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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 to the invention

10  Antibiotic resistance in bacterial and other pathogens is becoming
increasingly important. It is therefore important to find new therapeutic

approaches to attack pathogenic microorganisms.

Pathogenic microorganisms have to evade the host’s defence mechanisms
15 and be able to grow in a poor nutritional environment to establish an

infection. To do so a number of “virulence” genes of the microorganism

are required.

Virulence genes have been detected using classical genetics and a variety
20  of approaches have been used to exploit transposon mutagenesis for the
identification of bacterial virulence genes. For example, mutants have
been screened for defined physiological defects, such as the loss of iron
regulated proteins (Holland er al, 1992), or in assays to study the
penetration of epithelial cells (Finlay er al, 1988) and survival within
25 macrophages (Fields er al, 1989; Miller er al, 1989a; Groisman et al,
1989). Transposon mutants have also been tested for altered virulence in
live animal models of infection (Miller er 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 er
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al (1989b) used groups of 8 to 10 mice and infected orally 95 separate
groups with a different mutant thereby using between 760 and 950 mice.
Because of the extremely large numbers of animals required,

comprehensive screening of a bacterial genome for virulence genes has not

been feasible.

Recently a genetic system (in vivo expression technology (IVET]) was
described which positively selects for Salmonella genes that are
specifically induced during infection (Mahan er al, 1993). The technique
will identify genes that are expressed at a particular stage in the infection
process. However, it will not identify virulence genes that are regulated
posttranscriptionally, and more importantly, will not provide information
on whether the gene(s) which have been identified are actually required

for, or contribute to, the infection process.

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.

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

detected by their method.

WO 94/26933 and Smith er al (1995) 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

sequence information is available.
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Groisman et al (1993) Proc. Natl. Acad. Sci. USA 90, 1033-1037

describes the molecular, functional and evolutionary analysis of sequences

specific to Salmonella.

Some virulence genes are already known for pathogenic microorganisms
such as Escherichia coli, Salmonella typhimurium, Salmonella typhi,
Vibrio cholerae, Clostridium botulinum, Yersinia pestis, Shigella flexneri
and Listeria monocytogenes but in all cases only a relatively small number

of the total have been identified.

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
approximately one third of the total number of predicted virulence genes
(Groisman and Saier, 1990).

The object of the present invention is to identify genes involved in the
adaptation of a microorganism to its environment, particularly to identify
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.

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

comprising the steps of:

PCT/GB95/02875
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(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;

(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
are able to do so to grow in the said environment;

(4) retrieving microorganisms from the said environment or a
selected part thereof and isolating the nucleic acid from the retrieved
microorganisms;

(5) comparing any marker sequences in the nucleic acid isolated
in step (4) to the unique marker sequence of each individual mutant stored
as in step (2); and

(6)  selecting an individual mutant which does not contain any of

the marker sequences as isolated in step (4).

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
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 micro{)rganism which allows the microorganism to adapt to a particular

environment is a virulence gene.

PCT/GB95/02875
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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.
S  Suitable microorganisms when the particular environment is a plant
include the bacteria Agrobacterium tumefaciens which forms tumours
(galls) particularly in grape; Erwinia amylovara; Pseudomonas
solanacearum which causes wilt in a wide range of plants; Rhizobium
leguminosarum which causes disease in beans; Xanthomonas 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.; Leptosphaeria
15  maculans; Phoma tracheiphila; Phytophthora spp., Pyrenophora teres;
Verticillium alboatrum and V. dahliae; and Mycosphaerella musicola and
M. fijiensis. 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. ducrevi and H. influenzae, Helicobacter spp.
particularly H. pviori. Klebsiella spp. particularly K. pneun;oniae.

30 Legionella spp. particularly L. pneumophila. Listeria spp. particularly L.
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monocytogenes, Mycobacterium spp. particularly M. smegmatis and M.
tuberculosis, Neisseria spp. paniculaﬂy N. gonorrhoeae and N.
meningitidis, Pseudomonas spp., particularly Ps. aeruginosa, Salmonella
spp., Shigella spp., Staphylococcus spp. particularly S. aureus,
Streptococcus spp. particularly S. pyogenes and pneumoniae, Vibrio spp.
and Yersinia spp. particularly Y. pestis. All 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
disease. For example, when Salmonella typhimurium is used to infect a
mouse the mouse develops a disease which serves as a model for typhoid
fever in man. Staphylococcus aureus causes bacteracmia and renal abscess
formation in mice (Albus er al (1991) Infect. Immun. 59, 1008-1014) and
endocarditis in rabbits (Perlman & Freedman (1971) Yale J. Biol. Med.
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
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 Histoplasma capsulatum. Clearly the above-mentioned
fungi have a haploid phase and a DNA-mediated integrative transformation
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

is a mouse. rat, rabbit. dog or monkey. It is preferred if the animal is a

PCT/GB95/02875
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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.

Particularly preferred microorganisms for use in the methods of the
invention are Salmonella typhimurium, Staphylococcus aureus,
Streptococcus pneumoniae, Enterococcus faecalis, Pseudomonas

aeruginosa and Aspergillus fumigatus.
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 polymerase chain reaction (PCR).
Each DNA “tag” has a unique sequence of between about 20 and 80 bp,
preferably about 40 bp which is flanked by “arms” of about 15 to 30 bp,
preferably about 20 bp, which are common to all “tags™. The number of
bp in the unique sequence is sufficient to allow large numbers (for
example > 10') of unique sequences to be generated by random
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.

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,

as this feature may promote the formation of an artifactual product called
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“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™.

Internal secondary structure should be avoided in primers. For symmetric
PCR, a 40-60% 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
or that the 72°C extension temperature will dissociate the primer/template
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
be higher than predicted. Tag DNA polymerase does have activity in the
37-55°C 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-

uM range.

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
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

integrates at random, along with its unique tag, into the genome of the

PCT/GB95/02875
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microorganism used in the method. It is most 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. Itis also
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
same species as the recipient microorganism, otherwise non-random

integration events may occur.

It is also particularly convenient if the transposon or transposon-like
clement is carried on a vector which is maintained episomally (ie not as
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
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
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

(when in the first given condition). it can be used repeatedly to generate

PCT/GB95/0287S
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pools of random insertional mutants, each of which contains a different tag
sequence (i 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
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
(b) means that tag sequences with particularly good hybridisation
characteristics can be selected therefore making quality control easier. As
is described in more 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

96-well microtitre plates.

In a particularly preferred embodiment the first given condition is a first
particular temperature or temperature range such as 25°C to 32°C, most
preferably about 30°C and the second given condition is a second
particular temperature or temperature range such as 35°C to 45°C, most
preferably 42°C. 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

condition is the presence of the said antibiotic.

Transposons suitable for integration into the genome of Gram negative
bacteria include Tn5, Tnl0 and derivatives thereof. Transposons suitable
for integration into the genome of Gram positive bacteria include Tn916

and derivatives or analogues thereof. Transposons particularly suited for

PCT/GB95/02875
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use with Staphylococcus aureus include Tn917 (Cheung et al (1992) Proc.
Natl. Acad. Sci. USA 89, 6462-6466) and Tn918 (Albus ez al (1991)
Infect. Immun. 59, 1008-1014).

It is particularly preferred if the transposons have the properties of the
Tn917 derivatives described by Camilli er al (1990) J. Bacteriol. 172,
3738-3744, and are carried by a temperature-sensitive vector such as
pE194Ts (Villafane er al (1987) J. Bacteriol. 169, 4822-4829).

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
Streprococcus, is using insertion-duplication mutagenesis such as that
described in Morrison et al (1984) J.Bacteriol 159, 870 with respect to
S.pneumoniae. The general method may also be applied to other

microorganisms, especially bacteria.

For fungi, insertional mutations are created by transformation using DNA
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 hygromycin B resistance into the
genome of filamentous fungi, using restriction enzyme mediated
integration (REMI; Schiest] & 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

example. the use of Ty elements and ribosomal DNA in yeast.
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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.

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
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

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
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

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

pool is two mutants: there is no theoretical upper limit to the size of the
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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
environment those microorganisms which are able to do so are allowed to
grow in the environment. The length of time the microorganisms are left
in the environment is determined by the nature of the microorganism and
the environment. After a suitable length of time, the microorganisms are
recovered from the environment, DNA is extracted and the DNA is used
as a template for a PCR using primers that anneal to the “arms” flanking
the “tags”. The PCR product is labelled, for example with 2P, 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 all with the probe generated from the DNA isolated from
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.

In a particularly preferred embodiment the “arms™ have no, or very little,
label compared to the “tags”. For example, the PCR primers are suitably
designed to contain no, or a single, G residue, the **P-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
residues are incorporated in the “tag”. It is preferred if the “tag™ has at
least ten-fold more label incorporated than the “arms”; preferably twenty-
fold or more; 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.

PCT/GB95/02875
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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
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
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
animal is preferably between 50 and 500, conveniently about 100. It is
preferred if the total inoculum does not exceed 10° cells (and it is
preferably 10° cells) although the size of the inoculum may be varied
above or below this amount depending on the microorganism and the

animal.

In a particularly convenient method an inoculum of 10° 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 'uscd to screen 100
mutants compared to prior art methods which require at least 100 animals

to screen 100 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.

Nevertheless. the method still provides a greater than 30-fold saving in the
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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
S 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
Salmonelia 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.
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It is also preferred if the environment is a part of the animal body.
Within a given host-parasite interaction, a number of different
environments are possible, including different organs and tissues, and

parts thereof such as the Peyer’s patch.

The number of individual microorganisms (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
different mutants around 10,000 individual microorganisms should be

retrieved and their marker DNA isolated.
A further preferred embodiment comprises the steps:

(1A) 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
both (1A) 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
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

identified.

PCT/GB95/02875
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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:

(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

in the art of molecular biology.
A further preferred embodiment comprises the further additional step:

(8) isolating from a wild-type microorganism the corresponding wild-
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.

Molecular biological methods suitable for use in the practice of the present
invention are disclosed in Sambrook er al (1989) incorporated herein by

reference.

When the microorganism is a microorganism pathogenic to an animal and
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 (6) with a restriction enzyme which cuts outside the
transposon, ligating size-fractionated DNA containing the transposon into

a plasmid. and selecting plasmid recombinants on the basis of antibiotic
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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
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 interrupted sequence appears to be in a new
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 LD, of the mutant strain is determined to confirm
that the avirulent phenotype is due to the transposition event and not a

secondary mutation.

The number of individual mutants screened in order to detect all 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
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. fyphimurium genes are thought to
be required for virulence (Grossman & Saier, 1990) and, if so, the §.
typhimurium genome contains approximately 150 virulence genes.
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.
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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 orgahism (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 or a frameshift mutation or any other mutation which is
substantially incapable of reverting. Such gene-specific mutations can be
made using standard procédures such as introducing into the
microorganism a copy of the mutant gene on an autonomous replicon

30 (such as a plasmid or viral genome) and relying on homologous
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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
for use in a vaccine and a vaccine comprisfng a suitable microorganism

and a pharmaceutically-acceptable carrier.
The suitable microorganism is the aforementioned avirulent mutant.

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 109 942, EP
180 564 and EP 231 039, 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

caused by the virulent form 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.
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 pharmacéutical

formulation, together with one or more acceptable carriers. The carrier(s)
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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.

It will be appreciated that the vaccine of the invention, depending on its
microorganism component, may be useful in the ficlds of human medicine

and veterinary medicine.

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.

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.

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

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

sequence or a DNA restriction fragment adjacent to the inactivated gene
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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 gene/hybndised

probe is washed in 0.1 x SSC at 65°C for 10 min. SSC is 0.15 M
10 NaCl/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 ryphimurium 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 tvphimurium.
many of the nucleic acid insertions (and therefore genes identified) are

30 clustered in a relatively small part of the genome. This region. VGC2.
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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
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
US Patent Nos. 4,440,859 issued 3 April 1984 to Rutter er al, 4,530,901
issued 23 July 1985 to Weissman, 4,582,800 issued 15 April 1986 to
Crowl, 4,677,063 issued 30 June 1987 to Mark ez al, 4,678,751 issued 7
July 1987 to Goeddel, 4,704,362 issued 3 November 1987 to Itakura e al,
4,710,463 issued 1 December 1987 to Murray, 4,757,006 issued 12 July
1988 to Toole, Ir. er al, 4,766,075 issued 23 August 1988 to Goeddel er
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
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.

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

expression vector. The vector is then introduced into the host through
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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,
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
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.

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.

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

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

typically provided in plasmid vectors containing convenient restriction sites
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for insertion of a DNA segment of the present invention.

Typical prokaryotic vector plasmids are pUC18, pUCI19, pBR322 and
pBR329 available from Biorad Laboratories, (Richmond, CA, USA) and
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

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

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
Integrating plasmids (YIps) and incorporate the yeast selectable markers
HIS3, TRPIl, LEU2 and URA3. Plasmids pRS413-416 are Yeast
Centromere plasmids (YCps)

A variety of methods have been developed to operably link DNA to
vectors via complementary cohesive termini. For instance,
complementary homopolymer tracts can be added to the DNA segment to
be inserted to the vector DNA. The vector and DNA segment are then
joined by hydrogen bonding between the complementary homopolymeric

tails to form recombinant DNA molecules.
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Synthetic linkers containing one or more restriction sites provide an
alternative method of joining the DNA segment to vectors. The DNA
segment, generated by endonuclease restriction digestion as described
earlier, is treated with bacteriophage T4 DNA polymerase or E. coli DNA
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
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
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
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 ez

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

endonuclease recognition sites which can be used for cloning into
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expression vectors using methods known in the art.

Variants of the genes also form part of the invention. It is preferred if the
variant has at least 70% sequence identity, more preferably at least 85%
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.
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

alter the normal function of the protein.

By “conservative substitutions” is intended combinations such as Gly, Ala;

Val, lle. Leu; Asp, Glu; Asn, Gln; Ser, Thr; Lys, Arg; and Phe, Tyr.

Such variants may be made using the 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
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.

Pairwise screens for compounds which affect the wild type cell but not a
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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
cell is the Salmonella which is made to overexpress the gene isolated by
the method of the invention. The viability and/or 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 overexpressing the said gene.
It is preferred if the gene is a virulence gene.

For example, in one embodiment the microorganism (such as S.
ryphimurium) is made to over-express the virulence gene identified by the
method of the first aspect of the invention. Each of (a) the “over-
expressing” 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
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). If more of the compound is required to prevent
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 lysing the said

cell and determining how many microorganisms are present (for example
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by plating on agar).

Pairwise screens and other screens for compounds are generally disclosed.
in Kirsch & Di Domenico (1993) in “The Discovery of Natural Products
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
related strains. If the strains differ at a single locus, then a compound
specific for that target can be identified by comparing cach 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
determined by measuring the size of the zone 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
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
strain. The rationale behind this type of assay is that the strain containing
an clevated 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

smaller in the strain overexpressing the target protein compared to an
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otherwise isogenic strain.

Additionally or alternatively selection of a compound is achieved in the

following steps:

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).

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).

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.

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.

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

related to the method by which it can be identified. and in particular in

PCT/GB95/02875



WO 96/17951

10

15

20

25

30

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 thereby, from a bacterium which infects a mammal,
the compound may be useful in treating infection of a mammal by that

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

by that fungus.

An cleventh 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.

By “nucleic acid product thereof” we include any RNA, especially
mRNA, transcribed from the gene.

Preferably a molecule which selectively interacts with, and substantially
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.

Antisense oligonucleotides 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 RNA-
DNA duplex is formed. These nucleic acids are often termed “antisense”
because they are complementary to the sense or'coding strand of the gene.

Recently, formation of a triple helix has proven possible where the
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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 oligonucleotide 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 er a/ (1988) Proc. Natl.

20 Acad. Sci. USA 85. 7079-7083 showed increased inhibition in tissue
culture of HIV-1 using oligonucleotide phosphoramidates and
phosphorothioates. Sarin et al (1988) Proc. Natl. Acad. Sci. USA 85,
7448-7451 demonstrated increased inhibition of HIV-1 using
oligonucleotide methylphosphonates. Agrawal er 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 er al (1990)
Proc. Natl. Acad. Sci. USA 87. 3430-3434 report inhibition in tissue
culture of influenza virus replication by oligonucleotide phosphorothioates.

30
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Oligonucleotides having artificial 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
3’ end by certain capping structures and that uncapped oligonucleotide

phosphorothioates are not degraded in vivo.

A detailed description of the H-phosphonate approach to synthesizing
oligonucleoside phosphorothioates is provided in Agrawal and Tang (1990)
Tetrahedron Letters 31, 7541-7544, 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
Lenters 28, 3539; Nielsen et al (1988) Tetrahedron Letters 29, 2911; Jager
et al (1988) Biochemistry 27, 7237; Uznanski et al (1987) Tetrahedron
Lerters 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
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.

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-spéciﬁc hybridization and are less likely to be cfféctivc.

relative to their full-length counterparts. Thus. it is desirable to use
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oligonucleotides that are resistant to degradation in the body and which are
able to reach the targeted cells. The present oligonucleotides can be
rendered more resistant to degradation in vivo by substituting one or more
internal artificial internucleotide linkages for the native phosphodiester
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
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

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
Amino-Link II'™ from Applied BioSystems Inc, Foster City, CA.

Methods for capping are described, for example, by Shaw er al (1991)
Nucleic Acids Res. 19, 747-750 and Agrawal er al (1991) Proc. Natl.
Acad. Sci. USA 88(17), 7595-7599, the teachings of which are hereby

incorporated herein by reference.

A further method of making oligonucleotides resistant to nuclease attack
is for them to be “self-stabilized™ as described by Tang er a/ (1993) Nucl.
Acids Res. 21, 2729-2735 incorporated herein by reference. Self-
stabilized oligonucleotides have ha;rpin loop structures at their 3' ends.

and show increased resistance to degradation by snake venom
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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

oligonucleotides with respect to their linear counterparts.

In accordance with the invention, the inherent binding specificity of
antisense oligonucleotides characteristic of base pairing is enhanced by
limiting the availability of the antisense compound to its intend locus in
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.
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
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

surrounding locus.

The oligonucleotides are most preferably administered via a hydrogel
matenial. The hydrogel is noninflammatory and biodegradable. Many
such matenals now are known, including those made from natural and

synthetic polymers. In a preferred embodiment. the method exploits a
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hydrogel which is liquid below body temperature but gels to form a shape-
retaining semisolid hydrogel at or near body temperature. Preferred
hydrogel are polymers of ethylene oxide-propylene oxide repeating units.
The properties of the polymer are dependent on the molecular weight of
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.
Hydrogels which can be used are available, for example, from BASF

Corp., Parsippany, NJ, under the tradename Pluronic®.

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
mg oligonucleotide per gram of hydrogel. The resulting mixture then is
applied onto the surface to be treated, for example by spraying or painting
during surgery or using a catheter or endoscopic procedures. As the
polymer warms, it solidifies to form a gel, and the oligonucleotides diffuse
out of the gel into the surrounding cells over a period of time defined by

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
example. implants made of biodegradable materials such as
polyanhydrides. polyorthoesters. polylactic acid and polyglycolic acid and
copolymers thereof. collagen. and protein polymers. or non-biodegradable
materials such as ethylenevinyl acetate (EV Ac). polyvinyl acetate. ethylene
vinyl alcohol. and derivatives thereof can be used to locally deliver the

oligonucleotides. The oligonucleotides can be incorporated into the
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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, stents, or

catheters.

The dose of oligonucleotides is dependent 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.
The effective dose of oligonucleotide is somewhat dependent on the length
and chemical composition of the oligonucleotide but is generally in the

range of about 30 to 3000 ug per square centimetre of tissue surface area.

The oligonucleotides may be administered to the patient systemically for
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 thc.oligonuclcotidcs to access and circulate in the
patient’s bloodstream.  Oligonucleotides administered systemically
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 0.1 to about 10 grams per administration to an

adult human generally will be effective for this purpose.

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. or a close relative of said

microorganism. Thus. the said molecule is an antibiotic.

Thus. a twelfth aspect of the invention provides a molecule of the eleventh

PCT/GB95/02875



WO 96/17951 PCT/GB95/02875

10

15

20

30

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, t'hc
method comprising administering an cffective amount of a molecule
according to the eleventh aspect of the invention wherein said gene is

present in said microorganisms, or a close relative of said microorganism.

By “effective amount” we mean an amount which substantially prevents
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
pharmaceutical formulations comprise the said molecule together with one
or more acceptable carriers. The carrier(s) must 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.

As mentioned above, and as described in more detail in Example 4 below,
I have found that certain virulence genes are clustered in Salmonelia
ryphimurium in a region of the chromosome that I have called VGC2.
DNA-DNA hybridisation experiments have determined that sequences
homologous to at least part of VGC2 are found in many species and
strains of Salmonella but are not present in the E. coli and Shigella strains
tested (see Example 4). These sequences almost 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

species and. if present. equivalent genes in other enteric or other bacteria
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will also be virulence genes.

Whether a gene within the VGC2 region is a virulence gene is readily
determined. For example, those genes within VGC2 which have been
identified by the method of the second aSp;-,ct of the invention (when
applied to Salmonella typhimurium 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.
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 typhimurium or a part thereof, or a variant of said DNA or a

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
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 A clones from a Salmonella typhimurium genomic
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 typhimurium” we mean any

DNA sequence which comprises at least 10 nucleotides. preferably at least
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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
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.

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
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
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.

By “variant of said DNA or a variant of a part thereof” we include any

vanant as defined by the term “variant™ in the seventh aspect of the

invention.

Thus, variants of VGC2 DNA of Salmonella tvphimurium include

equivalent genes. or parts thereof. from other Salmonella species. such as
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Salmonella typhi and Salmonella enterica, 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
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.

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
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
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
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 typhimurium usiing phage P22 transduction and

transductants checked by Southern hybridisation for homologous
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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
et 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
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

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
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, cleventh, 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

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. rvphi. 1t is preferred if the
mutant bacterium is a S. ryphimurium mutant or a mutant of another

species of Salmonella such as S. rvphi.
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It is believed that at least some of the genes in VGC2 confer the ability for

the bacterium, such as S. typhimurium, to enter cells.

The invention will now be described with reference to the following

Examples and Figures wherein:

Figure 1 illustrates diagrammatically one particularly preferred method of

the invention.

Figure 2 shows a Southern hybridisation analysis of DNA from 12 §.
typhimurium exconjugants following digestion with EcoRV. The filter was

probed with the kanamycin resistance gene of the mini-TnS transposon.

Figure 3 shows a colony blot hybridisation analysis of DNA from 48 .
typhimurium exconjugants from a half of a microtitre dish (A1-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 .
ryphimurium exconjugants of a microtitre dish (A1-H11), which were
injected into a mouse. Replicate filters were hybridised with labelled
amplified tags from the pool (inoculum pattern), or with labelled amplified
tags from DNA isolated from over 10,000 pooled colonies that were
recovered from the spleen of the infected animal (spleen pattern).
Colonies B6, All and C8 gave rise to weak hybridisation signals on both
sets of filters. Hybridisation signals from colonies A3, C5, G3 (aroA),

and F10 are present on the inoculum pattern but not on the spleen pattern.

Figure 5 shows the sequence of a Salmonella gene isolated using the

method of the invention and a comparison to the Escherichia coli clp
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Figure 6 shows partial sequences of further Salmonella gene isolated using
the method of the invention (SEQ ID Nos. 8 to 36).

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. ryphimurium
strains harbouring locked in Mud-P22 prophages. Lysates which
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;
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.

Figure 8 shows a physical and genetic map of VGC2. (A) The positions
of 16 transposon insertions are shown above the line. The extent of
VGC2 is indicated by the thicker line. The position and direction of
transcription of ORFs described in the text of Example 4 are shown by
arrows below the line, together with the names of similar genes, with the
exception of ORFs 12 and 13 whose products are similar to the sensor and
regulatory components respectively, of a variety of two component
regulatory systems. | (B) The location of overlapping clones and an
EcoRl1/Xbal restriction fragment from Mud-P22 prophage strain TT15244
are shown as filled bars. Only the portions of the A clones which have

been mapped are shown and the clones may extend beyond these limits.
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(C) The positions of restriction sites are marked: B, BamHI; E, EcoRlI;
V, EcoRV; H, Hindlll; P, Pstl and X, Xbal. The positions of the 7.5 kb
Pstl fragment (probe A) used as a probe in Figure 7 and that of the 2.2
kb Pstl/Hindlll fragment (probe B) used as a probe in Figure 10 are
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
of mapped genes at minutes 37 to 38 on the E. coli K12 chromosome are
aligned with the corresponding region of the S. ryphimurium LT2
chromosome (minutes 30 to 31). An expanded map of the VGC2 region
is shown with 11 S. ryphimurium (S. 1.) DNA fragments used as probes
(thick bars) and the restriction sites used to generate them: B, BamHI; C,
Clal; H, Hindll; K, Kpnl; P, Pstl; N, Nsil and S, Sall. 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
Salmonellae. Genomic DNA from Salmonella serovars and other
pathogenic bacteria was restricted with PstI (A), Hindlll or EcoRV (B)
and subjected to Southern hybridisation analysis, using a 2.2 kb
Pstl/HindlIII fragment from A clone 7 as a probe (prc;be B Figure 2). The
filters were hybridised and washed under stringent (A) or non-stringent

(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 all six reading frames and the start and stop

positions of putative genes. and the transposon insertion positions for
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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.

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

STM are indicated (SEQ ID No 38).

As is conventional a * indicates a stop codon and standard nucleotide

ambiguity codes are used where necessary.
Figures 7 to 12 are most relevant to Example 4.

mpl : dentification of virulence genes in

imun
Materials and Methods
Bacterial Strains and Plasmids

Salmonella typhimurium strain 12023 (equivalent to American Type
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::Tnl0) was a gift from Fred Heffron.
Escherichia coli strains CC118 Npir (A[ara-leu), araD, AlacX74, galE,
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galK, phoA20, thi-1, rpsE, rpoB, argE(Am), recAl, \pir phage lysogen)
and S17-1 \pir (Tp', Sm', recA, thi, pro, hsdR"M”, RP4:2-Tc:Mu:KmTn7,
N\pir ) were gifts from Kenneth Timmis. E. coli DH5a was used for
propagating pUC18 (Gibco-BRL) and Bluescript (Stratagene) plasmids
containing S. ryphimurium DNA. Plasmid pUTmini-TnSKm2 (de Lorenzo
et al, 1990) was a gift from Kenneth Timmis.

Construction of semi-random sequence tags and ligations

The oligonucleotide pool RTI1(5'-CTAGGTACCTACAACCTCAAGCTT-
[NK],,-rAAGCTTGGTTAGAATGGGTACCATG-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'-
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 ul volume PCR
containing 1.5 mM MgCl, 50 mM KClI, and 10 mM Tris-Cl (pH 8.0) with 200
pg of RT1 as target; 250 uM each dATP, dCTP, dGTP, dTTP; 100 pM of
primers P3 and P5; and 2.5 U of Amplitaq (Perkin-Elmer Cetus). Thermal
cycling conditions were 30 cycles of 95°C for 30 s, 50°C for 45 s, and 72°C
for 10 s. The PCR product was gel purified (Sambrook er al. 1989), passed
through an elutipD column (available from Schieicher and Schull) and digested
with Kpnl prior to ligation into pUCI8 or pUTmini-TnSKm2. For ligations,
plasmids were digested with Kpnl and dephosphorylated with calf intestinal
alkaline phosphatase (Gibco-BRL). Linearized plasmid molecules were gel-
purified (Sambrook et al, 1989) prior to ligation to remove any residual uncut
plasmid DNA from the digestion. Ligation reactions contained approximately
50 ng each of plasmid and double stranded tag DNA in a 25 ul volume with 1
unit T4 DNA ligase (Gibco-BRL) in a buffer supplied with the enzyme.
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Ligations were carried out for 2 h at 24°C. To determine the proportion of
bacterial colonies arising from either self ligation of the plasmid DNA or uncut
plasmid DNA, a control reaction was carried out in which the double stranded
tag DNA was omitted from the ligation reaction. This yielded no ampicillin
resistant bacterial colonies following transformation of E. coli CCl118
(Sambrook et al, 1989), compared with 185 colonies arising from a ligation
reaction containing the double stranded tag DNA.

Bacterial Transformation and Matings

The products of several ligations between pUT mini-TnSKm2 and the
double stranded tag DNA were used to transform E. coli CC118 (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-
17 N\pir (de Lorenzo & Timmis, 1994). For mating experiments, a pool of
approximately 40,000 ampicillin resistant E. coli S-17 Npir transformants,
and S. typhimurium 12023 Nal* were cultured separately to an optical
density (OD)yy, of 1.0. Aliquots of each culture (0.4 ml) were mixed in 5
ml 10 mM MgSO, and filtered through a Millipore membrane (0.45 um
diameter). The filters were placed on the surface of agar containing M9
salts (de Lorenzo & Timmis, 1994) and incubated at 37°C for 16 h. The
bacteria were recovered by shaking the filters in liquid LB medium for 40
min at 37°C and exconjugants were selected by plating the suspension onto
LB medium containing 100 g ml" nalidixic acid (to select against the donor
strain) and 50 ug ml" 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. ryphimurium), and to LB medium
containing ampicillin. Approximately 90% of the nal’, kan colonies were

sensitive to ampicillin, indicating that these resulted from authentic
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transposition events (de Lorenzo & Timmis, 1994). Individual ampicillin-
sensitive exconjugants were stored in 96 well microtitre dishes containing
LB medium. For long term storage at ‘80°C, either 7% DMSO or 15%

glycerol was included in the medium.
Phenotypic characterisation of mutants

Mutants were replica plated from microtitre dishes onto solid medium
containing M9 salts and 0.4% glucose (Sambrook et al, 1989) to identify
auxotrophs. Mutants with rough colony morphology were detected by low

magnification microscopy of colonies on agar plates.
Colony Blots, DNA extractions, PCRs, DNA labelings and hybridisations

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 ug ml' kanamycin. After overnight incubation at 37°C, the filters
supporting the bacterial colonies were removed and dried at room
temperature for 10 min. The bacteria were lysed with 0.4 N NaOH and the
fillers washed with 0.5 N Tris-Cl pH 7.0 according to the filter
manufacturer’s instructions. The bacterial DNA was fixed to the filters by
exposure to UV light from a Stratalinker (Stratagene). Hybridisations to
P-labelled probes were carried out under stringent conditions as previously
described (Holden er al, 1989). For DNA extractions, S. ryphimurium
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 er a/ (1987). Briefly, cells from 150

to 1000 ul volumes were precipitated by centrifugation and resuspended in
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576 ul TE. To this was added 15 pl of 20% SDS and 3 ul of 20 mg ml*
proteinase K. After incubating at 37°C for 1 hour, 166 ul of 3 M NaCl
was added and mixed thoroughly, followed by 80 ul of 10% (w/v) CTAB
and 0.7 M NaCl. After thorough mixing, the solution was incubated at
65°C 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 ug

plt.

The DNA samples were subjected to two rounds of PCR to generate
labelled probes. The first PCR was performed in 100 ul reactions
containing 20 mM Tris-Cl pH 8.3; 50 mM KCI; 2 mM MgCl,; 0.01%
Tween 80; 200 uM each dATP, dCTP, dGTP, dTTP; 2.5 units of Amplitaq
polymerase (Perkin-Elmer Cetus); 770 ng each primer P2 and P4; and 5 ug
target DNA. After an initial denaturation of 4 min at 95°C, thermal cycling
consisted of 20 cycles of 45 s at 50°C, 10 s at 72°C, and 30 s at 95°C.
PCR products were extracted with chloroform/isoamyl alcohol (24/1) and
precipitated with ethanol. DNA was resuspended in 10 ul TE and the PCR
products were purified by electrophoresis through a 1.6% Seaplaque (FMC
Bioproducts) gel in TAE buffer. Gel slices containing fragments of about
80 bp were excised and used for the second PCR. This reaction was
carried out in a 20 gl total volume, and contained 20 mM Tris-Cl pH 8.3;
50 mM KCI; 2 mM MgCl,; 0.01% Tween 80; 50 uM each dATP, dTTP,
dGTP; 10 ul **P-dCTP (3000 Ci/mmol, Amersham); 150 ng each primer P2
and P4; approximately 10 ng of target DNA (1-2 ul of 1.6% Seaplaque
agarose containing the first round PCR product); 0.5 units of Amplitaq
polymerase. The reaction was overlayed with 20 ul mineral oil and thermal
cycling was performed as described above. Incorporation of the radioactive

label was quantitated by absorbance to Whatman DE81 paper (Sambrook er
al, 1989).
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Infection Studies

Individual Salmonella exconjugants containing tagged transposons were
grown in 2% tryptone, 1% yeast extract, 0.92% v/v glycerol, 0.5%
Na,PO,, 1% KNO, (TYGPN medium) (Ausubel et al, 1987) in microtitre
plates overnight at 37°C. A metal replicator was used to transfer a small
volume of the overnight cultures to a fresh microtitre plate and the cultures
were incubated at 37°C until the ODy, (measured using a Titertek
Multiscan microtitre plate reader) was approximately 0.2 in each well.
Cultures from individual wells were then pooled and the OD,,, determined
using a spectrophotometer. The culture was diluted in sterile saline to
approximately 5x10° cfu ml'. Further dilutions were plated out onto
TYGPN containing nalidixic acid (100 mg ml') and kanamycin (50 mg m!")

to confirm the cfu present in the inoculum.

Groups of three female BALB/c mice (20-25g) were injected
intraperitoneally with 0.2 ml of bacterial suspension containing
approximately 1x10° cfu ml'. Mice were sacrificed three days post-
inoculation and their spleens were removed to recover bacteria. Half of
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 serics was made in sterile
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.
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Virulence gene cloning and DNA sequencing

Total DNA was isolated from S. typhimurium exconjugants and digested
separately with Ssil, Sall, Pstl and Sphl. Digests were fractionated through
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
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 pUC18. Ligation reactions were used to transform E. coli
DH5a to kanamycin resistance. Plasmids from kanamycin-resistant
transformants were purified by passage mrough 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
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 TnJ, respectively. Nucleotide sequences and
deduced amino acid sequences were assembled using the Macvector 3.5
software package run on a Macintosh SE/30 computer. Sequences were
compared with the EMBL and Genbank DNA databases using the
UNIX/SUN computer system at the Human Genome Mapping Project

Resource Centre, Harrow, UK.

RECTIFIED SHEET (RULE 91)
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Results
Tag Design

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],, 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
only occur once in 2 x 10" molecules (DNA sequencing of 12 randomly
selected tags showed that none shared more than 50% identity over the
variable region). (N means any base (A, G, C or T) and K means G or T.)
The arms contain Kpnl sites close to the ends to facilitate the initial cloning
step, and the HindIII sites bordering the variable region were used to release
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
included in the PCR, an average of ten-fold more label will be present in
the unique sequence compared with each arm. This is intended to minimise
background hybridisation signals from the arms, after they have been
released from the unique sequences by digestion with HindIll. Double
stranded tags were ligated into the Kpnl site of the mini-Tn5 transposon
Km2, carried on plasmid pUT (de Lorenzo & Timmis, 1994). Replication
of this plasmid is dependent on the R6K-specified = product of the pir gene.
It carries the oriT sequence of the RP4 plasmid, permitting transfer to a
variety of bacterial species (Miller & Mekalanos, 1988), and the tnp” gene
needed for transposition of the mini-TnS element. The tagged mini-TnS

transposons were transferred to S. ryphimurium by conjugation. and 288
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exconjugants resulting from transposition events were stored in the wells of
microtitre dishes. Total DNA isolated from 12 of these was digested with
EcoRV, and subjected to Southern hybridisation analysis using thc‘
kanamycin resistance gene of the mini-TnS transposon as a probe. In each
case, the exconjugant had arisen as a result a single integration of the

transposon into a different site of the bacterial genome (Figure 2).
Specificity and sensitivity studies

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 gl reaction, and the minimum number of PCR cycles, that
resulted in products which could be visualised by ethidium bromide staining

of an agarose gel (5 ug 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
subjected to a PCR using primers P2 and P4. PCR products of 80 bp were
gel-purified and used as targets for a second PCR, using the same primers
but with **P-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
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

frequencies resulting from ligation reactions involving the transposon in the
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presence or absence of tags, it seems unlikely that untagged transposons
could account for more than approximately 0.5% of the total (see Materials
and Methods). More probable causes are that the variable sequence was
truncated in some of the tags, and/or that some of the sequences formed
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
the probe. The lack of any hybridisation signal from the 24 colonies not
used to generate the probe (Figure 3) shows that the hybridisation conditions
employed were sufficiently stringent to prevent cross-hybridisation among
labelled tags, and suggests that each exconjugant is not reiterated within a

microtitre dish.

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
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
pool size in the murine model of saimonellosis that we have employed, but

it must be in excess of 96.

Virulence tests of the transposon mutants

A total of 1152 uniquely tagged insertion mutants (from two microtitre
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dishes) were tested for virulence in BALB/c mice in twelve pools, each
representing a 96-well microtitre dish. Animals received an intraperitoneal
injection of approximately 10° cells of each of 96 transposon mutants of a
microtitre dish (10° organisms in total). Three days after injection mice
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
amplified from the inoculum (Figure 3). As a control, an aro4 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 ez al, 1993). Forty-
one mutants were identified whose DNA hybridized to labelled tags from
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 aro4 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.

Example 2: Clonin ia isati n nki

t rans n

DNA was extracted from one of the mutants described in Example 1 (Pool
1. F10), digested with Sstl, and subcloned on the basis of kanamycin
resistance. The sequence of 450 bp 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

determinant.
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Partial sequences of thirteen further Salmonella typhimurium virulence genes
are shown in Figure 6 (sequences A2 to A9 and Bl to BS). Deduced aminp
acid sequences of P2D6, S4C3, P3F4, P7G2 and P9B7 bear similarities to
a family of secretion-associated proteins that have been conserved
throughout bacterial pathogens of animals and plants, and which are known
in Salmonella as the inv family. In S. ryphimurium 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 inv-related
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.

Further characterisation of the genes identified in this example is described

in Example 4.

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
parent strain of S. fyphimurium 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 (LDy,). The LD, 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

LDy, was detected for mutant PIF10: however, there was a statistically
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significant decrease in the proportion of PIF10 cells recovered from the
spleens of mice injected with an inoculum consisting of an equal proportion

of this strain and the wild-type strain. This implies that this mutation does

~ attenuate virulence, but to a degree that is not detectable by LD,,.

Mutants P3F4 and P9B7 were also administered by the oral route at an
inoculum level of 107 cells/mouse. None of the mice became ill, indicating
that the oral LDy, levels of these mutants are at least an order of magnitude

higher than that of the wild-type strain.

In the mouse vaccination study groups of five female BALB/c mice of 20-25
g in mass were initially inoculated orally (p.o.) or intraperitoneally (i.p.)
with serial ten fold dilutions of Salmonella typhimurium mutant strains P3F4
and P9B7. After four wecks the mice were then inoculated with 500 c.f.u.

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
strain as a positive control. Both non-immunised mice died as expected

within four weeks.
Results are tabulated below:

1) p.o. initial inoculation with mutant strain P3F4

o -

initial inoculum in no. mice surviving no. mice surviving
c.f.u. first challenge wild type challenge
5x10° 5 2(40%)

5 x 10° 5 2 (40%) )
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5x 10’ 5 - 10(0%)

2) i.p. initial inoculum with mutant strain P3F4

initial inoculum in no. mice surviving no. mice surviving
c.f.u. first challenge wild type challenge
5 x 10° 3 3 (100%) i
5x10° 5 4 (80%) 1
5 x 10¢ 6 5 (83%) |
5X10° 5 4 (80%) I

3)  p.o. initial inoculum with mutant strain P9B7

initial inoculum in no. mice surviving no. mice surviving

c.f.u. first challenge wild type challenge
5x10° 5 00%)

4) i.p. initial inoculum with mutant P9B7

initial inoculum in no. mice surviving no. mice surviving
c.f.u. first challenge wild type challenge

4 2 (50%)

From these experiments I conclude that mutant P3P4 appears to give some

protection against subsequent wild type challenge. This protection appears

greater in mice that were immunised i.p.

4: ificati virulen i n

II tion m i imuri

Abbreviations used in this Example are VGCI, virulence gene cluster 1:

VGC2, virulence gene cluster 2.
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Salmonella typhimurium is a principal agent of gastroenteritis in humans and
produces a systemic illness in mice which serves as a model for human
typhoid fever (1). Following oral inoculation of mice with S. typhimurium,
the bacteria pass from the lumen of the small intestine through the intestinal
mucosa, via enterocytes or M cells of the Peyer’s patch follicles (2). The
bacteria then invade macrophages and neutrophils, enter the
reticuloendothelial system and disseminate to other organs, including the
spleen and liver, where further reproduction results in an overwhelming and
fatal bacteremia (3). To invade host cells, to survive and replicate in a
variety of physiologically stressful intracellular and extracellular
environments and to circumvent the specific antibacterial activities of the
immune system, S. fyphimurium employs a sophisticated repertoire of

virulence factors (4).

To gain a more comprehensive understanding of virulence mechanisms of
S. typhimurium and other pathogen§ the transposon mutagenesis system
described in Example 1, which is conveniently called ‘signature-tagged
mutagenesis’ (STM), which combines the strength of mutational analysis
with the ability to follow simultaneously the fate of a large number of
different mutants within a single animal (5 and Example 1; Reference 5 was
published after the priority date for this invention). Using this approach we
identified 43 mutants with attenuated virulence from a total of 1152 mutants
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 11 secretion systems of a variety of bacterial
pathogens (6. 7). The products of the inv/spa gene cluster of S.
rvphimurium (8, 9) are proteins that form a type Il secretion system

required for the assembly of surface appendages mediating entry into
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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).

In this example we show that the transposon insertion points of these §
mutants and an additional 11 mutants identified by STM all map to the same
region of the S. ryphimurium chromosome. Further analysis of this region
reveals additional genes whose deduced products have sequence similarity
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. typhimurium virulence.

Materials and Methods

Bacterial Strains, Transduction ahd Growth Media. Salmonella enterica
serotypes 5791 (aberdeen), 423180 (gallinarum), 7101 (cubana) and 12416
(ryphimurium LT2) were obtained from the National Collections of Type
Cultures, Public Health Laboratory Service, UK. Salmonella ryphi BRD123
genomic DNA was a gift from G. Dougan, enteropathogenic Escherichia
coli (EPEC), enterohemorrhagic E. coli (EHEC), Vibrio cholera biotype El
Tor, Shigella flexneri serotype 2 and Staphvlococcus aureus were clinical
isolates obtained from the Department of Infectious Diseases and
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-TnS transposon mutants of
S. typhimurium NCTC strain 12023 have been described prcviousl); 5, 11).

Routine propagation of plasmids was in E. coli DHSa. Bacteria were
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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. fyphimurium 12023.
Transductants were analysed by restriction digestion and Southern

hybridisation before use as inoculum.

Lambda Library Screening. Lambda (A) clones with overlapping insert
DNAs covering VGC2 were obtained by standard methods (13) from a
A1059 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.

Mud-P22 Lysogens. Radiolabelled DNA probes were hybridised to
Hybond N (Amersham) filters bearing DNA prepared from lysates of a set
of S. tryphimurium strains harbouring Mud-P22 prophages at known
positions in the S. ryphimurium genome. Preparation of mitomycin-induced
Mud-P22 lysates was as described (12, 15). The set of Mud-P22 prophages
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
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 er al, (17). For non-stningent conditions (permitting
hybridisation between sequences with 50% mismatches) filters were

hybridised overnight at 42°C in 10% formamide/0.25 M Na.HPO,/7% SDS



WO 96/17951 PCT/GB95/02875

10

15

20

25

30

63

and the most stringent step was with 20 mM Na,HPO,/1% SDS at 42°C.
DNA fragments used as probes were labelled with [*PJdCTP using the
‘Radprime’ system (Gibco-BRL) or with [digoxigenin-11]dUTP and detected
using the Digoxigenin system (Boehringer Mannheim) according to the
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
and T4 DNA ligase were obtained from Gibco-BRL. General molecular
biology techniques were as described in Sambrook er 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
derived amino acid sequences were compared with those in the European
Molecular Biology Laboratory (EMBL) and SwissPrc;l 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.

Virulence Tests. Groups of five female BALB/c mice (20-25g) were
inoculated orally (p.o.) or intraperitoneally (i.p.) with 10-fold dilutions of
bacteria suspended in physiological saline. For prcpaﬁtion of the inoculum,
bacteria were grown overnight at 37°C in LB broth with shaking (50 rpm)
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. For cell
densities of 5 x 10® colony forming units (cfu) per ml and above, cultures
were concentrated by centrifugation and resuspended in saline. The
concentration of cfu/ml was checked by plating a dilution series of the

inoculum onto LB agar plates. Mice were inoculated i.p. with 0.2 ml
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volumes and p.o. by gavage with the same volume of inoculum. The LD,

values were calculated after 28 days by the method of Reed and Meunch
(21).

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
previously (5). Transposons and flanking DNA regions were cloned from
exconjugants by selection for kanamycin resistance or by inverse PCR.
Nucleotide sequences of 300-600 bp of DNA flanking the transposons were
obtained for 33 mutants. Comparison of these sequences with those in the
DNA and protein databases indicated that 14 mutants resulted from
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).

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
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 transp(;son insertions were located on the same

restriction fragments. Third. when the same DNA probes were hybridised
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to plaques from a S. ryphimurium \ DNA library, the probes from mutants
which the previous two steps had suggcsied might be linked were found to
hybridise to the same A DNA clones. Thus two mutants (P9B7 and P12F5)
were assigned to cluster A, five mutants (P2D6, P9B6, P11C3, P11D10 and
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. typhimurium strains harbouring locked-in Mud-P22 prophages (15, 16)
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
A clones covering clusters A, B and C contained overlapping DNA inserts,
DNA fragments from the terminal régions of each clone were used as
probes in Southern hybridisation analysis of the other A clones. Hybridising
DNA fragments showed that several A 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 A library to identify
further clones containing inserts representing the adjacent regions. No A
clones were identified that covered the extreme right hand terminus of the
locus so this region was obtained by cloning a 6.5 kb EcoR1/Xbal fragment
from a lysate of the Mud-P22 prophage strain TT15244 (16).

Restriction mapping and Southern hybridisation analysis were then used to
construct a physical map of this locus (Figure 8). To distinguish this locus
from the well characterised inv/spa gene cluster at minute 63 (edition VIII,
ref. 22) (8, 9, 23. 24, 25. 26). we refer to fhe latter as virulence gene
cluster 1 (VGC1) and have termed the new virulence locus VGC2. Figure
2 shows the position of two portions of DNA whose nucleotide sequence

has been determined (“Sequence 1” and “Sequence 2™). The nucleotide
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sequence is shown in Figures 11 and 12.

Mapping the boundaries of VGC2 on the S. typhimurium chromosome.
Nucleotide sequencing of A clone 7 at the left hand side of VGC2 revealed
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
ydhE* gene of E. coli and sequencing of the 6.5 kb EcoRI/Xbal 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
kinase I of E. coli encoded by the pykF gene (27). On the E. coli
chromosome vdhE 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. coli and S. ryphimurium genomic DNA. Hybridising DNA
fragments showed that a region of approximately 40 kb comprising VGC2
was absent from the E. coli genome and localised the boundaries of VGC2
to within 1 kb (Figure 9). Comparison of the location of the Xbal site close
to the right hand end of VGC2 (Figure 8) with a map of known Xbal sites
(29) at the minute 30 region of the chromosome (22) enables a map position

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%,
compared to 47% for VGCI1 (9) and 51-53% estimated for the entire

Salmonella genome (30).

The complete deduced amino acid sequences of ORFs 1-11 are similar to
those of proteins of type IlI secretion systems (6. 7). which are known to

be required for the export of virulence determinants in a variety of bacterial
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pathogens of plants and animals (7). The predicted proteins of ORFs | - 8

(Figure 8) are similar in organisation and sequence to the products of the
yscN-U genes of Yersinia pseudotuberculosis (31), to invC/spaS of the
inv/spa cluster in VGC1 of Salmonella typhimurium (8, 9) and to
spa47/spa40 of the spa/mxi cluster of Shigella flexneri (32, 33, 34, 35,).
For example the predicted amino acid sequence of ORF 3 (Figure 8) is 50%
identical to YscS of Y. pseudotuberculosis (31), 34% identical to Spa9 from
S. flexneri (35) and 37 % identical to SpaQ of VGCI of S. ryphimurium (9).
The predicted protein product of ORF9 is closely related to the LerD family
of proteins with 43% identity to LcrD of Y. enrerocolitica (36), 39%
identity to MxiA of S. flexneri (32) and 40% identity to InvA of VGCI1
(23). Partial nucleotide sequences for the remaining ORFs shown in Figure
8 indicate that the predicted protein from ORFI10 is most similar to Y.
enterocolitica YscJ (37) a lipoprotein located in the bacterial outer
membrane, with ORF11 similar to S. ryphimurium InvG, a member of the
PulD family of translocases (38). ORF12 and ORF13 show significant
similarity to the sensor and regulatory subunits respéctively, 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
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
Pstl/HindlIIl fragment located at the centre of VGC2 (probe B, Figure 8)
lacking sequence similarity to entries in the DNA and protein databases was
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. tvphi and is absent
from EPEC. EHEC. Y. pestis, S. flexneri, V. cholera and S. aureus. Thus

VGC2 is conserved among and is likely to be specific to the Sa/moneliae.
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To determine if the organisation of the locus is conserved among the
Salmonella serovars tested, stringent Southern hybndisations with genomic
DNA digested with two further restriction enzymes were carried out.
Hybridising DNA fragments showed that there is some heterogencity in the
arrangement of restriction sites between S. fyphimurium LT2 and S.
gallinarum, S. cubana and S. ryphi (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.

VGC2 is required for virulence in mice. Previous experiments showed
that the LDy, values for i.p. inoculation of transposon mutants P3F4, P7G2,
P9B7 and P11C3 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
p.o. and i.p. LDy, 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

process after epithelial cell penetration in BALB/c mice.

Table 1. LD, values of S. typhimurium strains.

LD, (cfu) ]
Strain i.p. p-o.
12023 wild type 4.2 6.2 x 10*
P3F4 1.5 x 10° >5x 10°
P9B7 >1.5x 108 >5x 10°

cfu. colony forming units
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Discussion

A hitherto unknown virulence locus in S. typhimurium of approximately 40
kb located at minute 30.7 on the chromosome by mapping the insertion
points of a group of signature-tagged transposon mutants with attenuated
virulence has been identified (5). This locus is referred to as virulence gene
cluster 2 (VGC2) to distinguish it from the inv/spa virulence genes at 63
minutes (edition VIII, ref. 22) which we suggest be renamed VGC1. VGC1
and VGC2 both encode components of type III secretion systems.

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-TnJ insertion occurs preferentially in VGC2. Alternatively, as the
negative selection used to identify mutants with attenuated virulence (5) was
very stringent (reflected by the high LD, 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. ryphimurium virulence
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. ryphimurium 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

that RF333 was involved in virulence determination.

Comparisons with the type Il secretion systems encoded by the virulence
plasmids of Yersinia and Shigella as well as with VGC1 of Salmonella
indicates that VGC2 encodes the basic structural components of the

secretory apparatus. Furthermore. the order of ORFs 1-8 in VGC2 is the
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same as the gene order in homologues in Yersinia, Shigella and VGCI1 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
VGC2 suggests that VGC2, like VGC1 (40, 41, 42) was acquired
independently by S. typhimurium via horizontal transmission. The proteins
encoded by ORFs 12 and 13 show strong similarity to bacterial two
component regulators (39) and could regulate either ORFs 1-11 and/or the
secreted proteins of this system.

Many genes in VGCI have been shown to be important for entry of S.
ryphimurium into epithelial cells. This process requires bacterial contact (2)
and results in cytoskeletal rearrangements leading to localised membrane
ruffling (43, 44). The role of VGC1 and its restriction to this stage of the
infection is reflected in the approximately 50-fold attenuation of virulence
in BALB/c mice inoculated p.o. with VGC! mutants and by the fact that
VGCI1 mutants show no loss of virulence when administered i.p. (8). The
second observation also explains why no VGCI1 mutants were obtained in
bt;r screen (5). In contrast, mutants in VGC2 are profoundly attenuated
following both p.o. and i.p. inoculation. This shows that. unlike VGC1,
VGC2 is required for virulence in mice after epithelial cell penetration, but
these findings do not exclude a role for VGCI in this early stage of

infection.

Thus in summary mapping the insertion points of 16 signature-tagged
transposon mutants on the Salmonella ryphimurium 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 sciuencing of a portion of this locus revealed 11 open reading

frames whose predicted proteins encode components of a tvpe III secretion
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system. To distinguish between this and the type III secretion system
encoded by the inv/spa invasion locus we refer to the inv/spa locus as
virulence gene cluster 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
genes whose products share greater than 90% identity with those of the E.
coli 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

type strain following oral or intraperitoneal inoculation.
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I : ification of virul i r

pneumoniae

(a) Mutagenesis

In the absence of a convenient transposon system, the most efficient way of
creating tagged mutants of Streprococcus pneumoniae is to use
insertion-duplication mutagenesis (Morrison et al (1984) J. Bacteriol. 159,
870). Random S. pneumoniae DNA fragments of 200-400 bp will be
generated by genomic DNA digestion with a restriction enzyme or by
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. coli and S. pneumoniae),
previously modified by incorporation of DNA sequence tags into one of the
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. coli (expression of §.
pneumoniae proteins can be toxic to E. coli). Alternative vectors carrying
different selectable markers are available and can be used in place of

pJDC9. Tagged plasmids carrying DNA fragments are introduced to an
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appropriate S. pneumoniae strain selected on the basis of serotype and
virulence in a murine model of pneumococcal pneumonia. Regulation of
competence for genetic transformation in S. pnewmoniae is governed by '
competence factor, a peptide of 17 amino acids which has been
characterized recently by Don Morrison’s group at the University of Illinois
at Chicago and which is described Havarstein, Coomaraswamy and
Morrison (1995) Proc. Natl. Acad. Sci. USA 92, 11140-11144.
Incorporation of minute quantities of this peptide in transformation
experiments leads to very efficient transformation frequencies in some
encapsulated clinical isolates of S. pneumoniae. This overcomes a major
hurdle in pneumococcal molecular genetics and the availability of the
peptide greatly facilitates the construction of S.

pneumoniae mutant banks and allows flexibility in choosing the strain(s) to
be mutated. A proportion of transformants are analysed to verify
homologous integration of the plasmid sequences, and checked for stability.
The very low level of reversion associated with mutants gencrated 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

in culture and during growth in the animal.

(b) Animal model

The S. pneumoniae mutant bank is organized into pools for inoculation into
Swiss and/or C57B1/6 mice. Preliminary experiments are conducted to
determine the optimum complexity of the pools and the optimum inoculum
level. One attractive model utilises inocula of 10° cfu, delivered by mouth
to the trachea (Veber er al (1993) J. Antimicrobial Chemotherapy 32. 473).
Swiss mice develop acute pneumonia within 3-4 days, and C57B1/6 mice
develop subacute pneumonia within 8-10 days. These pulmonary models

of infection yield 10* cfu/lung (Veber er al (1993) J. Antimicrobial
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Chemotherapy 32, 473) at the time of death. If required, mice are also
injected intraperitoneally for the identification of genes required for
bloodstream infection (Sullivan et al (1993) Antimicrobial Agents and

Chemotherapy 37, 234).

(¢)  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,
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 er
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.
xample 6: Identification of virul nes in Enterococcus faecali

(a) Mutagenests

Mutagenesis of E. faecalis is accomplished using plasmid pAT112 or a
derivative. developed for this purpose. pAT112 carries genes for selection
in both Gram-negative and Gram-positive bacteria. and the anr site of
Tnl545. 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 er al (1991) Gene 106.

21). Recovery of DNA flanking the integrated plasmid is accomplished by
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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 ez al (1991) Gene
106, 21) allows the incorporation of DNA sequence tags prior to transfer
to a virulent strain of E. faecalis carrying plasmid pAT145 (to provide the
integrase function) by either conjugation, electroporation or transformation

(Trieu-Cuot ez al (1991) Gene 106, 21; Wirth et al (1986) J. Bacteriol. 168,
831).

(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
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 er al (1993) Anzimicrobial Agents and Chemotherapy 37, 1069).
Animals are sacrificed at various times after inoculation, and bacterial
vegetations on the aortic valve are excised, homogenized and plated to
culture medium to recover bacterial colonies. Virulent bacteria are also
recovered from the blood at various times after inoculation. The second
model is of peritonitis in mice, following intraperitoneal injection of up to
10° cfu of E. faecalis (Chenoweth er al (1990) Antimicrobial Agents and
Chemotherapy 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

bankj



WO 96/17951 PCT/GB95/02875

10

15

20

25

30

78

(¢)  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 6 bp recognition restriction enzymes in the vector.
Therefore DNA from the strains of interest are digested with one of these
enzymes, self-ligated, transformed into E. coli and sequenced using primers
based on the sequences adjacent to the azr sites on the plasmid. A genomic
DNA library of E. faecalis are probed with sequences of interest to identify

intact copies of virulence genes which are then sequenced.

7: Identification of virul i n

(a) Mutagenesis

Since transposon TnS 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 Enzymol. 264,
386), 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 TnJ
designed specifically for P. aeruginosa mutagenesis (Rella er al (1985) Gene

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

P. aeruginosa cells are introduced into a bronchus following tracheotomy.
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and discase develops over a 30 day period (Woods et al (1982) Infect.
Immun. 36, 1223). Bacteria are recovered by plating lung homogenates to
laboratory medium and sequence tags from these are used to probe DNA
colony blots of bacteria used as the inoculum. It is also possible to subject
the mutant bank to virulence tests in a model of endogenous bacteremia
(Hirakata et al (1992) Antimicrobial Agents and Chemotherapy 36, 1198),
and cystic fibrosis (Davidson er 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
sequencing of intact copies of the genes are constructed in the laboratory by

standard methods.

(@) 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
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 ez al (1994) Proc. Natl. Acad. Sci. USA 91,
12649) and Ustilago (Bolker et al (1995) Mol. Gen. Genet. 248, 547), and
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. fumigarus 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.

Sumigatus.
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() 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 er al
(1994) Infect. Immun. 62, 5247). Mice are inoculated intranasally with up
to 1,000,000 conidiospores/mouse, and virulent fungal mutants are
recovered 7-10 days later by using lung homogenates to inoculate liquid
medium. Hyphae are collected after a few hours, from which DNA is
extracted for amplification and labelling of tags to probe colony blots of
DNA from the pool of transformants comprising the inoculum. DNA from
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 arc used to determine the adjacent A.
fumigatus DNA sequences. To prove that the insertion of the vector was
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.
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CLAIMS

1. A method for identifying a microorganism having a reduced
adaptation to a particular environment comprising the steps of:

(1) providing a plurality of microorganisms each of which is
independently mutated by the insertional 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;

(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 are
able to do so to grow in the said environment;

(4) retrieving microorganisms from the said environment or a
selected part thereof and isolating the nucleic acid from the retrieved
microorganisms;

(5) comparing any marker sequences in the nucleic acid isolated
in step (4) to the unique marker sequence of each individual mutant stored
as in step (2); and

(6)  selecting an individual mutant which does not contain any of

the marker sequences as isolated in step (4).

2. A method according to Claim 1 wherein the plurality of
microorganisms as defined in step (1) is produced from a plurality of
microorganisms. each of which comprises a nucleic acid comprising a
unique marker sequence, by changing their condition from a first given
condition 1o a second given condition wherein (a) in the first given condition
the said nucleic acid comprising a unique marker is maintained episomally

and (b) in the second given condition the said nucleic acid comprising a
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unique marker sequence insertionally inactivates a gene.

3. A method according to Claims 1 or 2 further comprising the steps;

(1A) 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

both (1A) and (6A).

4, A method of identifying a gene which allows a microorganism to
adapt to a particular environment, the method comprising the method of any
one of Claims 1 to 3 followed by the step:

(7)  isolating the insertionally-inactivated gene from the individual

mutant selected in step (6).

5. A method according to Claim 4 further comprising the step:
(8)  isolating from a wild-type microorganism the corresponding
wild-type gene using the insertionally-inactivated gene isolated in step (7)

as a probe.

6. A method according to any one of Claims 1 to 5 wherein the

particular environment is a differentiated multicellular organism.

7. A method according to Claim 6 wherein the multicellular organism
is a plant.
8. A method according to Claim 6 wherein the multicellular organism

is a non-human animal.

9. A method according to Claim 8 wherein the animal is a mouse. rat.
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rabbit, dog or monkey.

10. A method according to Claim 9 wherein the animal is a mouse.

11. A method according to any one of Claims 6 to 10 wherein in step (4)
the microorganisms are retrieved from the said environment at a site remote

from the site of introduction in step (3).

12. A method according to any one of Claims 8 to 10 wherein in step (3)

the microorganism is introduced orally or intraperitoneally.

13. A method according to Claim 12 when dependent on Claims 8 or 9

wherein in step (4) the microorganisms are retrieved from the spleen.

14. A method according to any one of the preceding claims wherein the

microorganism is a bacterium.

15. A method according to any one of Claims 1 to 13 wherein the

microorganism is a fungus.

16. A method according to Claim 7 wherein the microorganism is a

bacterium pathogenic to plants.

17. A method according to Claim 7 wherein the microorganism is a

fungus pathogenic to plants.

18. A method according to any one of Claims 8 to 10 wherein the

microorganism is a bacterium pathogenic to animals.

-

19. A method according to any one of Claims 8 to 10 wherein the
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microorganism is a fungus pathogenic to animals.

20. A method according to Claim 18 wherein the bacterium is any one
of . Bordetella pertussis, Campylobacter jejuni, Clostridium botulinum,
Escherichia coli, Haemophilus ducreyi, Haemophilus influenzae,
Helicobacter pylori, Klebsiella pneumoniae, Legionella pneumophila,
Listeria spp., Neisseria gonorrhoeae, Neisseria meningitidis, Pseudomonas
Spp., Salmonella spp., Shigella spp., Staphylococcus aureus, Streptococcus

pyogenes, Streptococcus pneumoniae, Vibrio spp., and Yersinia pestis.

21. A method according to Claim 19 wherein the fungus is any one of

Aspergillus spp., Cryptococcus neoformans and Histoplasma capsulatum.

22. A method according to any one of the preceding claims wherein in
step (1) the gene is insertionally inactivated using a transposon or

transposon like element or other DNA sequence carrying a unique marker

sequence.

23. A method according to any one of the preceding claims wherein in
step (1) each different marker sequence is flanked on either side by

sequences common to each said nucleic acid.

24. A method according to Claim 23 wherein in step (2) the nucleic acid
comprising the unique marker is isolated using DNA amplification

techniques and oligonucleotide primers which hybridise to the said common

sequences.

25. A method according to Claim 23 or 24 wherein in step (4) the
nucleic acid comprising a plurality of said marker sequences is isolated

using DNA amplification techniques and oligonucleotide primers which
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hybridise to the said common sequences.

26. A microorganism obtained using the method of any one of the

preceding claims.

27. A microorganism comprising a mutation in a gene identified using the

method of Claim 5.

28. A microorganism obtained according to Claim 26, when dependent

on Claim 8, or Claim 27 for use in a vaccine.

29. A vaccine comprising a microorganism according to Claim 26, when
dependent on Claim 8, or Claim 27 and a pharmaceutically-acceptable

carrier.
30. A gene obtained using the method of Claims 4 or 5.

31. A gene according to Claim 30 which is isolated from the Salmonella
typhimurium genome and hybridises to the sequence shown in Figure §

under stringent conditions.

32. A gene according to Claim 30 which is isolated from the Salmonella
typhimurium genome and hybridises to a sequence shown in Figure 6 under

stringent conditions.

33. A polypeptide encoded by a gene according to any one of Claims 30
to 32.

34. A method of identifying a compound which reduces the ability of a

microorganism to adapt to a particular environment comprising the step of
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selecting a compound which interferes with the function of a gene according

to any one of Claims 30 to 32 or a polypeptide according to Claim 33.
35. A compound identifiable by the method of Claim 34.

36. A compound according to Claim 35 wherein the particular

environment is a host organism.

37. A compound according to Claim 36 wherein the host organism is a

plant.

38. A compound according to Claim 36 wherein the host organism is an

animal.

39.  Use of a compound according to any one of Claim 36 to Claim 38

for treating infection of said host organism with said microorganism.

40. A molecule which selectively interacts with, and substantially inhibits
the function of, a gene according to any one of Claims 30 to 32 or a nucleic

acid product thereof.

41. A molecule according to Claim 40 which is an antisense nucleic acid

or nucleic acid derivative.

42. A molecule according to Claim 40 or 41 which is an antisense

oligonucleotide.

43. A molecule according to any one of Claims 40 to 42 for use in

medicine.
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44. A method of treating a host which has, or is susceptible to, an
infection with a microorganism, the method comprising administering an
effective amount of a molecule or compound according to Claim 36 or 40
wherein said gene is present in said microorganism, or a close relative of

said microorganism.

45. A pharmaceutical composition comprising a molecule or compound

according to Claim 38 or 40 and a pharmaceutically acceptable carrier.

46. The VGC2 DNA of Salmonella typhimurium or a part thereof, or a

variant of said DNA or a variant of a part thereof.

47. 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.
48. A method of making a bacterium according to Claim 47.
49. Use of a mutant bacterium according to Claim 47 in a vaccine.

50. A pharmaceutical composition comprising a bacterium according to

Claim 47 and a pharmaceutically acceptable carrier.

51. 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.

52. 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
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according to Claim 46 or a polypeptide according to Claim 51.
53. A compound identifiable by the method of Claim 52.

54. A molecule which selectively interacts with, and substantially inhibits
the function of, a gene in VGC2 of Salmonella typhimurium or a nucleic

product thereof.

55. A molecule or compound according to Claim 53 or 54 for use in

medicine.

56. Any novel feature or combination of features disclosed herein.



WO 96/17951 PCT/GB95/02875

1/39

DNA sequence tag

invariable vanable invariable
arm region arm
P3,=P2
el [ N K]zo
Kp H H Kp
~py
~IpPs
| Km Q 0

mini-Tn5 transposon

Figure 1a

SUBSTITUTE Steer (RULE 26)



WO 96/17951

microtitre dish with
lagged transposon mulants

PCT/GB95/02875

2/39
w
o Ly
€3 a2
— 3 oaQ
i g —> ]
< e
O -
/ | :
Q
a V¥
- x
. 23 &3
@ < 8 2 09
Z 9N w
o
) B
8% v
X w®
w -
I 2
A = )
x [ z
2 4 wE A
s fo
D -_—
3]
< LA T
o L
(=8
,E g l
25
[o]
Vv §€ v
Q
E
02000000 r ooe eeseccns
CR000000 ° coccssss L |ecececeee
CO000000(| o & o000 000 c & |eCoeecsee
COQ0000| | 2 ® T G & |eccecsese
000000 | 6 + cecos000 C 2 |eeseeDeo00
S3999001 | @ @ eoseeeee| > E |ge00000e
2000000 3 S—> |ecceseee| = T (occeseee
€000000! | S & e0ceeeee| S G (eeccecee
C2000000f | a5 o600000OO O3S |eseeeeed
83000000 | 2 & cooscees| > |S93%%sse
e0000000
CO000000 E _|eeccceee ~ | 00000000
Figure 1b

SUBSTITUTE SHEET (RULE 26)



WO 96/17951

3/39

123456789101 12

® -
-~ ",
Fig.2

I®@TMmoonoy>»

SUBSTITUTE SHEET (RULE 26)

PCT/GB95/02875



PCT/GB95/02875

4/39

« OO WwWuwo-rI

s\« 000
“'o0 000 @
N X IR XX )

)

Fig. &

SUBSTITUTE SHEET (RULE 26)

WO 96/17951

" @000 O
“"9009O0HO0
- \Q oY

A Y

<« 0 VOO WuwuwourT

Inoculum pattern
Spileen pattern

4 M OLVOo Wwoazx



WO 96/17951 PCT/GB95/02875

5/39

Name: mpccl 1

J85534 Escherichia coli ATP-dependent clp proteoase proteolytic

component (clpP) gene, complete cds.
Length = 1236

Minus Strand HSPs:

Score = 453 (125.2 bits), Expect = 4.3e-28, P = 4.3e-28
Identities = 1137141 (80X), Positives = 1137141 (80%), Strand = Minus
Query is our Salmonella sequence

CCACCAGCCGCTGGGGTACCAGGGCCAGGCGACGGATATTGAAATTCACGCCCGCGAAAT ?*e

[ I O T LR Res et e bbb chney B v pnnt

Sbjct: 785 CCAACCGTTGGGCGGCTACCAGGGCCAGGCGACCGATATCGAAATTCATCCCCGTGAAAT 844
c/pP gene 1

TTTGAAAGTAAAAGGGCGCATGAATGAACTTATGRMKYKMMATACGGGTCANTCTCTTGA 240

Query: 359

Query: 299

RN R R E R RN RN AN RN RRRER RN PEeeresree 1ty 4 it
Sbjct: B4S TCTGAAAGTTAAAGGGCGCATGAATGAACTTATGGCGCTTCATACGGGTCAATCATTAGA 904
Query: 239 GCAGATTGAASGTGATACTGA 219

perrrarnr ocnnnnel o ni
Sbyct: 905 ACAGATTGAACGTGATACCGA 925

Score = 231 (63.8 bits), Expect = 4.0e-24, Poisson P(2) = 4.0e-24
1 tities = S5/66 (83%), Positives = 55/6o6 (83X), Strand = Minus

194 TGAAGCGGTAGAGTACGGTTTGGTTGACTCAATTTTGACCCATCGTAATTGATGCCCTGG 135

Query:

AR N N e N R RN R RN NN RN RN R N |
Sbjyct: 950 TGAAGCGGTGGAATACGGTCTCGTCGATTCGATTCTCGACCCATCGTAATTGATGCCAGAG 1009
Query: 134 ACGCAA 129

1
Sbyct: 1010 GCGCAA 1015

>ECCLPXGHA 223278 E.coli (lpX gene, complete (DS
Lengtn = 1945

Minus Strand HSPs:

Score = 364 (100.6 bits), Expect = 1.6e-20, P = 1.6e-20
[dentiti1es = 88/107 (82X). Positives = 887107 (82X%), Strand = Minus

Query: 325 GATATTGAAATTCACGCCCGCGAAATTTTGAAAGTAAAAGGGCGCATGAATGAACTTATG (o6
(R R N N R A R R RN N RN AN NN R RN N
¥1-374 1 GATATCGAAATTCATGCCCGTGAAATTCTGAAAGTTAAAGGGCGCATGAATGAACTTATC 69
Query: 265 RMKYKMMATACGGGTCANTCTCTTGAGCAGATTGAASGTGATACTGA 219
L R e B O A N N N RN L T B N N O
Sbyct: 61 GCGCTTCATACGGGTCAATCATTAGAACAGATTGAACGTGATACCGA 107

Score = 231 (63.8 bits), Expect = 6.8e-24, Poisson P(2) = 6.8e-24

[dentitres = SS5/66 (83X), Positives = 55/66 (83%), Strand = Minus

—
Y]
n

TGAAGCGGTAGAGTACGGTTTGGTTGACTCAATTTTGACCCATCGTAATTGATGCCCTGG

Query: 194
AR A N e e RN N R RN N RN AN RN RN |
Sbyct: 132 TGAAGCGGTGGAATACGGTCTGGTCGATTCGATTCTGACCCATCGTAATTGATGCCAGASG 19!
) Fetch—) Gb_ba:Ecoclppa
Query: 134 A('G'f?"\ 129 - OK then type J Biol Chem 265, 12536,
Sbyct: 192 GCGCAA 197 (1990)
Figure S5
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A) new virulence factors with similarity to sequenced genes:

1. plrilo
similarity to clpP (E.coli)
(Figure S of application)

2. p2D6

similarity to lcrD (Yersinia spp.)

sequence p2D6_1_I

GGTCTTAATGTACGGGCATGGTCTGCATCGATAACTCCGGCACGCAAATCGCCATCGATACTCATTTGT
TTGGCTGGCATCCCATCAAGCGAGAAACGTGCGCTAACTTCCGCCACCCTCTCGATACCTTTTGTAATG
ACAATAMATTGCACGATAGTAATGATGGTAAATACGACCAACCCAACGGTGAGATTTCCTCCTACGACA
AACTTACCGAAAGCATCCACAAATATTACCGGCATTATGTTGTAACAGTACCCAGCCGTGATGTGCTGA

TTGGGGAGTTAACAACCGATTTAT

3. s4C3

probably same gene as p2D6, but different region

similarity to S. typhimurium invA and Yersinia spp.lcrD

sequence 84C3_1 U

GCGCGGACGCTAGTGTGGTGGGTGACAGCCAGACGTTACCGAACGGGATGGGGCAGATCTGTTGGCTTA

CAAAAGACATGGCCCATAAGGCGCAAGGTTTTGGGACTGGACGT TTTCGCGGGCAGACAACGTATCTCT
GTCTTATTAAMAATGTGTCCTGCTTCGGCATATGTATCGAACCCTCGGAGCAAAGTCGTTTGGGCGCAGA
ATTAGTACGTTTGGGTCGGTTGCTGTTATTCCTTGGGCTCGGARAAAGAGTGCCAGCGTGAAGGAGTGS

GATTTGGCAGACTGGCCGCCTAAT
sequence s4C3_1_ R

CACTATAGGGAAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCTACTAGTCATATGGATTGCACTT
GTGTATAAGAGTCAGGATTAGAGGACATGCGCCGGGAACCATACTATCTTTTTCCGGTGCTTCGACGCC
ATTTGCGGAAACCACAGACTTTTTGCGGCGAATGAGGATAATTGGCAATGCTAACAACGCTGAAAAGAA
AGCGAGAGTGATAAAAGGAAAGCCAGGAATTAAAGCGAGGAGCATTAAAACCACAGCGGCTAATATGAG

CGACTGAGGTTGTCTGGCAATTTG
4. pard

similarity to invG (S.typhimurium)
sequence p3Fr4_1 U

TGCAGGCCGACTCTAGAGGATCCCCGGGTACCGGTMTTTC‘!‘T‘I‘MCCTCGCATCCCGGTGGATGMAG
GATATTCTGGCTGCGTAAGTAATGAATGAACCGCCCAGTAGATAAAATATTGAAAGTGATAACCTGATG
TmM‘l‘MCGATGCAGGATATACATATMQTGCTGGCATCMACCRGGTMGCAAATCATATTGTGC
TGCCAGGTTA‘I‘TCAAAC'I‘ATCGACCGGTGGTCCAGGCGGGMWTTCCACTMATGTAGGTGGGATCA
ATGGGCTAATTGGTATAGGCGGAT

Figure 6 Sheet 1 of §
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5. p7G2 7/39

similarity to yscC (Yersinia spp.)

sequence p7G2_1 U

CCTGTGATTCCGGATGAAATAGCTTTTACGAAAGCTGTCAGACNTGCTGAAGAATACGCTGCAAATGGT
AAGCTTGTAACTTTTGGGTATTGTTCCAACGCATGCTGAAACGGGTTATGGATATATTCGTCGCGGTGA
GTTGATAGGAAATGACGCTTATGCAGTGGCTGAATTTGTGGAGAAACCGGATATCGATACCGCCCGTGA
CTATTTCAAATCAGGGGAAATATTACTGGCCTAGCGGCGATGTTTTTATTTCGCGCAAAGCCCTTATTT
AAACGAATTAAACGTATCTATCACCCCCAAATTCATACAGCTTGTGAA

sequence p7G2_3_0O

TTACTAAACAGGGCCCCGGACCATGTAAACACCACGCETGCCAACACTAAAAAACGATGCETGCCGTAA
AAAATTGAACGTTATTTACTTAATACGCCTATTTTATT TACATTATGCACGGACAGAGGGTGAGGATT
AAATGGATAATATTGATAATAAGTATACTCCACAGCTATGTAAAATTTTQGGGGCTATATCGGATLTGY
TTGtTTtTAATTTAGCCL TATGGCTTLCACTAGGATGTGTCTATTTTTTTtGTGG L CAAGCACAGAGAT

TTATTCCCCaACCACC

sequence p7G2_1_1

TTTCCTTGCCGTGACAGTCCGGGATGCGAGGTTAACGAAATTACCGGCACCAAAGCTGTGGAGGTGAGC
GGTGTCCCCAGCTGCCTGACTCGTATTAGTCAATTAGCTTCAGTGCTGGATAATGCGTTAATCAAACGA
AAAGACAGTGCGGTGAGTGTAAGTATATACACGCTTAAGTATGCCACTGCGATGGATACCCAGTACCAT
TATCGCGATCAGTCCGTCGTGGTTCCAGGGGTCGCCTAGTGTATTGCGTGAGATGAGTAACACCAGCGT

CCCGACGTCATCGACGAACAATGG
6. p9B7

similarity to fliQ, invX (E.coli)

sequence p9B7_1 1

CATGAGTAACCTACCCAACTGTAATCTTTACCAATATGCATCATAATCTTCTGCTGGTAAATGATTGGT
AATATCGGAAAGGTAAGTGACATAAGCACGCCATTACGTAAAAGTGCGGCCCCTAAACTGCCACTTTTT
AATAAGGGAAGTAATAAAGAAAGGCTCAATGGTCGAATAAAAGCCACAGCCAATGCAATAAGCCACTCA
TTTACCTGTTGTGCCATTCAACCATGCTCTCCAATTCGTAACATTATCTGCCGGGTATAATTCAACAGG

ATACCGCTAAGCCATGGGTAG

sequence p9B7_3_0

ATTCCAGCCCCCGGGCCATCTAACCACTATGAACAATCATCTTCTGGGTGGACAATCATTGGTACCATC
GGCCAGGCTTGTGCAATATGTATGTCATCACGTAAAAGCGCGGCCCCTTAATCTCCCCATTCTTCCTTA
AGGGCAGTTATCACGGCTGGCTCAATGGCCGGCTTAACAGCCACAG

7. 86FS

similarity to yscU (Y. enterocolitica)

sequence s6F5_1 O

GAGGCGCGTCTTCGGTTGAGGGTCGCCCTCCAGATCTTTATGCTCCTGTTTTACGTCATCTTTACTCAT
T TAAGATCTTTTCTAATCTTATAATAT TGAAAAGAATAGTCCAGTATGCCAACGACGAAATAAAGAAA
CATCACCCCAACCCATAACCATTTTTTCAATGATGAAAGCACAAGCACGCCACAGGCTACACCACAGCC
CGGAGGGGGCCGGAAAGTGCTGGGATCTTGATTAATGAAAAAGGCAAAGGGAAGAGATAGGATGATGCA

TGCTGGTTGGAGGCAGATTATTCATCTTCG
Figure 6 Sheet 2 of 5
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B) new sequences without similarity to entries in DNA or protein
databases:

1. s4D10

sequence s4D10_1 U

AGTTGCCGTATTTATTAAMTATTCACCTCAGGTCAATATGGAGGTCTTCCCGGCTAAAAATCATTGCTT
TACTAGAGATATCACTCCCTGGGTTGCAATACAGTACGATTAGTTATCTTGATGCAGCCTGCTGATTTC
AGAATGGCAGCTGACGTACCCGCGAGACAAACATTCTGGATTATGGACGTTATCAACGCCAATATAGGG
AAGGTGGTGAAGTGGTTGATGAAATACCCCTATCCCTTGCATGTTATCGCTGACAGGACTGTTATCAGG

AGCGGGCATCCTCGATCGGET

sequence 34D10_1 R

CAAGAGACAGATCCAACTCGGGCCGATCGCCATAACGCCAGCAGTTTGAAAGATGAAAGCCCAGCTTAT
CCAGCCATTCCGGTACAGCGTAACGAGCAGGTTGCCAGAAATAACGATAAAGTTGCAACACCTCGGGAT

CAGGTCGGCTCAAAAACGGGGTCTCAGGCAAAAATAGCCGATCAGGATGCCCACTCCTAATAACAGTCC
TGTCAACGATAACATCAACGGATAAGGGTATTTCATCAACCACTTCACCACCTTCCCTTTATTGGCGTT

GGATAACGTCCATAATCCAGA

2. 84810
sequence s4B10_1 U

AGGGCTTTATTGATTCCATTTTTACACTGATGAATGTTCCGTTGCGCTGCCCGGATTACAGCCGGATCC
TCTAGAGTCGACCTGCAGAACCGAGCCAGGAGCAAATTAATTTTTTTGGGCAATTGCTGAAAGATGAAG
CATCCACCAGTAACGCCAGTGCTTTATTACCGCAGGTTATGTTGACCAGACAAATAGATTATATGCAGT
TAACGGTAGGCGTCGATTATCTTGTCAGAATATCAGGCGCAGCATCGCAAGCGCTTAATAAGCTGGGTA

ACATGGCATGAAGGGGCAACCC

sequence s4B10_1 R

CACTATAGGGAAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCTACTAGTCATATGGATTCCTAGG
CGGCCAGATCTGATCAAGAGACAGATCCAACTCGGGCCGATCGCCATAACGCCAGCAGTTTGAAAGATG
AAAGCCCAGCTTATCCAGCCATTCCGGTACAGCGTAACGAGCAGGTTGCCAGAAATAACGATAAAGTTG
CAACACCTCGGGATCAGGTCGGCTCAAAAACGGGGTCTCAGGCAAAAATAGCCGATCAGGATGCCCACT

CCTAATAACAGTCCTGTCAACG

3. p4GS
sequence p4G3_1 O

CCCCCCCCOTTCTCCTGGCTTACACAGCCCCAGACCGGCGCTGGAAAAGGCCATTCCCGCCATACAGGA
GGCCAGCAACATATTTTCACGCGCCGCCAGATCGTGGCCGTAACCCACGGCTTTCGGCAGCGATTTGCC
AATCATCGCTATCGCGCCAATCGCCAGGCTGTCGGTAAACGGCGTGGCGTTGAGCGCGCTGTAGGCCTC
AATCGCATGCGTCAACGCATCGATACCGGTCATCGCCGTCACGTTTGGCGGAACGCCTTCGGTCACGGA
AGCATCAAGAATCGCCACGTCCGGC

sequence pdG5_1_U

CGCGAACGTGCGCCGCAACTGCTTGTGGACGG TGAATTGCAGTTTGACGCCGCTTTCGTGCCGGAGGTC
GCCGCGCAAAAAGCGCCTGACAGCCCGCTGCAAGGCCGCGCCAACGTGATGATTTTCCCGTCGCTGGAG
GCGGGCAATATTGGCTACAAAATCACTCAGCGTCTGGGAGGCTATCGCGCTGTTGGGCCGCTAATTCAG
GGGCTTGGCGCGCCGCTTCACGACCTCTCCCGAGGCTGTAGCGTGCAGGAAATTATCGAACTGCGGTTG

GTGAGAAAACCAA
Figure 6 Sheet 3 of 5
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4. p7A3 9/39

sequence p7A3_1_U

CGCCCTAGCATGCCTGGCGTTGTCCGGTTATTGCTCGTCAAGCGAACAGATGCAAAAGGTGAGAGCGAC
TCTCGAATCATGGGGGGTCATGTATCGGGATGGTGTAATCTGTGATGACTTATTGGTACGAGAAGTGCA
GGATGTTTTGGATAAAAATGGGTTACCCGCATGCTGAAGTATCCAGCGAAGGGCCGGGGAGCGTGTTAA
TTCATGATGATATACAAATGGATCAGCAATGGCGCAAGGTTCAACCATTACTTGCAGATATTCCCGGGT

TATTGCACTGGCAGATTAGTCACTCTC
sequence p7A3_1_1I

CCCTTCCCAGGCTCGACAGGTACACAGCCAGCCACTGGTGCAGGCAGTTACTTGCT TTCATCATGGGAA
GGAGCAATATCCTGATATATTAAAGAAAGAGCGGGATCCCCTTTCTTTACTGCTGCTAACGTTTCTTGC
AAAATGCGTTGATGAGATTCATCCAGCACACCACTGATAACAAAAGAGCGCCGCATTGGCGTAACATTG
ACAAGCCCCACTAAACCGCTCTCTATTATCGCAGAAATAATATCATCCCCCTGAGACTGATGAGAGTGA

CTATTCTGCCAGCGCAAATAACCC

S. plOE1l

sequence ploOE1l_1

ATACCGAGTATTAAGCGGCTGTGTAACATCGTCATCCAACAACATACGCAGCGAGCCGCCACGCCGGAA
AAACCGCATCGTGTCATGTGCCTGT TGTAGGGTCGGGTCTTTTTTCATGAGTACGT T TTCTGCGCTATC
ATACTGGAAATTTCCCCCCACTTACTGATAAGCCCTGTCAGTTGGGTAAGGACAGAGTTAAGCTCCTGA
GACATTTTTTGGAATGGTTATCTTTCCCCGACTCATAAAATCGGTATTCCCGCTGGGGGCAATATCCAA
AGACGCTTTGGTCGCCCGTAGGGCACC

sequence pl0El1l_U

GCCGTATGCCTGCAGTTGCCCGGTTATTGCTCGTCAAGCGAACCGATGCCAAAGGTGAGAGCGACTCTC
GAATCATGGGGGGTCATGTATCGGGATGGTGTAATCTGTGATGACTTATTGGTACGAGAAGTGCAGGAT
GTTTTGGTAAAAATGGGTTACCCCCATGCTGAAGTATCCAGCGAAGGGGCGGGGAGCGTGTTAATTCAC
GATGATATTCAAATGGGTCAGCAATGGGGCAAGGTTCAACCCCCACTTGCAGATATTCCCCCCCCTATT

GGACTGGCAGATTAGTCACTCTCA

6. 34B9

sequence s4B9_1 O

GGGCGACCTGCCCGCGGCGCAACT TTCCCCGAAGCGTTTTCCATTTCCT TG TTCTTAAATGACCTGGAA
AGCTTACCTAAGCCTTGTCTTGCCTATGTGACAATACTGCTTGGAGAACACCCGGACGTCCATGATTAT
GCTATACAGATCACAGCGGATGGGGGATGGTGAATCGGTTATTATACCACAAGTCGCAGCTCTGAGCTT
ATTGCTATTGAGATAGAAAAACACCCCGCTTCAACTTGGATTTTGAATAATGTAATACGCAATCACCAT

ACACTATATTCGGGTGGCGTATAA

sequence s4BY9_1_R

TTCGAGCTGGGGCACCGCTAATATCTTTAACCTCGCATCCCGGTGATGAAAGGATATTCTGGCTGCGTA
AGTAATGAATGAACCGCCCAGCAGATAAAATATTGACAGTGATAACCCGATGTTTTTTTAACGATGCAG
GCTATACATATAACATAGCTGGCCACCAACACAGCTGAAGTAAATCATATTGTTGCTGCCAGGCTACTT
CACACTATTGTCCGGCGGGCCAGCGGGGATTTTCCCCCTAAATCTCGCTGGTTCTCAAA

7. pdFs8
Sequence p4rg_1_1I

AGTCTACGATTTCGCTATATCT TCTCT TAATCATGGCCGCCATTTGTGGATGCGATTTTAAARTATCCG
GGCGATCTTTCATTAAAAAATAAAGATTCCCCATGACTTCACAGATAAAGGTATCGGTATTTTGAGTGA
TACGTAACAATTCGTTCTCTTCGTGTGGGTCCATGATGCGAAGAATAATGGTGGCATCATTTTCATGAG

Figure 6 Sheet 4 of 5

SUBSTITUTE SHEZT (QULE 26)



WO 96/17951 PCT/GB95/02875

10/39
GATTATGAACCCGAAATCTTTCTCTTTGCGATGCGCAGGCTAACTCTTTCAACTCAAAAAAAATCTCTG

TAAGCCGCTCTCGTGTGGGGGLGC
8. p788
sequence p7B8_1 0O

GCGCCCCTTTAATTGGTTGAGGCGGCTGGTATTCTTGTAAGGGTAATACTAGCGAGACCCAGGTTCCAC
CCCCGGGGACACTTTTTAGTGTCAGATTACCGCCCATCATTTTAGCCAGGCTTGACGCAATAGTCAGTC
CAATTCCTGTACCTTGCGAATTTGTGTCTGCTTGATAAAAAGCAGAAAAGATTTGAGACTGCTGCTGTT
TTTCAATCCCCCCACCGCTATCGCTAACCAGAAATATTAATTGTTCCTCACCAAGATTGAGCGCCAGAC

GTATCCCTCCCCCCTCGGGAAAT
9. p8Gl2

sequence p8Gl12_1_1I

GGATAAGATCCCGGATAAGTATGTCAGGCTCGTATGCACAACAGGCATTATAAACCTCTAGACCATTTT
TAACATGCTCTACTATTTTAAAATGAGGCCAGGGTAATAAGGCATTCATAATGCCGTTAATGATGATTT
CATGATCGTCTACTAATAAGATCTTATATTCTTTCATTTGGCTGCCCTCGCGAAAATTAAGATAATATT
AAGTAATGGTGTAGGTTGTGGAGATCATACGTATTTTCTGGCGTAAGTCGGTTAGTTCCTCCAGCGCGA

TGATTTTCCCCATTTTTACGCGAT
10. p9%G4
segquence p9G4_1 O

TTCCATATTGCTCGTCCGGGGAGCGTGTTAATTCTTGATGATATACCAATGGATCTGCAATGGCGCAAG
GTTCAACCATTACTTGGAGATATTCCCGGGTTATTGTACTGGGAGATTAGTCACTCTCATCAGTCTCAG
GGGGGTGATGTTATTTCTGGGATAATAGAGCAACGGCGTTAGCAGGGGTCGGTCAGTAGTCACGGCCAA
CTTCGGTGCACTTTTGCGTATCACTGGGGTATCATAACTGAATCTCATCCCCCCCACTTTGGTAATCAC

AC

sequence p9G4_1 U

AATTCTTTTACCTCCATAAGCTGCGTGGCATAGCGATACAGAGTATTAAGCGGGTGTGTTACATCGTCA
TCCAACAACATACGCAGCGAGCCGCCACGCCGGAAAAACCGCATCGTGTCATGTGCCTGTTGTAGGGTC
GGGTCT T T T T TTCATGAGTACGTGTTCTGCGCTATCATACTGGAAATTTCCCCCCACTTACTGATAAGC
CCTGTCAGTTGGGTAAGGACAGCGTTAAGCTCCTGAGACATTT TTTGAGT TGT TATCTGCCCCCCGACT

CATAAGATCGGGTATTCCGCGGTGG
11. p9B§

sequence p9B6_1

ATATCCCTAATGCTTTTCCTTAAATAAATACCACGGAAGGATACTGGCCACCTAGCCAAATTTAGAAA
GCAATGAACATCCGGTTTATTCCTGAAAACGATTACTCCGGCGCACGTTGTTCTGGCGTTACCTGAGCC
AGCAAACGATATAATGGGGTGGTGACCCGCATACCGGTCATTGGCATCCCATCCACACCGGAGGGAGTA
AAACTCATTAGGCCATAGGTAATATCATTAAGACGCTCTAATAAATGAGGG TGGGGGGCCCAAACTACC

ACTCCAGTATGTATTGAGTCA
12. pé6GS
sequence p6G5_2 I

CCCATGGGCGCAATTTGTTGCGCAGCGT T TACCCGACCATCGCGTTTATGAGCTGTAATTCATGGGSGS
TAAAAACGGGCGTGACGACCCCAACGGAAGATAAGGCCGGGCTTAAACAGGAGATTATTGCTAATGCGC
AGCGCAAAGTGTTGCTGGCGGACAGCAGTAAGTATGGCGCGCATTCGCTCTTTAATGTGGTGCCGCTTG
AGCGCTTTAATGACGTGATTACCGACGTCAATCTGCCGCCGTCAGCGCAGGTTGAACTGAAAGGGCGCG

CTTTTTGCGCTAACG
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DNA sequence of VGC II from centre to left hand end

n o

LI - S

L)

N U e

o

noe

o

e

[- Y

CTGCAGAACCGAGCCAGGAGCAAATTAATTTTTTTGAACAATTGCTGAAAGATGAAGCATCCACCAGTAACGCCAGTGCT

......... D e L LD T T U e e L R TR LY

)
GACGTCTTGGCTCGGTCCTCGTTTAATTAAAAAAACT TGTTAACGACTTTCTACTTCGTAGGTGGTCATTGCGGTCACGA
L O N R A R S K L I F L N N C * KM K K P P VvV T P Vv
€C R T € P G A N * £ F * T 1 A E R > S5 I H Q0 * R QC F
A E P S Q E QI N F F E QL L K DEAST S NA S A

TTATTACCGCAGGTTATGTTGACCAGACAAATGGATTATATGCAGTTAACGGTAGGCGTCGATTATCTTGCCAGAATATC

D L L L L L b A R R N L LTy

AATAATGGCGTCCAATACAACTGGTCTGTTTACCTAATATACGTCAATTGCCATCCGCAGCTAATAGAACGGTCTTATAG

Yy ¥ R R L C * P D K W I I € 8§ * R * & S ! I L P E Y N
I T A G Y V D Q T N G L Y A V N GRR R L S C Q0 NI
L L P Q VM L TR QM DY M QL TV GV DY L A RIS

AcGGCGCAGCATGCCAAGCGCTTAATAAGCTGGATAACATGGCATGAAGGTTCATCGTATAGTATTTCTTACTGTCCTTA

L L L R R D e R S Y

TQCCGCGTCGTACGGTTCGCGAATTATTCGACCTATTGTACCGTACTTCCAAGTAGCATATCATAAAGAATGACAGGAAT

G A A C Q A L N K L DN MA* R F I v * ¥ F L L § L
T A Q H A X R L I 8§ W I T W H E 6 S s Y s 1 s y cp v
R R S M P S A * * A G * H G M K V. H R I VvV F L T Vv L *
CGTTCT TTCTTACGGCATGTGATGTGGATCTTTATCGCTCAT TGCCAGAAGATGAAGCGAATCAAATGCT GGCATTACTT

deccanne ceteaccmnma temcccannny

GCASRGAAAGAATGCCGTACACTACACCTAGAAATAGCGAGTAACGGTCTTCTACTTCGCTT 26 TTTACGACCGTAATGAA

start yscJn?
R S F L R H v a4 H I F I 8 H C Q K M K R ! K € w W Y L
vVLs Y GMHM - CG S L S LI ARR® SESNAGTIT. VY
F £ LT ACDVDLYR S LPETDTEH AN GCMTLALTLL

ATGCAGCATCATATTGATGCGAAAAAAAACAGGAAGAGGATGGT GTAACCTTACGTGTCGAGCAGTCGGCAGTTTATTAA

3! eeceoes cmpeamnees cSetocenovonacsenenan P L T L L Y i Qe — L cmsestocrnencnay

TACGTCGTAGTATAACTACGCTTTTTTT TG TCCTTCTCCTACCACAT TGGAATGCACAGCTCSTCAGT CCTCAAATAATT

start yscJ”?
€ s I ! L M R K X T G R G W CWNLTGCRAUVG S L L M

A&SY'CEKKOCCDGVTLRVEQSAV\"
HONNIOAKKNRKRHV‘PYVSSSROFIN

TGCGGTTGAGGCTACT TAGACTTAACGGTTATCCGCATAGGGCAGT T TACAACGGCGGATAASATGTTTC CGGCTAATCA

......... it S b e D R e R L Lkl D T T S N A

ACGCCAACTCCIATGAATCTGAATTGCCAATAGGCGTATCCCGTCAAATGT TGCCGCCTAT TCTACAAAGGCE GATTAGT

L

R L R L LR L NG Y P HRAV Y NG G * C V S G = s
¢ * 6 Y L OL TV I RTIGQTF TTADTYLMTEUP AN Q
AV & AT - T * R L S A* 6 S L Q@RRTII R CCT F R L I s

GTTAGTGGTATCACCCCAGGAAGAACAGGCAGAAGAT TAATT TTTTAAAAGAACAAAGAAT TGAAGGAATGCT GAGTCAG
CAATCACCATAGTGGGGTCCTTCTTGTCCGTCTTCTAAT TAAAAAAT TTTCTTGTTTCTTARCTTCCT TACGACT CAGTC

vV S 61 T P G R T 6 R R L I F -~ K N K £ L X E C * Vv R
L Vv s P QL E Q AED* F F KRTKNS-=®*I RN ATE § )
WY W PR K NR Q K I N F L K E QR 1 £ G M L 5 @

ATGGAGGGGCGTGATTAATGGCAAAAGT GACCATTGCGCTACCGACT TATGATGAGGGAAGTAACGCT TCTCCGAGCTCA

99] cccmncwn ctoccancnaa temececovesrtsamascctancnaennn ceccmeacan tececcanan temmacmaaa .

TACCTCCCCGCACTAATTACCGT TTTCACTGGTAACGCGATGGCTGAATAC TACTCCCT TCAT TGCGAAGAGGCTCGAGT

W R 6 VI NG K S DK CATODOIUL"* * G K * R F S E L S
G G A * L M A KV T I A L P T Y D EG 5 N A S P S §
M € G R D W Q0 x - P L R Y R L M M R E V T L L R A Q

GTTGCCOTATTTATAAMATATTCACCTCAGGTCAATATGGAGGCCTTTCGGGTAAAATTAAAGAT TTAATAGAGATGTC

C R I ¥y x I FT S G Q Y 6 G L § G X N * R F N R D v
vV AV F I X ¥ S P Q V N M E A F R V K I K D L 1 E M s
L P Y L N I H L R § I W R P F G * K L K [ »» R C
Figure 11 Sheet 1 of 19

SUBSTITUTE SHEFT (RUII F 26)

80

160

240

320

400

480

560

640

s aAnpy

1c



PCT/GB95/02875

WO 96/17951

"W aOw

~

(L2 9

17/39
AATCCCTGGGT TGCAATACAGTAAGATTAGTATCTTGATGCAGCCTGCTGAATTCAGAATGGTAGCTGACGTACCCGCGA

Tl ceeccevoea tecemnan - Ve e e cane brmacammm- P et e e me - tecrr e mm-- tercscncan, .

PTAGGGACCCAACGTTATGTCATTCTAATCATAGAACTACGTCGGACGACTTAAGTCTTACCATCGACTGCATGGGCGCT

.
* 0D * Y L DA A C* I QN G S * R T R E
1 ¥ 3 L Q Y S K 1 S 1 L M Q P A E ¢ R M ¥V A D V & A &
S L G C N T V R L V S * C S L L NS E W *© L T Yy P R

GACAAACATTCTGGATTATGGACGT TATCAACGCCAATAAAGGGAAGGTGGTGAAGTGGTTGATGAAATACCCTTATCCG

......... tmcecemmmcstoreracenctensrseanedenanssesmlcree e eeateen s entancnennent

801
CTSTTTCTAAGACCTAATACCTGCAATAGT TGCGGTTATTTCCCTTCCACCACTTCACCAACTACTTTATGGGAATAGGS

T N { L. DY G R Y Q R Q °* R £E G G E v v D ¢t I e L S W
Q T F W I M D V I N A N K G K V V K W L M X Y P Y P
N " K § 6 L W T L § T P I K G R W * 5 6 ° * N T L 1 r
Tn tnseilxon P11IN1]

TTGATGTTATCGTTGACAGGACTGT TATTAGGAGTGGGCATCCTGATCGGCTATTTTTGCC TGAGACGCCGTTTTTGAGC

......... R bkt D kR e R R bR UL A

AACTACAATAGCAACTGTCCTGACAATAATCCTCACCCGTAGGACTAGCCCATAAAAACGGACTCTGCGGCAAAAACTCG

D vV { v DR T V I R S G K P DR L F L P ET P F L S
L ML §LTGULULLGUV G111 1L 1! G Y f 2 LR RRARF * 2
+ ¢ . & * Q0 O C Y * E W A S * S A I T A D AV £ g ¢

GCTGCACTAGGGCTCCACAACGTTCGAAATAGCAAT AAAGACCGTTGGACGAGCAATGCSATATGGCCTTACCGACCTATT

R P C PE V L QL Y R ¥ F W QP A R Y A + P E W L 0 r
0L ¢ ¢ R C C N F ! vV S G N L L VvV T I % R N G @& ' &
T * ¢ R G V AT L 5 L F L A TC S L K CT G M A G -
n lnsthtnon P11D10

GCTGGGCTTTCATCTTCAAACTGCTGGCGT TATGGCGATCGGCCCGAGTTGGATCGTCT TCTTGACAGAGCGTTAAATAG

......... PR S L L e T R R P R R R TR D i R ]

CGACCCG=AAGTAGAAGT TTGACGACCGCAATACCGC TAGCCGGGCTCAACCTAGCAGLAGSACTGTCTCGCAATTTATC

L 6 F H L Q TAG UV M A I G P S W 1 v & L T E R = ! 2
f ' F K L L A L W R S A RV G S s = * Q@ 8 v x -
A G L S 3 § N C Ww R ¥Y G DR P E L DR L o« DR A L NF

ACTAAGASGAAGCTCTGTTATTCCAGCC TS TT TAAATGACAGGCAAAAACGGCAGGTTCOTTTTGCSCCOCGTATATCSS

« £ T & L L F Q P V * M T G K N G R I
: H £F ¥ * Q A K T A G S5 & T A A Y 1 =
L R G § S V I P A C L N DR Q K R Q v %~ © =+ P R 1 s =

CATTTGCCTTTGGGCTGGGATTATTCAAACTCAGGTGTAGTGACTATTTTATGCTACCAGAGTATCGGCAATTGCTTCTA

e rcancman P tecocama P L R T R temmesancnes

GTAAACGSAAACCCGACCCTAATAAGTTTGAGTCCACATCACTGATAAAATACGATGGTS T CATAGCCGTTAACGAAGAT

start IcrE”
L G W DY § N 3 G V V T 1 L C Y Q r ! G N C F 1
1 € L W & G I I © T @Q Vv * * L F Y A TR ¥ S5 A | A S T
f A F G L 6 L F K L R C S DY F ML 2 = .3 Q0 L L L

CAGTGGTTTAGCGAGGATGAGATCTGGCAGCTATATGGTTGGTTGGGGCAAAGAGATGGCAAATTACT TCCTCCGCAAGT
......... P L R X R R N R LR D

GTCACCASATCGCTCCTACTCTAGACCGTCGATATACCAACCAACCCCGTTTCTCTACCGT TTAATGAAGGAGGCGTTCA

3 6 L AR M R S G S Y M V G W G K E M A = Y F L R K
vV VvV * R G * D L A A ] wW L V G A X R W ¢ i T S S A s
0 £ I W O L Y i Ww L G Q kK O A - o L PP Q
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TTAGTATTATTACCCCCTCCGCAGCGTATACTTTGGCCGAAGACTTCTCTTACCGASATTATCTTCATGGAGCATTTGCT

T ‘P s A A Y T L A € O F S Y R D Y L B G A F A

ATGAGTTTTACTTCACTTCCTCTGACGGAAAT TAACCATAAGCTACCCGCTCGAAATATTATTGAGTCACAGTGGATAAC

192] ~e-emce=-- seemonnase tecvcm=n B LR berrracnn= P ettt temcvcenssctonccccaaw$

TACTCAAAATGAAGTGAAGGAGACTGCCTT TAATTGGTATTCGATGGGCGAGCT TTATAATAACTCAGTGTCACCTATTG

«+ v L L H F L * R KL T 1 s Y P L £ 1 L. L S H § G * ™M
E Ff v £ T 53 8§ D G N ° P * A T R 8§ K Y Y * ¥V T ¥ D N

M § - T S L P L T E I N W K L F AR N1 I E s Q0 W I T

ATTACAATTAACTTTATT TGCGCAAGAGCAACAAGCTAAGAGAGTTTCACATGCTATTGTGAGCTCCGCTTACCGTAAGG

esatsemcccnns teooemavene doemvcmamman et

TAATGTTAATTGAAATAAACGCGTTCTCGTTGTTCGATTCTCTCAAAGTGTACGATAACACTCGAGGCGAXTGGCATTCC

N * L t L R K S N K L R E F M M L L -~ A 2 L T Vv R
T + & F t €C AR AT S * £ S F T CY CE L R L ? * G

L ¢ . T L fF A ©QE Q O A K R V s H A i1 v & 8§ 3 7 X XK A
CTGAAIMAAATCATCCGAGACGCCTATCGTTATCAGCG TGAACAGAAAGT TGAGCAGCAACAAGAACTAGCGTGCTTGCGT

168} --mmc-ean .
GACT™TTTTAGTAGGC TCTGCGGATAGCAATAGTCGCACTTGTCTTTCAACTCGTCGTTGT TCTTGATCGCACGAACGCA

- X N KW B 3 R L S L S A T E S T ; T "
Y Q R E Q K Vv E Q0 9 @ t L A C L R

(3]
r
bl
(=]
>
-
=

TTTTTATGCGACCTTTTTTACCT TCACCTTACCGACCTTGTCGTACATT TTGTAAATGTTCTCCTACTTTTAGTTAAAGE

XK 1 R W K X W XK W N G W N S M * N I ¥ K T M X i N F VvV
K Y & C » N G S G M A G T A CXKX T F T R K& * «x 1 s

N = L £ XN M E V E W L E Q H V K H L O O D £ N Q F R

n

AAGTARCCAGCTAGTGCGTCGCGTAGTATAATTTT TATCATATCTTGTCCAAGACAACCGGACCAAGCTGSTTGTCAGCC

L ¥ I v * N R F C W& P & S T u § R

Y * K * ¥ R T G S Vv 5 L v R pP 7
& Lo " w a2 A H H 1 K N S 1 £ Q V L L A W ¥ D Q Q@ S§ Vv
TAGACAGTGTTATGTGCCATCGTCTGGCACGCCAGGCCACGGCTATGGCGGAAGAGGGAGCGCTTTATTTGCGTATTCAT

................... e L L T T T S iy Y

ATCTGTCACAATACACGGTAGCAGACCGTGCGGTCCGGTGCCGATACCGCCTTCTCCCTIGCGASATAMACGSATAAGTA

+
<
(3]

T L C Al vV W M A R P R L W R N Fr g = f 1 ¢ . F 1
R Q - v v P § 5§ 6 T P G H G Y G G R G s = L F & : s s
S S vV B C 4 R L A R Q A T A M A E E GG A L Y L & 1 M

CCTGAAAAAGAGGCATTGATGCGAGAAACT TTTGGCAAGCGGTT TACGTTGATTATCGAGCCTGGTTTCTCTCZCGATCA
200) ~ccccecccece termccscaa temmmvmawa fecsvecansmsenccnanna tmmcecncee cenvew canee

GGACTTTTTCTCCGTAACTACGCTCTTTGAAAACCGT TCGCCAAATGCAACTAATAGCTCGGACCAMAGAGASSGCTAGT

L » ¥ a A *» €C E K L L A S G L A *« L § s ¢t ¥ 5 L f 1 &
« X ® 6 1 D A R N F W Q A V Y VvV U t & A W F L 5 3 S
P £ » E A L M R ETTF G XK R F T L 1 1 E P 6 7 § ? D Q
GGCTGAACTTTCCTCAACACGATATGCCCTTGAATTTTCACTTTCTCGTCATTTCAACGCGTTACTGAAMTGGTTACGTA
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CCAGGTTATAGAGGAACAAGAGGTTATTTCCCCTTCAATGTTAGCTCTCCAGGAGT TACAGGAAACGACGGGGGLAGCGL

GGTCCARTATCTCCTTGTTCTCCAATAAAGCGGAAGT TACAATCGAGAGGTCCTCAATGTCCTTTGCTGICCCCGTCGLG

Qv I T E Q E V I s P S M L AL O E L QO E T T G A A L
R * R N K K L F R L Q € * L S R s Y R X R R G Q R
P & - A G TR G Y F A F N V S S P G V T G N DG G 5 A

AGATZCTCTGCTACCTTCTTTATCCTTACCGCGACTCACCAT TTGACGCGCTTTTAATATTTAAGTGACTACGACTCTTT

€ T M E E 1 G M A L S G K L RE NY K F T D A E K
K * E W R * V V N C A X I I N S L M L R N

L * 2 T G R N R N G A E W * T A R K L - I H ~ C * & T

CTGGAGCGCAGACAGCAGGCTTTGCTGCGT TTGAT AAAACAAATACAGGAGGATAATGGGGCAACGTTGCGTCCGCTTAC

................... dermcencrmtamccanmscstananermecbr et acncterc s meretenacevonnd

L £ 8 3 0 2 L L R L I K QI QE D NG 2T L R P L T
W § 2 = § R L €C C v * * N K Y R R I M C Q R C V R L p
6 = { T A G F A A F DK T N TG G * W G nu VvV A S A v

. T2GTGATCCTGATTTACAGAATGCGTATCAAAT TATCGCTCTTGCAATGGCGCTTACTGCCGGCGGGTTGT

........... [ Y S L L R L R Y

GCTTCTIT T 2TCACTAGGACTAAATGTCTTACGCATAGT TTAATAGCGAGAACGTTACCGIGAATGACGGCCGCCCAACE

A L A M A Lt T A 3 s L B

a2 G I

€ £~ ¥ T ¢ 0 L @ N A Y Q 1 1
K @ ' v 1 L I Y R M R I K L § L L Q W R ¢ L F

€t - - 5+ FTECV S N YR SCNGH R VY C Kk 3 V ¥
CAAAAAAGAAAAAACGCGAT TTGCAATCGCAACTGGATACGT TACAGCGGAGGAGGGATGGGAACT TGCCGTTTTTAGTT

................... D T A R Lk L L T K P R

2561
GTTTTT TCT T TTTTGCGCTAAACGTTAGCGTTGACCTATGCAATGTCGCCTCCTCCCTACCCTTGAACGGCAAAAATCAA
K K " & R 0 L 0 S QL DT L Q R R R DG M L & F L Vv

£ N A ] € N R N W I R Y S 6 6 G M & T C R F - 3
¥ »n £ ¢ T R F A I A T G Y V T AEE G W € L AV F s

Y W N L & K W I P Y A V L S E A TF Y AT G DR T R ¢ N
T ¢ 7 » & € 6 Y R T L § S L X R F M Q Q0 =~ ! u N D E M
Lt . 32 € v DT V R C P L * § V L C N R & « T T 4 §
TGCCCT TAT CCCASTGGT TCAGACGCGTGGCAGACTGGCCGGAT CGCTGTGAACGGGTCCGTATTTTGCTAAGAGCAGTA

R i R X A SR S i u

. I v ¥ QT R GR L A G S L * T G F : F & kK S s 5

P L $: Q9 W I R R V A D W P DR CUER V & ! L L R A vV

c P : % 5 G S 0OAW QT G AR I AV NG S VvV ¢ € * g @ -
GCCT TTGAS CTTAGCATATGCATCGAACCCTCGGAGCAAAGTCGTTTGGCCGCAGCATTAGTACGTTTGCGTCGTTTGCT

Uars o

200] c-ccccccccecccncnann trcamamana Smmmece e D L tmececcena ¢eccnmmana .
CGGAAACT TG ATCGTATACGTAGCTTGGGAGCCTCGTT TCAGCAAACCGGCGTCGTAATCATGCAAMACGCAGCAAACGA

T % M H R T L G A K S F G R S 1T 5 T f A S F A

AT £ L 5 1 C€C 1 £ P S E Q S R L A A AL V & L R R L 1
P L W L A Y A § N P R S K V V W P Q0 M * Y V C VvV v ¢ ¢
GTTATTCCTTGGCCTTGAAAAAGAGTGCCAGCGTGAGGAGTGGATTTGCCAGTTGCCGCCTAATACATTACTGCCGETAC

................... P L L R N kT T R pppipy

2881}
CAATAAGGAACCGGAACTTTTTCTCACGGTCGCACTCCTCACCTAAACGGTCAACGGCGGATTATGTAATGACGGCGATG

v ] P w P K R VvV P A ° G VvV D L P V A A - Y I T A A T
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L o7 1 5 L £ X E € Q R E E W 1 C Q L P P N T L L P L L -

v S L A L ¥ K § A S V R S G F A S'C K L I WY CR ¥
TACTCGATATTATTTGTGAGCGCTGGCT TTTCAGTGATTGGT TGCTTGATAGACT TACCCCTATAGTT TCTTCATCGARG

196) -ccmeeean mececaea eomame ccevececcccmatocenacana tecccacaen PO I .

ATGAGCTATAATAAACAC TCGCGACCGANAAGTCACTAACCAACGAACTATCTGAATGGCGATATCAAAGAAG TAGCT TC

D P L * F L W R
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ATGTTCAATCGGTTACTCCAACAACTTGATGCGCAGTTTATGCTGATACCCGATAACTGTTTTAACGACGAAGATCAACT

TACAAGTTAGCCAATGAGGT TGTTGAACTACGCGTCAAATACGACTATGGGCTATTGACANAATTGCTGCTTCTAGTTGC

vV ¢ s v T P T T * C & ¥ ¥ A D TR = L ¥ +« R R R § 7

M F N K L L Q Q L D A o F M L I P D N C t N D E D Q R
cC § 1 6 Y S N N L M R 53 L £ °* Y P 1 TV L T T ¥ 1 NV

TGAACAAATTCTCGAAACGCTTCGTGAAGTAAAGATAAATCAGGTTTTATTCTGATACCTGGCTTTCAATATTTAGGTAA

Ji2] ~mccmccaa. PP R L L L T A e R T boemacen cembosvcecascawad

ACTTGTTTAAGAGCTTTGCGAAGCACTTCATTTCTAT TTAGTCCAAAATAAGACTATGGACCGAAAGTTATAAATCCATT

* T N S R N A S * S X L K S 6 F I L I P 6 F Q Y L G kK
E ¢ f L E T L R E V X I' N Q V L F * Y L A F N1 = Vv N
N XK F § K R F v XK * R = 1 R F Y 8§ DT W L S5 I F K -*

ATTGGCTTTCTGGCTCATCATGAGGCGTCAGGATGGATTGGGATCTCAT TACTGAACGTAATATTCAGCTTTTTATTCAA

B T A L Y T PR P T e T bmcncccman fecnvncvacntrorc e tmemccmcarben s many

TAACCGAAAGACCGAGTAGTACTCCGCAGT CCTACCTAACCCTAGAGTAATGACTTGCATTATAAGTCGARASAATAAGTT

L A F W L I M R R Q D 3 L 6 S H Y ¢« T v & A 7 7T §
W L S G S S * GGV R M D W D L I TERNTT QL F I 0
1 6 F L A NN H E A § 6 W I 6 I 8 L L N VY 1T 7 5 F L F n

TTAGCAGGATTAGCTGAACGGCCTTTAGCAACCAATATGTTCTGGCGGCAAGGACAATATGAAACTATCATAACGGTCGT

125)] ccccmcccccccncncaea P bt tmcacrccne teeremnvan R T T D cvmecemana .
AATCGTCCTAATCGACTTGCCGGAAATCGTTGG T TATACAAGACCGCCGTTCCTGTTATACTTTGATAGTATTGCCAGE
S R ! § « T A F 8§ N Q 7% V L A A R T ! * K ¥ H N &G &
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ATTCTCTTATGTCAGATACTCAAGCAAACCTT ZTTAGACGAAGAACTGCTTTTTAAAGCGT TCGCTAACTGSAAACCCGC
31€] ~e-meeecmccmmmcma= P, cemmbomnn- cmectmecaan eeetbomccnaan

TAAGAGAATACAGTCTATGAGTTCGTTTGGAAGAATCTGCTTCTTGACGAAAMATTTCGCAACCGATTGACCTTTGGGCG
1 L L C Q I L K Q@ T F L D E E L L F K A L 3 N ®wW & P A
§ $ ¥ v R Y § 8 K ¢ S * T » N C F L XK R w ¢ 7T
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AGCGTTCCAGGGTATTCCTCAACGATTATTTTTGT TGCGCGATGGGCTTGCAATGAGTTGT TCTCCACCTCTTTCCAGCT

cremomaea teccavan emtecrcccee. oo nm- B T L L T R T temcncnna Py

244)
TCGCAAGGTCCCATAAGGAGTTGCTAATAAAAACAACGCGCTACCCGAACGTTACTCAACAAGAGGTGGAGAAAGGTCGA
A F Q G I P Q R L £ L L R DG L A M S C s P P L 5 8 s
R S R vV £ L N D Y F C T A M G L Q * VvV VvV L # L 7 2 A
S V £ G Y S 5 T I 1 F VvV A R W A C N E L F 353 7T 5 7 Q L

~CGCCGAGCTCTGGTTACGATTACATCATCGACAAATAAAATTTCXTGGAGTCGCAATGCGTTCATGSTTASITGAGGGA
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SGCGGCTCGAGACCAATGCTAATGTAGTAGCTGTTTATTTTAAAGXACCTCAGCGT TACGCAAGTACCAATCZACTCC ST
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360] eaeecca-- . JE tosenccaea tescacmans bemcecessccscmccncnn .

CAGTCCCGCGTTGTCACCGAGTCACATACGCGCCCAGCCCTCCTATACCAAGACCGCTGCCACAATAATTAGCGATAACA

start lcrD*
R A g O W L § V C A G R Q0 D M_¥ L A T V L L I 3
S G kK N S G S V Y A R V G R I W F W R R C v * & . -
“ 6 A T V A 0 C M R G S A G Y 66§ G D G Vv ' N = 1y ¢

GATGATGCTGTTACCCTTGCCGACCTGGATGGTTGATATCCTGATTACTATCAACCTTATGTTTTCAGTGATCCTGETCT
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AGTGAGTGTTAGTCGTGTAGTGCCGACCATGACAATG TTGTATTACGGCCATTATAACACCTACGAAAGCCATTCAAACE

S L T ! § T S R L V L L Q HNAG NI V DATFGTIETF v
H § Q S A H H G W ¥ C Y N I M P V I L W M L S V § L 3
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CGTAGGAGGA*ATCTCACCGTTGGGTTGGTCG TAT TTACCATCATTACTATCGTGCAAT TTAT TGTCATTACARAAGG TS
J92] ~vccas “eemtcaveneese temama P A YR S Ipip iy tevrcomncema N Y

GCATCCTCOTT TAGAGTGGCAACCCAACCAGCATAAATGGTAGTAATGATAGCACG TTAAATAACAGTAATGTTTTC S
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TCGAGAGGG TG SCGGAAGTTAGCGCACG TT TCTCGCTTGATGGGATGCCAGGCAAACARATGAGTATCGATSG GATT ™

cemececce et am e tecemcmena tecncmann- PR e L i L TR reccman cepecrccna -

AGCTCTCCC A ZGCCTTCAATCGCG TGCAAAGAGCGAACTACCCTACGGTCCGTTTGTTTACT CATAGCTAooGTTAAS -

E R v %2 E V S AR F I L DG HM PG K O M S I D 2 d o
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CGTGCCGGAGT TATCGATGCAGACCATGCCCGTACAT TAAGACAGCATGTCCAGCAGGAAAGCCECTTTCTCGSTGCGE T

400] ~ccccccccincnmacene teavcanrcencnsanasmonna boecocane [P R temmccacan -

GCACGGCCTCAATAGCTACGTCTGG TACGGGCATGTAAT TCT GTCGTACAGGTCGTCCT TTCGGCGAAAGAGCCACGCTA

R A G V I D A DH AR T LR QUHVY Q QE S R T LG A M
vV P E L 3 M QT M P V H * D S M S S§ R K A A F S ¥ R u

C R S : R CRPC P Y I K TACUPA AGXKX P L S a3 = p

GGACGGTGCG= TGAAATTTGTTAAAGGCGATACGATTGCCGGTATTATTGTTGTTCTGG TGAACAT TATCGS G TATC:

Q16] ~cccccccninrecacnae trmmcccne~ tececncanas E ] b mmm— .- L R P -

6 6 A » <« ¥ ¥V K G D T I A G I I VV L % K ! 1 3 3 I
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AATAGCGAT 2GCATGT TATACTATACAGCTACTCACTCCGACAAGTG TGAATATCGCATGACAGT TAGCCTCTACCAAA
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Y R Y R T 1 * Y V D E * G C 5 HKUlL<* R TV NREF @« F m

TGTGGGCAR:TTCCATCGCTGCTGATTTCCCT TAGCGCGGGAAT TAT TG TCACCCGTGTCCCGGETBAGASATSCCAGAS

432) ccmcceceeeicccaeas tcmancvana ceemnmn secetamcccccas tomcnancaa tecamccane teccecnnna .
ACACCCGTTTARGGTAGCGACGACTAAAGGGAATCGCGCCCT TAATAACAGTGGGCACAGGGCCCACTCTTTGOSGTCT

¢ 6 Q1 # s L L ! s L S A G I 1 VTRV P G I F = [ I
vV &6 hn Fa R C* F F L AR E L L S P V 5 R V R 5 & R
W A N 5 I A A D f ® * R G N Y C H P C P G * E T 2 ¢

CCTGGCGACAGASTTGAGTTCTCAAAT TGCCAGACAACCTCAGTCGCTCATAT TAACCGCTGTCSTTTTAATGCTCCTCS

temcmc e temv e rm - L e e c v cnma D R R R R R g, temcannenne

440] --cccmeas
GGACCGCTGTCTCAACTCAAGAGTTTAACGGTCTGTTGGAGTCAGCGAGTATAATTGGCGACACCAAAATTA:GAGGAGC
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ACTGGU»G;CACGTGAAAAAGATGTCCTGATGTTGACACAATATGTCCGTATCGCGCTTCCTCGTCATATTCT’”GTCG‘

GAATTAGGCCTTCCTTTTGGCGACGGCTAAAACGCCTAGCCGCTTCCATAACTTTTGGAGCACGCACTTAGGTAAGCGGT

L N P E G K P L P I L R I GEGTILIETWHNTLUV R £ § I rR ¢
Lt R X £E N R CAA F C G S A KV L KT S C vV N P T & R
© 5 G R KT A A DTF A DRI RGEY * K P R A = I H
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CTGCCGTTACCCCTGGATATGACGCGACAGCAGAGCAGTATTCTGCGTCTAGGACGTTGAATAGCTCGTCCGCG%:TTCG

T A M & T Y T AL S SR HIEKTOTI1! L Q L I E Q A L K g
R Q W 6 P 1 L R C R L V I RRR S CN L 8§ S R R - 5
DG N G DL Y CA V V S S « D AUDZP A T Y R A G 3 £ ¢
AGTCAGC;AAATTATTCATTGTCACTTCTrTff\CACCCGnCGTTTCTTGCGAAAAATTACAGAAGCCACCTT:TT'GQC
Sd4)] cccccana ~rcacoamne vetoemmannoae temc e ra- R L ctremmneana D T Ry Cemcennmens
nCAGTCGuTTTA‘TA}GTAACAGTGﬁAGACﬁG'TGTGGGCTGCAAAGAACGCT?TTTAATGTCTTCGGTGG' 2AGCTS
£ A ¥ L F I ¥ T S§ ¥ T T R R T L R ¥ I T E A T - ¢ ¢
S Q P N Y 5 L S L L S T P DV S C E K L Q K P P - s =
vV 5 Q I 1 H C H F CR W P T F L A K N Y R S H L R R

GTACCGATTTTGTCATGGCAGGAATTAGGAGAGGAGAGCCTTATACAAGTGGTAGAAAGTATTGACCTTAGCGRAGAGG’

......... P rc s cmctrmacccmcatca e

CATGGCTAAAACAGTACCGTCCTTAATCCTCTCCTCTCGGAATATGTTCACCATCTTTCATAACTGGAATCGC"“TCC’

vV P I L S W Q E L GEE S L 1 Q vV V E 5 1 DL § ¢t & ¢
Y R F C H G R N - E R R A L Y K W o K V L T L A a p ¢
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GTTGGCGGACAATGAAGAATGAATTGATGCAACGTCTGAGGCTGAAATATCCGCCCCCCGATGGTTATTGTCGF?"'G‘

$60] --e-cecaw tecevececctcmanccaan reecemea cmbemccne emmsemmmccan teecmcmnaa P .

CAACCGC:TGTTACTTCTTACTTAACTA:GTTGCAGACTCCGACTT?ATAGGCGGGGGGCTACCAATAACAG»‘A\\CuJ

end lcrD* start yscN”?
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CGAATTCﬂGGATGTCAGCGCAACGTTGTTAAATGCGTGGTTGCCTGGGGTATTTATGGGCGAGTTGTCCTGTA s

Al B R I I T,

SGB| cc-eceeca ccmemmmana tscmeceann temcececcetocacanana

GCTTAAGTCCTACAGTCGCGTTGCAACAATTTACGCACCAACGGACCCCATAAATACCCGCTCAACACGACATRTTTCGG
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R'1 Q DV S A& T L L N & W L PG UV F M G £E L C ¢ : x =
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ACCTCTTC?TGAACGACTTCAGCACCCCTAATTACCGTCGT?TCGAAACGATAGAGGAAAATGCTCATGTTAGC:CGAAG
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G & £ L AE YV VG 1 NG S ¥ ALLSZEPFT ST I1 &6 L »=
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ACTGCGGGCAGTAAGTGATGGCCTTAAGCGACGCCATCASST TCCCGTGGGCGAAGCGT TATTAGGGCGAGTTATTGATC

5841 -cocemmmn PO mcccmemcesacmeam——— cemcrtcene receemam—— toccacnona teccamen -e

TGACGCCCGTCGTTCACTACCGGAAT TCGCTGCGG TAGTCCAAGGGCACCCGCT TCGCAATAATCCCGCT CAATAACTAL
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GCTTTGGTCGTCCCCT TGATGGCCGCGAACTGCCCGACGTCTGCTGGAAAGACTATGATGCAATGCCT CCTCCCGCAAT

£92] ccmccccaa e cnn. L ) cetoveceamen tommccaca D e el L P, e caanns 6N00

CGAMCCAGCAGGGGMCTI\CCGGCGCTTGACGGGCTGCAGACGACCTTTCTGATACT ACGTTACGGAGGAGGG-GTTAC

F GR P L DGR RE L P DV C W XK D ¥ D A M P P P 2 nm :
ALYV V P L M A ANTCTCPT 5§ A G X T M M Q0 C L L ¢ Q w .
L W s 5 P * W PR TAURR L L E R L * C N A S S R N g-

GTTCGACAGCCTATCACTCAACCATTMTGACGGGGATTCGCGCTATTGATAGCGTTGCGACCT GTGGCGAAGGGCAACG

..... e D ik Y 6080

800] ~ccecca.a Rl b D L A S QS .

CAAGCTGTC GGATAGTGAGT TGG TAATTACTGCCCCTAAGCGCGATAACTATCGCAACGCT GGACACCGCTTCCCGTTC.

VR Q P I T QP L M T G I RATI DSV A T € G € G 9 R .
F O 3 L S L N H * * R GF ALULTI ATLR PV A K 6 Mn ¢ -
$ T A ¥ H 5 T 1 NDGUD S R Y = * R C 0O L W R R 2~ < .

AGTGGGTATTTTTTCTGCTCCTGGCGTGGGGAMAGCACGCTTCTGGCGATGCTGTGTMTGCGCCAGACGCAGACAGCA

608 -ccceca-. -a---------.---------o---------0---------.---------o-----o---o---------. 5160

'l'C."\CCC.-'\TFN\AMGACGAGGACCGCACCCCTTTTCGTGCGAAGACCGCTACGACACATTACGCGGTC?GCGTCTGTCG‘.‘

VG!':‘SAPGVGKSTLLAHLCNAPDADSN-

"VFFLLLAHGKARFHRCCVHRQTQTA.
SG\‘FFCSHRGENHASGDAV'CARRRQQ-

ATGTTCTGGTGTTAATTGGTGAACGTGGACGAGAAGT CCGCGAATTCATCGATT TTACACT GTCTGAAGAGACECSEARS
Seseemeecemecdomenencaal i140

6161 wceccmeceano. cemm—— temccanea cteemcnoea ctoccccscncnbonnann

TRCAASACCATAATTAACCACTTGCACCTGCTCT TCAGGCGCTTAAGTAGCTAAAATGTGACAGACTTCTCTGS ST o "

VL««'LIGERGREVREFIOFTLSEETRr.’~
P T o .

HfHC'L‘INVDEDZSANSSILNCLKI.-
CSG‘JNH'TNTRSPRINIFYTV'RDP.‘IT-

CGTTGTGTCATTGTTGTCGCAACCTCTGAC AGACCCGCCTTAGAGCGCGTGAGGGCGCTGT TTGTGGCCACCACGATAGE

624) ~ceccnccccccnccan B Y T L i S il St S D Ll D R Rttt Y &30

GCAACACAGTAACAACAGCGTTGGAGACTGTCTGGGCGGAAT CTCGCGCACTCC CGCGACAAACACCGGTGGTGCTATCS
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AGAATTTT ?CGCGATMTGGMAGCGAGTCGTCTTGCTTGCCGACTCAQGACGCGTTATGCCAGGGCC GCACGGAAAT
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TCTTAAAMASGIGCTATTACCTTTCGET CAGCAGMCGMCGGCTGAGTGACTGCGCMTACGGTCCCGGCGTGCCTTTA

:rr:‘aucunVVLLADSLTRYAAAAR-\-S.

NI‘!‘&!HESESSCLPTN'RVHFGPHuM
RI!’SR'NKASRLACﬂLTDALCQGRTE!

CGCTCTGGCECCGGAGAGACCGCGGTTTCTGGAGAATATCGCCAGGCGTATTTAGTGCATT GCCACGACTTTTAGARCST
6401 —meccama ol cetecceconns vemecemana tecmmm———a teromccne. cmmam—- ———tm——mn ceems s

SCGAGACCG I 5CTT e TCTGGCGCCAAAGACCTET TATAGCGGTCCGCATAAATCACGTAACGGTSCTGAAAATS ~TSC:

L W F 3 & DR G F W R 1 S P GV F S A L P R L L £ R
R S & A 3 E T AV S G € Y R Q A Y L V H C H D F * & v .
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ACGGGAATGSGAGAAAAAGGCAGTATTACCGCATTTT ATACGGTACTGGTGGAAGGCGATGATATGAATGAAGCCSTTGS

648] ~-emcaaa. tecccannns Lt L L el il Lk T S becccoma EEY TRy cetevemcanaa. +« @580

TGCCCTTACCCSTS TTTTTCCGTCATAATGGCGTAAAATATGCCATGACCACCTTCCH GCTACTATACTTACTTCGGCAACE

ySchN-*
T G M G 2 »~ 6 S I T ATF Y T VL VY E G D O M N E A Vv g .
R E W E K K AV L P H F I R Y W W K A M 1 M B+ g _
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CGGATGAAGTCCSTTCAC TGCTTGATGGACATATTGTACTATCCCGACGGCTTGCAGAGAGGGGGCATTATCCTGCCATT

656) -ccceenan ecceacneea teccrcccactmrenaan cmtcmcmcaa—e tecameeaa ctececeana ctececceceny epil

GCCTACTTCASGCAAGTGACGAACTACCTG TATAACATGATAGGGCTGCCGAACGT CTCTCCCCCGTAATAGGACGGT AL
G * s f Ff T & « w T Y.C T I P T A € R E G A L § C H -
) 6 H I VvV L §$ R R L A E R G H Y p Al

Rm K s v &4 C LM DI L Y Y ¢ O G L 0 R G o 1 1t L p L -
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GACGTGTTGGCAACGCTCAGCCGCGTTTTTCCAGTCGTTACCAGCCATGAGCATCGTCAACTGGCGGCGATATTGCGhC3
664d) ccccmaua. tmrcmccccaa bommccne == D - tecnvmerue dreccncnaa tecrmar aaa termmcaaan .

o

VT w

Cw

AN - 2N

[+ Y

na

o

CTGCACAACCGTTGCGAGTCGGCGCAAMAAAGGTCAGCAATGGTCGGTACTCGTAGCAGT TGACCGCCGCT ATEACGCTGS

R vV G N A Q P R F 5 5 R Y QP * A S S T G G D I & 7
O vV L A T L S R V F P V V T 5 HEMHI RZQIL A A I L R ¢

4
TCWQRSAAI'FOSLPAHSIVNHRRYCDG

GTGCCTGGCGCTTTACCAGGAGGTTGAACTGT TAATACGCAT TGGGGAATACCAGCGAGGAGT TGATACAGATACTGACA

672] envaw T S tmccnnccmca desvoccacna Gecemccmnn— ¢rcrrcccnmboncannne- trecmncana .

CACGGACCGCGAAATGGTCCTCCAACTTGACAATTATGCGTAACCCCTTATGGTCGCTCCTCAACTATGTCTATGACTGT

VP G A L P GG * TV HT H WG I AR S * Y R v = G
€ L AL Y Q E V E L L I R 1 G6E Y QR G V DT GOGT 0 K
A Ww R FTRRLNGC* Y A LGNTSTETE L I e ! L T

crccrmen- bocancmana tomaan cnm-y

S H * Y L S 6 Y L HI1I F AT K" * 6 °* S MR TR AT VY =
A1 ©T Y P DI CT F L R Q S X DE V C G P E L L !
K P L @I P I R 1 F A H F T D K V R MK Y A DUP S ¥ L -

........ LR D L L LY

CTTTTTAATGTGGTTTATGAGTGGCTCACTAGTACCT TTGAAACGACCTCTATTAGCGCGCCGACTTTTCGTTAATGES <

end yscN’ ysco*
K1 T PN TMHR UV I M ET L L ET I ARILGEFE SN TG &
E K L H Q L _L T FE * S W K L C WU RZ-* S RG » K A 11 T &
K 8N Y T K v 5 P S D H 3 N F A G ONU R AATETK GOTLR 3

CGTTCGAATGGCATGAACTAGTCGTCGT TG TCCGCTAATAATGCCTTGTCGTCT AAACGGT CTGCGCGCGARL TCGTCAC
A S L F Y L1 S S NIRUKTULTULARNTSIZ RTEFA AR RIGKRK AL : Q <
Q A Y R T * S A A TGO Y Y GTAUDTILGPOATRTETS S v
KL T VL DQQQQATI I TEOQO OQTICOTR R ATL AUV

TCTACCAGACTGAAAGAATTAATGGGCTGGCAAGGTACGTTATCTT GTCATTTATTGTTGGATAAGAAACAACARATGGS

704)] ccccoccacemcmcmenen P S Emterccec e cr bt ce e m et N e m ... -- dmaconncan mmmccanoas

AGATGGTCTGACTTTC TTAATTACCCGACCGTTCCATGCAATAGAACAGTAAATAACAACCTATTCTTTGTTGTTTACCE

L P D * K N * W A G K V R T L VI Y C W I A N N K W ¢
Y Q T E % I N G L ARVY V I L S F I V&6 *» £ 1 T N ©C
TR L K E L MGW Q0 3G T LS CHILLTLUDN K Q Q0 M A

(%]

......... LR R R e e )

GCCCAATAAGTGAGTCCGCGTCTCGAAAAACTGCGTTGCCGTTCGTCAATCTCT TAGTCAT AGTCGTCGAACAGAIGGELS
G Y s Lt R R R A TF * R NG K QLENUOGQ.Y Q Q@ L v § R
R V1 W s G A E L F DATAS S * R I S 1 s s L s ?2 ¢
6 L F T QA QS F LT OQRUOQOAUVRTETSTUV S a A C L P =

CGAAGCGAATTACAGAAGAATTTTAATGCGCT TATGAAAAAGAAAGAAAAAATTACTATGG TATTAAGCGATS CGTATTA

7201 ccccecnana tecrccnana decommcnme bemmrccene temcccmaaa L T W tonemcmanase
GCTTCGCT TAATGTCT TC T TAAAAT TACGCGAATACT TTTTCTTTCT TTTT TAATGATACCATAAT TCGCTACGCATAAT
end yscO* start yscep:

R S E L Q K N F N AL M X K XK E K I T M V L § 0O A Yy

6800

2301

040

CANYRRXLHRL'KRKKKLLHY'Au_’_'__:'

G S L P C Q£ Y Q DDNEAEATETRTMDTF
R & vV L G C H A s L I R M I T R R KRNV W T L

Figure 11 Sheet 10 of 19

SUBSTITUTE SHEET (RULE 26)

"Jol



o

n

oe

oe

[ 2N 9

[« XY

[~ 2

oe

o

CTTGTTGAGTACGTGGTCCGTAATGGGT AACCACTCT TATTAGGAGGACGTCGTAACTTATTCTTGCACCAARAGTGCGT

T T H & P G ! T H W * E * 5 s T 5 1 & * E R G f K »a
E Q L M K Q A L P I G E NN P P A A LN KNV V F T ¢
N N § C T R H Y P L V R I T L L Q H * I R T W F S R «

ACGTTATCGTGTTAGTGGCGGTTATCTTGACGGTGTAGAGTGTGAAGTATGTGAATCAGGGGGGCTAATCCAGTTAAGAA

P R L D N X L L T T T toomsvcov bt c s nmeacnd mcnnaa -

TGCAATAGCACAATCACCGCCAATAGAACT GCCACATCTCACACTTCATACACTTAGTCCCCCCGATTAGGTCAATTCTT

T L 58 € * W R L § * R C RV * 8§ MM * I R G A NP V ¥ n
R ¥ R V 5 66 Y L D 6V E CE V CE S G G L I Q L r 1
v 1 v L v A Vv 1 L T VvV * § V K Y V N Q G G * s 5 -

™

TCAATGTCCCTCATCATGAAATTTACCGTTCGATGAAAGCGCTAAAGCAGTGGCTGGAGTS TCAGTTGCTGCATATGGGS

......... D L el et L LT PP R R R S PPy

1521
AGTTACAGGGAGTAGTACTTTAAATGGCAAGCTACTTTCGCGAT TTCGTCACCGACCTCAGAGTCAACGACGTATACCCC

O ¢C P 5 S * N L P F DE S A K A V A G V S8 Y A A Y 5 v
N V P K H E I Y R S M XK A L K Q W L E S Q L L H 44 ¢
s M S L I M K F T V R * K R * s 53 6 W S L § C C I « 5

TATATAATT TS ICTGGAGATATTCTATG TTAAGAATAGCGAATGAAGAGCGTCCGTGGGTGGAGATACTTCCARCGCAAG

ATATATTAAAGGGACCTCTATAAGATACAATTCTTATCGCTTACTTCTCGCAGGCACCCACCTCTATGAAGGTTSSGT TS

end yscP*® start yscQ™
¥ N F § 53 0 L L C * E* R M K S VYV R G W R Y F Q0 & K
Y I i 3 L €& U F i _uw K N S € - R A S V GG DT S N a R
1 = f P Ww R ¥ § p t R ' A NE E R P W V E I L P 1 0 ¢

GCGCTACCATTGGTGAGCTGACATTGAGTATGCAACAATATCCAGTACAGCAAGGGACATTATTTACCATAAATTATCAT

7198] ~cmccccccscccccscrctencene cestrmcecnensdevecvacas P . D e Lk TS Y

CGCGATGGTAACCACTCGACTGTAACTCATACGTTGT TATAGGTCATGTCGTTCCCTGTAATAAMTGGTATTTAATAGTA

start ysc@®
A L F L VvV S *° H * V CNNTIQY S K G H Y L P * 1 1 !
R Y W W * A D1 & Y AT I S ST > R DI I Y K K L 5 =
AT I 6 E L T L S M _Q0 O Y PV Q QG TULFT I N 7 n

AATGAGCTGSGTAGGGTGTGGAT TGCAGAACAATGCTGGCAGCGCTGGTGTGAAGGGCTAATTGGCACCGCTAATSGATS

M S w v 6 CG L QNNUSG S AGVYV KOG L AP L1 0o &
* & G * 5 vV DCRTMLARALVYVY*® R ANUHWNIHR:®S s
M E L G R V W 1 AEUG QGCWOQARWMNTCTIEGTLTIG ‘. ®

(4
-4
»
b 4
0
)

GGCTATCGATCCTGAATTGCTATATGGAATAGCTGAATGGGGGCTGGCGCCGTTAT TGCAAGCCAGTGATGCAACCSTET

T14) -cccecceccrscncaccaaa temcncncee D tmmrr - EE R temmacaaaae
CCGATAGCTAGGACTTAACGATATACCT TATCGACTTACCCCCGACCGCCGCAATAACGTTCGGTCACTACGT T55S

4
)

L § ( L N C Y M E * L NG G W R R Y C K P V. M Q ? =
c Y R s - 1 A 1 W N § * M G A G A ¥V I A S Q - T N » L
A I D P T L L Y G 1 A E W G L A P L L Q A S D AT L ~

GTCAGAACGAGCCGCCAACATCCTGCAGTAATCTACCACATCAGCTAGCGTTGCATAT TAAATGGACAGT TGAAGASCAT

vV R T 5 % Q0 H P A VvV I Y B I § * R C I L N G Q L K § m
§ £ Kk a a N ! L Q * 5 T T S A S V A ¥ * M 0 S * R 3 -
Q N E P P T § € S N L P H Q L A L H I K W T V E € u

GAGTTCCATASCATTATTTT TACATGGCCAACGGGTTTT TTGCGCAATATAGTCGGAGAGCTTTCTGCTGAGCGACAAC S
800] <~-cecce--- R R Y L R E L LR Rt tercmmna et cmcana. cebecmanana. .

CTCAAGGTATCGTAATAAAAATG TACCGGT TGCCCAAAAAMACGCCTTATATCAGCCTITCGAAAGACCACTCGCTGTTCT

$ § { A L f L H G QR V F CA T * S E S F L L S D N »
V P * = 3 F Y M AN G T F A QO Y S R R £ F C * a 1T =

E F N & I F T wWw P T G ¥V L R NI v &L £ L S A E R §'y
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WO 96/17951

27/39
GATTTATCCTGCCCCTCCTGTGGTAGTCCCTGTATATTCAGGCTGGTGCCAGCTTACATTAATCGAACTTGAGTCTATCG

B08) -ec-cvcra-a teememanns P temmmecaea tasecoanns Cmmmme———— tecomancan Gmmeccaaan .
CTAAATAGGACGGGGAGGACACCATCAGGGACATATAAGTCCGACCACGGTCGAATGTAATTAGCTTGAAC?CAGATAUC

-

F I L P L L W *» > L v 1 Q A G A 5 L H * S N L S I s
h L §$ CP S CGS P T 1 FR LV P AY I NRAR T * Vv 1 R
I Y P A P P V V V P V Y § G W C QL T L 1 E L E S I ¢

TTTAGCCGTACCCGCAAGCCTAAGTAACGAACCCGCTGTAGTCTGAGCCAAAAAAACGKTAAGTTGATGGACCCCCTTAG

K S AW A F G F [ A S AT S DSV F L L F N Y L 6 E s

N R H G R S DS L LRRH QTR RTEFTFCY ST T w G N L

I 6 M 6 v R I HCF &G DTIR LG F F A I Q L P G ¢ 1

82¢] -eccccacaa trmaccnaae bemcccvomedtocnane ceatwecss —reetevccecean. LR R Rk L R -

ATGCGTTCCCACAACGACTGTCTCCTATTGTGCTACTTTAAACTGCTTAATCAGGTCCTATAGCTTTGCGATGAACGCAG

T @& ¢cc+* @R I T R * NLTNS®®* S5UR 11 s K R Y L R @

R K 6 vV A DR G * uw D € I » R 1 S PG Y R N A T T v
Y & R V L L T E DN T M K F DE L V e 0O 1 E T L

o
b 3
(7

AGGGAGCCCAATGTCAAAGAGTGACGGAACGTCT?CAGTCGAACTTGABCAGATACCACAACAGGTGCTCT?TGAGGTCG

937)] ccemamoac cemmmeenee temcnnmnn crcmceranan eemmann acteceeecees emeeccaane teccmeacaa .

TCCCTCGGGTTACAGTTTCTCACTGCCTTGCAGAAGTCAGCTTGAACTCGTCTATGGTGTTGTCCACGAGAAACTCCAGC

S A Q C QR V T E AR L G S B L SR Y HN & C S L R 5§

R E T NV K E * RNV F SR T * ADT T T G A L * &6 R
G £ P M S K S DG T S S V E L E o1 P Q9 0V L F I v g

GACGTGCGAGTCTGGAAATTGGACAATTACGACR&'TTAAAACGGGGGACGTTT?GuCTGTAGGTuGATGTTTTGCGC;A

040] ccccccmu-n temcccmean temeenenas tecrennana PO cetomecomman tmecene ecctomccaccans

CTGCACGCT»AGACCTTTAACCTGTTAATGCT’*TGAATTTTGCCCCCTGCAAAACGGACATCCACCTACAAAACGCGGT

OV R VW K L DNYDELIKXKT RTGTT FC L * vV DV L R @
T CE S 6N W T I T TT ** NGGURTEFATCT R MW M F C A R
R A S L €1 6 QL R Q@ > KT GODUV LU©P v 6 G C F A p

GAGGTGACGATAAGAGTAAATGACCGT&TTATTGGGCAAGGTGAGTTGATTGCCTGTGGCAATGAATTTATGGTGCGTAT

B3] -~vcmecana emcccracaa tmemcranan taceeccanas teeccnncea $esmmmcrccremaanann ctmccesmmaa N

CTCCACTGCTATTCTCATTTACTGGCATAATAACCCGTTCCACTCAACTAACGGACACCGTTACTTAAATACCACGCATA

LI R E * M T V L L G K V 5§ = L PV A M N L W c v

G 0O D ¥ S K * F Y ¥ W A2 R *+ ¥ D C L w Q - T v & A ¥
£E vV T I R VYV N DR I : 3 ¥ 6 E L I AT G N E F M Y ORI

TACACGTTGGTATCTTTGCAAAAATACAGTG T ARRCE CTGATAAGAMAATAATATGCGAACAATATAATAGCG TTCCAGE
0858) ~crcemecaa- tecccncena temreccccntv e mmn temecnnana treemccana rreeccamen. L R RPN

ATGTGCAACCATAGAAACGTT’TTATuTuuCATT?GGACTATTCTTTTTATTATACGCTTGTTATATTATCGCAAGGTCC

end yscQ-*
H vV G I F A KT QR K D KKNNMEBT I « + g s g
Y T L Vs L QXY s ¥ r L1 RKTITICE ST Y NS v 8 G
TR W Y L ¢ ¥ N T A+ T - - E K * Y ANDMNITILIA.STF

L~
<

TCGTGTCATGAGAGATACAGTATGTCTTTACCCCA?TCGCCTTTGCAACTGATTGGTATATTGTTTCTGCTTTCAATACT

864) ~ccecaaan P L bommmmenam D tecmanan B L L .

AGCACAGTACTCTCTATGTCATACAGAAATGGG:TAAGCGGAAACGTTGACTAACCATATAACAAAGACGAAAGTTATGA

start yscR”

v § E 1 QY VF T R F A F A T D W Y I v S A F N T

GCCTCTCATTATCGTCATGGGAACTTCTTTC:TTR\\CTGGCGGTGGTATTTTCGATTTTACGAAATGCTCTGGGTATTC

872) cmemccena temmeoenna ccemmmaeaa tmmemcmmnn teemmaa cemtemcmnnann erceeeecan [ .

CGGAGAGTAATAGCAGTACCCTTGAAGAAAGGAATTTGACCGCCACCATAAAAGCTAAAATGCTTTACGAGACCCATAAG

P L 1 I vV #MM 6 T S §F L ¥ L AV V F S I IR N A L S 1 Q
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ARCASGTICIC L CAMTATCGCACTGTATGGCCTTGCGCTTGTACTTTCCTTAT TCATTATGGGGCCGACGCTAT TASCT
TTGTTCAGGGGGGTTTATAGCGT GACATACCGGAACGCGAACAT GAAAGGAATAAG TAATACCCCGGCTGCGATAATCGA

Q v P P N 1 A L Y G L A L V L S L F 1 M G P T L L 2 -
N K 5§ P Q I § H C M A L R L Y F P Y S L W G R R Y + | -
T S P ¥ K Y R T V W P CACTF L I HY G A DA A1 s c-

GTAAAAGAGCGCTGGCATCCGGT TCAGGTCGCTGGCGCTCCT TTCTGGACGTCTGAGTGGGACAGTAAAGCATTAGCGCC

......... (AR e e L el LA LS et B L L LD L LT TR L it £ L T R P Y ]

CATTT‘I‘CI‘CG\.GACCGTAGGCCMBTCCAGCGACCGCGAGGAMGACCTGCAGACI‘CACCCTGTCATTTCGTMTCGCGG

V K £ R W H P V Q V A G A P F W T S E W D S K A L A p -

* X 8§ A 5 1 R FR S L AL L S GR L S G T V K H * R L-

K R A i, A § G §$ GR WUR 8 F L DV * V G Q * S I § A =
TTATTGACAGT TTTTGCAAAAAAACTCTGAAGAGAAGGAAGCCAATTAT TTTCGGAATT TGATAAAACGAACCTGGCCTG
AATAGCTGTCAAAMACGTTTTTT TGAGACTTCTCT TCCT TCGGT TAATAAAAGCC T TAAACTATTTTGCT TGGACCGGAC

Y R Q F L Q K N S EE XK E A N Y F R N L I K R T W ¢ E-

1 0 s 7 27 K K T L K R R K P I I F G Il * * N E P & L -

L s T v 7 2 K K L * R E G S QL F S E F O K TN L « -

AAGACATAARSAGAAAGATAAAACCTGATTCTTTGCTCATATTAATTCCGGCAT TTACGGTGAGTCAGTTAACGCAGGCA
904}

TTCTGTATT T T T T T TCTATTTTGGACTAAGAAACGAGTATAAT TAAGGCCGTAAATGCCACTCAGTCAATTGCGTCEGT
O I xk R ¥ I XK P D S L L I L I PAF T V S Q@ L T ¢ & -
K T * X 2 R * H L I L € S Y * F R H L R * V S * R R H -
R B Kk X ¥ D X T * F £ &2 H I N § G I Y G E S V N A 6 1 -

TTTCSGAT TGOAT TACTTAT TTATCTTCCCT T TCTGGCTATTGACCTGCTTATT TCAAM TATACTGCTGGCTATGGGGAT

B A P U R tecawa J e Py ey P LR L T |

......... R e e R L Rl e e e A .1 N

960

ceecccmmma temcvronme teemmm= eccetemcocancadrencncnrcgemmnmanssbommanan eetocmcnccane G040

912] ccccccccntococnnman tmmcccncaa D R ceretoncncnnna Permme e Prmcmccaaes 200

AAAGCCTAACCTAATGAATAAATAGAAGGGAAAGACCGATAACT GGACGAATAAAGTTTATATGACGACCGATACCCCTA
F R I G L L I Y L P F L A1 DLLLTI S NTIULULAMGHMH.-
F 6 L 2 v L F I F P F W L L TCULF QU1 Y C W L W g * -
§ DW I T Y L 8§ S L S G Y * P AY F K YT AGY 6 D -

GATGATGGTGTCGCCGATGACCATTTCATTACCST TTAAGCTGCTAATATT TTTACTGGCAGGCCS TTGGGATCTSACAC

920] ~cccncccctecccccaan T ppp ememececcbecncecccctoncnancans §230

CTACTACCACAGCGGCTACTGGTAAAGTAATGGCAAATTCGACGATTATAAAAATGACCGTCCGCCAACCCTAGACTGTG

AT

M M V 5 7 » T I § L P F K L L I F L L A G G W D L = -
* W C R P * P F H Y R L 8§ C * Y F Y W Q A VvV G I * n -
O 0D GV A Do pHF 1 T V * A ANTITITFTGA RIS AREILGTS > 1 -

TGGCGCART TGS T ACAGAGC TTTTCATGAATGAT TCTGAATTGACGCAATTTGTAACGCAACTTTTATGGATCSTCSTTT

ACCGTCGTTAACSATGTCTCGAAAAGTACT TACTAAGACT TAACTGCGTTAAACATTGCGTTGAAAATACCTAGCAGSAAA

end yscR* start yscs*
A Q L v o s £ S * M I L N RN L * RNTFY G S S ¢ -
W R N W Y R A F HE * F * | DAl CNATTF M DR & F -
6 A 1 & T £ L F M_N_D S £ L T QF V T Q L L W I V L F-

TTACCTCTATGCCGSTAGTGTTGGTGGCATCGGTAGT TGGTGTCATCGTAAGCCTTGTTCAGGCCTTGACTCAAATACAG
936] ~-cccecn. bommamamma tmenane cecbecrmam—m. tremconmaan P T T teecemaman trmmmanana . 3
AATGCAGATACGGCCATCACAACCACCGTAGCCATCAACCACAGTAGCATTCGGAACAAGT CCGGAACTGAGTTTATSTC

L R L C # = 2 W& W H R * L VvV § 8§ * A L F R P * L K ¥ R -
Y V.Y A G S V 6 6 I G S W C H R K P £ S 6 L D S N * G-
T S M P v V L V A S V V G V I VS5 L V Q0 ATLTOO 1 2 .

GACCAAACGCTACACT TCATGAT TAAAT TATTGGCAATTGCAATAACCT TAATGGTCAGCTACCCATGGCTTAGCSGTAT
944] ~mmomcc-- rocememema tecmmmnnnn tocemancan bmmccmcmaa PR P . mccenean .
CTGGTTTGCGATGTCAAGTACTAATTTAATAACCGTTAACGTTATTGGAAT TACCAGTCCATGGGTACCGAATCGCCATA
T K R Y S § * L N Y W QL Q0 * P * W S A T K G L A YV §-

P N A T V. H ¢ * I 1 &G N C N N L N G Q L P M A * Rm Yy -
0 Q¢ " L ¢ FM 1T ¥ L L A1 A I T L M V S Y P W L S G 1 -
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CCTcTTGAATTATACCCGGCAGATAATGTTACGAATTGGAGAGCATGGTTGAATGGCACAACAGGTAAATGAGTGGCTTA
A92] ccecmenes tmercccnna teccocnann toamoone-a cmetecceccnan emme - haiaiabddebiie b el Seees 9600
cGACAACTT;ATATGGscccTCTATTACAATGCTTAACCTCTcctACCAACTTACCGTGTTcTCCATTTACTCAcccAAT
end yscS* start yscT:
c* ! 1 P G R * C Y €£E L E S M V E W H NIR * M s 6 L -

P vV E L ¥ P A DNV T N WG R AMWILNGTTG K * V A Y -
L L N Y T R Q1! MM L R 1 G F H G * M A O O V N E W L 1 -

TTGCATTGGCTGTGGCTT TTATTCGACCAT TGAGCCT TTCTTTATTACTTCCCT TATTAAAAAGTGGCAGTTTAGGGGCC
J960] --cccecaan L T R D R Tr DT TP temcrmcne= temmnrmnccna dercoccnan tocsenecvaas 9680

AACGTAACCGACACCGAAAATAAGCTGGTAACTCGGAAAGAAATAATGAAGGGAATAAT TTTTCACCGTCAAATCCCCGG

L H W L W L L F D H * A F L Y Y F P Y * K V AV * 6 p -
¢c 1 6 € 6 Ff Y S T 1 E P F F 1 T S LI K KW Q f R G R -
A L AV A F I R P L S1L S LLLZPULLIKSG S LGA -

GCACTTTTACGTAATGGCGTGCTTATGTCACT TACCTTTCCGATATTACCAATCATTTACCAGCAGAAGATTATGATGCA
96 ce-mea= ceetememcscectecancerarcbomeanae ectemmeccmnctacvacanas P tcmeccmacas

CGTGAAAATGCATTACCGCACGAATACAGTGAATGGAAAGGCTATAATGGT TAGTAAATGGTCGTCTTCTAATACTACGT

9760

H F Y V.M A C L C H L P F R Y Y Q 5§ £ T S R R L * Cc 1-
T F T * W R A Y V T Y L S D1 T NMHILUPA ATETGDOTYOD A -
AL LR NGV LM S L T F P 1 L &1 1 Y Q@ Q K I M M H -

Tn msc‘(‘( ron #9877
TATTGGTAAAGAT TACAGTTGGT TAGGGTTAGTCACTGGAGAGGTGATTATTGG TTTTTCAATTGGGTTTTGTGCGGCGS

976] ~memmemeee tememem——— Gemceecea B, $ommmemana temmemm- cetmmcmeam—- toremmeaan N

ATAACCATTTCTAATGTCAACCAATCCCAATCAGTGACCTCTCCACTAATAACCAAAAAGT TAACCCAAAACACGCCGCC

9840

L v K 1TV G * 6 ° S L ER " * L L V F QL G F V R R -
Y W * R L QL V R V S H W R G D VY WP F f NW VL CG G -
!} 6 x P Y S W L G L VY T G E V [ I GG F S 1 G F CAAWV-

TTCCCTTTTGGGCCGT TGATATGGCGGGGT T TCTGCTTGATACT TTACGTGGCGCGACAATGGGTACGATATTCAATTCT

984] c-cacaa cetmccecncen P T tnocvencan b mmccawwa B R L L L Lk Ly T e P -==e 9920

AAGGGAAAACCCGGCAACTATACCGCCCCAAAGACGAAC TATGAAATGCACCGCGCTGTTACCCATGC TATAAGT TAAGA

F P F G P L ! WRGF C L1 L VY VARG OQOMNWUVRUY § 1 L -
S L L GR * Y GG VY S A * Y F T WURDODNG Y DI Q F Y -
P F w & v OM A G F L L DT LRGATMGT I F N s -

ACAATAGMGCTGMACCTCACTTTTTGGCTTGCTTTTCAGCCAGTTCTTGTGTGTTATTTTCTTTATMGCGGCGGCAT
9921 ----a- D D cem—ne- R et smmmeecenen seeccmanan + 1000¢

TGTTATCTTCGACTTTGGAG TGAAAAACCGAACGAAAAGTCGGTCAAGAACACACAATAAAAGAAATATTCGC CGCCG TA

@ ° K L K P MW F L ACF S A S S C VL £ S L * A A A W-
N R § °© % L T F W L A F QP V L VvV € Y £ L ¥ K R R H .
T 1 E A & T 3 L F G L L F S QOF LSV I FF LI S &G M -

GGAGTTTATAT TAAACAT TCTGTATGAGTCATATCAATATT TACCACCAGGGCGTACT T TATTATTTGACCAGCAATTTT

1000] -~cccmcae tercccncna $ecccrenecterceacenstnanancae etesrcvcmnascnmeme meedeomcnca --¢ 1DOAC

S L Y * T F C ™M S H I N 11 ¥ H QG V L Y Y L T S N F -
G ¥ Yy 1 K H S Vv * VvV I § 1 FTTRAZY F 1 1 * P A1 F -
EF 1T L N 1 L Y E S Y QY L P P GRTULLF DOQOTF L-

TAAAATATATCCAGGCAGAGTGGAGAACGCTTTATCAAT TATGTATCAGCTTCTCTCTTCCTGCCATAATATGTATGGTA

R ) Sevwmncane Pevananonas Peacecnnaen Pems e m-- Premcccaan e rmane- - lols:

ATTTTATATAGGTCCGTCTCACCTCTTGCGAAATAGT TAATACATAG TCGAAGAGAGAAGGACGGTATTATACATACCAT

* NI 3§ R Q@ S G E R F I N Y V S A S L F L P * Y V w Y -
K 1 ¥y P G R V E N A L 5§ T M Y Q L L S S C H NM Y G I-
X Y I Q A E£E W R T L Y Q L C I S F S L P & I 1 €C M v -

TTAGCCGATCTGGCTTTAGGTCT TTTAAATCGGTCGGCACAACAATTGAATGTGTTTTTCTTCTCAATGCCGCTCAAAAS

......... L b D R D R T N SN 10247

10161
AATCGGCTAGACTGAAATCCAGAAAAT T TAGCCAGCCGTGTTGT TAACT TACACAAARAGAAGAGTTACGGCGAGTTTTC

b1 W L ¢ ¥ F ° § G5 R M N N * M €C F S5 8§ Q C R S K v -
ko~ 7 & 8 F ¥ 5§ ¥ & T T 1 E - vV F L L N AAZDQ- K -
LA b L v L 6 L L N R S A Q QL NV F F F S M P L N s -
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TATATTGGTTCTACTGACGYCCTGATCTCATTCCCTTATGCTCT TCATCACTAT TTGCT TGAAAGCGATARATTTTATAT

10241 ~-vcenan- bommmmans tmmmmmnen JO cemmbmmeeeen-e PO veeeceaann bomeeeaaan .
ATATAACCAAGATGACTGCRGGACTAGAGTAAGGGAATACGAGAAGT AGTGATAAACCAACTT TCGCTATTTARATATA

Y wW F Y * kR P DL ! P L C S § S L F G * K R * | L ¥
f ¢+ G s T 0 * L I s F 2 Y A L H H Y L V E S D K F ? 1
1 L v L L T ?* * S$ H S L M L F I T I W L K A 1 N §F 1 7

TTATCTAAAAGACTGGTTTCCATCTGTATGAGCGAGAAAACAGAACAGCCTACAGAAAAGAAATTACGTGATGGCCGTAA
1032 cecccccana Vrmmmrrmc s m e —.-—— v cnm—- b mm e n- temmemc - bPommcccnaa decrnmamn "

AATAGATTTTCTGACCAAAGGTAGACATACTCGCTCT TTTGTCT TGTCGGATGTCT TTTCT TTAATGCACTACCGGCATT

end yscT* start yscU*
L §$ K R L Vv s I ¢ u.S £ K T E Q ¢ T E K K L R DG R K

Y L K O _W_¢f ° S ¥ °~ A R K QN S L Q K R N Y V M A V R
1 * K T G F H L Y E R €E N R T A Y R K E I T * w p -

GGAAGGGCAGGTTGTCAAAAGTATTGAAAT AACATCATTATTTCAGCTGATTGCGCTTTATTTGTATTTTCATTTCTTTA

......... tremeccccct s csccsratemreress st e ccarecntnarnedsr el e cm vt e e ar e -

CCTTCCCGTCCAACAGTTTTCATAACTTTATTGTAGTAATAAAGTCGACTAACGCGAAATAAACAT AAAAGTAAAGAAAT

E G Q v v x 3 1 £E ! T s L £ @ L I A L Y L Y £ H F F T
K G R L § K v L K * HW H Y F § * L R F 1 C 1 F I 8§ L
G R A G C Q@ x Y = N ¥ I I 1 § A DC AL F v F & 5 o v

CTGAAAAGATGAT TTTGATACTGATTGAGTCAATAACT T TCACATTACAAT TAGTAAATAAACCATTTTCTTATSCATTA

1048l -cccacaaa Goemmmmm——- PRy PR Y S pepipEpEp—— P Yy, R L T Gocccccnan Vommrcncamn .
GACTTTTCTACTAAAACTATGACTAACTCAGTTATTGAAAGTGTAATGT TAATCAT TTATT TGCTARAAGAATAZGTAAT

e X v 1! L I L ! £ 3 I T F T L Q@ L V N K P F S Y & L
L X R * F * Y * L S Q * L S H Y N * - I N A F L M 4 =
* kK D O F DT D * VNN F H I T1 S K * T 1 F ¢t 21 N

ACGCAATTGAGTCATGCTTTAATAGAGT CACTGACT TCTGCACTGCTGTTTCTGGGCGCTGGGGTAATAGTTGLTACTGT

1096] =cccccccctocccmcccremmcmcrrectsmcncecnmbomarerecetnmer e r et a e m e et .o caaasd

TGCGTTAACTCAGTACGAAATTATCTCAGTGACTGAAGACGTGACGACAAAGACCCGCGACCCCATTATCAACGATGACA

T @ L § H AL I E 5 L T S A LL F LG AG VY 1 v a1 v
R N * v M L * * 5§ H * L L HC CF W A L G * * L L L W
A 1 E 8§ C F N R Y T DODF CT AV S G R W G N S = v ¢

GGGTAGCGTGT TTCTTCAGGTGGGGGTGSTTATTGCCAGCAAGGCCATTGG TTT TAAAAGCGAGCATATASATCTGGTAA

10641 eccccucas cemcccaces ceccccmcan temensccnctoncnancen temccmmane tacacomana tommanan ——

CCCATCGCACAAAGAAGTCCACCCCCACTAATAACGGTCGTTCCGGTAACCAARAT TTTCGCTCGTATATT TGS 2CATT

V F L @V 6 V ¥ I 528 K A I G F K S E WK | w = 5
vV A C F F R W G W ¢ L P A R P L V L K A S 1 = : & -
G * R V S § 6 6 G G Y 2 Q OQ G H W F * K RAY ¥ £ 5 K

o
121

GTAATTTTAAGCAGATATTCTCTTTACATAGCGTAGTAGAATTATGTAAATCCAGCCTAAAAGTTATCATGST AT CTCTT

1072] ~-eceema= cmcmceman- tmmcmma—a- semncsncne tencccacna tmmcemm——— cmmccnaane cemmcnacan "
CATTAAAATTCGTCTATAAGAGARATGTATCGCATCATCTTAATACATT TAGGTCGGATTTTCAATAGTACSATAGAGAA

N F X 9 1 £ s L W 8§ v v E L €C K § S L K Vv I M L 3 L
v T L s R Y § L Y I A * * N Y V N P A * K L S C 3 . L
*F * A 0 I L FT * R S R I M * 1 Q P K S ¥ K & | s ¥

ATCTTTGCCTTTT TCT T T TATTATTATGCCAGTACTT TTCGGGCGCTACCGTACTGTGGGTTAGCCTGTGGSSTSCTTGT

10801 ~ceecacea eteeeecacctececmemeebtecanccmembmmmm—ameebreoeemm——donane e emeomnan .

TAGAAACGGAAAAAGAAAATAATAATACGG TCATGAAAAGCCCGCGATGGCATGACACCCAAT CGGACACCGTASSAACA

L ¢ Lt F L L L L C Q Y F § G A T V L W V 3 L WUR A C

GeTTTCTTCTTTAATAAATGGTTATGGCTAGGGGTCGATGGT TTTTTATATCGTCGTTGGCATACTGGACTATTCTTITTC
1088] -vcnvmea- FORRS vemcmcaman ORI cetoccacaan tomcmcaane tmmmmmm—an e .

CCAAAGAAGAAAT TATTT TACCAATACCCATCCCCACTACCAAAAAATATAGCAGCAACCCTATSACCTCATARGAAAAG

v &G v M VvV F Y I v VvV 61l L D Y S F 0
* 6 * W F F I S & L A Y W T 1! . F
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AATATTATAABATTAGAAAAGCTATCTAAAAATGAGTAAAGATGACGTAAAACAGGAGCATAAAGATCTGGAGGGCGACC

......... .

TTATAATATTCTAATCTTTTCGATAGATTTTTACTCATTTCTACTGCATTTTGTCCTCGTATTTCTAGACCTCCCGCTGG

Y Y K I R ¥ A | ¢« ¥ * v K M T » N R S 1 ¥ I W R A T
N L 1 R L E F L 5 K NTE * R * R KTGA * R S G G R P
1 L * 0o+ ¥ s ¢t L K M S K DD V K Q E H K D L E G 0 P

Tn msu’inon P12FS

deccmcnnaa L, L D R L L LT T toecraan ———

GAUITTALIlLTbbuuLbCAGCCTTTACGTCTCACTTTATGTTTCACCCTCAAATCGAGTTAGACAATTTGTTAGACAAC

L XK * RR G % GNAES“* NTIKUWETFTSSTI C T I ¢ ¢
S N E DA AS E M QS €1 Q §$ 6 S L AQ S V K Q@ S Vv A
QM X T R R K XX C R V K Y KV GV *» L N L L N N L L

CGGTAGTGCGTAATCCAACGCATATTGCGGTTTGTCTTGGCTATCATCCCACCGATATGCCAATACCACGCG?CCTGGAA

1112 ~cccccaaa Cewcncocnn cecmecanan LED DR T LY R T SR Dy G,  trmccaccan L .

GCCATCACGCATTAGGTTGCGTATAACGCCAAACAGAACCGATAGTAGGGTGGCTATACGGTTATGGTGCGCAGGACCTT

G s A - S N A Y C G L S W L S S H R Y A NT TR P G K
VV R NP T H I AV C L G Y H P T DM P I P R V L E
R * C vV | QR I L R F V L AT 1 P e I C 0 Y H A s W K

AAAGGCASTGATGCTCAACCTA\CTATATTGTTAACATCGCTGAACGCAACTGCATCCCCGTTGTTGAAAATGTTGAGCT

0] eeme-a- ectccecmccan sececscscnrannan cmeetoemcecaca teemcancan oo tommecanaa .

TTTCCGTCACTACGAGTTCGATTGATATAACAATTGTAGCGACTTGCGTTGACGTAGGGGCAACAACTTTTACAACTCGA

R Q * € s s « ¢t Y C * HW R * T Q L H P R C * K C * a
K 6 S D A Q A ¥ Y I vV N1 A ERNZC 1 PV V E N V £ L
K A vV M L £ L T ¢{@ L L T S L N AT A S P L L K M L § w

GGCCCGCTCRTTATTT'*TG%AGTGGAACGCGGAGATAAAATTCCTGAAACGTTATTTGAACCCGTTGCAGCCTTGTTAC

1128] cccacacna decenccnnne R LT bocrmemcn= brmcnccnnn L R el kR P, 'Y

CCGGGCGAGTAATAAAAAACTTCACCTTGCGCCTCTATTTTAAGGACTTTGCAATAAACTTGGGCAACGT”GfAACAATG

G P L ! 1 F* S G TRURS®* NS *» N V I * T R C S L v T
AR 5 L F F E VvV E R G DO X 1! 2 E T L F E P vV A A L L R
P A H Y 7 L &~ WNATETILI K F L KR ¥ L N P L Q P C ¥

GTATGGTGATGAAGATAfATTATGCGCATTCTACCGAAACACCATAAATGCTTTTGGTATGCT’CTTCAGGCCACTGCGA
[ 1 [ cmcmecena- cecacacann vocom—- emeteecccmccctrenanana —teececcaaa .

CATACCACTACTTCTATCTAATACGCGTAAGATGGCTTTGTGGTATTTACGAAAACCATACGAAGAAGTCCGGTGACGC?

end yscu*
f G D E O F L JAF Y RNTINATFGMIL L QAT A »
WV M XN T 0 Y AMNW S T £ T P * M L L VCTP F FREPF L R

VWt s B s I MR I L PKHKNKKTSEF Wi A S S G K CE

AuGTTAAGAuGJTAATAGCGTAT\GAGCAGTGCTTGACGAIAAAGGTGAGHGACTGRAAATAATCGC?TTTAGCCTGGCn

1144) -cccaccan. L T teecnccea. LR R e $oemeemnaa At R R L RS e T T )

TCCAATTCTCCCATTATCGCATATCTCGTCACGAACTGCTAT?TCCACTCTCTGACTTTTATTAGCGAAAATCGGACCGT
vV K R v I A ¥ R A V L D DK G E R L K I I A F s L A

R L R G * *~ R I € 0 C LTI K V R 0 * K * S L L A W N
G * &E G N S VvV * S S A * R * R *» [ T E N N R F = p G T

......... Pemcccnnnas

Q A P D S V L * K * T R * W I G A S E W T R T T R p ¥
K W 0 I A& ¥ ¥ K I K Q DN G L VR L N S L E P L D P H
S T R « R ! | K L N K I M D W C Vv » M D S N H 5§ T ¢
ACCATGTCAAGGTGGTGCTCTAACCAACTGAGCTATGAACGGCAACGTTGTAGGTGACAACGGGGACGAATATTAGCGTC

1160) -cecencaaa emcacccana= tecmcema-a teccmmcnce L I Pesmncnan et e mmn- -—ae

TGGTACAGTTCCACCACGAGATTGGTTGACTCGATACTTGCCGTTGCAACATCCACTGTTGCCCCTGCTTATAATCGCAG

P C 0 G & & L T
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ACMCCGCMTGAGGCAAGAGGGMATCGCMTTTTCTTCCTGAMTCACCTGATTGCGG‘I‘GGMATATGCMCATGTCG
11681 -cocenenn cmemmeae cetacaan cematecccamaan PR cemmtemmecen metecccmemcateccccanan .

TGTTGGCGT TACT CCGTTCTCCCTTTAGCGTTMMGMGGACFTTAGT GGACTAACGCCACC ?TTATACG‘I"I’GTACAGC

N R N E A R G K § Q F § § * N H L I A VvV E I €C N M s
T T A MR QE G N RN TF L P E I T* LR WK ZYATT CR
O P O ° G K R E I A1 F F L K S P D CG G N M Q H V g

AGAAAATAGCCGCCATGCGACGGCTATCGTCGTAT TATCGGAGCGCGCTGCAAMATGATGGCGGACGGCTGACGTTGTAG

11761 -=ece-= b R e R R D b D L T R R T T T R R L LT TP

TCTTTTATCGGCGGTACGCTGCCGATAGCAGCATAATAGCCTCGCGCGACGTTT TACTACCGCCTGCCGACTGCAACATC

R « * P P C O G Y R R I I G A RCKMMADTGT<* R CR

E N S R N AT Al V V L S E R A AK
AN I &4 3 M R R L S S Y Y R S A L QN DG G R L T L

ATAGCGCATCCGTAGCATCATTAACACCGCCGCCGAGGTCAGGCCGATGATGAACCCCATCCAGAAGCCTGCCGGTCCCA

R L L LT R R L DL T X Ty S ey

TATCGCGTAGGCATCGTAGTAAT TGTGGCGGCGGCTCCAGTCCGGCTACTACTTGGGGTAGGTCTTCGGACGGCCAGGGT

1 N T A A E V R P MM N P! 0 ¥ P A G P 1
A S J 3 8§ L T P P PR S G R * T P S R S L P Vv p

LA T R H H H R R R G Q A D O E P H P E A C R S N

TACGATCCACCACCAAATCCGTTAACGCCAGGATATAACCGCTGGG TAAACCTAACACCCAGTAGGCGGT AAAGGTGATA

..... crmmtecnacccnned

- R I R s 1

LR LR R Y R R R e S URppppy

ATGCTAGGTGSTSGTT TAGGCAATTGCGGTCCTATAT TGGCGACCCATT TGGAT TGTGGGTCATCCGCCATTTCCACTAT

A S T T N S V N AR I * P L G KX P NT Q * A VvV x Vv
¢ 2 P P 2 N P L T P G Y N R W Y N L T P S R R * R « =
T L B QI A * R QDI T AG * T * H PV G 6 K G D K

AAAAAGATGGAACGCGTATCTTTATAACCGCGCAGAATACCGCTGCCGATAACC TG TATAGAGTCGGAAATCT GGTAAAC

1200] --cmeceun cemceanana tesscecaan teccmacccmtaccnaann PO cene=

TTTTTCTACCTTGCGCATAGAAATATTGGCGCGT! CTTATGGCGACGGCTATTGGACATATCTCAGCCTTTAGACCATTTG

K K M € R VvV § L * PR R I P L P 1 T C ! E S E 1 w » T
K R W N A Y L Y N R A EY RCRT®®* PV * S R K S G x ¢
K 0 G T R | F I T A QN T AADNILY RV G N L V N

GCGTCGCTCGT G TAATTAACGCCGT TCGCGG TGCTGGAGTCCCAACAGTAACATCT! CGTTTCGTTATACGAATGCGTCT

.

A4 s S : N C G KR MHDLU RV UV I[ V EQ SNM L T Q2 S
QR 2 2 L I AAS ATT SGLSL " S K AILC R
R S & y = L R Q A P R P Q G € HW C R A K QO Y A Y A £
GTAACGGTAAAAATAGCGGTAACCACAGCCATACAAATGCCGACGCCTAAACCGGTACGCGCTGCGTTTGCGE ATCTAGC

deroennncsctcncnosnensdcacacssendorcncsnnntoconneane -

CATTGC CATTT‘?TATCGCCATTGG‘I‘GTCGGTA?GTTTACGGCTGCGGATTTGGCCATGCGCGACGCMACGCGTAGGTCG

N G N S G N H S HTNADA A-®>TGTARCVCATS s
VTV ¥ i AV T T AL QM P TP K P V R AATATH? 8
* & - x « R * P Q P Y K C R R LNU RTYATLRTLTUERTIEIOQR

GTTGAGCCTTSGCCCAGACCGATAACCCACTCGAATC GTTACCGCCGCAGCCAGCGACATCGGCAGTACGAACATCAGCS

1224) ~ccoeaa.. tecccncnan decmccccnstrnccccccctecsncancetonccanna cborancacccdnnnccananay

CAACTCGGGACCGGGTCTGGCTATTGGGTGAGCT TAGCAATGGCGGCGTCGGTCGC TGTAGCCGTCATGCTTGTAGTCGE

N R ¥ R R S Q R H R Q@ Y E H Q R
? DR * P T R I VT AAAS DI G S T N 1 s ¢
A1l a2 ¢ T DN P L E S L P P QO P AT S AV RT3 A
AGCTAAAGT TAAGCGCAATCTGATGACCGGCGACATCCACAATACCTAATGGCGAAACCAGCAGCGCAACGACCGCAAAT

ccecnmnnws

-
™~
°
3
v
b J
°
—
-4
x
w

1232) ccccccana teecmmem cmteevemcmncntacnecn s et eseccannrbrmmenennw tecscscace -

TCGATT TCAATTCGCGTTAGACTACTGGCCGCTGTAGGTGTTATGGATTACCGCTTTGGTCGTCGCGTTGCTGGCCTTTA

A K vV X R N L MT G D1 HNT * W RNU QU QU RNIUIDIARK -
L x L5 A 1+ * P ATS T I PNGIET S5 S ATTAN

5 * S+ - Q0 S 00D R R H P QY L M A K P A A QR B g |
AACGTCACTTC 2 AAGAACAGCCAGCGCAAT CGGCAACCCCAGTTGAATCAGGCGCT TCATGACGACGCTATCGGGTTTGE

--------- P R LR E R R el R il il L i i i L R T T Ry RS

TTGCAGTGAACTTTCT TGTCGGTCGCET TAGCCGT TGGGETCAACT TAGTCCGCGAAGTACTGCTGCGATAGCCCAAACG

Q P A Q S AT F V L 8§ G A S * R R Y R V C

"VTS?NSORNQOPQLNOALNDDAIGFA
TSLORTASAIGNPS'IIRFHTTLSGLP
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CAAAGCCTTTTTCATTACGAATATCACGCATTGAACGCGCGTGTTTAATGTAAGAAAGCATGGCGATAMCATCACCCAA
1248) -ccccraa. teconacane teccccccna L Rl R R tece=- ceemtrcascmacctonccnmnaa .

o

g e

o

L I

T w

”

a

O e

[+ 4

GTTTCGGAAAAAGTAATGCTTATAGTGCGTAACTTGCGCGCACAAAT TACATTCTTTCOTACCGCTATTTGTAGTGGGTT
- .
Q S L ¥ H Y € Y H A L N A R V *® C K XK A W R * T S P N
K A ¢ F I T ¥ 1 T H * T R V F N V R K H G D K H ® P 1
K P F S L R I S R I E R A C L M * E S M A I N1 T Q

TAGACCGCCGCAGTCGCAACGCCGCAGCCGATACCGCCGAGT TCCGGCATACCAAATGGCCATAGATAAAAATATAGTT

....... R L X T sy

ATCTGGCGGCGTCAGCGTTGCGGCGTCGGCTATGGCGGCTCAAGGCCOGTATGGTTTTACCGGTATCTATTTTTATATCAA
R P P Q S Q R R S R Y R R V P A Y Q N G H R * K Y S§ S
O R R S R N A A A DT AEF R HTKMATILI DX N1 vV
* T A A ¥V 2 T P Q P 1] P P S S G I P X wW P I K U ° F

CACCGGALTATTCACCAGCAGGCCCAAAAATCCCATCACCATACCCGGTTTGGTTTTGGCCAGACCTTCGCACTGGTTTC

1264) cccccacw. teccrseneudrannccnsnfrmevsrvanlecenncasndurrrrcenrd e s e mafacancnen -t
GTGGCCTTATAAGTGGTCGTCCGGGTTTTTAGGGTAGTGGTATGGGCCAAACCAAMMACC GG TCTGGAAGCGTGACCAAAG
P £E v+ S P A G P K I P S P Y P V W F W P D L RT G 7
M R N | H Q Q A O K S H H H TR F G F G QT T F ALUVS
T GG ¢ F T S R P K N P I T 1 P G L V L A R P S H W & R
GCGCTACCTGARAGAAAAGGTATCCTGCGCCCCACAGCAGCGCGCGAAGATAACCCACGGCTTTATCGGCCAGCGCCGGA
1272] -cvcecucaa temcaamcne=- tremce- —eetmocn e cm- e emanecas bmmemcccn- L vermdracaccasa .

A L 2 E R K 61 L R P T A A RE DN P R L Y R P A ¢
R v L ¥ € K V 8 C A P Q Q R A X I T H 6 F 1 6 Q R R 1|
A T * » K R Y P A P H 535 S AR R * P T #/ L S A S A GG

TCAATATTATGCATAGAGCGGATAATGTATCCGGCAT TCCACAGGACGATCATCACCAGCACGGAGACAAAGCCCGCCRS

lz.ol ......... tms s aswea doemconcane devcmvoenana L L L X b T R Y X g .
AGTTATAATACGTATCTCGCCTATTACATAGGCCGTAAGGTGTCCTGCTAGTAGTGGTCGTGCCTCTGTTTCGGGCGG TS
Q Y »+ A * S8 6 * €1 R H S T G R S S P A R R Q S P P A

N 1 M H R A DN V S G 1 P Q D D H H Q H G D XK A R Q

$ I L ¢ 1 &€ R I m Yy ¢ A F HRT 1 I T S TETNKP A S
CCAGAACLCTTGTCGAACCTGATGCGCGATACGCTCACGACGGCCGGAGCCATTGAGTTGCGCAATCACAGGCGTCALGG

1288] <eceme-na- P toescrcm e R decncocccntecnan= cmedecccema wedevcacecas -

GGTCTTCGGAACAGCTTGGACTACGCGCTATGCGAGTGC TGCCGGCCTCGGTAACTCAACGCGTTAGTGTCCGCAGTTCC

R T ¢t v £ P D A R Y A H D G R S H * VvV A Q S Q A §5 =~
P E F L S N L M R DT L T TAGA ATIE L R N HRROQ 3
QO N = £ R T * C A I R &8 R R P E P L S C AT T G VvV K A

CCAGCAGTAAGCCGTGACCAAACAAAAT GGCGGGAAGCAGATAGAGG TGCCGATAGCGACGGCAGCCATGTCCGTAGEGS

1296} -vccce-a- e A T cebommccanaa desmanccccdococsuman teemmccncagmencncwen -

GGTCGTCATTCGGCACTGGTTTGT T TTACCGCCCTTCGTCTATCTCCACGGCTATCGCTGCCGTCGGTACAGGCATCGCS

P AV 53 R D Q T K W R £E A DR G A D S D S S M VvV R 35 &
Q o - AV T X Q N G 6 X ©Q I E V P 1 A T A A M S Vv 2 |
S § % pP P N K M A G § R * R C R * R R Q P C P + =&

TATAGCCTCCCGCCATGACGGTATCGACGAATCCATTGCGGTCTATACCACTTGCGCAAGGATCACCGGTATCTGAACGS

1J04] -cceccceea tececece erbmorsseccntananene cedmmcnenenndeacncn n-—- ¢mcsscccmadocncsmnan- .

ATATCGGAGGGCGGTACTGCCATAGCTGCT TAGGTAACGCCAGATATGGTGAACGCGTTCCTAGTGGCCATAGACTTGCE

1 A S R W D G 1 0 E S ! AV Y T T CAWR ! TG ! =~ T L
* P P AM T V S T NP L R S 1 P L A Q G S P V S E R
Y s L P P * R Y R R I H C G L Y H L R K D H R Y L N A
TAATAACTGACGCGTTTCACTGGTATACTTCTGCACGTATTCACCTTTTATTITGT TGT TATATGAAAGACTAAAAAGCC

1J12) cecmccaeca tesmemenoedersvmanccnbocnnana cwtommm——. D R trcmcmmnna L L .

ATTATTGACTGCGCGAAGTGACCATATGAAGACGTGCATAAG TGGAAAATAAAACAACAATATACTTTCTGATTTTTCGS

I T D A L H W Y T S A R I H L L F CC Y M K D * K A
** L T R FT G I L LV WV F T F Y F V V I * K T K K P
N N * R A S L VY £ CT Y S P F I L L L Y €E R L K S R

PKHOPKEIAGEISVYCSGVLLfLO'KN
RSGSOKK'OGKFOSIVACYYYI"SSEK
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AC&GTTGTTMCGGCGCATTGCTGGWGCTGTTTTTCCACCTGCTATTGTGCT GAACAGTTCTGCTTTTATTTATTTCA

........ i e L b T T TR SU

TGTCAACAATTGC CGCGTMCGACCGTTCGACAAAMGGTGGACGATMCACGACTTGTCMGACGMMTMATAAAGT

SC'RRXAGKLFFHLLLC'TVLLLF'S

13360

QLLTANCHOAVFPPAIVLNSSAF[YFR-

TVVNGALLASCFSTCYCAEOFCFYLFQ-

GGAGTTGMGATATGTTTACGGGGATCGTACAGGGTACCGCGAAACTGGTATCGATA

iaiiehbddebed A dabe b DR L Al DT T Uy A P S 13417
CCTCAACTTCTATACAAATGCCCOCTAGCATGT CCCATGGCGCTTTGACCATAGCTAT
S'RYVYGDRTG'!RETGID‘

GVEDMI‘TGIVOGTAKLVS!'
ELKICLRGSYRVPRNRYR -
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DNA sequence of VGC II cluster C

Tn

8]

161

241

321

401

561

641

121

801

961

104}

1121

120)

1281

m:ern: ion P9B¢

GGATCCTTTTTCTTTAATGCTGCTAACGTTTCTTGCAAAATGCGTTGATGAGATTCATCCAGTACACCACTGATAACAAA

beccnmrcrmnatocccsracctencnccnan)

CCTAGGAAAAAGAAATTACGACGATTGCAAAGAACGTTTTACGCAACTACTCTAAGTAGGTCATGTGGTGACTATTGTTT
™ mscit 1on PIA)

AGAGCGNCGCAT TGGCNWAMMWTKRNNMRNNSCNNNACTAAACCGTTCTCTATTATCGCAGAAATAATATCATCZCCCTG

--------- LR L R LR R L T D e Lt R R T e it Ll T T T gy

TCTCGCNGCGTAACCGNWTKKWAMYNNKY NNSGNNNTGATT TGGCAAGAGATAATAGCGTCTT TATTATAGTAGGGGGAC

AGACTGATGAGAGTGACTAATCTGCCAGTGCAATAACCCGGGAATATCTGCAAGT AATGG TTGAACCTTGCGCCATTGET

R T T T T Ll b Lt b TP - D L LR TR

TCTGACTACTCTCACTGATTAGACGGTCACGT TATTGGGCCCT TATAGACGTTCATTACCAAC TTGGAACGC GG TAACGA

Tn mscﬁuon PO6H

GATCCATTTGTATATCATCATGAATTAACACGCTCCCCGGCCCTTCGCTGGATACTTCAGCATNS SGGTAACCSETTTTT

....... R D e i e DT T T TP U R PRIy

CTAGGTAAACATATAGTAGTACTTAAT TG TGCGAGGGGCCGGSGAAGCGACC TATGAAGTCGTANS SCCAT TGGS TAAAAA

ATCAARACATCCTGCACTTCTCGTACCAATAAGTCATCACAGATTACACCATCCCGATACATGACCCCCCATGATTCGAG

--------- Al R D e Rl R R il e L LT S Y

TAGTTTTGTAGGAZGTGAAGAGCATGGTTATTCAGTAGTGTCTAATGTGGTAGGGCTATG TACTGGGGGGTACT 2ASCTC

AGTCGCTCTCACCTTTTGCATCTGTTCGC TTGACGAGCAAT AACCGGACAACTGCAGGCTGCCATCT TCTTTCCATTGEG

................... D R R Rt R e i e e R R T o Sy,

TCAGCGAGAGTGGAAAACGTAGACAAGCGAACTGCTCGT TATTGGCCTGTTGACG TCCGACGG TAGAAGAAAGG TAACGE

CCCGCACATAATGAATATTGCTTTTGTCTAATAAAAACT TAACCCGCAAAGGTAAGTCAT TTACCGT TTCAGGCTGACCA

......... Ll L D L L L o L L L T Ty Tl QRN

GGGCGTCTAT TACTTATAACGAAAACAGATTATTTTTGAAT TGGGCGT TTCCATTCAGTAAAT GGCAAAG TCCGACTGGT

CTARTACTTAACAGGACACCCATTCCACCGATGAAAATCAAGAATACGCCAGCCAACCACCAG TACCCTGATCTGGAAAL

------- Seteccrsnannn rncncnsccct anaccnssndacsvenanebeennenneed

GATTATGAATTGTCCTGTGGGTAAGGTGGCTACT TTTAGTTCT TATGCGGTCGGT TGGTGGTCATGGGACTAGACCT TTG
GGGTATTTGATAATCAGCAAGTTCACAATCCTGT TTACCAAACGCGATASSCACTCCCGCAACCTGCAAAACCCCACTGG
CCCATAAACTATTAGTCGTTCAAGTG T TAGGACAAATGGTT TGCGCTATSSGTGAGGGCG TTGGACGTTTTGGGSTGACT

ATGGTAGCGG T T3 T TTGGATTAAATC TGCGGCCAT TAACTCTAACTCTGGCT TTCCCGGCATCAACAAATAAACTATCT

......... A il e D R L L L h L L L T O I A R RPPRPY

TACCATCGCC GAATAAACCTAATT TAGACGCCGGTAATTGAGATTGAGACCGAAAGGGCCGTAGTTGTTTATTTGATAGA

GCCTGTTCTCTCAGAATAAT TTTTTCATTTATAGCCAGCGAATACAAATATCGCATCCCT TCTCCCCCAGTGACAGGTTA

......... R R bl Rl D et D D L L L L L L TS Y iR

CGGACAAGAGAGTSTTATTAAAAMAGTAAATATC GGTCGCTTATGTTTATAGCGTAGGGAAGAGGGGGTCACTGTCCAAT

CCTTCATTCAGCCATACTTCCCGGCCT TG TAAAACG TGACCTAAAAAACGTAT TT TCCAGGAACTCTTTGGATTRAACCAT

.................. L R R k% L L Pt QR

GGAAGTMGT COGTATGAAGGGCCGGAACAT T TTGCACTGGAT TTTTTGCATAAAAGG TCCTTGAGAAACCTAATTGGTA

GAGATATGCCATTATTTACTACTGAGGCT TTAATCAAAAAAAG CCTGATTACACTATG TACTTGAGTCGTATCATTGCGA

-

......... D R T e e el L e LY T Tt P,

CTCTATACGGTAAT AAATGATGACTCCGAAAT TAGT TTT TTTCGGACTAATGTGATACATGAACT CAGCATAGTAACGET

AACAAATGACCTACAACAGGAATATCGCCCAATAAAGGGAT TTTGT TTTGCGAGTGGATTTGT TTACCTTGT TTAAACCC
cescccmccrcm e e B T LR L TR R g Prcosmcecace tecccacan= tecmcaa P )

TTGTTTACTGG ATCTTGTCCTTATAGCGGGTTAT TTCCCTAAAACAAAACGCTCACCTAAACAAATGGAACAAATTTGGG

TCCCAGCAATNAGACTT TGCCCGGCCAATAATGTGGCT TGCGAANCRATTTCAGAAT T TTGCACT TCGGGCAGCGGGTCT

...... Rl D R e L T D T TP P RPN

AGGGTCGT TANTCTGAAACGGGCCGGTTATTACACCGAACGCT TNGY TAAAGTCT TAAAMACG T GAAGCCCGTCGCCCAGA

GTNTYGCY TTKGNSTATCACTTTGTTGTCCATCCTGAANTATTAAGAT TAAGCAT TATTTTTTGCGTGCCATTGTCATTT

--------- LR R e R h Dbt D D D R L Lk Ty R

CANARCGRAAMCNSATAGTGAAACAACAGGTAGGACTTNATAATTCTAATTCG TAATAAAAAACGCACGGTAACAGTAAA

AACAAGCGAGGTCTAACGCGWNAACAAAGAACCCGTAGT GATGGAT TCAAGTT TAGCCACTTT TTCTCCCTGCACTTTGG

......... LR R Rl R Lt D Rl b b L L T N AP

TTGTTCGCTCCACAT TGCGCWNTTGTT TCTTGGGCATCACTACCT AAGTTCAAATCGGTGAAAAAGAGGGACGTCAAACC

Sequence 2 Figure 12 Sheet 1 of §
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TATAGAAMGTAATAT TTTTATCCAGCACAGCCTGGATAT TATT TAAAGTCACCACAGATGGCTGGGAAAG TACATAAGCE
1361 ~reeveccatrcccccccctonnnnncea tevnvmcre e L L rbeccncen- ctevecaceans 1440

ATAT'CTTTCATTATMMATAGGTCGTGTCGGACCTATMTMATT‘TCAGTGGTGTCT ACCGACCCTTTCATGTATTCGG

TGAGAGCTTTTTTCCAGGGCATTCAGACGCACCATAAAGTTTGAGGTATCGCTGATTACCGTTGANNAACCACTAGCACC

L Ll D e L L ey qpp . Sesetecvecccacbecccncncntrercmceant 1920

1441
ACTCTCOAAAAAAGGTCCCGTAAGTCTGCGTGGTAT TTCAAACTCCATAGCGACTAATGGCAACTNNTTGGTGATCGTGG

ACCGTCATTCAAACCTGTATTGAACGCAATTTTCTTGOCACCCAGCGACACTGCCGTTCCCCAGTCGATGCCTAACTGGT

R D e Al e L D T R L LT R Y 1600

1521
TGGCAGTAAGTTTGGACATAACTTGCGTTAAAAGAACGG TGGG TCGCTGTGACGGCAAGGGGTCAGCTACGGAT TGACCA

TAATATCTCCAGCATTAACATCGATAAT T TTCACCGAAATCTCTATCATCTGCTGGCG TTGATCTAATTCTG TGATGAGT

160] <e~vve=- Bttt e e e L T T TP P T

ATTATAGAGGTCGTAAT TGTAGCTATTAAAAGTGGCTTTAGAGATAGTAGACGACCGCAACTAGATTAAGACACTACTCA

TTCCGATACNNNGCCATATTGGNNNCATAATCACGAACGATCACTGCATTCTGGCGTNGGGTCGGCAGCAAACATNGGCA

1681 bbb D B L L R R L b T T N S S Y 1760

AAGGCTATGNNNCGGTATAACCNNNGTAT TAGTGCT TGCTAGTGACGTAAGACCGCANCCCAGCCGTCGT TTGTANCCGT

ATGCCTGTGTAGCGGGTGAACCAT TGTTCNTCGATGACGTCGGGACGCTGGTTTTACTCATCTCACGCAATACACTAACG

1716] ~cecocecctecacacanctrncaaa R R it R L il T TENp Y 1840

TACGGACACATCGCCCACTTGG TAACAAGNAGCTACTGCAGCCCTGCGACCAAAATGAGTAGAGTGCGTTATGTGATTGC

ACCCCTGGNNAACCACGACGGACTGATCGCGATATTGGTACTGGGTATCCATCGCAGTGGCATACTTAAGCGTGTATATA

~ecteccccranct e ncacnecssd mevecarr et e rereanscdrcnacerenbracsennned 1920

184] -—mccccmcctecacas

TGGGGACCNNTTGGTGCTGCCTGACTAGCGCTATAACCATGACCCATAGGTAGCGTCACCGTATGAATTCGCACATATAT

CTTACACTCACCGCACTGTCTT TTCGT TTGAT TAACGCATTATCCAGCACTGAAGCTAAT TGACT AATACGAGTCAGGCA

192] <wcccccectecccccccateccccrcc et ccvacccccbccccccrentmcerace et anr e et e n.—— e + 2000

GAATGTGAGT GGCGTGACAGAAAAGCAAACTAAT TGCGTAATAGGTCGTGACT TCGATTAACTGATTATGECTCAGTCCGT

Tn 1nse§uon P7G2

GCTGGGAACACCGCTCACCTCCACAGCTT TGGTACCGGTAATT TCT TTAACCTCGCATCCCGG TGATGAAAGGATATTCT

2001 bttt id d e Ll AL LIl e et LD L R e L L T T T T Y 2080

CGACCCTTGTGGCGAGTGGAGG TG TCGAAACCATGGCCATTAAAGAAAT TGGAGCGTAGGGCCAC TACTTTCCTATAAGA

GGCTGCGTMGTMTGAATGMCCGTCCAG‘TAGATMMTATTGAAAGTGATMCCTGATGTTTTMTMCGATGCAGGA

208) ccccccwaa L L e Ll L " LR L L e Lty “eacacs 2160

CCGACGCATTCATTACTTACTTGGCAGGTCATCTATTﬁATMCTTTCACTATTGGACTACAAMTTAﬂGC‘I‘ACG?CCT

TATACATATAACATGCTGCCATCAAACCAGGTAAGCAAATCATATTGTGCTGCCAGGT TAT TCAAMTATCGACCGGTGG

216) cccemrccnntcccncccncbmnanccccctencnsa cretemercrccnntran e e r bt cc s e e b mmamanan=n¢ 2240

ATATGTATATTG'I‘ACGACGGTAGTTTGGTCCATTCGTTTAGTATMCACGACGGTCCMTMGTTTTATAGCTGGCCACC

TCCAGGCGGMTTTT?CCACTAMTGTAGCTGTTATCAATGGGCTMTAGTMTAGCCGTATCATMTTCTCTG AGAGCA

224] cccnccnccdcnccccccrtemcmaanae Peccamenn- Pemms s rranfernnmrcanmn e m - - - - Pmrcmcmman . 2320

AGGTCCGC CI'TAMAAGGTGA‘I'TTACATCGACM‘I‘AG?‘I'ACCCGAT?A‘I‘CATTATCGGCATAGTATCMGAGACT“TCGT

GATGTNAAAACCTCTGCTAATGGCATT TG TCTGGCATAAAGGG TGAAGTCATTACCTTTCCATGATAACTCATCACTCTT

2321 bt et R L L e L L L e T L LT Pt SN 2400

CTACANTTTTGGAGACGATTACCGTAAACAGACCGTATTTCCCACT TCAGTAATGGAAAGGTACTATTGAGTAGTGAGAA

TGCTGTAT TGAGTATAAATAGT AAAAT TAAGATTAAACGTT TATTTACTACCATTTTATACCCCACCCGAATAMAGTTTA

240 ~occccaan Py . B L X Ty ppipiy e R TTY Y Y iy sepi SR Y Y -+ 2480

ACGACATAACTCATATT TATCATTTTAATTCTAATTTGCAMTAAATGATGGTAAAATAT GGGGTGGGCTTATT TCAAAT

TGGTGATTGCGTATTACATTTTTTNAAAATGCAAGT TAAAGCCAGGTGTTTTTCTATCTCAATAGCAATAAGCT CAGAGC

248| cccrvcccctocncmcvactoccncnen. deccrscvcevcbvcmcvcennnbananna Sestmrccecn- R + 2%80

ACCACTAACGCATAATG TAAAAAANTTTTACG TTCAATT TCGG TCCACAAAAAGATAGAGTTATCGT TATTCGAGTCTCG

TACTACTTGTGG TATAATAACCGTTTAACCATCCCCCATCCGCTGTGAGCTGTATAGCATAATCATGGACGTCCGGETCT

296} ceeesscececdmacnncnsantrenca bhdl A e R R L R T L L Lk L LT Ty, 2040

ATGATGAACACCATATTATTGGCAAAT TGGTAGGGGGTAGGCGACACTCGACATATCGTATTAGTACCTGCAGGCCCACA

Tn i1nsertion Pl"ls9

GCGCAARCRGTAGTGTCAMMTAGGCAAGACAAGGCT TAGGTAAGCT TTCCAGG TCAT T TAAGAACAAAGAAATAGAAAAT

264} bbb bl i R Ll L el S Ll el Ll L LT Y L T T G 2120

CGCGTTYGYCATCACAGTKKATCCGTTCTGTTCCGAATCCATTCGAAAGGTCCAGTAAATTCTTGTTTCTTTATCTTTTA

GCTTCTGAGAAAATTTCTYCYB) NNN} CATCAATAGTCATTATCCAGGATS SKMTWWY M
2721 bbb b L D e ELE L LR D et et L S Y 2800
CGAAGACTCTTTTAAAGARGRVDNNNN INNGTAGTTATCAGTAATAGGTCCTAS SMKAWKWRK
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2881

2961

3041

121

3201

3281

1361

3441

3s21

3601

681

3161

3841

)

400)

4081

161

37/39

NYYKSSSCYSWKATMYY SWRWHTTAATGGAATGCCT TTTAAAACTGC! CAGCATGAATCCCTCCTCAGACATAAATGGGAG

bomcanccana P D LT e b -

NRRMSSSGRSWMTAKRR SWYWWAATTACCTTACGGAAAATTTTGACGGTCGTACT TAGGGAGGAGTCTGT. ATTTACCCTC

TTTCTATCAAATTCGCT CACAACCACATCCGTAAAAAGCCTGATTCACATT TATTTCGACTATACTCTTCTTGTACAATA

...... e it e T GNP

----- hlebaded b bl bl LD LS T R T T T R Y

MAGATAGﬁTAAGCGlGTGﬂGGTGTAGGCAﬂTTTCGGACTAAGTGTAMTMAECTGATATGMWMCATGTTAT

TCAGGATGCTGTCTACATA‘I'ACCTTGTCACAGGCGATTCTATCATTCGGATTTTCCGA‘I’AMTTNPHCAATTACATTTTC

e et D L s X e S teccmecroctccnccacantecmcnanaay

AGTCCTACGACAGATGTATATGGAACAGTGTCCGCTMGATAGTMGCCI'AMAGGCI'ATTTWKKGTTMTGTMMG

AGCA"GACATAMMCTTACAATT’I‘GNMMTTATTTATTAMTAMCTGTTACGATGTTTTTACATCGCCATCTTAT'r

R P tecccnnn --.---------.---------o---.-----.--------..---------Q---.-----.

TCGTAACTGT ATTTTTGAATGTTAMCNT TTTAATAAATAATT TATTTGACAATGCTACAAAAATGT AGCGGTAGAATAA

AMMG‘I’MTTGTMTCATCGACTNGGTTATATATGAAGMATTTATCTTCCTMTGATMCACCATCGATTMTCHKT

—mecccae LR L T e, crmctocanenae L A b Ll L L e L LT T LT LY TRy

TTTTTCATTMCATCAGTAGCTGANCCMTATATACTTCTTTMATAGAAGGATTACTATTGTGGTAGCTMTTAGMGA
GATGAAACTATATGTACTGC GATAGTGATCAAGTGCCMAGATTTTGCAACMGCMCTGGAGGGMGCATTA‘I‘GAATTT

------_--.---------.---------.---------.---.-----o---------o---------.---------,

CTACTT‘I‘GATATACATGACGC‘I‘ATCACTAGTTCACGGTTTCTAMACGTTGTCCGTTGACCTC CCTTCGTAATACTTAAA

SSTCAATCTCAAGAATACSSYSYRNNNNNNTCTTTAGTAATCAGGC TAACTTTTTTATTTTTATTAACAACAATAATTWT

--------.4---------'-.-------9---------o----.----.------.--o---------o—--------.

SSAGTTAGAGTTC‘I‘TATGSSRSRYNNNNNNABAMTCATTAGTCCGATTGAAMMTAMMTMTTGTTGTTATTWA

TTGGCTGCTATCTGT GCTTACCGCAGC‘!TATATATCMTGGTTCRGMACGGCAGCATATMTAGAGGATTTATCCGTI‘C

commaa certocaccanee .---------.---------.----.----.---------o----.----o---------'

AACCGACGATAGACACGAATGGCGTCGAATATATAGTTACCAAG YCTTTGCCGTCGTATATTATCTCCTAAATAGGCANG

TATCCGAGATGMTATTGTACTMGCAATCMCGGTTTGMGAAGCTGMCGTGACGCTAAMATTTMTGTATCAATGC

----_----¢---------g---------.---------Q---------.-.-------o---------.---------'

ATAGGCI'CTACTTATMCATGATTCGTTAGTTGCCMACTTCTTCGACTTGCACI‘GCGA?TTTTAMTTACATAGTTACG
TCATTABCGACTGAGATTCATCA‘I'AACGATATTTTCCCTGAGGTGAGCCGGCATCTATCTGTCGGTCCTTCAMTTGCAC

-~—------.---------o---.-----o-—--——---.--_---—--0---------0---------0---------.

AG'I‘MTCGCTGACTCTMGTAGTAT'I'GCI'A‘I'AMAGGGACTCCACI’CGGCCGTAG&TAGACAGCCAGGMGTTTMCGTG

HGCCGACGCTNMCGGAGAGMGCACCGTCTC?TTCTGCAGTCCTCTGATATCGATGAMATAGCTTTCGTCGCGATMT

R X T Ty -.-o---------‘---------‘-----_---o-.-------‘---------Q-------‘-g

KCGGCTGCGANT TGCC‘TCTCTTCGTGGCAGAGMAGACGTCAGGAGACTATAGC?ACTTTTATCGAAMCAGCGCTATCA

Tn uue‘r’uon e3f 4

TTTATTCT TMTCATAMMTGAGATTTCGTTATTATCTACTGATMCCCTTCAGATTATTCAACTCTACAGCCTTTMC

bl R L TR LN Ty LR DL L Dl T T R Ny A S Premmm CEmmcteccenane- tecmcsanens

MATMGMTTAGTATTTTTACTCTAMGCMTMTAGATGACTATTGGGAAGTCTMTMGTTGAGATGTCGGMA?TG

GCGAMAAGCTTTCL‘I‘T‘I"ATACCCAACCCATGCCGGGTTTTACTGGAGTGAACCAGMTACATMACGGCAMGGATGGC

........ -.---_-----g---------‘---------0—--------9---------o---------o-----_---.

CGCTTTTTCGMAGGMATATGGG?TGGG‘I‘ACGGCCCMMTGACCTCACTTGGTC'I’TATGTATTTGCCGTTTCCTACCG

AACGCTTCCGTTGCGGTTGCCGATCAGGCAAGGCGTATT TTTTGAGGTGACGS TTAAACTTCCCGATCTCATTACTAAGA

----- ----.---------.---------o---------o---------.---------o---------o-------_-.

TTGCGAAGGCAACGC CMCGGC'I‘AGTCCGTTCCGCATMMMCTCCACI’GCCMTTTGMGGGCTAGAGTMTGATTCT

GCCAC CTGCCATTAGATGATAGTATI'CGAGTATGGCTGGATCAMACMCCACTTATTGCCGTTTTCATACATCCCGGCA

e n—-- teccnannna ‘---------.---------0---------.---------.---_-----.---------.

CGGTGGACGGTAATC TACTATCATMGCTCATACCGACCTAGTTTTGTTGGTGMTMCGGCAMAGTATGTAGGGCCGT

AMAATACGTACACAGTTAGAAM‘I'GTMCGCTGCATGATGGATGGCAGCMATTCCCGGATTTCTGATATTACGCACAA

......... .------..-.----.----o---------o---------;---------o---------o---------o

TTTTTATGCATGTGTCAATCT?TTACATTGCGACGTACI‘ACCT&CCGTCGTTTMGGGCCTMAGACTATMTGCGTGTT

CCTTGCATGGCCCCGGATGGAGTCTGG"ACGCTGTACCCATACGGTMTCTACATMTCGCATCTTMAMTTATCCT T

cmsewmasy

......... ARl R R R L L L r X X T P iy

GGMCGTACCGGGGCCTACCTCAGACCMTGCGACATGGGTATGCCATTAGATGTATTAGCGTAGMTTTTTMTAGGM

CMCAMTCCCCT‘I’TACATTMCAGCATTGG‘TG?TGATGACGTCGGCTTTTTGCTGGT TACTACATCGCTCACTGGCCAA

cevcanem- A D ettt e l T T S trcmeranun tocemccacny

GTTGTTTAGGGGMATGTMT'I'G‘I'CGTMCCACAACTACTGCAGCCGMMACGACCMTGATGTAGCGAGTGACCGGTT
Figure 12 Sheet 3 of §
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ACCGI TATGGCGTTTTGTCGATGTCAT TAATAAAACCGCAACT GCACCGCTGAGCACACGTTTACCAGCACAACGACTGG

q2¢) =~wvoea= Sembencasncrcalccscrrecnisccnnrsmerd cncrmneanfocennemaedommene eeetoancceacas 4320

TGGCAATACCGCAAAACAGCTACAGTAAT TATTTTGGCGTTGACGTGGCGACTCGTGTGCAAMTGGTCGTGTTGCTGACS

ATGAATTAGATAGTATTGCCGGTGCTTTTAACCAACTGCTTGATACTCTACAAGTCCAATACGAL MTGGGAMACAM

432)] cvccvcccccteccccccnaa Poersvccccvtoncnveanen demcncncan decenemen= LR Rl LY ~eeee 4400

TACT‘I'M'I'CTATCATMCGGCCACGMAATTGGTTGACGMCTATGAGATGTTCAGGTTATGCTGTTAGACC?TTTGTTT

GTCGCAGACGCACCCAGGCGCTAAATGAAGCAAAAAAACGCGC TGAGCNAGCTAACAAACGTAAAAGCATTCATCTTACG

At S D LI I B St e L T e L DT R O P Y 4480

4401
CAGCGTCTGCGTGGGTCCGCGAT T TACTTCGT TT TTTTGCGCGACTCGNTCGAT TGTT TGCAT TT TCGTAAGTAGAATGC

GTAATAAGTCATGAGTTACGTACTCCGATGAATGGCGTACTCGGTGCAATTGAAT TAT TACAAACCACCCCTTTAAACAT

-------‘-o---------o---------.---------Q---------Q---------0---------0--------_¢ ‘560

48l
CATTATTCAGTACTCAATGCATGAGGCTACTTACCGCATGAGCCACGT TAACT TAATAATGTTTGGTGGGGAAATTTGTA

AGAGCAACAAGGATTAGCTGATACCGCCAGAAAT TG TACACTGTCTTTGTTAGCTATTATTAATAATCTGCTGGATTTTT

456) ~~ve-a DR D e L it e R S Y 4640

TCTCGTTGTTCCTAATCGACTATGGCGGTCTTTAACATG TGACAGAAACAATCGATAATAATTAT TAGACGACCTAAAAA

CACGCATCGAGTCTGGTCATTTCACAT TACATATGGAAGAAACAGCGT TACTGCCGTTACTGGACCAGGCAATGCAAACC

464} cecccaaaa etrcemcrmentencuancne teeescscc el e ra et e ce b erccacactccnncacat 4120

GTGCGTAGCT CAGACCAGTAAAGTGTAATGTATACCTTCTTTGTCGCAATGACGGCAATGACCTGGTCCGTTACGTTTGG

ATCCAGGGGCCAGCGCNAAAGCAAAAAACTGTCATTACGTACT TTTGTCGGTCAACATGTCCCTCTCTATTT TCATACCG

BT el L L T LT T ey ppp— seteccccccccbocrccencctocnacanaas 4800

4712] cccccecvccpmccacen

TAGGTCCCCGOTCGCGNTTTCGTTTTT TGACAGTAATGCAT GAAAACAGCCAGTTGTACAGGGAGAGATAAAGTATGGC

ACAGTATCCGTT TACNNCAAAT TTTGGTTAATTTACTCGGGAACGC GG TAAAAT T TACCGAAACCGGAGGATACGTCTGA

cestcccceca-at 4880

‘.0; meesscscacterrrera sl enossscsedccesennevdrnacsrnetdwreracecndanmae -

TGTCATAGGCAAATGNNGTT TAAAACCAATTAAATGAGCCCTTGCGCCATT TTAAATGGCTTTGGCCTCCTATGCAGALT

CGGTCAAGCGTCATGAGGAACAAT TAATATTTCTGGTTAGCGATAGCGGTAAAGGGAT TGAAATACAGCAGCAGTCTCAA

--------- o_--------.---------.---------o---------.---------o---——----o-------_-. "‘o

4881
GCCAGTTCGCAGTACTCCTTGT TAATTATAAAGACCAATCGCTATCGCCAT TTCCCTAACTTTATGTCGTCGTCAGAGTT

ATCTTTACTGCT TTTTATCAAGCAGACACAAATTCGCAAGG TACAGGAATTGGACTGACTATTGCGTCAAGCCTGGCTAA

496] ccccccnactccccccocntarnccnan ¢ ememeccectccccccecctacerreenst e ccccentranccacca=t $040

TAGAAATGACGAAAAATAGTTCGTCTG TG T TTAAGCGTTCCATGTCCT TAACCTGACTGATAACGCAGTTCGGACCGATT

MTGATGGGCGGTMTCTGACACTAMMGTGTCCCCGGGGTTGGAACC‘I'GTGTCTCGCTAGTATTACCCTTACAMMT

504) cwe=a P L LY T cewtomccanan e eeecstcteccccc et et e ccb e crcrectammcennact $§120

TTACTACCCGCCATTAGACTGTGATTT TTCACAGGGGCCCCAACCT TGGACACAGAGS GATCATAATGGGAATGTTCTTA

Tn msciuon

ACCAGCCGCCTCAACCAATTAAAGGGACGCTGTCAGNNNCCGT TCTGCCTGCATCGGCAACTGGCTTGET GGGGAATACG

$12)] ccmceccccctecocacaen desvncccna Abbd e e LTI Y T, 1o

TGGTCGGCGGAGTTGGT TAATTTCCCTGCGACAGTCNNNGGCAAGACGGACGTAGCCGTTGACCGAACGACC CCTTATGC

CGGTGAACCACCCCACCAGCAAAATGCGCTTCTCAANNCNAGAGCT TT TGTAT TTCTCCGGAAAACTCT. ACGACCTGGCG

520} ~cccmaaa ctemcccnan ctevocan ccebercoccans L b S e L T PP T T 17

GCCACTTGGTGGGGTGGTCCTTTTACGCGAAGAGTTNNGNTCT CGAAAACATAAAGAGGCCTT TTGAGATGCTGGACCGC

CAACAGTTAATATTGTGTACACCAAATATGCCAGTAATAAATAATTTGTTACCACCCTGGCAG TTGCAGATTCT TTTGGT

$28) -~o--a ceeteccmnnmcsatoccncna wemtemcccmcnctonnenn R L R L T ey § F7))

GTTGTCAATTATAACACATGTGGTTTATACGGTCAT TATTTAT TAAACAATGG TGGGACCGTCAACGTCTAAGAAAACCA

TGATGATGCCGATAT TAATCGGGATATCATCGGCAAAATGCTTGTCAGCCTGGGCCAACACGT CACTATTGCCGCCAGTA

$361 i Dl D D e e e L bt R b T R i QUSSR U e-e 5440

ACTACTACGGCTATAATTAG CCCTATAGTAGCCGTTTTACGAACAGTCGGACCCGGTTGTGCAGTGATAACGGCGGTCAT

GTAACGAGGCTCTGACTTTATCACAACAGCAGCGATTCGAT TTAGTACTGATTGACAT TAGAATGCCAGAAATAGATGGT

S44) e s ccctrcmcccc et e mrr e e b rcra e cra b e e e et e e e e et —. - .- teccmcaeeet $520

CATTGCTCCGAGACTGAAATAGTGTTGTCGTCGCTAAGC TAAMTCATGACTAACTGTAATCTTACGGTCT TTATCTACCA

ATTGAATGTGTACGATTATGGCATGATGAGCCGAATAAT T TAGATCCTGACTGCATGTTTGTGGCACTATCCGCTAGCGT

5521 ceccecccctecmcmcacctocccscsm et e etecrcccanebanmoenn medromcccccstnamm- eemet $600

TAACTTACACATGCTAATACCGTACTACTCGGCT TATTAAATCTAGGACTGACGTACAAACACCGTGATAGGCGATCGCA
ASCVNMAGAWRWTMWTCRTY GT DDAAAAAANR DGRK DHWTCATHAY ANNTTACAAAACCAGTGACATTGGCTACCTTAGC

560} b e D i D e L L T L L R Y $680

TSGBNKTCTWYWAKWAGYARCAHHTTTTT TWY HCYMHOWAGTADTR TNNAATGTTTTGGTCACTG TAACCGATGGAATCS
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TCGCTACATCAGTATTGCCGCAGAATACCAACT TTTACGAAATATAGAGCTACAGGAGCAGGATCC
5 68] ---cccca-- trvemcncmw LT T Y Y E Y T bomanacnee L bPoamww- £i46

AGCGATGTAGTCATAACGGCGTCTTATGGT TGAAMATGCTTTATATCTCGATGTCCTCGTCCTAGG
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