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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 yo 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 the loss of iron regulated proteins (Holland
et al, 1992), or in assays to study the penetration of epithelial cells
(Finlay et al, 198$) and survival within 25 macrophages (Fields et al,
1989; Miller et al) 1989a; Groisman et al, 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 96I17951 2
PCTIGB9SI0287s al (1989b) used groups of 8 to 10 mice and infected orally
95 separate groups with a different mutant thereby using between 760 and
954 mice. Because of the extremely large numbers of animals required,
comprehensive screening of a bacterial genorne for virulence genes has not
5 been feasible. Recently a genetic system (in vivo expression technology
[TVET]) 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 genes) 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 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 94I26933 and Smith et aI (l995) Proc. Natl. Acad. Sci. 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.   WO 96I17951 PCT/GB9S10~875 3 Groisman
et al (1993) Proc. Natl. Acad. Sci. USA 90, 1033-1037 describes the
molecular, functional and evolutionary analysis of sequences specific to
Salmonella. 



5 Some virulence genes are already known for pathogenic microorganisms such
as Escherichia cola, Salmonella typhimurium, Salmonella typhi, brio
cholerae, Clostridium botulinum, Yersinia pesos, Shigella,flexneri and
Listeria monocytogenes but in all cases only a relatively small number of
the total have been identified. 10 The disease which Salmonella typhimurium
causes in mice provides a good experimental model of typhoid fever (Carter
& Collins) 1974). Approximately forty two genes affecting Salmonella
virulence have been identified to date (Groisman & Ochman, 1994). These
represent 15 approximately one third of the total number of predicted
virulence genes (Groisman and Saier, l990). The object of the present
invention is to identify genes involved in the adaptation of a
microorganism to its environment, particularly to identify 20 further
virulence genes in pathogenic microorganisms, with increased efficiency. A
further object is to reduce the number of experimental animals 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 A first aspect of the invention provides a method
for identifying a microorganism having a reduced adaptation to a particular
environment 30 comprising the steps of:   WO 96117951 PCTIGS9SI02975 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 step (1) into the said particular environment and
allowing those microorganisms which 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 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 invention a gene of a
microorganism which allows the microorganism to adapt to a particular 30
environment is a virulence gene.   WO 96l17951 5 



PGTIGB95102$75 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. 5 Suitable microorganisms when the particular environment is a plant
include the bacteria Agrobacterium turnefaciens which forms tumours (galls)
particularly in grape; Erwinla amylovara; Pseudomonas solanacearum which
causes wilt in a wide range of plants; Rhizobium leguminosarum which causes
disease in beans; Xarahomoruis campestris 10 p.v, citri which causes canker
in citrus fruits; and include the fungi Magnaporthe grisea which causes
rice blast disease; Fusarium spp. which cause a variety of plant diseases;
Erisyphe spp.; Colletotrichum gloeosporiodes; Gaeumannomyces graminis which
causes root and crown diseases in cereals and grasses; Glomus spp.,
Laccaria spp.; Leptosphaerta 15 maculans; Phoma tracheiphila; Phytophthora
spp., Pyrenophora teres; Verticillium alboatrum and V dahliae; and
Mycosphaerella musicola and M. jijiensis. As described in more detail
below, when the microorganism is a fungus a haploid phase to its life cycle
is required. 20 Similarly, many microorganisms including bacteria, fungi,
protozoa and trypanosomes are known to 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. pertussis, Campylobacter spp.
particularly C. jejuni, Clostridium spp. particularly C. botulinum,
Enterococcus spp. particularly E. faecalis. Escherichia spp. particularly
E. coli, Haemophilus spp. particularly H. ducreyi and H. influenzae,
Helicobacter spp. particularly H. pylori. Klebsiella spp. particularly K.
pneumoniae) 30 Legionella spp. particularly L. pneumophila, Listeria spp.
particularly L.   wo 9sm9si 6 pcr~cs9sro~s monocytogenes, Mycobacterium
spp. particularly M. smegmatis and M. tuberculosis) Neisseria spp.
particularly N. gonorrhoeae and N. meningitidls, Pseudomonas spp.,
particularly Ps. aeruginosa, Salmonella spp., Shigella spp., Staphylococcus
spp. particularly S. aureus) S Streptococcus spp. particularly S. pyogenes
and pneumontae, Vibrio spp. and Yersinio spp. particularly Y. pestis. A11
of these bacteria cause disease in man and also there are animal models of
the disease. Thus) when these bacteria are used in the method of the
invention, the particular environment is an animal which they can infect
and in which they cause 10 disease. For example, when Salmonella
typhirnurium is used to infect a mouse the mouse develops a disease which
serves as a model for typhoid fever in man. Staphylococcus aureus causes
bacteraemia and renal abscess formation in mice (Albus et al (199I) Infect.
Immun. 59, 1008-I014) and endocarditis in rabbits (Perlman & Freedman
(197I) Yale J. Biol. Med. 15 44, 206-213). It is required that a fungus 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, conveniently an animal model of the human disease is
available. Suitable fungi pathogenic to humans include certain Aspergillus
spp. (for example A. fumigatus), Cryptococcus neoformans and Nistoplasma
capsulatum. Clearly the above-mentioned fungi have a haploid phase and a
DNA-mediated integrative transformation 2S systems are available for them.
Toxoplasma may also be used, being a parasite with a haploid phase during
infection. Bacteria have a haploid genome. Animal models of human disease
are often available in which the animal 30 is a mouse, rat, rabbit. dog or
monkey. It is preferred if the animal is a   wo 9s~i~9si pcr~cB9sroas~rs 7
mouse. Virulence genes detected by the method of the invention using an
animal model of a human disease are clearly very likely to be genes which
determine the virulence of the microorganism in man. 5 Particularly
preferred microorganisms for use in the methods of the invention are
Salmonella typhimurlum, Staphylococcus aureus, Streptococcus pneumoniae,
Enterococcus faecalis) Pseudomonas aeruginosa and Aspergillus 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 oligonucleotide
synthesis and a polymerise chain reaction (PCR). 15 Each DNA "tag" has a
unique sequence of between about 20 and 80 bp, preferably about 40 by which
is flanked by "arms" of about 15 to 30 bp, preferably about 20 bp) which
are common to a11 "tags". The number of by in the unique sequence is
sufficient to allow large numbers (for example > 10') 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 length of the arms should be sufficient to allow efficient
priming of oligonucleotides in a PCR. 25 It is well known that the sequence
at the 5 ` end of the oligonucleotide need not match the target sequence to
be amplified. It is usual that the PCR primers do not contain any
complementary structures with each other longer than 2 bases, especially at
their 3' ends, 30 as this feature may promote the formation of an
artifactual product called 



WO 96!179S1 PGTIGH95/0287s 8 "primer dimer". When the 3' ends of the two
primers hybridize, they form a "primed template" complex, and primer
extension results in a short duplex product called "primer dimer" . 5
Internal secondary structure should be avoided in primers. For symmetric
PCR) a 40-60C G+C content is often recommended for both primers, with no
long stretches of any one base. 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 T~, calculations. Optimum
annealing temperatures may be determined empirically and may 15 be higher
than predicted. Taq DNA polymerase does have activity in the 37-55C region,
so primer extension will occur during the annealing step and the hybrid
will be stabilized. The concentrations of the primers are equal in
conventional (symmetric) PCR and, typically, within 0.1- to 1 ~M range. 20
The "tags" are ligated into a transposon or transposon-like element to form
the nucleic acid comprising a unique marker sequence. Conveniently, the
transposon is carried on a suicide vector which is maintained as a plasmid
in a "helper" organism, but which is lost after 25 transfer to the
microorganism of the method of the invention. For example, the "helper"
organism may be a strain of Escherichia coli, the microorganism of the
method may be Salmonella and the transfer is a conjugal transfer. Although
the transposon can be lost after transfer, in a proportion of cells it
undergoes a transposition event through which it 30 integrates at random,
along with its unique tag, into the genome of the   WO 96117931
PCTIGH95lOZ8'15 9 microorganism used in the method. It is mast preferred if
the transposon or transposon-like element can be selected. For example, in
the case of Salmonella, a kanamycin resistance gene may be present in the
transposon and exconjugants are selected on medium containing kanamycin. It
is also 5 possible to complement an auxotrophic marker in the recipient
cell with a functional gene in the nucleic acid comprising the unique
marker. This method is particularly convenient when fungi are used in the
method. Preferably the complementing functional gene is not derived from
the 10 same species as the recipient microorganism) otherwise non-random
integration events may occur. It is also particularly convenient if the
transposon or transposon-like element is carried on a vector which is
maintained episomally (ie not as 15 part of the chromosome) in the
microorganism used in the method of the first aspect of the invention when
in a first given condition whereas, upon changing that condition to a
second given condition, the episome cannot be maintained permitting the
selection of a cell in which the transposon or transposon-like element has
undergone a transposition event through which 20 it integrates at random,
along with its unique tag, into the genome of the microorganism used in the
method. This particularly convenient embodiment is advantageous because,
once a microorganism carrying the episomal vector is made, then each time
the transposition event is selected for or induced by changing the
condition of the microorganism (or a clone 25 thereof) from a first given
condition to a second given condition, the transposon can integrate at a
different site in the genome of the microorganism. Thus, once a master
collection of microorganisms are made, each member of which contains a
unique tag sequence in the transposon or transposon-like element carried on
the episomal vector 30 (when in the first given condition), it can be used
repeatedly to generate   WO 96l17951 PGTIGB9510~875 IO pools of 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 control easier. As is described in mare
detail below, the "pool" size is conveniently about 100 or 200
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 35C to 45C, most
preferably 42C. In further preferred embodiments the first given condition
is the presence of an antibiotic, such as streptomycin, 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 bacteria include TnS, TnlO and
derivatives thereof. Transposons suitable for integration into the genome
of Gram positive bacteria include Tn916 30 and derivatives or analogues
thereof. Transposons particularly suited for   WO 961179s1 PGTIGB95I~0287s
11 use with Staphylococcus aureus include Tn917 (Cheung et al ( 1992) Proc.
Natl. Acad. Sci. USA 89, 6462-64bb) 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 al (1987) J.
Bacteriol. 169, 4822-4829). 10 It will be appreciated that although
transposons are convenient for insertionally 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.Bacterlol
159, 870 with respect to S.pneumoniae. The general method may also be
applied to other microorganisms, especially bacteria. For fungi,
insertional mutations are created by transformation using DNA 20 fragments
or plasmids carrying the "tags" and, preferably, selectable markers
encoding, for example, resistance to hygromycin B or phleomycin (see Smith
et al ( 1994) Infect. Immunol. 62) 5247-5254). Random, single integration
of DNA fragments encoding hygromyein B resistance into the genome of
filamentous fungi, using restriction enzyme mediated 25 integration (REM I;
Schiestl & Petes ( 1991 ); Lu et al ( 1994) Proc. Natl. Acad. Sci. USA 91,
12649-12653) are known. A simple insertional mutagenesis technique for a
fungus is described in Schiestl & Petes ( 1994) incorporated herein by
reference, and include) for 30 example. the use of Ty elements and
ribosomal DNA in yeast.   WO 96/179s1 PGTlGB9SlOZ875 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 is made.
Pools of the microorganisms from the welled microtitre dish are 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 ''-P. The product of the PCR is used to probe
the DNA stored from each individual mutant to provide a reference
hybridisation pattern for the replicas of the welled microtitre dishes.
This is a check that each of the individual 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 environment. Conveniently, 96-well microtitre dishes
are used and the pool contains 96 transposon mutants. However, the lower
limit for the 30 pool is two mutants: there is no theoretical upper limit
to the size of the   WO 961179s1 PCTIGB9sI0Z875 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 5 environment those
microorganisms which are ably 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
environment. After a suitable length of time, the microorganisms are
recovered from the environment, DNA is extracted and the DNA is used 10 as
a template for a PCR using primers that anneal to the "arms" flanking the
"tags" . The PCR product is labelled, for example with ~P, and is used to
probe the DNA stored from each individual mutant replicated from the welled
microtitre dish. Stored DNA are identified which hybridise weakly or not at
a11 with the probe generated from the DNA isolated from 15 the
microorganisms recovered from environment. These non-hybridising DNAs
correspond to mutants whose adaptation to the particular environment has
been attenuated by insertion of the transposon or 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 primers arc suitably
designed to contain no, or a single, G residue) the'zP-labelled nucleotide
is dCTP and, in this case) no or one radiolabelled C residue is
incorporated in each "arm" but a greater number of radiolabelled C 25
residues are incorporated in the "tag". it is preferred if the "tag" has at
least ten-fold more label incorporated than the "arms"; preferably
twentyfold or mare; more preferably fifty-fold or more. Conveniently the
"arms" can be removed from the `'tag" using a suitable restriction enzyme,
a site for which may be incorporated in the primer design. 30   WO 9GI17951
PCTIGB95I02875 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 (b) 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 enough mutants have had a chance to grow in the 10
desired way. The number of cells in (a) can be determined for each
microorganism used but it is preferably more than 50, more preferably more
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 106 cells (and it is
preferably 10s cells) although the size of the inoculum may be varied above
or below this amount depending on the microorganism and the animal. 20 In a
particularly convenient method an inoculum of 10s is used containing 1000
cells each of 100 different mutants for a single animal) It will be
appreciated that in this method one animal can be used to screen 100
mutants compared to prior art methods which require at least 100 animals 25
to screen 10(1 mutants. However, it is convenient to inoculate three
animals with the same pool of mutants so that at least two can be
investigated (one as a replica to check the reliability of the method),
whilst the third is kept as a back-up. 30 Nevertheless, the method still
provides a greater than 30-fold saving in the   WO 9GI17951 PCTlGB95lOZ875
15 number of animals used. The time between the pool of mutants being
introduced into the animal and the microorganisms being recovered may vary
with the microorganism 5 and animal used. For example, when the animal is a
mouse and the microorganism is Salmonella typhimurium, the time between
inoculation and recovery is about three days. 



In one embodiment of the invention microorganisms are retrieved from the 10
environment in step (5) at a site remote 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 15 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 may be required to 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 in culture
(particularly macrophages and epithelial cells) and plant cells in culture.
Although using cells in culture will be useful in its own right, it will
also complement the use of the whole . 30 animal or plant, as the case may
be, as the environment.   WO 96I17951 PGTIGB9SlOZ875 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. 5 The number of individual microorganisms (ie cells)
recovered from the environment should be at least twice, preferably at
least 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 10,000 individual microorganisms
should be retrieved and their marker DNA isolated. A further preferred
embodiment comprises the steps: 15 (lA) removing auxotrophs from the
plurality of mutants produced in step (1); or (6A) determining whether the
mutant selected in step (6) is an auxotroph; or 20 both (lA) and (6A). It
is desirable to distinguish an auxotroph (that is a mutant microorganism
which requires growth factors not needed 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.   WO 961l7951 PGT/GB9510Z875 17 A second aspect of the
invention provides a method of identifying a gene which allows a
microorganism to adapt to a particular environment) the method comprising
the method of the first aspect of the invention, followed by the additional
step: 5 (7) isolating the insertionally-inactivated gene or part thereof
from the 



individual mutant selected in step (6). Methods for isolating a gene
containing a unique marker are well known 10 in the art of molecular
biology. A further preferred embodiment comprises the further additional
step: (8) isolating from a wild-type microorganism the corresponding wild15
type gene using the insertionally-inactivated gene isolated in step (7) or
part thereof as a probe. Methods for gene probing are well known in the art
of molecular biology. 20 Molecular biological methods suitable for use in
the practice of the present invention are disclosed in Sambrook et al
(1989) incorporated herein by reference. When the microorganism is a
microorganism pathogenic to an animal and 25 the gene is a virulence gene
and a transposon has been used to insertionally inactivate the gene) it is
convenient for the virulence genes to be cloned by digesting genomic DNA
from the individual mutant selected in step (b} with a restriction enzyme
which cuts outside the transposon, ligating size-fractionated DNA
containing the transposon into 30 a plasmid, and selecting plasmid
recombinants on the basis of antibiotic   WO 96I17951 PCTIGB9510Z875 18
resistance conferred by the transposon and not by the plasmid. The
microorganism genomic DNA adjacent to the transposon is sequenced using two
primers which anneal to the terminal regions of the transposon, and two
primers which anneal close to the polylinker sequences of the 5 plasmid.
The sequences may be subjected to DNA database searches to determine if the
transposon has interrupted a known virulence gene. Thus, conveniently,
sequence obtained by this method is compared against the sequences present
in the publicly available databases such as EMBL and GenBank. Finally, if
the intenvpted sequence appears to be in a new 10 virulence gene, the
mutation is transferred to a new genetic background (for example by phage
P22-mediated transduction in the case of Salmonella) and the LDP of the
mutant strain is determined to confirm that the avirulent phenotype is due
to the transposition event and not a secondary mutation. 15 The number of
individual mutants screened in order to detect a11 of the virulence genes
in a microorganism depends on the number of genes in the genome of the
microorganism. For example) it is likely that 3000-5000 mutants of
Salmonella typhimurium need to be screened in order to detect 20 the
majority of virulence genes whereas for Aspergillus spp., which has a
larger genome than Salmonella, around 20 000 mutants are screened.
Approximately 4% of non-essential S. typhimurium genes are thought to be
required for virulence (Grossman & Saier) 1990) and, if so, the S.
typhimurium genome contains approximately 150 virulence genes. 25 However,
the methods of the invention provide a faster, more convenient and much
more practicable route to identifying virulence genes. A third aspect of
the invention provides a microorganism obtained using the method of the
first aspect of the invention. a0   WO 96I17951 PGTlGB95lOZ875 19 Such
microorganisms are useful because they have the property of not being
adapted to survive in a particular environment. In a preferred embodiment,
a pathogenic microorganism is not adapted to 5 survive in a host organism
(environment) and, in the case of microorganisms that are pathogenic to
animals, particularly mammals, more particularly humans, the mutant
obtained by the method of the invention may be used in a vaccine. The
mutant is avirulent) and therefore expected to be suitable for
administration to a patient, but it is 10 expected to be antigenic and give
rise to a protective immune response. In a further preferred embodiment the
pathogenic microorganism not adapted to survive in a host organism,
obtained by the methods of the invention, is modified, preferably by the
introduction of a suitable DNA 15 sequence, to express an antigenic epitope
from another pathogen. This modified microorganism can act as a vaccine for
that other pathogen. A fourth aspect of the invention provides a
microorganism comprising a mutation in a gene identified using the method
of the second aspect of the 20 invention. Thus, although the microorganism
of the third aspect of the invention is useful, it is preferred if a
mutation is specifically introduced into the identified gene. In a
preferred embodiment, particularly when the 25 microorganism is to be used
in a vaccine, the mutation in the gene is a deletion ar a frameshift
mutation or any other mutation which is substantially incapable of
reverting. Such gene-specific mutations can be made using standard
procedures such as introducing into the microorganism a copy of the mutant
gene on an autonomous replicon 



30 (such as a piasmid or viral genome) and relying on homologous   WO
9611795l PCT/GH9310I87s 20 recombination to introduce the mutation into the
copy of the gene in the genome of the microorganism. Fifth and sixth
aspects of the invention provide a suitable microorganism 5 for use in a
vaccine and a vaccine comprising a suitable microorganism and a
pharmaceutically-acceptable carrier. The suitable microorganism is the
aforementioned avirulent mutant. 10 Active immunisation of the patient is
preferred. In this approach) one or more mutant microorganisms are prepared
in an immunogenic formulation containing suitable adjuvants and carriers
and administered to the patient in known ways. Suitable adjuvants include
Freund's complete or incomplete adjuvant, muramyl dipeptide, the "Iscoms"
of EP l09 94Z) EP 15 180 564 and EP 231039) aluminium hydroxide, saponin)
DEAE-dextran, neutral oils (such as miglyol), vegetable oils (such as
arachis oil), liposomes, Pluronic polyols or the Ribi adjuvant system (see,
for example GB-A-2 189 141). "Pluronic" is a Registered Trade Mark. The
patient to be immunised is a patient requiring to be protected from the
disease 20 caused by the virulent farm of the microorganism. The
aforementioned avirulent microorganisms of the invention or a formulation
thereof may be administered by any conventional method including oral and
parenteral (eg subcutaneous or intramuscular) injection. 25 The treatment
may consist of a single dose or a plurality of doses over a period of time.
Whilst it is possible for an avirulent microorganism of the invention to be
administered alone, it is preferable to present it as a pharmaceutical 30
formulation) together with one or more acceptable carriers. The carriers)
w0 96117951 PCTIGB9510I875 21 must be "acceptable" in the sense of being
compatible with the avirulent microorganism of the invention and not
deleterious to the recipients thereof. Typically, the carriers will be
water or saline which will be sterile and pyrogen free. , 5 It will be
appreciated that the vaccine of the invention) depending on its
microorganism component, may be useful in the fields of human medicine and
veterinary medicine. 10 Diseases caused by microorganisms are known in many
animals, such as domestic animals. The vaccines of the invention, when
containing an appropriate avirulent microorganism, particularly avirulent
bacterium, are useful in man but also in) for example, cows, sheep) pigs)
horses, dogs and cats, and in poultry such as chickens, turkeys, ducks and
geese. 15 Seventh and eighth aspects of the invention provide a gene
obtained by the method of the second aspect of the invention, and a
polypeptide encoded thereby. 20 By "gene" we include not only the regions
of DNA that code for a polypeptide but also regulatory regions of DNA such
as regions of DNA that regulate transcription, translation and, for some
microorganisms) splicing of RNA. Thus, the gene includes promoters,
transcription terminators, ribosome-binding sequences and for some
organisms introns 



25 and splice recognition sites. Typically) sequence information of the
inactivated gene obtained in step 7 is derived. Conveniently, sequences
close to the ends of the transposon are used as the hybridisation site of a
sequencing primer. The derived 30 sequence or a DNA restriction fragment
adjacent to the inactivated gene   WO 96l17951 PCTIGH9510Z875 22 itself is
used to make a hybridisation probe with which to identify, and isolate from
a wild-type organism, the corresponding wild type gene. It is preferred if
the hybridisation probing is done under stringent 5 conditions to ensure
that the gene, and not a relative, is obtained. By "stringent" we mean that
the gene hybridises to the probe when the gene is immobilised on a membrane
and the probe (which, in this case is > 200 nucleotides in length) is in
solution and the immobilised genelhybridised probe is washed in 0.1 x SSC
at 65 C for 10 min. SSC is 0.15 M 10 NaC1/0.015 M Na citrate. Preferred
probe sequences for cloning Salmonella virulence genes are shown in Figures
5 and 6 and described in Example 2. 15 In a particularly preferred
embodiment the Salmonella virulence genes comprise the sequence shown in
Figures 5 and 6 and described in Example 2. In further preference the genes
are those contained within, or at least part 20 of which is contained
within) the sequences shown in Figures 11 and 12 and which have been
identified by the method of the second aspect of the invention. The
sequences shown in Figures 11 and 12 are part of a gene cluster from
Salmonella typhimurium which I have called virulence gene cluster 2 (VGC2).
The position of transposon insertions are indicated 25 within the sequence,
and these transposon insertions inactivate a virulence determinant of the
organism. As is discussed more fully below, and in particular in Example 4,
when the method of the second aspect of the invention is used to identify
virulence genes in Salmonella typhimurium. many of the nucleic acid
insertions (and therefore genes identified) are 30 clustered in a
relatively small part of the genome. This region. VGC2)   WO 96/1795l
PCTIGH95l02875 23 contains other virulence genes which, as described below,
form part of the invention. The gene isolated by the method of the
invention can be expressed in a 5 suitable host cell. Thus, the gene (DNA)
may be used in accordance with known techniques, appropriately modified in
view of the teachings contained herein, to construct an expression vector)
which is then used to transform an appropriate host cell for the expression
and production of the polypeptide of the invention. Such techniques include
those disclosed in 10 US Patent Nos. 4,440,859 issued 3 April 1984 to
Rutter et al, 4,530,901 issued 23 July 1985 to Weissman, 4,582,800 issued
15 April l986 to Crowl) 4,677,063 issued 30 June 1987 to Mark et al)
4,678,751 issued 7 July 1987 to Goeddel) 4,704,362 issued 3 November 1987
to Itakura et al, 4,7l0,463 issued 1 December 1987 to Murray, 4,757,006
issued 12 July 15 1988 to Toole) Jr. et al) 4,766,075 issued 23 August 1988
to Goeddel et al and 4,810,648 issued 7 March 1989 to Stalker, all of which
are incorporated herein by reference. The DNA encoding the polypeptide
constituting the compound of the 20 invention may be joined to a wide
variety of other DNA sequences for introduction into an appropriate host.
The companion DNA will depend upon the nature of the host, the manner of
the introduction of the DNA into the host, and whether episomal maintenance
or integration is desired. 



25 Generally, the DNA is inserted into an expression vector, such as a
plasmid) in proper orientation and correct reading frame for expression. If
necessary) the DNA may be linked to the appropriate transcriptional and
translational regulatory control nucleotide sequences recognised by the
desired host) although such controls are generally available in the 30
expression vector. The vector is then introduced into the host through   WO
96I17951 PCTlGB9510s875 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) 5 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 the art in view
of the teachings disclosed herein to permit the expression of the
polypeptide, which can then be recovered. 15 Many expression systems are
known, including bacteria (for example E. coli and Bacillus subtilis),
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 ColEl ori, for
propagation in a prokaryote, even if the vector is to be used for
expression in other, non-prokaryotic, cell types. The vectors can also
include an appropriate promoter such as a prokaryotic promoter capable of
directing the expression (transcription and translation) of the genes in a
bacterial 25 host cell, such as E. coli, transformed therewith. A promoter
is an expression control element formed by a DNA sequence that permits
binding of RNA polymerase and transcription to occur. Promoter sequences
compatible with exemplary bacterial hosts are 30 typically provided in
plasmid vectors containing convenient restriction sites   wo 9s~i~9si 25
for insertion of a DNA segment of the present invention. rcr~cH9sro~s
Typical prokaryotic vector plasmids are pUC 18) pUC I9, pBR322 and pBR329
available from Biorad Laboratories, (Richmond) CA, USA) and S pTrc99A and
pKK223-3 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 pRS403-406 and pRS413-416 and are
generally available from Stratagene Cloning Systems, La Jolla, CA 92037,
USA. Plasmids pRS403, pRS404, pRS405 and pRS406 are Yeast 20 Integrating
plasmids (YIps) and incorporate the yeast selectable markers HISS, TRPI ,
LEUZ and URA.. 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 hamopolymer
tracts can be added to the DNA segment to be inserted to the vector DNA.
The vector and DNA segment are then joined by hydrogen bonding between the
complementary homopolymeric tails to form recombinant DNA molecules. 30
wo 9s~i~9s~ 26 rcr~cs9s~oz~rs Synthetic linkers containing one or more
restriction sites provide an alternative method of joining the DNA segment
to vectors. The DNA segment, generated by endonuelease restriction
digestion as described earlier, is treated with bacteriophage T4 DNA
polymerase or E. cola DNA 5 polymerase I, enzymes that remove protruding)
3'-single-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 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 at 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 number of sources including International Biotechnologies
Inc, New Haven) CN) USA. A desirable way to modify the DNA encoding the
polypeptide of the invention is to use the polymerase chain reaction as
disclosed by Saiki et 25 al (1988) Science 239, 487-491. In this method the
DNA to be enzymatically amplified is flanked by two specific
oligonucleotide primers which themselves become incorporated into the
amplified DNA. The said specific primers may contain restriction 30
endonuclease recognition sites which can be used for cloning into   WO
96I17951 27 expression vectors using methods known in the art.
PGTIGB9SIOI875 Variants of the genes also form part of the invention. It is
prefen~ed if the variant has at least 70 ~6 sequence identity, more
preferably at least 85 ~ 5 sequence identity, most preferably at least 95 ~
sequence identity with the genes isolated by the method of the invention.
Of course) replacements) deletions and insertions may be tolerated. The
degree of similarity between one nucleic acid sequence and another can be
determined using the GAP program of the University of Wisconsin Computer
Group. 10 Similarly, variants of proteins encoded by the genes are
included. By "variants" we include insertions, deletions and substitutions,
either conservative or non-conservative) where such changes do not
substantially 15 alter the normal function of the protein. By "conservative
substitutions" is intended combinations such as Gly) Ala; Val, 11e. I,eu;
Asp, Glu; Asn, Gln; Ser, Thr; Lys, Arg; and Phe, Tyr. 20 Such variants may
be made using Ehe well known methods of protein engineering and
site-directed mutagenesis. A ninth aspect of the invention provides a
method of identifying a compound which reduces the ability of a
microorganism to adapt to a 25 particular environment comprising the steps
of selecting a compound which interferes with the function of (1 ) a gene
obtained by the method of 



the second aspect of the invention or of (2) a polypeptide encoded by such
a gene. 30 Pairwise screens for compounds which affect the wild type cell
but not a   WO 96117951 PG'IYGB95J02875 28 cell overproducing a gene
isolated by the methods of the invention form part of this aspect of the
invention. For example, in one embodiment one cell is a wild type cell and
a second 5 cell is the Salmonella which is made to overexpress the gene
isolated by the method of the invention. The viability andlor growth of
each cell in the particular environment is determined in the presence of a
compound to be tested to identify which compound reduces the viability or
growth of the wild type cell but not the cell ovectxpressing the said gene.
10 It is preferred if the gene is a virulence gene. For example, in one
embodiment the microorganism (such as S. typhimurium) is made to
over-express the virulence gene identified by the 15 method of the first
aspect of the invention. Each of (a) the "overexpressing" microorganism and
(b) an equivalent microorganism (which does not over-express the virulence
gene) are used to infect cells in culture. Whether a particular test
compound will selectively inhibit the virulence gene function is determined
by assessing the amount of the test 20 compound which is required to
prevent infection of the host cells by (a) the over-expressing
microorganism and (b) the equivalent microorganism (at least for some
virulence gene products it is envisaged that the test compound will
inactivate them, and itself be inactivated, by binding to the virulence
gene product). 1f more of the compound is required to prevent 25 infection
by the (a) than (b) then this suggests that the compound is selective. It
is preferred if the microorganisms (such as Salmonella) are destroyed
extracellularly by a mild antibiotic such as gentamicin (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 iysing the said
30 cell and determining how many microorganisms are present (for example
WO 961179s1 29 by plating on agar). rcrrcs9srois~s Pairwise screens and
other screens for compounds are generally disclosed in Kirsch & Di Domenico
(l993) 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 formats in 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 format, this is 15 determined by measuring the
size of the zonc of inhibition surrounding the disc or well carrying the
compound. Because of diffusion, a continuous concentration gradient of
compound is set up, 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 20 of action other
than the desired one are generally observed as having similar activities
against the two strains. Another type of molecular genetic 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, containing normal amounts of the target
protein. In an agar diffusion assay, the zone size surrounding a specific
compound is expected to be 30 smaller in the strain overexpressing the
target protein compared to an 



wo 9s~i~9si 30 otherwise isogenic strain. pc-riGS9siois~s Additionally or
alternativeiy selection of a compound is achieved in the following steps: 5
1. A mutant microorganism obtained using the method of the first aspect of
the invention is used as a control (it has a given phenotype, for example,
avirulence). 10 2. A compound to be tested is mixed with the wild-type
microorganism. 3. The wild-type microorganism is introduced into the
environment (with or without the test compound). 15 4. If the wild-type
microorganism is unable to adapt to the environment (following treatment
by, or in the presence of, the compound)) the compound is one which reduces
the ability of the microorganism to adapt to, or survive in) the particular
environment. 20 When the environment is an animal body and the
microorganism is a pathogenic microorganism, the compound identified by
this method can be used in a medicament to prevent or ameliorate infection
with the microorganism. 25 A tenth aspect of the invention therefore
provides a compound identifiable by the method of the ninth aspect. It will
be appreciated that uses of the compound of the tenth aspect are 30 related
to the method by which it can be identified, and in particular in   WO
96/17951 PGTIGH98I02875 31 relation to the host of a pathogenic
microorganism. For example, if the compound is identifiable by a method
which uses a virulence gene, or polypeptide encoded the~by, from a
bacterium which infects a mammal) the compound may be useful in treating
infection of a mammal by that 5 bacterium. Similarly, if the compound is
identifiable by a method which uses a virulence gene, or polypeptide
encoded thereby) from a fungus which infects a plant) the compound may be
useful in treating infection of a plant 10 by that fungus. An eleventh
aspect of the invention provides a molecule which selectively interacts
with, and substantially inhibits the function of, a gene of the seventh
aspect of the invention or a nucleic acid product thereof. 15 By "nucleic
acid product thereof" we include any RNA, especially mRNA, transcribed from
the gene. Preferably a molecule which selectively interacts with, and
substantially 20 inhibits the function of, said gene or said nucleic acid
product is an antisense nucleic acid or nucleic acid derivative. More
preferably, said molecule is an antisense oligonucleotide. 25 Antisense
oligonucieotides are single-stranded nucleic acid, which can specifically
bind to a complementary nucleic acid sequence. By binding to the
appropriate target sequence, an RNA-RNA, a DNA-DNA, or RNADNA duplex is
formed. These nucleic acids are often termed "antisense" because they are
complementary to the sense or coding strand of the gene. 30 Recently,
formation of a triple helix has proven possible where the   wo 96ii79s~ 



32 PGTlGB9SIOZ87s 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 molecules which specifically 5
bind double-stranded DNA via recognition of major groove hydrogen binding
sites. Clearly, the sequence of the antisense nucleic acid or
oiigonucleotide can readily be determined by reference to the nucleotide
sequence of the gene 10 in question. For example, antisense nucleic acid or
oligonucleotides can be designed which are complementary to a part of the
sequence shown in Figures 11 or 12, especially to sequences which form a
part of a virulence gene. 15 Oligonucleotides are subject to being degraded
or inactivated by cellular endogenous nucleases. To counter this problem,
it is possible to use modified oligonucleotides, eg having altered
internucleotide linkages, in which the naturally occurring phosphodiester
linkages have been replaced with another linkage. For example, Agrawal et
al (1988) Proc. Natl. 20 Acad. Sci. USA 85, 7079-7083 showed increased
inhibition in tissue culture of HIV-1 using oligonucleotide
phosphoramidates and phosphorothioates. 5arin et al (1988) Proc. Natl.
Acad. Sci. USA 8S) 7448-7451 demonstrated increased inhibition of HIV-1
using oligonucleotide methylphosphonates. Agrawal et al ( 1989) Proc. Natl.
25 Acad. Sci. USA 86, 7790-7794 showed inhibition of HIV-1 replication in
both early-infected and chronically infected cell cultures) using
nucleotide sequence-specific oligonucleotide phosphorothioates. Leither et
al (l990) Proc. Natl. Acad. Sci. USA 87. 3430-3434 report inhibition in
tissue culture of influenza virus replication by oligonucleotide
phosphorothioates. 30   wo 9s~i~9si 33 rcr~c~~rozs~s Oligonucleotides
having artiftcial linkages have been shown to be resistant to degradation
in vivo. For example, Shaw et al (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 certain capping
structures and that uncapped oligonucleotide phosphorothioates arc not
degraded in vivo. A detailed description of the H-phosphonate approach to
synthesizing oligonucleoside phosphorothioates is provided in Agrawal and
Tang (1990) 10 Tetrahedron Letters 31) 7541-7S44, the teachings of which
are hereby incorporated herein by reference. Syntheses of oligonucleoside
methylphosphonates, phosphorodithioates) phosphoramidates, phosphate
esters, bridged phosphoramidates and bridge phosphorothioates are known in
the art. See, for example, Agrawal and Goodchild (1987) 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) Helv. Chim. Acta. 71, 1517; Crosstick
and Vyle ( 1989) Tetrahedron Letters 30) 4693; Agrawal et al (1990) Proc.
Natl. Acad. Sci. USA 87, 1401-1405, the teachings of which 20 are
incorporated herein by reference. Other methods for synthesis or production
also are possible. In a preferred embodiment the oligonucleotide is a
deoxyribonucleic acid (DNA), 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 products of reduced length. Such breakdown
products are more likely to engage in non-specific hybridization and are
less likely to be effective, 30 relative to their full-length counterparts.
Thus, it is desirable to use   wo 9s~i~9st 34 pcrrcH9srosa~s
oligonucleotides that are resistant to degradation in the body and which
are able to reach the targeted cells. The present oligonucleotides can be
rendered morc resistant to degradation in vivo by substituting one or more
internal artificial internucleotide linkages for the native phosphodiester
5 linkages) for example) 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
phosphoramidates. Such examples are illustrative) rather than 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
phosphodiester internucleotide 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 incorporating similar
groups on the 5' or 3' terminal nucleotides. A reagent for capping is
commercially available as 20 Amino-Link IIT'~' from Applied BioSystems Inc,
Foster City) CA. Methods for capping are described, for example, by Shaw et
al (1991) Nucleic Acids Res. 19, 747-750 and Agrawal et al (1991) Proc.
Natl. Acad. Sci. USA 88(1'n) 7S95-7599, 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. Acids Res. 21,
2729-2735 incorporated herein by reference. Self stabilized
oligonucleotides have hairpin loop structures at their 3' ends. 30 and show
increased resistance to degradation by snake venom   



w0 96I17951 PGTIGB95102875 35 phosphodiesterase) DNA polymerase I and fetal
bovine serum. The self stabilized region of the oligonucleotide does not
interfere in hybridization with complementary nucleic 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 invention) the inherent binding
specificity of antisense oligonucleotides characteristic of basc pairing is
enhanced by limiting the availability of the antisense compound to its
intend locus in 10 vivo, permitting lower dosages to be used and minimizing
systemic effects. 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. The
oligonucleotides can be delivered to the locus by any means 20 appropriate
For localized administration of a drug. For example) a solution of the
oligonucleotides can be injected directly to the site or can be delivered
by infusion using an infusion pump. The oligonucleotides also can be
incorporated into an implantable device which when placed at the desired
site) permits the oligonucleotides to be released into the 25 surrounding
locus. The oligonucleotides are 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 preferred embodiment) the method exploits a   WO 96/179s1
PCTIGB95IOZ875 36 hydrogel which is liquid below body temperature but gels
to form a shaperetaining semisolid hydrogel at or near body temperature.
Preferred hydrogel are polymers of ethylene oxide-propylene oxide repeating
units. The properties of the polymer are dependent on the 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 weight 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 PluronicR. In this embodiment, the hydrogel is cooled to a
liquid state and the oligonucleotides are admixed into the liquid to a
concentration of about 1 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
enddscopic 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 can be administered by means of other implants 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 I copolymers thereof, collagen.
and protein polymers, or non-biodegradable materials such as ethylenevinyl
acetate f EVAc), polyvinyl acetate, ethylene 



vinyl alcohol. and derivatives thereof can be used to locally deliver the
30 oligonucleotides. The oligonucleotides can be incorporated into the   WO
96I17931 37 PGT/GS93102873 material as it is polymerized or solidified,
using melt or solvent evaporation techniques, or mechanically mixed with
the material. In one embodiment, the oligonucleotides are mixed into or
applied onto coatings for implantable devices such as dextran coated silica
beads, scents, or 5 catheters. The dose of oligonucleotides is dependant on
the size of the oligonucleotides and the purpose for which is it
administered. In general, the range is calculated based on the surface area
of tissue to be treated. 10 The effective dose of oligonucleotide is
somewhat dependent on the length and chemical composition of the
oligonucteotide but is generally in the range of about 30 to 3000 ug per
sguare centimetre of tissue surface area. The oligonucleotides may be
administered to the patient systemically for 15 both therapeutic and
prophylactic purposes. The oligonucleotides may be administered by any
effective method, for example, parenterally (eg intravenously,
subcutaneously, intramuscularly) or by oral) nasal or other means which
permit the oligonucleotides to access and circulate in the patient's
bloodstream. Oligonucleotides administered systemically 20 preferably are
given in addition to locally administered oligonucleotides, but also have
utility in the absence of local administration. A dosage in the range of
from about 0. I to about I O grams ~ per administration to an adult human
generally will be effective for this purpose. 25 It will be appreciated
that the molecules of this aspect of the invention are useful in treating
or preventing any infection caused by the microorganism from which the said
gene has been isolated, of a close relative of said microorganism. Thus,
the said molecule is an antibiotic. 30 Thus. a twelfth aspect of the
invention provides a molecule of the eleventh   WO 96I17951 PGTIGB9510Z875
38 aspect of the invention for use in medicine. A thirteenth aspect of the
invention provides a method of treating a host which has) or is susceptible
to) an infection with a microorganism) the 5 method comprising
administering an effective amount of a molecule i according to the eleventh
aspect of the invdntion wherein said gene is present in said
microorganisms, or a close rehitive of said microorganism. I By "effective
amount" we mean an amount which substantially prevents 10 or ameliorates
the infection. By "host" we include any animal or plant which may be
infected by a microorganism. It will be appreciated that pharmaceutical
formulations of the molecule of the eleventh aspect of the invention form
part of the invention. Such 15 pharmaceutical formulations comprise the
said molecule together with one or more acceptable carriers. The carriers)
trust be "acceptable" in the sense of being compatible with the said
molecule of the invention and not deleterious to the recipients thereof.
Typically, the carriers will be water or saline which will be sterile and
pyrogen free. 20 As mentioned above, and as described in more detail in
Example 4 below, I have found that certain virulence genes ire clustered in
Salmonella ryphlmurium in a region of the chromosome that I have called
VGC2. i DNA-DNA hybridisation experiments have ~ determined chat sequences
25 homologous to at least part of VGC2 are found in many species and
strains of Salmon:ella but are not present in the E. coli and Shigella
strains tested (see Example 4). These sequences alrhost certainly
correspond to conserved genes, at least in Salmonella. and at least some of
which are virulence genes. It is believed that equivalent genes in other
Salmonella 30 species and, if present, equivalent genes in other enteric or
other bacteria   wo 9sn~9si 39 will also be virulence genes. rcr~cH9sroas~s
Whether a gene within the VGC2 region is a virulence gene is readily 



determined. For example) those genes within VGC2 which have been 5
identified by the method of the second aspect of the invention (when
applied to Salmonella typhlmurium and wherein the environment is an animal
such as a mouse) are virulence genes. Virulence genes are also identified
by making a mutation in the gene (preferably a non-polar mutation) and
determining whether the mutant strain is avirulent. 10 Methods of making
mutations in a selected gene are well known and are described below. A
fourteenth aspect of the invention provides the VGC2 DNA of Salmonella
typhimurlum or a part thereof, or a variant of said DNA or a 15 variant of
a part thereof. The VGC2 DNA of Salmonella typhimurium is depicted
diagrammatically in Figure 8 and is readily obtainable from Salmonella
ryphimurium ATCC 14028 (available from the American Type Culture
Collection, 12301 20 Parklawn Drive) Rockville, Maryland 20852, USA; also
deposited at the NCTC, Public Health Laboratory Service) Colindale, UK
under accession no. NCTC 12021) using the information provided in Example
4. For example, probes derived from the sequences shown in Figures 11 and
12 may be used to identify ~ clones from a Salmonella ryphimurium genomic
25 library. Standard genome walking methods can be employed to obtain all
of the VGC2 DNA. The restriction map shown in Figure 8 can be used to
identify and locate DNA fragments from VGC2. By "part of the VGC2 DNA of
Salmonella ryphimurium" we mean any 30 DNA sequence which comprises at
least 10 nucleotides, preferably at least   W O 96l17951 PCT/GH93JOZ8'15 40
20 nucleotides) more preferably at least 50 nucleotides, still more
preferably at least 100 nucleotides) and most preferably at least 500
nucleotides of VGC2. A particularly preferred part of the VGC2 DNA is the
sequence shown in Figure 11, or a part thereof. Another 5 particularly
preferred part of the VGC2 DNA is the sequence shown in Figure 12) or a
part thereof. Advantageously, the part of the VGC2 DNA is a gene, or part
thereof. 10 Genes can be identified within the VGC2 region by statistical
analysis of the open reading frames using computer programs known in the
art. If an open reading frame is greater than about 100 codons it is likely
to be a gene (although genes smaller than this are known). Whether an open
reading frame corresponds to the polypeptide coding region of a gene can i5
be determined experimentally. For example) a part of the DNA corresponding
to the open reading frame may be used as a probe in a northern (RNA) blot
to determine whether mRNA is expressed which hybridises to the said DNA;
alternatively or additionally a mutation may be introduced into the open
reading frame and the effect of the mutation 20 on the phenotype of the
microorganism can be determined. If the phenotype is changed then the open
reading frame corresponds to a gene. Methods of identifying genes within a
DNA sequence are known in the art. 25 By "variant of said DNA or a variant
of a part thereof" we include any variant as defined by the term "variant"
in the seventh aspect of the invention. 'Thus, variants of VGC2 DNA of
Salmonella typhimurium include 30 equivalent genes, or parts thereof, from
other Salmonella species) such as   WO 96I19951 PGTlGS9510~8'l~ 41
Salmonella typhi and Salmonella eraerica) as well as equivalent genes, or
parts thereof, from other bacteria such as other enteric bacteria. By
"equivalent gene" we include genes which are functionally equivalent 5 and
those in which a mutation leads to a similar phenotype (such as
avirulence). It will be appreciated that before the present invention VGC2
or the genes contained therein had not been identified and certainly not
implicated in virulence determination. 10 Thus, further aspects of the
invention provide 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; methods of making a
mutant bacterium wherein if the bacterium normally contains a gene that is
the same as or equivalent to a 15 gene in VGC2, said gene is mutated or
absent in said mutant bacterium. The following is a preferred method to
inactivate a VGC2 gene. One first subclones the gene on a DNA fragment from
a Salmonella a DNA library or other DNA library using a fragment of VGC2 as
a probe in hybridisation experiments, and map the gene with respect to
restriction 20 enzyme sites and characterise the gene by DNA sequencing in
Escherichia coli. Using restriction enzymes, one then introduces into the
coding region of the gene a segment of DNA encoding resistance to an
antibiotic (for example, kanamycin), possibly after deleting a portion of
the coding region of the cloned gene by restriction enzymes. Methods and
DNA 25 constructs containing an antibiotic resistance marker are available
to ensure that the inactivation of the gene of interest is preferably
non-polar, that is to say) does not affect the expression of genes
downstream from the gene of interest. The mutant version of the gene is
then transferred from E. coli to Salmonella typhimurtum usiing phage P22
transduction and 30 transductants checked by Southern hybridisation for
homologous   



WO 96117981 PCT/GB95102875 42 recombination of the mutant gene into the
chromosome. This approach is commonly used in Salmonella (and can be used
in S. typhi~) and further details can be found in many papers, including
Galan 5 er al (1992) 174) 4338-4349. Still further aspects provide a use of
said mutant mutant bacterium in a vaccine; pharmaceutical compositions
comprising said bacterium and a pharmaceutically acceptable carrier; a
polypeptide encoded by VGC2 10 DNA of Salmonella typhimurium or a part
thereof, or a variant of a part thereof; a method of identifying a compound
which reduces the ability of a bacterium to infect or cause disease in a
host; a compound identifiable by said method; a molecule which selectively
interacts with, and substantially inhibits the function of, a gene in VGC2
or a nucleic product 15 thereof; and medical uses and pharmaceutical
compositions thereof. The VGC2 DNA contains genes which have been
identified by the methods of the first and second aspects of the invention
as well as genes which have been identified by their location (although
identifiable by the 20 methods of the first and second aspects of the
invention). These further aspects of the invention relate closely to the
fourth) fifth, sixth, seventh, eighth) ninth, tenth) eleventh, twelfth and
thirteenth aspects of the invention and) accordingly, the information given
~in relation to those aspects, and preferences expressed in relation to
those aspects, applies to 25 these further aspects. It is preferred if the
gene is from VGC2 or is an equivalent gene from another species of
Salmonella such as S. nphi. It is preferred if the mutant bacterium is a S.
typhimurium mutant or a mutant of another 30 species of Salmonella such as
S. n~pl:i.   WO 96I17951 PGTIGB95102875 43 It is believed that at least
some of the genes in VGC2 confer the ability for the bacterium, such as S.
ryphimurium, to enter cells. The invention will now be described with
reference to the following 5 Examples and Figures wherein: Figure 1
illustrates diagrammatically one particularly preferred method of the
invention. 10 Figure 2 shows a Southern hybridisation analysis of DNA from
12 S. typhimurium 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
typhimurium exconjugants from a half of a microtitre dish (A 1-H6). The
filter was hybridised with a probe comprising labelled amplified tags from
DNA isolated from a pool of the first 24 colonies (A1-D6). Figure 4 shows a
DNA colony blot hybridisation analysis of 95 S. 20 typhimurium exconjugants
of a microtitre dish (A1-H11), which were injected into a mouse. Replicate
filters were hybridised with labelled amplified tags from the pool
(inocuium 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, A11 and C8 gave rise to
weak hybridisation signals on both sets of filters. Hybridisation signals
from colonies A3, C5, G3 (aroA), and F 10 are present en 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 Escherichia colt clp   WO 96117951 



44 protease genome. PCTIGB95102875 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. typhimurium strains
harbouring locked in Mud-P22 prophages. Lysates which 10 hybridised to a
7.5 kb PstI fragment (probe A in Figure 8) are shown. The other two probes
used hybridised to the same lysates. (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, TT15246 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 I6 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 si miler to the
sensor and regulatory components respectively, of a variety of two
component regulatory systems. (B) The location of overlapping clones and an
EcoRIIXbaI restriction fragment from Mud-P22 prophage strain TT15244 are
shown as filled bars. Only the portions of the ~ clones which have 30 been
mapped are shown and the clones may extend beyond these limits. iED SHEET
(HlllE 91~   WO 961199s1 45 rcricH9srozs~s (C) The positions of restriction
sites are marked: B, BamHI; E) EcoRI; V) EcoRV; H, HindIII; P, Pstl and X,
XbaI. The positions of the 7.5 kb PstI firagment (probe A) used as a probe
in Figure 7 and that of the 2.2 kb PstIIHindIII fragment (probe B) used as
a probe in Figure IO are 5 shown below the restriction map. The positions
of Sequence 1 (described in Figure 11) and Sequence 2 (described in Figure
12) are shown by the thin arrows (labelled Sequence 1 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. colt K12 chromosome are aligned
with the corresponding region of the S. typhimurium LT2 chromosome (minutes
30 to 31). 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 CIaI; H, HindII;
K, KpnI; P, PstI; N, NsiI and S, SaII. Probes that hybridised to E. coli
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
PstIIHindIII fragment from ~ 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 1 in
Figure 2). The DNA is translated in a11 six reading frames and the start
and stop 30 positions of putative genes. and the transposon insertion
positions for   WO 9611'f951 PCTIGB9SIOZ875 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. ~~mple
1: Identification of virulence genes ire Salmonella ~yphimurium 20
Materials and Methods Bacterial Strains arut Plasmids Salmonella
typhimurium 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 Nal~ was selected in our laboratory. Another derivative
of strain 12023, CL1509 (aroA::TnI~ was a gift from Fred Heffron. 30
Escherichia coli strains CC 118 J~pir (D[ara-leu], araD, OlacX74, galE,
iiECfitFtED S1~T (~lll.E 91~   W o 96I17951 PGTIGB95102875 47 galK, phoA20)
thi-I , rpsE, rpoB, argE(Am), recAl , 3~pir phage lysogen) and S 17-1 7~pir
(Tp`, Sm`, recA) thi, pro, hsdR'~M+, RP4; 2-Tc: M u: KmTn 7, ~rir ) were
gifts from Kenneth Timmis. E. coli DHSa was used for propagating pUCl8
{Gibco-BRL) and Bluescript (Stratagene) plasmids 5 containing S.
typhimurium DNA. Plasmid pUTmini-TnSKm2 {de Lorenzo et al, 1990) was a gift
from Kenneth Timmis. Construction of semi-random sequence tags and
legations 10 The oligonucleotide pool
RT1(5'-CTAGGTACCTACAACCTCAAGCTT[NK]~-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 CTAGGTACCTACAACCTC-3') (SEQ ID No 5) were
synthesized on a oligonucleotide synthesizer (Applied Biosystems, model
380B). Double stranded DNA tags were prepared from RT1 in a 100 ~,l volume
PCR containing 1.5 mM MgCl2, 50 mM KCf, and 10 mM Tris-C1 (pH 8.0) with 200
pg of RT1 as target; 250 ~M each dATP, dCTP) dGTP, dTTP; 100 pM of 20
primers P3 and P5; 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 et al) 1989), passed
through an elutipD column (available from Schleicher and Schull) and
digested with KpnI prior to legation into pUC 18 or pUTmini-TnSKm2. For
legations, 25 plasmids were digested with KpnI and dephosphorylated with
calf intestinal alkaline phosphatase (Gibco-BRL). Linearized plasmid
molecules were gelpurified (Sambrook et al, 1989) prior to legation to
remove any residual uncut plasmid DNA from the digestion. Legation
reactions contained approximately 50 ng each of plasmid and double stranded
tag DNA in a 25 ~ul volume with 1 30 unit T4 DNA ligase (Gibco-BRL) in a
buffer supplied with the enzyme. liECfIFIEb SHEEC (~I!!.~ 91)   wo 9sri~9si
4s rcrrcs9sroieTs Legations were carried out for 2 h at 24C. To determine
the proportion of bacterial colonies arising from either self legation 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 legation reaction.
This yielded no ampicillin 5 resistant bacterial colonies following
transformation of E. coli CC I 18 (Sambrook et al, 1989)) compared with 185
colonies arising from a legation reaction containing the double stranded
tag DNA. Bacterial Transformation and Matings 10 The products of several
legations between pUT mini-Tn5Km2 and the double stranded tag DNA were used
to transform E. coli CC I 18 (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. coli S 15 17 ~pir (de Lorenzo &
Timmis) 1994). For mating experiments, a pool of approximately 40,000
ampicillin resistant E. coli S-17 ~pir transformants, and S. typhimurium
12023 Nal` were cultured separately to an optical density (OD)3~ of 1.0.
Aliquots of each culture (0.4 ml) were mixed in 5 ml 10 mM MgS04, and
filtered through a Millipore membrane (0.45 ~m 20 diameter). The filters
were placed on the surface of agar containing M9 salts (de Lorenzo &
Timmis) 1994) and incubated at 37C for 16 h. The bacteria were recovered by
shaking the filters in liquid LB medium for 40 min at 37C and exconjugants
were selected by plating the suspension onto LB medium containing l00 ~g
mf' nalidixic acid (to select against the donor 25 strain) and 50 ~cg mf'
kanamycin (to select for the recipient strain). Each exconjugant was
checked by transferring nalidixic acid resistant (nal~, kanamycin resistant
(kan~ colonies to MacConkey Lactose indicator medium (to distinguish
between E. coli 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 (RUt.E 9~   WO 96I17951 PCTIGB9510Z8?5 49 transposition events (de
Lorenzo & Timmis) 1994). Individual ampicillinsensitive 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 mutorus Mutants were replica plated from
microtitre dishes onto solid medium containing M9 salts and 0.496 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 extractlons) PCRs) DNA labelings and
hybridisations 15 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 ~cg 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 N NaOH and the filters washed with 0.5 N Tris-CI pH 7.0
according to the filter manufacturer's instructions. The bacterial DNA was
fixed to the filters by exposure to UV light fram a Stratalinker
(Stratagene). Hybridisations to '2P-labelled 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 ~I volumes were precipitated by
centrifugation and resuspended in f;ECTIFfEp SHEET (Rtll,.E 9~   WO
96117951 PGTIGH93IOZ875 50 576 ~cl TE. To this was added 15 gel of 206 SDS
and 3 ~d of 20 mg mf' proteinase K. After incubating at 37C for 1 hour) 166
~d of 3 M NaCI was added and mixed thoroughly, followed by 80 ul of 10 ~
(wlv) CTAB and 0.7 M NaCI. 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 ~cg p,f'. 10 The DNA samples were subjected to two rounds
of PCR to generate labelled probes. The first PCR was performed in 100 ~cl
reactions containing 20 mM Tris-Cl pH 8.3; 50 mM KCI; 2 mM MgCh; 0.01 ~
Tween 80; 200 pM each dATP, dCTP) dGTP, dTTP; 2.5 units of Amplitaq
polymerise (Perkin-Elmer Cetus); 770 ng each primer P2 and P4; and 5 ~cg 15
target DNA. After an initial denaturation of 4 min at 95 C) thermal cycling
consisted of 20 cycles of 45 s at 50C, 10 s at 72C) and 30 s at 95C. PCR
products were extracted with chloroformlisoamyl alcohol (24I1) and
precipitated with ethanol. DNA was resuspended in 10 ~cl 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
by were excised and used for the second PCR. This reaction was carried out
in a 20 ~cl total volume, and contained 20 mM Tris-CI pH 8.3; 50 mM KCI; 2
mM MgCl2; 0.01 ~ Tween 80; 50 uM each dATP, dTTP) dGTP; 10 ~l'2P-dCTP (3000
Cilmmol, Amersham); 1S0 ng each primer P2 25 and P4; approximately 10 ng of
target DNA (1-2 ~cl of 1.6~ Seaplaque agarose containing the first round
PCR product); 0.5 units of Amplitaq polymerise. The reaction was overlayed
with 20 ~cl mineral oil and thermal cycling was performed as described
above. Incorporation of the radioactive label was quantitated by absorbance
to Whitman DE81 paper (Sambrook et 30 al, 1989). REG'f~IEO SH~1' ifs 911
wo 9s~i~9si 51 Injection Studies rcriGS9s~oa~s Individual Salmonella
exconjugants containing tagged transposons were grown in 296 tryptone, 1 ~
yeast extract, 0.926 v/v glycerol) 0.596 5 NazPO,) 1 ~ KNOs (TYGPN medium)
(Ausubel et al, 1987) in microtitre plates overnight at 37C. A metal
replicator was used to transfer a small volume of the overnight cultures to
a firesh microtitre plate and the cultures were incubated at 37C until the
ODs (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 4Ds~ determined using a spectrophotometer. The culture was
diluted in sterile saline to approximately 5x10s cfu mf'. Further dilutions
were plated out onto TYGPN containing nalidixic acid (100 mg mY') 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 m! of bacterial suspension containing approximately 1x10s cfu mf'.
Mice were sacrificed three days postinoculation 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 1 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 ml-') 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 I~CItI~~D SHEET
(E~f 9'~   



WO 96117981 PGTIGH98J02878 52 Virulence gene cloning ctnd DNA sequencing
Total DNA was isolated from S. typhimurium exconjugants and digested
separately with SstI) SaII) PstI and Sphl. 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-TnSKm2 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 ligated
into pUCl8. Ligation reactions were used to transform E. coli 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 1 and O
termini of TnS, respectively. Nucleotide sequences and deduced amino acid
sequences were assembled using the Macveetor 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. R~TIF~D SHEEN (ll~.E 9~
WO 96I1~9s1 53 Results Tag Design PGT/GB95/0?,875 S The structure of the
DNA tags is shown in Figure la. Each tag consists of a variable central
region flanked by "arms") of invariant sequence. The central region
sequence ([NK]m~ 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 506 identity over the variable
region). (N means any base (A, G, C or T) and K means G or T.) The arms
contain KpnI sites close to the ends to facilitate the initial cloning
step, and the HindII1 sites 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
HindIII. Double stranded tags were ligated into the KpnI site of the
mini-Tn5 transposon 25 Km2, carried on plasmid pUT (de Lorenzo & Timmis)
1994). Replication of this plasmid is dependent on the R6K-specified ~r
product of the pir gene. It carries the oriT sequence of the RP4 plasmid,
permitting transfer to a variety of bacterial species (Miller & Mekalanos)
l988), 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 96I17951 PGTIGB9SIOI875 54 exconjugants resulting
from transposition events were stored in the wells of microdtre 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-TnS transposon as a probe. In each 5 case) the exconjugant had
arisen as a result a single integration of the transposon into a different
site of the bacterial genome (Figure 2). Spec~c~ty and sensitivity studies
10 We next determined the efficiency and uniformity of amplification of the
DNA tags in PCRs involving pools of exconjugant 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 that could be used in
a 100 ~,1 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 ~cg 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 by 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 with
HindIII and used to probe colony blotted DNA 25 from their corresponding
microtitre dishes. Of the 1510 mutants tested 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 9sti~9si
rcrtcsaslo~ts 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) andlor 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 tack 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 marine model of
salmonellosis that we have employed, but it must be in excess of 96.
Virulence tests of the transposon mutants 30 A total of 1152 uniquely
tagged insertion mutants (from two microtitre   wo 9s~i~9si 56
rcr~cs9s~ozs~s dishes) were tested for virulence in BALBlc 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 (10s orgaruisms 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 



10 amplified from the inoculum (Figure 3). As a control) an aroA mutant of
S. typhimurium was 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).
Fortyone mutants were identified whose DNA hybridized tv labelled tags 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:
CloninE and oartia! characterisation of seauences flanking DNA was
extracted from one of the mutants described in Example 1 (Pool 25 1) F10))
digested with SstI, and subcloned on the basis of kanamycin resistance. The
sequence of 450 by flanking one end of the transposon was determined using
primer P7. This sequence shows 80% identity to the E. coli clp (lon) 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
96/17931 PCTIGB95102875 57 Partial sequences of thirteen further Salmonella
typhimurium virulence genes are shown in Figure 6 (sequences A2 to A9 and
B1 to BS). Deduced amino acid sequences of P2D6, 54C3) 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. In S typhimurium the inv
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 lnv-related 10 genes that are required for virulence following
intraperitoneal inoculation suggests a new secretion apparatus which might
be required for invasion of non-phagocytic 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 is
described in Example 4. Example 3: LDs~, determinations and mousg
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 (LDP). The LDso 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 LDP was detected for mutant P 1 F 10:
however, there was a statistically   wo 96~i~9si 58 rcr~ce9srozs~s
significant decrease in the proportion of P1F10 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 vinalence, but to a degree that is not detectable by LDP. 5
Mutants P3F4 and P9B7 were also administered by the oral route at an
inoculum level of 10' cells/mouse. None of the mice became i11, indicating
that the oral LDP levels of these mutants are at least an order of
magnitude higher than that of the wild-type strain. 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 typhimuum mutant strains P3F4 and P9B7.
After four weeks the mice were then inoculated with 500 c.f.u. 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 I) p.o. initial
inoculation with mutant strain P3F4 initial inoculum in c.f.u.no. mice
surviving first challengeno. mice surviving wild type challenge5 x 10952
(40%)5 x 1 Oe52 (40 % )   WO 961179A 59 5 10 15 20 rcrrcs9sro~s7s ~SxIO' ~5
~ ~0(0%) 2) i.p. initial inoculum with mutant~strain P3F4 initial inoculum
in c.f.u.no. mice surviving first challenge 'no. mice surviving wild type
challengeS x l0633 (l00%)S x 10s54 (80%)5x10'65(83%)5 X 10'S4 (80%) 3) p.o.
initial inoculum with mutant strain P9B7 initial inoculum in c.f.u.no. mice
surviving first challengeno. mice surviving wild type challenge5 x 10950
(0%) 4) i.p. initial inoculum with mutant P9B7 initial inoculum in 



c.f.u.no. mice surviving frst challengeno. mice surviving wild type
challenge5 x 10642 (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. 30 Example
4: Identification of a virulence locus encodinE a second typ^g III
secretion ,system in Salmonella tvphimuriurn Abbreviations used in this
Example are VGC 1, virulence gene cluster 1; VGC2, virulence gene cluster
2.   WO 96/19s1 60 pcr~cB9sroze~s Salmonella typhimurium is a principal
agent of gastroenteritis in humans and produces a systemic illness in mice
which serves as a mode! 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 ncutrophils, enter the reticuloendothelial system and
disseminate to other organs, including the 10 spleen and liver, where
further reproduction results in an overwhelming and fatal bacteremia (3).
To invade host ceiis, to survive and replicate in a variety of
physiologically stressful intracellular and extracellular environments and
to circumvent the specific antibacterial 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 1 l52
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 III secretion systems of a variety of
bacterial pathogens (6. 7). The products of the i~:vlspa gene cluster of S.
typhimurium (8, 9) are proteins that form a type III secretion system 30
required for the assembly of surface appendages mediating entry into   WO
961179s1 61 rcrlcs9sross7s 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 5 mutants identified by STM are avirulent following
intraperitoneal inoculation (5). 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. typhimurium 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 enteric bacteria, and represents an important locus for S,
typhlmurium virulence. 15 Materials and Methods Bacterial Strains,
Transduction and Growth Media. Salmonella enterica serotypes 5791
(aberdeen), 423l80 (gallinarum)) 710I (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 coli (SPEC),
enterohemorrhagic E. coli (EHEC), Vibria cholera biotype EI Tor,
Shigella,flexneri serotype 2 and Staphylococcus aureus 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-Tn5 transposon mutants of S. typhimurium
NCTC strain 12023 have been described previously (5, 11 ). 30 Routine
propagation of plasmids was in E, coli DHSa. Bacteria were   WO 96J17951 62
PGTJGB95JOZ$75 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 (~) clones with overlapping insert DNAs covering VGC2
were obtained by standard methods {13) from a 10 A059 library (14)
containing inserts from a partial Sau3A digest of S. typhimurium LT2
genomic 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. typhimurium strains
harbouring Mud P22 prophagcs at known positions in the S. typhimurium
genome. 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 1 % or 0.6% agarose gels run in 0.5 x TBE. Gel fractionated 25
DNA was transferred to Hybond N or 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% mismatches) filters were 30 hybridised overnight
at 42C in 10% formamide/0.25 M Na,HP0417% SDS   WO 96!179S1 PGTIGB95J02875
63 and the most stringent step was with 20 mM Na,HPO,,/1 ~O SDS at 42C. DNA
fragments used as probes were labelled with ['2P]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 T7 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 intraperitaneally
(i.p.) with 10-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 nm
of 0.4 to 0.6 had been reached. 1~or cell densities of 5 x 108 colony
forming units (cfu) per ml and above, cultures were concentrated by
centrifugation and resuspended in saline. The concentration of cfulml was
checked by plating a dilution series of the 30 inoculum onto LB agar,
plates. Mice were inoculated i.p. with 0.2 ml   WO 96I19951 PGTlGB9SJ0?875
64 volumes and p.o. by gavage with the same volume of inoculum. The LDP
values were calculated after 28 days by the method of Rued and Meunch (21).
5 Results Localisation of Transposon Insertions. The generation of a bank
of Salmonella typhimurium mini Tn5 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-b00 by of DNA flanking the transposons 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 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   WO 961l7951 PCTIGB9510Z875 65 to plaques from a S.
typhimurium ~ DNA library, the probes from mutants which the previous two
steps had suggested might be linked were found to hybridise to the same ~
DNA clones. Thus two mutants (P9B7 and P12F5) were assigned to cluster A)
five mutants (P2D6, P9B6, PI 1C3, P11D10 and 5 P11H10) to cluster B and
nine mutants (P3F4, P4F8, P7A3, P7B8, P7G2, P8G12, P9G4) P10E11 and P11B9)
to cluster C (Figure 8). Hybridisation of DNA probes from these three
clusters to lysates from a set of S. typhirnurium 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 ~ 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 ~ clones. Hybridising DNA fragments showed that
several ~ 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 ~ library to identify further clones containing
inserts representing the adjacent regions. No a 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 EcoRIlX6aI 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 invlspa gene cluster at minute 63 !edition VIII, ref. 22) (8)
9, 23, 24, 25. 26), we refer to the latter as virulence gene cluster 1 (VGC
1 ) 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"1. The nucleotide   WO 96/1951
PGTIGB9510Z8"!5 66 sequence is shown in Figures 11 and 12. Mapping the
boundaries of VGC2 on the S. typhirnurium chromosome. Nucleotide sequencing
of )\ 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 ydhEi gene of E. coli
and sequencing of the 6.5 kb EcoRIlXbaI cloned fragment on the right hand
side of VGC2 revealed the presence of an ORF whose predicted amino acid
sequence is over 90% identical to pyruvate 10 kinase I of E. coil encoded
by the pykF gene (27). On the E. toll chromosome ydhE and 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. toll genome and
localised the boundaries of VGC2 to within 1 kb (Figure 9). Comparison of
the location of the Xbal site close to the right hand end of VGC2 (Figure
8) with a map of known XbaI 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 VGC 1 (9) and 5l -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 96/1795I PGTlGH95I02875 b7 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 Yersinia
pseudotuberculosis (31), to invClspaS of the invlspa cluster in VGC 1 of
Salmonella typlrimurium (8, 9) and to 5 spa47/spa40 of the spalmxi cluster
of Sbigella flexneri (32, 33) 34, 35,). For example the predicted amino
acid sequence of ORF 3 (Figure 8) is SO 6 identical to YscS of Y.
pseudotuberculosis (31 ), 34 ~ identical to Spa9 from S. , flexneri (35)
and 37 ~ identical to SpaQ of VGC I 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. ,flexneri (32) and 40% identity to InvA of VGC1 (23). Partial
nucleotide sequences for the remaining ORFs shown in Figure 8 indicate that
the predicted protein from ORF10 is most similar to Y. enterocolitica YscJ
(37) a lipoprotein located in the bacterial outer 15 membrane, with ORF11
similar to S. typhimurium 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 is specific to
the Salmonellae. A 2.2 kb PstI/HindIII 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 10A). DNA fragments hybridising under non-stringent
conditions showed that VGC2 is present in S. aberdeen. S. gallinarum, S.
cubana. S. n~phi and is absent from EPEC. EHEC, Y. pestis, S.,fJex~ieri. V
cholera and S. aureuS. Thus 30 VGC2 is conserved among and is likely to be
specific to the Salmonellae.   WO 96I17951 PCTlGH9510Z87S 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. typhimurium LT2 and S. 10 gallinarum) S. cabana and S.
typhi (Figure 10B). 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. YGCZ is required for virulence in mice. Previous experiments
showed that the LDP values for i.p. inoculation of transposon mutants P3F4,
P7G2, P9B7 and P 11 C3 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. LDP 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 BALBIc mice.
Table 1. LDso values of S. typhirnurium strains. 25 LDso
(cfu)Straini.p.p.o.I2023 wild type4.26.2 x 10P3F41.5 x 106> 5 x
10P9B7>1.5x106>5xi0y cfu, colony forming units   Wo 96/17951 69 Discussion
PGTlGB95IOZ875 A hitherto unknown virulence locus in S. typhimuritun 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 to as
virulence gene clusttr 2 (VGC2) to distinguish it from the invlspa
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 to the
same region of the chromosome. It is possible that mini-Tn5 insertion
occurs preferentially in VGC2. Alternatively, as the ZS negative selection
used to identify mutants with attenuated virulence (5) was very stringent
(reflected by the high LDP 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 model of 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 RF333 was involved in
virulence determination. Comparisons with the type III secretion systems
encoded by the virulence plasmids of Yersinia and Shigella as well as with
VGC 1 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 961179s1 70 pcrrcH9sro~s same as the gene order in
homologues in Yersinia. Shigella and VGC1 of S. typhimurium. The fact that
the organisation and structure of the VGC2 secretion system is no more
closely related to VGC1 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
I-11 and/or the secreted proteins of this system. 10 Many genes in VGC 1
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 VGC 1 and its restriction to this stage of the infection
is reflected in the approximately 50-fold attenuation of virulence 15 in
BALBIc mice inoculated p.o. with VGC1 mutants and by the fact that VGCI
mutants show no loss of virulence when administered 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 VGC1, 20 VGC2 is
required for virulence in mice after epithelial cell penetration, but these
findings do not exclude a role for VGC 1 in this early stage of infection.
Thus in summary mapping the insertion points of 16 signature-tagged 2S
transposon mutants on the Salmonella n~phimurium 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 11 open reading
30 frames whose predicted proteins encode components of a type 1II
secretion   WO 96I17951 PGTlGH95102875 71 system. To distinguish between
this and the type III secretion system encoded by the inv/spa invasion
locus we refer to the invlspa locus as virulence gene cluster 1 (VGC1) and
the new locus as VGC2. VGC2 has a lower G+C content than that of the
Salmonella genome and is flanked by 5 genes whose products share greater
than 90 ~ identity with those of the E. cola 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 or
intraperitoneal inoculation. References for this Example 1. Carter, P.B. &
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3077-3087. Example 5: ~g~atification of virulence genes in Streptococcus
neumoniae (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 (Morcison et al (
1984) J. Bacteriol. 159, 870). Random S, pneumoniae DNA fragments of
200-400 by will be generated by genomic DNA digestion with a restriction
enzyme ar 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. toll 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 reduces the
possibility of generating an unrepresentative library in E. toll
(expression of S. pneumoniae proteins can be toxic to E. toll). Alternative
vectors carrying different selectable markers are available and can be used
in place of 30 pJDC9. Tagged pfasmids carrying DNA fragments are introduced
to an   WO 96!179s1 75 pcrics9srozs~s appropriate S pneumoniae strain
selected on the basis of serotype and virulence in a marine 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 5 characterized recently by Don Momison's group at the
University of Illinois at Chicago and which is described Havarstein,
Coomaraswamy and Morrison (l995) Proc. Nat!. 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 strains) to
be mutated. A proportion of transformants are analysed to verify 15
homologous integration of the piasmid 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 fvr inoculation
into Swiss andlor C57B1/6 mice. Preliminary experiments are conducted to 25
determine the optimum complexity of the goals and the optimum inoculum
level. One attractive model utilises inocula of lOs cfu, delivered by mouth
to the trachea (Veber et al (1993) J. Antimicrobial Chemotherapy 32. 473).
Swiss mice develop acute pneumonia within 3-4 days, and C57B 1I6 mice
develop subacute pneumonia within 8-10 days. These pulmonary models 30 of
infection yield 10~ cfu/lune (Veber et al ( 1993) J. Antimicrobial   WO
96/I7951 PCTIGB9510Z875 7b Chemotherapy 32) 473) at the time of death. If
required, mice are also injected intxaperitoneally for the identification
of genes required for bloodstream infection (Sullivan et al (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 al (1984) J. Bacteriol. 159, 870), and sequenced. Genomic
DNA libraries are constructed in appropriate vectors maintained in either
E. coli 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 Example 6: Identification of virulence eenes in Enterococcus
aecalis (a) Mutagenesis Mutagenesis of E. faecalis is accomplished using
plasmid pAT112 or a 2S derivative. developed for this purpose, pAT112
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
insertions 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 9sn79si rcr~cH9s~oss's 77
restriction digestion of genomic DNA, intramolecular ligation and
transformation of E. coli. The presence of single sites for restriction
enzymes in pAT112 and its derivatives will (Trieu-Cuot et al (1991) Gene
106, 21 ) allows the incorporation of DNA sequence tags prior to transfer 5
to a virulent strain of E. faecalls carrying plasmid pAT145 (to provide the
integrase function) by either conjugation, electroporation or
transformation (Trieu-C not et al ( 1991 ) Gene 106, 21; W firth et al (
1986) J. Bacteriol. 165, 831 ). 10 (b) Animal model 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 wells of microtitre
dishes, and complexity and size of pooled inocula are 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 10 cfu 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 rimes 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 1 Oy cfu of E. faecalis (Chenoweth et al ( 1990) Antimicrobial Agents
arui Chemotherap~~ 34. 1800). As with the S. pneumoniae model, preliminary
experiments are done to establish the optimum complexity of the pools and
the optimum inoculum level, prior to screening the mutant bank. 30   wo
9sii~9si rcrrcs9sro~s~s 78 (c) Virulence gene identification Isolation of
DNA flanking the site of integration of pAT112 using its E. coli origin of
replication is simplified by the lack of sites for most of the commonly
used b by 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. colt and sequenced using primers
based on the sequences 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 sequencui. 10
Exam~le~: ~dentifi~ation of vil lu ence 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 ryphimurium virulence genes (Example 1 ) is
reported to have broad utilisation among Gram-negative bacteria, including
several pseudomonads (DeLorenzo and Timaris (1994) Methods En~ymol. 2b4, 20
38b), a P. aeruginosa mutant bank is constructed using our existing pool of
signature tagged mini-Tn5 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 (Rella et al (1985)
Gene 25 33. 293), may alternatively be employed with the mini Tn5
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 inta a bronchus following tracheotomy.   WO 96117951
PCTIGB9510?87S 79 and disease develops over a 30 day period (Woods et al
(1982) Infect. Immun. 36, I223). 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 al (1992) Antlmlcroblal Agents and
Chemotherapy 36) 1198)) and cystic fibrosis (Davidson et al (1995) Nature
Genetics 9, 351) in mice. Cloning and sequencing of DNA flanking the
transposons is done as described in Example 1. Genomic DNA libraries for
the isolation and 10 sequencing of intact copies of the genes are
constructed in the laboratory by standard methods. Exam~ig 8:
Identification of virulgnce genes in As~z_rgillus fumigatu~ 15 (a)
Mutagenesis The functional eqiuvalent of transposon mutagenesis in fungi is
restriction enzyme mediated integration (REMI) of transforming DNA
(Schiestl and Petes (1991) Proc. Natl. Acad. Sci. 88, 7585). In this
process, fungal cells are transformed with DNA fragments carrying a
selectable marker in the 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 (Bolker et al (199S) Mol. 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.
fumigatus 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.   WO 96I19951 PCTIGB9s10?,8'15 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 rtl (l994) Infect. Immurr. 62)
5Z47). Mice arc inoculated intranasally with up 5 to 1,000,000
conidiosporeslmouse, 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 REMI vector) self ligation and
transformation of E. coli. Primers based on the known sequence of the
plasmid are used to determine the adjacent A. fumigarus 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   WO 961179s1 81 REFERENCES
(other than for Exampie 4) rcr~Ge9sloas~s Ausubel, F.M., Brent, R.,
Kingston, R.E.) Moore, D.D., Seidman) J.G., Smith, J.A. and Struhl, K.
(1987) Current Protocols in Molecular 5 Biology, New York: John Wiley and
Sons. Buchmeier, N.A., Lipps, C.J., So, M.Y. and Heffron, F. (1993)
Recombination-deficient mutants of Salmonella typhimurium are avirulent 



and sensitive to the oxidative burst of macrophages. Mol. Microbiol. 7,
933-936. 10 Carter) P.B. and Collins, F.M. (1974) The route of enteric
infection in normal mice. J. Exp. Med. 139, 1189-1203. de Lorenzo, V. and
Timmis, K.N. (1994) Analysis and construction of stable phenotypes in
Gram-negative bacteria with Tn5-and TnlO-derived minitransposons. Methods
Enrymol. 264, 386-405. 15 de Lorenzo. V., Herrero. M.. Jakubzik, U. and
Timmis, K.N. (1990) Mini-Tn5 transposon derivatives for insertion
mutagenesis, promoter probing, and chromosomal insertion of cloned DNA in
gram-negative eubacteria. J. Bacteriol. 172, 6568-6S72. Fields, P.I.,
Groisman, E.A. and Heffron, F. (1989) A Salmonella locus 20 that controls
resistance to microbicidal proteins from phagocytic cells. Science 243,
1059-1062. Finlay, B.B.. Starnbach) M.N., Francis. C.L., Stocker, B.A.,
Chatfield. S. . Dougan, G . and Falkow. S. ( 1988) Identification and
characterization of TnphoA mutants of Salmonella that are unable to pass
through a   WO 961179s1 PCTIGB9SIOZ875 82 polarized MDCK epithelial cell
monolayer. Mol. Microbiol. 2) 757-766. Groisman, E.A., Chiao, E., Lipps)
C.J., Heffron) F. (1989) Salmonella typhimurium phoP virulence gene is a
transcriptional regulator. Proc. Natl. Acad. Sci. USA. 86, 7077-7081. 5
Groisman, E.A. and Ochman) H. (1994) How to become a pathogen. Trends
Microblol. 2) 289-293. Groisman) E.A. and Saier, M.H., Jr. (1990)
Salmonella virulence: new clues to intramacrophage survival. Trends
Biochem. Sci. 15, 30-33. Herrero, M., de Lorenzo, V. and Timmis, K.N.
(1990) Transposon 10 vectors containing non-antibiotic resistance selection
markers for cloning and stable chromosomal insertion of foreign genes in
Gram-negative bacteria. J. Bacteriol. 172, 65S7-6567. Holden D.W., Kronstad
J.W.) Leong S.A. (1989) Mutation in a heat regulated hsp70 gene of Ustilago
maydis. EMBO J. 8. 1927-1934. 15 Holland J.) Towner K.J.) Williams P.
(1992) Tn916 insertion mutagenesis in Escherichia coli and Naemophilus
influenzae type b following conjugative transfer. J. Gen. Microbiol. 138)
509-515. Mahan) M.J., Slauch, J.M., Mekalanos, J.J. (1993) Selection of
bacterial virulence genes that are specifically induced in host tissues.
Science 259, 20 686-688. Miller. S.I.. Kukral. A.M. and Mekalanos. J.J.
(1989a) A two component regulatory system (pltoP plroQ) controls Salmonella
nphimuriurn virulence. Proc. Natl. Acad. Sci. USA. 86. 5054-5058.   



WO 96117951 PGT/GB95lOZ875 83 Miller) L, Maskell) D., Hormaeche, C.,
Johnson, K., Pickard, D. and Dougan, G. (1989b) Isolation of orally
attenuated Salmonella typhimurium following TnphoA mutagenesis. Infect.
Immun. 57, 27582763. 5 Miller) V.L. and Mekalanos, J.J. (1988) A novel
suicide vector and its use in construction of invention mutations:
osmoregulation of outer membrane proteins and virulence determinants in
Vibrio cholerae requires toxR. J. Bacteriol. x70, 2575-2583. Sambrook) J.,
Fritseh, E.F. and Maniatis, T. ( 1989) Molecular cloning: 10 a laboratory
manual) Cold Spring Harbor, New York: Cold Spring Harbor Laboratory.
Sanger, F., Nicklen) S. and Coulson, A.R. (1977) DNA sequencing with chain
terminating inhibitors. Proc. Natl. Acad. Sci. USA. 74, 5463-5467. 15
Schiestl R.H.) and Petes T.D. (1991) Integration of DNA fragments by
illegitimate recombination in Saccharomyces cerevisiae. Proc. Natl. Acad.
Sci USA. 88, 7S85-7589.   84 SEQUENCE LISTING (1) GENERAL INFORMATION: (i)
APPLICANT: (A) NAME: RPMS Technology Limited (B) STREET: Commonwealth
Building, Du 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: PatentIn Release #1.0, Version #1.25 (EPO) (2)
INFORMATION FOR SEQ ID N0: 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 N0: 1: CTAGGTACCT ACAACCTCAA GCTTNKNKNK NKNKNKNKNK
NKNKNKNKNK NKNKNKNKNK 60 NKNKAAGCTT GGTTAGAATG GGTACCATG (2) INFORMATION
FOR SEQ ID N0: 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 89 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:   85 TACCTACAAC CTCAAGCT 18 (2)
INFORMATION FOR SEQ ID N0: 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 N0: 3: CATGGTACCC ATTCTAAC 18 (2) INFORMATION
FOR SEQ ID N0: 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 (xi) SEQUENCE
DESCRIPTION: SEQ ID N0: 4: TACCCATTCT AACCAAGC lg (2) INFORMATION FOR SEQ
ID N0: 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 N0: 5:   86 CTAGGTACCT ACAACCTC (2) INFORMATION FOR SEQ ID N0: 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 N0:
6: CCTAGGCGGC CAGATCTGAT (2) INFORMATION FOR SEQ ID N0: 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: SEQ ID N0: 7:
GCACTTGTGT ATAAGAGTCA G (2) INFORMATION FOR SEQ ID N0: 8: (i) SEQUENCE
CHARACTERISTICS: (A) LENGTH: 300 base pairs (B) TYPE: nucleic acid
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 18 20 21   87 (xi) SEQUENCE
DESCRIPTION: SEQ ID N0: 8:
GGTCTTAATGTACGGGCATGGTCTGCATCGATAACTCCGGCACGCAAATCGCCATCGATA60CTCATTTGTTTGG
CTGGCATCCCATCAAGCGAGAAACGTGCGCTAACTTCCGCCACCCTCl20TCGATACCTTTTGTAATGACAATAA
ATTGCACGATAGTAATGATGGTAAATACGACCAAC180CCAACGGTGAGATTTCCTCCTACGACAAACTTACCGA
AAGCATCCACAAATATTACCGGC240ATTATGTTGTAACAGTACCCAGCCGTGATGTGCTGATTGGGGAGTTAAC
AACCGATTTAT300 (2) INFORMATION FOR SEQ ID N0: 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 N0: 9: GCGCGGACGC
TAGTGTGGTGGGTGACAGCCAGACGTTACCGAACGGGATGGGGCAGATCT60GTTGGCTTAC
AAAAGACATGGCCCATAAGGCGCAAGGTTTTGGGACTGGACGTTTTCGCG120GGCAGACAAC
GTATCTCTGTCTTATTAAAATGTGTCCTGCTTCGGCATATGTATCGAACCl80CTCGGAGCAA
AGTCGTTTGGGCGCAGAATTAGTACGTTTGGGTCGGTTGCTGTTATTCCT240TGGGCTCGGA
AAAAGAGTGCCAGCGTGAAGGAGTGGGATTTGGCAGACTGGCCGCCTAAT300 (2) INFORMATION FOR
SEQ ID N0: 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 N0: 10:   88
CACTATAGGG AAAGCTTGCA TGCCTGCAGG TCGACTCTAG AGGATCTACT AGTCATATGG 60
ATTGCACTTGTGTATAAGAGTCAGGATTAGAGGACATGCG
CCGGGAACCATACTATCTTT120TTCCGGTGCTTCGACGCCATTTGCGGAAACCACAGACTTT
TTGCGGCGAATGAGGATAAT180TGGCAATGCTAACAACGCTGAAAAGAAAGCGAGAGTGATA
AAAGGAAAGCCAGGAATTAA240 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 ofSalmonella typhimuriumvirulence gene(xi)
SEQUENCE DESCRIPTION: SEQ ID NO: 11:TGCAGGCCGA CTCTAGAGGA TCCCCGGGTA
CCGGTAATTTCTTTAACCTC GCATCCCGGT60GGATGAAAGG ATATTCTGGC TGCGTAAGTA
ATGAATGAACCGCCCAGTAG ATAAAATATT120GAAAGTGATA ACCTGATGTT TTAATAACGA
TGCAGGATATACATATAACA TGCTGGCATC180AAACCAGGTA AGCAAATCAT ATTGTGCTGC
CAGGTTATTCAAACTATCGA CCGGTGGTCC240AGGCGGGAAT TTTTCCACTA AATGTAGGTG
GGATCAATGGGCTAATTGGT ATAGGCGGAT300 (2) INFORMATION FOR SEQ ID NO: 12: (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 N0: 12: CCTGTGATTC CGGATGAAAT AGCTTTTACG
AAAGCTGTCA GACNTGCTGA AGAATACGCT 60   89 GCAAATGGTA AGCTTGTAAC TTTTGGGTAT
TGTTCCAACG CATGCTGAAA CGGGTTATGG 120 ATATATTCGT CGCGGTGAGT TGATAGGAAA
TGACGCTTAT GCAGTGGCTG AATTTGTGGA 180 



GAAACCGGATATCGATACCGCCCGTGACTA TTTCAAATCA GGGGAAATAT
TACTGGCCTA240GCGGCGATGTTTTTATTTCGCGCAAAGCCC TTATTTAAAC GAATTAAACG
TATCTATCAC300CCCCAAATTCATACAGCTTGTGAA324 (2) INFORMATION FOR SEQ ID N0: 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 N0: 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 2A0 GATGTGTCTA TTTTTTTTGT GGTCAAGCAC
AGAGATTTAT TCCCCAACCA CC 292 (2) INFORMATION FOR SEQ ID N0: 19: (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 N0: 14: TTTCCTTGCC GTGACAGTCC GGGATGCGAG
GTTAACGAAA TTACCGGCAC CAAAGCTGTG 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 sequence of Salmonella typhimurium virulence gene
(xi) SEQUENCE DESCRIPTION: SEQ ID N0: 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 N0: 16: ATTCCAGCCC CCGGGCCATC TAACCACTAT
GAACAATCAT CTTCTGGGTG GACAATCATT 60 GGTACCATCG GCCAGGCTTG TGCAATATGT
ATGTCATCAC GTAAAAGCGC GGCCCCTTAA 120 TCTCCCCATT CTTCCTTAAG GGCAGTTATC
ACGGCTGGCT CAATGGCCGG CTTAACAGCC 180 ACAG 184   91 (2) INFORMATION FOR SEQ
ID N0: 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) SEQUENCE DESCRIPTION: SEQ ID N0: 17: 



GAGGCGCGTC TTCGGTTGAG GGTCGCCCTC CAGATCTTTA TGCTCCTGTT TTACGTCATC 60
TTTACTCATT TTAAGATCTT TTCTAATCTT ATAATATTGA AAAGAATAGT CCAGTATGCC 120
AACGACGAAA TAAAGAAACA TCACCCCAAC CCATAACCATTTTTTCAATG
ATGAAAGCAC180AAGCACGCCA CAGGCTACAC CACAGCCCGG AGGGGGCCGGAAAGTGCTGG
GATCTTGATT240AATGAAAAAG GCAAAGGGAA GAGATAGGAT GATGCATGCTGGTTGGAGGC
AGATTATTCA300TCTTCG306(2) INFORMATION FOR SEQ ID N0: 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 ofSalmonella typhimuriumvirulence gene(xi)
SEQUENCE DESCRIPTION: SEQ ID NO: 18:AGTTGCCGTA TTTATTAAAT ATTCACCTCA
GGTCAATATGGAGGTCTTCC CGGCTAAAAA60TCATTGCTTT ACTAGAGATA TCACTCCCTG
GGTTGCAATACAGTACGATT AGTTATCTTG120ATGCAGCCTG CTGATTTCAG AATGGCAGCT
GACGTACCCGCGAGACAAAC ATTCTGGATT180ATGGACGTTA TCAACGCCAA TATAGGGAAG
GTGGTGAAGTGGTTGATGAA ATACCCCTAT240CCCTTGCATG TTATCGCTGA CAGGACTGTT
ATCAGGAGCGGGCATCCTCG ATCGGCT297(2) INFORMATION FOR SEQ ID N0: 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 N0: 19: CAAGAGACAGATCCAACTCGGGCCGATCGC
CATAACGCCAGCAGTTTGAA AGATGAAAGC60CCAGCTTATCCAGCCATTCCGGTACAGCGT
AACGAGCAGGTTGCCAGAAA TAACGATAAAl20GTTGCAACACCTCGGGATCAGGTCGGCTCA
AAAACGGGGTCTCAGGCAAA AATAGCCGAT180CAGGATGCCCACTCCTAATAACAGTCCTGT
CAACGATAACATCAACGGAT AAGGGTATTT240CATCAACCACTTCACCACCTTCCCTTTATT
GGCGTTGGATAACGTCCATA ATCCAGA297(2) INFORMATION FOR SEQ ID N0: 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 N0: 20: AGGGCTTTAT
TGATTCCATTTTTACACTGATGAATGTTCCGTTGCGCTGCCCGGATTACA60GCCGGATCCT
CTAGAGTCGACCTGCAGAACCGAGCCAGGAGCAAATTAATTTTTTTGGGC120AATTGCTGAA
AGATGAAGCATCCACCAGTAACGCCAGTGCTTTATTACCGCAGGTTATGT180TGACCAGACA
AATAGATTATATGCAGTTAACGGTAGGCGTCGATTATCTTGTCAGAATAT240CAGGCGCAGC
ATCGCAAGCGCTTAATAAGCTGGGTAACATGGCATGAAGGGGCAACCC298(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: SEQ ID NO: 21:
CACTATAGGG AAAGCTTGCA TGCCTGCAGG TCGACTCTAG AGGATCTACT AGTCATATGG
ATTCCTAGGC GGCCAGATCT GATCAAGAGA CAGATCCAAC TCGGGCCGAT CGCCATAACG
CCAGCAGTTT GAAAGATGAA AGCCCAGCTT ATCCAGCCAT TCCGGTACAG CGTAACGAGC
AGGTTGCCAG AAATAACGAT AAAGTTGCAA CACCTCGGGA TCAGGTCGGC TCAAAAACGG
GGTCTCAGGC AAAAATAGCC GATCAGGATG CCCACTCCTA ATAACAGTCC TGTCAACG (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
N0: 22: CCCCCCCCCT TCTCCTGGCT TACACAGCCC CAGACCGGCG CTGGAAAAGG CCATTCCCGC
CATACAGGAG GCCAGCAACA TATTTTCACG CGCCGCCAGA TCGTGGCCGT AACCCACGGC
TTTCGGCAGC GATTTGCCAA TCATCGCTAT CGCGCCAATC GCCAGGCTGT CGGTAAACGG
CGTGGCGTTG AGCGCGGTGT AGGCCTCAAT CGCATGCGTC AACGCATCGA TACCGGTCAT
CGCCGTCACG TTTGGCGGAA CGCCTTCGGT CACGGAAGCA TCAAGAATCG CCACGTCCGG C (2)
INFORMATION FOR SEQ ID N0: 23: (i) SEQUENCE CHARACTERISTICS: (A) LENGTH:
289 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: double (D)
TOPOLOGY: linear 60 120 180 290 298 60 120 180 240 300 301 



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 N0:
23: CGCGAACGTG CGCCGCAACT GCTTGTGGAC GGTGAATTGC AGTTTGACGC CGCTTTCGTG 60
CCGGAGGTCGCCGCGCAAAA AGCGCCTGACAGCCCGCTGCAAGGCCGCGC
CAACGTGATG120ATTTTCCCGTCGCTGGAGGC GGGCAATATTGGCTACAAAATCACTCAGCG
TCTGGGAGGC180TATCGCGCTGTTGGGCCGCT AATTCAGGGGCTTGGCGCGCCGCTTCACGA
CCTCTCCCGA240GGCTGTAGCGTGCAGGAAAT TATCGAACTGCGGTTGGTGAGAAAACCAA289 (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
N0: 24: CGCCCTAGCA TGCCTGGCGT TGTCCGGTTA TTGCTCGTCA AGCGAACAGA TGCAAAAGGT
60 GAGAGCGACT CTCGAATCAT GGGGGGTCAT GTATCGGGAT GGTGTAATCT GTGATGACTT 120
ATTGGTACGA GAAGTGCAGG ATGTTTTGGA TAAAAATGGG TTACCCGCAT GCTGAAGTAT 180
CCAGCGAAGG GCCGGGGAGC GTGTTAATTC ATGATGATAT ACAAATGGAT CAGCAATGGC 240
GCAAGGTTCA ACCATTACTT GCAGATATTC CCGGGTTATT GCACTGGCAG 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 N0: 25: CCCTTCCCAG GCTCGACAGG TACACAGCCA GCCACTGGTG
CAGGCAGTTA CTTGCTTTCA 60 TCATGGGAAG GAGCAATATC CTGATATATT AAAGAAAGAG
CGGGATCCCC TTTCTTTACT 120 GCTGCTAACG TTTCTTGCAA AATGCGTTGA TGAGATTCAT
CCAGCACACC ACTGATAACA 180 AAAGAGCGCC GCATTGGCGT AACATTGACA AGCCCCACTA
AACCGCTCTC TATTATCGCA 240 GAAATAATAT CATCCCCCTG AGACTGATGA GAGTGACTAT
TCTGCCAGCG CAAATAACCC 300 (2) INFORMATION FOR SEQ ID N0: 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 ofSalmonella typhimuriumvirulence gene(xi)
SEQUENCE DESCRIPTION: SEQ ID NO: 26:ATACCGAGTA TTAAGCGGCT GTGTAACATC
GTCATCCAACAACATACGCA GCGAGCCGCC60ACGCCGGAAA AACCGCATCG TGTCATGTGC
CTGTTGTAGGGTCGGGTCTT TTTTCATGAG120TACGTTTTCT GCGCTATCAT ACTGGAAATT
TCCCCCCACTTACTGATAAG CCCTGTCAGT180TGGGTAAGGA CAGAGTTAAG CTCCTGAGAC
ATTTTTTGGAATGGTTATCT TTCCCCGACT240CATAAAATCG GTATTCCCGC TGGGGGCAAT
ATCCAAAGACGCTTTGGTCG CCCGTAGGGC300ACC303 (2) INFORMATION FOR SEQ ID N0: 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 N0: 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 (2)
INFORMATION FOR SEQ ID N0: 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
ofSalmonella typhimuriumvirulence gene(xi) SEQUENCE DESCRIPTION: SEQ ID N0:
28:GGGCGACCTG CCCGCGGCGC AACTTTCCCC GAAGCGTTTTCCATTTCCTT
GTTCTTAAAT60GACCTGGAAA GCTTACCTAA GCCTTGTCTT GCCTATGTGACAATACTGCT
TGGAGAACAC120CCGGACGTCC ATGATTATGC TATACAGATC ACAGCGGATGGGGGATGGTG
AATCGGTTAT1B0TATACCACAA GTCGCAGCTC TGAGCTTATT GCTATTGAGATAGAAAAACA
CCCCGCTTCA240ACTTGGATTT TGAATAATGT AATACGCAAT CACCATACACTATATTCGGG
TGGCGTATAA300 (2) INFORMATION FOR SEQ ID N0: 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 N0: 29:TTCGAGCTGG GGCACCGCTA ATATCTTTAA
CCTCGCATCCCGGTGATGAA AGGATATTCT60GGCTGCGTAA GTAATGAATG AACCGCCCAG
CAGATAAAATATTGACAGTG ATAACCCGAT120GTTTTTTTAA CGATGCAGGC TATACATATA
ACATAGCTGGCCACCAACAC AGCTGAAGTA1B0AATCATATTG TTGCTGCCAG GCTACTTCAC
ACTATTGTCCGGCGGGCCAG CGGGGATTTT240CCCCCTAAAT CTCGCTGGTT CTCAAA266(2)
INFORMATION FOR SEQ ID NO: 30:(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
ofSalmonella typhimuriumvirulence gene(xi) SEQUENCE DESCRIPTION: SEQ ID NO:
30:AGTCTACGAT TTCGCTATAT CTTCTCTTAA TCATGGCCGCCATTTGTGGA
TGCGATTTTA60AAATATCCGG GCGATCTTTC ATTAAAAAAT AAAGATTCCCCATGACTTCA
CAGATAAAGG120TATCGGTATT TTGAGTGATA CGTAACAATT CGTTCTCTTCGTGTGGGTCC
ATGATGCGAA180GAATAATGGT GGCATCATTT TCATGAGGAT TATGAACCCGAAATCTTTCT
CTTTGCGATG240CGCAGGCTAA CTCTTTCAAC TCAAAAAAAA TCTCTGTAAGCCGCTCTCGT
GTGGGGGCGC300 (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 ofSalmonella typhimuriumvirulence gene(xi)
SEQUENCE DESCRIPTION: SEQ ID N0: 31:GCGCCCCTTT AATTGGTTGA GGCGGCTGGT
ATTCTTGTAAGGGTAATACT AGCGAGACCC60AGGTTCCACC CCCGGGGACA CTTTTTAGTG
TCAGATTACCGCCCATCATT TTAGCCAGGC120TTGACGCAAT AGTCAGTCCA ATTCCTGTAC
CTTGCGAATTTGTGTCTGCT TGATAAAAAG180CAGAAAAGAT TTGAGACTGC TGCTGTTTTT
CAATCCCCCCACCGCTATCG CTAACCAGAA240ATATTAATTG TTCCTCACCA AGATTGAGCG
CCAGACGTATCCCTCCCCCC TCGGGAAAT299(2) INFORMATION FOR SEQ ID NO: 32:(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 ofSalmonella typhimuriumvirulence gene(xi)
SEQUENCE DESCRIPTION: SEQ ID N0: 32:GGATAAGATC CCGGATAAGT ATGTCAGGCT
CGTATGCACAACAGGCATTA TAAACCTCTA60GACCATTTTT AACATGCTCT ACTATTTTAA
AATGAGGCCAGGGTAATAAG GCATTCATAA120TGCCGTTAAT GATGATTTCA TGATCGTCTA
CTAATAAGATCTTATATTCT TTCATTTGGC180TGCCCTCGCG AAAATTAAGA TAATATTAAG
TAATGGTGTAGGTTGTGGAG ATCATACGTA240TTTTCTGGCG TAAGTCGGTT AGTTCCTCCA
GCGCGATGATTTTCCCCATT TTTACGCGAT300 (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 N0: 33: TTCCATATTG CTCGTCCGGG
GAGCGTGTTA ATTCTTGATG ATATACCAAT GGATCTGCAA TGGCGCAAGG TTCAACCATT
ACTTGGAGAT ATTCCCGGGT TATTGTACTG GGAGATTAGT CACTCTCATC AGTCTCAGGG
GGGTGATGTT ATTTCTGGGA TAATAGAGCA ACGGCGTTAG CAGGGGTCGG TCAGTAGTCA
CGGCCAACTT CGGTGCACTT TTGCGTATCA CTGGGGTATC ATAACTGAAT CTCATCCCCC
CCACTTTGGT AATCACAC (2) INFORMATION FOR SEQ ID N0: 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 N0: 34: AATTCTTTTA CCTCCATAAG CTGCGTGGCA
TAGCGATACA GAGTATTAAG CGGGTGTGTT ACATCGTCAT CCAACAACAT ACGCAGCGAG
CCGCCACGCC GGAAAAACCG CATCGTGTCA TGTGCCTGTT GTAGGGTCGG GTCTTTTTTT
CATGAGTACG TGTTCTGCGC TATCATACTG GAAATTTCCC CCCACTTACT GATAAGCCCT
GTCAGTTGGG TAAGGACAGC GTTAAGCTCC TGAGACATTT TTTGAGTTGT TATCTGCCCC
CCGACTCATA AGATCGGGTA TTCCGCGGTG G 



(2) INFORMATION FOR SEQ ID N0: 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 60 120 180 240 278 60 120 180 240
300 301 (xi) SEQUENCE DESCRIPTION: SEQ ID N0: 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 N0: 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 N0: 36:
CCCATGGGCG CAATTTGTTG CGCAGCGTTT ACCCGACCAT CGCGTTTATG AGCTGTAATT 60
CATGGGGGGT AAAAACGGGC GTGACGACCC CAACGGAAGA TAAGGCCGGG CTTAAACAGG 120
AGATTATTGC TAATGCGCAG CGCAAAGTGT TGCTGGCGGA CAGCAGTAAG TATGGCGCGC 180
ATTCGCTCTT TAATGTGGTG CCGCTTGAGC GCTTTAATGA CGTGATTACC GACGTCAATC 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 of
VGC 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
TGCAGTTAACGGTAGGCGTCGATTATCTTGCCAGAATATCACGGCGCAGCATGCCAAGCGl80CTTAATAAGCTG
GATAACATGGCATGAAGGTTCATCGTATAGTATTTCTTACTGTCCTTA240CGTTCTTTCTTACGGCATGTGATG
TGGATCTTTATCGCTCATTGCCAGAAGATGAAGCGA300ATCAAATGCTGGCATTACTTATGCAGCATCATATTG
ATGCGAAAAAAAACAGGAAGAGGA360TGGTGTAACCTTACGTGTCGAGCAGTCGGCAGTTTATTAATGCGGTTG
AGGCTACTTAGA420CTTAACGGTTATCCGCATAGGGCAGTTTACAACGGCGGATAAGATGTTTCCGGCTAATCA
480GTTAGTGGTATCACCCCAGGAAGAACAGGCAGAAGATTAATTTTTTAAAAGAACAAAGAA540TTGAAGGAA
TGCTGAGTCAGATGGAGGGGCGTGATTAATGGCAAAAGTGACCATTGCGCT600ACCGACTTATGATGAGGGAAG
TAACGCTTCTCCGAGCTCAGTTGCCGTATTTATAAAATA660TTCACCTCAGGTCAATATGGAGGCCTTTCGGGT
AAAAATTAAAGATTTAATAGAGATGTC720AATCCCTGGGTTGCAATACAGTAAGATTAGTATCTTGATGCAGCC
TGCTGAATTCAGAAT780GGTAGCTGACGTACCCGCGAGACAAACATTCTGGATTATGGACGTTATCAACGCCAA
TAA840AGGGAAGGTGGTGAAGTGGTTGATGAAATACCCTTATCCGTTGATGTTATCGTTGACAGG900ACTGTT
ATTAGGAGTGGGCATCCTGATCGGCTATTTTTGCCTGAGACGCCGTTTTTGAGC960CGACCTGATCCCGAGGTG
TTGCAACTTTATCGTTATTTCTGGCAACCTGCTCGTTACGCTl020GTACCGGAATGGCTGGATAAGCTGGGCTT
TCATCTTCAAACTGCTGGCGTTATGGCGATC1080GGCCCGAGTTGGATCGTCTTCTTGACAGAGCGTTAAATAG
ACTAAGAGGAAGCTCTGTTA1l40TTCCAGCCTGTTTAAATGACAGGCAAAAACGGCAGGTTCGTCTTGCGCCGC
GTATATCGG1200CATTTGCCTTTGGGCTGGGATTATTCAAACTCAGGTGTAGTGACTATTTTATGCTACCAG12
60AGTATCGGCAATTGCTTCTACAGTGGTTTAGCGAGGATGAGATCTGGCAGCTATATGGTT1320GGTTGGGGC
AAAGAGATGGCAAATTACTTCCTCCGCAAGTGATGCAACAAACTGCATTGC1380AGATCGGTACCGCCATTCTT
AATCGGGAAGCGCATGACGATGCGGGTTTTACATGCGCTA1440TTAGTATTATTACCCCCTCCGCAGCGTATAC
TTTGGCCGAAGACTTCTCTTACCGAGATT1500ATCTTCATGGAGCATTTGCTATGAGTTTTACTTCACTTCCTC
TGACGGAAATTAACCATA1560AGCTACCCGCTCGAAATATTATTGAGTCACAGTGGATAACATTACAATTAACT
TTATTTG1620CGCAAGAGCAACAAGCTAAGAGAGTTTCACATGCTATTGTGAGCTCCGCTTACCGTAAGG1680
CTGAAAAAATCATCCGAGACGCCTATCGTTATCAGCGTGAACAGAAAGTTGAGCAGCAAC1740AAGAACTAGCG
TGCTTGCGTAAAAATACGCTGGAAAAAATGGAAGTGGAATGGCTGGAAC1800AGCATGTAAAACATTTACAAGA
CGATGAAAATCAATTTCGTTCATTGGTCGATCACGCAGl860CGCATCATATTAAAAATAGTATAGAACAGGTTC
TGTTGGCCTGGTTCGACCAACAGTCGG1920TAGACAGTGTTATGTGCCATCGTCTGGCACGCCAGGCCACGGCT
ATGGCGGAAGAGGGAG1980CGCTTTATTTGCGTATTCATCCTGAAAAAGAGGCATTGATGCGAGAAACTTTTGG
CAAGC2040GGTTTACGTTGATTATCGAGCCTGGTTTCTCTCCCGATCAGGCTGAACTTTCCTCAACAC2100
102 GATATGCCGTTGAATTTTCACTTTCTCGTCATTTCAACGCGTTACTGAAA
TGGTTACGTA2160ATGGTGAAGATAAAAGAGGTAGCGATGAATATTAAAATTAATGAGATAAA
AATGACGCCC2220CCTACAGCATTTACCCCTGGCCAGGTTATAGAGGAACAAGAGGTTATTTC
GCCTTCAATG2280TTAGCTCTCCAGGAGTTACAGGAAACGACGGGGGCAGCGCTCTATGAGAC
GATGGAAGAA2340 ATAGGAATGGCGCTGAGTGGTAAACTGCGCGAAAATTATA
AATTCACTGATGCTGAGAAA2400CTGGAGCGCAGACAGCAGGCTTTGCTGCGTTTGATAAAACAAATACAGGAG
GATAATGGG2460GCAACGTTGCGTCCGCTTACCGAAGAGAATAGTGATCCTGATTTACAGAATGCGTATCAA25
20ATTATCGCTCTTGCAATGGCGCTTACTGCCGGCGGGTTGTCAAAAAAGAAAAAACGCGAT2580TTGCAATCG
CAACTGGATACGTTACAGCGGAGGAGGGATGGGAACTTGCCGTTTTTAGTT2640TACTGGAACTTGGCGAAGTG
GATACCGTACGCTGTCCTCTCTGAAGCGTTTTATGCAACA2700GGCGATAGACAACGATGAAATGCCCTTATCG
CAGTGGTTCAGACGCGTGGCAGACTGGCC2760GGATCGCTGTGAACGGGTCCGTATTTTGCTAAGAGCAGTAGC
CTTTGAACTTAGCATATG2820CATCGAACCCTCGGAGCAAAGTCGTTTGGCCGCAGCATTAGTACGTTTGCGTC
GTTTGCT2880GTTATTCCTTGGCCTTGAAAAAGAGTGCCAGCGTGAGGAGTGGATTTGCCAGTTGCCGCC2940
TAATACATTACTGCCGCTACTACTCGATATTATTTGTGAGCGCTGGCTTTTCAGTGATTG3000GTTGCTTGATA
GACTTACCGCTATAGTTTCTTCATCGAAGATGTTCAATCGGTTACTCCA3060ACAACTTGATGCGCAGTTTATG
CTGATACCCGATAACTGTTTTAACGACGAAGATCAACG3120TGAACAAATTCTCGAAACGCTTCGTGAAGTAAA
GATAAATCAGGTTTTATTCTGATACCT3180GGCTTTCAATATTTAGGTAAATTGGCTTTCTGGCTCATCATGAG
GCGTCAGGATGGATTG3240GGATCTCATTACTGAACGTAATATTCAGCTTTTTATTCAATTAGCAGGATTAGCT
GAACG3300GCCTTTAGCAACCAATATGTTCTGGCGGCAAGGACAATATGAAACTATCATAACGGTCGT3360AT
TCTCTTATGTCAGATACTCAAGCAAACCTTCTTAGACGAAGAACTGCTTTTTAAAGCG3420TTGGCTAACTGGA
AACCCGCAGCGTTCCAGGGTATTCCTCAACGATTATTTTTGTTGCGC3480GATGGGCTTGCAATGAGTTGTTCT
CCACCTCTTTCCAGCTCCGCCGAGCTCTGGTTACGA3540TTACATCATCGACAAATAAAATTTCNTGGAGTCGC
AATGCGTTCATGGTTAGGTGAGGGA3600GTCAGGGCGCAACAGTGGCTCAGTGTATGCGCGGGTCGGCAGGATA
TGGTTCTGGCGACG3660GTGTTATTAATCGCTATTGTGATGATGCTGTTACCCTTGCCGACCTGGATGGTTGAT
ATC3720CTGATTACTATCAACCTTATGTTTTCAGTGATCCTGCTCTTAATTGCTATTTATCTTAGT3780GACC
CTCTCGATTTATCGGTATTTCCGTCTTTATTACTTATTACTACATTATATCGTTTG3840TCACTCACAATCAGC
ACATCACGGCTGGTACTGTTACAACATAATGCCGGTAATATTGTG3900GATGCTTTCGGTAAGTTTGTCGTAGG
AGGAAATCTCACCGTTGGGTTGGTCGTATTTACC3960ATCATTACTATCGTGCAATTTATTGTCATTACAAAAG
GTATCGAGAGGGTGGCGGAAGTT4020AGCGCACGTTTCTCGCTTGATGGGATGCCAGGCAAACAAATGAGTATC
GATGGCGATTTG4080   103
CGTGCCGGAGTTATCGATGCAGACCATGCCCGTACATTAAGACAGCATGTCCAGCAGGAA4190AGCCGCTTTCT
CGGTGCGATGGACGGTGCGATGAAATTTGTTAAAGGCGATACGATTGCC4200GGTATTATTGTTGTTCTGGTGA
ACATTATCGGCGGTATCATTATCGCTATCGTACAATAT4260GATATGTCGATGAGTGAGGCTGTTCACACTTAT
AGCGTACTGTCAATCGGAGATGGTTTA4320TGTGGGCAAATTCCATCGCTGCTGATTTCCCTTAGCGCGGGAAT
TATTGTCACCCGTGTC4380CCGGGTGAGAAACGCCAGAACCTGGCGACAGAGTTGAGTTCTCAAATTGCCAGAC
AACCT9440CAGTCGCTCATATTAACCGCTGTGGTTTTAATGCTCCTCGCTTTAATTCCTGGCTTTCCT9500TT
TATCACTCTCGCTTTCTTTTCAGCGTTGTTAGCATTGCCAATTATCCTCATTCGCCGC9560AAAAAGTCTGTGG
TTTCCGCAAATGGCGTCGAAGCACCGGAAAAAGATAGTATGGTTCCC9620GGCGCATGTCCTCTAATCTTACGT
CTTAGCCCGACGTTACATTCTGCCGACCTGATTCGT4680GATATTGACGCCATGAGATGGTTTTTATTTGAGGA
TACCGGCGTCCCTCTCCCTGAGGTG4740AATATTGAGGTTTTGCCTGAACCCACCGAAAAATTGACGGTACTGC
TATATCAGGAACCC4800GTATTTAGTTTATCTATTCCCGCTCAGGCGGATTATTTATTGATAGGCGCGGACGCT
AGT4860GTGGTGGGTGACAGCCAGACGTTACCGAACGGGATGGGGCAGATCTGTTGGCTTACAAAA4920GACA
TGGCCCATAAGGCGCAAGGTTTTGGACTGGACGTTTTCGCGGGCAGCCAACGTATC4980TCTGCCTTATTAAAA
TGTGTCCTGCTTCGGCATATGGGAGAGTTTATTGGTGTTCAGGAA5040ACGCGTTATCTAATGAATGCGATGGA
AAAAAACTACTCTGAGCTGGTGAAAGAGCTTCAG5100CGCCAGTTACCCATTAATAAAATCGCTGAAACTTTGC
AACGGCTTGTATCAGAGCGGGTT5160TCTATTAGAGATTTACGTCTTATTTTCGGCACCTTAATTGACTGGGCG
CCACGTGAAAAA5220GATGTCCTGATGTTGACAGAATATGTCCGTATCGCGCTTCGTCGTCATATTCTGCGTCG
T5280CTTAATCCGGAAGGAAAACCGCTGCCGATTTTGCGGATCGGCGAAGGTATTGAAAACCTC5340GTGCGT
GAATCCATTCGCCAGACGGCAATGGGGACCTATACTGCGCTGTCGTCTCGTCAT5400AAGACGCAGATCCTGCA
ACTTATCGAGCAGGCGCTGAAGCAGTCAGCCAAATTATTCATT5460GTCACTTCTGTCGACACCCGACGTTTCT
TGCGAAAAATTACAGAAGCCACCTTGTTCGAC5520GTACCGATTTTGTCATGGCAGGAATTAGGAGAGGAGAGC
CTTATACAAGTGGTAGAAAGT5580ATTGACCTTAGCGAAGAGGAGTTGGCGGACAATGAAGAATGAATTGATGC
AACGTCTGAG5640GCTGAAATATCCGCCCCCCGATGGTTATTGTCGATGGGGCCGAATTCAGGATGTCAGCGC5
700AACGTTGTTAAATGCGTGGTTGCCTGGGGTATTTATGGGCGAGTTGTGCTGTATAAAGCC5760TGGAGAAG
AACTTGCTGAAGTCGTGGGGATTAATGGCAGCAAAGCTTTGCTATCTCCTTT5820TACGAGTACAATCGGGCTT
CACTGCGGGCAGCAAGTGATGGCCTTAAGCGACGCCATCAG5880GTTCCCGTGGGCGAAGCGTTATTAGGGCGA
GTTATTGATGGCTTTGGTCGTCCCCTTGAT5940 GGCCGCGAAC TGCCCGACGT CTGCTGGAAA
GACTATGATG CAATGCCTCC TCCCGCAATG 6000 GTTCGACAGC CTATCACTCA ACCATTAATG
ACGGGGATTC GCGCTATTGA TAGCGTTGCG 6060   104 



ACCTGTGGCG AAGGGCAACG AGTGGGTATT TTTTCTGCTC CTGGCGTGGG GAAAAGCACG 6120
CTTCTGGCGA TGCTGTGTAA TGCGCCAGAC GCAGACAGCA ATGTTCTGGT GTTAATTGGT 6180
GAACGTGGACGAGAAGTCCGCGAATTCATCGATTTTACACTGTCTGAAGAGACCCGAAAA6240CGTTGTGTCAT
TGTTGTCGCAACCTCTGACAGACCCGCCTTAGAGCGCGTGAGGGCGCTG6300TTTGTGGCCACCACGATAGCAG
AATTTTTTCGCGATAATGGAAAGCGAGTCGTCTTGCTT6360GCCGACTCACTGACGCGTTATGCCAGGGCCGCA
CGGAAATCGCTCTGGCGCCGGAGAGAC6420CGCGGTTTCTGGAGAATATCGCCAGGCGTATTTAGTGCATTGCC
ACGACTTTTAGAACGT6480ACGGGAATGGGAGAAAAAGGCAGTATTACCGCATTTTATACGGTACTGGTGGAAG
GCGAT6540GATATGAATGAAGCCGTTGGCGGATGAAGTCCGTTCACTGCTTGATGGACATATTGTACT6600AT
CCCGACGGCTTGCAGAGAGGGGGCATTATCCTGCCATTGACGTGTTGGCAACGCTCAG6660CCGCGTTTTTCCA
GTCGTTACCAGCCATGAGCATCGTCAACTGGCGGCGATATTGCGACG6720GTGCCTGGCGCTTTACCAGGAGGT
TGAACTGTTAATACGCATTGGGGAATACCAGCGAGG6780AGTTGATACAGATACTGACAAAGCCATTGATACCT
ATCCGGATATTTGCACATTTTTGCG6890ACAAAGTAAGGATGAAGTATGCGGACCCGAGCTACTTATAGAAAAA
TTACACCAAATACT6900CACCGAGTGATCATGGAAACTTTGCTGGAGATAATCGCGCGGCTGAAAAGCAATTAC
GCG6960GCAAGCTTACCGTACTTGATCAGCAGCAACAGGCGATTATTACGGAACAGCAGATTTGCC7020AGAC
GCGCGCTTTAGCAGTGTCTACCAGACTGAAAGAATTAATGGGCTGGCAAGGTACGT7080TATCTTGTCATTTAT
TGTTGGATAAGAAACAACAAATGGCCGGGTTATTCACTCAGGCGC7140AGAGCTTTTTGACGCAACGGCAAGCA
GTTAGAGAATCAGTATCAGCAGCTTGTCTCCCGG7200CGAAGCGAATTACAGAAGAATTTTAATGCGCTTATGA
AAAAGAAAGAAAAAATTACTATG7260GTATTAAGCGATGCGTATTACCAAAGTTGAGGGAAGTCTTGGGTTGCC
ATGCCAGTCTTA7320TCAGGATGATAACGAGGCGGAGGCGGAACGTATGGACTTTGAACAACTCATGCACCAGG
C7380ATTACCCATTGGTGAGAATAATCCTCCTGCAGCATTGAATAAGAACGTGGTTTTCACGCA7440ACGTTA
TCGTGTTAGTGGCGGTTATCTTGACGGTGTAGAGTGTGAAGTATGTGAATCAGG7500GGGGCTAATCCAGTTAA
GAATCAATGTCCCTCATCATGAAATTTACCGTTCGATGAAAGC7560GCTAAAGCAGTGGCTGGAGTCTCAGTTG
CTGCATATGGGGTATATAATTTCCCTGGAGAT7620ATTCTATGTTAAGAATAGCGAATGAAGAGCGTCCGTGGG
TGGAGATACTTCCAACGCAAG7680GCGCTACCATTGGTGAGCTGACATTGAGTATGCAACAATATCCAGTACAG
CAAGGGACAT7740TATTTACCATAAATTATCATAATGAGCTGGGTAGGGTGTGGATTGCAGAACAATGCTGGC7
800AGCGCTGGTGTGAAGGGCTAATTGGCACCGCTAATCGATCGGCTATCGATCCTGAATTGC7860TATATGGA
ATAGCTGAATGGGGGCTGGCGCCGTTATTGCAAGCCAGTGATGCAACCCTCT7920GTCAGAACGAGCCGCCAAC
ATCCTGCAGTAATCTACCACATCAGCTAGCGTTGCATATTA7980AATGGACAGTTGAAGAGCATGAGTTCCATA
GCATTATTTTTACATGGCCAACGGGTTTTT8040   105 TGCGCAATAT AGTCGGAGAG CTTTCTGCTG
AGCGACAACA GATTTATCCT GCCCCTCCTG 8100 TGGTAGTCCC TGTATATTCA GGCTGGTGCC
AGCTTACATT AATCGAACTT GAGTCTATCG 8160 AAATCGGCAT GGGCGTTCGG ATTCATTGCT
TCGGCGACAT CAGACTCGGT TTTTTTGCTA 8220
TTCAACTACCTGGGGGAATCTACGCAAGGGTGTTGCTGACAGAGGATAACACGATGAAAT8280TTGACGAATTA
GTCCAGGATATCGAAACGCTACTTGCGTCAGGGAGCCCAATGTCAAAGA8340GTGACGGAACGTCTTCAGTCGA
ACTTGAGCAGATACCACAACAGGTGCTCTTTGAGGTCG8400 GACGTGCGAG TCTGGAAATT GGACAATTAC
GACAACTTAA AACGGGGGAC GTTTTGCCTG 8460
TAGGTGGATGTTTTGCGCCAGAGGTGACGATAAGAGTAAATGACCGTATTATTGGGCAAG8520GTGAGTTGATT
GCCTGTGGCAATGAATTTATGGTGCGTATTACACGTTGGTATCTTTGCA8580AAAATACAGCGTAAACCTGATA
AGAAAAATAATATGCGAACAATATAATAGCGTTCCAGG8640TCGTGTCATGAGAGATACAGTATGTCTTTACCC
GATTCGCCTTTGCAACTGATTGGTATA8700TTGTTTCTGCTTTCAATACTGCCTCTCATTATCGTCATGGGAAC
TTCTTTCCTTAAACTG8760GCGGTGGTATTTTCGATTTTACGAAATGCTCTGGGTATTCAACAAGTCCCCCCAA
ATATC8820GCACTGTATGGCCTTGCGCTTGTACTTTCCTTATTCATTATGGGGCCGACGCTATTAGCT8880GT
AAAAGAGCGCTGGCATCCGGTTCAGGTCGCTGGCGCTCCTTTCTGGACGTCTGAGTGG8940GACAGTAAAGCAT
TAGCGCCTTATCGACAGTTTTTGCAAAAAAACTCTGAAGAGAAGGAA9000GCCAATTATTTTCGGAATTTGATA
AAACGAACCTGGCCTGAAGACATAAAAAGAAAGATA9060AAACCTGATTCTTTGCTCATATTAATTCCGGCATT
TACGGTGAGTCAGTTAACGCAGGCA9120TTTCGGATTGGATTACTTATTTATCTTCCCTTTCTGGCTATTGACC
TGCTTATTTCAAAT9180ATACTGCTGGCTATGGGGATGATGATGGTGTCGCCGATGACCATTTCATTACCGTTT
AAG9240CTGCTAATATTTTTACTGGCAGGCGGTTGGGATCTGACACTGGCGCAATTGGTACAGAGC9300TTTT
CATGAATGATTCTGAATTGACGCAATTTGTAACGCAACTTTTATGGATCGTCCTTT9360TTACGTCTATGCCGG
TAGTGTTGGTGGCATCGGTAGTTGGTGTCATCGTAAGCCTTGTTC9420AGGCCTTGACTCAAATACAGGACCAA
ACGCTACAGTTCATGATTAAATTATTGGCAATTG9480CAATAACCTTAATGGTCAGCTACCCATGGCTTAGCGG
TATCCTGTTGAATTATACCCGGC9540AGATAATGTTACGAATTGGAGAGCATGGTTGAATGGCACAACAGGTAA
ATGAGTGGCTTA9600TTGCATTGGCTGTGGCTTTTATTCGACCATTGAGCCTTTCTTTATTACTTCCCTTATTA
A9660AAAGTGGCAGTTTAGGGGCCGCACTTTTACGTAATGGCGTGCTTATGTCACTTACCTTTC9720CGATAT
TACCAATCATTTACCAGCAGAAGATTATGATGCATATTGGTAAAGATTACAGTT9780GGTTAGGGTTAGTCACT
GGAGAGGTGATTATTGGTTTTTCAATTGGGTTTTGTGCGGCGG9840TTCCCTTTTGGGCCGTTGATATGGCGGG
GTTTCTGCTTGATACTTTACGTGGCGCGACAA9900TGGGTACGATATTCAATTCTACAATAGAAGCTGAAACCT
CACTTTTTGGCTTGCTTTTCA9960GCCAGTTCTTGTGTGTTATTTTCTTTATAAGCGGCGGCATGGAGTTTATA
TTAAACATTC10020   106 TGTATGAGTC ATATCAATAT TTACCACCAG GGCGTACTTT
ATTATTTGAC CAGCAATTTT 10080 TAAAATATAT CCAGGCAGAG TGGAGAACGC TTTATCAATT
ATGTATCAGC TTCTCTCTTC l0140
CTGCCATAATATGTATGGTATTAGCCGATCTGGCTTTAGGTCTTTTAAATCGGTCGGCAC10200AACAATTGAA
TGTGTTTTTCTTCTCAATGCCGCTCAAAAGTATATTGGTTCTACTGACGY10260CCTGATCTCATTCCCTTATG
CTCTTCATCACTATTTGGTTGAAAGCGATAAATTTTATAT10320TTATCTAAAAGACTGGTTTCCATCTGTATG
AGCGAGAAAACAGAACAGCCTACAGAAAAG10380AAATTACGTGATGGCCGTAAGGAAGGGCAGGTTGTCAAAA
GTATTGAAATAACATCATTA10440TTTCAGCTGATTGCGCTTTATTTGTATTTTCATTTCTTTACTGAAAAGAT
GATTTTGATA10500CTGATTGAGTCAATAACTTTCACATTACAATTAGTAAATAAACCATTTTCTTATGCATTA
10560ACGCAATTGAGTCATGCTTTAATAGAGTCACTGACTTCTGCACTGCTGTTTCTGGGCGCT10620GGGGT
AATAGTTGCTACTGTGGGTAGCGTGTTTCTTCAGGTGGGGGTGGTTATTGCCAGC10680AAGGCCATTGGTTTT
AAAAGCGAGCATATAAATCCGGTAAGTAATTTTAAGCAGATATTC10740TCTTTACATAGCGTAGTAGAATTAT
GTAAATCCAGCCTAAAAGTTATCATGCTATCTCTT10800ATCTTTGCCTTTTTCTTTTATTATTATGCCAGTAC
TTTTCGGGCGCTACCGTACTGTGGG10860TTAGCCTGTGGCGTGCTTGTGGTTTCTTCTTTAATAAAATGGTTA
TGGGTAGGGGTGATG10920GTTTTTTATATCGTCGTTGGCATACTGGACTATTCTTTTCAATATTATAAGATTA
GAAAA10980GCTATCTAAAAATGAGTAAAGATGACGTAAAACAGGAGCATAAAGATCTGGAGGGCGACC11040
CTCAAATGAAGACGCGGCGTCGGAAATGCAGAGTGAAATACAAAGTGGGAGTTTAGCTCA11100ATCTGTTAAA
CAATCTGTTGCGGTAGTGCGTAATCCAACGCATATTGCGGTTTGTCTTGG11160CTATCATCCCACCGATATGC
CAATACCACGCGTCCTGGAAAAAGGCAGTGATGCTCAAGC11220TAACTATATTGTTAACATCGCTGAACGCAA
CTGCATCCCCGTTGTTGAAAATGTTGAGCT11280GGCCCGCTCATTATTTTTTGAAGTGGAACGCGGAGATAAA
ATTCCTGAAACGTTATTTGA11340ACCCGTTGCAGCCTTGTTACGTATGGTGATGAAGATAGATTATGCGCATT
CTACCGAAAC11400ACCATAAATGCTTTTGGTATGCTTCTTCAGGCCACTGCGAAGGTTAAGAGGGTAATAGCG
l1460TATAGAGCAGTGCTTGACGATAAAGGTGAGAGACTGAAAATAATCGCTTTTAGCCTGGCA11520CAAGC
ACCAGATAGCGTATTATAAAATTAAACAAGATAATGGATTGGTGCGTCTGAATGG11580ACTCGAACCACTCGA
CCCCCACCATGTCAAGGTGGTGCTCTAACCAACTGAGCTATGAAC1l640GGCAACGTTGTAGGTGACAACGGGG
ACGAATATTAGCGTCACAACCGCAATGAGGCAAGA11700GGGAAATCGCAATTTTCTTCCTGAAATCACCTGAT
TGCGGTGGAAATATGCAACATGTCG11760AGAAAATAGCCGCCATGCGACGGCTATCGTCGTATTATCGGAGCG
CGCTGCAAAATGATG11820GCGGACGGCTGACGTTGTAGATAGCGCATCCGTAGCATCATTAACACCGCCGCCG
AGGTC11880AGGCCGATGATGAACCCCATCCAGAAGCCTGCCGGTCCCATACGATCCACCACCAAATCC11940
GTTAACGCCAGGATATAACCGCTGGGTAAACCTAACACCCAGTAGGCGGTAAAGGTGATA12000   107
AAAAAGATGG AACGCGTATC TTTATAACCG CGCAGAATAC CGCTGCCGAT AACCTGTATA
GAGTCGGAAA TCTGGTAAAC CGCAGCGAGC AGCATTAATT GCGGCAAGCG CCACGACCTC
AGGGTTGTCA TTGTAGAGCA AAGCAATATG CTTACGCAGA GTAACGGTAA AAATAGCGGT
AACCACAGCC ATACAAATGC CGACGCCTAA ACCGGTACGC GCTGCGTTTG CGCATCCAGC
GTTGAGCCCT GGCCCAGACC GATAACCCAC TCGAATCGTT ACCGCCGCAG CCAGCGACAT
CGGCAGTACG AACATCAGCG AGCTAAAGTT AAGCGCAATC TGATGACCGG CGACATCCAC
AATACCTAAT GGCGAAACCA GCAGCGCAAC GACCGCAAAT AACGTCACTT CAAAGAACAG
CCAGCGCAAT CGGCAACCCC AGTTGAATCA GGCGCTTCAT GACGACGCTA TCGGGTTTGC
CAAAGCCTTT TTCATTACGA ATATCACGCA TTGAACGCGC GTGTTTAATG TAAGAAAGCA
TGGCGATAAA CATCACCCAA TAGACCGCCG CAGTCGCAAC GCCGCAGCCG ATACCGCCGA
GTTCCGGCAT ACCAAAATGG CCATAGATAA AAATATAGTT CACCGGAATA TTCACCAGCA
GGCCCAAAAA TCCCATCACC ATACCCGGTT TGGTTTTGGC CAGACCTTCG CACTGGTTTC
GCGCTACCTG AAAGAAAAGG TATCCTGCGC CCCACAGCAG CGCGCGAAGA TAACCCACGG
CTTTATCGGC CAGCGCCGGA TCAATATTAT GCATAGAGCG GATAATGTAT CCGGCATTCC
ACAGGACGAT CATCACCAGC ACGGAGACAA AGCCCGCCAG CCAGAACCCT TGTCGAACCT
GATGCGCGAT ACGCTCACGA CGGCCGGAGC CATTGAGTTG CGCAATCACA GGCGTCAAGG
CCAGCAGTAA GCCGTGACCA AACAAAATGG CGGGAAGCAG ATAGAGGTGC CGATAGCGAC
GGCAGCCATG TCCGTAGCGC TATAGCCTCC CGCCATGACG GTATCGACGA ATCCATTGCG
GTCTATACCA CTTGCGCAAG GATCACCGGT ATCTGAACGC TAATAACTGA CGCGCTTCAC
TGGTATACTT CTGCACGTAT TCACCTTTTA TTTTGTTGTT ATATGAAAGA CTAAAAAGCC
GCCGAAGTGG CAGCCAAAAG AAATAGCAGG GGAAATTTCA GTCTATTGTA GCGGGGTATT
ACTATTTCTC CAGTGAAAAA ACAGTTGTTA ACGGCGCATT GCTGGCAAGC TGTTTTTCCA
CCTGCTATTG TGCTGAACAG TTCTGCTTTT ATTTATTTCA GGAGTTGAAG ATATGTTTAC
GGGGATCGTA CAGGGTACCG CGAAACTGGT ATCGATA (2) INFORMATION FOR SEQ ID N0: 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 12060 12120 12l80 12290
12300 12360 12420 12980 12540 l2600 12660 12720 12780 12840 12900 12960
l3020 l3080 13140 13200 13260 13320 13380 13417   108 (xi) SEQUENCE
DESCRIPTION: SEQ ID N0: 38: GGATCCTTTT TCTTTAATGC TGCTAACGTT TCTTGCAAAA
TGCGTTGATG AGATTCATCC 60
AGTACACCACTGATAACAAAAGAGCGNCGCATTGGCNWAMMWTKRNNMRNNSCNNNACTA120AACCGTTCTCTA
TTATCGCAGAAATAATATCATCCCCCTGAGACTGATGAGAGTGACTAA180TCTGCCAGTGCAATAACCCGGGAA
TATCTGCAAGTAATGGTTGAACCTTGCGCCATTGCT240GATCCATTTGTATATCATCATGAATTAACACGCTCC
CCGGCCCTTCGCTGGATACTTCAG300CATNSSGGTAACCCATTTTTATCAAAACATCCTGCACTTCTCGTACCA
ATAAGTCATCAC360AGATTACACCATCCCGATACATGACCCCCCATGATTCGAGAGTCGCTCTCACCTTTTGCA
420 TCTGTTCGCT TGACGAGCAA TAACCGGACA ACTGCAGGCT GCCATCTTCT TTCCATTGCG 480
CCCGCACATAATGAATATTGCTTTTGTCTAATAAAAACTTAACCCGCAAAGGTAAGTCAT540TTACCGTTTCAG
GCTGACCACTAATACTTAACAGGACACCCATTCCACCGATGAAAATCA600AGAATACGCCAGCCAACCACCAGT
ACCCTGATCTGGAAACGGGTATTTGATAATCAGCAA660GTTCACAATCCTGTTTACCAAACGCGATASSCACTC
CCGCAACCTGCAAAACCCCACTGG720ATGGTAGCGGCTTATTTGGATTAAATCTGCGGCCATTAACTCTAACTC
TGGCTTTCCCGG780CATCAACAAATAAACTATCTGCCTGTTCTCTCAGAATAATTTTTTCATTTATAGCCAGCG
840AATACAAATATCGCATCCCTTCTCCCCCAGTGACAGGTTACCTTCATTCAGCCATACTTC900CCGGCCTTG
TAAAACGTGACCTAAAAAACGTATTTTCCAGGAACTCTTTGGATTAACCAT960GAGATATGCCATTATTTACTA
CTGAGGCTTTAATCAAAAAAAGCCTGATTACACTATGTA1020CTTGAGTCGTATCATTGCGAAACAAATGACCT
ACAACAGGAATATCGCCCAATAAAGGGA1080TTTTGTTTTGCGAGTGGATTTGTTTACCTTGTTTAAACCCTCC
CAGCAATNAGACTTTGC1140CCGGCCAATAATGTGGCTTGCGAANCRATTTCAGAATTTTGCACTTCGGGCAGC
GGGTCT1200GTNTYGCYTTKGNSTATCACTTTGTTGTCCATCCTGAANTATTAAGATTAAGCATTATTT1260T
TTGCGTGCCATTGTCATTTAACAAGCGAGGTGTAACGCGWNAACAAAGAACCCGTAGTG1320ATGGATTCAAGT
TTAGCCACTTTTTCTCCCTGCAGTTTGGTATAGAAAGTAATATTTTTA1380TCCAGCACAGCCTGGATATTATT
TAAAGTCACCACAGATGGCTGGGAAAGTACATAAGCC1940TGAGAGCTTTTTTCCAGGGCATTCAGACGCACCA
TAAAGTTTGAGGTATCGCTGATTACC1500GTTGANNAACCACTAGCACCACCGTCATTCAAACCTGTATTGAAC
GCAATTTTCTTGCCA1560CCCAGCGACACTGCCGTTCCCCAGTCGATGCCTAACTGGTTAATATCTCCAGCATT
AACA1620TCGATAATTTTCACCGAAATCTCTATCATCTGCTGGCGTTGATCTAATTCTGTGATGAGTl680TTC
CGATACNNNGCCATATTGGNNNCATAATCACGAACGATCACTGCATTCTGGCGTNGG1740GTCGGCAGCAAACA
TNGGCAATGCCTGTGTAGCGGGTGAACCATTGTTCNTCGATGACGT1800CGGGACGCTGGTTTTACTCATCTCA
CGCAATACACTAACGACCCCTGGNNAACCACGACG1860GACTGATCGCGATATTGGTACTGGGTATCCATCGCA
GTGGCATACTTAAGCGTGTATATA1920   109 CTTACACTCACCGCACTGTCTTTTCGTTTG
ATTAACGCATTATCCAGCACTGAAGCTAAT1980TGACTAATACGAGTCAGGCAGCTGGGAACA
CCGCTCACCTCCACAGCTTTGGTACCGGTA2040ATTTCTTTAACCTCGCATCCCGGTGATGAA
AGGATATTCTGGCTGCGTAAGTAATGAATG2100 



AACCGTCCAGTAGATAAAATATTGAAAGTGATAACCTGATGTTTTAATAACGATGCAGGA2160TATACATATAA
CATGCTGCCATCAAACCAGGTAAGCAAATCATATTGTGCTGCCAGGTTA2220TTCAAAATATCGACCGGTGGTC
CAGGCGGAATTTTTCCACTAAATGTAGCTGTTATCAAT2280GGGCTAATAGTAATAGCCGTATCATAGTTCTCT
GAGAGCAGATGTNAAAACCTCTGCTAA2340TGGCATTTGTCTGGCATAAAGGGTGAAGTCATTACCTTTCCATG
ATAACTCATCACTCTT2900TGCTGTATTGAGTATAAATAGTAAAATTAAGATTAAACGTTTATTTACTACCATT
TTATA2460CCCCACCCGAATAAAGTTTATGGTGATTGCGTATTACATTTTTTNAAAATGCAAGTTAAA2520GC
CAGGTGTTTTTCTATCTCAATAGCAATAAGCTCAGAGCTACTACTTGTGGTATAATAA2580CCGTTTAACCATC
CCCCATCCGCTGTGAGCTGTATAGCATAATCATGGACGTCCGGGTGT2640GCGCAARCRGTAGTGTCAMMTAGG
CAAGACAAGGCTTAGGTAAGCTTTCCAGGTCATTTA2700AGAACAAAGAAATAGAAAATGCTTCTGAGAAAATT
TCTYCYBHNNNNNNNNNNNNNNNNN2760NNNNNNNNCATCAATAGTCATTATCCAGGATSSKMTWWYMNYYKSS
SCYSWKATMYYSWR2820WWTTAATGGAATGCCTTTTAAAACTGCCAGCATGAATCCCTCCTCAGACATAAATGG
GAG2880TTTCTATCAAATTCGCTCACAACCACATCCGTAAAAAGCCTGATTCACATTTATTTCGAC2990TATA
CTCTTCTTGTACAATATCAGGATGCTGTCTACATATACCTTGTCACAGGCGATTCT3000ATCATTCGGATTTTC
CGATAAATTNMMCAATTACATTTTCAGCATTGACATAAAAACTTA3060CAATTTGNAAAATTATTTATTAAATA
AACTGTTACGATGTTTTTACATCGCCATCTTATT3120AAAAAGTAATTGTAGTCATCGACTNGGTTATATATGA
AGAAATTTATCTTCCTAATGATA3180ACACCATCGATTAATCWWCTGATGAAACTATATGTACTGCGATAGTGA
TCAAGTGCCAAA3240GATTTTGCAACAGGCAACTGGAGGGAAGCATTATGAATTTSSTCAATCTCAAGAATACS
S3300YSYRNNNNNNTCTTTAGTAATCAGGCTAACTTTTTTATTTTTATTAACAACAATAATTWT3360TTGGCT
GCTATCTGTGCTTACCGCAGCTTATATATCAATGGTTCRGAAACGGCAGCATAT3420
AATAGAGGATTTATCCGTTCTATCCGAGATGAATATTGTACTAAGCAATCAACGGTTTGA3480AGAAGCTGAAC
GTGACGCTAAAAATTTAATGTATCAATGCTCATTAGCGACTGAGATTCA3540TCATAACGATATTTTCCCTGAG
GTGAGCCGGCATCTATCTGTCGGTCCTTCAAATTGCAC3600MGCCGACGCTNAACGGAGAGAAGCACCGTCTCT
TTCTGCAGTCCTCTGATATCGATGAAA3660ATAGCTTTCGTCGCGATAGTTTTATTCTTAATCATAAAAATGAG
ATTTCGTTATTATCTA3720CTGATAACCCTTCAGATTATTCAACTCTACAGCCTTTAACGCGAAAAAGCTTTCC
TTTAT3780ACCCAACCCATGCCGGGTTTTACTGGAGTGAACCAGAATACATAAACGGCAAAGGATGGC3840AA
CGCTTCCGTTGCGGTTGCCGATCAGGCAAGGCGTATTTTTTGAGGTGACGGTTAAACT3900   110
TCCCGATCTCATTACTAAGAGCCACCTGCCATTAGATGA'I'
AGTATTCGAGTATGGCTGGA3960TCAAAACAACCACTTATTGCCGTTTTCATACATCCCGGCA
AAAAATACGTACACAGTTAG4020AAAATGTAACGCTGCATGATGGATGGCAGCAAATTCCCGG
ATTTCTGATATTACGCACAA4080 CCTTGCATGG CCCCGGATGG AGTCTGGTTA CGCTGTACCC
ATACGGTAAT CTACATAATC 4190
GCATCTTAAAAATTATCCTTCAACAAATCCCCTTTACATTAACAGCATTGGTGTTGATGA9200CGTCGGCTTTT
TGCTGGTTACTACATCGCTCACTGGCCAAACCGTTATGGCGTTTTGTCG4260ATGTCATTAATAAAACCGCAAC
TGCACCGCTGAGCACACGTTTACCAGCACAACGACTGG4320ATGAATTAGATAGTATTGCCGGTGCTTTTAACC
AACTGCTTGATACTCTACAAGTCCAAT4380ACGACAATCTGGAAAACAAAGTCGCAGACGCACCCAGGCGCTAA
ATGAAGCAAAAAAACG4440CGCTGAGCNAGCTAACAAACGTAAAAGCATTCATCTTACGGTAATAAGTCATGAG
TTACG4500TACTCCGATGAATGGCGTACTCGGTGCAATTGAATTATTACAAACCACCCCTTTAAACAT4560AG
AGCAACAAGGATTAGCTGATACCGCCAGAAATTGTACACTGTCTTTGTTAGCTATTAT4620TAATAATCTGCTG
GATTTTTCACGCATCGAGTCTGGTCATTTCACATTACATATGGAAGA4680AACAGCGTTACTGCCGTTACTGGA
CCAGGCAATGCAAACCATCCAGGGGCCAGCGCNAAA4740GCAAAAAACTGTCATTACGTACTTTTGTCGGTCAA
CATGTCCCTCTCTATTTTCATACCG9800ACAGTATCCGTTTACNNCAAATTTTGGTTAATTTACTCGGGAACGC
GGTAAAATTTACCG4860AAACCGGAGGATACGTCTGACGGTCAAGCGTCATGAGGAACAATTAATATTTCTGGT
TAG4920CGATAGCGGTAAAGGGATTGAAATACAGCAGCAGTCTCAAATCTTTACTGCTTTTTATCA4980AGCA
GACACAAATTCGCAAGGTACAGGAATTGGACTGACTATTGCGTCAAGCCTGGCTAA5040AATGATGGGCGGTAA
TCTGACACTAAAAAGTGTCCCCGGGGTTGGAACCTGTGTCTCGCT5100AGTATTACCCTTACAAGAATACCAGC
CGCCTCAACCAATTAAAGGGACGCTGTCAGNNNC5160CGTTCTGCCTGCATCGGCAACTGGCTTGCTGGGGAAT
ACGCGGTGAACCACCCCACCAGC5220AAAATGCGCTTCTCAANNCNAGAGCTTTTGTATTTCTCCGGAAAACTC
TACGACCTGGCG5280CAACAGTTAATATTGTGTACACCAAATATGCCAGTAATAAATAATTTGTTACCACCCTG
G5340CAGTTGCAGATTCTTTTGGTTGATGATGCCGATATTAATCGGGATATCATCGGCAAAATG5400CTTGTC
AGCCTGGGCCAACACGTCACTATTGCCGCCAGTAGTAACGAGGCTCTGACTTTA5460 TCACAACAGC
AGCGATTCGA TTTAGTACTG ATTGACATTA GAATGCCAGA AATAGATGGT 5520
ATTGAATGTGTACGATTATG GCATGATGAGCCGAATAATTTAGATCCTGA
CTGCATGTTT5580GTGGCACTATCCGCTAGCGT ASCVNMAGAWRWTMWTCRTYGTDDAAAAAA
WRDGRKDHWT5640CATHAYANNTTACAAAACCA GTGACATTGGCTACCTTAGCTCGCTACATC
AGTATTGCCG5700CAGAATACCAACTTTTACGA AATATAGAGCTACAGGAGCAGGATCC5746   l11
CLAIMS 1. A microorganism having a reduced adaptation to a particular
environment obtained using a method comprising the steps of: 5 (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; ( 1 A)
optionally removing auxotrophs from the plurality of mutants 10 produced in
step (1); (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 15 the said
particular environment and allowing those microorganisms 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; 20 (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); (6) selecting an
individual mutant which does not contain any of the marker sequences as
isolated in step (4); and 25 (6A) optionally determining whether the mutant
selected in step (6) is an auxotroph.   112 2. A gene which allows a
microorganism to adapt to a particular environment obtained using a method
comprising the steps of: ( 1 ) providing a plurality of microorganisms each
of which is independently mutated by the insertional inactivation of a gene
with a 5 nucleic acid comprising a unique marker sequence so that each
mutant contains a different marker sequence, or clones of the said
microorganism; ( 1 A) optionally removing auxotrophs from the plurality of
mutants produced in step ( 1 ); (2) providing individually a stored sample
of each mutant 10 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 which are
able to do so to grow in the said environment; 15 (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 20 as in step (2); (6)
selecting an individual mutant which does not contain any of the marker
sequences as isolated in step (4); and (6A) optionally determining whether
the mutant selected in step (6) is an auxotroph; 25 (7) isolating the
insertionally-inactivated gene from the individual mutant selected in step
(6);   1l3 



(8) isolating from a wild-type microorganism the corresponding wild-type
gene using the insertionally-inactivated gene isolated in step (7) as a
probe. 5 3. A microorganism comprising a mutation in a gene as defined in
Claim 2. 4. A DNA which is isolated from a Salmonella genome and hybridises
to any one of the Salmonella sequences shown in Figure 5 under stringent 10
conditions. 5. A DNA which is isolated from a Salmonella genome and
hybridises to any one of the sequences shown in Figure 6 under stringent
conditions. 15 6. A virulence gene comprising a sequence identified herein
as any of SEQ ID Nos 8 to 36, or contained in SEQ ID No. 37 or 38, or a
variant thereof. 7. A virulence gene according to Claim 6 comprising a
sequence 20 identified herein as SEQ ID No 30, or a variant thereof. 8. A
polypeptide encoded by a gene according to any one of Claims 2, 6 or 7. 25
9. A method of identifying a compound which reduces the ability of a
microorganism to adapt to a particular environment comprising the step of
selecting a compound which interferes with the function of a gene according
to any one of Claims 2, 6 or 7 or a polypeptide according to Claim 8.   1l4
10. A compound identified by the method of Claim 9. 11. A compound
according to Claim 10 wherein the particular environment is a host
organism. 5 12. A compound according to Claim 11 wherein the host organism
is a plant. 13. A compound according to Claim 11 wherein the host organism
is an 10 animal. 14. Use of a compound according to any one of Claims 11 to
13 for treating infection of said host organism with said microorganism. 15
15. A molecule which selectively interacts with, and substantially inhibits
the function of, a gene or DNA according to any one of Claim 2, or 4 to 7
or a nucleic acid product thereof. 16. A molecule according to Claim 15
which is an antisense nucleic acid 20 or nucleic acid derivative. 17. A
molecule according to Claim 15 or 16 which is an antisense oligonucleotide.
25 18. A molecule according to any one of Claims 15 to 17 for use in
medicine.   l15 19. Use of an effective amount of a molecule or compound
according to Claim 11 or 15, wherein said gene is present in a
microorganism or a close relative of said microorganism, in a manufacture
of a medicament for treating a host which has, or is susceptible to, an
infection with said 5 microorganism. 20. A pharmaceutical composition
comprising a molecule or compound according to Claim 13 or 15 and a
pharmaceutically acceptable carrier. 10 21. A mutant bacterium, wherein if
the bacterium normally contains a gene defined in Claim 6 or Claim 7, the
gene is absent or inactivated in the mutant bacterium. 22. The VGC2 DNA of
Salmonella typhimurium or a part thereof, or a 15 variant of said DNA or a
part of a variant thereof. 23. A DNA according to Claim 22 wherein the
variant DNA is VGC2 DNA from any one of Salmonella aberdeen, Salmonella
gallinarum, Salmonella cubana and Salmonella typhi. 20 24. A DNA according
to Claim 22 or 23 wherein the part thereof is a promoter. 



25. A mutant bacterium wherein if the bacterium normally contains a 25 gene
that is the same as or equivalent to a gene in VGC2, said gene is mutated
or absent in said mutant bacterium.   l16 26. A mutant bacterium according
to Claim 25 wherein the gene that is the same or equivalent to a gene in
VGC2 is mutated by a deletion of a portion of the coding region. 5 27. A
mutant bacterium according to Claim 25 or 26 wherein the bacterium is a
Salmonella bacterium, preferably any one of Salmonella typhimurium,
Salmonella aberdeen, Salmonella gallinarum, Salmonella cubana and
Salmonella typhi. 10 28. A method of making a bacterium according to Claim
25. 29. A vaccine comprising a mutant microorganism or bacterium according
to any of Claims 1, 3, 21 and 25 to 27. 15 30. Use of a mutant bacterium or
microorganism according to any one of Claims 1, 3, 21 and 25 to 27 in a
vaccine. 31. A pharmaceutical composition comprising a mutant bacterium or
microorganism according to any one of Claims l, 3, 21 and 25 to 27 and a 20
pharmaceutically acceptable carrier. 32. A polypeptide encoded by VGC2 DNA
of Salmonella typhimurium or a part thereof, or a variant of said
polypeptide or a variant of a part thereof. 25 33. A polypeptide according
to Claim 32 wherein the variant polypeptide is encoded by VGC2 DNA of any
one of Salmonella aberdeen, Salmonella gallinarum, Salmonella cubana and
Salmonella typhi.   117 34. A method of identifying a compound which
reduces the ability of a bacterium to infect or cause disease in a host
comprising the step of selecting a compound which interferes with the
function of a gene in VGC2 according to Claim 22 or a polypeptide according
to Claim 32. 5 35. A compound identifiable by the method of Claim 34. 36. A
molecule which selectively interacts with, and substantially inhibits the
function of, a gene in VGC2 of a Salmonella or a nucleic 10 product
thereof. 37. A molecule or compound according to Claim 35 or 36 for use in
medicine. 15 38. A mutant microorganism or a mutant bacterium according to
any one of Claims 1, 3, 21 and 25 to 27 further comprising DNA encoding an
antigenic epitope from another pathogen. 39. An isolated polypeptide
according to any one of Claims 8, 32 or 33 20 for use in therapy.
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0%%"&'()-2"10%%"&'()-2"10%%"&'()-2"10%%"&'()-2"10%%"&'()-2nN.25"10%%"&'()-2
"10%%"&'()-2"10%%"&'()-2"10%%"&'()-2"10%%"&'()-25W7
c}"(3>mM-25"10%%"&'()-2"10%%"&'()-2"10%%"&'()-25W7
c}"""10%%"&'()-2"10%%"&'()-2>IT_depI-25"10%%"&'()-25W7
c}""10%%"&'()-2"10%%"&'()-2"10%%"&'()-2"10%%"&'()-2p{_?25"10%%""10%%"&'()-2
"10%%"&'()-2"10%%"&'()-2"10%%"&'()-2"10%%"&'()-2"10%%"&'()-2nN.25"10%%"&'()
-2"10%%"&'()-2"10%%"&'()-2"10%%"&'()-2"10%%"&'()-25W7 c}"nM@35108"108"
9m"10%8"&'()-@"10%%"&'()-25W7 c}"""10%%"&'()-2"10%%"&'()-2$/:EqQ15
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2
l"10%9q"9&'()-@ 9Fm10%9q"9&'()-108"EP[`alwiM-15  "10%9q"9&'()-2
"10%9q"9&'()-25W( h}"1  "10%9q"9&'()-2  "10%9q"9&'()-2  



"10%9q"9&'()-2w_)15W( h}"  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2dD15W( h}"  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2mM-15
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-25W( h}"
"10%9q"9&'()-2(389DOiM-15  "10%9q"9&'()-2  "10%9q"9&'()-25W( h}"
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2OZep{_)15W( h}"
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2dD15W( h}"  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2mM-15  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-25W( h}"  



"10%9q"9&'()-2'iM-15  "10%9q"9&'()-2  "10%9q"9&'()-25W( h}"  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2'2=HSXY_)15W( h}"  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2YdozdD15W(
h}"  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2mM-15  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-25W( h}"  "10%9q"9&'()-2iM-15  "10%9q"9&'()-2
"10%9q"9&'()-25W( h}"  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2
+01_)15W( h}"  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-21<GR]hsdD15W( h}"  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  



"10%9q"9&'()-2  "10%9q"9&'()-2sxymM-15  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-25W( h}"  "10%9q"9&'()-2iM-15  "10%9q"9&'()-2
"10%9q"9&'()-25W( h}"  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2_)15W(
h}"  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2*5@KdD15W( h}"  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2KPQ\gr}mM-15
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-25W( h}"
"10%9q"9&'()-2}iM-15  "10%9q"9&'()-2  "10%9q"9&'()-25W( h}"  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2_)15W( h}"  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2  



"10%9q"9&'()-2 #dD15W( h}"  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2#()4?JUmM-15  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-25W( h}"
"10%9q"9&'()-2U`kpq|iM-15  "10%9q"9&'()-2  "10%9q"9&'()-25W( h}"
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2_)15W( h}"  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2dD15W( h}"
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2"-mM-15  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-25W( h}"  "10%9q"9&'()-2-8CHIT_iM-15
"10%9q"9&'()-2  "10%9q"9&'()-25W( h}"  "10%9q"9&'()-2  



"10%9q"9&'()-2  "10%9q"9&'()-2_ju_)15W( h}"  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2dD15W( h}"  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2mM-15  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-25W( h}"  "10%9q"9&'()-2 !,7iM-15  "10%9q"9&'()-2
"10%9q"9&'()-25W( h}"  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-27BMXchi_)15W( h}"  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2itdD15W( h}"  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2mM-15  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-25W( 



h}"  "10%9q"9&'()-2iM-15  "10%9q"9&'()-2  "10%9q"9&'()-25W( h}"
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2%0;@A_)15W( h}"
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2ALWbmxdD15W( h}"  "10%9q"9&'()-2  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2mM-15
"10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-2  "10%9q"9&'()-25W( h}"
"10%9q"9&'()-2iNA45109q"99109q"9  "10%9q"9&'()-25W( h}"  "10%9q"9&'()-2
"10%9q"9&'()-2  "10%9q"9&'()-2 goO/5m"10%"&'()-m"10%"&'()- 3 m"10%"&'()-
m"10%"&'()- m"10%"&'()- `FY10%"&'()-9109q"9_)/5W
Vtk"m"10%"&'()-m"10%"&'()-m"10%"&'()-m"10%"&'()-m"10%"&'()-"-8dD/5W
Vtk"m"10%"&'()-m"10%"&'()-m"10%"&'()-m"10%"&'()-m"10%"&'()-m"10%"&'()-8=>IT
_jmM-/5m"10%"&'()-m"10%"&'()-m"10%"&'()-m"10%"&'()-5W
Vtk"m"10%"&'()-juiN-/5 m"10%8"&'()-m"10%"&'()-5W
Vtk"m"10%"&'()-m"10%"&'()-m"10%"&'()-_?/5
m"10%"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()
-)!,7BmM-/5"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)5W$
dz~""10%8"&'()-)BMX]^itiM-/5"10%8"&'()-)"10%8"&'()-)5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)t_)/5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)dD/5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-
)mM-/5"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)5W$
dz~""10%8"&'()-)%056ALiM-/5"10%8"&'()-)"10%8"&'()-)5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)LWbmx}~_)/5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)~dD/5W$ 



dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-
)mM-/5"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)5W$ dz~""10%8"&'()-)
$iM-/5"10%8"&'()-)"10%8"&'()-)5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)$/:EPUV_)/5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)ValwdD/5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-
)mM-/5"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)5W$
dz~""10%8"&'()-)iM-/5"10%8"&'()-)"10%8"&'()-)5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)(-._)/5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-).9DOZepdD/5
W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-
)puvmM-/5"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)5W$
dz~""10%8"&'()-)iM-/5"10%8"&'()-)"10%8"&'()-)5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)_)/5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)'2=HdD/5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-
)HMNYdozmM-/5"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)5W$
dz~""10%8"&'()-)ziM-/5"10%8"&'()-)"10%8"&'()-)5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)_)/5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)  dD/5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-
) %&1<GRmM-/5"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)5W$
dz~""10%8"&'()-)R]hmnyiM-/5"10%8"&'()-)"10%8"&'()-)5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)_)/5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)dD/5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-
)*mM-/5"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)5W$
dz~""10%8"&'()-)*5@EFQ\iM-/5"10%8"&'()-)"10%8"&'()-)5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)\gr}_)/5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)dD/5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-
)mM-/5"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"10%8"&'()-)5W$ dz~""10%8"&'()-)
!"iNA45108"108""10%8"&'()-)5W$
dz~""10%8"&'()-)"10%8"&'()-)"10%8"&'()-)"#'qQ15  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-2  "10%8"&'()-2 m"10%8"&'()-@ 93m10%8"&'()-108"iM-15
"10%8"&'()-2  "10%8"&'()-25W$ dy}"1  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-2!,7BHI_)15W$ dy}"  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  



"10%8"&'()-2  "10%8"&'()-2IT_judD15W$ dy}"  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2mM-15  "10%8"&'()-2
"10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-25W$ dy}"  "10%8"&'()-2iM-15
"10%8"&'()-2  "10%8"&'()-25W$ dy}"  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-2#$_)15W$ dy}"  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-2  "10%8"&'()-2$/:EP[fdD15W$ dy}"  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2flmxmM-15
"10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-25W$ dy}"
"10%8"&'()-2iM-15  "10%8"&'()-2  "10%8"&'()-25W$ dy}"  "10%8"&'()-2  



"10%8"&'()-2  "10%8"&'()-2_)15W$ dy}"  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  +6AdD15W$ dy}"  "10%8"&'()-2
"10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-2AGHS^itmM-15  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-25W$ dy}"  "10%8"&'()-2tiM-15  "10%8"&'()-2  "10%8"&'()-25W$
dy}"  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2_)15W$ dy}"  "10%8"&'()-2
"10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2dD15W$ dy}"
"10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-2"#.9DOmM-15  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  



"10%8"&'()-25W$ dy}"  "10%8"&'()-2OZeklwiM-15  "10%8"&'()-2
"10%8"&'()-25W$ dy}"  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2_)15W$ dy}"
"10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2dD15W$
dy}"  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-2*mM-15  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-25W$ dy}"  "10%8"&'()-2*5@FGR]iM-15  "10%8"&'()-2
"10%8"&'()-25W$ dy}"  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2]hs~_)15W$
dy}"  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-2dD15W$ dy}"  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  



"10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2mM-15  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-2  "10%8"&'()-25W$ dy}"  "10%8"&'()-2!"-8iM-15  "10%8"&'()-2
"10%8"&'()-25W$ dy}"  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-28CNYdjk_)15W$
dy}"  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-2kvdD15W$ dy}"  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2mM-15  "10%8"&'()-2  "10%8"&'()-2
"10%8"&'()-2  "10%8"&'()-25W$ dy}"  "10%8"&'()-2iM-15  "10%8"&'()-2
"10%8"&'()-25W$ dy}"  "10%8"&'()-2  "10%8"&'()-2  "10%8"&'()-2)4?EF_)15W$
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