iii) HYPOTHETICAL:
NO (iii) ANTI-SENSE: NO  (vi) ORIGINAL SOURCE: (A) ORGANISM: Partial
sequence of Salmonella t.yphimurivm  virulence gene (xi) SEQUENCE
DESCRIPTION: SEQ ID NO: 11: - TGCAGGCCGA CTCTAGAGGA TCCCCGGGTA CCGGTAATTT
CTTTAACCTC GCATCCCGGT 60  GGATGAAAGG ATATTCTGGC TGCGTAAGTA
ATGAATGAACCGCCCAGTAG ATAAAATATT 120  GAAAGTGATA ACCTGATGTT TTAATAACGA
TGCAGGATAT ACATATAACA TGCTGGCATC 180  AAACCAGGTA AGCAAATCAT ATTGTGCTGC
CAGGTTATTC AAACTATCGA CCGGTGGTCC 240  AGGCGGGAAT TTTTCCACTA AATGTAGGTG
GGATCAATGG GCTAATTGGT ATAGGCGGAT` 300 - (2) INFORMATION FOR SEQ ID NO: 12:
F:.  (i) SEQUENCE CHARACTERISTICS: (A) LENGTH: 324 base pairs  (B) TYPE:
nucleic acid (C) STRANDEDNESS: double (D) TOPOLOGY; linear (ii) MOLECULE
TYPE: DNA (genomic)  (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO  (vi)
ORIGINAL SOURCE: (A) ORGANISM: Partial sequence of Salmonella typhimurium  



virulence gene (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: CCTGTGATTC
CGGATGAAAT AGCTTTTACG AAAGCTGTCA GACNTGCTGA AGAATACGCT 60 89  GCAAATGGTA
AGCTTGTAAC TTTTGGGTAT TGTTCCAACG CATGCTGAAA CGGGTTATGG 120  ATATATTCGT
CGCGGTGAGT TGATAGGAAA TGACGCTTAT GCAGTGGCTG AATTTGTGGA 180
GAAACCGGATATCGATACCG CCCGTGACTA TTTCAAATCA GGGGAAATAT TACTGGCCTA 240
GCGGCGATGT TTTTATTTCG.CGCAAAG000 TTATTTAAAC GAATTAAACG TATCTATCAC 300
CCCCAAATTC ATACAGCTTG TGAA 324  (2) INFORMATION FOR SEQ ID NO: 13: (i)
SEQUENCE CHARACTERISTICS:  (A) LENGTH: 292 base pairs  (B) TYPE: nucleic
acid (C) STRANDEDNESS: double  (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA
(genomic)  (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO  (vi) ORIGINAL
SOURCE: (A) ORGANISM: Partial sequence of Salmonella typhimurium  virulence
gene (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: TTACTAAACA GGGCCCCGGA
CCATGTAAAC ACCACGCTTG CCAACACTAA AAAACGATGC 60  TTGCCGTAAA AAAATTGAAC
GTTATTTACT TAATACGCCT ATTTTATTTA CATTATGCAC 120  GGACAGAGGG TGAGGATTAA
ATGGATAATA TTGATAATAA GTATACTCCA CAGCTATGTA 180  AAATTTTGGG GGCTATATCG
GATTTGGTTG TTTTTAATTT AGCCTTATGG CTTTCACTAG 240  GATGTGTCTA TTTTTTTTGT
GGTCAAGCAC AGAGATTTAT TCCCCAACCA CC 292  (2) INFORMATION FOR SEQ ID NO: 14:
(i) SEQUENCE CHARACTERISTICS:  (A) LENGTH: 300 base pairs  (B) TYPE:
nucleic acid 



(C) STRANDEDNESS: double  (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA
(genomic)  (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO  (vi) ORIGINAL
SOURCE: (A) ORGANISM: Partial sequence of Salmonella typhimurium  virulence
gene (xi) SEQUENCE DESCRIPTION: SEQID NO: 14: TTTCCTTGCC GTGACAGTCC
GGGATGCGAG GTTAACGAAA TTACCGGCACCAAAGCTGTG 60  GAGGTGAGCG GTGTCCCCAG
CTGCCTGACT CGTATTAGTC AATTAGCTTC AGTGCTGGAT 120 90  AATGCGTTAA TCAAACGAAA
AGACAGTGCG GTGAGTGTAA GTATATACAC GCTTAAGTAT 180  GCCACTGCGA TGGATACCCA
GTACCATTAT CGCGATCAGT CCGTCGTGGT TCCAGGGGTC 240  GCCTAGTGTA TTGCGTGAGA
TGAGTAACAC CAGCGTCCCG ACGTCATCGA CGAACAATGG 300  (2) INFORMATION FOR SEQ ID
NO: 15: (i) SEQUENCE CHARACTERISTICS:  (A) LENGTH: 297 base pairs  (B)
TYPE: nucleic acid (C) STRANDEDNESS: double  .(D) TOPOLOGY: linear (ii)
MOLECULE TYPE: DNA (genomic)  (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE: (A) ORGANISM: Partial sequenceof Salmonella
typhimurium - - i~  virulence gene (xi) SEQUENCE DESCRIPTION: SEQ ID NO:
15:. CATGAGTAAC CTACCCAACT GTAATCTTTA CCAATATGCA TCATAATCTT CTGCTGGTAA 60
ATGATTGGTA ATATCGGAAA GGTAAGTGAC ATAAGCACGC CATTACGTAA AAGTGCGGCC 120  



CCTAAACTGC CACTTTTTAA TAAGGGAAGT AATAAAGAAA GGCTCAATGG TCGAATAAAA 180
GCCACAGCCA ATGCAATAAG CCACTCATTT ACCTGTTGTG CCATTCAACC ATGCTCTCCA 240
ATTCGTAACA TTATCTGCCG GGTATAATTC AACAGGATAC CGCTAAGCCA TGGGTAG 297  (2)
INFORMATION FOR SEQ ID NO: 16: (i) SEQUENCE CHARACTERISTICS:  .(A) LENGTH:
184 base pairs  (B) TYPE: nucleic acid (C) STRANDEDNESS: double  (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic)  (iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO  (vi) ORIGINAL SOURCE: (A) ORGANISM:. Partial sequence
of Salmonella.typhimurium  .virulence gene (xi) SEQUENCE DESCRIPTION: SEQ
ID NO: 16:. ATTCCAGCCCCCGGGCCATC TAACCACTAT GAACAATCAT. CTTCTGGGTG
GACAATCATT 60  GGTACCATCG GCCAGGCTTG TGCAATATGT ATGTCATCAC GTAAAAGCGC
GGCCCCTTAA 120  TCTCCCCATTCTTCCTTAAG GGCAGTTATC ACGGCTGGCT CAATGGCCGG
CTTAACAGCC 180  ACAG. . ,:184 91  (2) INFORMATION FOR SEQ ID NO: 17: (i)
SEQUENCE CHARACTERISTICS:  (A) LENGTH: 306 base pairs  (B) TYPE: nucleic
acid (C) STRANDEDNESS- double  (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA
(genomic)  (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO  



(vi) ORIGINAL SOURCE: (A) ORGANISM: Partial sequence of Salmonella
typhimurium  virulence gene .(xi)SEQUENCEDESCRIPTION: SEQ ID NO: 17:
GAGGCGCGTC TTCGGTTGAG.GGTCGCCCTC CAGATCTTTA TGCTCCTGTT TTACGTCATC 60
TTTACTCATT TTAAGATCTT TTCTAATCTT ATAATATTGA AAAGAATAGT CCAGTATGCC 120
AACGACGAAA TAAAGAAACA TCACCCCAACCCATAACCAT TTTTTCAATG ATGAAAGCAC 180
AAGCACGCCA CAGGCTACAC CACAGCCCGG AGGGGGCCGG AAAGTGCTGG GATCTTGATT 240
AATGAAAAAG GCAAAGGGAA GAGATAGGAT GATGCATGCT GGTTGGAGGC AGATTATTCA 300
TCTTCG 306  (2) INFORMATION FOR SEQ ID NO: 18: (i) SEQUENCE
CHARACTERISTICS:  (A) LENGTH: 297 base pairs  (B) TYPE: nucleic acid (C)
STRANDEDNESS: double  (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA
(genomic)  (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO  (vi) ORIGINAL
SOURCE: (A) ORGANISM: Partial sequence of Salmonella typhimurium  virulence
gene ;4xi) SEQUENCE DESCRIPTION: SEQ.'ID NO: 18: AGTTGCCGTA TTTATTAAAT
ATTCACCTCA GGTCAATATG GAGGTCTTCC CGGCTAAAAA 60  TCATTGCTTT ACTAGAGATA
TCACTCCCTG GGTTGCAATA CAGTACGATT AGTTATCTTG 120  ATGCAGCCTG CTGATTTCAG
AATGGCAGCTGACGTACCCG CGAGACAAAC ATTCTGGATT 180  ATGGACGTTA.TCAACGCCAA
TATAGGGAAG GTGGTGAAGT GGTTGATGAA ATACCCCTAT 240 CCCTTGCATG TTATCGCTGA
CAGGACTGTT ATCAGGAGCG GGCATCCTCG ATCGGCT' 297. (2) INFORMATION FOR SEQ ID
NO: 19: 92  (i) SEQUENCE CHARACTERISTICS: (A) LENGTH: 297 base pairs  



(B) TYPE: nucleic acid (C) STRANDEDNESS: double  (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: DNA (genomic)  (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE: (A) ORGANISM: Partial sequence of Salmonella
typhimurium  .virulence gene (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19:
CAAGAGACAGATCCAACTCG GGCCGATCGC CATAACGCCA GCAGTTTGAA AGATGAAAGC 60
CCAGCTTATC CAGCCATTCC GGTACAGCGT AACGAGCAGG TTGCCAGAAA TAACGATAAA 120
GTTGCAACAC CTCGGGATCA GGTCGGCTCA AAAACGGGGTCTCAGGCAAA AATAGCCGAT. 180
CAGGATGCCC ACTCCTAATA ACAGTCCTGT CAACGATAAC ATCAACGGATAAGGGTATTT 240
CATCAACCAC TTCACCACCT TCCCTTTATT GGCGTTGGAT AACGTCCATA ATCCAGA 297  (2)
INFORMATION FOR SEQ ID NO: 20: (i) SEQUENCE CHARACTERISTICS:  (A)
LENGTH:.298 base pairs  (B) TYPE: nucleic acid (C) STRANDEDNESS: double
(D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic)  (iii) HYPOTHETICAL:
NO (iii) ANTI-SENSE: NO  (vi) ORIGINAL SOURCE: (A) ORGANISM: Partial
sequence of Salmonella typhimurium  virulence gene (xi) SEQUENCE
DESCRIPTION: SEQ. ID NO, 20: AGGGCTTTAT TGATTCCATT TTTACACTGA TGAATGTTCC
GTTGCGCTGC-CCGGATTACA 60  GCCGGATCCT CTAGAGTCGA CCTGCAGAAC CGAGCCAGGA
GCAAATTAAT TTTTTTGGGC 120  AATTGCTGAAAGATGAAGCA TCCACCAGTA ACGCCAGTGC
TTTATTACCGCAGGTTATGT 180  



TGACCAGAAA AATAGATTAT ATGCAGTTAA CGGTAGGCGT CGATTATCTT GTCAGAATAT 240
CAGGCGCAGC ATCGCAAGCG CTTAATAAGC TGGGTAACAT GGCATGAAGG GGCAACCC 298
(2).INFORMATION FOR SEQ ID NO: 21: (i) SEQUENCE CHARACTERISTICS:  (A)
LENGTH: 298 base pairs  (B) TYPE.: nucleic acid 93  (C) STRANDEDNESS:
double (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic)  (iii)
HYPOTHETICAL: NO (iii) ANTI-SENSE: NO  (vi) ORIGINAL SOURCE: (A) ORGANISM:
Partial sequence of Salmonella typhimurium  virulence gene (xi) SEQUENCE
DESCRIPTION: SEQID NO: 21: CACTATAGGG AAAGCTTGCA TGCCTGCAGG
TCGACTCTAGAGGATCTACT AGTCATATGG 60  ATTCCTAGGC GGCCAGATCT GATCAAGAGA
CAGATCCAAC TCGGGCCGATCGCCATAACG 120  CCAGCAGTTT GAAAGATGAA
AGCCCAGCTTATCCAGCCAT TCCGGTACAG CGTAACGAGC. 180  AGGTTGCCAG AAATAACGAT
AAAGTTGGAACACCTCGGGA TCAGGTCGGC TCAAAAACGG 240  GGTCTCAGGC AAAAATAGCC
GATCAGGATG CCCACTCCTA ATAACAGTCC TGTCAACG 298  (2) INFORMATION FOR SEQ ID
NO: 22: .(i) SEQUENCE CHARACTERISTICS:  (A) LENGTH: 301 base pairs  (B)
TYPE: nucleic acid (C) STRANDEDNESS: double (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: DNA (genomic)  (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO -
-- - (vi) ORIGINAL SOURCE: (A) ORGANISM: Partial sequence of Salmonella
typhimurium  



virulence.gene (xi) SEQUENCE: DESCRIPTION: SEQ ID NO: 22: CCCCCCCCCT
TCTCCTGGCT TACACAGCCC CAGACCGGCG CTGGAAAAGG CCCTTCCCGC 60
CATACAGGAG,GCCAGCAACA TATTTTCACG CGCCGCCAGATCGTGGCCGT'AACCCACGGC 120
TTTCGGCAGCGATTTGCCAATCATCGCTAT.CGCGCCAATC GCCAGGCTGT CGGTAAACGG 180
CGTGGCGTTG AGCGCGCTGTAGGCCTCAAT CGCATGCGTC AACGCATCGA ~TACCGGTCAT- 240 '
CGCCGTCACG TTTGGCGGAA CGCCTTCGGT CACGGAAGCA TCAAGAATCG CCACGTCCGG 300  C
301  (2). INFORMATION FOR SEQ ID NO. 23:- - - - (i) SEQUENCE
CHARACTERISTICS: (A) LENGTH: 289 base pairs  (B) TYPE: nucleic acid (C)
STRANDEDNESS: double  (D) TOPOLOGY: linear 94  (ii) MOLECULE TYPE: DNA
(genomic) (iii) HYPOTHETICAL: NO  (iii) ANTI-SENSE: NO  (vi) ORIGINAL
SOURCE: (A) ORGANISM: Partial sequence of Salmonella typhimurium  virulence
gene (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: CGCGAACGTG CGCCGCAACT
GCTTGTGGAC GGTGAATTGC AGTTTGACGC CGCTTTCGTG 60  CCGGAGGTCG
CCGCGCAAAAAGCGCCTGAC AGCCCGCTGC.AAGGCCGCGC CAACGTGATG 120  ATTTTCCCGT
CGCTGGAGGCGGGCAATATT.GGCTACAAAATCACTCAGCG TCTGGGAGGC. 180
TATCGCGCTG.TTGGGCCGCT AATTCAGGGGCTTGGCGCGC CGCTTCACGA CCTCTCCCGA . 240
GGCTGTAGCG TGCAGGAAAT TATCGAACTG CGGTTGGTGA GAAAACCAA 289  (2) INFORMATION
FOR SEQ ID NO: 24: (i) SEQUENCE CHARACTERISTICS:  (A) LENGTH: 303 base
pairs  (B) TYPE: nucleic acid 



(C) STRANDEDNESS: double  (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA
(genomic)  (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO  (vi) ORIGINAL
SOURCE: (A) ORGANISM: Partial sequence od Salmonella typhimurium  virulence
gene (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: t  CGCCCTAGCA TGCCTGGCGT
TGTCCGGTTA TTGCTCGTCA AGCGAACAGA TGCAAAAGGT 60  GAGAGCGACT CTCGAATCAT
GGGGGGTCAT GTATCGGGAT GGTGTAATCT GTGATGACTT 120  ATTGGTACGA GAAGTGCAGG
ATGTTTTGGA TAAAAATGGGTTACCCGCAT GCTGAAGTAT 180  CCAGCGAAGG GCCGGGGAGC
GTGTTAATTC ATGATGATAT ACAAATGGAT CAGCAATGGC 240  GCAAGGTTCAACCATTACTT
GCAGATATTC CCGGGTTATTGCACTGGCAG ATTAGTCACT 300 CTC 303  (2) INFORMATION FOR
SEQ ID NO: 25: - - - (i) SEQUENCE CHARACTERISTICS: --  (A) LENGTH: 300 base
pairs (B) TYPE: nucleic acid - - - - '..  (C) STRANDEDNESS: double (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic) 95  (iii) HYPOTHETICAL:
NO (iii) ANTI-SENSE: NO  (vi) ORIGINAL SOURCE: (A) ORGANISM: Partial
sequence of Salmonella typhimurium  virulence gene (xi) SEQUENCE
DESCRIPTION: SEQ ID.NO: 25: CCCTTCCCAG GCTCGACAGG TACACAGCCA GCCACTGGTG
CAGGCAGTTA CTTGCTTTCA 60  



TCATGGGAAG GAGCAATATC CTGATATATT AAAGAAAGAG CGGGATCCCC TTTCTTTACT 120
GCTGCTAACG TTTCTTGCAA AATGCGTTGA TGAGATTCAT CCAGCACACC ACTGATAACA 180
AAAGAGCGCCGCATTGGCGT AACATTGACA AGCCCCACTA AACCGCTCTC TATTATCGCA 240
GAAATAATAT CATCCCCCTG AGACTGATGA GAGTGACTAT TCTGCCAGCG CAAATAACCC 300  (2)
INFORMATION FOR SEQ ID NO: 26: (i) SEQUENCE CHARACTERISTICS:  (A) LENGTH:
303 base pairs  (B) TYPE: nucleic acid. (C) STRANDEDNESS: double  (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic)  (iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO  (vi) ORIGINAL SOURCE: (A) ORGANISM: Partial sequence
of Salmonella typhimurium  virulence gene (xi) SEQUENCE DESCRIPTION: SEQ ID
NO: 26: ATACCGAGTA TTAAGCGGCT GTGTAACATC GTCATCCAAC AACATACGCA GCGAGCCGCC
60  ACGCCGGAAA AACCGCATCG TGTCATGTGC CTGTTGTAGG GTCGGGTCTT TTTTCATGAG 120
TACGTTTTCT GCGCTATCAT ACTGGAAATT TCCCCCCACT TACTGATAAG CCCTGTCAGT 180
TGGGTAAGGA CAGAGTTAAG CTCCTGAGAC ATTTTTTGGA ATGGTTATCT TTCCCCGACT 240
CATAAAATCG GTATTCCCGC TGGGGGCAAT ATCCAAAGAC GCTTTGGTCG CCCGTAGGGC 300  ACC
303  (2) INFORMATION FOR SEQ ID NO: 27: (i) SEQUENCE CHARACTERISTICS:  (A)
LENGTH: 300 base pairs  (B) TYPE: nucleic acid (C) STRANDEDNESS: double
(D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic) 



96  (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO  (vi) ORIGINAL SOURCE: (A)
ORGANISM: Partial sequence of Salmonella typhimurium  virulence gene (xi)
SEQUENCE DESCRIPTION: SEQ ID NO: 27: GCCGTATGCC TGCAGTTGCC CGGTTATTGC
TCGTCAAGCG AACCGATGCC AAAGGTGAGA 60  GCGACTCTCG AATCATGGGG.GGTCATGTAT
CGGGATGGTG TAATCTGTGA TGACTTATTG 120  GTACGAGAAG TGCAGGATGT TTTGGTAAAA
ATGGGTTACC CCCATGCTGA AGTATCCAGC 180  GAAGGGGCGG GGAGCGTGTT AATTCACGAT
GATATTCAAA TGGGTCAGCA ATGGGGCAAG 240  GTTCAACCCC CACTTGCAGA TATTCCCCCC
CCTATTGGAC TGGCAGATTA GTCACTCTCA. 300 . g,  (2) INFORMATION FOR SEQ ID NO:
28: (i) SEQUENCE CHARACTERISTICS:  (A) LENGTH: 300 base pairs  (B) TYPE:
nucleic acid (C) STRANDEDNESS: double  (D) TOPOLOGY: linear. - (ii)
MOLECULE TYPE: DNA(genomic) (iii) HYPOTHETICAL: NO  (iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE: (A) ORGANISM: Partial sequence of Salmonella
typhimurium  virulence gene (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28:
GGGCGACCTG CCCGCGGCGC AACTTTCCCC GAAGCGTTTT CCATTTCCTT GTTCTTAAAT 60
GACCTGGAAA GCTTACCTAA GCCTTGTCTT GCCTATGTGA CAATACTGCT TGGAGAACAC 120
CCGGACGTCC ATGATTATGC TATACAGATC ACAGCGGATG GGGGATGGTG AATCGGTTAT 180
TATACCACAA GTCGCAGCTC TGAGCTTATT GCTATTGAGA TAGAAAAACA CCCCGCTTCA 240  



ACTTGGATTT TGAATAATGT AATACGCAAT CACCATACAC TATATTCGGG'TGGCGTATAA 300  (2.)
INFORMATION FOR SEQ ID NO: 29: (i) SEQUENCE CHARACTERISTICS:  (A) LENGTH:
266 base pairs  (B) TYPE: nucleic acid (C) STRANDEDNESS: double  (D)
TOPOLOGY linear (ii) MOLECULE TYPE: DNA (genomic)  (iii) HYPOTHETICAL: NO
97  (iii) ANTI-SENSE: NO (vi) ORIGINAL SOURCE: (A) ORGANISM: Partial
sequence of Salmonella typhimurium  virulence gene (xi) SEQUENCE
DESCRIPTION: SEQ ID NO: 29: TTCGAGCTGG GGCACCGCTA ATATCTTTAA CCTCGCATCC
CGGTGATGAA AGGATATTCT 60  GGCTGCGTAA GTAATGAATG AACCGCCCAG CAGATAAAAT
ATTGACAGTG ATAACCCGAT 120  GTTTTTTTAA CGATGCAGGC TATACATATA ACATAGCTGG
CCACCAACAC AGCTGAAGTA 180  AATCATATTG TTGCTGCCAG GCTACTTCAC ACTATTGTCC
GGCGGGCCAG CGGGGATTTT 240  CCCCCTAAAT CTCGCTGGTT CTCAAA 266  (2)
INFORMATION FOR SEQ ID NO: 30: .'1 (i) SEQUENCE CHARACTERISTICS:  (A)
LENGTH: 300 base pairs  (B) TYPE: nucleic acid (C) STRANDEDNESS: double -.
(D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic)  (iii) HYPOTHETICAL:
NO (iii) ANTI-SENSE: NO  (vi) ORIGINAL SOURCE: (A) ORGANISM: Partial
sequence of Salmonella typhimurium  



virulence gene (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: AGTCTACGAT
TTCGCTATAT CTTCTCTTAA TCATGGCCGCCATTTGTGGA TGCGATTTTA 60  AAATATCCGG
GCGATCTTTC ATTAAAAAATAAAGATTCCC CATGACTTCA CAGATAAAGG 120  f.a TATCGGTATT
TTGAGTGATA CGTAACAATT CGTTCTCTTC GTGTGGGTCC ATGATGCGAA 180
GAATAATGGTGGCATCATTT TCATGAGGAT TATGAACCCG AAATCTTTCT CTTTGCGATG 240
CGCAGGCTAA CTCTTTCAAC TCAAAAAAAA TCTCTGTAAG CCGCTCTCGT GTGGGGGCGC 300  (2)
INFORMATION FOR SEQ ID NO: 31: (i) SEQUENCE CHARACTERISTICS: (A) LENGTH:
299 base pairs - - - (B) TYPE: nucleic acid (C) STRANDEDNESS:-double  (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic)  (iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: No  (vi) ORIGINAL SOURCE: 98  (A) ORGANISM: Partial
sequence of Salmonella typhimurium  virulence gene (xi) SEQUENCE
DESCRIPTION: SEQ ID NO: 31: GCGCCCCTTT AATTGGTTGA GGCGGCTGGT ATTCTTGTAA
GGGTAATACT AGCGAGACCC 60  AGGTTCCACC CCCGGGGACA CTTTTTAGTG TCAGATTACC
GCCCATCATT TTAGCCAGGC 120  TTGACGCAAT AGTCAGTCCA ATTCCTGTAC CTTGCGAATT
TGTGTCTGCT TGATAAAAAG 180  CAGAAAAGAT TTGAGACTGC TGCTGTTTTT CAATCCCCCC
ACCGCTATCG CTAACCAGAA 240  ATATTAATTG TTCCTCACCA AGATTGAGCG CCAGACGTAT
CCCTCCCCCC TCGGGAAAT 299  (2) INFORMATION FOR SEQ ID NO: 32: (i) SEQUENCE
CHARACTERISTICS:  (A) LENGTH: 300 base pairs  (B) TYPE: nucleic acid (C)
STRANDEDNESS: double F  



(D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic)  (iii) HYPOTHETICAL:
NO (iii) ANTI-SENSE: NO  (vi) ORIGINAL SOURCE: (A) ORGANISM: Partial
sequence of Salmonella typhimurium  virulence gene (xi) SEQUENCE
DESCRIPTION: SEQ ID NO: 32: GGATAAGATC CCGGATAAGT ATGTCAGGCT CGTATGCACA
ACAGGCATTA TAAACCTCTA 60  GACCATTTTT AACATGCTCT ACTATTTTAA AATGAGGCCA
GGGTAATAAGGCATTCATAA 120  TGCCGTTAAT GATGATTTCA TGATCGTCTA CTAATAAGAT
CTTATATTCT TTCATTTGGC 180  TGCCCTCGCG AAAATTAAGA TAATATTAAG
TAATGGTGTAGGTTGTGGAG ATCATACGTA 240 TTTTCTGGCG TAAGTCGGTT AGTTCCTCCA
GCGCGATGAT TTTCCCCATT TTTACGCGAT 300 (2) INFORMATION FOR SEQ ID NO: 33:
(i) SEQUENCE CHARACTERISTICS:  (A) LENGTH: 278 base pairs  (B) TYPE:
nucleic acid (C) STRANDEDNESS: double - - - (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: DNA (genomic)  (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE: (A) ORGANISM: Partial sequence of Salmonella
typhimurium  virulence gene 99  (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33:
TTCCATATTG CTCGTCCGGG GAGCGTGTTA ATTCTTGATG ATATACCAAT GGATCTGCAA 60
TGGCGCAAGG TTCAACCATT ACTTGGAGAT ATTCCCGGGT TATTGTACTG GGAGATTAGT 120
CACTCTCATC AGTCTCAGGG GGGTGATGTT ATTTCTGGGA TAATAGAGCA ACGGCGTTAG 180
CAGGGGTCGG TCAGTAGTCA CGGCCAACTT CGGTGCACTT TTGCGTATCA CTGGGGTATC 240
ATAACTGAAT CTCATCCCCC CCACTTTGGT AATCACAC 278  



(2) INFORMATION FOR SEQ ID NO: 34: (i) SEQUENCE CHARACTERISTICS:  (A)
LENGTH: 301 base pairs  (B) TYPE: nucleic acid (C) STRANDEDNESS: double
(D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic)  (iii) HYPOTHETICAL:
NO (iii) ANTI-SENSE: NO  (vi) ORIGINAL SOURCE: (A) ORGANISM: Partial
sequence of Salmonella typhimurium ':.  virulence gene (xi) SEQUENCE
DESCRIPTION: SEQ ID NO: 34: AATTCTTTTA CCTCCATAAG CTGCGTGGCA
TAGCGATACAGAGTATTAAG CGGGTGTGTT 60  ACATCGTCAT CCAACAACAT ACGCAGCGAG
CCGCCACGCC GGAAAAACCG CATCGTGTCA 120  TGTGCCTGTT GTAGGGTCGG
GTCTTTTTTT.CATGAGTACG TGTTCTGCGC TATCATACTG 180  GAAATTTCCC CCCACTTACT
GATAAGCCCTGTCAGTTGGG TAAGGACAGC GTTAAGCTCC 240 TGAGACATTT TTTGAGTTGT
TATCTGCCCC CCGACTCATA AGATCGGGTA TTCCGCGGTG 300. G 301  (2) INFORMATION FOR
SEQ ID NO: 35: (i) SEQUENCE CHARACTERISTICS:  (A) LENGTH: 297 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: double  (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETICAL: NO - (iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE: (A) ORGANISM: Partial sequence of Salmonella
typhimurium  virulence gene (xi) SEQUENCE DESCRIPTIONS SEQ ID NO: 35: 



100  ATATCCCTAA TGCTTTTCCT TAAAATAAAT ACCACGGAAG GATACTGGCC ACCTAGCCAA 60
ATTTAGAAAG CAATGAACAT CCGGTTTATT CCTGAAAACG ATTACTCCGG CGCACGTTGT 120
TCTGGCGTTA CCTGAGCCAG CAAACGATAT AATGGGGTGG TGACCCGCAT ACCGGTCATT 180
GGCATCCCAT CCACACCGGA GGGAGTAAAA CTCATTAGGC CATAGGTAAT ATCATTAAGA 240
CGCTCTAATA AATGAGGGTG GGGGGCCCAA ACTACCACTC CAGTATGTAT TGAGTCA 297  (2)
INFORMATION FOR SEQ _ID NO: 36: (i) SEQUENCE CHARACTERISTICS- (A) LENGTH:
291 base pairs  (B) TYPE: nucleic acid (C) STRANDEDNESS: double  (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic)  (iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO  (vi) ORIGINAL SOURCE (A) ORGANISM: Partial sequence
of Salmonella typhimurium  virulence gene (xi) SEQUENCE DESCRIPTION: SEQ ID
NO: 36: CCCATGGGCG CAATTTGTTG CGCAGCGTTT ACCCGACCATCGCGTTTATG AGCTGTAATT 60
CATGGGGGGT AAAAACGGGC GTGACGACCC CAACGGAAGA TAAGGCCGGG CTTAAACAGG- 120
AGATTATTGCTAATGCGCAG CGCAAGGTGT TGCTGGCGGACAGCAGTAAG TATGGCGCGC 180
ATTCGCTCTT TAATGTGGTG CCGCTTGAGC GCTTTAATGA CGTGATTACCGACGTCAATC 240
TGCCGCCGTC AGCGCAGGTT GAACTGAAAG GGCGCGCTTT TTGCGCTAAC G 291  (2)
INFORMATION FOR SEQ ID NO: 37: (i) SEQUENCE CHARACTERISTICS: ~-'  (A)
LENGTH: 13417 base pairs - - -  (B) TYPE: nucleic acid  (C) STRANDEDNESS:
double  (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic)  



(iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO  (vi) ORIGINAL SOURCE: (A)
ORGANISM: DNA sequence ofVGC II from centre to left  hand end (xi)"
SEQUENCE DESCRIPTION: SEQ ID NO: 37 CTGCAGAACC GAGCCAGGAG CAAATTAATT
TTTTTGAACA ATTGCTGAAA GATGAAGCAT 60  CCACCAGTAA CGCCAGTGCT
TTATTACCGC.AGGTTATGTT-GACCAGACAA-ATGGATTATA"120 " 101  TGCAGTTAAC
GGTAGGCGTC GATTATCTTG CCAGAATATC ACGGCGCAGC ATGCCAAGCG 180  CTTAATAAGC
TGGATAACAT GGCATGAAGG TTCATCGTAT AGTATTTCTT ACTGTCCTTA 240  CGTTCTTTCT
TACGGCATGT GATGTGGATC TTTATCGCTC ATTGCCAGAA GATGAAGCGA 3.00  ATCAAATGCT
GGCATTACTT ATGCAGCATC ATATTGATGC GAAAAAAAAC AGGAAGAGGA 360  TGGTGTAACC
-TTACGTGTCG AGCAGTCGGC AGTTTATTAA TGCGGTTGAG GCTACTTAGA 420  CTTAACGGTT
ATCCGCATAG GGCAGTTTAC AACGGCGGAT AAGATGTTTC CGGCTAATCA 480  GTTAGTGGTA
TCACCCCAGG AAGAACAGGCAGAAGATTAA TTTTTTAAAA GAACAAAGAA 540  TTGAAGGAAT
GCTGAGTCAG ATGGAGGGGC GTGATTAATG GCAAAAGTGA CCATTGCGCT 600  ACCGACTTAT
GATGAGGGAA GTAACGCTTCTCCGAGCTCA.GTTGCCGTATTTATAAAATA 660  TTCACCTCAG
GTCAATATGG AGGCCTTTCG GGTAAAAATT AAAGATTTAA TAGAGATGTC 720
AATCCCTGGGTTGCAATACA.GTAAGATTAGTATCTTGATG CAGCCTGCTG AATTCAGAAT '780
GGTAGCTGAC GTACCCGCGA GACAAACATT CTGGATTATG GACGTTATCA ACGCCAATAA 840
AGGGAAGGTG GTGAAGTGGT TGATGAAATA CCCTTATCCG TTGATGTTAT CGTTGACAGG. 900
ACTGTTATTA GGAGTGGGCA TCCTGATCGG CTATTTTTGC CTGAGACGCC-GTTTTTGAGC 960
CGACCTGATCCCGAGGTGTT GCAACTTTAT CGTTATTTCT GGCAACCTGC TCGTTACGCT 1020
GTACCGGAAT GGCTGGATAA GCTGGGCTTT CATCTTCAAACTGCTGGCGT TATGGCGATC. 1080
GGCCCGAGTT GGATCGTCTT CTTGACAGAG.CGTTAAATAGACTAAGAGGA AGCTCTGTTA 1140
TTCCAGCCTG TTTAAATGAC AGGCAAAAAC GGCAGGTTCG TCTTGCGCCG CGTATATCGG 1200
CATTTGCCTT TGGGCTGGGA TTATTCAAAC TCAGGTGTAG,TGACTATTTT,ATGCTACCAG 1260
AGTATCGGCA ATTGC.TTCTA CAGTGGTTTA.GCGAGGATGA GATCTGGCAG CTATATGGTT .1320
GGTTGGGGCA AAGAGATGGC AAATTACTTC CTCCGCAAGT GATGCAACAA ACTGCATTGC 1380 -;)
AGATCGGTAC GGCCATTCTTAATCGGGAAGCGCATGACGA TGCGGGTTTT ACATGCGCTA 1440  



TTAGTATTAT TACCCCCTCC GCAGCGTATACTTTGGCCGA.AGACTTCTCT TACCGAGATT 1500
ATCTTCATGG_AGCATTTGCT ATGAGTTTTA CTTCACTTCC TCTGACGGAA ATTAACCATA 1560
AGCTACCCGC TCGAAATATT.ATTGAGTCAC AGTGGATAAC ATTACAATTA.ACTTTATTTG 1620
CGCAAGAGCA ACAAGCTAAG AGAGTTTCAC ATGCTATTGT GAGCTCCGCT TACCGTAAGG 1680
CTGAAAAAAT,CATCCGAGAC GCCTATCGTT ATCAGCGTGAACAGAAAGTTGAGCAGCAAC 1740
AAGAACTAGC GTGCTTGCGT AAAAATACGCTGGAAAAAAT GGAAGTGGAA TGGCTGGAAC 1800
AGCATGTAAA ACATTTACAA GACGATGAAAATCAATTTCG TTCATTGGTC GATCACGCAG 1860
CGCATCATAT TAAAAATAGT ATAGAACAGG TTCTGTTGGC CTGGTTCGAC CAACAGTCGG 1920
TAGACAGTGT TATGTGCCAT CGTCTGGCAC GCCAGGCCAC GGCTATGGCGGAAGAGGGAG 1980
CGCTTTATTTGCGTATTCAT CCTGAAAAAG.AGGCATTGAT GCGAGAAACT TTTGGCAAGC 2040.
GGTTTACGTT..GATTATCGAG CCTGGTTTCT.CTCCCGATCA GGCTGAACTT.TCCTCAACAC '2100
102  GATATGCCGT TGAATTTTCA CTTTCTCGTC ATTTCAACGC GTTACTGAAA TGGTTACGTA 2160
ATGGTGAAGA TAAAAGAGGT AGCGATGAAT ATTAAAATTA ATGAGATAAA AATGACGCCC 2220
CCTACAGCATTTACCCCTGG CCAGGTTATA GAGGAACAAGAGGTTATTTC GCCTTCAATG 2280
TTAGCTCTCC AGGAGTTACA GGAAACGACG GGGGCAGCGC TCTATGAGAC GATGGAAGAA 2340
ATAGGAATGG CGCTGAGTGG TAAACTGCGCGAAAATTATA AATTCACTGATGCTGAGAAA 2400
CTGGAGCGCA GACAGCAGGC TTTGCTGCGT TTGATAAAAC AAATACAGGA GGATAATGGG 2460
GCAACGTTGC GTCCGCTTAC CGAAGAGAATAGTGATCCTG ATTTACAGAATGCGTATCAA2520
ATTATCGCTC TTGCAATGGC GCTTACTGCC GGCGGGTTGT CAAAAAAGAA AAAACGCGAT 2580
TTGCAATCGC AACTGGATAC GTTACAGCGG AGGAGGGATG GGAACTTGCC GTTTTTAGTT 2640
TACTGGAACT TGGCGAAGTG GATACCGTACGCTGTCCTCTCTGAAGCGTT TTATGCAACA 2700
GGCGATAGACAACGATGAAA TGCCCTTATC~GCAGTGGTTC-AGACGCGTGG CAGACTGGCC 2760
GGATCGCTGT GAACGGGTCC GTATTTTGCT AAGAGCAGTA'GCCTTTGAAC TTAGCATATG 2820
CATCGAACCC TCGGAGCAAA GTCGTTTGGC CGCAGCATTA GTACGTTTGC GTCGTTTGCT 2880
GTTATTCCTT GGCCTTGAAA AAGAGTGCCA GCGTGAGGAG TGGATTTGCCAGTTGCCGCC 2940
TAATACATTACTGCCGCTAC TACTCGATAT TATTTGTGAGCGCTGGCTTT TCAGTGATTG: 3000
GTTGCTTGAT AGACTTACCG CTATAGTTTC TTCATCGAAG ATGTTCAATC GGTTACTCCA 3060
ACAACTTGAT GCGCAGTTTA TGCTGATACC CGATAACTGT TTTAACGACGvAAGATCAACG 3120
TGAACAAATT CTCGAAACGCTTCGTGAAGT AAAGATAAATCAGGTTTTAT TCTGATACCT 3180
GGCTTTCAAT ATTTAGGTAA.ATTGGCTTTC TGGCTCATCA TGAGGCGTCA GGATGGATTG 3240  



GGATCTCATT ACTGAACGTA ATATTCAGCT TTTTATTCAA TTAGCAGGAT TAGCTGAACG 3300
GCCTTTAGCA ACCAATATGT TCTGGCGGCA AGGACAATAT GAAACTATCA TAACGGTCGT 3360 i.
ATTCTCTTAT GTCAGATACTCAAGCAAACC TTCTTXGACGAAGAACTGCT TTTTAAAGCG 3420
TTGGCTAACT GGAAACCCGC`AGCGTTCCAGGGTATTCCTCAACGATTATTTTTGTTGCGC 3480
GATGGGCTTGCAATGAGTTG TTCTCCACCT CTTTCCAGCTTCCGCCGAGCTCTGGTTACGA 3540
TTACATCATC GACAAATAAA ATTTCNTGGA GTCGCAATGC GTTCATGGTT AGGTGAGGGA 3600
GTCAGGGCGCAACAGTGGCT CAGTGTATGC GCGGGTCGGC'AGGATATGGT TCTGGCGACG"3660
GTGTTATTAA'TCGCTATTGT GATGATGCTGTTACCCTTGC CGACCTGGATGGTTGATATC 3720
CTGATTACTA TCAACCTTAT GTTTTCAGTG:ATCCTGCTCT TAATTGCTAT TTATCTTAGT 3780
GACCCTCTCGATTTATCGGTATTTCCGTCTTTATTACTTA-TTACTACATT ATATCGTTTG 3840
TCACTCACAA TCAGCACATC ACGGCTGGTA~CTGTTACAAC ATAATGCCGGTAATATTGTG 3900
GATGCTTTCG GTAAGTTTGT CGTAGGAGGA AATCTCACCG TTGGGTTGGT'CGTATTTACC 3960
ATCATTACTA TCGTGCAATTTATTGTCATT ACAAAAGGTA TCGAGAGGGTGGCGGAAGTT 4020
AGCGCACGTT TCTCGCTTGA TGGGATGCCA GGCAAACAAA TGAGTATCGA TGGCGATTTG 4080 103
CGTGCCGGAG TTATCGATGC AGACCATGCC CGTACATTAA GACAGCATGT CCAGCAGGAA 4140
AGCCGCTTTC TCGGTGCGAT GGACGGTGCG ATGAAATTTG TTAAAGGCGA TACGATTGCC 4200
GGTATTATTG TTGTTCTGGT GAACATTATC GGCGGTATCA TTATCGCTAT CGTACAATAT 4260
GATATGTCGA TGAGTGAGGC TGTTCACACT TATAGCGTAC TGTCAATCGG AGATGGTTTA 4320
TGTGGGCAAA TTCCATCGCT GCTGATTTCC CTTAGCGCGG GAATTATTGT CACCCGTGTC 4380
CCGGGTGAGA AACGCCAGAA CCTGGCGACA GAGTTGAGTT CTCAAATTGC CAGACAACCT 4440
CAGTCGCTCATATTAACCGC TGTGGTTTTA ATGCTCCTCG CTTTAATTCC TGGCTTTCCT 4500
TTTATCACTC TCGCTTTCTT TTCAGCGTTG TTAGCATTGC CAATTATCCT CATTCGCCGC 4560
AAAAAGTCTG TGGTTTCCGC AAATGGCGTC GAAGCACCGG AAAAAGATAG~TATGGTTCCC 4620
GGCGCATGTC CTCTAATCTT ACGTCTTAGC CCGACGTTAC.ATTCTGCCGA CCTGATTCGT 4680
GATATTGACG CCATGAGATG GTTTTTATTT GAGGATACCG GCGTCCCTCT CCCTGAGGTG 4740
AATATTGAGG TTTTGCCTGA ACCCACCGAA AAATTGACGG TACTGCTATA TCAGGAACCC 4800
GTATTTAGTTTATCTATTCC.CGCTCAGGCG GATTATTTAT TGATAGGCGC GGACGCTAGT. 4860
GTGGTGGGTG ACAGCCAGAC GTTACCGAAC GGGATGGGGC AGATCTGTTG GCTTACAAAA 4920
GACATGGCCC ATAAGGCGCA AGGTTTTGGA CTGGACGTTT TCGCGGGCAG.-CCAACGTATC 4980
TCTGCCTTAT TAAAATGTGT CCTGCTTCGG CATATGGGAGAGTTTATTGG TGTTCAGGAA 5040  



ACGCGTTATC -TAATGAATGC GATGGAAAAA AACTACTCTG AGCTGGTGAA AGAGCTTCAG 5100
CGCCAGTTAC CCATTAATAA AATCGCTGAA ACTTTGCAAC GGCTTGTATC AGAGCGGGTT 5160
TCTATTAGAG ATTTACGTCT TATTTTCGGC ACCTTAATTG ACTGGGCGCC ACGTGAAAAA 5220
GATGTCCTGA TGTTGACAGA ATATGTCCGT ATCGCGCTTC GTCGTCATAT TCTGCGTCGT. 5280
CTTAATCCGG AAGGAAAACC GCTGCCGATT TTGCGGATCG GCGAAGGTAT TGAAAACCTC 5340
GTGCGTGAAT CCATTCGCCA GACGGCAATGGGGACCTATA CTGCGCTGTC GTCTCGTCAT 5400
AAGACGCAGA.TCCTGCAACT.TATCGAGCAG.GCGCTGAAGC AGTCAGCCAA ATTATTCATT 5460
GTCACTTCTG TCGACACCCGACGTTTCTTG CGAAAAATTA.CAGAAGCCAC.CTTGTTCGAC 5520
GTACCGATTTTGTCATGGCA.GGAATTAGGA GAGGAGAGCC TTATACAAGT GGTAGAAAGT 55.80
ATTGACCTTA..GCGAAGAGGA.GTTGGCGGAC AATGAAGAAT GAATTGATGC AACGTCTGAG 5640
GCTGAAATATCCGCCCCCCG ATGGTTATTGTCGATGGGGC CGAATTCAGG ATGTCAGCGC 5700
AACGTTGTTA AATGCGTGGT TGCCTGGGGT ATTTATGGGC.GAGTTGTGCT GTATAAAGCC 5760
TGGAGAAGAA CTTGCTGAAG TCGTGGGGAT_TAATGGCAGCAAAGCTTTGC TATCTCCTTT. 5820
TACGAGTACA-ATCGGGCTTC ACTGCGGGCA GCAAGTGATG GCCTTAAGCG ACGCCATCAG 5880
GTTCCCGTGG GCGAAGCGTT ATTAGGGCGAGTTATTGATG GCTTTGGTCG TCCCCTTGAT 5940
GGCCGCGAAC TGCCCGACGT CTGCTGGAAA.GACTATGATG CAATGCCTCC TCCCGCAATG 6000
GTTCGACAGC CTATCACTCA ACCATTAATG ACGGGGATTC GCGCTATTGA
TAGCGTTGCG..'-'6060.. 104  ACCTGTGGCG AAGGGCAACG AGTGGGTATT TTTTCTGCTC
CTGGCGTGGG GAAAAGCACG 6120  CTTCTGGCGA TGCTGTGTAATGCGCCAGAC GCAGACAGCA
ATGTTCTGGT GTTAATTGGT 6180  GAACGTGGAC GAGAAGTCCG CGAATTCATC GATTTTACAC
TGTCTGAAGA GACCCGAAAA 6240  CGTTGTGTCA TTGTTGTCGCAACCTCTGAC AGACCCGCCT
TAGAGCGCGT GAGGGCGCTG 6300  TTTGTGGCCA CCACGATAGC AGAATTTTTT CGCGATAATG
GAAAGCGAGT CGTCTTGCTT 6360  GCCGACTCAC TGACGCGTTA TGCCAGGGCC GCACGGAAAT
CGCTCTGGCG CCGGAGAGAC 6420  CGCGGTTTCT'GGAGAATATC GCCAGGCGTA TTTAGTGCAT
TGCCACGACTTTTAGAACGT 6480  ACGGGAATGG GAGAAAAAGG CAGTATTACC GCATTTTATA
CGGTACTGGT GGAAGGCGAT 6540  GATATGAATG AAGCCGTTGG CGGATGAAGT CCGTTCACTG
CTTGATGGAC ATATTGTACT 6600  ATCCCGACGG CTTGCAGAGA GGGGGCATTA
TCCTGCCATTGACGTGTTGG CAACGCTCAG 6660  CCGCGTTTTT CCAGTCGTTA CCAGCCATGA
GCATCGTCAA CTGGCGGCGA TATTGCGACG6720 Z) t  GTGCCTGGCG CTTTACCAGG AGGTTGAACT
GTTAATACGC ATTGGGGAAT ACCAGCGAGG 6780 AGTTGATACA-GATACTGACA AAGCCATTGA
TACCTATCCG GATATTTGCACATTTTTGCG 6840  



ACAAAGTAAG GATGAAGTAT GCGGACCCGA GCTACTTATA GAAAAATTAC ACCAAATACT 6900
CACCGAGTGA TCATGGAAAC TTTGCTGGAGATAATCGCGC:GGCTGAAAAGCAATTACGCG 6960
GCAAGCTTAC CGTACTTGAT CAGCAGCAAC AGGCGATTAT TACGGAACAG CAGATTTGCC 7020
AGACGCGCGC TTTAG.CAGTG TCTACCAGACTGAAAGAATT AATGGGCTGG CAAGGTACGT- 7080
TATCTTGTCA TTTATTGTTG GATAAGAAAC AACAAATGGC CGGGTTATTC ACTCAGGCGC 7140
AGAGCTTTTT GACGCAACGG CAAGCAGTTA GAGAATCAGT ATCAGCAGCT TGTCTCCCGG 7200
CGAAGCGAAT TACAGAAGAA TTTTAATGCGCTTATGAAAA AAAAAGAAAA AATTACTATG 7260
GTATTAAGCG ATGCGTATTA CCAAAGTTGAGGGAAGTCTT GGGTTGCCAT GCCAGTCTTA 7320
TCAGGATGATAACGAGGCGG AGGCGGAACG'TATGGACTTTGAACAACTCA TGCACCAGGC 7380
ATTACCCATT GGTGAGAATA ATCCTCCTGC AGCATTGAAT AAGAACGTGGTTTTCACGCA 7440
ACGTTATCGTGTTAGTGGCG GTTATCTTGA'CGGTGTAGAGTGTGAAGTAT GTGAATCAGG 7500
GGGGCTAATC CAGTTAAGAA TCAATGTCCC TCATCATGAA ATTTACCGTTCGATGAAAGC7560
GCTAAAGCAGTGGCTGGAGT CTCAGTT.GCT GCATATGGGG TATATAATTT CCCTGGAGAT 7620
ATTCTATGTT.AAGAATAGCG AATGAAGAGC.'GTCCGTGGGT GGAGATACTT CCAACGCAAG 7680
GCGCTACCAT-TGGTGAGCTG ACATTGAGTA TGCAACAATATCCAGTACAG CAAGGGACAT 7740
TATTTACCAT AAATTATCAT AATGAGCTGG GTAGGGTGTG GATTGCAGAA CAATGCTGGC 7800
AGCGCTGGTGTGAAGGGCTA ATTGGCACCGCTAATCGATC GGCTATCGATCCTGAATTGC 7860
TATATGGAAT AGCTGAATGG GGGCTGGCGC CGTTATTGCA AGCCAGTGAT GCAACCCTCT 7920
GTCAGAACGA GCCGCCAACA TCCTGCAGTA ATCTACCACA TCAGCTAGCG TTGCATATTA 7980
AATGGACAGT TGAAGAGCAT GAGTTCCATA GCATTATTTT TACATGGCCA ACGGGTTTTT 8040 105
TGCGCAATAT AGTCGGAGAG CTTTCTGCTG AGCGACAACA GATTTATCCT GCCCCTCCTG 8100
TGGTAGTCCC TGTATATTCA GGCTGGTGCC AGCTTACATT AATCGAACTT GAGTCTATCG 8160
AAATCGGCAT GGGCGTTCGG ATTCATTGCT TCGGCGACAT CAGACTCGGT TTTTTTGCTA 8220
TTCAACTACC TGGGGGAATC TACGCAAGGG TGTTGCTGACAGAGGATAAC ACGATGAAAT 8280
TTGACGAATT AGTCCAGGAT ATCGAAACGC TACTTGCGTC AGGGAGCCCA ATGTCAAAGA 8340
GTGACGGAAC GTCTTCAGTC GAACTTGAGC AGATACCACA ACAGGTGCTC TTTGAGGTCG 8400
GACGTGCGAG TCTGGAAATT GGACAATTAC GACAACTTAA AACGGGGGAC GTTTTGCCTG 8460
TAGGTGGATG TTTTGCGCCA GAGGTGACGA TAAGAGTAAA TGACCGTATTATTGGGCAAG 8520
GTGAGTTGAT TGCCTGTGGC AATGAATTTA TGGTGCGTAT TACACGTTGG TATCTTTGCA 8580
AAAATACAGC GTAAACCTGA TAAGAAAAAT AATATGCGAA CAATATAATA GCGTTCCAGG 8640 



.~I TCGTGTCATG AGAGATACAG TATGTCTTTA CCCGATTCGC CTTTGCAACT GATTGGTATA 8700
TTGTTTCTGC TTTCAATACT GCCTCTCATT ATCGTCATGG GAACTTCTTT CCTTAAACTG 8760
GCGGTGGTAT TTTCGATTTT ACGAAATGCT CTGGGTATTC AACAAGTCCCCCCAAATATC8820
GCACTGTATG GCCTTGCGCT TGTACTTTCCTTATTCATTA TGGGGCCGAC--GCTATTAGCT 8880
GTAAAAGAGC GCTGGCATCC GGTTCAGGTC GCTGGCGCTC CTTTCTGGAC GTCTGAGTGG 8940
GACAGTAAAG CATTAGCGCC TTATCGACAGTTTTTGCAAA AAAACTCTGA AGAGAAGGAA 9000.
GCCAATTATT TTCGGAATTTGATAAAACGA ACCTGGCCTG AAGACATAAA AAGAAAGATA 9060
AAACCTGATT CTTTGCTCAT ATTAATTCCG GCATTTACGG TGAGTCAGTT AACGCAGGCA 9120.
TTTCGGATTG GATTACTTAT TTATCTTCCC TTTCTGGCTA TTGACCTGCT TATTTCAAAT 9180
ATACTGCTGG CTATGGGGAT GATGATGGTG TCGCCGATGACCATTTCATT ACCGTTTAAG .9240
CTGCTAATAT TTTTACTGGC AGGCGGTTGG GATCTGACAC TGGCGCAATT GGTACAGAGC 9300
TTTTCATGAA TGATTCTGAATTGACGCAATTTGTAACGCA ACTTTTATGG ATCGTCCTTT 9360
TTACGTCTAT GCCGGTAGTG TTGGTGGCAT CGGTAGTTGG TGTCATCGTA AGCCTTGTTC 9420
AGGCCTTGAC TCAAATACAGGACCAAACGC TACAGTTCAT GATTAAATTA TTdGCAATTG 9480
CAATAACCTT AATGGTCAGC TACCCATGGC TTAGCGGTAT CCTGTTGAATTATACCCGGC 9540'
AGATAATGTT ACGAATTGGA GAGCATGGTT GAATGGCACA ACAGGTAAAT GAGTGGCTTA 9600
TTGCATTGGC TGTGGCTTTT ATTCGACCAT TGAGCCTTTC TTTATTACTT CCCTTATTAA9660
AAAGTGGCAG TTTAGGGGCC GCACTTTTAC GTAATGGCGTGCTTATGTCA CTTACCTTTC 9720
CGATATTACC AATCATTTACCAGCAGAAGA TTATGATGCA TATTGGTAAA GATTACAGTT 9780
GGTTAGGGTTAGTCACTGGAGAGGTGATTA.TTGGTTTTTC,AATTGGGTTT TGTGCGGCGG 9840
TTCCCTTTTG.-GGCCGTTGAT ATGGCGGGGTTTCTGCTTGA TACTTTACGT GGCGCGACAA 9900
TGGGTACGAT ATTCAATTCT.ACAATAGAAG CTGAAACCTC ACTTTTTGGCTTGCTTTTCA 9960.
GCCAGTTCTT.GTGTGTTATT.TTCTTTATAA GCGGCGGCAT.GGAGTTTATA TTAAACATTC 10020 106
TGTATGAGTC ATATCAATATTTACCACCAG GGCGTACTTT ATTATTTGAC CAGCAATTTT 10080
TAAAATATAT CCAGGCAGAG TGGAGAACGC TTTATCAATT ATGTATCAGCTTCTCTCTTC 10140
CTGCCATAAT ATGTATGGTATTAGCCGATC TGGCTTTAGG TCTTTTAAAT CGGTCGGCAC 10200
AACAATTGAA TGTGTTTTTC TTCTCAATGC CGCTCAAAAG TATATTGGTT CTACTGACGY 10260
CCTGATCTCA TTCCCTTATG CTCTTCATCA CTATTTGGTT GAAAGCGATA AATTTTATAT 10320
TTATCTAAAA GACTGGTTTC CATCTGTATG AGCGAGAAAA CAGAACAGCCTACAGAAAAG 10380
AAATTACGTG ATGGCCGTAA GGAAGGGCAG GTTGTCAAAA GTATTGAAATAACATCATTA 10440  



TTTCAGCTGA TTGCGCTTTA TTTGTATTTT CATTTCTTTA CTGAAAAGAT GATTTTGATA 10500
CTGATTGAGT CAATAACTTT CACATTACAA TTAGTAAATA AACCATTTTC TTATGCATTA 10560
ACGCAATTGAGTCATGCTTTAATAGAGTCA CTGACTTCTG CACTGCTGTT TCTGGGCGCT 10620
GGGGTAATAG.TTGCTACTGT GGGTAGCGTG TTTCTTCAGG TGGGGGTGGTTATTGCCAGC 10680
AAGGCCATTG GTTTTAAAAG CGAGCATATA AATCCGGTAAGTAATTTTAA GCAGATATTC 10740
TCTTTACATA GCGTAGTAGA ATTATGTTAA TCCAGCCTAA AAGTTATCAT GCTATCTCTT 10800
ATCTTTGCCTTTTTCTTTTA TTATTATGCC AGTACTTTTC GGGCGCTACC GTACTGTGGG 10860
TTAGCCTGTG GCGTGCTTGT GGTTTCTTCTTTAATAAAAT GGTTATGGGT AGGGGTGATG 10920
GTTTTTTATA TCGTCGTTGG CATACTGGAC TATTCTTTTC AATATTATAA GATTAGAAAA 10980
GCTATCTAAA AATGAGTAAA GATGACGTAA AACAGGAGCA TAAAGATCTG GAGGGCGACC 11040
CTCAAATGAAGACGCGGCGT CGGAAATGCA GAGTGAAATA CAAAGTGGGA GTTTAGCTCA 11100
ATCTGTTAAA CAATCTGTTG CGGTAGTGCG TAATCCAACG CATATTGCGGTTTGTCTTGG 11160
CTATCATCCCACCGATATGC CAATACCACG CGTCCTGGAA AAAGGCAGTG ATGCTCAAGC 11226
TAACTATATT.GTTAACATCG CTGAACGCAA CTGCATCCCCGTTGTTGAAA.ATGTTGAGCT 11280
GGCCCGCTCA TTATTTTTTG AAGTGGAACGCGGAGATAAA'ATTCCTGAAA:CGTTATTTGA 11340 `..
ACCCGTTGCAGCCTTGTTAC.GTATGGTGATGAAGATAGAT TATGCGTATT CTACCGAAAC 11400
ACCATAAATG CTTTTGGTAT.GCTTCTTCAG GCCACTGCGAAGGTTAAGAG GGTAATAGCG 11460
TATAGAGCAG TGCTTGACGA TAAAGGTGAG AGACTGAAAA TAATCGCTTTTAGCCTGGCA 11520
CAAGCACCAG ATAGCGTATT ATAAAATTAA ACAAGATAAT GGATTGGTGC GTCTGAATGG 11580
ACTCGAACCA_CTCGACCCCC ACCATGTCAA GGTGGTGCTCTAACCAACTG AGCTATGAAC 11640
GGCAACGTTG TAGGTGACAA CGGGGACGAA TATTAGCGTC ACAACCGCAA TGAGGCAAGA 11700
GGGAAATCGCAATTTTCTTC CTGAAATCAC CTGATTGCGG TGGAAATATGCAACATGTCG 11760
AGAAAATAGC CGCCATGCGA CGGCTATCGTCGTATTATCG GAGCGCGCTG CAAAATGATG 11820
GCGGACGGCT GACGTTGTAG ATAGCGCATC CGTAGCATCA TTAACACCGC CGCCGAGGTC 11880
AGGCCGATGA.TGAACCCCAT CCAGAAGCCT GCCGGTCCCA TACGATCCAC CACCAAATCC 11940
GTTAACGCCA GGATATAACC GCTGGGTAAA CCTAACACCC AGTAGGCGGT AAAGGTGATA 12000 107
AAAAAGATGG AACGCGTATC TTTATAACCG CGCAGAATAC CGCTGCCGAT AACCTGTATA 12060
GAGTCGGAAA TCTGGTAAAC CGCAGCGAGCAGCATTAATT GCGGCAAGCG CCACGACCTC 12120
AGGGTTGTCA TTGTAGAGCA AAGCAATATG CTTACGCAGA GTAACGGTAA AAATAGCGGT 12180
AACCACAGCC ATACAAATGC CGACGCCTAA ACCGGTACGC GCTGCGTTTG CGCATCCAGC 12240  



GTTGAGCCCT GGCCCAGACC GATAACC CAC TCGAATCGTTACCGCCGCAG CCAGCGACAT 12300
CGGCAGTACG AACATCAGCG AGCTAAAGTT AAGCGCAATC TGATGACCGG CGACATCCAC 12360
AATACCTAAT GGCGAAACCA GCAGCGCAAC GACCGCAAAT AACGTCACTT CAAAGAACAG 12420
CCAGCGCAAT CGGCAACCCC AGTTGAATCA GGCGCTTCAT GACGACGCTA TCGGGTTTGC 12480
CAAAGCCTTT TTCATTACGA ATATCACGCA TTGAACGCGC GTGTTTAATG.TAAGAAAGCA 1254Q
TGGCGATAAA CATCACCCAA TAGACCGCCG CAGTCGCAAC GCCGCAGCCG ATACCGCCGA 12600
GTTCCGGCAT ACCAAAATGGCCATAGATAA AAATATAGTT CACCGGAATA TTCACCAGCA~ 12660
GGCCCAAAAA TCCCATCACC ATACCCGGTT TGGTTTTGGC CAGACCTTCG CACTGGTTTC 12720
GCGCTACCTG AACGAAAAGG TATCCTGCGC CCCACAGCAG CGCGCGAAGA TAACCCACGG 12780
CTTTATCGGC CAGCGCCGGA TCAATATTAT GCATAGAGCG GATAATGTAT CCGGCATTCC 12840
ACAGGACGAT CATCACCAGC ACGGAGACAA AGCCCGCCAG CCAGAACCCT TGTCGAACCT 12906
GATGCGCGAT ACGCTCACGA CGGCCGGAGC.CATTGAGTTG CGCAATCACA GGCGTCAAGG 12960
CCAGCAGTAA GCCGTGACCA AACAAAATGG CGGGAAGCAG ATAGAGGTGC CGATAGCGAC 13020
GGCAGCCATG TCCGTAGCGC TATAGCCTCC CGCCATGACG GTATCGACGA ATCCATTGCG` 13080
GTCTATACCA CTTGCGCAAG GATCACCGGT.ATCTGAACGC TAATAACTGA CGCGCTTCAC 13140
TGGTATACTT CTGCACGTAT TCACCTTTTATTTTGTTGTT ATATGAAAGA CTAAAAAGCC 13200
GCCGAAGTGG CAGCCAAAAGAAATAGCAGG -GGAAATTTCA GTCTATTGTAGCGGGGTATT 13260.
ACTATTTCTC CAGTGAAAAA ACAGTTGTTA ACGGCGCATT GCTGGCAAGC TGTTTTTCCA 13320
CCTGCTATTG T.GCTGAACAG TTCTGCTTTT,ATTTATTTCAGGAGTTGAAG ATATGTTTAC* 13380
GGGGATCGTA CAGGGTACCG CGAAACTGGTATCGATA 13417  (2) INFORMATION FOR SEQ ID
NO: 38: (i)SEQUENCE.CHARACTERISTICS:  (A) LENGTH: 5746 base pairs
(B)---TYPE: nucleic acid " - - (C) STRANDEDNESS: double (D).TOPOLOGY:.
linear - - (ii) MOLECULE TYPE:,DNA ( genomic)", .(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO  (vi) ORIGINAL SOURCE: 



(A) ORGANISM: DNA sequence of VGC II cluster C 108  (xi) SEQUENCE
DESCRIPTION: SEQ ID NO: 38: GGATCCTTTT TCTTTAATGC TGCTAACGTT
TCTTGCAAAATGCGTTGATG AGATTCATCC 60  AGTACACCAC TGATAACAAA AGAGCGNCGC
ATTGGCNWAM MWTKRNNMRN NSCNNNACTA 120  AACCGTTCTC TATTATCGCA GAAATAATAT
CATCCCCCTG AGACTGATGA GAGTGACTAA 180  TCTGCCAGTG CAATACCCCG GGAATATCTG
CAAGTAATGG TTGAACCTTG CGCCATTGCT 240  GATCCATTTG TATATCATCA TGAATTAACA
CGCTCCCCGG CCCTTCGCTG GATACTTCAG 300  CATNSSGGTA ACCCATTTTT
ATCAAAACAT.CCTGCACTTCTCGTACCAAT AAGTCATCAC 360  AGATTACACC ATCCCGATAC
ATGACCCCCC ATGATTCGAG AGTCGCTCTC ACCTTTTGCA 420  TCTGTTCGCT TGACGAGCAA
TAACCGGACA ACTGCAGGCT GCCATCTTCT TTCCATTGCG 480,  CCCGCACATA ATGAATATTG
CTTTTGTCTA ATAAAAACTT AACCCGCAAA GGTAAGTCAT 540  TTACCGTTTC AGGCTGACCA
CTAATACTTA ACAGGACACC CATTCCACCG ATGAAAATCA 600  AGAATACGCC AGCCAACCAC
CAGTACCCTG ATCTGGAAAC GGGTATTTGA TAATCAGCAA 660  GTTCACAATC CTGTTTACCA
AACGCGATAS SCACTCCCGC AACCTGCAAA ACCCCACTGG 720  ATGGTAGCGG
CTTATTTGGATTAAATCTGC GGCCATTAAC TCTAACTCTGGCTTTCCCGG 780  CATCAACAAA
TAAACTATCTGCCTGTTCTCTCAGAATAATTTTTTCATTTATAGCCAGCG 840 'AATACAAATA
TCGCATCCCT TCTCCCCCAG TGACAGGTTACCTTCATTCA GCCATACTTC 900  CCGGCCTTGT
AAAACGTGAC CTAAAAAACGTATTTTCCAGGAACTCTTTG GATTAACCAT- 960  GAGATATGCC
ATTATTTACT ACTGAGGCTT TAATCAAAAA AAGCCTGATT ACACTATGTA 1020  CTTGAGTCGT
ATCATTGCGA AACAAGTGAC CTACAACAGG AATATCGCCC AATAAAGGGA 1080  TTTTGTTTTG
CGAGTGGATT TGTTTACCTT GTTTAAACCCTCCCAGCAATNAGACTTTGC 1140
CCGGCCAATAATGTGGCTTG CGAANCRATT:TCAGAATTTT-GCACTTCGGGCAGCGGGTCT 1200
GTNTYGCYTTKGNSTATCACTTTGTTGTCCATCCTGAANT ATTAAGATTA AGCATTATTT' 1260
TTTGCGTGCC.ATTGTCATTT AACAAGCGAGGTGTAACGCG WNAACAAAGA ACCCGTAGTG. 1320
ATGGATTCAA GTTTAGCCAC TTTTTCTCCC TGCAGTTTGG.'TATAGAAAGT AATATTTTTA 1380
TCCAGCACAG CCTGGATATT ATTTAAAGTC ACCACAGATG GCTGGGAAAG TACATAAGCC 1440
TGAGAGCTTTTTTCCAGGGC ATTCAGACGC ACCATAAAGTTTGAGGTATC GCTGATTACC 1500
GTTGANNAAC CACTAGCACC ACCGTCATTC AAACCTGTAT-TGAACGCAAT TTTCTTGCCA 1560
CCCAGCGACA CTGCCGTTCC CCAGTCGATG CCTAACTGGT TAATATCTCC AGCATTAACA 1620
TCGATAATTT TCACCGAAAT CTCTATCATC TGCTGGCGTT GATCTAATTC TGTGATGAGT 1680  



TTCCGATACN NNGCCATATT GGNNNCATAA TCACGAACGA TCACTGCATTCTGGCGTNGG , 1740
GTCGGCAGCA AACATNGGCA ATGCCTGTGT.AGCGGGTGAA CCATTGTTCN TCGATGACGT 1800
CGGGACGCTG GTTTTACTCA TCTCACGCAA TACACTAACG ACCCCTGGNN AACCACGACG 1860
GACTGATCGC GATATTGGTA CTGGGTATCC ATCGCAGTGG CATACTTAAG CGTGTATATA 1920 109
CTTACACTCA CCGCACTGTC TTTTCGTTTG ATTAACGCAT TATCCAGCAC TGAAGCTAAT 1980
.TGACTAATAC GAGTCAGGCA GCTGGGAACA CCGCTCACCT CCACAGCTTTGGTACCGGTA 2040
ATTTCTTTAA CCTCGCATCC CGGTGATGAA AGGATATTCT GGCTGCGTAA GTAATGAATG 2100
AACCGTCCAG TAGATAAAAT ATTGAAAGTG ATAACCTGAT GTTTTAATAA CGATGCAGGA 2160
TATACATATA ACATGCTGCC ATCAAACCAG GTAAGCAAAT CATATTGTGC TGCCAGGTTA 2220
TTCAAAATAT CGACCGGTGG TCCAGGCGGA ATTTTTCCAC TAAATGTAGC TGTTATCAAT 2280
GGGCTAATAG TAATAGCCGT ATCATAGTTC TCTGAGAGCA GATGTNAAAA CCTCTGCTAA 2340
TGGCATTTGT CTGGCATAAA GGGTGAAGTC ATTACCTTTC CATGATAACT CATCACTCTT 2400
TGCTGTATTG.AGTATAAATA GTAAAATTAAGATTAAACGT TTATTTACTA CCATTTTATA 2460
CCCCACCCGA ATAAAGTTTA TGGTGATTGC GTATTACATT TTTTNAAAATGCAAGTTAAA 2520 }
GCCAGGTGTT TTTCTATCTC AATAGCAATA AGCTCAGAGC TACTACTTGT:GGTATAATAA 2580
CCGTTTAACC ATCCCCCATC CGCTGTGAGC TGTATAGCAT AATCATGGAC GTCCGGGTGT 2640
GCGCAARCRG TAGTGTCAMM TAGGCAAGAC AAGGCTTAGG TAAGCTTTCC AGGTCATTTA 2700
AGAACAAAGA AATAGAAAATGCTTCTGAGAAAATTTCTYC YBHNNNNNNNNNNNNNNNNN 2760
NNNNNNNNCA TCAATAGTCATTATCCAGGA TSSKMTWWYMNYYKSSSCYS WKATMYYSWR 2820
WWTTAATGGA ATGCCTTTTA AAACTGCCAG CATGAATCCC TCCTCAGACA TAAATGGGAG 2880
TTTCTATCAA ATTCGCTCAC AACCACATCC GTAAAAAGCC TGATTCACAT TTATTTCGAC 2940
TATACTCTTC TTGTACAATA TCAGGATGCT GTCTACATAT ACCTTGTCAC AGGCGATTCT 3000
ATCATTCGGA TTTTCCGATA AATTNMMCAA.TTACATTTTC AGCATTGACA TAAAAACTTA 3060
CAATTTGNAA,AATTATTTAT TAGATAAACT GTTACGATGT.TTTTACATCG CCATCTTATT 3120
AAAAAGTAAT T.GTAGTCATC GACTNGGTTA TATATGAAGA AATTTATCTT CCTAATGATA 3180
...'j ACACCATCGA TTAATCWWCT GATGAAACTA TATGTACTGC GATAGTGATC' AAGTGCCAAA
3240  GATTTTGCAA CAGGCAACTG GAGGGAAGCA TTATGAATTT SSTCAATCTC AAGAATACSS
3300  YSYRNNNNNN TCTTTAGTAA TCAGGCTAAC TTTTTTATTTTTATTAACAA CAATAATTWT 3360
TTGGCTGCTA TCTGTGCTTA CCGCAGCTTA TATATCAATG GTTCRGAAACGGCAGCATAT - 3420
AATAGAGGAT TTATCCGTTC TATCCGAGAT GAATATTGTACTAAGCAATC AACGGTTTGA 3480  



AGAAGCTGAA.CGTGACGCTA AAAATTTAAT GTATCAATGC TCATTAGCGA CTGAGATTCA3540
TCATAACGAT ATTTTCCCTG AGGTGAGCCGGCATCTATCT GTCGGTCCTT CAAATTGCAC 36o0,
MGCCGACGCT NAACGGAGAG AAGCACCGTCTCTTTCTGCA GTCCTCTGATATCGATGAAA . 3660
ATAGCTTTCG TCGCGATAGT TTTATTCTTA ATCATAAAAATGAGATTTCG :TTATTAACTA 3720
CTGATAACCC TTCAGATTAT TCAACTCTAC AGCCTTTAAC GCGAAAAAGC TTTCCTTTAT 3780
ACCCAACCCA TGCCGGGTTT TACTGGAGTG AACCAGAATA CATAAACGGC AAAGGATGGC. 3840
AACGCTTCCG TTGCGGTTGC CGATCAGGCA AGGCGTATTT TTTGAGGTGA CGGTTAAACT 3900 110
TCCCGATCTC ATTACTAAGA GCCACCTGCC ATTAGATGAT AGTATTCGAG TATGGCTGGA 3960
TCAAAACAAC CACTTATTGC CGTTTTCATA CAT.CCCGGCA AAAAATACGT ACACAGTTAG 4020
AAAATGTAACGCTGCATGAT GGATGGCAGCAAATTCCCGG ATTTCTGATA TTACGCACAA 4080
CCTTGCATGG CCCCGGATGG AGTCTGGTTA CGCTGTACCC ATACGGTAAT CTACATAATC 4140
GCATCTTAAA AATTATCCTT CAACAAATCC CCTTTACATTAACAGCATTG GTGTTGATGA 4200
CGTCGGCTTT TTGCTGGTTA CTACATCGCT CACTGGCCAA ACCGTTATGG CGTTTTGTCG 4260
ATGTCATTAA TAAAACCGCA ACTGCACCGC TGAGCACACG TTTACCAGCA CAACGACTGG 4320
ATGAATTAGA TAGTATTGCC GGTGCTTTTAACCAACTGCT TGATACTCTA CAAGTCCAAT 4380
.ACGACAATCT GGAAAACAAA GTCGCAGACG CACCCAGGCG CTAAATGAAG CAAAAAAACG 4440
CGCTGAGCNAGCTAACAAAC GTAAAAGCAT TCATCTTACG GTAATAAGTC ATGAGTTACG 4500
TACTCCGATG AATGGCGTAC TCGGTGCAAT TGAATTATTA CAAACCACCC CTTTAAACAT 4560
AGAGCAACAA GGATTAGCTG ATACCGCCAGAAATTGTACACTGTCTTTGT TAGCTATTAT 4620
TAATAATCTG CTGGATTTTT CACGCATCGA GTCTGGTCAT TTCACATTAC ATATGGAAGA 4680
AACAGCGTTA CTGCCGTTAC-TGGACCAGGC AATGCAAACC ATCCAGGGGC CAGCGCNAAA 4740
GCAAAAAACT GTCATTACGT ACTTTTGTCG GTCAACATGT CCCTCTCTAT`TTTCATACCG 4800
ACAGTATCCG TTTACNNCAA ATTTTGGTTA.ATTTACTCGG GAACGCGGTA AAATTTACCG 4860
AAACCGGAGG ATACGTCTGA CGGTCAAGCGTCATGAGGAA CAATTAATAT TTCTGGTTAG 4920
CGATAGCGGT AAAGGGATTG AAATACAGCA~GCAGTCTCAA ATCTTTACTG CTTTTTATCA 4980
AGCAGACACA AATTCGCAAG GTACGGGAAT TGGACTGACT ATTGCGTCAA GCCTGGCTAA 5040
AATGATGGGC GGTAATCTGA CACTAAAAAG TGTCCCCGGGGTTGGAACCTGTGTCTCGCT 5100
AGTATTACCC TTACAAGAAT ACCAGCCGCC TCAACCAATT'AAAGGGACGC TGTCAGNNNC 5166
CGTTCTGCCT GCATCGGCAA CTGGCTTGCTGGGGAATACGCGGTGAACCA CCCCACCAGC. 5220
AAAATGCGCTTCTCAANNCN AGAGCTTTTG TATTTCTCCGGAAAACTCTA CGACCTGGCG 5280  



CAACAGTTAATATTGTGTAC ACCAAATATG.CCAGTAATAAATAATTTGTT ACCACCCTGG 5340
CAGTTGCAGA TTCTTTTGGT TGATGATGCC GATATTAATC GGGATATCAT CGGCAAAATG 5400.
CTTGTCAGCCTGGGCCAACA CGTCACTATTGCCGCCAGTA GTAACGAGGC TCTGACTTTA  5460
TCACAACAGC AGCGATTCGA TTTAGTACTGATTGACATTAGAATGCCAGAAATAGATGGT. 5520
ATTGAATGTG TACGATTATG GCATGATGAG CCGAATAATT TAGATCCTGA CTGCATGTTT 5580
GTGGCACTAT CCGCTAGCGT ASCVNMAGAW RWTMWTCRTY GTDDAAAAAA.WRDGRKDHWT 5640
CATHAYANNT TACAAAACCAGTGACATTGG-..CTACCTTAGG TCGCTACATC AGTATTGCCG 5700
CAGAATACCA ACTTTTACGA AATATAGAGC TACAGGAGCA GGATCC 574.6: L A DNA which is
isolated from gene of a salmonella genome and,  hybridises to any one of
the Salmonella sequences shown in Figure.5 under .5 stringent conditions,
wherein said gene is a virulence gene which When mutated in or  absent from
a Salmonglla:results in reduced;viruiLnee; 2. A DNA which is isolated from
a gene of a Salmonella genome and  hybr idis+es:to_any one of the
sequences-identified herein as.-SEQ ID Nos 8 to:  11, 14 to . 6,- and 8:8
under stringent, conditions, whrein -said c9enea virulence  gene .Which:
when. mutated in or absent from a. Satrnpnella 10 resvb. in_ redue d
virulence A vmfl7 ncc -gene (1) comprising a sequence identified herein as
any  of SEQ ID Nos 8 to 11, 14 to 36, or (2) t:ontained in SEQ 11? No 37 or
38,  or a Put thereof or a variant of either (1) or (2)with at' least 85%
sequence ...  identity, wherein the part thereof is at -least 50
nucleotides and wherein- mutation or t3 absence of saidgone in Salmonella
results in reduced' virulence 4: A virulence gene according to Claim 3
comprising a sequence  identified herein as SEQ ID No 30, era ar"( thereof
5. A polypeptide encoded by. a gene or DNA aeetirding to any one of  l;._.j
26 Clainms.i'to-4: $' A mutant bacterium wherein if the bacterium normally
contains a  gene compriswg a sequence identified herein as any of SEQ. II)
Nos 8 to 12,  of 14 fa 3h or a.gene contained in -SEQ ID No 37 or 38, or a
variant thereof 2 io - with at. least 850/ sequence identity, or a . gene
of a Salmonella genome  



which hybridises to anyone of the Salmonella sequences showing in Figure  5
under stringent conditions, and wherein the gene is a virulence gene which
when  mutated' in Or.,AhsOnt from a $ainonella re ilts. in, reduced Virden
co, the .gene is  !absent orinactivated in- the mutant bactenum. 15 7.: The
VG-2 DNA of Salmonella typhimurium or a pait thereof, or a  variant of said
DNA with- at least 85% .sequence identity, wherein VGC2  DNA is defined as
DNA of Salmonella "Aim unum located between the  dtaE and y pyAFgenes as
shown in t figure-0, wherein the part thereof is at least 5o  tnucleotides
and"wherein the DNA is a virulence gene which Tw~en. mutated in  or absent
from a SaimOnelIR results in reduced virulence,!- . . t i .206.~ ` 1.
promoter 4.-.f a genre of the VGCZ DNA of a Salmonella wherein.  VGC2 DNA
is defined as DNA of Salmonella typhimrtrium located between  !they f and
pykF genes as shcwo in Pigure8~ or equivalent DNA in another;  ahri A"DNA
according to Claim . T wherein the variant DNA is VGC2 25 DNA from any one
of Salmonella aberdeen, Salmonella gallinarum,  Salmonella cabana and
Salmonella "hi. 9Cl ;- A DNA according to Claim 7 wherein the part thereof
is a promoter.;  ~0  A 1 ; A mutant bacterium wherein if the bacterium
norirrally crnn ins a  gene that is the sauce as, or.has at least 85%
sequence..identity to agene in  VGC2, said gene is mutated or:absent in
said mutant:bacterium, wherein  - VGC2 DNA is defined as DNA of Salmonella
typhzmurlwn located between  5 the ydhEand'{tykges as shower in t-xgure 8 1
12, ,A mutant baetenum according to Claim 11 wherein the gene that is the
same as has. at least -854 sequence identity to, a gene in VGC2 is  mutated
by deletion of a portion of the coding region. 



13.: A mutant bacienum according to Maim 11 or 2 12 wherein the  bacterium
is a Salmonella bacterium, -preferably any- one of Salmonella  typlumurium,
Salmonella aberdeen,. Salmonella gallznantm, Salmonella  cubana and
Salmonella typhi. 15 A method of.making a bacterium according to Maim E _?
11 comprising the steps of mutating said gene in a bacterium and isolating
said mutant  bacterium '.) 26 15 ;A vaccine comprising a mutant
microorganism or bacterium  ac cording'to any one ofClaims , > 1 t to, 18r
or a mutant bacterium wherein if  the bacterium normally contains a gene
comprising a sequence identified  herein as SEQ ID Nos 8 to--36 or any one
of the Salmonella sequences  shown iii FigM5, or contained in.SEQ H) No 37
or 38,-or a variant thereof  with at least 85% sequence identity, and
wherein thegene is.a viruiencege(r)whfrh  when mutatedin.or absent from a
Sahrlonelle results in reduced virulence, the gene  is absent or
inactivated in the. mutant bacterium. 16;; Use of a mutant bacterium or
microorganism as defined in claim =15 as a  vaccine. 30 114;  17. A
pharmaceutical composition comprising a bacterium or microorganism as
deined.in Claim ..15 and a phamlacd1ACatly.acceptable carrier.  s 11L A
polypeptiae encoded by a gene of the VGC2 DNA of Salmonella  typhimurlum or
a part thereof of at least 50 nucleotides, or encoded by a  variant of said
DNA with at least -85%, sequence' identity to said VGC2  DNA wherein VGC2
DNA is defined as DNA of Salmonella typhzmurium  rr itocated between ydhi
and pykFgenes as show irLilqure 8. C) 10. 19` A potypepfide according -to
Claim .. 18 wherein the variant polypeptide is encoded by DNA of any one of
Salmonella aberdeen, Salmonella  



gallinar. un3, Salmonella cubana and Salmonella typhi. 115  ?Q A mutant
bacterium as defined in anyone of Claims ,6 andi,..:I to"  further
comprising DNA encoding an antigenic epitope from another  pathogen.  - 5
21T An isolated peptide according to any one of Claims 3, 18 or 19 for use
in therapy. 122, Use of a mutant bacterium wherein if the bacterium
normally contains a. gene .  jthatis.the same as or equivalent to a gene in
VGC2, said gene is mutatedor absent," t5 1in said mutant bacterium, said
mutation or absencetu suiting,in reducedvlrulerice or. ,a mutant bacterium,
wherein if the bacterium normally contains a virulence gene  i comprising a
sequence identified herein. as any of SEQ ID Nos 8 to 36, or any of the
Salmonella sequences- shown in Figure 5, or contained in SEQ ID No 37 or
38, or an  equivalent thereof, the gene. is mutated or absent In the mutant
bacterium, said: tatty or ,abnce_. resuiling indueed.. virg[ep j In the
manufacture of a  ..; 2' Me for preventing microbial infection in a host in
need thereof, 2 Ilse of a mutant bacterium. wherein. if the bacterium
normally contains a gene  that Js the same as or equivalent to a gene in
VQC2, said gene is mutated or absent ~  in said mutant bacterium, said
mutation or a_b ence. tesultina in. reduced virulence, or  a mutant
bacterium, wherein if the bacterium normally contains a virulence gene }
comprising a sequence identified herein as any of SEQ ID Nos 8 to 36, or
any of the  Salmonella sequences shown in Figure 5, or contained in SEQ ID.
No 37 or 38, or an  equivalent thereof, the. gene is mutated or abserit in
the mutant bacterium, said  mutation or absence rest, _ng in reduced
virulence, said mutant bacterium further  30 comprises a DNA encoding an
117- - ~ antigenic epitope from said other pathogen in the manufacture of a
medicament-for vaccinating a host against a pathogen. 24; Use according to
Claim 22 wherein the said gene is mutated by a deletion  5 of a portion of
tho coding region or by insertional inactivation. tJse a 



ccorziin to C ' 9 laim 22or 23 wtrerein the hieteriurrr rs a  Salmonella
bacterium, preferably any one of Salmonella typlrimurium,  Salmonella
aberdeen,. Salmonella gallia arrr , Salmonella cabana and  10 Salmonella
typki: +2' according to Claim , nor 23 wherein the host is a  "human
patient 15 27.  Use according to Claim , 1' 22 wherein the host is a
non-human animal. use according to Claim  c . r 22 wherein thi mlcrobiplf
infection is caused by a Salmonella spp: bacterium, (._) 20 118
IDENTIFICATION OF GENES Abstract  5 A method for identifying a
microorganism having a reduced  adaptation to a particular environment
comprising the steps of. (1)  providing a plurality of microorganisms each
of which is independently  mutated by the insertional of a gene with a
nucleic acid comprising a unique  marker sequence so that each. mutant
contains a different marker sequence, 10 or clones of the said
microorganism; (2) providing individually a stored  sample of each mutant
produced by step (1) and providing individually  stored nucleic acid
comprising the unique marker sequence from each  individual mutant; (3)
introducing a plurality of mutants produced by step  (1) into the said
particular environment and allowing those microorganisms 15 which are able
to do so to grow in the said environment; (4) retrieving  microorganisms
from the said environment or a selected part thereof and  isolating the
nucleic acid from the retrieved microorganisms; (5) comparing  any marker
sequences in the nucleic acid isolated in step (4) to the unique  



marker, sequence of each individual mutant stored as in step (2); and (6)
20 selecting an individual mutant which does not contain any of the marker
sequences as isolated in step (4). 25 .  No suitable figure 






