1 | DENTI FI CATI ON OF GENES The present, invention relates to nethods for
the~identification of genes involved in the adaptation of a m croorganism
toits environment, 5 particularly the identification of genes responsible
for the virulence of a pathogenic m croorganism Background to the

I nvention 10 Antibiotic resistance in bacterial and other pathogens is
becom ng increasingly inportant. It is therefore inportant to find new

t herapeutic approaches to attack pat hogenl c m croorgani sns. Pat hogenic

m croorgani sms have to evade the host's def ence nechanisns 15 and be able
to growin a poor nutrltlonal environnmdnt to establish an infection. To do
" so a nunber of "virulence" genes of the m croorganism are required.

Vi rul ence genes have been ABMNTHHCGATEON O GENE! genetlcs and a variety
20 of approaches have been used to exploit transposon nutagenesis for the

I dentification of bacterial virulence genes. For exanple, nmutants.have

been scr eene@htqrestait linechtiony el i wtethsthf Rt the ideMbationtd¥ pedegss of iron
regul at ed proteins: (Hol land-et . al, 1992), or in assays to s ugy t he
penetration YHvolysd im| ths| adantation qunlaayuettooagqmm8@ its andirenmentyal within

25 macr opdag 89: - Mller oi sman et at
1989) . Tgnsg%é%glar;}ﬂ'dg‘ﬁtlg 'ﬂ%ﬁ é‘@f’s‘g HAOSK rFW@@HB‘F&‘Pt‘@ EnG&g Pl ence i n
live ani mal patHegeniomibcidozgddian. (M1ler et al. 1989b). This approach has
t he advant age that genes can be identified which are inmportant during

di fferent stages of |nfect|on but is severely linted by the need to test
a 30 wi de r afyg ndi vi uaIIy for alterations, to virulence.
MIller et WO 9C i 95102875 . 2 al (1989b) used groups of 8 to 10
fn ce and |nfected orally 95 separate groups with a different nutant

t her eby .usi n bet ween 760 and 950 nice. Because of the extremely |arge
nunber s éf nigRiptic | eagistansg, 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 v;iriety
z 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 et al, 1988) and survival within
25 macrophages (Fields er al, 1989; Miller et al, 1989a; Groisman er al,
' 1989). Transposon mutants have al-s‘o‘becn‘ tésfed 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. Mfllcr et

4



conpr ehensi ve screeni ng of a bacterial genone for virul ence genes has not

5 been feasible. Recently a genetic system (in vivo expression technol ogy

" [I'VET]) was described which positively selects for Sal nonell a-genes that
are specifically induced during infection (Mahan et al, 1993). The
technique 10 will identify genes that are expressed at a gartic I@r st age
in the i nfWOOEENSI process. However, it will not identify Y¢FGP RS genes
that are regulated posttranscriptionally, and nore inportantly, wll not
provi de information on whether the gene€ls) which have been identified are
actually required for, or contribute to, the infection process. . 15 Lee &
Fal kow (1994) ak{19396) ubed grdups AT68 1&30-mite atelsinfédied @ Py gepasate

| ocation of ce prog s during the devel opnent of -
the .cerebral eqnpikehdivé Raeening ofhbadtétislzennche@opidoulenes gases baswota t ag
that contains a unique nucleic acid sequence and the |acZ gene but there

i s no indi datilbgen feasibleseful nutants or genes could be 25 detected by
their method. WD 94/26933 and Smiith et al (1995) Proc. Nail: Acad. Set USA
92, 6479-6483 descri be nethods . ained at the identification of the ' '

functional reRbamBlyOd genkti®eysteanEn 1éro ekpressien technaldgyAIVETIAL was f or
whi ch some 30 sequence information is avall ab]e. 6/ 17951 g G ai som:
et -al (1993) descobed Nwhichacpasitivaly . salepts - &, Sedy ?%7 6888 cthaho&e; he

ol monel 1, & Ssagly ifirel i RER NN o of 1993 REREchniiRe! 11 © (2,
m Ccr 0or ganj(s Mswill identify genes that are expressed at a particular stage in the infection
| .process.-' However, it will notiidenﬁfy 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 con;ﬁbute to, the infection process. -
15 '

Lee & Falkow (1994) Methods Enzymol. 236, 531-545 describe a method
of identifying factors influencing the invasion of Salmonella into
mammalian cells in vitro by isolating hyperinvasive mutants.
20 - Walsh ,ziﬁd@-Ccpko* -(-1.9922)' Science 255, 434-440 -describe a- method  of ‘)

~tracking the spatial location of cerebral cortical progenitor cells during the
‘development of: the .cerebral cortex in the rat. The Walsh and Cepko
method: uses: a tag that contains a unique nucleic acid sequence and the
lacZ gene but there is no indication that useful mutants or genes could be

25 - detected by their method.

WO 94/26933 and Smith er al (1995) Proc. Nail. Acad. Sci. USA 92,
-6479-6483 describe methods aimed at the identification of the functional
“tegions of a known gene. or at least of 2 DNA molecule for which-some

30 sequence information is available.



such: - as Esceherichia cob, -Sal nonel |l a typhi nurium Sal nonel | a typhi, .
"Vibria chol erae, O ostridium boudi num -Yersinia pestis, Shigella flexneri

and Listeria nonocytogenes but in-all cases only a rel ativel y.small nunber '
of the total have been i dentified The disease vvhich Sal nonella typhinurium °
causes in n egel des a good experinmental. nodel of typhoid fever (Carter )
& Col l'ins, 1974) Kpproxnnatel y forty two genes affecting SHGHERIMZ: -
virul ence have lion identified to date (G oisman & Ochman, 1994): These- .
represent 15 approxinately one third of t h& total nunber of prediet ed ' L
‘virul ence genes S%Gr 0i srran nd Sai er, 1990 “The object. of the present "

invention isto i FEAFTRE g s( ﬂ?ﬁl)olp\fé‘ﬁ hdﬂﬂdd&%uat@&h 28, 4033-1037 .
M eroor gani sm.t o4 |dent|f 20 further = -
vi rul ence genes |ér1‘hgat ogen% C?g% éﬁﬁiﬂsx ﬂ‘@g‘ésé‘d qqueRRtSncy .. A

further object. i|spetificrtedSiden };ng;nunber of experi rrent al “ani mal used in
i dentifying virul ence genes. Still: further objects of the invention -

provi de vacci nes, and nethods for screening:for drugs which reduce

virul ence. 2 S the inventign.ln ong aspect of. thernventron

there is provi deg ﬁ(ﬁ\ﬁ“ §ﬁ“’%‘safF§‘EtB§3 ?""dhf Rithegenic micrdagnnisms

genome and hybrlssdtt;lﬁﬁs Erlaaha ol - 5 y hﬁg‘” es sh wn oin-
| g@ne f»@flﬁ:a%ei% e gene

Figure 5-under stringent condrtrons
whi ¢h when rrut atvikrie ehelerady Wostridiombandinum RellR -

aspect - 0 the |nvent|on there is provr d a DNA .
‘whi ch i's |soI ate ﬁ@'ﬂga L M%%GMMM[M@&NO any

vi rul ence. l(,sét_anot her.
one-of the sequm&wﬁg&{,&ﬁg@ ﬁﬁn as"SEQ ID Nos 8 to.It, 14 to 36,
and ’38 under, stri ngent” condit ortsé?' eflein said gene is a vi rul ence gene

whi ch when ’rﬂtt ated in or absent froma Salnonella results in reduced
virul ence. a% ler as ct of the invention, there is provided-a

vi rul ence gene WQ%MWM#MB}W@W" 22
I D'Nos- 8 to.11 gy fn@né@ nded 2)31’(:8%%‘&]6%3/&: (Carter & Calligs, 1‘974}' |
ﬁppmx;matciy forty twa.genes affecting Salmangilu mulence hava bean. -
ldcnhﬁcd to date {Groisman & Qchman, 19943, Tﬁase tq.‘imscnt
15 approxmteiy onc third of.the tot;a‘.l number of pmdtetcd wwluncc,,genes o
ﬂ(A‘Grmsman and Saler 1996). ' '

_The object of the-present invention is to 'idenﬁi)r igt:ne# invelved i the
o N aéaptabon of a microoiganisin 1o its environment, pMc:nlady to identify
(o 2{3 Yurther virulence genes- in pathogénic microotganisms, 'with increased
cfﬁcwncy A further -chject is to veduce the number of experimiental
dnimals- uscd in xdcnﬂfymg virulencé. genes. Still further ijccts of the

o mvantnen prowde viceines, and methads for sereening for drugs whicli -
* reduce. varulencc. ; _ . .

. Bummary. of the irivention
. In one aspect of the inveﬁtion, there is provided a DNA which is isolated from a gene' o
of a Salmonella genome and hybndlsw to- any one of the Salmonf;lla sequences '
30 - shown in Figure 5 under stringent conditions, wherein said gene is a virulence gene . .

Wthh when mutated in or absent from a Satmonella results in reduced virulence.




SEQ ID No 37 or 38, or a part thereof or.a variant of either (1) or (2) . .
with at |east .85% sequence identity, wherein the part thereof is at |east
50 nucl eotides -and wherein nutatioggor absence of said gene in Sal nonella
results in reduced virulence. In another aspect of the invention, there is
provi ded a pol ypeptide encoded by a gene or DNA according to the

i nvention. |n another aspect of the invention, there is provided a nutant
bacteriumwherein if-the bacteriumnormally contain. a gene conprising a
sequence identified herein as any of SEQ ID Nos 8 to 12 or 14 to 36 or - a
gene contained in SEQID No 37 or 38, or a variant thereof with at |east
85% sequence identity, or agene of a Sal nonella genone which hybridises to

any ane of 't nonel | a sequences show ng in Figure 5 under stringent
condi ti ons aﬁg aﬁﬁ%ﬁeﬂ%ﬁ&%ﬁ@%@%iﬂ?ﬁl%‘@é%ébw plt ihisplatedtizomd i -n
or absent fi peaoalSansicdia geRgitt | i ryl " the gene i ‘
absent or i r%g‘é:'gi vated in the nut gﬁ(% h&t&%ﬁﬁ%ﬂ%(jﬁ% o?r}g%ﬁ%(iue ‘é%e’gfmﬁedt he
i nvention, tREE 3SERJD Hewi8 4o VECM DIBS, aihd 38| urmlee biriagesty@atiiani, Uth@Eind

- part thereof i | apt . of said ith at | east 85% sequence identity, -
wher ei n- V@E:QB@%@J %S?‘it"lneg&e SSODRRICE el TYked 1 oy abiserti oo e |Ssbaonalla .

bet ween t he watils inneduyeyd Firglef&s, as shown in Figure 8, wherein the part
t hereof is %%{oggst 50 nucl eotides and wherein the DNA is a-vinilencegene

whi ch when Eisr pipecknf the fersetion, Gheraisgaovidedbh irulonse st (1) compiisiag a
of & gene of PRaR AEGHRRRARLLPL B SBUIR NETA A uiass R iconaneiiad as
Shown 1 1 Fl qube 6. o - cout val aat ONc] o Aot e eord ) S AORER Pher
aspect of t %g; ? SRAMARGEJHC %F%é'f’]&f?@ the part Gereofiismitlenst SO avtlectidemanfevteteini f
e 5 Aoy b bR o o
S T S O
K 09,2 Dl QIotheFaste Of el daoh Wiedk Y VAR SR S BT B
- bacterium normally contains a gene comprising a sequence identified hérein as any of
SEQ-ID Nos 8'to 12 or 14 to 36 or a gene contained in SEQ 1D No 37 or 38, or a
variant thereof with at least 85% sequence identity, or a gene of a Salmoriella genome
* which h_ybridis_es to any ene of the Salmonella sequences shong in Figure 5 under
strifigent conditions and-wherein the gene is a virulence £éne which when mutated in
or -absent from a Salmonella results in reduced virulence, the gene is absent or
inactivated in"the mutant bacterium., ' . '
" In another aspect of the invention, there is provided a VGC2 DNA of Salmoﬁelld
- typhimurium or a part thereof, or a variant of saad DNA with at least 85% sequence
identity, whierein VGC2 DNA is defined as DNA of Salmonella typhimurium Iﬁcated
between the ydhE and pykFF genes, as shown in Figure 8, Wherein the part thereof is at
least 50 nucieotid% and wherein the DNA is a virulence gene which when mutated'in .
or absent from a Salmonella resulfs in reduced virulence. - |
In another aspect of the invention, there is provided a promoter of a gene of the VGC2 -
- - DNA of 2 Salmonella wherein VGC2 DNA i§ defined as DNA of Salmonella
_ ' Yyphimurium located -bétween the ydhE and PYKF genes as shown in'.Figure 8-,. or
equivalent DNA in another Salmonella. C



and isolating said nutant bacterium In another aspect of the invention,
there. is provided a vaccine conprising a nutant mnicroorgani sm or

- bacterium according to the invention, or &bnutant bacterium wherein-if -
the bacteriumnormally. contains a -gene coaprising a. sequence identified
herein as SEQ ID Nos B to 3.6 or any-one of the.Sal nonella sequences shown:
in Figure 5 or. contained in SEQ ID No 37 or 38, or a variant thereof
with at |east 85% sequence i-dentity; and wherein the gene is a virulence
gené whi ch when nutated i-n or absent froma Salnonella results in reduced
virul ence, the gene is absent or  inactivated in the nutant bacterium In

anot her aspe ti.on, there is- provided a.. use of a nutant

bact eri um or %%ﬂézr oorg ﬁ? m&“’dﬁﬁv’é"@ @Vﬁé&bmumﬁWbMMﬁme

aspect of thbasntﬂmantnoﬁﬂall B&itfind & u ( osition (.
’ S5Ol B IR 0L %ﬁ%}%ggfrp%qume |

conprising a. ac.terl um or_ -m croof gani sm as d
phar maceut i ¢ ¥feplty ‘36’0&‘?5'@31@ NGE3 saicbgene ib nidated bﬁ&b&ﬁpﬁpémd)ﬁuiaﬁﬁbéc?éfﬁﬂ{,

there:is prowhﬁl%ﬂ, gen of the. VGC2 DNA of
Sal monel | a typhi mur i um or a &%{1@@ &Z\% Qéfq argtong é‘ﬂ?hs@mmlﬂoe@ﬂlbd@@cenor

~ encoded by aﬂwafdkﬁmudpﬁkl@@&m%dwﬂiﬁ% ast 85% sequence identity to
sai d VGC2 rein VGC2 DNA is definéd as DNA of Salnonella typhinmum

| ocat ed bet EspeRtiohirernyrsien, Bisresih pravided Figthod dF maldsg a bictamah her
- aspect of- tw‘@@‘“ [0V e of a nutant bacterium -

wherein if the bac ertﬁgm‘}nﬁgrﬂﬁgf’}lﬁpﬁgﬂgéﬁﬁé fdRutating said gepein & hanteriin or
equi val ent t@diwlqmmaiﬂnmtmct@ﬂinﬂ gene is nutated or absent in said -

-ant bact sai tation or absence resulting in reduced virul ence, |
orva nutant - Wﬂ/\%ﬂ@rlﬁ‘@ﬁmnt W@mpmm%mmumicl oenfpReing! ot

virul ence ggﬁ@m@ | SACS4h dent i ied herein as-any of SEQ

I D-Nos 8 to“%G orﬁéﬁiﬂmdg?bﬁ @al CSodME, e %éﬂ%@oghé’ﬁ/rﬁ imppataifti bagtesivgy o

' cont ai ned G cerunl néthallyrcon i p¥ed S
: ol § equchl37 850

mut-at ed or ent ant_bacterium said sence
resul ting i ﬁg%’ eﬁ“hgg@ w%ﬂﬁ%&c‘@ 3§ pr ene opg offthc Sateondlla- scqueneel mfﬂ for
preventing Figaf®b) &l contRl&Ci G0 Nolg G 3ok her
aspect “of the invention, thereT gﬁplﬁ%\?;?g&g% ohgga%@qgﬁc@ﬁ%@ 15%18@'}:‘ um
sequence 1dcnt1ty, and wherein the gene is a virulence gene which when mutated inor
absent fiom a Salmeneﬁa resuits i reduced wrulcnec the gene"is absent or
inactivated in the mutant bacteriiim.
In another aspect,ef the invention, there is provided .a.use of & mutant bacterium or
mwroergamsm as defined above asa vaccmc
In another agpect- cf the invention, there is provided a phannaceuhcai composmon

comprising a bactenum or mxcmorgamsm as dcﬁned above and a phmmaceuucally B
acceptable carrier. '

N

In another aspect of the mvenuon, there'is provided.a polypephda encoded by a'gene
of the VGC2 DNA of Saimone]la typliimiirisan or a part thereof of at least 50
'nucleohdes or encoded by a variant of said DNA with at least 85% sequence identity
__:to said VGC2 DNA wherein VGC?. DNA is defined as DNA of Salmonella

_ (;phlmunum located betwcen ydhE and pykF genes as shown in Figure 8.



wherein if the bacteriumnormally contains a gene that is the sane as or

equi valent to a -gene in VGC2; said Agen%-‘c'f‘s‘ nmut ated or absent 4 n said

nmut ant bacterium said -nutation or absence resulting-in-reduced virulence;’

or a nmutant bacterium wherein if the bacterium nornmally contains. a

-virul ence gene conprising a sequence-identified herein as any of SEQ ID. ~.
of the_Sal nonella sequences shown in Figure 5 or -

Nos 8.to 36, .Or atﬂé_ I | 5
cont ai ned i n"SEEPPH fpesyob thesmvengiony these ds wavdded whisearTa ntutmt gaceriim

mut at ed or akmerin ifthd Bt Shacteriwm. said, nutation. or absence
resulting in reduced gi&rt]r| eng{;, sgi%B%a%g&%&lﬁﬁwqﬁsﬁ@ﬂmE@ﬁ%%es a
DNA encodi ng? #%0e dnt YGER| saidpgdnepis mnaradsei dbaihen saat RRgeR Ha&eﬁﬁ&ﬁr said
manuf acture_I%LtaﬁOHedi ament -for. .vacgi natjng a host-agai nst a pathbgen. - -
Di scl osed herern-ist 8°¥FFE ﬁé’ar‘?‘ﬁ'Pe‘i YaEwenesy on g mautaitdracterigmnivharehnifl ng a -
reduced adatht datefiudOnatufallitdoRthiny a Sl dnRk i sing the steps. Qf

WD 96117951 PCT/ GB95( U2875 (1) 'p? g%&%%%ﬁ‘?‘ﬁ%‘?%% “INFEEFJ ?ﬂ@lii?ﬁsns
each of ‘whi dif79i8 25iany &b S HR INosrBited & cbrimpytdfahe Samndrellaabqicaastsh¥ahign of
a gene with | eic. acid.cQapl iSi ‘a2 uni_que marker seqguence. so. that
‘each fut ant fq%%r%tﬁgf)?\!gg %‘%"gf‘%% W‘E_é?%@éu%%ﬁqwm@m@mﬁm genesia d

M croor gani sugtated (62) atiRestvindibeGmbutiet Yh&te@hnY sfdSkfady S of_each .
-nmutant  produced by step (1) and. providi ﬁaﬁfln%@g/al ﬁa‘ﬁ{%_g%%e%@g%d?eic
acid conpr FEUREF (vidlange.gire tenmesnfashu of ce mddicmena dor prewdhtiigd wibroblag ant ;-
(3) i””“ﬂﬁé&ﬂm@nﬁ'ﬂ%ﬁh&}%ﬁ{%ﬁ%‘# ants produced by. stop (1) I1nto the said

particul ar environnent an g those microorganisns which 10 10 -are
dbl e to do Boanahgr aspettnof He mektioi]) \théreNTERbvidbdh GRLEF SISt bacteriun

m €roorgani sy fram- the said environnment or a- sel ected par t‘hé’F"é‘&P‘ and

i solating t?fggrﬁﬁc‘gg?f‘ct? pemiallyecontaing mgent that isthosgadaserequivdlent fo .
conparin Ve 2RC in th clejc acid solated '15 . in ste
'(4;mto tﬁeadqu-n'i qhgﬁﬁ%crigg’?ggg eﬁ'c’g %g%gﬂr iahﬂ?%i’ﬂlfé‘%‘fﬂ}%tbm saik i'nIo
step (2); aneiaie) osabsents rgulting in dédtced HnBHbA Ur thi Gl BIRES WL GRRL § N any

Qf

the -babtcdum-'.notmaﬂy. ’con;ains_a'ﬁi-u!eﬁcc- gene comprising a sequence identified
-hcrgin as any of SEQ ID. Nos 8.to 36, or any of the Salmonella sequences éhown in
Figure 5, or. contained in SEQ ID No'37 or 38, or an equivalent thereof, the gene is
mutated ‘or absent in the mutant bacterium, said mutation or absence resulting in
reduced viralence, said mutant -bacterium fuxther comprises a DNA encoding an
- anﬁg’enic'epitbpe- from said othier pathogen in the manufacture of a medicament for )
vaccinating a host against a pathogen. '

Disclosed herein is a first method for identifying a microorganism having a reduced

adaptation to a particular environment comprising the steps of :



the marker sequences as isolated in step (4). . 20 . Thus, the nethod uses
negative selection to identify. mcroorganisns with t 3 reduced, capacity
to. proliferate in the environment: A microorganismcan live in a nunber of
different environnments and it is known that particular genes and their
products al l-ow the microorganism 25. to adapt to a particular envirennent.
For exanplgwo@@l ger for a pathogenic mcroorgani sm suchyeﬁKﬁﬁgekﬁpgenlc
‘bacterium or pathogenic fungus, to survive in its host the product of one.
or nore. virulence genes is required. Thus. in a preferred enbodi nent of
the , inv~ntion:a gene of" a m croorganism whi.ch all ows the nicroorgani sm

to adapt to a particylaar. envir.o Is.a virul enc 961179 5
1 PCr]GBY9siol 875 5 ‘nvé’ﬁ? ing/a pl RH@TB rqﬂ‘a,‘tﬂfaﬁ’fgéﬁ'&ms(ﬁ?ﬁgrﬁr}e?@
differentiated 1BHéédnﬂsh%'xﬁtitaw8r é%s%k'ﬁ{Shﬁ%n&ctR‘ {:]ey A héf%éh hany

bacteria and fungi® are ect ants an

- survive within rucleiplaaid mﬂnsmgmamthsmd&rmqmm m‘thaheaclpmmme of

and expre55| on from Vi r ence genes. Suitable- m croorgapi sms vvhen the
particul ar enviGogighHt fﬁ“‘ﬁﬂﬁ#ﬁ"%\@ﬂ%é”ﬂ‘l@“ ‘g'“a‘fd ,

t umef aci ensgwhi ch f _ p }m\/rmi a.
amyl ovara; .~ Pseudoggﬂ‘;stp ﬁwﬁz&c&?@r‘ﬁ V\%I gﬂﬁt[ggc&gggth X" 0? %eg \;?\?u range of

plants; Rl dzoblprodudedgbynstﬁps(ab mmrﬁhdingmwuaﬂyw naclbizaasid
Xant homonas canpestds 10 p:v. cirrji which ca gl citrus fruits;-
and iricl ude t hEOMPEIRAE ﬂmgna%ma«ls@rﬁeswan% vidyad rpasE o sease;

Eusari um spp- whi chcau | e Flg p.; .
Col | et ot rnchum gl o&)gpo? eu\séﬂ{écgi)y wéweé‘éd%ﬁﬁsm%%lié@ges . root
and crown di sdesedd pﬁr&ﬂlﬁ%@r@ﬂﬁt&ﬂtﬁﬁéﬁﬂbwﬂgamﬂsnﬁﬁmorgmh&hs pp:; ’>

3

Lept osphaeu&a 15 maeul ans; Phoma rraeheiphil a; Phytophthora spp.,
Pyr enophor 1% Careable toedq 5@ 19 grawnia thnsaid eRvERBTONG dahl i ae; and

Woosphaer el | a misi gl 2 altieuil hidbSARm Fofle A SR8 LuidibhuRl §r 41211

bel ow, when the mc rgant sm ha o hase
cycl e is :requselected part thereof and 1sqlating the- nuclexc acid from the r&mevcd

micreorganisms; _
(5)  comparing any marker sequences in the nucleic acid -isblated
15 . in stc;f (4) to the unique marker séquence of each individual muitarit stored
. as in step (2); and
(6)  selectingan individual mutant which does not contam any of

A the markcr sequences as isolated in step (4)

20 .Thus, the method uses negative selection to identify microorganisms with f}
. reduced. capacity to. proliferate in the environment:

-
3
“-v

A microorganism can live in a number of different environments and it is
known that particular gcnes and their products -allow- the mierporgaﬁism.
25  to adapt to a particiular 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 otie.or more. virulenice genes
‘ - is.required, Thus, ima pfefer{ed embodiment QE;tﬁ_é;-i-&yﬁﬂtierg:ﬁrgcﬁq of -
" -a microorganism which allows, the microerganism to adapt..tozaipa#icﬁlaf .

30 - environment is a virulence gene.



20 Simlarly, many tf icroorganisns-including bacteria,: fungi, protozoa
and trypanosones are: knownto infect aninmals, particularly mammal s ,

i hcluding humans. Survival of the microorganismw thin the animal and the
ability of the mcroorganismto cause disease is due in large part to the.
presence of and expression fromvirul ence -genes, Suitable bacteria include

. I a spp. particularly -B. per7ussis, npyl obact er spp.
parti cuI ar?‘f}g@gfej uni. Costridiumspp. particularl y C bapt(%

Ent erococcus spp. particularly E. faecalis, Escherichi a spp. part icularly
if. coli, Haenophilus spp: parti cuI arly 1? ducrey and 'H injluen ae,

Hel i cobaeter SM.  particularly A pvlarmKlebsiella spp. particularly, K.

pneunoni ae, Jeomegicntly) the pasiculssenvironmenyis a2 differentiaptimulticelludarer i a” spp.

particularly 9 51 2 bact eri um ,
spp. particul adrF Mﬁ" swﬁé&%adgmﬁ%%ﬁw ﬁﬁg?%gfi%ggﬁg%%@?g@e $re Q}%S,P :
particularly el mf&t)lpmil’i@ﬁﬁ@ thépdrd\ablen@nsurgiviel Within u&puﬂomeaasespp
particularly Ps. aetuginosa; Salnonella spp., Shigella spp.,

St aphy| ococctsesss becayse wf ‘¢be praspnes; ofand gxpresdon mododengegenes.

ticutagl, d_Yer
Part cul apty SyiealeSRRERRBRGHRE WORE S, el reiiRhomedl O oA 257 <o
them are. ant mruwdaé bacleria A gfoBRAE fum Timfefacidfe Whidle FermP WemBhisa are used

in the drsclosed met hod, the particular environnent is an ani mal which they
can, infect nmwaﬂﬁeyncagmpcl)b‘rwouﬁr sugdevarayr Psgadqinenashen

Sal erneI l.a typhi nuaj um i used to J fect m)use 1 us devel ops. a
_di sease whi c Q’@F’&é@"’g W3 '%ﬁﬁtfscfd'f'“? °‘.h Rt ’@%@H YMococcus
“gur eus cause&mﬁm@waﬁwﬁdﬂd@whﬁeﬁ%%awm n%ﬁge%élt sbus: et . al

-(1991) Infect. Intnun::59, 1008-1014) and endocarditis | s-(Perl man
& Freedni. Pmmi;nmh@hkatfsrcelcankedm cius! Fruindcarkl dyclude thes fukgiui r ed t hat

o TS 1T e MEERPaURE plidea Soich fiseres bitREoRserPurarpin e wieh TS
- DNA- medi at edcidkeqr %%@ytbpnﬁlfag{ sk A8s:S VB §/Phie S sﬁﬁ?&' I@g}e?a,p,@gum\/\hen '
_gloeaqunades, Gaeumaiinoniyces graminis which causes root and: crown
_diseases in cereals and grasses; Glomus spp., Laccariaspp.; Lepto;fpfzaeﬁd
15 maculans; Phoma tracheiphila; Phytophthora spp., Pyrenophora teres;
Verticillium alboatrum and V. dahliae; and Mycosphaerella musicola and
M. j’ifr'er‘wis. AS -d"cScribbdiiﬁ more.detail below, when the micreorganis‘m

‘s a fungus' a hiaploid-phase to its life cycle is :reéu-ired-.

) 20 Similarly, many riicroorganisms-ircluding bacteria, : fungi; protezoa and
e trypanosomcsarc knewnto inféct animials, particutarly mammals mcludmg
' hismans. “Survival of the microorganism within' the ammal and the ability
- of the miéréorganism to cause disease is due in large part to the presence
_ - of -and expressnon from v1rulencc genes‘ Suitable -bacteria mclude
25 Bordetella spp. particularly 8. pertussis, Campylabacter spp. particularly
C. jejuri: Clostriditm spp. particularly C. botulinum, Enterococcus spp.
particularly E. faecalis, Escherichia spp. particularly E. coli, Haemophilus
S spp pattix;ﬁfax?ly‘ H. ‘ducreyi and “H. -influenzae, Hz&é@ﬁﬁm@ spp.
s TS pﬁ-‘r’ﬁculﬁﬂy‘ H ;ili\‘r'lan Klebsiella -spp. pamcularly K pneunwmae

30 Legioniella spp. parttcularlv L. pneumophda Lmena spp- parucuiarlv L.~



20 -the-m croorganismis a human; pathogen,.conugniently an ani mal . nodel "' of
t he humawdi sease: :is avail able. Suitable.;fungi-.pathogenic to. hunmans

i nclude certain A-spergilius spp.(fpr.:exanpleA fuiuigatus), Cryptoeoccus
neof onnans and Hi stopl asnma. capsul attan.. Cearly the above-nentioned
-fungi have a hapl oid phase and a: DNA-nedi ated integrative transformation

2-5- syste avail abl-e for them.-Toxoplasma- may also be -used, -being
a parasi trer%a#ﬁ% hapl oi d phase -during infection.. Bact e PCHGBREN815,

hapl oid genone. Aninmal tilodeis:of human: disease- ar *often-avail abl e-in

which the animal. 30 in a nouse, rat,..r@abbit. dog-or.nmonkey.: It is.
preferred if the, animal is a WO 9&17951 . PCP/ (3B95/ 02875 7 nouse.

Vi rul ence genemeﬁehyﬂly@mmm pertiadarly Mg smegraaiisand dfdel  of a
human .di sease ar ery .likely to .be vvhr ch  determ ne the

virul ence of t?%ﬁeﬁ?@ﬂB Qyﬁf‘?%?f’n SHEn. P ”ﬂﬂ"ﬁlﬁ'l §oRqrzfocge; .

M Croor gani Sivs rAepingififisi Psb&&rﬁbrﬁﬁ' S pRENAAY P &:%B}H'%b&a

typhi nurium Staphy ocws aur eus 59gtrept ococ us pneunoni ae, - Eneerococeus
faecahs, . PseuSgmenddig usppaps Stapilococmar isppl | partionldariat 8. audds, A
preferred %‘*r t of the I nvention_ s now descgribed. A m{g c acid
conprising & u ﬁ?fn PP Pattinlarly & Ryogenss and pngyoniaey @lrmm pool of
doubl e st randeﬂmﬁ.ﬁgg Cﬁarﬁﬁ%ﬂ @&pewc%@@@ t| de

synt hesis and a. polyrrerﬁg aln P'ea?tron ( ac % H-- ag" has a -

uni que- sequencmmﬁnhndahonhamm@ﬁnaimodﬂsoﬂdmdiseﬁm afﬂhus,&ﬂmutmé& by -
whi ch-is Ranked by. "arns" of about 15 to 30 bp, preferably about 20-bp,
whi ch are co terig agg ysed dn thediscinged mathodrthopartiowai n t he uni que' sequence

ff
Sequences to. e nonienf By it GRRICHE) o BRATRAT 47 I Y st L no@

‘too | argelfo dmt%ﬁmlbpwhcﬁf&iﬁbﬁmmmmﬁi I @edWolififect BRY'
interfere. with a PCR .: Srmlarly,l the lengthrof:the - arnms should be

sufficient to BPYBe meuss dayelopsia dispassgviich-serves as a model for typhoid
fever inman. - Staphylococcus aureus cavses bacteracmia and renal abseess

formation in mice (Albus.at.al (1991) Infect. Immun. 59, 1608-1014) and
endocardms in rabbits-(Perlman: & Freedman (1971) ‘Yale J. Biol. Med.
15 44, 206-213).

‘:'.

-+ It is required- that a-fungus er higher eukaryouo parasite is haploid for the
relevant parts of i 1ts life (such as growth in the environment). Prefcrahlv
;1_ DNA-mediated integrative transformation system is available and, whe;. |
20 the microorganism is a human pathogen, <conveniently an -aﬂimalmﬁdelﬁ : - £
the human- disease s .avaitable.. Suitable,fyngi pathogenie to. bumans '
-+ include cettain Aspergillus spp.-(for example: 4. ﬁtim‘«gatf-w)., Ciyptecaccu.s
- -negformans and Histoplasma. capsulatum. -Clearly the- éb_ove—mentioned‘
fungi lii‘ayc- a haploid phase and a. DNA-mediated integrative transformation
25 . systems are available for them. - Toxoplasma may also be .used, béing a
- parasite with.a- haploid phase during. infection. . Bacteria have a baploid

- : genome.

. (A
P
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- -Animal models of human disease aré often avatlable in whicl the animal.

30 isa:mouse, rat, rabbit. dog-or morikey.: It is preferred if the arimal is 2
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ol igonucleotides in a.PCR 25 It is vyell-"known that the sequence at -the
S end of the oligonucledtide need .not match.the target sequence to. be
anplified. : Y " is>tr~l .:that -0i rs xi =1 :fix PD*7 structures-

wi th eachot her |onger than 2 bases, especially at their;'' ends, 3{l ~ as
this ibaturt may pronote the formation. of an artifactual product called wo
96/ ! 7951 r¥PEHIESH287s 8 "priner dine?-'. Wien. the. 3' endwesbsamie, two
primers hybridize, they forma "prinmed tenplate" conplex, and ‘
primerextension resultsin a short dupleX product called "priner.diner”. 5
| nternal secondary<structure: shoul d.be avoided in prinmers. For symetric
PCR, a 4M% G+CnoesniVanlencs gerfes detiected by theshistbubed orcthodt Wsingod mers, with no
| ong stretchesof.%ﬂy 8@§b%s_. The classical nelting tenperature

cal cul atj ons uBBYPalModH g -Mw&aﬁﬁmcpflwemgmlmw&wmm es

often. predictyg : VLT R o] g SOt 1eal s ~a specific tenperature
10 or that the 72 e‘%gﬁ\s«figur% é@%‘#%pﬁir’gé’g%%ﬁ %%%@Pate t he '
prinerltenplate hybrid prematurely. In practice, the hybrids are nore
effective int . BCR pracess than :generally. predicted by sinple Tm

cal cul ati ons. p%ol? ?lﬁﬂﬁgrfg‘?@zll?lﬁ‘ﬁofgéﬁﬁW@Wé@ theydisclveeddmetbods nedenpi ri cal y

and may -15 b, -are Sulghedllat ytimiioR) Sthsyiochads ROl yner ase does have
acti%tyin the 37-55C. region, so primer extension will occur during the

annedi ng st ep Stkgudeocctdie. prdamioniad,| | ERterosdctak | | faegalis, TBsapivhfotdsat i ons -
of the -primers are equal in conventional (symetri c) PCR and; typically,
Wit hin-0.71- "t ®FUSHING and edspergillus fnigattise "tags". _are_ ligated..into..a
transposon. or-i ransposoa4i ce-eeletnent tof or m. -the:: nucleic a c i
d’i p . : conprising.. a .- unique_..nma~; ker . sequence. .Conveniently, the

‘transposold. i A peefeired chbiodmsH SFfre HRERASN iRb& Udsribed.

A nucleic-aeid comprising a unique marker sequence is-made as follows.
LA <complex qul‘ of double stranded DNA sequence “tags” is generated
= . using oligonucleotide synthesis and. a poelymerase chain- reaction (PCR).
15 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 aboﬁt 20-bp, which are cormion to all “tags”. The number of
'b-p in the unique “sequence is sufficient to -allow large numbers (for
.. example > 10") of wnique sequences to be genera-ted-- by randomn
20 oligonucleotide synthésis But not too large to allow the formation-of
* -secondary. striictdres which may’ interfere. with: a PCR.. Similarly, the
~lengthizaf the -arms should be sufficient to al'low.,efﬁcient'priming of

-+ -oligonucleotides in a PCR. o '

"

. 25 | ~It i'sA wéll—*km_)'iarn that the sequence at-the 5' end of the oligonueleotide
need ot match the target sequence to. be amplified.

- A wiel. A thes PER:- prinisrs o 40108
© - structures with each.other-longer than 2 bases, especially at their3* ends,

30 -as this featuré may promote tie formation of an arﬁiﬁzbtﬁai product calied
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mai ntained as .a plasmd in a '"helper" organism but which is |ost after
transfer to the mcroorgani smof the disclosed nethod. For exanple. the

“hel per" organi sm nmaybe -a strain of Escherichia coil, the mcroorganism
of the. nethod may be. Sal nonel |l a andthe. transfer is a conjugal transfer.

Al though t hgtor oson can be lost after transfer, in -a proportion of
cells :it irnt es a.-trattapos'rtion event: hrrough whi c REFEBIS8TS

integrares'at rloftm alone -with its unique tag, into-- he genone of the
Wb. srnass;, rcrrCS9Stbsts 9 ':Udti organ®sm usedin the nethod. his nost
prefcrred:if the traasposgn or transposon }tke el enent can be sel ected:

For exanple, in Rimeadunens; Vagmieedtrads of mmmfﬂnp@shﬁlm theye maybe
present 1N ¢ ok AR AR Hefpuiek SRRl Erahoh R ha achon

- euxotrophi e mardaplex prddagt cdlR ﬁhﬁm-,r dithkrwith a iorial-grne in
the-nucleic acid conprising the-uni que markeir, This. met hod- 16-

fiarticularly convenient when-fungi are. used in the nethod. Prefer:-abl 'y
he - -sagme-

t he: conpl n unexd on ne I S deri,ved> fro
speci es asegfhgﬁt?gal F%H{d atf‘bfg é‘iﬁi]gﬁt”‘ BYCGE LR PHYICE o @6 fymmetac
i nt egrat i onrevPORs, amyé@%mﬂkcléamé:ﬂxﬁlw%hﬁh%ﬁéd’f&%ﬁ%&ﬂ if the

t-ransposon or transpChon like elenent as carried ..oat a vector fch ci's

mai nt ai ned epi Yitlenag Sﬂnglaﬂﬂﬁdlcsaﬁanyt@npmcoﬂMMiGabmﬂmwmmm
m croorgani sm t he rst pethod d. dher ei nin afirst en
~ conditi gn :/\her&zg@ab Mlﬁéﬁﬂfw@ﬁg‘? |%ﬁ(}sﬁﬁ)ﬁr‘i@ gygé@%h"ﬁlﬁ“&@ﬁs v

- condi tion, _t heofest ﬂ!d'&&a@é?i‘&&?{)ﬁﬁﬁr%bm@hﬁiﬂiﬁ%téﬁeﬁﬁd fehgifture -

~sel ecxi on-of a. ce| in w transposon oc
" transposodf k@rdhatthn A2 Esextengian gmmamremﬂahmocmnc dwe;mmi'ﬂtﬂughwml ch

Ly ol A T o e
(r:nocr:“r/gglr ggtm ér rr cg ﬁﬁ%‘%ﬂ! ) E ﬁé‘%ﬂ%ﬁen éachtitne t he
- transposition cvent is.seteeted.

' " . Optimum annealinig temperatures.may _bc. dcter‘:mgwd .cmpmpaily and may

A5 behigtier than predicied. Tag DNA polymerase does have activity in the

-« . 37-55°Ciregion, so primer-extension will accur during the. anniealing step

and.the hybrid Wwill be. stabilized.. The concentrations of the primers are

‘equal in conventional (symmetric) PCR: and;-typically, within 0.1~ to -

oM range.

8

.« The “tags”_are: ligated: into a.transposen..or-transposon-like:elément to -
.~ form: ¢ the: . nucleic - -acid= comprising - &~ unique... markér  séquence.
Conveniently, the transposon- is carried on a suicide: vestor:which is
maintained as a plasmid in a “helper™ organism, but-which is lost aftcr
q | : t;‘ansfer to the microorganism of the disclosed method. For
example, the “hblper’fﬁorgaﬁism-- may.be a strain of Escherichia coli, the
o : " microorganism of the-method -may be Salmonella, and: the transfer is a
conjugal transfer. Although thé transposon can be lost after transfer, in
. -+ -a ‘proportion of-cells.jt-indérgoss & transposition eveatthrongh.which it
’ 30  initegrates at random, atong with.its vnique tag,- into- the genome-of thé

<



‘for or-iridticed.byot ai ging the condition of the mcroorganisitt-(or- a
done 2-5 thefeofy from a first given--condition -to -a -second -given .
condition, -the transposon can integrate at a -different site in the .
genotne -of the rriicrootgairisfrt " Thus., once-a naster; collection- of

m croorgani snms are nade, each rrenber of whi ch contains.a uni que tag '
sequence i n tWESEIMFL spasbi vee ri =tranSpbso 4i ke el enent : : .
-the.: episomat vector -(when: in the. first given condition), 1t cam be -
used -repeat edly to generate WO 96117951 RT/ GB9sJ02875 10 pool sof rrandom
i nserti.onal mutants, each-of which cont a| ns a:different tag™ sequence (ie .

uni que Wi t hi n tindéraah amﬁf[lakéfﬁrmf)% ﬁs 'E&EH‘M%L‘Y“?HH because | |

(a) - reduces the numnber and conpl exi t mani p
gener at e t he pl uPRlangpasopdiks b}cménuaada@mtm&d Y FotibadmipleD e, S84 ' s

in step (1) of - t and ( t he. "nunber of di f f er ent tags need only
be the; :same: M% ﬁfzmswﬁamw beipresentin-fhic draaisposprof ‘

i croor gani sis- i #ndsé a), makes .t h t hod
easier to use in org?%l"‘su%n€%fé% @% %Wﬂrﬁdiu&ggh%m f‘ﬁﬁ"@
difficult t05perm§ﬁ cncmandameh&an fuRpboplis ensriter ALHRY &q 10 (b)
means t hat tag-%gﬁm@ W th: artlcularly good : - hyr| salodﬁ
characteristics ¢ gnal goug fnthe s aeid wafgqﬂlalumquc oarkaro| Bhisi er . As-
I s described i nuy@k srze As conyen ently about
100- or. 20.0 mdepeﬁ%%ege{’?h rrug{qg V‘%}%’ ‘gﬁ%hﬁf é&'-’e‘?‘ ghed; he

mast eér col | ecti on of-imi-cro6rgani sis i s .conveniently stored in one or-two -
15-96-wel | . micr ‘Eﬁfl?‘fﬁghpl tes. |n. apartlcularly preferred émbodi nent. t he
fitrdt given: "cd e %W‘ﬁﬂmﬂﬁn&aﬁmﬁiﬁtdrgmmpmmtmwﬁ&ﬁmature

range_such-1gs- - 28 .efera.b abqut 30C and the second gi ven.
condition. is ﬁ%%ﬁ%o‘%@hﬁ%ﬁﬁ?‘ Fsm; Qfhenvase apon-mdonmy ange
such: as: 3t SRratorCeventsSina Q{cg{,,erably 42C; . in: further preferred

enbodi ments the,. . fi rst g| ven condltlon is the presence-- of an- o
anti biotics- such“ “stfeptitmycin ...and the second glven condi tion |s

the: absenci Wi %@S ?’Iaﬂu.%i]ariyb ICg'}I?l’gﬁiC!?tr 1ft Hm ftrlnixssygasen or transggsen-kkc

- element is. cargied. Jon a voctor which-is maintained episomally Ge- not as

15 part of thc chromosome) in the microorganism used in the first methiod
. ‘ disclosed, hercin when in a first given condition whereas, upen :

L4

eiiangmg that:condition to a. second given oondmon the cpxsomc cannot
" bé matintained pcrmrtung,the selectionof a cell-in which.the transposon or
‘ - Wransposon-like element lias uindorgonea transposition cvent threugh which
{0 o 20" it'integrates. at random, a]éng with its unique tag, into the genome .
- -+~ oftheiicroorgantsm-used in the method. - 'ﬂns partlculady convenient. .
) .o tmbea:ment Is advantageous because, onec a micmargamsm carrymg the
epxsomal vector is made, then eachtime the tmnspesmon cvent is.sclected -
fot ordindiced by-clianging the coridition of the mtt:roargamsm (or aclone
thereof) from_ a first given-condition to- a.second -given condition, -the
transposon can integrate. at a “different site in the genome -of the
) ntieroergahis'tn:‘ ~Thus, once a_-' master collection of miE:roo'rganisms are
made, each member of which contains a unique tag sequence in the
“tr¥nsposon-or Aransposan-like. elemient cameﬂ on the épisonal vector
~30 {when.in thc first anvcn condmon) JLcaw: be used repeatedly to gcncrate



given condition is the absence:-of an antibiotic. and the. ;second given

- 25 condition is the- presence of the said antibiotic.:. Transposons :
suitable for integration into the.genone-of G amnegative et c?ahve th of
a anspcasnns:suitable # ac(erta include Tn ,. Ttrl AMA for _

I ntegration-into the genone of G anpositive bacteriainclude Tn916 30 and
derivati-ves or anal ogues thereof. Transposons particularly suited for WD
907951 PCTMEBSB7881875 11 use with Staphyl ocaceus aureus PEREBPOI017
(Cheung etal (1992) Proc. Natl. Acatt: Sci. USA 89,:6462-6466) and Tn918
(Al bus et al (1991) .Infect. Inmmun. 59, 10008-1014). 5 It is- particularly
preferred if the transposons have the properties of the Tn917 derivatives"
described by Cpoblslof rétidonpinsédiont)mitaniia eachr ofokhich ¢antaidz0diffegatt4ag and:
are carried by a tenperature sensitjve v.ctgﬁwsucg ) PE194TS Vhllafane
et at-(1987) Jsequgnee (iedmiques yithisshe PQ?'S y : Thigem %“Ier‘fb%- | %t ed t hat
al t hough: tran , | ] L L '@ﬁ&%ﬁ ' 4] i Ng a
-gene, any ot he%%%%ggw%%? hg@mgg%%%g | (%Fkﬁe‘ﬂ?g%l&?gh*nay be

used: A furthefequivederd geherar! tind phiralityn{tpacithaf | indeperdentiyt inutpted gene;
particularly in certain bacteria such as Streptqcoccus, is 'Lsin

Pnsert i on-‘d%pl'Wm%g@%ﬂ@@ﬁ%“ﬁg‘qdﬁ&ﬂ&@'@Eé’(‘:‘l"?tﬁ&?fidﬂ%lﬁﬁﬁi son et
al (1984) J.Bagterial: 1S 110, VL N BSPEG L el PASIIREAL 3 gener al
met hod may” al %ged%pﬁgdbﬁ g'%of#e‘%msma%r @@?‘8%‘%?’&@ es 'eC"l gﬁf)‘/“ -lgg%t eria.
For fungi, i nsglurdlRpa¥ nilbdodkgdiising i st eX)auftile inctusl: dPoint (a) malaisiige DNA.

=20 fragments- or':plasmds carrying the "tags' and,= preferably. .,
- sel ectabl e~ -Wgthedieasiendadisagn qrapeﬁmdﬁoa‘glvek i‘%’t“éﬂ‘&@f‘o‘“ﬂ%"&ﬁé&i'ﬁ' R
‘orphieanycin.-1: =(sgeSinth eta( (i 994) I nfe S RherentP gﬁﬁﬂ P
5254) : " PAndot n',%mg“f ﬁ%ﬁ%"mﬁtﬁfgﬁﬂf"ﬁ#@mw I”gé]él nent's%rﬁg%)g%ﬁi ygr onyci ‘hﬁ
B resistarie i)onicifs WeNakpescfuchidsa it opmtitulagdy; goodi hgbridisatiorct i on
enzyne i nediated 25 integration (REM.; Schiesti & Pet-es {1991); L U et
al (1994) Pr occhapggteristics can be selected therefore making quality confrol:easier. 'As ~ .

- " is described in more detail below, the “pool™ size is conveniently about

100 or 200 independéntly-mutated microbrgz_inisms; and, therefore the

master collection of microorganisms is conveniently stored-in ong:or two
15 96-well microtitre plates. o
In.a particularly preferred embodiment the first given: condition:is a first
particular temperature. or teniperature range such as 25°C.to 32‘@2, most
preferably about’ 30°C .and- the second given_,-cgndiﬁon.-:is a second
20 - particular temperature. or temperature. range such: as. 35°C 10.45°C, most €9
preferably 42°C. - In: further preferred embodiments. the: first - given
condition. isthe presence-of an antibiotic, such.as ~strc§t_‘oﬂiy¢i-n;;: and the
. éecond given condition'is the ~a53e1_1be, of the said antibiotic; -or-the first
- - given condition is the -absence-of an antibiotic. and - the second given

- 25 condition is the.presence of the said -antibiotic: -

s Transposons suitable for - integration into the genome .of Gram. negative
T baotetia fielode TSy TH10 did derivatives thoreofs Tratisposons:suitable - -
. for integration-into the genome of Gram positive bacteria-include Tn916 |

30 -and derivatives or-analogues thereof. Transposans particularly suited for -




Acad. Sci. USA 91,.12649-12653) are known. A iitopl &l iserthsbal
itlufag*enesjs | ht t)i e Ytt'n ftttigii "tis deselbed in. SSe i estt&
Petes (1994) incorporated herein by reference; and include, for 30 .
exanple. the use of Ty elenents and ribosomal DNA in yeast. WO 96/17951 -
PGI16n95102875 12 Randomintegration of the transposon or other DNA
sequence allows isolation of a plurality of independently nutated

m cr oor gMMOEEATGherein a different gene is insertional | yPCHERISHMISed in
each nutant and each nmutant contains a different marker sequence. 5 A
library-of such insertion nutants is arklayed in welled<mcrotitre dishes
so that each well contains a different nmutant m croorganism DNA .

conpri sing thasmwﬁﬂjt&amuliﬁfcc&eqmnchwludirﬂ' ?Wﬂhendg‘a adlLE@99R)Pant.

m cr oor gani s venjently e tot DNA from one is e is 10
st or ed:; Conveﬁ)(ﬂéﬁ RE A AT 38;1 ? 48K gTﬁé&l(& s et %Zf %

m croorgLanl S é%&m ;"%! I I sh spottl ng it onta a nucleic acid "
hybri di sati OHY rrbrlane ,{(“@éﬁrogg 1‘ri;’iltfocel | ul ose ‘'or nyl on nmenbranes), |ysing
the mcroorganlsmln alkali-.and fixing the ' nuclkeic. acid to the
rrenbrane hus;, a replica of the content s of the-welled mcrotitre dishes

15 i smatte.d polfi is“particwlarly m#@ B%Q%ef%I theprapestiss iafrthe di swar e
nade and rho1 acl-ed.. o DA usin
priners that ann'ei'fﬁ;:['ig'?£i$ d -t % ing’ t- hgé‘iugtg'gtﬂ”’j1 iz, )

SO ags" and the

anmpl i fied.20 M-BW ahﬁdﬂﬁé eariial Xﬂ%ﬁ@ﬁﬂtﬁi@-&%ﬁuﬁh@d@f gatlchs of the:

PCR is used tJ @Mﬁ : fromeach individual ..nutant
-to provide- Eﬁ'f%f@r bfﬁwflfdl@ﬁﬁ)oh %ﬁfﬂéﬁh 1690 A822:4820)) i cas of
the."i*ell ed;. mcrotitre dishes. This is.. a check‘that each of
¢ hei ndi vi dual i croorgani sns does, in fact:; contain.'a. narker sequence
and, thatl@ helt. wilt K¢ fpaiedined gap dtough: &m&patse@l a8é Ceanvftiehe for
effici entty. Pools of transposon nutants are nade to introduce -i nto the
‘ part i cul ar  ‘insertionally inactivating-a ‘geme, any other known method, or meth
- .developed in the future may be used. A further. conyement method of

insertionally inactivating a gene; paﬁiculariy- in certain bacteria such as |

'Stfeptacacm; is “using insertion-duplication mutagenesis' such’ as that -
15 described .in Morrison et al (1984) J.Bacteriol 159, 870 with respcct to
S.pneumoniae. The general method may also be apphcd to otlier

L microorganisms, especna!ly bactena

| "+ 'For fungi, insertional mutations are created by tratisformation using bNA_
: wi) ~20  fragments or ‘plasiids - carrying the -“-tags”.'--- and, preferably, ‘selectable
- -marKets encoding; for example, resistanceto hygromycm B or, phleomycm
Tii(see Smith'er al (1994) Infect. Tmnitinol. 62;5247-5254) Random single
"~“integration of DNA frag_’mcnts'fcncedl;ng- hygramymn- B resistance into the

i

| ‘genomic -of filamentous fungi,- using restriction. ‘enzymc‘- -mediated
25  integration (REMI; Schiestl & Petes (1991); Lu et al-(1994) Proc. Natl. |
Acad. Sci. USA 91, 12649-12653) are known, |

sieﬁhmﬁ éﬁf“ﬁ ﬁmgﬂsﬁ“s d%seﬁhed (T
‘Schlestl & Pctes (1994) mcarporated herein by referbnce. and include, for

307 example. the use uf Ty elements and ribosomal DNA in yeast. -



trélnvetntenfly,- 9fi +uell ntcrcati#t a ritsttes use aittl the pool
contains 96: transposon nutants. However, they lower |limt for the 30 pool
is two nutants, there is no theoretical upper |imt to the size of the 1 0
96/ 17951 PCT/ GB93/03875 13 pool but, as discussed below, the upper limt
may be determined in relation to the environnent into which the nutants
are introduced. Once the mcroorganisns are introduced into the, said

parti cut arWo®nmsnvi ronnent those microorgani snms: whi ch aPETGBIHEIBY do so
are allowed to. growin the environnent: The length of time the

m croorganisms: are left in the envirohent is:determned by ‘the nature of
t he m croorganismand the' enviionnent After a suitable length of tine;

the m croorgankmmrnﬁtegmmvef&hbfmmsbaewnﬂmnbm ipicace alfowsct ed and
theDNAls used 10" as atenp] ate_for usm rlrrersthat nneal to the

"arms" fl anki ni§olating of' aualg@hty vﬁwm%n devta l*‘é‘B‘é‘f&%‘“%‘d eRnpl e
th 4P, d I t ant
\rMepI icat egnf rl)éa(f?eﬁg&v%“fgzs i?'r'ﬁgcr o%ﬁf %ﬁhﬂﬁé‘%{@ ar e | ie‘%%-llflf [ 215 o

whi ch hybri di seonesingadjifferent darkRéPédquenddd t he probe generated fromthe DNA
i solated from 15 the m croorgani sns recovered front environnent. These

non- hybr i di%i ng DNAs correspond to-'mit ants V\,hose adaptation to the

particul ar { Q@QFH
t ransposorv t fr ’W&ﬂ%ﬁ gg%agﬁg{é‘; partlcu ar %éu%erred

enbodi ment  t heo'" diatSeachaveliNGontsihs \&Mércht lrqutant alhei'om'gmamed DNA
the=".,tags" For exanple; the PCRm-%I mer sare-sui tably B desi ned4to cont ain

.ono, or a si nglemprising ghelwniqec enarkpe sequange ireme sachy dndivid taghd: ' in:

t hi di ol abel.ed. C h o e
L b b giexPdrEani, GO EnEaNT el GHIHRA o 6 Eéégea*are 48520 o
in the .."19ag’sioreli! Ieeﬁ&aﬁ&iﬂﬁdmli fs 1d6ne 1Y reh@aing -2 ctdhﬁieal d nore

~ abel |ncorporated than the "arns preferably tvventy- foI m)[e thore
~preferably. i fluicroesganisor fram ghe aierntitncedishy spofiing 1t ogfq Fr%ﬂfé%!fl‘ta

xei novel I | f rathybndxsauouan%cmlﬁy 9 (&ich Ujgt nﬁr&cllhl'(ﬁéjbro Hylon membranes), -
. lysing the microorganism in alkali and -fixing the nucleic acid to the
membrane. Thus, a replica.of the contents of the welled microtitre dishes

15 s 'made. -

Pools of the microorganisms from-the welled. microtitre dish are made and -
DNA is cxmacted‘. This DNA is used as a target for.a PCR using primers
: ﬂl’,at ~annéa_l to.the common “arms” flanking the “tags™ and the amplified
20 DNA is labelled. for example with *P.  The product of the PCR is used
. ‘to protie: the -DNA- stored -from- each . individual-mutant 1o provide: a
reference -hybridisation pattérn for the-replicas of the‘Welled microtitre
- dishes. This-is a check that.each of the. individqﬁl-nﬁé;.rqot?g@?lisms: does,
. “in fact,-contain a marker sequence and, that.the marker sgquénce can be
25 ‘amplified and labelled efficiently. -

. ' Pools of transposon mutants are made-to; intreduce into: thc partlcular

feni :—1;;;,.:~96-wtli m*emuﬁﬁﬂish'

'I contams 96: transposon mutants. Howcver, the: lewer hmu for the

30 pool i$ two mutants: thcre is-no lhcorctlcal uppcr Timit to the size of the



enzyme, msite for which nay be incorporated' in the primer design. 30 WO
96/ 17951 PCr1GB95/02875 14 As discussed above, a particularly preferred
enbodi ment of the invention is when. the microorganismis a pat hogeni ¢

m croorgani sm and the. particular environment is an animal.: In, this -
enbodi ment, the size of the pool of.. nmutants : introduced. into t he
animal is -determ ned by (a) the 5 nunber of cells. of each nutant: that
are |ikelyolo@yqeafl Vi-ve in the. animal (assuning a virul epeRsd&Rys has not
been, |nact|va ed) and (6) .the total inoculumof the mcroorganism..If
t he: nunber,in;(a) is..too. lowthen f se positive results. may ari-se and
I f the nunber;in (b) I's too high. then ani mal nay die bef ore. enqugh

nmut'ant s, have ba hanc Wi ned iaVE- - :
nunber of . celw ‘?éﬂ}sﬁ%i g@%é’f egﬁp‘% ‘mlgc mcr oor gam pod Jn="ced

but itis prefr@lai‘i*bh&o tﬁB%ﬁm&ﬁ\ﬂ&hﬁﬂw Which the ghetant|ace ineducetthan. - 100. The.
nunber of different.:mutants:..that. can be introduced into a si ngI e. 15

“ani mal is preferabliy-between 50 . and: ‘500, - conveni-ent'l y . about 100. It

is preferred.if t etQtaI |moculumdo e (and it.
is preferabl % FIICHOOLEANISIIS H'é“éq%& ?'%(tﬁ ?gl 24, ﬁ%dr?%%/ be vari ed
above or el %inrahﬁzca nﬁ&%?ﬁﬂnwnmmdiwamﬁrw aewdlodedite. ani mal .

20 fI In a:particularly: conveni ent nethod an ingculumof .10. is used.
‘cont ai ni ng 1@owaas|theeamenm¢nt. 'ﬁluolcagﬁw’rtgn@ the segreorgspisms a@tlﬁﬁl eam nai . .

It Il be . t'ed t.h th
usedWI to sgré'é r%gvl’?‘?ﬂe!’t‘%mt‘% %e&gﬁ' %EWOWS%@W ; reqw re -
. at-least-I.Qhe éﬁhmlﬁcnt?@\ftﬁ*éﬁﬁ%lb feAgth Mlﬁaiﬂlcmwk@!?uﬁi’smsdré i's

convenient to inoculate. three animals W th the. sanme rntrtants
tr t1ta# at " ecavetethfrom theienvironment DN iscextrastsdand ihe DN isarsedk t he.

reliabil iby g; atlehx%ptatc ﬁr)]xp 9 %CR%:LE tpm:%er}g th:;[t @n;leal toihe K%ﬁﬁa%a%‘g: K-up:

. “the “tags”. The PCR product is labelled, for example with *P; and is .
used to probe the DNA stored from each individual mutant replicatéd from
- the wel-le&- microtitfc dish.. Stored DNA are identified {vhich hybridise
" weakly of not at'all with thie probe generated from the DNA isolated from

I5. the microorganisms recovered fromrenvironment. These n@n—hybndismg. :
- DNAs corrcspond' to mutdnts whose adaptation to the particular
' environament has been attenuated by insertion of the transposoit ar other

- DNA sequence.

“‘) 20 Ina particularly preferred embodiment the “arms™ have no, or very litile,
| =i 1abel: compared to the “tags™. For exdmple, the PCR pnmers are: suxtably‘
s b desxgnedﬁto contam 00, O & smglc ‘G res:duc ‘the 2p.jabelfed nucleotide
“is- dCTP and; it this case, ‘no’ or ‘dhe: radlolabelled C- réstduc is
7 - incorporated in" éach-“arm™ but a greater number of radiolabelled C
25 msiducéf‘arc incorporated in the “tag™. It is prefetted if the “tag™ has'at
'lcast'tcn'-fold more label incorporated than the “arms”; preferably twenty-

“fold- or morc, more preferably ﬁfty—fo!d or more: Conveniently the.

mmg,ﬁ e fetrmveﬂ- frotr: e “taE™ ﬁsmg HRdEbIE rcs”ﬁl_‘ff_._
. enzynie; a-site for which thay be incorporated i the primer design.

- .30 -




30 Neverthel ess, the nethod still provides a greater than 30-fold saving in
the WD 96/ 17951 PCT/ GB95/02%75 15 nunber of animals used. The tine

bet ween the pool of nutants being introduced. into the animal and the’

m croor gani sns bei ng reeovere&my vary with the mcroorganism 5 and ani nal
used. For exanple, when the aninmal is a nouse and the m.croorganismis
Satmonetla ryph nurium the tinme between inoculation and recovery is about
t hree dayswgggueesg. enbodi ment of the inventionm croorgani gogeBoeisesri eved
fromthe 10: environnent.in.stop (5) at a siterenote fromthe.site of
introduction in step (4), so that the Fhrulence. genes: being investigated
include those involved in the spread of the m croorgani smbetween the two

'sites. ~For ex 1= A in a
Teston 19 i n A iScustel otk baddoflafly BRRIHATUMEbIRENL B URROEMEGE. | T
retrieved fromis avisinhelic shicfoopgadise iseaf pathegenia :m@seagansnatmdi the.

i ndicated. In the, case of -an ani mal the_m Groo IS i nt ro.duced
orally, int raBEﬂW@&W?“mP%‘F&?eﬂ%‘EE\ I phas ¢ g&ﬁ%@‘i F’gﬂP"et ri‘eved

at. a later 1' EFF:{:@]&HEsaﬂmJoB mm%gf@uﬁa?pfg%%&ﬁm&wg% tid My be

useful to . e virulence genes y oral “a nistration
and those § denﬁmbexeéfwus of-eadhe vt cthat: mnhmytmmaeaa therm:gahes maybe

required 10 establjsh infection by one route; but. nof e ot her
is-preferred-i ? gﬂ%%éﬂﬂﬂc‘!% SWFQ%W%{M (&/ the, totaf | her
preferred envi | enes are
animal cells zﬁ%’g ure (rﬁ)ar ul arT ;ﬁﬁr‘r%c'?lgg?l&qﬁ%ﬁs (haép‘%dtlﬁ&f ell)

and lant r Ha pdsmliva: resulih tdmaughsdlﬁ@l tfethlesnumbercinl (hyiis doodiigh ltken tl&ef ul in

-its-own nghl, it :wll al socorrpl ement the use of. the whole 30 aninmal or
plant, as the ¥tmal may dieb befare eReugihtintamrbaye b hypag §‘1°F9!’?1MF'B@!§5102875§)

16 10 . desired way.. -The: number of cells in .(a): can be. dctcnnmed for each
' ‘microorganism.used. but.it is-preferably. more than 50, more preferably

-more. than100.-

- The. number . of different -mutants. that can be -intrc}dueed into- a single.
15 -animal is preferably between 50 and. 500, conveniently about 100 Ttis
. preferred if the total inoculum does not exceed 10° -qel!:s_ (and it is

preferably 10° cells). although the size of the inoculum may be varied-
above or below this amount depending on the micrqgrgagi§m';:and the
animal. _ ‘
200 e D
- -Iﬂ:-a=?pamicul—arly:cfonvsni.ant,-m,ethod-:mn-*inmlum- of 10° is used containing |
1000 cellscacho{lmdxffcremmutants for.a single anlmal It will be -
-appreciated: that in this. method. one_animal. can beuscd to screen 100
| mutants compargd to prier art methods which require. at least 100 animals
25 . to screen lﬂﬂfmutan-ts... ' ‘ A

o Howcvcr it 1s convenient to inoculate three animals. with the same pcol .

wiisof. muthisSo it i feastny -__;'Eaii‘ e dtivestipated: (ene a8 a}-mpis_"_
. check the. reliability of thc m&thod) whilst the third i is-kept asa back-up o

"30"  Nevertheless, the method still provides a greater than<30-fold,savmg inthe *




It is also preferred if the environnent is a part of. the ani mal body.
Wthi'n a given host parasite interaction, a nunber of different ‘
environnents are.-possible,.-including- different organs :and..tissues, and
parts thereof such as the Peyer's. patch. The nunber of individual

m croorgani sns (ter cells)- recovered fromthe environnent should be at

| east twice,. preferably:atleast ten -tines, nore preferably 100-tines the
nunber of W@ISM®Sknt nutants introduced into the envi r on PEW(GRIFBIEIS exanpl e;
. when an:-animal is inoculated with 100 10 different nutants around 10000
I ndi vi dual m croorgani sns should be radtsrieved and their marker DNA

i solated. A further preferred enbodi nent conprises the steps: 1,5 (1A)
renovi ng auxchwmbérséf aminidlepsed. al ity of nutants produced in step (1); or
(6A) determ ning whether the nutant selected in step (6) is an auxotroph;
or 20 both (TA)- and :(6A); It is-desirable to disti-nguish an. auxotrpph

heeded- i by TRotgt QRN YA 8P phllab beidel ldilld i 30k Hfmal’®" -
M croor gani snamdthe edicrovrgdfinas béfhl p¥dovgrddmayvanyacitigthei micréergasidapt to a

particul ar, environnent is. inactivated. Convenjently, this ' is---done.
‘bet ween sBepsand agtmahqrsed) EPT&P‘{‘@PG,SWWG'@B We‘ﬁe#é!ﬂ‘&waﬂmbﬂwophs are

not, renoved ui e Sy hein 96=95i -
. Pd YGSQS/'OZB'})QQTQQWMH Lsg‘g&gﬂggs a secohgheﬁgh %’W&‘i‘ﬂﬁ“‘ﬁﬂ ng a gene

. whi ch al {-ows amdriceoveridaabsi these dgyapt- to a particul ar environnent, the
nmet hod conpr|5|ng the first nethod dlsclosed above, followed by the

- addi ti.onal “step: (7) ---isolating the ittsertionaiiy-inactivated genie.

g pact thOM, 5 %%lm h(F i 8h ol HEERbr ARl £ rieObd ront i

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 feaf and-the microarganism retrieved from

. ‘another site on the leaf where a disease state is indicated.

In-thc..case of an animal, the 'micmorgénis_m may. be introduced -orally,
intraperitoneally, intm{renously or intranasally and is retrieved at a later
) 20 time from an internal o'rga‘n such as the spleen. It may be useful o
'compairg the virulence genes identified by oral ac;lmitiistration-; and these -
identified by intraperitoneal administration as some genes n%iyf;e required
= - to-establish infection by one r_outg:bu(_ x_iot'b.y the other. It is-preferred if
- Salmonella is introduced intraperitonealfy. |

' Other preferred environments -which . may bé used to identify v—i;ulence
- gcncs are animal cclls in culfurc (partlcularly macrsephages and cpuhehal
Selisy-and: plasic “eeﬂs i culeiize: s Al : s '
J-:.;::useful in its own ngm, it will alse complcmcnt the use of the whole L

30 animal or plant. ‘as-the case may be, as- the cnvnronmcnt




l...J Ilficthods_tvi isoiauitg-::a gene conta ninga unique-marker are.-well
hi osyn Wn the art of-nolocm ar-biologyr A further preferred enbodi nent
conprises-. the further additional. step: (8) . isolating firmawld-type
m croorgani smthe corresponding wild- 1S -type-gene using the.
insertionally-inactivated gene isolated in -step.(7) or part theteof:.as a
probe. Met h6dsor-~gcne- probi ngare weitknown: in the artof nolecul ar. -

bi ol ogy.  wW@ebMieecul ar: biological:. nmet ods suitabl e for POSEBSNEISC prine

of tFie"preseuf = ittventiori'are
di scl osed-i n. Sanbr ooker VI - (4J9R% i neocpgt r at ed. herreinby V(ffien the
riiicroorganisrii’ ;a:.naicroorgani sn- patTtog nio to gn ani mal and-

GAne 1S . ag i s @ateneﬁrm the Hirdnmeht 30 PEATOE. R anheanbasEd - tcz -

iusertioriaOy. -| nact i e gene, 1t-1s"eonvenient for the virulence
genes to be: Withiteda bgivéngdmist-parasienoiniteraliign, fa onwmber - ofhadiffesenti nut ant

selected in step, (6) with a re ctron en ich cut ut si de .t he
ti Ntspbson(l@&’é’é’ﬂﬁﬁ“’él% Wﬁﬂ‘i‘c M%&% @Ih F'NS ye3. and
Eransposoni nt a@P lg%,ngg, .i-ng pl.asm d reconbinants on the
basi s of ant| ot| c alQ 9blth T IX B~St 0287 18 resistance conferred by -
the trai tsﬁoson and not _ by tlteplasinid .The “'m croor.gani sm- genom c D11A
adj acent to-the. tr-ansp i.s:.sequettced using,two pri ch anneal
to the ternmn er'@ﬁFWSOfOH\dn"f'ﬁ\é‘ﬂt‘F‘ TepdL ﬁ d’g’flﬁ?owcg?ﬁ%r%" Eh anneal
close to the. | q es _
Eﬂb&éﬁ@%@%ﬁgﬂp@%@%@%&é éf&‘aﬁ@f 4t feslst éﬂﬁ:ﬁé lﬂi‘diﬁ

, may. - be subj ect ase search s to “determne if
trans poson hagpréferably §00@iines the rikuntban of diffateat umtargs) mtrodmedsmo thc

- convenient]y,: sequence obt ai nedbj t hi thod t seqgue S in the
“ publicly avai ER¥rRNBEstah Jars cXyBpIc WK ' nﬂ'@ﬁﬁn‘%&d%ﬂ% ﬁ%l yii £)
the: | nter {9Pt Qttragad hfiaRRBAG 100 mﬁm ,aléwgwkﬁa%oﬂwm the |

mut ation Is- fransterte 0o- a new' geuctio back ground (for - exanple by _
- phagc® | am nedétsicecd tnditisdt afdrker DA fimlatede of SahmAel lay and; the nid of
! the mutant, strain'is Acter n_h__i__cdj-_ .to‘_cqu‘i rm o '

IlC)

A ﬁx_rthel; preferred embodiment comprises the steps:

5 (1A) removing auxotrophs:from the:plurality of ntutants pro,d‘uz;éd in step
(1); or ' | -

" (6A) determining whether the mutant selected in step (6) is an auxotroph;
U or _ : IR _
beth(lA) aid (6A): - S o o : o :

R

- Itis desirablé to distmgunsh an auxotroph (thatisa mutant miéroorganism

- which requires growth factors’ not* ‘needed- by~ the wild - type or by
25 prototrophs) and a mutant’ nucroor_gamsm whemm a gene allowmg the
mticroorganisin  to. adapt to- a ﬁarticuiar'. enviromment .is inactivated.

- Prcfcrably auxotrophs are-not rcmevcd whea wrulcnec cgcnes are bemg
'-“30 identified. S Lo U ‘ )



that theavirul ent phenotype is. .clue. to the transposition-event and not a.. -
secondar). nutation:. : 15 The nunber of individual nmutants screened in '
order;. to.-detect ail of the A rulence genes in a m croorgani sm de ponds =
on the nurrber of ger es in the gonotbe' of the; mcroorganism For exanple;
it is.likel cfﬁ 4:900 5000 nutants of$aJrreneIIatyph|rrur|unneedto be .
screened in-order to detect 2(1. elec. maj ority of v ful encePWSMeas- .
-far-Axpergillus spp., which has a
| ar gerrgenone. t han: - - & al mondt a, . around ')KIOJ 10-: nmut ant s: aTf, - screened. -

Apps oxi mat el y 4% of noa-essential.S.:t)phrnuriim-gete e thought to be
required fdr. vwlsmt chmc&ea@as@amﬂ&&md&neémrfyﬂag ggene%lcﬂ dllc%R 2 MitPoctganism
i"Whi mur r Aai i %Ee cantains - approxi matel 0 - virulertyc %enes
However, the rre hEHE® o Yrepryasenviopprife the me t)féﬁomnm:@g é‘%?nf}’éhméﬂlo heplosed

-much nor e pr acabgvabFaloned b tiddaidhallsvdphg Vi rul ence genes. { Also
disclosed is a m croorgani sm obt ai ned using the f| rst method discl osed

above. N W-~9Gi793f . .. P+CT/tB93f1.138?3::-19-" Such. :rt¢ Tcroor gar dst ns _
are usZfiil: %Zbeeaao they fiave aho- vaporty of not. bei ng adapted- to
“survive in a partieukth cnvirxintnent. M pre*rred ‘enbodi i ment,;a .

pat hogeni ci t t-i =" GOr-gasokatng the 1pa§d5 04 N Do .
orgamsm - (enVJ ro. I Ui ea%) ate fqﬂiﬁlcase 0 Méﬂoo#fﬁlﬁ% -t hat
am patfiogeitia ?@t“‘ﬂfﬁiiﬁmsﬂ( S-uumapl@.rramral s, note. part .cularty
humans, the nutant.. obtai ned. by the net hod d| scl osed matybe used in a.

vaccine. j , Thr, rrut aart T's gvutrlent,- -ad-
RO o *Mclhods;ﬁar Isolating: 4’ geric. containing a umqucmarkcram well Jarowm -
16 m(hcaxfefmolcmdarbmlogy. C e e e e

A furthcr pmfcmed cm'bo'diment- coniprises the forther additional step:
8 lsolaung from 2 w1ld-typc mmreorgamsm thie- comcspgndmg wxld-
15 ype: gcnc using the msomonally-inacnvatcd gene isolated in"step.(7) or .
- part thereofas a probe. )

e Meﬁ‘dds'iﬁ";géﬁé'l’feﬁﬁgiawlwd-l"-kﬂm’m: igzﬂasmﬂ_ﬁméiew{aebiolngy.

=

R N

20 = Meolécular bwlagncal mcthods suitable fer userin. thc -praclice.of the.prescne
- - Aavéntionare diselosed: in. Sambrook ot a! ~(<1989) mu:porawd hercin by

- - wfﬁm‘lmv - B e - . TP LT e "

I\:'._';?.I .

- LA -
-

- - - - -
AR o P . . N . o=
> SR S ot aacewwe gy we 't DLl %,
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LR A

Wﬁen the. mtcroexganism isa rmcro@rgamsm pai!wg@mo- to an ammal and
- 25 thex genes is . a virulence -gene..and ‘a- u:-anspesen has -been - usad to-
' insertionglly. i lnacuvatc the gove, itis _conveniont for the virulence genes

- 7 tobe Cloned by digesting genomic DNA- from the- mdmdual mutant
selected in step (6) with a restriction enzyme which cuts outside the ”

L ifaﬂsﬁqson:.li;gating-siz,erﬁ’actidﬁa_tcd: egntﬁi@ing-_{h’&tmnﬁpgsqniinw

. 30 a plasmiid, and selecting plasmid récombinants o the basis of amtibiotic

o




therefol c', eXpectecl, toobe. suitable for administration to a-patient, but
it- i1s. 40- tz tecj to- be anti.gci ic: ‘and give -u se i(c)_ a protective.
i mune- | rspoast .'Tn: :fiurttici ChibQdiinent this ptiAogenic -m.cip ani

~m not adapt ed to surV| ve In - a host ‘organi sm obtained by the -nethods

di seiosed,:is nodified, preferably by the introduction of a suitabl.e DNA. i
soqucnce, to _‘{‘19'36173'# antigenic" epitopcs friortt another patowesssiimbss

rtrodi fied m croorganismCnff. -act Al so disclosed i'ts a mcroorgani sm

conprising a nmutation in a gene identified ging the sQroud net hod disclo
.abovg Thus; al though the microorgani smobtained using the first nethod

di scl osed above i Sresistafcy doiifdrted Bir 1the MankSéddndn® ok B}PJUQ.I Rﬁgmids The -

speci fical ly- introduced into the -Ia a"pnf bresad- i.nve

=pat ti cut arty. - vhaftoraerganigay ﬁ@lagmt:llém adjacentbts - tlmeﬁsanspeaemmasw tf e
rrutatlonlntheg del.g r afrarre h|ft mut ati on or _any
culler-". nut ati on%ﬂ\ﬁ}ﬁl ‘3#10 gmc &9 EeRong ﬁaﬁﬁi")&s{!ch
gene spet | fic_mutaatli (NS pEadrd dmﬂﬁzcﬁ ]ﬂ{;?{; '

i ntroduci ng into-the m croorgam sm %a- copy of ?ﬁe%an c.on gﬁﬁ:

n
aut ol f onous re%l | elasmido; Tl(c&mhenm maaypbia subjccteddo- DNwditam&tsea:eaés to

and. -relying on 2@% u vvo4vm 795t rcrl crvsns— 0 tccoybi nati on tq
rtttsoduee tlie. S i ”’"’" E’Hoﬁ’é’"’@?‘

t hem cxoor gani sm Thus A:oqg,é,h 5* L, f,ﬂl ina
vacti ne and a VaCCI ne. conpri si° ng Sultable m croorganl sm ﬂ%gﬁdﬂ? -
phar maceut- cal | y= mgmepmemmﬂﬁmnd)ab#ﬁlabm atbeyes 3adias EMBI.

t|ieagorcraenti tivir nt,rrtatant. 11 dive inmmunisaiion,gf - '
?};‘ “‘patient i-§ pcaé@fcéw %‘%ﬂh@ﬂw ferEenied saquanes-apprass nbe . titw ganl s

'| ns-am prepatgd lﬁnﬁén lt?éﬂs?&r%ié 0, rew- genetic. backeround

s"ont ai ni ng SU|tAbI e-. UV aIC aI’I’ICI’S ag

tlte:: paticnt” : (for mwnple/\ﬂws msa@l—maﬂamammucﬁaudm F&Q”&E!scs of '
muranyl:d ~id; the 'Iscoms". ofEP'1 9 9

SOTLELE oL S bbe A dparcihe PP Etshinis deterpotd o oonBion 1 ar |
- : that the avirulént phenetype is due. to the transposifion-event and not a
| secondmymutahon e S
* The number of individual mutants screened i Hiarder: fo. detcet Al of thc
-virdlence genes in-a microorganism depends on the number of gesies in the
- genome of the microorganist. For example, it-is likely: that 390@-5000 _ ;
nrutants. of . Salmonella qplmuunwn neced (o be screeried in order to detect:

' ( - : 20 - the majon{y Gf-virulenoe: genés whereas. for. Aspergillus s,pp‘, wiiich hig

A largcr -genome. than: Sitmonella,. avound. 20-000- mutants*amscmened T
) Approx:mawly 4% -of non-essential. S, . gyphirurium, gm&m thought to

be requirod"?fm‘ vimlanoc'(Giaéssman"& -Saier,- 1990)-and, if so, the S

" Wyphituriunt - genorve cantains - apprommateiy 150 - virulénoé - genes.

25 Ho
wever, the methods « dxsclosed
7 prowde a faster, more conveni
much more practicable route to i'dentdjzmg vmrlenoc genes., et and

et

Also di i : . . .
| isclosed is a microorganism obtained using the first method disclosed above.

g& .- o | ’_' . T . - L ;'-' ‘ ‘ _.:_' -



~tetttxai "oils-: such .2S; taliglypi), vegctabie :o0ils (such as :araclits
oil); i i_posomes Pl uzwoni ¢ pol yols or the Ribi adjuvant system (see, for
exanple _GLi-A-21$9 I ~llj:.- "Piuronie" is a Registcwd Trade Mark. The
patient 40 -b ntrriuu sed is "a paucntrNuirng to be piotected fromthe
disuse ( ...:'. 20 caused by. the virulent--form(jf tho mcroorgam sm The -
di scl osed aviw@lemesni cr oor gani sms or a_fucxnal a#i on: thcreo_: may

bc. a4l tnini starrdby any. -convontlona] mcdtod, i "P +ttera} F‘EE{GB’SNWS
subcut ane(c)us or i nt m nuaeul ar) injection, 25 The tziatnment may consi st.
*fa single dose_ or Ciiluratity. of doseslgovete a period- of tinme.- - -

Whilst it is, posgugil ?&5 sclose i.rul-ent microorganismto be :adnmts
tsrpj -atone; “pnef er ‘%?'gk‘f' W‘&? thicy Haxe the-pobpdatly af not) :

fgrt.nw ation, to@mﬂadﬂ@tbﬂmvggnw{t&%? carriers.. the, i rric
(s~ wes x17951 PGI/ Cs 95102875 21.Misa e n. fete sense 6eltg -
conni pati hl e: vmt'h |ho"‘avtrutent t icitoirgai usm.of the -'invention- and-
not -del eteriou ,ec pi,ents thereof. Typically, ‘tie _camers will

be wat er or %gl ine. oginent g pa gﬁ%licdﬂm@medsﬁmeantad@tdd tow || -
be: appr.eei at tiRivive t 4R ga% LS endj.n m ¢' ooxgansm
coin,on its corrpOﬁent _ nay bt%:@ugoe-ghﬂm @ﬂggg&@f;ﬂ@ %f'dhdﬁ'arfi'ﬁe&ﬁ%q nef and- .
~veterinary medi dMGECOrERitSmS (smspﬂih’@ edot dnfndald C;Sﬁﬁ . .
krtovrir i nmany aru_mals such; a' dom)g?lﬁc ani rral $. 'z no- vac%%"%‘ff he

i nvention, when BYEt Bathirwlade himans, the mutant obi
apP-'oJdi avirii Mﬂ@ﬁmw%w@abmbta Carlo 3/~VI utPen?Fthgfil tft,,anc
useful in' m}nnéI ut-tl-so-Tir,=for dninlik, wmhompd, dogs -

ahd cats; nd- | ﬁ&fewyxmu mﬁnﬁibwsor idiﬁii%do‘i’.%eépﬁl&,(ggofi S
lﬂ- cxp&ted to'be an&gcmc “sittd give-1ise to- a protottive i Ammune response,

R 'n‘a ‘Arrtict preforiad: cmbddiment the paﬂmgcmc mxcaonrgmnxm not-
. adapted to survivé 1 - a host orgarusm, obtamed by thie ‘methods )
- disclosed, is modified, preferably by thie introduction of a suitable DNA.

15 _scqucnec, to cxprms in antigenic cpltopcx foi another pattioperi. 'ﬂus
medtﬁcd mlcmorgamsm can act asd vaccine for that-ofter. paﬂwgen.

. -

o . L . Also dxsclosed I8 a microo gamsm‘ '-.:':
. - comgnsm_g.amutgum_; n a gene identified using the second method dnsclgsgi_;hovg
A4 Sa T - I : '

Thus although the microorganism obtained using the first method disclosed above is

S 8Bl if-is. prefcned if a mutation i specﬁiwﬂy introditoed -inito the

| xdcﬁﬁﬁed ‘Béne. In-a ‘prefersd ; anbadxmcnt, patticutarly. when the
25 - nﬁcreorgamsmistobcuscdmayaecmc, ﬂremutaumm thegcacrsa‘-

. deletion - or a frameshift' miutation or any other mutation - which is
substantially incapable of reverting. Such gcne-spemf ic mutations can be '

‘ ‘:zmade using standard procedures such as mtroducmg mto the

. .mlcroorgamsm 2-00py ofthe miutdnt fené-on i Auitotiomous replicon - -
30 “(such- as a plasmad or viral gc:iomc) and . rc!ymg on homologous“ o



AI SO d| scl osed are a gene obt ai ned by the second rethod as disclosed above,
and 'a pol ypeptlde encoded thereby. M 120 gene; -the tieliide-riot
only--ttte' regions-o DIN tha6-code for :a potypept||9&but al-so Ye tttoty
t istof P~fAsaid} _ast glous'of DNA = tat= reg|f|$ tu "ti isct pfreii -
-trxnslation anggegfRk, - SOMe ne}cesrp n sms "sI3tii the gene ' dricludes
-prom)ters ctranscri pﬁl on terntiriathjs,- ybdsot niiii>ing ?crfcmmms ‘
s8quens t|3td f-or soritttorganisnis |ntrons -25. - & splice-recogni udn
"sites-. - z.._,. Typieally;.4equthte -irifii tioiievf the
I nact i vat ed gene gbt ai.ned; in Step Yt tbnvniitiit7~?:equb”"clnicstii
etfiiszifitfnspii swtmwdgaﬂﬂﬂeoﬂm ;xiu&atﬁﬂhmdﬂl&io;@ SEPSId T the -
prinmer-. The- derlv or a' DNA : restrlctlonfragnent
ad; acent -t.o-t he |nact|vate §¥o5t *- PG GB9=2%$7at -22-itsel is
"tiled to take a; [rybrldlsat on pigwt[r Wliic h-to idenfi and isolate
froma: wild-type organism the- correspondl ng wild type AM: It is
preferred if the- hybrl disati-on.probi.ng- is doric utul ergjsst givglatdd o9c a
condi tions to §nsHHgopreanismfor yeia.a vacelnd andta va%mh@b&hpﬁﬁngla%uﬁbf,l@nﬁ%omwme
- "stdaj oar mcneﬁl"iaphmmbdmmgnWM&rﬁego the probe when -the gen '
i si nunobi i | sedonamet nbrarnéand t he probe(whi (It"in-lids is >200 nucleotides
In length). is in solution and thai mod |i=Cgpne hybrrdl séd- “probe is -
washed -fn X01 xSSC— at ‘65C for 10 -mn. SSCis 0.15 Ar 1 ONaCIIO 01S. M

Nacitratea. k‘ﬁ i\ggalae eq nQcs- for ©
- Ct Pbi Bg-' Saf\N/ne a: v '?1 s c‘ﬂ@mnnmm@/gvmtenﬁnwwntﬁ arld

désg | aei,l i t.Exanple. 2. 15 In a particularly pnferned enbodinent’ the
salmonel I a Xéntlence .genes conprise tb sequence shown. -i r, Figures 5-
ct |%§Yc:ammﬂisanqﬁ of the-patient is preferced. - In this approach, oncor

and 6 .'and d
' . more wutant microorgarisms are. prepared in ain immunogenic formulation
- containing, suitablc ‘adjuvants and .carriers and admuustcmd ‘to the:paticnt,
" - - in, Jriown;, ways. - Suitable: adjuvants- include - qund s: complete or.
. mcompletc adjuvant, muramyl. dxpep&dc, the “Isconis” of: EP 109'942, Ep
15 180:564-and EP 231 039, -aluminium hydroxids,. sapenin, DEAEsdoadmu
1;5' Aeutral -oils -(such - a5 -miglyol), vegetable cils (such: as mfachxs oify, -
hposomcs Pluronie polyols or the Ribi adjuvant systcm (see, for ommie
-GB-A-2 189.141). . “Pluronie is a Registored Trade Mark. “The paticat -
.. o bc Immenised- is -a patient requiring ta be protected fmm the discase |
(. B 20 causcd by. the virulent form of.the mlmot;gamsm. N

The disclosed avirulent microorganisms or a ]
i

« formalation: thereok- wnay be adnumswmd by any.- convenuﬂna] mcthod

-2 - . ineluding. oral. and pammcm! (cg submttanoous or mtmmuacular) mjocuon.

25  The treatment .may censtst of a siingle. dose ora plurahty of deses OVEE &
penod of time,
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o Whllst 1tis possible for a disclosed avirulent microorganism to be

‘  admirilstered alpiie; it is proferable to-present it as 4 pharmaceutioal
30 fonnuiauon, together with one or more aoccptab!c,camets The carriéi(s) -
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ity

-20 In further-preference the genes are those contained within, or at least

part of. which-is :. . containied wthin, ,the sequences shown in Figures - -

11 and 12 and .which have been t ;identified by the second method t -

- d_osPabo e> i The sequences shown in Fi gures 11 arid 12 ar-e part-of a géne

cluster from Sal nonella i Pftvn n which | have called vinrl'ence.gene -

ei uster %%IL The position of 25 iiratrsposon insertions are. .
i ndi cat ed Wi BHe sequence, and thesé transposon 0i nSePCE/aBSSHISIS.

i nactivate a virulence detetnmiriant of the organism As is discussed nore
tfully below, and in particular in Exanpi2¢ 4, when the second met hod

di scl osed above is used to identify virulence genes in Salnonella

t yphi nuri um naﬁgﬁsblbc ampmhﬁ‘éimdsdmmg%ﬁipégﬂgémr@é%ﬁugﬁpes
|dent|f|ed) are.gl- stered [ rel atlvely snmal | part of the genome. This

region, B tigey sind ZWbdmotm&euWEMe genes. -
whi ch, as descr&b&@rb g1 TER nyention. J | sol at ed -
by the nethod di scl os:t‘dﬂé{!;l}tr'llfl%eiinéal?'preseg%(‘i"Ll wang &é Pvg'b?lg“ﬂ B del | .

Thus;. -t he geriéstgriibaidipyrogerbfiegsed i accor di ut ce W|th :Lato-vn : niques, -

appropri at el ,nodi figd. in view of the teachi’ngs "co ntai.p$.lterein,
t 0- const ruct’ an cat pressi on Vector‘ cwhich-is then" used-to-: --transform an

a gpt riate- hosIt vaH! Be. hHredi and -producti on_of t he <pal-y

epti de-of thel .M:,.._, ﬁ; @2’3 %%%g aré.ﬁl ude t hosdlitlased.odepanding on its
US- Pat ent Nos. 2 ‘ SsUe @?Xl C185e8H o tmy fickds of dlumad, Mmadiciad land
| ssued 23 JuJy 1 Ik 's n 4,582,80.0 |ssued 15 April 1986-to
trrow, 4,677; 063 I ssucd=30 June 1987 -fo0 Mark-etW .:.-4, 678" 751i ssuéd, 7
'Quly 1987 t10- Goeddej - 4,704, 362 issued 3 Novenber _1987toi.taki r aet al ..
4710463 issued: |. Decenber 19$7 to I\/Urray, 4,757,016 issued 42 July 15

40.. Too|eerDmezsealeausé18 ﬁu%%iw W iifal de -
~.-Al and 4;8 648" |ssu£d 7' rchJ989- 1. ?qﬁker e#vﬁ?ch am
" incal por at ed ficipimals éﬂlmxacch oDt andntign, tvhﬁ:n &ﬁi

constituting: t di, SCI 0S 4 ma bel gused to a w de
variety of othé Wg%gﬁ@ E“‘F%’Pm y-avirulentbacteriiim, are
- wseful in man but-alsd fix, For cx&mple dows, sheep;. pigs; tiorses, dogs

- ‘and-cats, and in poulby such as chickcns, turkeys, ducks and goese.

(Dre

e <=

Also disclosed are a gene obtained by the second method as dlSCIOSCd above, a-nd a
polypeptide encoded thereby.

T J-:“ s -
- R T

- ' | T 200 B? gcne - We inelide - not only” thc mglens -Df- DNA thatvéode fora

pal‘ypcptide*butalsa vegiilutory regioiis of BNA. such-as- mgiens of DNA

"+ Sthiat rogulitd trétiseription; - trdnstation and; for some mxemergamsms

*Splélig of- RNAs: TS, the “gerie mcludes -promoters, : tmnscnpnon

s ~~fcnmnat0rs, nbnsome%mémg sdquences and for some organisnis introns-
25 -iid splxw r&cogmtldn sifes: '

- - B - T . .
Y] Rl ,.- ;-

T?pxcally scquc‘nec mformauon of the ifiaetivated gcna'obtmned in step

Mm _ _; S8 SV “ﬁ‘énv’éméﬁﬂy Séquaﬁée%’ clos Gt efids bflﬁmnsﬁdsﬁﬂ” - :"* e

": s A

are ‘éd as thes hybﬂdiéauon Site* ‘of a: sequiencing- pnmer 'l’ha'denved

.
Ta

+

T 30 SeQuencc of aDNA rcsmction fragment adjaocnt to- thc macnvatcsd gcac



="-datrar ud ion3ntaafi.appropriate host. fe: ‘conpani on’ DNA, -M Il . depwd
.1"n the:nahtrtof the host, -the-manner-of the iutroductto i' of the DNA
‘" into=the Bost aticl-vlhhetliar episomal-nia n tctiail -a or-irftegrition
is:desircd:. Qenerally,: -the DNA z is inserted into-ati expression vector,
such as a "plﬁa ml n -proper- orientation and correct reading frame -for
expressi on. PoATESY 1 - neccssary,-the DNA may be, linked to PEEGBISNETS:
appropitiate: franscri pfanal and - translational regulatory control

nucl eoti de sequences recogni sed by the -des¥z ed : - host, al though. such

controls” are general |y "available in the 3EI: _eziinession vector.:- The
vector "is then- ||1Wdﬂandd ito ngaket 2 fiybtidization | p 3 -idh - WililchSloLidoadfy; and
PCTI GB95102875 24 ard %{aahnl ques Geper al | Y. H?t aIJ of the hosts
will be transfor n&f ‘W—oﬂ'&‘}q EPSSEANG

select for transforrred hosi cells. One selection techm que |nvoI ves.
incorporating into the expression vector a DNA sequerice, with any

necessary control IleiBsmfcsmdef thé dhiyteidikasiohoprabing ciscdodd wndér Htfingent
in,the- transf%rre such asgﬁatl biotic reS| stance. Al ternat1 vely, the

gene for such el 'E?'é" 1o gnsure thattheggency agd gt & gelasive, i LB}Ed to

A,ESELZ”?LSB%. nant ARG %‘ﬂ"&"ﬁ?.n%ﬁ%%ﬁ%e@ i i ™

-suffici ent t| MMWMWbWaMMMQMM@%ﬁQ&ME>m| led

in theart. vi ew. of the, teachings _disclosed herein-to permt th

expr essi on: of ¢ thaclegtides d qﬂﬁh) \ﬁﬁﬁ@lﬂw therimmobdisodgeaa/hytis .
€xpr.essi on: syst u (,for .exa col i and
Bagl | | us; subui | Weaw ﬁ%sgggga@i{r J’S&J&“ﬂﬂre 'ée 15 ‘

~fi' | ament.ous. Ii}ﬂgNdﬁlm.Oﬂfﬂmuﬁdﬁﬁer gillus), plant cells,, animal cells and .

. insect cells. 20 . ;The;vectors include a prokaryotic replicon: such, as
“the GolEl. ori, for ssion propagatJ on i n. aprokaryote, .even, |f the vector: .
i's to he used foi’iﬂﬁﬁ 1n I o ot cel es The vectors.
cats al so |ncI uderess t%tbe eﬁam\fz kaimone.l}a vu'zP gencsare _

. s!ammm ngumsSandéaadd%mbed m Examp!ez. i

‘a..

15 s pasticilary preforred cmb.edimén(',thg Saronella virslénco geites
* -compiise tho ‘sequence shiown.-in. Figures 5 and 6 and described in -
. Brample2.

. By 2 - -
ML

20 - ! . In further- pmfaen;ihe genes are those coﬁtaiﬂéd within, or at least part of which is |
; contained within, the sequences showx in Figures 11 and 12 aiid which have been : il
‘ﬂmﬁﬁed by the seeond meiheddlsclm daboyes = ! fg
;The. sequmcm shown In Figures 11 and 12 -are part of a gene cluster ﬁcm Salmonella
jljphxmmum which T have called vlmlenee gene cluster 2 (VGC2). The position cf
ftransposon insertions are indicated w:thm the sequence, and these tmnsposon
‘mserﬁons machvate a virulence deferminant of the organism. As is discussed more -

e “ ﬁJlIy below, and jn particular in Example 4, when the second method .

LN
H

f disclosed above is used to identify virulence genes in Salmonella typhimurium, many of

the nucleic acid insertions (and therefore genes identified) are clustered in a relatively
small part of the genome. This region, VGC2,



Appropriate.. pronoter such as a-prokarypticpronoter capable: of directing
the expression (transcription and translation) of the genes i nr a bacterial.

25 ., host cell,.such.as E.- coil, transforne [..therewith. "A . prom)ter
[ an expression control el errent nf ormed- by a- DNA... sequence '
jal —-pgrmts -bittdi .-of, f4A--pol yrreraseaand trattsctspta it tot occur.
Pr onot ef sequewoemmlrpatl ble with.:, exenplary ;bacterial hqosts are n: _ss ey

0 typically provided in 0O1M i d vectors contai ni ng conveni entPcF[l%‘?’F‘P%q’#o
ite WD 96117951 PCC/ GB95M2875 25 for |nsei§| on of a- DNA segnent.of.the.
present invention. -Tpr cal prokaryotic. véector plasm ds are-

?%Cclzﬁnondpugig U%A) and 5 : %ﬁ%nﬁg%f om.BI gl %a%MCl a,

Pi scat away, L}chntlw.typl cal marmalian cel I vect or plasmid is. pSVL
avail abl e from Phar maci a, Piscataway, NJ, USA. This vector uses the SV40
| at e- promoter:to.: -drive expression of cIoned “genes, the-highest |evel .of

10° expressi on be.FIlhggmuﬂdlaMb e fieltRgn- produ0| ng:§ uch as.CQ5-1
cells. An:exanple of an i ndum bl e manmal i an expr ess#ogﬁd%wwlﬁ%a

al so- "avail ab e»ﬁﬂMI@lhasML Ahubhilfe peoe (DN, Qised
gl ucocorti coi @i pdl u0| b {:)rom)t er ofg?he m)ﬁl?sie gatbg m?W%“f‘ﬁ% I ong
.

~‘terminal repedt GIES, o AppTehEiRtsly - Gﬂedi@dcimmg@ﬁﬂhe lﬁﬂﬁﬁgﬁeast

pl.asm d -vect ors. O@Htﬁ 6 pRS413 416 and are_ ~ generally-
avail abl e from Strat agene A‘%’%& aé’r?’g‘f’“?é%wr- ‘whiclpishich usedata

Pl asmi ds pRS403.trarifdd anRRSURbiate teerating

- pl mds . (Yips) rand . |ncorporate he yeas?ﬁ%‘gl ec%@dﬂﬁtﬁl é!%e

41183, TRW " L E1PSIYRGRIde afitixs inverition PiSmhiteciniq a&%aadaﬁie@ccﬁiéro gﬁt
vel oped, to

ot Lo R PRk, § AT Yool S koo om0t
E(e)[:] n'eln ?st gnce. M|B”Ml§31985hmkw 45’%%8%&%& lg%pndl 3886 b oA
T Crowt, 4,677,063 issued:30 June 1987 t6 Mark éral, 4,6?3751 158!10(17 |

-+ July 1987 t0 Goeddel, 4, 794 362 issued 3 November 1987 to-Jtikita er al,

4,710,463 issued-1 Decembeér 1987 to Murray, 4 ,757,006 issued 12 July

1988 to0, Toole, Ir. et al; 4,766, 075 issued:23- August 1988:te Gooddel et ‘

T imal-and <4;810,648 1ssued 7 Mamh 198910 Stchcr, ‘all: of whtch are’ -

s mc:erpémted herein by mfcmnes.

" - ‘The BNA enceding the polypepude constititin : - ;
s . g the compound b7
RS A 20 ‘disclosed. may be Jomed to a wide vauety of oﬂier DNA sequezii}:es for R

*

<o dtitrodudtion into an appropriate host. Thc eompamen DNA Awill dqaend
* Hipon the ngture-of the host, the. mannc:r of the: mtroducuon -of thc DNA.
rnrdiitoithe:hose, avid-whoiher cpls_omal maintehatice epmtegmuon iS:desired.

25: - Generally, -.the DNA .is inserted: into-an expression vector, such ai'a
_ plasmnd in: proper erieritation and correct madtng frame for expmss:on
L If neoessmy ‘the DNA niay-bie lmlced to lltc appmpnahcuanscﬁpnonal and -
~ translational regulatory control nucleotlde sequences recognised by the
. -desired - host, altheugh such controls. are gencrally - a?mlabTe in the
39 cxprcssmn veitof.: -The veetor is thcn introdiced fnto. the: -hiost: U*xrough '




be inserted to the vector DNA. The vector and DNA segnent'are then b ro err
tsbnditt bet CVeen: che conpl ouentarj+ Itt~wopc lynmeric . tails: to form
reconbi nant DNA nol ecul es.:: 30 -.- WO 96117951 PCrl GB95J02v5 26 Synthetic
linkers containing one or nore restriction sites provide an alternative
met hod of joining the DNA segnent to vectors. The DNA segnent, generated

- byendonucl ease restriction digestion as described earlier, is treated
wi t h bact eWOIHRESE T4, DNA pol ynerise or E. coif DNA - . 5P$89§#QF§§e I
enzynmes that renove protruding, 3Lsingle-stranded termni wth their
3'-5'-exonucl eolytic activities; and fil24in recessed 3'-ends with. their
pol yneri zing activities: The conbination of-these activities therefore

gener at es bl unstaadaxditephitiques. Tierseajlys mot allTobthel hosts will bg tsangfarmed ar e
then. incubated: with a |l e nolar e ss of linker .mol ecyles.in the
presence of ang&r@n@ﬁ&cﬁq’iata’i-ﬁgmg%%“ wﬁgﬁﬁﬁm f?léelfa?tg@f ﬂﬁﬂi’%&‘?ﬂ“"d .

bl unt >ended t BRNECURR seledio t8Ehni i8S linvoRES Freorpé fa@age. Thus,
the products of the reaction, are DNA segnents carrying polymeric |inker
sequences. i t -t bxpressioo srector BHDNA. dcqubhide, swithweiny sicacssaryheonteal elementsii t h t he

appropriate.,regtrictiop, enzyne, ., and ligated to an expression yector that
has been cldavBitx ?%P%ﬁﬁmcqm&!“mgm%ﬁrﬁ@ﬁﬁﬂéﬁ e with
those of the: : EMMARATCHIiernaWI)C e gbhd 8F SuaP BLRLARORIE En BS YnOf
restriction endonuclease sites are 20 commercially available froma

nunber of sour casothemetetdi,mghichtis maed omeb-trdBisforee teodeiged  hast celbwHaven, - CN,
USA: A desirable way to nodify the DNA encoding the polypeptide of the
invention is to use the polynmerise chain reacti orr-as disclosed by-Sai ki et
25 al (1988) . Spioencay it e WA ribiokhis phBAUcHRRIFREDNA dothe
enzymati cal | ysgr?pgﬁ]lﬁ?}%g%tsh% Falﬁe y‘t)wo K gB‘?L‘f Ic bl o tttcletitide {:)
. pti ni drs.Uhr cinventibeians dhew ealtuivdc fored isufficieptotimeeatd 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. o :

.15 Many expression systems are -Itnqw;n,' including b;actt;:ria}('fo.r example E,
s coli and -Badllus:subtilis)','_ycast;s, (for example Saccharomyces cerevisiae),
filamentous fungi (for example Aspergillus), plant cells, animal cells and

insect cells.

.20 ;«Thgzvcctoré -inclide a prokaryotic repliceu;,--s;iéh%as- the ColEl- ori, for t\h)

: .- propagation in a,prokaryote, even if:the veotor.is.to be used-for expression -

.. in other, non-prokaryotic, gel_l,fypcs. . The vectors can also include an

" . ..appropriate promoter such as aprokarybti_c»?pmmo.@ capable of directing |
the expression (transcription-and translation) of the genes in-a bacterial

:25. -.host cell, such as E. coli, transformed.therewith.

. A promoter is.an expression control elemeat-formed:by. a DNA. sequence -

thae-permits-binding. ‘o, RMA- polyierase: and. transediplion. to. odeur. .. i i
Promoter sequences compatible . with : exemplary bacterial- hosts are

U380, wypiically provided in plasmid vectors containing convericnit restriction sits



into the anplified DNA: The said specific prinmers nmay contain restriction
30 endonucl ease recognition sites which can be used for cloning into WO
sen7sst 1Pe~i xGSSSro - 27 expression Vectors using nmethods known in the.
art. VAriants 91f-the-90, nes also formpart of the invention. It is prefer
dif the -variant ha&at | east-70% sequence identity, noz.-prefr. bly_ at

| east 85% 51% sNueaae~icJcptit;!;-mast pceferakil p-at |east-9-Mse ucnr id
ctdty w t¥wotskgresgenes i sol ated by the nethod tdjscICBed.nﬂnammmams

repl acenents; deletions _ and insertions may (it- tolerated.. The degrrye
of, .slmhacity _Ixetmebnsonetnudelo acigg=scqucnw and: anot hor, can be

df tradood. using the GAl' _program ot he- UnlverS|ty of VVsconS|n Comput er

OrouP: 0. 51 I @idetion 1 PR sSimPROSEIRDERGR Mg Ne genes are

i ncl uded. . varlapts |n ertlons del etions and
. substltutlons cei ther cotlscrvatlye ornon consera- ative, where-sueti

' changes do -ng a tlalty ter.:the- a eti

protein. . Ifs'e%aﬁe WE’%@’E W‘éﬁ@mul’yf&% B@Gﬂlg B'ng such
as-ti ty cﬁsm, r Lys;
Arg; and Ph qu@é av%/laa(rﬁlr%?ﬁogyﬁl&%qrab‘)ﬁta e usi ﬁ%@é\% %e} U{ﬁ%\%\uﬂd met hods
of :- rote§ - ~pm99Adﬂd B available frofe Phaimiadia, Riscagicay, NJ,AUSA. di scl osed

is athird nethod of identifying a conpound which reduces the ability of a
m croorgani smto adapt to a particul ar' environnent conpr|3|ng t he steps of

selecting a .go Wb LR afthble Lirofh 9€NE
obt ai.ned by t% ETi}gcon %’ﬁ |[_sc ose\é\bigglg?/%eigr %ﬂ' a plgl ygg‘pt | de -
~ encoded by Slmmmagﬁnepxscatﬁimﬁ,eNJs mcoﬂhmmdetomsekl thaf S¥d40 take wil d

type ceti but. not a W. 96/r793t PCOGBIS.2VS, 28 c over prodyci pg a gene
. RbFated by YDA Sa-dTes cRgEsHoR: O slorsh dgncno e, Hamsl devel of

- i noner enjgho y I . el is
the Su | [1’0203&&%%&%&%@ lre.fng .ﬂq{%@e&n ;B%du&i% oM bRRRSCS] cofls oI
T An cxamplc of an inducible. mammalian cxpressnon vcctor is pMSG, also
- available from Pharmacia. - This vector uses the gl_uqq?gmcmd,mdumblc
. vprla!r.lotc:-of the mouse mammary tumour virus long terminal repeat to

15 drive expression-of the cloned gene. .

Useful. yeast plasmid vectors are pRS403-406-and pRS413-416.and are
generally available from Stratagene Cloning Systems, La Jolla, CA 92037,
- USA. - Plasmids pRS403, pRS404, pRS405.and pRS406 are Yeast
) } ' 20.‘----;='Intcgratmg plasmids (¥lps)-and incorpoerate. the yéast selectable markers o
1S3, TRPI, LEU2.and -URA3.. . Plasmids pRS413-416, arc Yeast =~

* g
% .

~*Centromere plasmids (YCps)

" ~A variety of methods have been.developed. to' operably, link. DNA to
25 “vectors via- complementary . cohesive termin. .. For, - instance,
complementary homopolymer tracts can be added to the DNA segment to
“rhe msertcd to the vector DNA. The vector and-DNA- scgmcm are thcnb
e —“ﬂﬁmﬁd hy lwﬂrﬁgenbandlﬂfwwgen‘{h_ ~c~@mpi"_* e

taﬂs_: to form recombinant:DNA melecules. . -




pre= the gene-isolated bby the nethod. disclosed. The viability and/or
grom h of each cell f the particular ottvirortnettt-is. determned in.the
presence of a conpound to be tested to idea Wi ch conpound rcduccs vi ab
or-grov & of the wild-type. cell biut=not the-cell over xpicssing-the
said-gcne 10 _ 1 1i s pr ef e Mif tile' geneis a virulence:gene. For
exanpl e, in one enbodi nerit the nticroorganisw (sum .as S. ryp' fili
zzunum | yd'S@#@9ed10 over - express the virul ence gene I dent | PEEEGBRS028Te 15
first method discloscd-above Each of (a). the "over- f expressing"
,mcnorganismai d (b) an equival ent mggroiorganism(whit r does. not
over express the, vindence gene) amused to.itifect .dells in. tcultat

Wtethera p sjideAaniaats CORBMINE did br maRl seitiueby simbigrovidchen

virul ence gene”function 1s -det ‘erfi ned by. assessiug the ampunt_ of the test
20 -. -com poaltetnitive method of jeining theePNAtsegmeak toNe@prs hd e BNA cel | s by

{n}. the over - ex resst rp sm anr v

i iricroorgat: f"ﬁ“? “?%Egt g?cﬁ‘%ﬂl’réq’ﬁet mﬁe%'bgf%egpro?s @éss‘élﬂgwd

envi saged tha%al:]l TP gntdﬁm Breoli DPRAf be

I nactivat ed Q| nd| Xi to t @%Fence%ﬁén }producrt) If npre of the

compound |%. rpmlymmtl’r, enqgrmdzsrﬂxat Rmowpokuding, ByStwrscht@ﬂ texmigh- (b)

then ,(his -s ts-..t e cqtii Q.LLI’]dI el ecti s .

lircfetrcd:I f""ﬁﬂéili tﬂﬁ%ﬁ‘ ﬁ%lYE‘ﬁé‘ﬁ (%rﬂﬁ cies%c%?:a%iq r‘gg/ﬂed

_eitiraoel (ult Rildsi oti € such as:rgentariticti. {which does.
not penetrat eihﬁirs?dg)ﬁlci [gI&c‘il that the effect of the test conpound in .

preventing infection of the cell by the ni croorganl sm | s by Tysing the said -

30 cell and determnjtighow mativ mecr I’lISITB are xatnf|
WO 96/ 17951 Pth¢ wg@iwgw W@fﬂﬁf'ﬁsl‘-ﬁaf%?r aﬁf&Pﬁa“"S a‘""‘&é‘iﬁhﬁ b )

10 segments. The blunt-ended segments are -then incubated with a-large -
molar excess of linker molcculcs in the presence of an cnzymc that is able

o catalyzc the ligation of blunt-ended DNA- molecuies -such as
'bactenephagc---'l‘ct DNA ligase. TFhus, the products of the reaction are

‘DNA: segmients '-carryiﬁg-polymeric' linker sequences-at their ends. «These ,

15 DNA s:cgtﬁcnts are then cleaved with the appropriate restriction ,enzyx?léf :
= and ligated to an expression vector that has Becn cleaved with an enzyme

- that prOdUccf's-:’tenﬁiﬁir_c':ompatihlc with thase of the:DNA segment:

‘Synthetic linkérs coitaining a variety of restiiction endoﬁuc‘lcasé"si‘tcs are
20" .rdoiﬁm'créiilly'avai'l-ﬁbic- from & aumber- of 'sbi-l_mes:*includi-ngsln-tcmat_ieﬁall- ‘ g {}
- Biotechnologies Inc, New Haven, CN, USA. ~. - e '
A desira‘blc way to medify the DNA encoding the polypeptide of the
' invention is 16 use the polymerasc cham reactlon as dasclosed by Saiki ez
25 al (1988) Saence 239,-487-491. -

_1n ‘this mettiod the DNA to be enzymaucally amphﬁcd is ﬂankcd by two
s lé’“éhg’”"fi‘ﬁ eiﬁt&e pﬁmers*‘wwrch“themsewes beceme e
into the amphﬁed DNA. The said sPecxﬁc pnmers may contain restriction

30 endonuclcasc recoznmon satcs “which caan be used - for clomng mto-




Pai rwi se screens and-other screens for conpounds are generally disclosed"
in Kirsch & Di Donenico (1993) in "The Discovery of Natural Products 5
with a Therapeutic Potential" (Ed, V.P. Gallo), Chapt'er 6, pages- 177-221,
Butterworths,. V. K (incor porat ed-herein by reference).: . Pairw se screens
‘can be desi gq?(?wp nunber . related formatsiin whi ch t he.
rel ati ve- sens f@ to a corrpound i's conpared using two gemmwalo
related strains.. If the strains differ at.a single....locus, thén a
conpound specific for that target can be dentified by corrpari ng each _
strain's sensitivity to the inhibitor. For exanple, inhibitors specific to
the target wifl. cmlew‘a@ltslwmge@alhmmWﬂaeaﬂ& tive test strain-when -
corrpared to  an. otherw se isogenic sister strain.: In an agar diffusion '
:fora at,. this is 15 determ' ned. by measuring the size of the zone of

i nhi bi tion sur r o\lacihmg of {1R pcties ﬂs@i’ax’ﬁ??ﬁﬂ“&ffﬂi&’idgﬁ?ﬁ&?:@g o #d E cause 2

of -di ffusions a copntinuous™ concentratfon gradi etup

and t he: st ra1 n"4imiang has.at loasty70% sequunibiidattity] mops pasfetabbnat lchst -
di st ance, m t Or.. We o) t he zone. Gener al '
ant i mi crob| a s" ‘%ﬁ“%??ﬂ%ﬂ?%‘?ﬁhﬂﬁ?%%t% -spguegice-ddantity with Ger than
the desired one jgenes gohgsdly the alagRgved as_havi '}ﬁsc} osed) E@L?@E%é M&ﬁs

et :

gen:

agai nst the two Strains. Anot her type of noI ecu een,-
i nvol vi'ng- pai rsdeletions: amdsamémoas may |trn eolcpaat p'md b GIVE ssed in
[ .-25 straln The. : rati onal’e behihd thi's

one strain -cor redto ont ral

type 1(:)f astsay @“&%ﬁdé@ﬁﬂﬂw #@Wﬁ?@@éﬁ%ﬂiﬁ tﬂe
fget protein g H;Pq; i_nhi:bit.ors s ic.to the

c e»ned géne: “product thaf an |sog§%¥%}§§§{f%w%ﬁ?%ﬁ'qwlﬁg%?ﬁ t al

ani aut 5t s d@ the targe"protein. 'Jivan agar. diffusion -assay,” the zome-

_si ze-surroundi ryg a* ecific conpound is expected to be 36 snal ler in the:
~ “strain-over expr® EE"#S E’ﬁ@%r@&m@tﬁtm@d@dmﬁm@m ave includedi ~vsi
.rcricasst 2$7& 30  otherwi se isogenie strain. ~ldditiorially br al to.

_auvel y seda ow of a. corrponndl s=adiieved. in-the follow ng:steps:
N By “variants™: we melnde*—mseruons ‘deletions and substitutions, either

| censervative orqiop-conservative, where.sueh changesdo nat- substanuaity
15 alter the normal function of the protein, - o

o

" By “eens'maﬁare‘subsﬁtutiﬂns” is jntended oombmamms such- a,s Gly. Ala;
Vak, He, Leu; Asp, Gly; Asn,- Gin, Ser The; Lys; Arg; and Phe, Tyr.

= B ‘=“3- e

i(* j. : 29 Sm:h«vauants may,ba. made usmgﬁ the wcll known mcthods -of promn
: ' mglnﬂ@ﬂn&\‘m site-diredted. mutagems:&, B R Y
L . fnc o . . o — _ -.~-§\_ "'

AIso disclosed is a third method of 1dent1fy1ng a compound which reduces the ability of a )
‘microorganism to adapt to a particular environment comprising the steps of selecting a
compound which interferes with the function of (1) a gene obtained by the second

method disclosed above or of (2) a polypeptide encoded by such a gene.

30 Paiewise serberis for compounds whith affect the wild type ol bitnota - |



1..- A nutant ni croof gani.sm obt ai ned using the first nethod disclosed above
|s used -as a control (it has a 'gi ven phenotype, for exanple, avirulence).
c21°' ' 2.-" 14 co npbuodto be -tested is - nmixed witk the~.i d-ty. .. -
tti rcrpbrga3| sin 3 The '"w |l d- type ‘ncr-oorgani smis: introuced into the
environment (with' or Wthout'tht test conmpound} IE the Md-type:

-mcroorganlsmmmyﬂble to - adapt .to - the environnent (flql:h
the - tor npouna IS,

.-tmatrnent by, in the co: presetrof, the conpound)
-one whi-ch r_educes t he - abi lity of the 1 2gtcroorganl smto-adapt to, .or
survive in, .the:.particularenvironment: . “-When the environnment is -am

ani mal - body and the ! microorganismi is-a. -pathogenic mcroorgani smthe
conpound identified by this nethod can be Used imm a = ngedi cammeat- to .
prevent or --+anel i<6Haverpraduging e Eewt isolated byiltehmethods disdhised arigadwdegnt . Al so

dlsclosed is a conpound identifiable by the third method disclosed above.
“I't will be appreciated that  usées- of the- eonpound rdentlfl@ﬁ bx the

00- 0- net hod di scl .e re d . thod % | t. can be
identified, 3fi and 1u

rcl-atioato thd haell w%%ﬂﬁ&%ﬂﬁ%@:@h%&@é%é@x?a ?ea& thc =
Conpound is"identjfiabl eby a nmet hod whi ch-.uscs_a- l-':%Fenc ene,

Xi | ypepti de cnéodé mdhed, from a bd@bﬁ@rﬂh&m&hﬁtﬂiﬁ&é ee]] : _
that 5.: -

conmpound- may; bc ﬁ%ﬁﬂ%n ireatlggénfec. ngm amamm F-ky ol
| &.‘lbrfﬁ

bacterium Sinilar

Uses Diaiit Fi oo S dhid: cggf)ﬁgvlﬁé}f nﬂ?&n’éhteanu&?ect I or egﬁbi"%htt : :

-8 aplai.it; ilre conpound na
'\ by that f rng@%&cmm&ilbbaﬁlno&ha wﬂlm&@rdﬁi@dﬁeéﬁtgbﬁ&l

tnteracts Wltﬁt, and substantlally |nh| blts

Ttis ‘prcferred"i.fj’- the’ genc is a virulence gene. -

© .~ For example, in onc embodtmcnt the nucmorgmusm (sueii .as S
tphimurium) is-made to ovcr-expmss the virulence geiie 1dentiﬁed by the R
15 ﬁxst method ' d;sclos@ above Eaeh of (2) th;e over- '
* c!qm:ssmg mwmmganwm and (b) an equtvalcnt microorganism (whick T
- docs not over-cxpress the virulenee gene) “are-nsed to.dnfect colls in
‘culture, “Whathor-a prrticular test compaund will. selectively. inhibit the -
wrulcncc gene function is-detetmined by assessmg thie amount of the lcsth
- compotund which is requtred 0! pmvcntmfemon of the hast colls by Gi). '
] the ovcrmq:ressingmtcroe:gammm&)mc eﬁuwaleatm:cmwgamsm :
- _ {ar least for some vnruienec geic producs it is enwsagcd that dic tost
) mmpound wnll xmwvate theay, and uselfbe maetwawd bybihdin,g tothe
virulence gene -pmduct). If more of the'compaund i is. required to-prevent
25 inifection by -the (a) than- () then this -suggegis that. the compound s -~
C  selective.” 1t is pieforred if the microorganisms (such as:Salmonélla) are
T destmyod exu:aecliulm‘iy by = mild antibiotic sich as:gentamicin which

s O A
hitahi does not penetrate host cells) and that the effect of the test compound in

preventing infection of the cell by the microorganism is by lysmg the said

N

' 30 cell and detcrmmmg how many mlcroorgamsmsam prescm (for cxampl‘é



the function of, a gene disclosed above or a nucleic acid product thereof.
IS - :.By nucleic acid product- thereof"” WGEGind rde. any -RI BA,
--especially, -amtNA .transcribad*4Dm thegene Pre -eradl ~ '
a-nolecnlc:whiclt seieetively imerat iuith; and_sutistanti‘aiij~ t :-~
_,-. inliibtts -fiitrariorr_ of said gcti or said nuecleic -cid product is.
An, ;' ntisense<noclcie:acid or niiideic-ac id. deriirntive hlor~e.pr

ef er abl YWOS8HIMShol ecul e i s an anti sense. phgpi t udeot i dee PCIBBI5/02875

Ant i sensc-oti gonucl eoddes-al singl e-stranded nucl ei ¢c acid, which can
specifically<bind to a:eonplenentary ngolei C agid segtiei{ce, |13y. binding
to the appropriate target sequence,.n. RI~IA J{14A, ;p I-NA-DI*I1 A or RNA-- O
DNA dupl ex ity pleinghbn ﬂ'éwy_e nucl ei c acids are often termed "anti sense”
causet hey arse: conpl enent ar yt oi hesensc. oi _codi ng strandpfthc gene. 3D "
"Ifeobntly, fortfiation ova td 1e helix", roveri Possi bl e where the

overi PP. _ |
VC vas f ound s Soer{ et oty SerbSRORE Rl B bl aduniiy TL0 T
groove of tHe KikWA &aobhonkeii¢o(1983) i PiThe Mikéoverp of Natdfal Prdicedy. This

suggests that -':it is possible to synthesise sequence-specific

mol eeul eSwhiwith 3 Jherdpevtic Potentialy) (Fd, YoRbGallod - Ghapter Gpages B71-82bgni tion of
" maj or groov 'm(g deng, pi nding sites Gl | Ve & sequence of =t hc :
ant i sense_'nilhcq €l cagtglg’dvoﬁ" M@ﬁﬁ%@?ﬁ?‘ﬁ%ﬁ*@@% 'y be detertninedby -
reference ".: to the -nucl eotide sequence of the gene .10 in question. For
exanpl-e, antisense nucleic acid_or oligonuel eotides can be_designed which
are conpl enPariyise saeensean bodesigneddn quanmbersolomiatedformats igwhieh. 11 or 12,
. ~especially - equences.which forma Ltof a vigul.ence 15 . .
6 T gonuct ol SR ESiNLED + 30RePnfd i rufetba S Tie sbetently ceit ul ar

10 . related strams IF the strains differ at a single locus, then a compound

- specific for that target. can be identified by compaﬁng each strain’s
- sensitivity to the inhibitor. For example, inhibitors specific to the target
5 - will be more. active-against a super-sensitive test. strain when compared to ‘
" an otherwise isogenic. sister strain.. In an agar- diffusion format, this is
15 determined by measuring the size of the zone of inhibition surrounding the
'-'-"'.';.,.. * disc-or well carrying the compound. Because of-diffusion, a continious
" concentration gradient of compound.is set up; and the strain’s. sensitivity
" o i‘nhii_;itor’s is proportional ‘to the distance, from the disc or. well to the
- - edge-of the zone,. General antimicrobials. or antimicrobials with modes
;‘) : 20 . of action other than the desired one are generally observed. as having
| * .stmilar activities -ﬁg-ai_nstvthe two strains..

L
HE N n ) - o . bl - s Com . " - ) “-

- #rAnother-type ofmolecalar : gcn'cﬁe sereen, involving pairs of strains where

A - acloned gene product is overexpressed in-on¢ strain compared to a control

. 25 .strain. The:rationale behind this .tﬁrpe'of-assay is that the strain containing.
' an elevated: quantity. of the target protein -should be more resistant to

-inhibitors - specific to the cloned gene product: than an-isogenic strain,

+-coitaining- noratal: aniourts of the target-protein. “In-an agar diffusion = -

- - -assay, the zeﬁc-sizé-._silrrdundi:ng a-specific compound is expected to be

-7 307 smafler in. the. strain overexpressing the target- protein compared {6 an



-endogenous nucl eases: To counter this problem it il: possible to use -
modi fi ed ol i gonucl eoti des, eg having altered interuuel eotide |inkages, in-
whi ch the nhaturally occurring phosphodi ester |inkages have been replaced
wi th™. anot her.linkage. Fora -exanple, -Agrawal et: at, (198%) Proe Natl. 20 "
Acad. Sc:. UM - 85 7079-7083 showed increased inhibition in tissue -culture
of HI V-1, usi ngvovsrgwsigonucl eoti de - . : phosphoram dates and ~FICRIENYRTE
phosphorot hi oates. Sarin et al-(1988) Proc.- Natl. Aca7l Sci.qﬁ%ggﬁﬂfnﬁ"
7448-7451 > denpbnstrated . increased’, -.inhihition of - H V-1 using
oli gonucl.eoti de net hyl phosphonates. Agrawal “et a!- (1989) Proc. Nail 25
Acad. Sc!; -USAB86 ) O)e owed inhibition of-H V-1 replication in
bot h early-infecteg&éﬁgﬁéﬁgéﬁﬁgéﬁﬁvm$nfected'ceII cul tures. usi-ng .
nucl eoti de sequence specific oligonucl eotide phosphorothioates.  Laeitherer
al (1990) - "'".dzgké'frqcf_hhtl. Acad. ScL USA 87. 3430-3434 report :
inhi bition in tisshdditienaly eralicrmativegselectionof aephpomtd. ismadijeved in the
ol i gonucl eot i de pﬁﬁﬁgﬁg&g%@%qates. 30 WO 96/ 17951 PCF1@095/ 02875 33 o
d i gonucl eoti des having aft ¥ici al |l i nkages. have been shown to-be resistant
t 0. degradati onSi n_vivo.- For exanpl e, Shaw et af (1991) -i.n. Nucl eic Acids
:Res. 19, 747-750, report that otherw se unnodified oligonucl éoti'des )
becone nore resistant to nucleases in-vivo when they.: are blocked at the 5
3l ;-end by tertaln cappimigpms hricrobrgasism ddrinddnaingtne SRR aRiRId BRI SRe I used
kdet ai | eddescription of the

-phosphor ot hi oat e re not. degraded.in vivaq.

H- phosphonat e ap%sr %g%lﬁm Qt g@f%{%%‘ﬁﬁ%eﬂ‘&me’%ﬂﬂ PXPEmlG P8BYEBRE)-phos phor ot hi oat es
~ig-provided in Agrawal and Tang (1990) 10 Tetrahedron Letters 31,

7541- 7544, the’teachi ngs-oef whi-ch are hereby.incorporated..herein ' by

reference. Syptheses of oli.goituyel.eosi de sethyl phosphonates, - . .
thosphotoditﬁ%@aﬁgé;'d%@§?ﬁ&ﬁ5ﬁ#déﬁe:,‘ hat e tixed o path. by gellid-type

‘phosphor-am dat es g FizgeePhosphor ot hi oates are known in the art. See, -
for exanple, Agrawal and Goodehrld (3987) Tetrahedron .15 Letters 28, -3539;
Ni el sen et al -{1988) Tetrahedron Letters 29, 2911 Jager ;. .

"B i wild-typo micrborganisi is-introducod into the-civdroniment | -
7+ with o withoug'thicést compound). o
R S the” wild-type -snicroorganism s~ unable o . adapt- to- thc
- awisonment (ollowing troatmont by, 6r' in. the “prescuce: of, the

+ -conmipoundy; the .cofmpound is one ‘which reduces thc ability of the
7 wicrodtganism to-adapt to; o survive in; the:partieular envirapment. -

“When thé ‘environnienit i -an- animal body-and -the. microorganiss is s _

- pathogenic micrcorganism, ihe compouid identified by this method canbe. -
" uSed i a -medicament to -prévesit -or -ameliorate infection- with - the
" microgrganism, - T ’ i

P

Also disclosed is a compound identifiable by the third method disclosed above.

L ET Ty,

,gﬁjﬁﬂ1x=qummuqlﬂmtm%sefﬂmymnnwnmd N -ﬁkﬁﬁﬁglhiﬂmé
- .. $hird method disclosed above ‘are related to the method by which it can be identified, .
.3Gandinpaniwlarin . PR P i . IS

e



et al (1988) Biochem stry 27, 7237; Uznanski et al (1987) --Tetrahedron .
Letters 28; 3401; Bannwarth (1988) Helv. Chim Acres: 71, 1517; Crosstick-
and Wle (1989) Tetrahedron Letters 30, 4693; Agrawal et al (1990)-Pré6c.
NaL Acad. Sei. USA 87, 1401-1405, the teachings of which 20 are

I ncorporated herein by reference. O her netfiods for syntheSIs ‘or
jiroducuon <Woftg@ssre 'possible. In a preferred enbodi nent

i 1igonuci “eotide is a deoxyribonucleic~acid (13NA), althougﬁ rﬁ%%HGMYelc
acid (RNA) sequences nmay al so. be synthesgqed and applied. 25 The .
ol i gonucl eotides useful in the i nventi on preferably are de5|gned to resist

degradati on by ~.relatign g6 i ogt I d t| on of.
ol i gonucl eoti des. produces ol | ?grlﬁ‘%‘%%"?‘fﬂﬁ% é"?&&ﬁ}% af i

| odact st &ni r: ei tR@Peund delidentifiatis by dunemdde.raﬁ%naxsw anﬁweﬁeé of
hybri di zation aﬁﬁl ess i y.to be effectlve 30 relative to hei r
full -1ength colf é%f)é‘i‘é‘é ﬁiglchb)fhfﬁ?f@@ m:mwmm,

PCF1GB95102875 -tRAcdy i tsl si.Sta to de dat i on in
‘the body and_whj ch are abi eﬁ{&% %@éﬂnwgr'&gm eI ?“"?ﬂ%ig’ﬁ' -

ol.i gonucl eot} Hebadterfuthe -rendered, nore resistant to. degradatiion i n Vi vo.
by substituting one or nore internal artificial intenucleotide |Iinkages
for the native phosphodi ester 5 I nkages, for exarnpl e; : by repl aci ng

phosphate wi th gk R ﬁ‘ﬁﬁﬂrﬁ% | nkages t hat nmay ‘be
used i ncl ude. phosphoyotﬁl Oa?‘ggipouwgq fj ﬁ’é’t és‘“@g'l?ld dich uses ghat e,

ketyl phos phowintidnoe gRing or. polcpHac RieH e, esters,
zdged phosph hlgnei and bri dggd p osphora da esarﬁ@% | es are

iQ1dst rati ve,: %'QJWM mnﬁ@mmumamuwﬁmﬁmﬁqgmmwﬁh dcde

| i nkages afg k@ﬂpml e art. See, for exanple, Cohen, (1990) Trends in

Bi ot echnol ogy e esi s of ol.igonucleotides: having one-or nore of

t hese |inkages-substi tut ed-for the phosphodi-esterinternucl eoti de |inkages

is, well known in the art, i ncI uding synt hetic . pat hways=f-or - produci ng

oI i gonucl eot |1EIl halw ng, m xe
so disclosed’is a moleculc which selectively interacts with, and substantially inhibits

- the function of, a gene disclosed above or a nucleic acid product thereof.
15

7By “nudleic acid pmduct therc.et”- we- include. any RNA, espce:ally
- .mRNA, &ansmbed frem the gcnn.

i~

Pz‘cférabiy a:molecule- whlch seiccuyely tmerat;t&wm: and: substa,nually
. inhibits the-function-of; said gone oF said nucleic acid pwduct is.-atr
~antisense- nac!cm acid: or nuclpic:acid dt:m'auvm

T e . .. . i -
.t AT ... a2 K . . .. e A
L £ fortie, IS

9. 20

ZIu

" Morg .préféiﬁbly, said molecule is an .anﬁ's_t}nsé .gliggnuqleqﬁdég-. wr
25 Antisense . ohgonuclcoudes -are. smglc—stmndcd nuclctc .acid, whlch can
,a'specuﬁca{iy‘bmd 10 4. eomplemcntasy nuolelcacad sequence. By, bmdms:
"o the apprepriate tatget sequerice, an RNA-RNA nDNA—DNA or RNA—_

DNA duplex is formed. These nucleic acids are often termed “antisense”

| lqccauscmay are-complementary {o the sense of: coding strand .of the gene.
30 R‘cocntty, fornidtion of a triple helix ‘has provcn possible Where - the

v -



15 internucl eotide |inkages. O igonucleotides can be. nmade resistant to
extension.: by endogenous enzynes by "capping" or iincorporating simlar
groups. on the 5 or 3 termnal-nucleotides. A reagent for.
capping.is.:comercially available as 20 Amino-Li ok IF" from Applied

Bi oSystens Inc, Foster City,. CA  Mthods, for capping.are..described. for:
exanpl e, , aM/et al . (19911 Nucleic ACIdS Res. ,, and.
Agra wal et&§3§ 1¥15917). Proe.. Natl., Acad. Sci. US --88%%5;;%% 7599,

t he teachings, of which are: hereby incorporated herein by reference. 25 A
further nethod of maki ng oIigonucleotide@zresistant to nucl ease attack is

for them to be "self--stabilized" as described by-:Tang et al (1993)
"Nucl . Aeirs Rslmucleeudc 2y bowrbsie- wnddNPouplex. herlti was bfounds dhatnc

tabilized | | h B
Shabl |2 ol QI ol R oo RO S B Bl 4P 2,1
VIO 96! 17951 PC\@%A«%@J&&:@A mﬁ&ﬁdwﬁﬁfmm&wypm thatand

fetal bovine seitm The self. abi l'i zed regl on of the oli gonucl eoti de

dogs noth i nt er fltaﬁqaasublwm;mumuc@qumﬁpzd o moloerdes whjch snesificallyi ds,
2Eown- Png e seg’.ﬁ“ﬁt‘if% %@P@?@&%’H r‘%’t&%{d@ahﬁwyﬁﬂ g@‘% Fympeot | des

Wi th respect tgjpdigk kitéd, near counterparts In accordance with the

enbodi ments of the Tnvention, the inherent binding specificity of

anti sense, ollgoaucleotldes characterlstlc of base pairing. is,enhanood by
limting, the. abllt ean.tlsense conp nd tolt tend | ocus
i 10: Vipo: P ab RS Ee AeR o Siaeloe S8

- system ceff.ect th&HH&PH SR dies @ﬁ@naaeaﬁcwﬂs EAdd Jf M REDI eve

t he. desired ef ect@ e ccgncen ration o? t he ol |gonuéqlqeot|des agt%
desired | ot@s ins question. rﬁcgfmmﬁl@.mutfscnwemmlmgmubbeQllgmm can .

adm ni st'er ed s m ca and the, therapeuti c ef ct can be, achieved:
usi ng a si gni f Qﬁilg‘ve‘:l PEcem DAWBWHPF csequcncc Shown in.
' Figurcs Il ori2, cspccnally to sequences Whl(:h form a part-ofa vnmlcncc

: gcnc

15 Oiigonué[cotideé are subject to 'bcihg degraded or inactivated by cellular
4. . -endogendus nucleases. - To cotinter this problem, it is: possible to use
modified oliéonuclcot—idcs. eg having altered intertincleatide ~Iinkage$, in
wh_iéh- the naturally occurring phosphodiester linkages have Bcen replaced
SRR wuh ariothier finkage. - For.example, Agrawal er.al (1988) -Proc. Nail. ,
20 - Acad: Sci: USA-85; 7079-7083 showed increased inhibition in tissue
culture of -HIV-I-using A-o!igon‘t_lcléoﬁdc-.:'-;'-phosphemmid,ateé and
phiosphorothiioates. ~Sarin er 4 (1988) Proc. Nal. Acall. Sci. USA 85,
7448-7451 - demonstrated -+ increased- - -inhibition _ -of “HIV-1 = using )
- oligonucleotide mé@hylphos.phonatcs. Agrawal et al (1989) Proc. Natl.
25  Acad. Sci.-USA 86, 7790-7794 showed inhibition of HIV-1 veplication'in - -
_ both early-infected and chronically: infected cell cultures, using nuclcoudc '
e T scquencc-spccnﬁc ohgonucflcoude phospherothicates.” Leither-er al ( 1990)— :

ey
ST

Proc. Natl. Acad. Sci. US4 87. 3430-3434 report inhibition in tissue
© - culiure of influcnza virus replication by-oligonucleotide phosphorothioates.
..3.0,:;.-,.',- S STl PR 2z - ! B .. o f— T G e e e oo




15 The | ocal high concentration of oligonucl eotides enhances penetration of
the targeted.-cells and effectively blocks translation of the target .

nucl eic acid, sequences.. oiigonucleotides can. be delivered to the, Jocus
by any neans- The 20 appropriate for |ocalized adm nistration:-of a-drug.,
For . exanpl e, .-"a sol ution ofahe oligonucl eotides can. be injected dkectly to
the site:or can. . -bd delivered by infusion using an .inf ision punp.
The. o. WPgeegt eoti des . - al socannbe incor por at ed- i nt #CIHFHEIPPHE abl e

devi ce whi-ch when.. placed at the desired site, :permts the -

ol i gonuci eotides to. be released into33he .25 surrounding. locus.. . -The
ol i gonucl eoti des era--nost preferably. adm nistered via a:. hydrogel

mat erial . Tigligondelegtiles haviananiflodaiikagss lave, blebmdlwnmttabtb gesisdmty such,
rrat erials now are_ known,. includi ng those mad ”ﬂ]ﬂ n ral, apd 30,:
_synt het i c thdegmeation in wive. drer examyl Fﬁeﬁ @F#%G loits a WD

96117951 PCH,?B‘ .(%ﬁi < 0- Il’/gﬂn&& g;gdd Doklest enper at ure
but gels to forma s 'agse& r%é%?m ng oSem 0 |§'n+1°d rogeFi at or near body

t enper at ur ebediné aidretesiiant eoaliclaiges p@lwmemc@ih@ iyl lockeakatdghepr opyl ene
oxi de repeat| ng unlts _ The . propertles of t he- pol ynmer ater de endent on tho

m): eC;.IL I a1 gnt Wy cextaimecapping BirueiHEEs. a’!‘h@‘&‘é&"ﬁi’% lﬁ'éﬂ ‘-'gﬁ'é:of |
pol yet hyl-en p r in the polyner. Preferre
hydr ogel s an&ﬁhﬁﬁqtﬁ@%tes @JSJF) ?gg{agggﬁgu '%60% by wei i ght ethyl ene oxide and

- fromabout 20:to about 90 % by wei ght propyl ene oxide.. A particularly
preferred h%grogel "~ contains about -70% pol yet hyI ene oxi de and 30% -

pol ypropyl eHedetailed descriptjon @@e&lg W‘H‘@ﬁp to) appegh docsynthesizinge, for

AT o g B GO OB IHENY oMed WRBIo Bl TR BB V0" ©

ohgonuci(Rot Felpshalon IHerES1] T5A1175a4) it khchings DCRRRAMeakéreby of about | .
15 ng oligopucl.eotide per gram of hydrogel ~ The: resulting mxture then is

“appl i ed ontisicomseratadf dweeino tye tefesnes, f Syntbrsasplof ligopelpnside or
. pa'( nting mcthylphosphonatcs phosphorodlthmatcs. phosphoramtdates, phesphate
- esters, bridged phosphoramxdates and bridge phmphorotlueatcs are known
“inthe art. See;.for examiple, Agrawal and Goodchild (1987) T etrahedron
15 Letters 28, 3539; Nielsen et al (1988) Tetrahedron Letters 29, 29»1'1, Jagcr
¥ < et al (1988) Biochemistry 27, 7237; Uznanski et al (1987) Tetrahedron:
* " Leiters 28, 3401; Bannwarth (1988) Helv. Chim. ‘Acta. 71, 151T;
* Crosstick and Vyle (1989) 'Té:t‘ahedmu ‘Letters 30,-4693; Agrawal et al
| " (1990) Proc. Natl: Acad: Sci.: USA 87, 1401-1405, the teachings of which

) .20 are- incorporated herein' by ‘teferénce. “Other mettiods for synthésis ‘of

*'production *aiso are “possible. - In a preferied embodiment the
: "‘-dl‘igdnti‘cl"ébtfrde is ‘a deoxyribonucleic acid (DNA), -ai-thouéﬁ- ribonucleic
'+ acid (RN'A) sequences may also be synthésim(fandfapplied%.

25 - The oligonucleotides uscful in the invention prcfcrably are designed -to
“ipésist ' degradation by .-endogenous nuclcolytxc enzymes. - In vivo
degradauan "of. ohgonuclcot:des produees ohgonucleoude breakdowng

ot B et et Sk Bieakdown products ‘ire wiore 1ﬁc‘é1y toe -
" engage in non—-speczﬁc hybridization and are less likely to be cffecuve :

30" relatwc to their full-lengﬂ: countcrparts Thus. it is dcswable to use'



during surgery or using a catheter or endoscopic procedures: ' As the
polymer warms, it solidifies to -forma gel, and the oligonucleotides
diffuse out of the gel into the-surrounding cells over a period of tine
defined by 20: the exact conposition'of the gel: The oligonucleotides
canbeadnt ni stered 4y-neans-Of otheritnplants that are commercially
avai l abl e or described in "the scientific literature,. includin

| i posomes, W #¥dedpsul es and i npl antabl e devices. For 25 REHERENI8TS
inplants'. nade 'of biodegradable materials. such. as polyanhydrldes
pol yort hoesters. polylactic acid and poﬁyblycollc acid and copol yners
thereof, collagen, and protein polymers; non- bi odegr adabl e

| nat eri a3ssi i clollgemwdeethahytcmmmwdeﬁmi}lmlw mg@dm&%fh@h@m ylelte

50 oot e G AR T e b 0T

Y61 199; 1 PMGL19aofA% n%?e Pt spdl ﬁ+ %ﬁdhﬁoﬂ B ¥iob, Bﬁ&bﬂﬁﬁlﬁ! one or morc

solidified,--using. t- or’ ei aporadon t echni qtl:es
mechani cal | y mntexdlal/\nattiﬁahbmtmmcieattde llinkages fanthednativie: p osphgdxcstcr

rplant abi ¢ aebnbess B sxample. fy feplhhe s g SRlpnat iy e e, o o,
txttheteis - Tﬁﬁaﬂﬂﬁﬁ oquirg&g qgwqasydﬁsmqname mgamphom:hfoawsl i 0:

sizq: of the ougohucleoti t ho" pur pose . ich is it admii
istcre.d.| |_ metoiplersphonatey, sulphbhe, rsutpate, g &etyl, rmwnthIMed it

- the surface-Oc 69M r eat 1. 0. ,.31he .a v deOtIdIS
somewhat ~ dept - “YRTEHE [\mosp&; ‘ﬁ?@éﬁ PEB?H%&‘? j'lmfgﬁ‘é Qhor!; eri but

is generally i fhdti8d é%ﬁ@ﬁ%ﬂ&%Osﬁ&é&%l&,ﬁwumemwﬁpt re of{} |

‘tissue-surface area: zrtidesrnay. be adm nistered to
i t,e3aati ekl sykmiting, asdideyother intdfnucleotide Jmmmmmmwmcfscg,

PP aet e o R kamate o gpY) Freseis dh pTitilblokl e sfithedis ¥t 2
- ehgenuclcaudcs-havmg one or more of these linkages substituted for the
o phosphed:cstcrmternuclcotxdc lmkages is well:known in.the art,  including
synthetic : pathways. - for . producing ohgonuclcotldcs havmg _mixed:
15 . internucleotide linkages. T

Oligonucleotides can be. made resistant to 'cm.(tcnsion by .endogenous
enzymes by “capping™ or mcotporatmg sxmllar groups.on the 5’ of 3'

_ '- terminal nucleotides. A reagcm for capping is. commerc:ally available as
20 Amino-Link I_I"_‘{ from -Appl;ed BioSystems Inc, Eqs;tc_t_':__(_,:gty,: CAL

- Methods for capping are.described; for.example, by Shaw, er.al (1991) -

- Nucleic Acids Res 19,-747-750. and. Agrawal et al (1991)Prac Natl,
Acad. Sci: USA-88@T), 7595-7599, the teachings. of which are. hereby

.
HE
N’

incorporated herein by reference.

A further method of making oligonucleotides resistant to auclease attack
.S for thcm to be. sclf-stablllzed” as described by Tang et al (1993) Nucl o )
"‘..""-'-—‘I:*f’i(.‘l?iif Res. w21 - D29-2135 mcerp@rated herein. by rcferenee Seifn e

stabilized qhgoqucl‘z:otiﬂ#s. have hairpin ‘loop. structures. at their 3‘ ends,

30" ..and show “increased  resistance to ~degradation. by snake venom’ . |



I nii yenousl subcutaneously, ntraniuscularly) or-by-ozal, nasal or. other
m ans which:p it the 'o[ gonucl ooodes, t(c).% xceess: and:. tou{ate in the
patient's' 6lo6c sit-eam v :Qigoirudeotidcs ":admrdstGed ,systemcally
20 preferably are gi ven in:addition to | oealy adm ni stered

ol i gonucl eotidesl :d ut also halts utiti .in tlre: ‘absenes 41 ditcal dtnit
I tration. A-dozageln thé 1 g04- vtit scrawl Sl.|;to.about-liltgcarir
Kia Itrrir WOSIBN t0. an. adult humaa; 'Qenstadly wel | be pcr/crsnzsrs

e#leciuei for<ttss:purpnsm...-;-_ > 2 $: ; It will appreciated that the

nol ecul es  di scl osed M usef ul i n. treat3ng or preventing any. infection
caused byAQ ﬁroor anism from: W!ieh the, said gene-lras:been spl ated.
-or. . ¢l osePip foptorasss mmlmm[wufambaﬁuswﬁm FHeSkal! ecul e is

~an anthIOtIC | clesed | ecul.e as described above
tivoisi - rer Scsg%ég r%x% ﬁ?%‘? Si"l"ﬂgﬁgo P%“‘W%%Mbﬂd@eﬁens a
.net hod of -t rewumnggmpmnml AlclBRS acid ection
with a m croorganl sm _the nethod co?r%rfs?’ﬁ% adm ni s‘{ﬂéérillénéng rl@#’ﬁ'&t ive

amount of a ﬂ@émmlmbwqﬁwmmsmbrﬂmp&ﬁiﬂcxﬂﬁﬂﬁkﬁ'ﬁwﬁ - i'n sai-d

S om croorgagi S | ose reI ative of said mcroorganism By Kef#ec ave
ri noun6" rve@f?gg‘&‘:ﬁgﬂg degﬂ@étqoaﬂmmvents- 10=or amel i ot

“utes itie=ittf,cdon:: By- host :we include anyQuuinmal iii phGOt
-wW iich:4nay-, bcrl i feete- by--a |V\broargan|st r-.-.7 pTt will be
appr eci at ed. It H%Of@ﬁmwahdm embddlmemmmf thiclimreatiad, tidiahsredtdindiee spkdifidits 6f osed

I R Wb GG T e re

e (o) it sSeRRAA 00 AR e Tl R TS, 20

. gﬂ) §2|n i : ,retweamlmtglewcwoﬁgemwus@d aﬁ@iﬂxﬁﬁu%g%?sﬁ&}ﬂ:bcﬂﬁcét erile and
SThus, oligonucleotides are:applied locally to achlcvc the desired cffect.
The concentration of the ohgonuclcondm at the dcswed locus is much
- higher than if the oligonucleatides were administered systémically, and the
. therapeuticieffect can be aducvad usmg a sxgmﬁcandy lower total amount.
15 The local. high concentration. of ollgonucleoudcs ‘enhances peuctrauon of

" the targeted- cells and cffectively blocks tmnslaﬂon of the target nucleic
- dcid sequences. .- -

<.~ The -oligotwcleotides can- be delivered to the Jocus by any means-
20 appropriate for localized administration: of 2_drug.. For. example;,~a
solutior of the ollgonuclcendes can be injected directly to the site-or can.
‘_ - -be delivered by, infusion ysing an infusion pump. The. oixgonuq.leoudcs. : :
- - - also-can-be incorporated-into an implantable device which when, placed at
| the. desired site, permiits the- oligonucleotides to be released into the
25 surrounding locus. - . _ . | g

. The ehgonuelcoudcs are.-most prcfcrably admlmstcrcd via. a. hydroge!
material. The hydrogel is nonmﬂarmnatory and biodegradable. Many
IR such.materials now are known,. including those made from natural and.
- 30 synthcuc polymcrs In a prcfcrmd cmbodument the mzthod explous a |



-7As: rttionetl ve;: escx bed;innoirsti it inJ3xanpk4 | elow, = :|=tZave

found"that tcciialn Virulence genes art - 44#0 d: an; Sarft~r dla

typh(niurijum-in..a -regiorvof.The ?cltranosene titer: | hair ~calic t It

2. DNA-DNA hybri di sati on experinments have determ ned -chat sequences 25:
oni aivgous -to at:icasEk patt of. /G =afre:.fourid. fn many species

aria: strains of Salnouellu but are iiot present in the E:.-colt

and- Sl i i geMaasaresir ai ns tested " {see Exanple 4). -: PCTIGBIS/02875

These. sequences-al cricrst.~eeriainly: correspond-e conserved genes at

| east in Salmonella and at | east some of3@hi ch are -virulence genes.1lt is

bel i eved that equival ent genes-in 'other Salnonella pe<aas aytd: if ‘

pi on! ~ecl” wi vailydigghadich B3tliquid beoMitardydtempetdtere ﬁutagcbséoiomaﬂhapc-st

Pl TI GB9Sy12833 39 wilt also be virul ence whet her a.g dn-t ha
V& . giou: iJelayingsemisol ldagbﬁif% é&rﬂ"ngg“FE?dié ratu thog’gc s wthin

VGC2 whi ch havg, o WQ glﬁ?,egﬁ hm@d above
(when appl i ed P'Q&% h&e@&%ﬁ ggj?e&ﬁk@?lo&?ldéaﬂ erelit.tfie wE o
ei i r~l cti at kt eqthe-propenies ofithepblysnattaredependant & theenmlemllhnnmglgmfes '

Virul ence genes at also icicn6fieil byi mal tation hi  the-gene -'
fctabl'gq; a VWi Relymer mndathe wyl auvar@pm@gﬁn#am%% axide aedant

e wel | known Plvprlbtehe, SRS (5 iy, - MefRttel hliogE et BGRTL 007
&monel | a ‘| yphiaBsutyo t@rabauﬁﬂwrbjr vidighteethylene axide hhduftomfabout 2044 or a 15

variant  :o0 a pattt6d cof. The VG ; DNA of Salirioneija. répf3|mar| i's. depi
c# di agr*t4 natbewf30% byt weight popglengoxide., Saparficularlypee

‘8itlanella aypRratlr i P A% polyetiyibn? Sxidt 3hh 3095 polyRBhjhe Al catt Ty
10 - Hydrogels which can bé used are’ available, for cxample from BASF
Corp Parsippany, NJ, under the tradename Pluronic®.

‘In' this embodiment, ie hydrogel is cooled to-a liquid state: and the
ohganucleoudcs are ddmixed into the hqmd to'a conccntratmn of about 1
~15 ‘mg ollgonuclcoudc per gram of hydrogel. The resulting mxxturc thcn is.
SR applied onto the surface to be treated, for example by ‘spraying or painting
" during surgery or using a -catl-lctcrior'_cndoscopi*c procedires. * As the
‘polymer warms, it solidifies to form a gel, and the oligonucleotides diffuse

" _otit of the -gel'into the surrdanding cells over a penod of time dcﬁned by

20 the exact composition ‘of the gel.
“The blig’énifélcotidé’s can be administered by means of ;thcrmplams that
" are commercially available ordescnbed in “the - scientific literature,
| i'i-ﬂClUﬂiﬁg' liposomes, microcapsules and implantable devices. For
25 example, implants made of biodegradable ~'materials: “such. * as
-polyanhydridcs -poiyorthoesters polylacﬁc acid-and polyglycolic acid and’
‘ - copoiymcrs thereof co!lagen. and protcm polvmers or non-blodcgradablc ST
i ~hateridié sictas e!h)ﬂt*riévfny“l Aot (EVACH polyvingt soetatezethyletie=" -
A vmyl alcohol, and denvatwes thereof-can be used to lacally deliver the -

30 olleOnucleoudcs Thc ollgomﬁ:leoudcs ¢an be incorporated - into thc




ypc “Culture Cbllectioui, .12391 29 Pariclawi Drive, Itvekvi ilc;

| sl aryl ancr 20$52; "USA; al so deposited at th'e :? ?2i "i"tr;'lsat Li-fi
Itli Lab Aiatory service Gold ,' U U'der txession ?- ha I’ IC 1.G9292i:)-
the iitformaitdn i~oyid in E A4". .For exanple, probes derived fromthe
sequences shown in Figures .1-1 and 12 may be- ysed to identify A clones
froma Sal rmn@fqmgﬁphknunum genom c 'brary: Stanitard genogey, & Ep!%

met hods can be enployed to obtain all af-the VGC2 DNA. The. réstriction map
shSn in Figure. .8 can be used .to= |dent|f3yy- and IocateDNA fragrrents from
V&2 , ~i6L i:kvtiH ~ -3"0. .X|1Y a. B "
part: of the VGCaniib¥alofasShl D h ~1~1 -
sequence whi ch conprises at Iggs:{‘??ﬂiﬁgnécl eod%%dému%ge@gbqr sSE{'&P‘east W -
941. 793f PCTlG$ tio teghniquies, ewirietbapicatiy - mxméﬁmhahbynaénﬂeaﬁio@

hucleotides,- erabl | east, 160.nucl eoti des; and nost
preferably it I east g? %}%&Fé)g'gf’ﬂ'é 'ﬁm%m‘ﬂ‘ Q?Fmeé(ﬂnigmﬁ@wed
an: of the=V S C t ..
Ip GOl ‘itiéntable._ddvicss SRIdH SIAC 8""“%9%@4“‘5 ‘s}&}; N

part t her eof - An ther -.5 particularly pwfor

t he sequenco%ho PP-?‘AFl gure d2, or a. palctthere Advarttngect usl yxt he.
part-of the VGDNA is agene, or, part: t hemeo . .11) - Ggaes. calt be
idenitl al. Wlthllt the VGC2- reglon by statlstlcal anal'ysi s;of, ~ the open

readi ng franes «flie glgempst ol ISR K Wﬂ:;ﬁﬂdt del ] gt L.l f open. |
heading frame is_gmater than out i. col on ﬁ‘ rsi-mt oﬂaé;éh - gene
(al t hough genes Ohgmqlmﬁehhandtﬂume& foraultich. m\ﬁhﬁaﬂﬁﬁﬁ di ng

f fane. correspon O thepol ype 1ide- codi ng regi on.- of -a: gene c~ut'. 15 be"
det &r m ned expegil% f?gl Ffecchasg W%%&Mdﬁm@%@d

correspondi ). t Thébffes By, e 2d,.as g be:in a-
northern, (RNA)blot to determnegovémi%iir ¥ rat ‘—”"V &'lcngﬂi

' hybr i di sest o I"Fﬁ‘dsd}mlcﬁl\léomphﬁ&ﬁm@'ﬂﬁt& lo¥igBrinicdetitide s'éxﬁxﬂl}%@ﬁ%a nay
oL range of about 30 to 3000 g persquarc eentimetre af tissué surface area.

=~

%

I R
. L

= The, ol‘genudeeudes may be administered lO\ lhc =pat1f:n£ syxtenucally for
l5 Hoth-fherapeutic.and ‘prophylactic purposgs. 'Ilhee!igenucludes smay be |
R admim&tﬁmd by any.- efféctive mathod, for. examplef pa:mxtcmiiy feg
lntmvnnously, snbeut-am&usly. intramuscularly) ar: bynrai nasator other
¢ =3 « means: whick.permit: the el;gonuclcaudas to-aceess: aad c:mu!atc in the' |
' | paticnt’s: bloodstream: - ‘thonueieendcs ,admxmstered systc;mcaliy |
g 2@ - preferably.are given in add:uon to locally admlmstcmd ohgonuclmudes
' - st glso-have: utility in- the absma& oflocal. ‘adnnmasuauan. A desagc in
tho,z:ange‘.ﬂf:ﬁ:om aimut« <k-to_abput:10-grams per: adiministration to an,
- atdult. human,, genwﬂly mﬂbe, effectiveifor:this PULPQSO: ..

25 It will hﬁappremated that the molecules: . (dlSC-IOS@d are.
oo vousefulin ’tmatmg or preventing any mfeeuewcaumd bythc microorganism ..
. o - from: Whtch the. said gene-has- becn Jsolatad cr a.close: relative. of said
microorganism. Thus, the said molecule is an antibiotic,
- s . . ‘

- ey - et e - . -
L€ LT . S

Thus, also disclosed is a molecule as described above



be introduced into theopen reading-frame and-the effect of the rriutation
X 3Q on the Phenoty{ . of t$e;a#crovr~anismcan be_.deterrtrnedti_ .11
henotype.is clfajrgedihert-tfr sn reading frane correspponds ?tea gene.
Me; ttods, of identifying Stites within a' DNA sequeirce ¢ lectown.in the Ay’
variant ..of said DNA or a.variant of a.pan tbgrevf” we iuctude.any _
variant .as defwoegajgrthe term "variant" above. Thus, variantg jof VGC2, -
DNA ol :: Salnonella, rypf imutium--. i'nclude 311 equi val ent *geiess Ws*
pmts Lbereof, fromoilier Salm eltat sj i s¢ f Of~ 46! ~95t Pntogso s 41
Sat r goneya typhl and Saltnorretla vwefiea, as well as equival ent genes, or
parts thereof, frqm,gyét;@hed,lgg,gterla such as other enteric bacteria. " fly
cequi val ont gene" we include genes which are functionally. equivalent. 5
and those-in.which-a nutation |eads:to aiutilac: phenotypc (such as
avirulcnce): It '{S % @)p‘%)c{fg ~rted that before the present-invention VW;( -
. or the genes contai'f rengthorhof tating e dwost wlﬁielli\hbJ b ROLNGES & 3l N
not, .inplicat edw:ltlna\fml&z%b@aﬁﬁ t .Th ther 8i SCI'Q aéldn?égn%f'
n, é@ﬂoraac})on us,  further diSclos
mut ant bact er i um inif the E% ?Jerl mCOHBTN g P‘}me’éﬁw‘wg@ %ffa}ameambaﬁt ¢S
the-same as or edﬁ‘??ﬁi’& Aisclogpd. abaneﬂierem sail¥.gehe is jﬁés@m IGRE 1liSronr il at ed
or. .absent- in" chk flaidlRRl % gLerium . . metho i nk rﬂﬁrba%ts‘ﬁﬁrt%fnta
_bact erium wherein if the S Ror mal | y coruains.agene that-isA&
"same<na or equi valent to a. 15 gene -in VGC2;. said gone is nutated. or
absent -in sai d. nutant-bacteniunk The foll ow ng I s:a preferred-nmethodto
inactivate a VG2 genes @one-first., sdbclones the gene. ore a DNA fragrrent
froma Salnrpnelhyéﬁ__llbrary or - other DNAIlbrary using = a. T
“#' ragnent - Hectiye AiRanE mmﬁawommhxcbmubm&mmm

atrdlnrap ti® 98rs - —r ,J,on. -
si tes: and- char act er| se geneﬁ‘&f&%ﬂﬁt iciad g Mm«l A opldnt Us i ng
restrietitrtt-c %m;:a ﬂﬁﬁ}‘hﬁﬁlﬁﬁérg& the. coding - " ., -ragion

of the- gbneasegrreftof DNA encsodl ng r+esi I\/ancgﬁ?o aa: anUbl ot ac )

S *It will be appremated that phannaceutleal formulaﬁons of the molecule -
. 15 ; _ disclosed above are also incladed.
- Such phammacentical formulations comprise the said molecale together with one or
i mom acoeptable carriess. -The cantjer(s). must be “acceptable™ in the sense of being
oomPatibic with the said molecule © 7+ and.not deleterious to-ths recipients” .

:therenf. Typically, the carriers will be water or saline which will be o
pymgen&ee : steriic and o

L P Le s
LU e ev £ .-:"-’f,

“H"‘.""‘ Y,

20‘-, criel -~ -:' e ;z . * P S U M L 23 - TR
- Asgnentioned dbove, and :asxtesenb@d\m mdgmlsm :Emmp}e ikbclow,
T have yfound»that certain: ¥isulehce genes-are- clustw&d i Salhwnclia- -
zyphmmnwu in 4 rcg{on of the thromosome that-L have mlled NGC2.
- DNA-DNA: hybndtsauon experiments have determined 1hat sequences
" 25 ~“homelogous G- at. Jeast. part -of. VGC2:: are fousd. in- -many species and.
" strains of Sa!monelfa but are ot prescnt in tth -coli and: Sﬁsgcﬂa*sttams "

o T ¢ testod (see Examplc 4). These- sequenccraimosuwtauuiy coriespond to:

s conserved genes at least in Salmonella and at least some of which are

wmlencc genes. 1t is believed that equivalent genes-in ‘other Salmonella
30 TSpecivs anid: if présent.’ t:qu:vaient*gmcsmnﬂwr AETic OF other bactcna a




(for. exanple, kananyein), possibly after" deleting. a portion of the ——————
cod'ing'" region of the:"cloned--gene=by r estric ion :qnz qgni. st ' Methods -
and DNA 2S" contracts coirfaining an--antibiotic resistance marker-
aj)c.availabld ---to ensure that the inactivation of the gene of interest
I's preferably, éﬁ§9= olar, - that is-to say, does not affect the '
expressi onof 82 : dwnstream fromthe gene of interest. The
of the gene is then transferred fromE: coll. to':Scdtrronelﬁg%‘ ofufu
usiing phagt: P22 .transduction and _-.3fi 3gansductants checked try--
Sout her nhybri di-sat-i,gn-- -for honol ogous W) 96l r 79S1 PCTLGB95103875 42
~reconbi nati on of-ﬁﬁ’@ﬁwﬂﬁanﬁubnaﬁgmkkp the chronmpsaii ..- " |bis approach
"is Commonly rued i-n -Salnmonella (and can be used in S*r3p7.d further -
details cart be found=in many papers; including Galan: 5- nt -al-(199-2)

174, 433$-'43497: - Whetilo'd et diigel. aseddS,a use of - said nutant bacteriumin
a vacci ne; pharaceuti caP%o%%@?%o%?Wﬁﬂﬁd*Wg@hMﬂ? a
_pDRlir mafecgt : naﬁ_ 'ib‘ee’&ﬂ%’jé)ﬁ‘%gg%g%@ffﬁtg' ge er;g‘(i)ded bi/)_. = VG@ﬁé@? " ' _
- of Sal t r.5gneddond wRidgmuri am ~or a e dat-2 vdichhake beeraidentificdby the|
pat. thcncof: 'a uwiot-of+i-dentifyiuga: canpotirid whistloseddbowe (wigea- abi Ii
-ty .of 1 bacxer iapphéd td ¥alh “” N £ se disease. in .a host; a compound -
iiicntifiab3c by:, -said nie od',%_ R And whetcin:tie sovirenmeit 35 an- :
intctacts :.withamgd suchiastemoadd) ark ihithfis S~ e Luuetion' of, a gene in
VGC2-or . a ‘nuql'-=e'i1{ﬁ‘gﬁé§d- ot 13 --° _-)ti.re of ; ard ﬁi'Yﬁ%ﬂ%‘@“@ m:ﬁso o
and. . pharmaceuti cal™ #@W & iakings 'at'MMiIfni“imﬁe\M“@%%ﬁﬂJ&‘ai %e ,ers whi ch
| SCTosed’ )

havesbeen i dentihuRgioRY . 4 irst..and second Tet hods o ) e -as
wel F as geni% V\h&[gg ﬁax'e&‘ggeé' |%Wf?’é@dlﬂf thee | mitagt attiabe is- sibirGfini hough
i dentifi abl 8Yby Mrthetsof maeay AREA TRIDOAS «dk S6l 0sed. ahove) . - These _
“further disclosed egbodi ments relate gﬁoggﬁ%&%éﬁﬁ)g@ ‘ﬂ'gﬁ gWachnshatei er’
~and, accordi ngl y;THEY9e8r mat i on gi ven i n-rel.ation t0. _those earlier
enbodi ments; ‘and preferences.expressed in relation to those earlier -.
enbodi ment s__,__:_g.ppti es to these further emnbodinents: [t <is="ti.-fd:ifihe:gene
is from-VGX=or is-an equival ent gene from - g PR o
ey S" fhrrcor N ) ‘ Alsg,ﬂlsclqsed_xs the VGC2 PNA Qf'g
o e ;: el yphimuriian or-a p ait-thereof; or-& vatiant of:s3id DNA ora
V15 Variantof apaittheteof. - . . . L .t

: ‘: = ’I‘he -Y?CZ;DNALGdeln&anéﬂd;g’j&fibh&ﬁum is éépiété_&iﬁa':g}éi:ﬁinat‘iﬁuy
- Tigun Band is veadily obiaitiable: from Salmiella syphiniariin ATCO
o ® 14028 {avhﬂablg-ﬁhm the :ﬁméz?i{:aﬁ Typs?fcultu':é *Cbli&cﬁbﬁ;-.izaﬁt ’
20 Parkdasii Drive, Roekville, Miryland 20852, US#:; ilso depésited at e .
i WCTC; Public Healih Libioratory Sorvios, Colitgte, Hiciidor fbepscior, .
=10 NCTC 12028 sirig the ditfotmation: provided'in Bdfica. For
" €xample, probes derived ﬁ‘om'»,.&:c sequences shown in Fiéumé IFand 1;5
2y bo used to identify A clones from a Saltmorielles typhinndium genomie
- l*bralySfandard -geinbmciwh{kirng' methods can bé;-einﬁl‘oyed.to OStain all
.. of‘ﬂiq"YGC:?_-‘ DNA., "I‘hg: restriction map shoWa ify i‘igu?e 8 ‘can’be. used -
_f-o jdcntil_:}"-ana locate BNA. Fragmchts.-frém. VGe2... .’= : |
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i YT PAEGE the NGG2 PNA of Satmonelli iyphimsiriuin® we tosan e
T DA phimirivin” we miéan any,

efice-which comprises at Ieasti0 nuctootides; pieforably s st



anot her species of Salnonella such as. S. tyhi. It is preferred if the

rut ant -"bacterium is, a S typhinurlti-mi-itiutant or a" mutant of another -
30 -speci es of Sahnondla such as- !"tjplu. WO 96117951 PCT/ GB95/02875..43 I't-
is believed that at |east sonme of the genes in VGC2 confer the ability for
the bacterium such as S. typhinurium to enter cells. The invention wlli
now n be descr i YRY¥A#EN reference to the fol I'ow ng 5 Exanpl es PEMEGHHSGRETES

wherein: Fgure | illustrates di agrammatical |y one particularly preferred -
met hod of the |nvent|on 10. Figure ,2 sho# a Sout hern hybri di sati on.
anal ysi s of DNA frI%Bt i t yphi mur | um exconj ugants foll ow ng digestion:
with EcoRV. The fi et depyr oaere wrelprable dalmasy SPnmdeotidencstillemeref

t he mini--Tn5 trans qS coI ony bl ot di Lan,

anal ysis of DNA frg ng% g’ Eﬁ?%s?l Ht? ]E] E“’I%'@H%i o ok
mcrotitre dish (Ahuﬁééudmwe.TG{:Lt,qr Sig r rdfé% REYES F
conprising | abel | ed arrpl ified tags fr}(“)ﬁn‘;ﬁ D%g?r sol at ealwpé gﬁﬁé&po olf)N[ e
first 24 col oni es FatheDssquenss. @P&'M ia hBigure, ThiAcc ol qnyt llhmaﬁ.ybrAdo&aj-r on

?zlal ﬁsl S ofWhl Zjﬁ \%ﬂuwphr "JFQF%%W A ccr oti tre-tn s m

hybri di sed wi th | afightea? mgﬁbggs fromthe pool-_ (inoculum pattern),
or with | abelled anplrfred tgigl;x;st from DNA i sol ated from over 18, 000 pool ed -

col oni es that.-were . recovered .fromithe.spleen of- :the'. infected ani nmal -
(spl een pattern) oni.es B6, se to weak -

hybr.i di sation™ "si dﬁdsmg&g Jn(E @é{%ﬁ%&%’@@ A%F@P%a@fﬂﬁﬁswg from _
cpl onies A3, CS, &3 (aroA) and FI O are present on the inecul um pattern

but. not on the spI een "pattern. Figure 5 shows ™ the: sequence of "a’
Sal nonel | a’ gel@ - i- Gondt eaft hrszdmgnﬁhd vainhEMGaE, refioni maﬂdlﬁis“ef

_conparison t 0 the; Escher Chémg c%lu%ingvgggtgg?oﬁgggigaﬁzim41%‘
an
| _ -opcn madmg framc is gréater than' -about 100 codons it is.likely to be a
- .gene (although genes smallcr than. this are known). Whether an open’
e rcadmg! frame c@nmpands to: thepelypcpude coding region. of & Bone. can ' _ :
15 be dctcmnned experimentally.  For example, a.part-of- the DNA
eormcpmrdmg 1o the epen reading frame-may be used as a pmbc in a.

- _.noﬂhcm (RNA] blot to, dctermmc whether mRNA is expmssad which

-----

n - _..bc mwoduccd into- the. open rcadmg framc and thc cffcct of ﬂxemutauen -
<. - . .20, on the ;:hcnotype of the. mlcmorgamsm can .be, dctemgned M thie .
' e ,phcnotxpe is: ch,amgcdﬂwn ﬂmepe,n reading frame; eom:sponds to.a gene. :
| Mclhods of 1dmt;fymg go0cs within a DNA scquencetare’h;own in thie

. - T L - I

- - - X owcea ",

25 ,By “varian( of smd DNA or-4. variant of a part. thgmof" we mcludc any
variant as defined by the term “variant” above.
' . veg o+ L _ e e -
' - Thus, vasiams of vccz DNA of- Salmonella xypg;:;;}ﬁum indude” .
- B eqmvafent genss; or pa!:tsihereof from other Sabudadtammm as”. -



pr ot ease .genonme. Figure 6 shows partial sequences of further Sal nonella .
gene isolated using the nmethod of the invention (SEQID Nos. 8 to 36). 5 .
Figure 7 shows. the mapping of VG2 on the S. typhimurium chronosone. (A) -
DNA probes from-three regions of VGC2 were used in Southern hybridisation

anal ysis of lysates.-froma set of S. ryphinmunwn strains harbouring |ocked
in Mud- P22 pnggkapes. Lysates which 10 hybridised to a 7.5 kb _Pstl fragnent..
(probe Ain Figure 8) are-shown: The other two probes used W?W%ﬁ to- -

the sane |sates. (B) The insertion poi nts land packagi ng directions of the
phage ‘are shown along wth the nmap p05|t|on in mnutes (edition VIII; ref.

22|nExarrpIe4)sdﬂﬂguy‘@€ espo tothefllovmng i
strains: 18P, TT15242, 15718Q 1%&%%&%@5‘?0‘25&? %gﬁﬁ“%(w T
F15246 and 20Q Dris3bersof, Hebmiothdibae ma}tmhé,o&%hgqﬁc&r,}arrapped genes- -
are shown™ by horizontal bars and the appr.oxi nate-|ocations ot her .genes
are i-ndicated: 20 Figure 8 shows a physical -"and-genet-ic map of VGC2. ' (A)

- The positions =0 ﬂwﬂmw wqg&h&g%é{welﬁ own aboye geﬁdlg%gle The. -

extent of VGCZ 15 indicate

~direction of tranédhmqatlmwh&fh eRhatdiRRCIde do 'i‘s&%ﬂnéﬁénw ‘3{34 are -
enes,

shown by arrows_hel . ow- he I|ne ‘toget her with the na

‘wi th the 25 exce?)’f‘f‘{!ﬁ“ mfm&&pwwvémﬁbdm t he

sensor and r;gglqg.ta%,rg systeen@%%’wﬁﬁgdﬁl%hﬁﬁw&%ty of tvvo o

conponent
.an  EeoRl | Xbal™ dewplicated §6 Vifoladsy gid- P22, praphage strain TT15244

a(gg .shown as filled barss. Onlythe portlons of tHe X ¢l ones which have 30 °
bé&en mapped are shown and the cl ones -may- extend beyond these limts.

| WCCTI RED  SHEETThulsMuktfrer ¥c10462 R6/ k93 baBeH AR GR F5Re bAPerium

normally contains a gene that is the same as or equivalent

~to-a gene. in VGCZ, said gcna is-imutated. or gbsent- in said: mutant -
-bicterium; 'mcthods of miking a mutant -bacterium, whcrcm if the
“‘“ ‘bacterium nermaliy contains & geno that is.the samic-as or equivalenttos .
15 _ gene in VEC2;. said gens is mutated or absent i’ sdid mutant-bacterium,
* The following is.a preferred methiod-to i inactivate a VGC2 gem‘: One first
subcioaes the genc.on.a DNA fragmcnt fmm a Sal:muclla ADNA hhmxy :
orother DNA l:braxy using a -fragment- of VGC2 as a’-probe m
‘H _ hybddzsauen c?epmmcnts ahd miap the gene “with: respect tofrestriction _
ey 20 " efizyie sites: anﬁcharac{cnsc the gone by DNA séquencing mEschende -
o wh Usinig' restriction- enzymes, one then -introduces .into. the- ceding |
régmﬂ of the gene a segmont of DNA encoding: resistance t6.an antibiotic
(for example, kanamycin),. possibly afier déleting a portion of the oedmg'
“* region of the cloned: ‘gene: by Testriction. cuzymes: "Methods and DNA
25 constructs confaining an-antibiotic resistance marker- aré ;availablé o

T

* " ensure that the i inactivation of the genc of interest is pmfcmbly non-polar,

el that ist0 say, does’ not affect the expression.of: gcne&downstream -from the
'-“-ﬁi 1 - gene of interest. The mutant version of the gene is then transferred from |
e o & voli. 16 Sa!monella Jyphmmnwn usiing phagc P22 transduction and

30 transductants  checked by Southcm hybndisauon* for homologous"



(C©) The positions of restriction sites are marked: B, BanH ;5 E, EcoRI; V,

EcoRV;" H, Hi.-ndlIl; ‘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/H ndlll fragment (probe B) used as a pr.obe in Figure 10 are 5 shown

bel ow the.restriction map. The positions of Sequence | (described in
Figure 11) andv-gg%@_ ce .2 (described in Figure-12)-are shown by the thin
arrows (I abelle Z%énce | and-Sequenge 2). Figure 9 descri be¥crmbpiens

t he boundaries of . VGC2. (A) The positions 10.-of mapped genes at nut s 37

to 38 on the E. coli K12 chronosone are al i%ed wi th the correspondi ng

region of the S. typhimstan LI2: chronpsone (m.nutes 30 to 3.1). An
expanded. frap of t hnf"g%’f B-FE%‘%@%MW the chromgstsngrur i um-(S; t.)
DNA fragnents used as probes - (thick bars) and the restriction sites used
to generate.-them B, BanmH ; C, ,15 Cal; H Hndll; K Kpnl; P, Pstl; N,
NM and S, Sall. Plbiseeppriach ishpbmintbp Gséd i Satbheld 2

are indicated.by "+, those, which.fajled-to hybridise are i
Figure 10 shows th‘é’?}“afeﬁdifgﬂ%%%%mhﬁgu%m st Papeis;cintivding? Galan

' rﬁ‘?%t-e ' g?-g'

Sal monel | ae. ngqr&wl?g@g_ P j@%% a4 serovars and other pathogenic -
bacteria was restri-cte vmijt’%s%ﬁ ( skH| ndl I'l of ECORV (B) and "subjected

to Southern hybridisatton analysis, using.a 2.2 kb -PszIlJH ndlIT. fragnent
froma clone 7 as a probe (probe B Figure 2). The filters were hybridised

and washed under Birthepdeslo i ' 25 conditions. Figure
dBlosdd5) a ke Hpélufltnwag? 3%&? in § 5% d

m qﬁlene’ centre to the

11-shows the DNA sequence of "Sequence 1

I(eft - hand end (seRi¥Maceisal gompesstionsodprsiesssd bagmrifingude. 2). The DNA is

96/ 17951 FCr , R
i ndi cat ed -( SEQ I_éQ_‘ ﬁﬁ o&%’f% p\ﬁ%r’li'_[nlg(;)ar:]a[ Souncll :]clttlléft esr- a fﬁcofbd(;tygg ?n_d

trans! ated in al lplgirmaceadeng - 5@}33‘ aile AsbRe s St
posi tions of -@tft_g{a’;iﬁvea' e_r_les,%aﬁd the %_r a_ns%{’)ls% r-oﬁ’ 9
1811d8Ndo el Salmeialbr iyplimanitmnicsa pSAThieEdFd ob B EMIRbE piitt

st andar d hucl eoti dé

. .‘4‘_\‘- ..“.

| . “a-bacterium tosinfoct or caust discase’in a lost; a‘compound identifiabile

oL * by said miethod; -2 miclecule which- soloctively intoracts :with, and .
“Substantially iahibits thé Funieion'of, a-gonie-in VGCZ or & micleis product

I5 - thergofs -and medicat uses andphannaowueal é@mpb‘sitieﬁ; thcrwf i

ot - o
;T - - . =

The VGC2 DNA contains genes which have been identified by the first and second
methods disclosed above as well as genes which have been identified by their location
o (although identifiable by the first and second methods disciosed above). These further
.disclosed embodiments relate closely to those disclosed earlier and, accordingly, the
information given in relation to those earlier embodiments, and preferences express;d in

relation to those earlier embodiments, applies to these further embodiments.

)

. T It'smfc‘mdif ?“?Gfg_#ﬂ@ ls -t_';'qm' ‘VGC:Z-“d_r -is:'an 'oqu-ivalént-gél;c- ﬁ'o}p- ;

another species of Salmonella such as S thi. It .is preferred if the

30 " specics of SalmoneHa sch as- 5> ryphi.

b

e Mutaiit bactesium is a Slypk:muﬁwnnfmant or -a- miutant of another. .~
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anbiguity codes are used where necessary. 5 Figure 12 shows the DNA
sequence of "Sequence 2" of VGC2 (cluster C) (see the arrow | abelled:
‘Sequence 2 in Figure 2). The DNA is translated, in all six reading franes
and the start and stop positions of putative genes, and the transposon
insertion positions for various nutants identified.by 10 STM are indicated
(SEQ | Dwhipegh9dss As is conventional a * indicates a stoppepggbsmpd st andard
nucl eotide anbiguity codes are used where necessary. 15 Figures 7 to 12
are nost relevant to Exarrpl e 4. Exanphe 1: ldentification of virulence
genes in Salnmonella |yphinmurium20 Mterials and Methods Bacteri al

Strai ns andj | FBIR igalent to
Anerican Typtgggglga%;altﬁre COH@&%?@Q]’GEB&?%&HE’HCZQO%%%%&%& %ﬁt ai ned from
t he Nati onathe t@oldram, suchafs SypphiGuirium,c® T s, Publ i ¢ Heal th Laboratory
Servi.ce, Colindale, London, UK -A spontaneous nalidixic acid resistant
mutant of- this strain (12023 Nal|l .was sel ected.in. our |aboratory. Another.

derivative | Fr ed
Hef f r on. BOTE"Ssclﬁ{éé@gﬁl éﬁgéﬁ’w stra%%gﬁgq?mi;% g-é? %?X@Z?ztpg ho{v;‘?é;r
Al acX74,3 gaEfampleE@nd HigireSiwiheRtinE 9t} WO 96/ 17951 PC r/ GB95/ 02875 47

gal k', phoA20, the-1, rpsE rpoB, argE(Am, recA, Apl r phage | ysogen) and
517-1 Apir (TV, Snf, reed, the pro, hsdR-, M+, RP4 - Te: Mu: Kan7 .o pir) o
e

hocie’( @ ne e | Gl ik Amacaff ba?‘éﬁ%“‘%éfﬁ?%"% g S

typhi muri urﬂlé)ﬁbﬁvetﬂlon_sm d pUTm n| Tn5Kn2 (de. Lorenzo et at 1990) was a -
__gift fromKenneth Tinmm's. Construction of sem -‘rando-m's‘e'quence t ags- and
-"I egations L _ . | Lo e
10. Figure 2 shows a Southern hybridisation analysis of DNA from 12 S.

typhtmunum exconjugants followmg digestion with EcoRV Thc ﬁltcr was

probcd wnth the kanamycm resxstance gcnc of the muu—'I‘nS transposon
= Flgure 3 shows a colony blot hybud:sauon analysxs of DNA from 48. S
‘15 '_ typiumurmm cxconjugants from a half of a mlcroutre dnsh (A1~H6) The

filter was hybndlsed with a probe compnsmg labclled amplxﬁcd tags from

' DNA 1solated from a pool of thc first 24 colomes (AI—DG)

Figure 4 shows a DNA colony blot hybridisation anal'ygri;“iéi"‘-.‘“E)S S.

Ry

| 20 orphzmunum exconjugants ‘of a microtitre dish (Al-HI1), wluch werc_
L mjectcd into a mouse. Rephcatc filters, wére: hybndlsed wnh labelled _
amphﬁed tags ‘from the pool (inoculum pattem), or thh labclled amplxﬁcd ‘
'tags from DNA isolated from over ‘10,000 pooled coloiies. that were

_ recovered from the. spleen of the- infected apimal (spleen -pattzm)'

25 Colonies B6, All and C8 gave ise to weak hybndxsatxon signals on both

“sets of ﬁltcrs Hybndlsatlon sagnals from co[omes A3 CS G3 (aroA),

~ “and F10 are p_resent- on the inoculum pattern but not on the spleen-pattcm,. ._

"‘Fig_-_gure 5 shows"the - sequence- of a Salmonella gene i:salétcd_.'-l‘is"iﬁg‘_lf'le-.

30. method of the invention and & comparison to the Escherichia: coli clp.



10 The ol i gonucl eoti de pool RTI (5" - CTAGGTACCTACAACCTCAAGCTT

[ NK] W AAGCTTGGTTAGAATGGGTACCATG 3') (SEQ ID No 1), and priners P2

(5' - TACCTACAACCTCAAGCT-3"') (SEQ ID No 2), P3 (5'- CATGGTACCCATTCTAAC 3')
(SEQ I'D No 3), P4 (5 - TACCCATTCTAACCAAGC-3') (SEQ ID No 4) and P5 (5 15 =
CT. AGGTACCTACAACCTC-3') (SEQ ID No 5) were synthesized on a

ol i gonucl Dl(&bgg,ﬁﬁynt hesi zer (Applied Biosystens, nodel 38@BycEoRbdahe

st randed tags ,were prepared from RTI in a 100; | volune PCR
containing 1.5.mMM Mgl j .50 nM KC1, and 10 mM Tris-Cl (pH 8.0) with 200 pg
of RTI. as target; 250 pM each dATP, d , dGTP, dTTP; 100 pM of 20 priners

P3 and PS; and 2.5 U of Anplitaq (Perkin-El nmer Cetus): Thermal cycling
condi ti ons wer PTG EIOMEGE 95C for 30 s, 50C for 45 s, and 72C for 10 s.
The PCR pr.oduct was gel purified (San‘orook etal, .1989), passed through.
an eiutipD colum (available -from Schleicher .and Schull) and di gested .;
Wi th 4nl prior Figrel6 gbsqartidlisequenoes 8f furthet/Balmonellatgent isdiMed usinggat i ons,
25 pl asm ds Were di gested. with Kpnl and dephosphor | ated with cal
intestinal rtth gt adnef tiedeyentionsGSEQIBNosR8 fo 36).i neari zed piasmid

nol ecul es . were gel purified (Sanbrook et -al, 1989) prior-to.ligation to
renove any Yesidual uncut plasmd DNA fromt he di gestion. Ligation

reactions cont gimgpl\ﬂg qpryhews”mee|Maﬂﬁﬂgn%femi?cz%nphﬁém?mﬂzme

stranded tag. ina 25 id, me-with 1 30 unit. T4 ' gase

(G bco- BRL) i nchroninsbfter. Mpﬁlﬂkqarmbmﬁnnethreuzygmns oRE(BCﬂnE@cSHE&T MVE Si)
WO 96/ 17951 PCT/§BQ£B/ 02875, .48, LIB%@P ons. wer e arrl ed 4,1# .2 h at 24C
To deternine t HeSQHBemR Rybyjdigation 3@?%%‘1-13'5%)‘% o 2. 5¢4 Q Téither sel f

o e e, B g e )

the.ligatibh rkgaidissd tJhlﬁsydbePﬂedragmaimpmﬂelAnnﬂﬁ eﬁd 8) ard steid.er i al
col onies follow ng transfornation-of g ¢colt - 11 Sanbrook: et _al, 1989),
conmpared with %@foﬁ‘f’@spf&b‘i‘—ssllﬁ@i tybridised; Gatheosame lysates.  (B) The .

msemon points and packagmg directions of the phage are shown along
with the map position in minutes (cdmon VIII, rcf 22 in Examplc 4) The
phage designations correspond to the- followmg strains: 18P 'I‘I‘15242
15 18Q, 15241; 19p, TI‘15244 19Q TT15243 20P 'IT15246 and ZOQ,
TT15245 (Ref in Examplc 4). The locatlons of mapped genes are shown
by horizontal bars and the approxlmate locations of other gcncs are

indicated.

20 _ anure 8 shows a physlcal and gencuc map of VGCZ (A) The posmons

| of 16 transposon msertlons aro shown abovc the lmc Thc cxtent of
VGCZ is indicated by thc thlckcr hnc Thc posmon and dxrcctxon of
Iranscnptron of ORFs descnbed in the tcxt of Example 4. are shown by
arrows below the line, togcther thh the names of srmﬂar gencs, thh the

25 _exception of ORFs 12 and 13 whose products are smular to the sensor and -
regulatory components respccuvely, of a vanety of two component
regulatory systems. (B) The locauon of overlapping clones and an
;Ec"aRI/XbaAI restriction f{ggmeng ﬁ_'on_}‘- Mud-P22 prophage strar-n fIT.15244 ‘
,_ are shown as filled bars. Only the ,_oor_tilqns_ lo_‘f the n‘olonosdwhi‘oh have

30 been mapped are shown ard the clones may extend beyond these limigs,
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reaction containing the double stranded tag DNA. Bacterial Transformation
and Matings .10 The products of several ligation between pUT m ni-Tn5KnR2
and. the double stranded tag DNA were used to transformE. colt CC 118
(Sanbrook et al, .1989). A total- of approximately 10,300 transformants
wer e pool ed and pI asm d DNA extracted fromthe pool was used to transform
E. coll WOPHIM31) pir (de Lorenzo & Tinm's, 1994). For rr{UYGEYS0IIEr i neNt S,
a pool of approximately 40,000 anpicillin resistant E. colt S-17 >.pir
transformants, and S. typhinurium 12833 Nal = were cultured separately to
an opti cal den5|ty (OD)s of 1.0. Aliquots of each culture (0.4 m) were
mxed in 5 ¢ The ppsitingySofi restnictioni ditesrazel mztrkedrng aBamHIj EoBroREnbr ane

Contai ni ng. M- ECARYS If’dg”@lﬁgﬁleg!’i R ?‘53%@0328t§§[i?1§1°2739?2r16'
h. The  bactPyl frafficht (Ho8Y A keldasSl PRSI Pfiuld 7! GidSinl hﬂi“%g LB medi um

for 40 mn at 37 and excon| ugants re se ed ‘bypl a _
suspensi on dd:t d’stllﬂzm&llﬁmgmﬁnt@tmgi)lwug a{pmbalmdﬁguec A0 gre(t 0 sel ect

agai nst ﬂonorb &é‘al n) and 50. Eﬁ)ﬁ Q’E%CI n (to select for the

~ recipien v belgw L LGk o SP%HM 9“@‘10& dsfdeseribed nal i di xic
-acid. reS| Ship ) t MY CAl, cConkey"
Lact ose ‘i ndi cat. olr“(cnﬂ(;l aunrcrlt H&glﬁg %%Sit?légﬁﬂt%é&% fZ)EaQ-E o*’ﬁ %g'lgg

t yphi nuri unﬁhlmweﬂchMchucnc@mtadrﬁmeawﬁpl l1in. Approximately 90% of

.the. nal- , kan' colonies were 30 sensitive.. to anpicillin, indicating
that t hese. resulted fromauthentic RECTIFIED SHEET (RULE 91) WO 96117951

e CeS 1028 8urk dbdcARED ARlpblfy \nE Wi ok UTREZO () IRt 20%)

~ A ndi vi dual anpi: CI | n- sen EXCONS HGaNTS "WeTe, S e |
mcrotit@e afﬂm)cd(gnnes ati miutdsB TRO38 on hOE. |coliK I ehvonicton@aardl - 80C

eLther 7% Difigned it o Lorrispondiog rogion of the 5. typhimuniim LT2
B chromosomc (minutes 30 to 31) An cxpandcd map of the VGCZ region
_' is shown with 11 5. zyphtmurxum (S ) DNA fragments used as probes
(thick bars) and the restnctlon sites used to generatc them: B BamHI C,
15 Clal; H, HindII; K Kpnl; P, Psil; N, Nsil and S, Sali. Probes that
~ hybridised to E. coli K12 (E. c. ) gcnomtc DNA are 1nd:catcd by -+ those

whlch failed to hybndlsc are indicated by -.

Figure 10 shows that VGC2 is conserved among andspecxﬁcto the

) ' 20 Salmonellae. Genomic DNA from Salmonella serovars and other

' o pathogemc bactcna was restricted with Psi (A), Hindlll or EcoRV (B) f
and subgected to Southern hybndlsatlon analysxs, usmg a 2.2 kb
Psr.IIHdeII fragment from A clone 7 as a probe (probe B Flgure 2). The

: filters were hybndlscd and washed under’ stnngent (A) or non—strmgent

25 (B) condlttons ' | |

' -Flgure 1 1 shows the DNA sequencc of “Sequcnce 1" of VGC2 from the
| ~ centre to thc left-hand end (see thc arrow labelled chuence iin anure.
' _2) The DNA is translated in-ali $ix readmz frames and the start and stop

30 posmons of putatwc szenes ‘and the tranSposon mscrtlon posmons for



Phenotypi c characterisation of nmutants Mutants were replica plated from
mcrotitre dishes onto solid nmedium containing M salts and 0. 4% gl ucose
(Sanbrook et al, 1989) to identify. 10 auxotrophs. Miutants wth rough

col ony nor phol ogy were detected by low magnification m croscopy of .

col onies on agar plates. Colony Blots, DNA extractions, PCRs, DNA |abelings
and hybri diggpédi@es; 413 For colony blot hybridizations, a 4Bewebdsoretsal
replicator (Signma) was used to. transfer exconjugants frommcrotitre

di shes to Hybond N nylon filters (Amer @am UK) that had been placed on
the surface of LB agar containing 50 pg nml-' kananycin. After overnight

i ncubation at - 37C filt S i colhoni es were
removed: and dPPEHs ﬂ%%t’ﬁlc’g'ﬁw %@%{&&iﬁ@ﬁﬁfﬁoﬁ he bacteria
were |ysed with 0.4 NNaCH and the filters washed with 0.5 N "Tris-d pH
7.0 according to the filter. manufacturer's instructions. The bacterial DNA
~was fixed to uﬂkse:sr conventiobsl a & pralicates rostopy dodgniands stapdard nucleotide
Stratalinker: rat ,? ﬁg% ld_%ﬁii (Hsatl ons to J2P4abel | ed probes were
carried out u £y Fodasare MEEh 8eSSYWevi ousl y 25-- described (Hol den
et al, 1989).. For DNA extractions, S. .typhi-murium transpoeson mut ant '
- strains. were grown in. liquid LB rredl umin mcrotitre. dishes.or

- resuspended i Figi#ert@cdhows lﬁ@UMsaqueglcowﬂ'fSoquemeiZd of diGE2 (cl[lst&tIC)DNA was

prepared by the hexadecyl trimet hyl anmg lu et h ccor di ng-
to Ausubel et (s¢e the aoww | abg}lp@ﬁpgucncg F'b 3915’616%'?@ "19'(985 voI umres

P o S A A SRR BT

of 20% SDS andncB tﬁ@haﬁ& nliiserién pusiticisnfas vaoudfremnisnidehifidpyat 37C § £
for 1 hour of 3 NaCl was added and nixed thoroughly, followed by g
80 gl of oo mg)ﬁrﬂmatedtﬂsﬁ()ﬁm@) After thorough nixing, the

“solution. was incubated at 5 65C for- 10 m.n. Fol I.owi ng- extraction with.
- phenol and phenol chloroform the DNA was preC| pitated by, addition of

i sopropanol , -wgsiiesbiehtiond1% * indicates a stop codon and standard nucleotide -

ambxgulty codes are used wherc neccssary
15 Figtzt'es 7 to 12 are most relevant to Example 4.

Example_1: _ Identification_of virulencé genes in_Salmonella

: {mhi_mgn‘um

20 Materials and Methods
,. -éécterit;'l Strams and Plas”uds | :,

3&:&@:&11& typh:munum stram 12023 (éooi\}t;.icnt to' Amcncan | Type
25  Culture Collection (ATCC) strain 14028) was obtaincd from tthatiomtl S
Collectzon of Type Culturcs (NCTC), Public Health Laboratory Service,
_. Colmdalc, London, UK A spontancous najadlxxc aczd reststam mutant of
o thls stram (12023 Nal‘) was sclccted in our laboratory Another denvauve :
. of strain 12023, CL1509 (aroA Tn]O) was a gift from Fred Heffron
30 -Eschenchta coli strains CCL18 Apir (A[ara~leu] araD AlacX 74, galE

RECTIFIED SHEET (RULE 91



et hanol and resuspended in TE at a concentration of approximately 1 pg PpE4
s 10 The DNA sanples were subjected to two rounds of PCR to generate

| abel | ed probes. ° The first PCR was performed in 100 1 reactions
containing 20 MM Tris-Cl pH 8.3; 50 MM KCl; 2 mv MgCl.2; 0.01% Tween 80;
200M each dATP, dCTP, dGIP, dTTP; 2.5 units of Amplitaq polynerase

(Per ki n- WOM%17%dt us) ; 770 ng each primer P2 and P4; and BcCjricgesidasisar get
DNA. After an initial denaturation: of 4 mn at:95C, .thermal cycling
consisted of 20 cycles of 45 s at 50@7 10 s at 72C, and. 30 sat 95C. PCR
products were extracted w th chlorofornfisoanyt alcohol. (24/1) and

preci pi t at egalM, iohoat20a vl 1, YgB, ! RENIeekA M MXr bh e PCR
products wer urified b ect ropho?‘ggfsﬁ? rou h }?1b6%r§%8§'§d% azue (FMC 20
Bi opr oduct swﬁbgl L&rﬂeremm Bra, dsdR oM HP#:Mchagﬁnﬂhﬁ of about

s L i e A SR
20,100, PRI G Y i ol iy, 1T 1

pl’
appr oxi #at etoptaieinggS. efphimmgietn DNA ( Pladnfid pUdinihi-TH5SResd {delusrengglar ose

'contalnlngth t o uct); .0.5 units of Anplitaq

pol yner ase.® eiépé@cY’%ﬁﬂg&%Ci‘? g’ﬁ TiPEUs.20 1 mineral oil and ther nal
cycling was perfornmed as descri bed above: Incorporation of the radioactive
| abel was quantitated by absorbance to Wat manDE81 paper (Saitbrook et 30

al . 1989) . ConSOubiibieoy SyREFakdsin. Fe hibhe % dri jaRsily C095/ 02875 51

A Lnf ection Studies ..Individual Salnonella exconjugants. contdining tagged.
.fransposons were grown in 2%tryptone, 1% yeast extract,  0.92%v/v

glycereh. Gmoligonucieotide pool RTI(5-CTAGGTACCTACAACCTCAAGETT-
{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 PS (5"

I5 +~CTAGGTACCTACAACCTC-3") (SEQ ‘ID No 5) were synthesxzed on a
oligonucleotide. synthesizer (Applied Biosystems, model 380B). Double

~ stranded DNA tags were. prepared from RT1 in a 100 gl volume PCR
containing 1.5 mM MgCl,. 50 mM KCI, and 10 M Tris-Cl (pH 8.0) with 200
.+ pg of RTL.as target; 250 uM each dATP, dCTP, dGTP, dTTP; 100 pM of
| 20 - primers P3 and PS; and 2.5 U of: ‘Amplitag (Perkm-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 et .alz,- 1989), passed

.. through.an elutipD column (available from Schieicher and Schull) and digested
. with Kpal prior to ligation into. pUCI18 or pUTmini-TnSKm2. For . ligations,

I T
l e

25 »:plasmids were digested. with Kpnl and -de;ihosphorylated with calf intestinal
. #.alkaling phosphatase (Gibco-BRL). = Linearized. plasmid molecules were gcl~
- -purified (Sambrook et al, 1989) prior to ligation to remove any residual uncut
- . plasmid DNA from.the dlgestmn Lxgatlon reactions coftained approxxmatcly :
e 50 ng each of plasmid and double stranded tag DNA. in a 25 ui volume with 1
30 -unit T4 DNA ligase (Gibco-BRL)in a buffer supplied with the enzynie.

PECTIFED SHEET (RLE 9)



5 NaPQ' 1 % KNGB (TYGPN nedi um) (Ausubel et at, 1987) in mcrotitre plates
overnight at 37C.. A netal:replicator was used, to transfer a small vol une
of the overnight cultures to a fresh mcrotitre plate and the cultures

were incubated at 37C until the ODs8, (neasured using a Titertek Miltiscan:
mcrotitre plate reader) was approximately. 0.2 in each well. 10. Cultures
from indi WOReESkel | s were then pool ed and the OD, 50 det rOWGRIS/H02878i ng a
spectrophotoneter. The culture was diluted in sterile saline to
approximately . 5x105 cfu m ' . Further dlj;gjtlons were plated. out onto
TYGPN cont ai ning nalidixic.acid (100 ng m-') and kanamycin (50 ny

t f t heLigh t | o5,

BALB G ce (30558 2‘“‘? e o N ot | Tmaatmife (b B@"W’? i,
bacterial sus®af col@mammggﬁommwwx sdﬁllghtyomﬂﬂme pjlasrmﬂ DNN\bmoner e

S aCover *bact oPGmil RAL 3Fbony ol FARp) ol Aded Hohin SRR diobie pesgaed | °
sterile salinggd DNAWES 9&{1@&! ?rBPf’ Egﬂdﬂ flacGR | "ﬁu elded H&%&gfﬁt the

and 1 m of saline containing ce I'n suspenS| nwas re to a
fresh tubed andesistantr itfaoweial f colohies folluwiag tiansformaton§ ofel. ol TOEIat ant

was aspirated pe resuspended . in | m of sterile distilled
water. A dil uﬁgﬂﬂdb%@fq @sa)wa‘g P rompared ayith 485 zolpnies ariging eermra ligatiaroo ni
of each dlluthgﬁ taining. nalidixic acid
(100 ug M T"). am%l‘0 ang%@bg%ggaﬁ%@:ﬁ%?&g%gﬁg&i a were recovered from
pl ates contai ni ng between 1000 and 4000 colonies, and a total of over. -
10, 000 col oni es recovered from each spleen were pooI ed and wused to prep

DNA for PCR gBadesio! dransformasiossandbMaeingen col ony blots. 30 AEG 1FIEb £
SHEET (Rifge 91} WO 96/17951 PCf/ (GB95/02875 52 Virul ence gene cloning and
DNA sequenci ng Tot al DNA was isolated from S. tyPhi muri umexconjugants and
digested - . 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-
15 . 17 Npir (de Lorenzo & Timmis, 1994). For mating cxpeﬁments%, a pool of*
approximately 40,000 ampicillin resistant E. coli S-17 N\pir transformants,
-and- §. t_yphimurium 12023 Nal® were . cultured -separately to an optical
* density. (OD)yy, of 1.0.  Aliquots of €ach culture (0.4 ml) were mixed in 5
¢ -ml 10. mM.MgSO, and filtered. through a Millipore membrane. (0.45 um
.20~ - diameter).: The filters: were placed on 'the'suﬁfacc'of agar containing M9
' salts (de Lorenzo & Timmis, 1994) and incubated at 37°C for.16 h. The
- bacteria were recovered by shaking thé filters in liquid Lﬁ;mediu‘m for 40
. min at 37°C and-exconjugants were sélectcd; by plating the suspension onto
LB medium containing 100 ug ml* nalidixic acid (tb select égainst the donor
25 strain) and 50 pg ml? kanamycin (to select for the recipient strain), - Each.
... exconjugant was ‘checked by transferring nalidixic .acid resistant. (nal), |
.. -kanamycin resistant (kan‘} colonics to MacConkey Lactose indicator medium
. {to distinguish between E.. coli.and . typhimuriumy, and to LB medium
- containing ampicillin.  Approximately 90% of the nal’, kan® colonies were

30 . sensitive. to ampicillin, indicating ‘that these resulted. from authentic
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separately wth Sol, Salt, Pal and Sphl.D gests were fractionated through

5 agarose gels, transferred to Hybond N+ nmenbranes (Anershan) and subj ected
to Sout hern hybridi sation anal ysis using the kanamycin resistance gene of
pUT m ni-Tn5Kn2 as a. probe. The probe was |abelled with digoxygenin
(Boehri nger-Mannhei n) and chem | um nescence detection was - carried out
accor di ngrgtednnddse manufacturer's instructions. The hybri dicaacndaiazsyd and
washi ng conditions were as described above. Restriction enzynmes which gave
rise to hybridising fragments in the 395 kb range were used to digest DNA
for a preparative agarose' gel, and DI\% fragnents corresponding to. the

si zes of the: bl ' i i fqr his, purified and
tigated into p@@f&g@%ﬁ l%gg‘gq ﬁ‘\é\?{’ﬁg‘fﬁc@gg JB@M#&FW .ol a 15
DHSa to kansensitive ¢xenpigaigevere! torddda 9o aelikaiaouat dislRs| confdthing |
transforqpni&mr_e purified by passage throggh_an el uti pD col um™and
checked by medivm.o Fasnlepgdemm gtayagd at “80°65s rither 79 DMSQror Bt al | y

sequenced._ by, i - de t.hod nger et al, 1977) using the -40 priner
" and rever seﬁg"é%é%qsrfé’gﬁ‘ﬁf‘ﬁq Wﬁg at ess Bi ochemi cal Corporation) and.
20 the minmers P6 (5 - CCTAGGCGGCCAGATCTGAT-3'") (SEQ I D No .6) and P7 '
(5" " GCACTTGTGTATAAGAGTICAG 3') (SEQ ID No 7)-.which anneal to the | and O
t ermi ni-.of Fignotgpioeberacetrisativinoff eitass sequences and .deduced amino acid
sequences were assenbl ed using the Macvector 3.5 software package run on a
Maci nt osh SE/ 30 conputer. Sequences were 25 conpafed wth tthe EMBL .. and

Genbank DNAVRMPIREs ' = LN éltmﬁgo r Human
Genome' Mappi ng'ﬁgrOJecEéﬁﬁﬁileg)é%t?%eﬁ n%grle', rgﬁ\}/iv&elﬂ?%{%éggF%} EET (I 1LE
g) . WO 96/chnainpQWO0RNS/anddAY.8% gRicoRe $Sdrhbrobioerels i19895td henilfy uct ure :

of the tags is shown in Figure la. Each tag consists of a variable
centr aIlBIr\Ig\g"lu&ﬂ“PP%\ kgg“'-b‘}ts ' Fh@v,gﬁcﬁolqmwmr@hﬂlegb Mesedetectpdeby low E

magunification microscopy of colonies on agar plates.

Colony Blots, DNA axtracridn-s,'PCRs, DNA labelings and kybridisations

| 45" For colony blot hybridizations, a 48-well metal repli'ca'tor'f'Sigm'a)\.x;és' ﬁse‘d ‘
: 10:transfer exconjugants from microtitre dishes to Hybond N nylon filters
(Amersham, UK).that had been placed on the surface of LB agar containing
50 pg ml' kanamycin. - After .(')vemight.iucubation: at 37°C, -the filters

- supporting the bacterial colonies were removed: and dried at room
20 ¢ temperature for 10 min. The bacteria were lysed with 0.4 N NaOH and the
- filters' washied with 0.5 N. Tris-Cl pH 7.0 according to. the filter
= manufactiurer’s 'instru.ctions.; The bacterial DNA wis fixed tc; the filters by
-~ exposure to UV light from a Stratalinker (Stratagene). Hybridisations to

R
e

-+ “P-labelled probes were carried outunder stringent conditions as prcviouély
25 described (Holden et al; 1989).. For DNA extractions, S typhimurivn
% transposon mutant strains. were grown in liquid LB ‘medium .in-microtitre

" dishes or :résuspcndcd in LB medium‘.following;_gr;)Wth :on solid ‘media,

- Total D‘NA_.:was prepared. by. the hexadc‘cyltrimethyl-ammoniumbromide
(CTAB) method according to Ausubel ez al.(1987).- Briefly, cells from 150

30 to 1000 ul volumes -were precipitated by centrifugation and resuspended in-

. RECTIFIED SHEET (RULE 1)



central region sequence ((NKJm was designed to prevent the occurrence of
sites for the commonly used 6 bp-recognition restriction enzynes, but is
sufficiently variable to ensure that statistically, the sane sequence
shoul d 10 only occur once in 2 x 10"nol ecul es (DNA sequencing of 12
randomy selected tags showed that none shared nore than 50% i dentity over
'the vari on).. (N neans any.base. (A .G .Cor.T) ' G or

The :@kﬁ'ﬁﬁg#n Kpnl sites close to, the ends to faci???g?e,t e§initia
cIonlng step,. and the HindllLsites borgering the variable region were
used to rel ease 15 radiol abell ed variabl-®’ regions fromthe arns prior to
hybri di sati on

and P4 sach catba! ﬁ%ﬁm@ﬁé&% A pLef BT SHRGG L oD mE o
using these PirdRlise X ARMCInAMAA) BEITIC roPE HOEOTBE A0S M

new y synt hesi 0 © an” aver age. ten uni que
sequence. : Wenisraidealsadahixed disrodghly, Zauowediwe&o phof WO ZPCERIv)aTTARer age of
ten-fold m)re | abel will be present in the unique sequence conpared with -
each arm Thi andd).7iM: Hﬂ@éd Aﬁeﬁﬂmrﬁugb mixing, dhe solutinp wagiie afi gnal s

i gest i an S ¢ ST 10 R, HRNEnIEE Puurt iR I ohC R b AR IR R0
site of ther e HNA U BARSSIND by ddttiort of iddpopinabl Hashel Wil 10% Lor enzo
& Timtis, 1994). Replication his plasmd’is dependent on the _

R6K- speci fi edethanpk aatli e¢suspertded lpl'FBg?emeconcer&mrt oéappraximaiely dqquence of

the RP4 plasm permtting transfer to a variety of bacterial species
(Mller & Meké& anos 1988), and the tnp gene - . needed for transpositi on
of the mini-Tn5 elenent. The tagged m.ni-Tn5.30 . transposons. were {4

transferred to S. typhinurium by conjugation, and 288 WO 96117951
PCT/ CBQS/HPS?’S‘he@Mmmp]garwdm sub;ndt&d iy tf.woomumhnebd@ltlmngmﬂbs wer e

hese wae. i glbElee virohed o dhe, BeFicPETD] it FRTRETSBUIITR H JERICRa: | on
o pr obe. In oauftABing A0°KE eﬂéi?éﬁ?;%fsﬁe@%?f‘%%n@ A O g e
i ntegrati onof'l‘h)ecn 80; 200 ,uM each dATP, dCTP, dGTP, dTTP; 2.5 units ofAmphtaq
polymerase (Perlun-Elmcr Cetus); 170 ng each pnmer P2 and PL_}. and 5 pg
" 15  target DNA. After an initial dcn&turation.of.4‘min.at.-95"C.',_.thcrrnalvcycli'n'g'?_f
* 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 chlorcform/isoamyl alcoliol: (24!_:1) and
 precipitated with ethanol: DNA was resuspended in 10 il TE and the PCR
o products were purified by'eleetrdp_horesis through a 1.6% Seapiaqne.(FMC 7 i)
20 - Bioproducts) gel in TAE buffer. Gel slices containing fragments of about -
" 80 bp were excised and used for the second PCR.’ Thls reaction was -
 carried outin 4 20 4l total. volume, and contained 20 mM Tris-CL pH 8.3;
50 mM KCI; 2.mM MgCly; 0.01 % Tween 80; 50 uM each dATP, dTTP,
| dGTP; 10 pd 2P-dCTP (3000 Ci/mmol, Amersham); 150 ng each primer Pz
25 and ="P4;'.-approximate[y 10 ng of ta-rgc’t'_DNA (1-2 pl of l‘.é%:Seap[aqué' '
'~ agarose containing the first. round PCR product); 0:5 units of Amplitaq
p_olymet‘ase.‘ 'The reaction was overlayed with 20}11 mineral oil and thermal
- cycling was performed as described above. Infcorporati'nn of the radicactive
" label was quantltatcd by absorbancc to Whatman DES1 paper (Sambrook et
30 -al 1989) | k
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transposon into a different: site. of the bacterial genone (Figure 2).
Spechciryand sensitivity studies 10 W next determ ned the efficiency and
uniformty of anplification of the DNA tags in PCRs involving pools

of exconjugant DNAs as targets for the reactions. In an attenpt to mnimse
unequal anBIification of tags in the PCR we determ ned the maxi num
quantity WA, ar get -thatcould be used in a 100 pl reeweBssmsmnd t he

m ni nrum nunber of PCR cycles, that 15 resulted in products which could be
vi sual i sed by ethidium bromi de. stainihg of an agarose gel (5 g DNA and 20
cycles; respectively). S. typhinmurium exconjugants which had- reached
stationary gﬂéﬁﬁwfﬁﬂ&@ﬁ i'n mcrotitre.di shes were conbi-ned; and-. used to
extract -DNA: This was 20 subjected to a PCR using prinmers P2 and P4.. PCR
products of 80 bp were gel-purified and used as targets for a second PCR

usi ng the sawdividaal Pel”gt ' 34R- ‘ , |s.resulted in over
60% of the"radi ol.glbtr‘a?ftgo : C?gogl&g%égl k@@ggg%tt cld'nfTrghﬁ?ésﬁﬁﬁ?rﬁroduct S.
The- radi ol gty dd 20 deyptore, Wefe yeasg eqiteadt MLIRF NN Igipddolis@d g 0 probe

col orty-§| O@P@%%?ﬂ‘f rom.t heir-caqrrnpondi ngi. mcrotitire gii shes. O the'
1510 nutant Sfste Chi(dVEEN medium) {(Ausubel @7 yil 198D ol microtifrgnal on an
aut or adi_ogr ] % . ght sure of the colpny blqgt. There
are three p%%ﬁ‘)g EQ%‘I %a(?' i %@%rmﬁﬁ%«?r Was fspd to i@'“ﬁ@rﬁoség?li)l e that.
a, proport ivolume dftthe ovémistn@aRifes 6@ M&h mRrbtitr ?ﬁ'ﬁe ahﬁ‘fﬁ'é’&ﬂtu{r@’ conparing

1 g

the transformation 30 frequencies resulting from ation reactions

involving tWere: ingubaiedoat i ¥ Chainkib the/ OIhg, (measeBdsadag7ds Thérgk esence or
-~ absence of § It _seems unlikel hat unt agged transposons could account
. ‘g}or nore t h%%&g‘"g%‘jr'_ JUheEs )PT’ﬁ? 5re§g"’d$ "t'?fea?%‘i‘%:?m'(‘@tﬁ’e%P\itlér"r“&hsweﬁﬂd

Met hodd. - MBileurps Goab iiflicRIMBOGCHY @e%at«:n?tmé@éﬂ Pt emgzg%éﬁé?&?n&ﬁs-

truncated in,some of the tags, and/or th sone equences"forﬁed 5 .
secondary $BHgc#spestropimtometerwhThe cultyhd wasadibutpd dvestesdld sdiiel fg cat i on.

Mut ant s whi Al t kve. clear_signal,g were not incl uded : in further
st udi es.’ Tr‘%@B’s‘Ip’@‘cl‘:‘P%f%iW%éf&? H‘H{ ef £ Fuit t#@"'&%‘i were glatedagut ontes
denonst.f at §¥GPN containing nalidixic-acid (100 mg mI*) and kanamycin (50 mg mi?)

to confirm the cfu present in the inoculum,
15 . , . . :
Groups of - three fcmaier BALB/c mice (20-25g) were- injected
dntraperitoneally .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
e 20 ~gach spleen was homogeiized in 1 ml of sterile saline ina microfuge tube.
* Cellular debris was dllowed to settle and 1 ml ‘of"saline.contai:n-in'gﬂccli‘s still
- in'suspension was removed to a fresh tubs and centzifuged,-fc;;tw;ro minutes
in a microfuge. _ The supernatant was aspirated and the pellet resuspended
) _,i"ﬂ 1 ml of sterile distilled water.. A dilution series was m-_ade«i-n sterile
25 distilled water and 100 ml of each dilution. was ,.plat-ed onto TYGPN agar: |
. containing nalidixic acid (100 ug mI").and kanamycin (50 ug mI"). Bacteria
were recovered from plates containing between lOGQlatid:t#OOO.-cblonics-, and
a total of over 10,000 colonies recovered from each spleen were pooled and
| used to prepare DNA ﬁ?r PCR generation of probes to screen colony ..blot's.
30 . o
'RECTIFIED SHEET (RULE 97)



by generating a probe from24 colonies of a mcrotitre dish, and using it
to probe a colony blot of 48 col onies, which included the 24 used to
generate 10 the probe. The lack of any hybridisation signal fromthe 24

col oni es-not used to generate the probe. (Figure 3) shows that the
hybri di sation conditions enployed were sufficiently stringent to. prevent
cr oss=hybr ivelh 6f7bsan anong | abel l ed tags, -and suggests t hapcpgsdsn2875
exconjugant is not reiterated within a mcrotitre dish. 15 There are
further considerations in determning. t$2 nmaxi mum pool size that can be.
used as an inoculumin ani mal experinments. As. the quantity of |abelled

tag for each tV&n&ﬁesané sloningearsE DNAsepmintingnal to the conplexity of the
tag pool, there is a limt to. the pool size above which hybridisation 20

signal s becone too weak to be-detected after overni ght exposure of an
i Ta d I ' |.exitv. of .
autor adh 00" am v i AT B AL e 3 BBAT S5 inBls and,digeaed
representativeseBaratdl§ ﬂﬁ?&tf,%afl?%ﬂ%ﬂ%ﬂ IDigeKts Welr® Factigndted throlifh t he
0

spl een of an intected ani nal,- produce enough | abel | ed probe. have
not det er nidnedgamseugelsy transferredoto Mybord. NT zweinbrates (Amienshamydend of

sal nonel | osis. _that we._. have l.gyed; but, .it pus e in excess of 96.
Virulence ¢ esistbiied B Saihare BybrAlAioR entysin usihe SAnamySn IRF4HORY ¢ agged
i nsertion nmut : _ hﬁﬂkﬂ?fkﬂii _ | b5 LEROBAQUAY R 456
di shes) were. %ae‘gtéef;b% viru encg %%ﬁ&% ,m_ceﬁrﬁgl-mﬁvg‘i?gg%?g‘,’mgach
representing aifécygehin (BochringériMandheiin) addichemslundnciceact detection was
dintraperitoneal _édﬂ ection of approxinately 10" cells of each of 96 -
transposon nutcarfied eyt according tn theraanyfasturertsinstryetionsss Tha hybgidisation Thr ee { )
~ days aftegpinj L.QR: S . | f.Ls dg .8 r overed
oy’ pl at i e spPad Rl ERatol Ward Aeshbay b ResticuSn el ies wifdr )
10, 000 - col onigase i_eay ay’bﬁdfsmgrﬁaﬁmehtsrm;tﬁe 3-Mkberanpo e usdd tdPiipeses
extracted.. The tags present in this DNA sanple .were anplified and.
| 'abel | ed by tﬁﬁ“ r aoprgpacativepgarase 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
15 DHSa to kanamycin resistance. Plasmids from kanamyc{n—resistar‘it- E
transformants were. purified by passage through an elutipD column and
-checked by restriction enzyme digestion. Plasmid inserts were partxally
sequenced by the di-deoxy method (Sanger et-al, 1977) using the -40 primer
and reverse sequencing primer (United States Biochemical Co'rporation) and ==
20  -the primers P6 (5’@CTAGGCGGCCAGATCTGATG')‘(SEQ"I‘D"N'G'G) and z)
- P7 (5'GCAC’ITGTGTATAAGA‘GTCAGJ’)»(S-EQ 1D No'-j}jwhiéh~anneﬂ . '
- to the 1 and-O termini of Tn5, 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
725  compared ‘with the EMBL and Genbank DNA 'fda‘thbas'es”-'uszihg' the
UNIX/SUN computer system at the Human Genome Mapping Project

" Resource Centre, Hﬁri‘ow, UK. .



.. probed and conpared with the, hybridisation pattern obtai ned using tags
C .10 anplified fromthe inoculum (Figure 3). As a. control, an aroA

mut ant of S., yphinuriumvas tagged and enpl oyed as one of the 96 nmutants in
the inoculum This strain would. not be expected to be.recovered in the
spl een because its virulence is severely: attenuated (Buchneier et al,
1993). F&OtegH798he nmutants were identified whose DNA hybecticaedess

| abel | edtags from 15 the inoculum but not fromlabelled tags from bacteria
recovered fromthe spleen. The experisgent was repeated and the same
forty-one. nutants were agai n identified. Two of these were the aroA-

nmut ant (one Resulgool ) , expected. Anot her was an auxotrophic -nutant (it
failed to grow on mni rral medium. Al of the nutants had nornal col ony
nor phol ogy. 20 Exanpl e 2- . Coning and partial characterisat i on of

sequences. f n eﬂg the. transposon DNA was extracted from one of

t he. rrutants SCri %d in Exanpl e 1" (Pool® 25 1. 'F10), .digested with Sstl,
and subcl oned on the :basis of kanamycin résistance. The sequence of 450
bp flank ng gneend of the transposon was_ determned ‘using primer P7. This

sequenc mmufe@ﬁﬁl@?N&t@eS showe in Figurp 144 Earhdageonsists of encodes a
heat-regul a e.5 ou,r nova edge, this e has not ,
previously een ﬁﬁ)ﬁ'@ﬁﬁéﬁ gw&yen S"s Msﬁﬁ?ﬁ"w / 17951'

PCTVGB95102 eaﬁralsrzgiaars*cqaéms TQVRRG WasClesighba @ ?fb\%ﬂf tHRSScoupfched

typhi murium virul ence genes are shown in Figufe (sequences A§ to A9 and

Bl to B5). m&mhammmnonlmmdeﬁthammﬂommmw buPi&2 and PI9B7

-bear sim.la s to of secreti oci ated proteins_ that. have

-’been conser \E,tgﬁcgnpmw&,{“ B‘Zfé‘f%maz Fﬁﬂ&er@e 6Fm3rﬁeﬂﬁ?%°°‘aﬂl9ulﬂ ants, and

whi ch al@ koaMnocouR ohek TREk! 10 aRolclflel TON AL KeqvenciP of 12YaREGY W0 the M
I'n

genes are reqw red for bacterial i1nvasion int testinal tissue. The
vi rul ence :ofeleqied tagn stawed thahmose shared moen thane§0%: identior wivet ¢hk by t he

oral route, vaxji’&btle Pion). v means any base (A, G, C or T) and K means G or T.)
0~ - The arms contain Kpnl sites close to the ends to facilitate the initial cloning
- step, and the HindIl sites bordéring the variable region were used to release
15  radiolabelled variable regions from the arms pnor to hybridisation ana]ys:s
The arms wetre 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 tadiolabcl-led dCTP is
) 20 included in the PCR, an average of ten-fold more label will be present in
. w . the unique sequence compared- with each arm.- This is.-intende}i, to minimise
e —bat_:kground hybridisatiqn’ signals: from the i.u-’tns,, after E_H’eyﬂ,h.ave been
e rélcasred"'from the unique scquences by digestion: with HindlIl. Double
- stranded-tags were ligated into the Kpnl site of -;t}ie_minianS _transposon
25 'Km2, carried on plasmid pUT (dc._l..-orcnze_ & ‘Tir_nmis,'_ 1994). Replication
| of this plasmid-is dependent-On-the.R6K¢sp¢ciﬁed.rw.product.io£ the pir gcne.-
o oI carfie; the oriT seQUcnce -of the RP4 plasmid; permitting transfer to a
. variety of bacterial species (Miller &;Mckalaﬁos. _ 1938),‘.,an:d ihe trzp gene
. needed for transposition of the mini-TnS element. The. tagged -mini-Tn$ |

30 - transposons. were transferred to S. ryphimurium by conjugation, and 288 .



when they are administered intraperitoneally. The discovery of inv-related
10 genes that are required for virulence follow ng intraperitoneal

i nocul ation suggests a new secretion apparatus which mght be required for
i nvasi on of non-phagoeytic cells of the spleen and other organs. The
products of these new genes mght represent better drug targets than the
I nv: prot ei {pdgrdshe treatnment of established infections. pErdBykbiaes
characterisation of the genes identified in this exanple isdescribed in
Exanpl e 4. Exanple 3: LDSML determ nati ofs and nouse vaccination study 20
Mut ations identified by the nmethod-of the invention attenuate virul ence.
Five of the nu ' . : ' | Yyt ' iﬁ.gd' Ml o ce were
“transferred byal’?,égf%gltsg%eg@ﬂﬁ?r@%gﬁ@%ﬁﬁfhﬁ%ﬁ?*I XI gﬁgﬁ%&lﬁ%ﬁl tive
25~ parent st r miicrotfre fisliegpTonlrDNA isobed] fronaih2 of thesatwaswdigestedadthed by
‘restriction nmappi thep injected by the intraperi.toneal, route into groups
~of BALB/c .mic g‘?}ggde%dlfﬁ“hi?%it? g@“ 2E L st’"ﬁb‘égof‘ L pRatysis osingsthes| yes
for nutants S4 : + € {f%r‘c”?’}"’ I gni tude
hi gher than théilagfcﬁle‘csw&{%?%égceg??h%.er [ gé@%%gp?ﬁs%hg& %‘ngSO was
det ect ed  f d nedsanithdekdehjugantchadr arisenese aveesult o simgles integtation\6F €f2117951
PCT/ 6B95/ 07875 58 significant' decrease jn the proportion of PIFIOcells
recovered f rorﬁrﬁws%l@@i%dlﬂ?ffﬂ'éﬁ?o?#}ee& igeRoms (Figrg Dm consi st i ng
of an equal praoportion .of this strain and the wild-type strain. This
inplies that this nmutation does attenuate virulence, but to a degree that
i's not det eCt.&ﬁ&eryW&émﬁii’thﬂiﬁ P3F4 and 'P9137 were also adm ni stered
by. the oral- route at an inoculumlevel of 10" cells/nouse. None of the

m ce becanme ill) ‘indicating that the oral LM, Ievels of these mutants afe
at 1east o O ndh dIRSHRihA e UelRc) AR Uiy S SmplbilinlofPSe B 21 1

‘DNA tags in PCRs involving paols: of exconjugant DNAs as targets for the k
- 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 ul reaction, and the minimum number of PCR cycles, that
15 resulted’in products which could be visualised by ethidium bromide staining
- of an agarose 'gcl.(S g DNA and 20 cycles, respectively). . -

S. typhimurium exconjugants which had-reached stationary--growth:phase; in
‘microtitre dishes’ were combined, and-used to extract:DNA: This was
. 20 : subjéctcd to a PCR using ?rimers P2 and P4. PCR products of 80:bp were X |
- gel-purified“and-used as targets-for a second PCR, using the same primers "
but with *P-labelled CTP. This resulted in over 60% ;olz’:the;radiﬁlabelled
dCTP. being  incorporated into the. PCR products: = The- radiolabelled
‘produicts were digested with’HindIIl and used to probe colony blotted DNA -
- 25 - from their-corresponding microtitre dishes. : Of the 1510 mutants tested in

-this way, 358 failed to yield a clear signal on'an autoradiograrh following
" an -overnight exposure of the colony blot. There -are:three potential

explanations for this. Firstiy.:it:is‘r'possiblé that -a- proportion of the
' trﬁnspo’sons did not carry tags. However, by comparing the trz;nsfo'r'métion

30 frequencies resulting from figation reactions involving the transposon in'the |



10 . I'n the nmpuse vaccination study groups of five female BALB/c m ce of
20-25 g in mass were initially inoculated orally (p,.0.) or
intraperitoneally (i.p) wth serial ten fold di | utions of Sal monella
typhi muri um nut ant strains P3F4 .and P9B7. After four weeks the mice were
then inoculated with 500 c.fu. 15 of the parental wild type strain. Deaths
wer e t hewomweerssded over four weeks. A group of two m cecwicGBbiessane age
and batch as the mce inoculated with the nutant strains were al so

i noculated i.p. with 500 c.f.u. of thgswild type 20 strain as a positive
control. Both non-immnised mce died as expected wthin four weeks.

Resul ts areﬁr@d%%at&da&eﬁ&%f @2s,; #)seBn3- urlliKely #ativiedgged! rQipybddd Mut ant

strain P3F4. initial inoculumin no. mce surV| ving no. trice surviving

c.f.u. firstconléhadcengeforimare thareappraximately 0.5 %xof thegotsl (seadMpterials5 x 108 5
2(40% WO 96 / Q895/ 0287 59 5X10' .5 099 . I . tial

i gocu/(l) um* Wi Pﬂaﬁé}ﬂdi Pir B ﬂag GaHSS AP q‘ﬂ‘o&% Yﬁﬂﬂbﬁg ﬁ%ﬁ‘%ﬁﬁl&g}ﬁhﬁw vi ng
no. mce. Surtﬁin\éhﬁa mCstéJofftﬂJ %s,cbﬁdlbﬁ'm st of ﬂ&?sé‘diﬁ b&NEiRmed X 106 3

3(100% 5 x 10' 83 9% 10 5X10' ' S 4(80% 3) p.o.
initial 5 no@gttqndlaw Bttuclurasmtboﬁt ﬂﬁl\r\fhl@gﬂﬂghtl Iiivei preveatedamplificationo. ni ce

(S:E;H \e“ngg n%{utan w?nycrhvkﬁieggto give. éiear s:qu'ﬂrsS»Erére natI {n%ﬂ&faed in hfl iefPe

- 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 
y ~ probe a colony blot of 48 colonies, which included the 24 used to generate
- 10 the probe. The lack of any hybridisation signal from the 24 col,onie.s‘. not
- .usedto gc.nerate the probe (Figure 3) shows that the hjfbridisa;ion.conditions
"+ . employed were sufficiently stringent to. .prcventcrds's+hybﬁdisation ameng' '
labelled tags, and suggests that each cxcdnjugant‘_is not reiterated within a
microtitre dish. .
There are further considerations in dctermining.thc maximum pool size that
can be used as an inoculum in animal’ experiments. As. the quantity of
- labelled tag .-for-: each transposon is inversely proportidnal to-the complcxityr
of the tag pool, there is a limit to.the pool size above which hybridisation
20 signals become ‘too weak o be- detected after overnight exposure of an
= autoradiogram. More importaritly, as the complexity of the. p@ol':,increasesi
so must the lilgelihOOd of failure of a virulent rep_:‘escntati{ff&. of the pool to
be present in sufficient numbers, in the spleen of an infected animal, to-
- produce enough labelled probe. We have not determined the upper limit for
- 25 pool size in the murine model of salmonellosis that we have employed; but

it must be in excess of 96.
. Virulence tests of the.transposon -mutants

30 A total of 1152 uhi‘quciy tagged ‘insertion mutants (from two microtitre



5 x-109 5 0(0% 4) i.p. initial inoculumw th nmutant P9137 20 initi al

I noculumin-no. mce. surviving no. mce surviving c.f.u. first challenge.
wild type challenge 5x106 4 2(50% Fromthese experinents | concl ude that
nmut ant P3P4 appears to give sone .25 protection agai nst subsequent wild type
chal l enge. This protection appears greater in mce that were i nmmunised

I . p. Exanpl svoge/thresent i fication of a -virul ence | ocus encodi FCI/GBISOLZIND t ype
1l secretion systemin Sal nonella |vphinmurium 30 Abbreviations used in
this Exanple are VGCl, virulence gene clugiger 1; VGC2, virul ence gene
cluster 2. WD 96/17951 PCT/ GB95102875 60 Background to the experinents

described. Sal malighebp wex®tkdied ifovTviraleac®ih 'BARBlc ag6din tveBRaSHddedaRRi L1 S
in humans and produces-a systemc¢ illness in mce which serves as a nodel
for human 5 ty{SPRRcscntings 9%/-1‘;@11: winroiie dishor Aninals tescimedan igfraperitencdlt h S

typhi nurium the,. eria.pass fr el umen of Athe soall intestin :
through the int 2‘%‘?1?‘% Ok HB@%E%'T‘?R_?P@@?%‘_‘O%‘&@ Ogy&l\ﬁr%lgppgolb{mﬁﬁs Pgﬁer'. s
patch follicl es nfiddotitdd @ishb@OF rgani$is in itoMBI e THRS @RRa8Rs MJudtiBA YhicePhi | s,
enter the reticuloendothelial.systemand disseninaté to other organs,

i ncl udi ng t h&N ¥ere paasificedndnd bacteria wieee recovereddy platngsplean homogenatess i n
an overwhel m ng_and, .fatal bacterema (3). e host cells, .to survive
and replicate if l‘\‘?ﬁﬁ‘@% '%ygik@'%ﬁi%%(gﬁyi@mggﬁwcﬁ W&?@ﬁj Ifg‘?'ﬁr .and.
extracel lular . efst MARSEWete posict And DNAWAS exirfRed P Thelthgs pratédias unsal |

activities of the inmmune syStem S. typhinurium enploys a sophisticated .
repertoire of - DNAsample weref amoplified @nd..lah&llegabmﬂm;'l?ﬁ}ée, -andneolony idotse

uner Lo, 00 el e B b BB U wes ()
- 10 . amplified from the inoculum (Figure 3). As a control, an arod mutant of
S.. typhimurium was tagged and employed as one of the 96 mutants in the
e inoculﬁm.- “This strain would.not be expected to be recovered in the spleen
because its virulenice is severely.attenuated (Buchmeier er.al,.1993). Forty-
one mutants were identified whose DNA hybridized to labelled tags from 7
15  thé inoculum but not from labelled taés from bacteria recovered from the
spleen. The experiment was repeated and-the same forty-one. mautants Wcrc
- again identified. Two of these were the aroA mutant (one per pool), as
expected. Another was an auxotrophic mutant (it failed to grow _0?1 minimal -
- - medium).. All of the mutants had normal colony morphology.- | R '
20 .- - | . T

Cloning and partial characterisation of sequences. flanking -

- the transposon

.- Example 2:

. DNA was extracted from one of-tﬁc ,mui‘;mts described in Example 1 (Pool
251, ‘F10), digested with Ssi, and- subcloned on the basis of kanamycin
| resistance. The sequence of 450 bp ﬁanldjng one end of the transposon was
~ determined using primer P7. This sequence shows 80% identity to the E.
coli clp (lon) gene. which éncodes a heat-regulated protease (Figure 5). To '
~ our knowledge, this gene has not previously been implicated as a virulence

- 30.  determinant.



described in Example 1. which is, conveniently, called "signature-tagged 20
mut agenesi s’ (STM, which conbines the strength of nutational analysis

with the ability to follow sinmultaneously the fate of a | arge nunber of
different nutants within a single aninmal (5 and Exanple 1; Reference 5 was
publ i shed after the. priority date for this invention). Using this.

appr oachwewsiimsient i fi ed 43 nutants with attenuated virubencaesiozgmn a t ot al

of 1152 nutants 25 that were screened. The nucl eoti de sequences of DNA
flanking the insertion points of traggposons in 5 of these nutants. showed
that they were related to genes encoding type.lll.secretion systens of a

variety of IfaefifliseghencesdfMANERA fkhor SAlmordlf (PpRFHEn viRlilehBegérd®y/ spa gene

cluster of S. typhinurium (8, 9) are proteins that forne a type .11]I

secretion syt shawoin Eigure 6 dsdquenaes AZiksAftand Bif toRh) adeductdmaridages.

medi ati ng..e i nto W0.96).17951..P 87 epithelial cells (10).
Pence t e vl segbbfess afdarie AT BHFd, TYGL S paBY 1eRt hitlarthes A o us o
is attenuat gd-familyy off sédp@ridRGBLYED Pro@ifsn ithite hade Ob&dd Yoondddedot When

given intraperitoneally, a}18). I'n contrast the S nutants identified by STM
are avi rr etiiroughowiangriahpathpgaristafaairhals and plaats, and(vhich arekadwve exanpl e
we show that_the trgpspospn .nsertion.points,of these 5 nutants and an ‘
additional 1 *ﬂ’?!f'ﬁ’r‘f’?@’ Eﬁéﬁ? i!FY«?B‘“H;V/‘- s*'ﬁﬁaﬁ?"ﬂ?ﬂff’%"ﬁﬁéﬂga&%@%@i on of the
S LyPhi nur reliflar RFbReRPial TVgkidRlin& hastndl AfsueD Phé Sfiulihoo dTRp! S
additiona,l__géglﬂés whose toslgiduceo?gpr'cggucts have ssgquence sim cgrc{i’;/ifliglo to
ot her corfponuants d§ attemmtdd whee theyt areninopeiatadsby e eral moutey dmatalot r egi on
~-which we refer to as virul ence,gene.cluster 2. (V. IS not esent  in a
‘hunber " of ol‘ﬁ'&fllg"rﬁ %"Fi%%'&E{séﬁ‘?%?“trap&ﬂﬁp'}eéﬁYe%%ewgai"é‘%ia‘f"icus f or

S. typhi@ur pewBs\thatUhRN eGui al 4 £ bR NS,
Transduct i Q% a_r?d Govwnﬁaul\/gé‘? 5&@?1@%%@3{ en é??@g"‘ﬁ?g‘%ﬁ?g}é‘ﬁ@%l -
(aber deen) , sugEBsts @0nevg sedrttioraapparatud Shich mightibe)requited forliivasion of
(typhimurium LT2). wer.e ohtajned from the . National | | e¢ctions of Type 20
‘Cul tures, Y R T %Btﬁ‘&tsﬁi?“%‘fi\ﬂt@@?“@@s‘s Friredycts of fiese BrRo123

new genes might represent better drug targets than the inv-proteins in the

R

treatment of established infections. -

15
Further characterisation of the genes identified in this example-is described
in Example 4. -
" Example 3;: LD, déterminationsand mouse vaccination study

< Mutations identified by thé method of the invention"attenuate virulence.

5
\r

Five of the mutations in genes not previously implicated in virulence were
transferred by P22-mediated : transduction to the nalidixic acid-sensitive

© 25 parent strain“of S. typhimurium-12028. Transductants were checked by
* restriction mapping then‘injected by the intraperitoneal route into groups of .

& ‘BALB/c mi’_ce: to determline-‘thei"r‘SO%‘ lethal dosfe (LDy). The. LD;, values
for mutants'S4C3, P7G2. P3F4 and P9B7 were ali several orders of
magnitude higher than that of the va;ld-type.stfai'n-. No différé@e» in the

30 LDy was - detected for mutant PlFlO;_hchvé_r, there Was a statistically



genom c DNA was a gift from G Dougan, enteropathogenic Escherichia. toll
(EPEC), enterohenorrhagic E. coil (EHEC), tririo cholera biotype EIl Tor,
Shigella flerhefl serotype 2 and! Staphyl ococcusaureus were clinical

i sol ates obtained fromthe : Departnent of Infectious D seases and 25 ,
.Bacteriol ogy; Royal Postgraduate Medical School, UK. Genonmic DNA from
Yersini a peoidsgrasps a gift fromJ. Heesenmann. However, gerrrivaeesMigss can be
i sol ated using standard: nethods: The bacterial strains and the nmethods
used to generate-signature-tagged mni-Tggtransposon nutants of S.

t yphi murtum NCTC strain 12023 have been described previously (5, 11). 30
Routi ne pr opaggfghmbaai‘deé&m 15 theasropBrifon 6P P FPOI%RI1s Basswired fdifi thd\O
96117951 PCT/ GB95/ 02875 62 grown in LB broth (12) supplenented with the
appropri at e ansplbéns ofoice igjectedovith aninasulum eonsisting of ayequal peopartiennt

~ strains were assessed,. th mut.af j ons. were-&irs r ferr e P22
nedi at ed transﬂﬁﬁ’c‘?ﬁ 1"2'5(?i th ""f‘*ﬁb’l’ﬁm-xf‘i‘“‘a@@“égﬁi‘i ‘ﬂ%@%&?’&?@ strain
of S. typhi nur LD didulence. RS YCd thae i€ nanddeyaasle By LERL.Ii ction -

di gesti on and %outlfﬁaern ﬁyg%:i%jllsatio before use as ino% u%& Lanbda

Li brary Scr¥®ening.. Lanbda (X) clones with. oveflapping insert: DNAs

b ary(14) cHRRR 04 AOE RO Wi A R L bRl i 8 880°0

| yphi muri um LT £ oM celloAnduise! ‘ #eagfe Wl Anlficatin
Sander'son, 'froﬁof e . %gwacc ?,r?\‘(la(lt’qsg %?%%?ﬂogﬁt@g& ' (SGSC“, 'Cchgar%/, _
Canada. 15 MudéhipthelgrabhingleveiadifdhaseahitaitsBine apleaktcan ordeeof nigmstisde sed. '
to. Hybond N (Anmersham filJters, bearing.DNA prepared from |ysates of a .,
set of S. -yphi8ify am"g‘}‘?ta? "-H&%l‘g'&m' Rud- P22 prophages at ‘known
positions g the S. -yphi nurium genui ne. Preparation of -mtonycin-induced
Mud- P22 | ysates was.as described (12, 15). The set of Mid-P22 prophages 20
was ori gi nal | ylrethe endalse orabsinBémssand ypgroups lofl fixn f¢rale BAUBamicsnfA0:2% . from
t he SGSC. -

g in mass were initially inoculated orally (p.o.) or intraperitoneally (i.p.)
. with serial ten fold dilutions of Salmonella typhimurium mutant strains P3F4
and P9B7. After four weeks the mice were thcq inoculated with 500 c.f.u. |
15  of the paifenial wild type strain. Deaths were then recorded over four

weeks.
A group of two mice of the same agé_ and batch as the mice inoculated with
the mutant straing were aiso inoculated i.p. with 500 c.f.u. of the wild type

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

- within four weeks.
_Results are tabulated below: .

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

~ |linitial inoculum in | o. mice surviving | no. mice surviving
e fefuwe first challenge = - wild type challenge
15 x 10° s 2@ . 1

45 x 10° s \ 2 (40%) .




20 Virul ence:-Tes

cof 7 pinitial inoculim in** ' | mo. mice surviving | no. mme survmng

Gel El ectrophoresis and Sout hern Hybridisation. CGel, electrophoresis was
performed in | %,,or 0.6% agarose gels run.in0.5 x. TBE. CGel fractionated
25.. DNA. was transferred to. Hybond Nor N+. nenbranes. (Anershan) -and
stringent.. hybridisation and washi ng procedures (permtting hybridisation
bet ween nucl eoti de. sequences, with 10% or |ess. nismatches) were as
descri bSMOBe1MBI den et al,. (17). For non-stringent condicriGBesosper mitting
hybri di sati on bet ween sequences, with 50.x: msmatches) ..filters were 30.
hybri di sed overni g4t at-42C.in 10% f or gam de/ 0. 25. M Na, HPO, / 7% SDS WO

96/ 17951 PCr7GB95102875 63 and the nost stri ngent step was with 20 nv

Na2HPO4/ 1 % 7 47C DA T gnen[s.useg ST ed with

[""-P]dCTP Lhe - Radpri nk
[ di goxi geni n-11] dUTP and detected

{08 it

goxi genin system

using the 3oehr i nger

“Mannhei m) ac®or diiap. initialhiaocdunewithantunesteiiniP3R4 uct i ons, except that .

hybri di sati on was perforn'ed inthe sarre soI utlon as - that used for

radi oact ievelfg ; e TR
hybri di sati gif"as° i &g preﬂn- ug'[gyng |

Nucl eot i de §&eflinci ng. Restri ctﬁm | eases mwwwgel i hase were

obt ai ned fr g GyRE0- BRE_—Cengrat— _nu'r ETT vimvie :
descri bed |I§ r@gook et al, (§8) Nucl eot|de "&)ng was- per.-
; |msterm nat Ion @thod (19) using Ki

dssenbled with the

Assenbl yLlI Sp;aqbages igde and 15 der.i vet%lsa(rgpm acid Sequ ces. vvere
~.conpar eg Wi+ ropean—Nblecular ogy.lahorat orly ( EMBL)
Jand Swi Qpr X She BLAST and FAS#ASPSgrans of the GOG

package fro f Ty Of VI SCONSTIT (Versromno—tzor—or=tel net wor k.

service at ghe H?”@“iélﬁ?ﬂ(m@c F\Wtﬂ%tﬁ%ﬁé &%AEWrce Centre, Hinxton, UK

Ive

mce (20 25Q9) were

eallv. (] h 10-fold dllutlons

|noculated

15 Jefu. . |firstchallenge. | wild type challenge |
R ',5‘x'10?'-' . 5 - [00% I

4)  i.p. initial inoculum with mutant POB7

- 20 |linitia} inoculum i in ] no. ,miceksurvivin;  no. mice su-rvnvmg 5-
“ et uoo ] ﬁr.strchgllgnge. - wnld type challenge
o7 260%) ﬂ

| From thcse expcnments I concludc that mutant P3P4 appcars to glve some
N 25 | protcctlon agamst subsequcnt wnld type challengc. Thls protccuon appears

greater in mxce tha.t wcre 1mmumscd i. p

J Examr le 4 Identlf' catl' n of a v:rulence_locus encodm a second type

oL secretton sxstem m Salmonella ggghrmunum
0 |

| .Abbrcv:atwns uscd in thls Example are VGC 1, vu'ulence gene cluster 1;

VGC2 wrulence gene clustcr 2.




bacteri a suspended i n physiol ogical saline. For preparation of the,

I noculum bacteria were grown overnight at 37Cin LB broth with shaking
(50. rpnm) '25 and then used to inoculate fresh nediumfor various |engths
of time until an optical density (OD) at 560 rimof 0.4 to 0.6 had been
reached.. For cell densities of 5 x 40" colony. formng units (efu):per m
and abovewyg gdli7osr €S Were concentrated by centrifugati onpendsysrenspended
in saline. The concentration of cfu/m was checked by plating.a dilution
series of the 30 inoculumonto LB agar pk@t es. Mce were inoculated i.p.
with 0.2 in[ WD 96/ 17951 PCT/ GI-|95102875 4 vol unes and po. by gavage with
- the sane vol-u LR were cal cul ated after 28 days
by the nmet hodng'f"'g‘%% il @fu%%rh ‘ H. “Resul ts Localisation of
Transposon | nsertions. The generation of a bank of Sal nmonel la t yphi muri um
mni TO transposon rrut ants and the scrgen used_-.to idenfjfy 43 nmutants with
at t enuat ed - vi r Stlgronelln sxphinusimds s prinsingl agens of 3@%@!‘?’(‘5)1" hypaas pedons and

fl anki ng DNA regions were, cl. d fr. X r

kananmyci n _resié&gﬁgﬁs Brsyﬁtf"‘ﬁ\}@P%sé 1%&10% ﬁﬁ&‘ %ﬁ“%‘é‘%equ lélgg&ljoﬁﬁg%'g 600 bp
of DNA fI aski ngphbRI feke el TBNoNEhE ordd Hhsdula@iba 6f mitd with Shhphirkeraal i son of
t hese: sequences wWith those in the DNA and protein, databases indi cat ed t hat

14- mut ant s restl,nletb@atenamasa&om Mdpwowfllh%%mﬂl antestingttBroughithe infestinah
virul ence genes arQse from insgrti nt W e rltyto-
- known genes’ o'FwF?ﬁ‘i" Vi ERIEERRYLESR B el %F?ﬁfﬁéﬁqﬁ fﬂ‘m&?@r meal nto .
- sequences Wi t Ngukerisi e iih¥aded ?ﬁl{ci-éﬁﬁxgbé‘ t4i) Diléuashily, Ot &itdr dah@bases
(ref. 5 Exanple 1 and this Exanple ‘Three |ines of evidence

suggest ed t hatrcneulmbndahehairqsmo and rthmemloats torathemergaosginshuding whe e fm)

e AR e ot i ¢ ©

fatal bacteremia (3) To invade host cells, to survive and replicate ina

variety of physxoiogncally. stressful  intracellular- ._al_:d,_., extracclluh:
environments and to circumvent the specific ~antib'a_1ctcrial ‘activities of the
immune system, S. ryphimurium employs a sophisticated repertoire of

15. virulence factors (4).

To gain a more comprehcnswe undcrstandmg of v:rulcncc mechatusms of
S typh:murzum and other pathogens the. transposon. mutagenesxs system -

._.dcscnbcd in Exampie 1, which is conveniently called s:enature-tagged

20 mutagcnes:s (STM), whlch combines the strength of mutauanal analysis -
o with the ablhty to follow snmultaneously the fate of a large numbcr of
- dlffcrcnt mutants wuhm a smglc ammal (5 and Example 1 Refercncc 5 was
. published after the. priority date for thls mvennon) Usmg thlS approach we
identified 43 mutants with attenuated wrulcncc from a total of 1152 mutants
: ;‘:725' that were screcned The nucleotlde sequenccs of DNA ﬂankmg the
.mscmon points of lransposons in 5 of these mutants. showed that - thcy werc
d related to genes encodmg type lll secret:on systems of a vanety of bactcnal
- pathogcns (6. 7). The products of the mv/spa gene cluster of S -
ryphimurium (8, 9) are proteins }hal form-a type .1l secretion systeny

30 ‘required for the assembly of surface: appendages-mediating entry into



“flanking transposon insertion points with each other and-with those in the
25 dat abases showed that sonme sequences overl apped with, one another or had
strong simlarity to different regions of the same gene. Second, Southern
anal ysis of genom c DNA digested with several restriction enzynes and
probed with restriction fragments flanking transposon insertion points

i ndi cat effolsbydespone transposon' insertions were |ocated P@q,dnlgg%ﬁﬂgre 30
restriction fragments'. Third when the sanme DNA probes were hybridi sed wO
96/ 17951 PCTI GB95/ 02875 65 to plaquesgfroma S. ryphimrium X DNA |ibrary,
the probes from mutants which the preV| ous two steps had suggested m'ght
be |inked we t %ﬁ"@

mut ant s PQB%ﬁg{nchg%%rllzﬁ(ldj\g\ebgg@ggﬁegﬁe %#ﬁér \r}gﬁ%txgﬁ (P2D6
PO9B6, Pl | C3theRuv/spa@hester is aanda”téiLBhlﬁ:@dwd imcelunBisoadminisveredwiralty s (P3F4
P4F8, P7A3, P7B8,  P7 P8Q3.2, POA, Pl CEé)m and Pl IN) to _cluster. C
(Figure 8). Aogi When given 1['1@P‘-‘;W9%%‘¥Yf( t e senirastothec f mugants o

o ophages. ( Tecniibd byST SR EGNY Afpanlonsl RBcyRRNER 0T (TG

mnute 3% to 31, region (edition Vifl, -ref. 22) (Figure 7),- indicating
that, the t%ugllom re close:tg/ Ilnked or constjtuted one Iargsfaj' :
virul ence | 1s 1’63’@ 3& °dfarbgﬁ@5°“x“EPGWé‘sP@6VeP thesedusters A
B and C contginatk S @gﬁ qlg[g e term nal
regi ons of eacﬁI cl oneidv\gir}ghé&g% pro es I"n- Sou erﬁ {%y satlon
anal ysi s. of mgmnomif‘&e M@ﬁmmuni'bhrombs&nﬁ! Fﬁ%rfdna%l!ﬁlﬁﬂhﬁdkéﬁﬂa t hat
several X clones over]ap.and that, clusters A B and C conprise one

“.conti gudus rEYFHH agd ‘@&ﬂbgmﬁs wcfdcégﬁ%p@dumrhavm@qm S@ﬂllmt)’s region
vere. then ygestnte cﬂéﬁ}?ﬁen&h nédeh reh n E{Jy Tﬁxﬁloéhﬁg%gl 2 ones wer e

cont ai ni ng Inserts r esent jacent -regions

i dentifi ed tragioncwhiehads rdfer fRX4y amﬂcfltﬂgénehﬂﬁdcf BI(NWIGTR) i8fnot pResehtoCcUS SO
t hi s region.was obtai ned by cl.gn .5 kb Ec6RI| XbaL fragnment from a.

| ysate of tHB aviuniero &BW%P?&PW’WMM’SG&'@)M important kacus ferappi ng
-and. Sout hey oy bwRlirflls Jdufihc@nal ysi s were, then, used to

- 15 ‘Materials and Methods

~ Bacterial Strains, Transductionaind Growth Media. Salmorniella enterica
'serotypes'5791 (aberdeen), 423180 (gallinarum); 710 (cubana) aiid 12416

o  (typhimurium L'T2) were obtained from the National Collections of Type
.20  Cultures, Pubhc Health Laboratory Service, ‘UK. Salmonella typhi BRD123
‘genomic DNA was. a gift from G. Dougan, cntcropathegemc Escherickia.

% coli (EPEC), enterohemorrhagic E. coli EHEC), Vibrio cholera biotype El

 ‘Tor,” Shigella flexneri serotype 2 and-Staphvlococcus aureus were clinical

i

‘isolates obtained - from “the Department of Infectious Diseases and
‘25 -Bacteriology, Royal Postgraduate Medical Schodl, UK‘-*‘”C‘C“UﬁﬁC DNA
~ - from Yersinia pestis was a gift from J. Heeseﬁianﬁ." However, genomic

" -DNA can be isolated using standard'méethods. The bacterial strains and the

- methods used 1o generaté signature-tagged mini=Tn transposon‘mutants of
S, typhimurium NCTC strain 12023 liave been described prévibh'sl'y.- (5. 11). |

30 "Rdutiﬁe-propagati:oh“ of ‘plasmids was ‘in E. coli DHSe. ‘Bacteria were



. the presence dypmm I@'FRggmm

25 construct a physical map of this locus (Figure 8). To distinguish this
|l ocus fromthe well characterised inv/spa gene cluster at mnute 63
(edition VI, ref. 22) (8, 9, 23,. 24, 25.26), we refer to the latter as
virul ence gene cluster |I. (VGCl) and have.terned the new virul ence | ocus.
VGC2. Figure 2::shows.the position.of two portions of DNA whose nucl eotide
sequence 30vdawlfesien deternmi ned ("Sequence 1" and " SequencRCRGBIS02¥Is5e

nucl eotide. . WO 96/17951 PC r/ @95/ 02875 66 sequence is shown in Figures
| i and 12. Mapping the boundaries of VG2 on the S. typhinurium -
chronopsone. Nucl eotide sequencing of X clone 7 at the |left hand side of
VCC2 reveal ed ghowiGnPLBSrfe (02) sdppMitentedadith ghé rapeofiiiE) antibisticsdeduced,
am no acid. se uence |s over 90% i dentical to the derived product of a
segnent of t heBefprpprrgence davels of dndividval Jaufant, siraigs overenassgssedy the

EcoRUXbal cl on MEirfed he
presence of anﬁ%‘ﬁ%ﬁe?@%@gwn% %qéﬂs'g'gﬂ@%ge I'S g‘\%&ﬁﬁq tb

90% i denti cal - i RxNdiXt @cidNsensi@ve 'pavémsl Istain Bf Soldpkinaeiles 1p028he pykF -
gene (27). On the E. toll .chronosoie ydhEand PykF are | ocated cl ose to ane -

anot her, at5 ni hransdactants wrezayalmde\mh Festrictipnr (digasting . BRA Southesmt s
distributed th of re used as probes in non-stringent
Sout hern hybr?i&x%{g!lf%? %ﬁé&y o'fw%u dII ‘and S. typhimuri'um genom ¢ DNA:
Hybridi sing DNA 15 fragments shovved that a region. of appr oxi mately 40 kb -

conprising VG2 was absent fromthe E. coli genorre and | ocalised the
boundari es of MapbdatbibwaryiSeraening.( rhagnhc& O classpuith swerlappingdnsastat i on

f the Xbal ! h d_of F h, |
Tp of known' MRS BB Yo VelR ot B sBhasrdcRelod QS ok ore” €
(22) enabligs a\IBO A&y Q9) c%ﬂtaﬂfmé%ierm fehes [Szﬁublesquﬁéeét%f ¥GC2:

Structure-of VGC2. Nucleotide seq;enm ng of portions of VGC2 has reveal ed

PNATheTigdibrart ovas ebtaingshnmixiRat el y 26
el o S e w?@zghﬁ?tﬁ‘cis?o& CEadETRRE, s

Canada.

15 Mud-P22 Lysogens. Radiolabelled DNA probcs,were.. .Lf__;ybridised to
Hybond N (Amersham) filters be_aﬁng DNA prepared from lysates of a set
 of .S. typhimurium strains harbouring. Mud-P22_ prophages at known
- positions in the ,S._ typhimurium gegome._‘ Preparation of mitoygyci_g_—ihdﬁeed
| Mud-P22 lysates was as described (_12,,,1.5).._ The set ,-.oE-Mud-P-22 prophages
20 - was originally assembled by Benson and Goldman (16) and;_wa}s_obtained
from the SGSC. | |

. GelEléctropheresis axid Southern Hybridisation. Gel electrophoresis was
o performed in 1% or 0.6% agarose-gels:run in 0.5 x TBE.. Gel fractionated
25 DNA was transferred to. Hybond N or N+t membrancs (Amersham)-and

. stringent. hybridisation- and washing proceduses ._(pcn;mltu_ng hyb_ndlsatlon

. between :}ue'leglide_ sequences, with. 10% . or less mismatches) were as |
Fi@,scﬁbed by Holden et al.. (17_)., For nbﬂt-?‘ﬁ"-gs?ﬂ,! conditions (permitting
" hybridisation between, __:_seqt_x-ences-; A_\_}Viih 50% -mismatches)  filters were -

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



Sal nonel | a genone- (30). The conpl ete deduced- ami no acid sequences of ORFs
1-11 are simlar to those of proteins of type Il secretion systens (6,
7). which are known to 30 be required for the export of virulence
determnants in a variety of bacterial WO 96/17951 PC r| GB95/ 02875 67

pat hogens of plants and animals (7). The predicted proteins of ORFs 1 - 8
(Figure wooegf@sisi mlar in organisation and sequence to pafRcRéGAsELS of the
yscN- U genes of Yersini apseudot uberculosis (31), to invCspaS of the -
inv/spa cluster in VG of Sal nonellggyphinurium (8, 9) and to ,5

spad7/ spad0of .t he spa/taxi cluster of Shigella flexneri (32, 33, 34, 353.

For exanpl e . i gted.aeadl : L,guhe~8) is 50%

i denti cal tgﬁa\}g}:ﬁgﬁﬁg %ﬁﬂggnetﬂﬁgéd{‘ﬁrggﬁégﬁ %gi S. {&%ﬂﬁ?ﬁ?‘;ﬁ §_e[?§iagg?e?b Spa9 from
S. fl exneri D06S)fragmeds Usediantprobds wercSpatiRlled WHTI[“PIdCSTP asiphitherri um (9) .
The predict rotein produyct of ORF9 s .closely related to the LcrD famly
10 of protei mnsthq sxsqmi(ﬁémewgerbiwpngﬁmghwﬂ and datecterh) | 39%

(29). Phrt e A Diporlgel Bheien Wocflpd Maddhefn) bledfilg MOME | “Eg,

8 indi cdl e imianbfablieens’ REtrabishs) eRécpit thdt hybrididatioh vaasesforfiedith@ie t 0 Y.
enterocolitica Yscy (37) a lipoprotein |ocated in the bacterial outer 15
menmbr ane, wHamME sglption as that ysed for radiqaghvelnlaballed prokss. GegemiDNA the Pul D

o thy sanshrs BRpRAERR Solilera Ribfiisai0n SabeiR bRl iy 69, ., 0o i

protei ns ‘conprising two conmponent regulatory systens (39). There is anple:

~coding capacity for further genes between ORFs _9:and 10, ORFs 10 20 and
+ 11, and bet uiyClomingand Nucleogide Sequencing. Bestviction endgmuidleasesonser ved

, 20

anong SRS hiylaCe:t O I ‘ <A kb l_indLll fragnment
| ocat e Imjalt %ﬁe?gg?#rﬁ‘eh%%c\@ ?cgﬁéggeﬁérﬁ%%??g PSE%H]&%[ thee
simlarity Hiclogpttedinfiques wéte daddseribdinoSanbroditakdsER). Rbclddtidsed as. a
probe in Southern hybridisation analysis of genonmic DNA from Salnonella.
serovars arf§queneng pas msglonmed iyctherdideqxy ghaia. termumptiommacthod (19)
- using a T7 sequencing kit (Pharmacia). Sequences were asscm_blcd‘with the
MacVector 3.5 software. or AssemblyLIGN packages: Nucleotide and
15" derived amino acid sequences were compared with those in the European
Molecular Biology Laboratory (EMBL) and SwissProt 'databas_e's_ using the
'BLAST and FASTA programs of the GCG. package from the University of
Wisconsin (version 8) (20)-on the network. service at the Hmj]an Genome

Mappi ng Project Resource Cenire, Hinxton, UK.

Virulence Tests. Groups of five female BALB/c miica-,v :(2{1;_25g)~w¢re

" inoculated orally (p.o.) or intrépcritoneally (i.p.) with lO_—fi('ﬁd‘.&ilu_tions of

bacteria suspended in physiological sz_xlirie.. ‘For prcpa;fatign of the inoculum,

bacteria were grown overnight at _37°C'~in'LB broth with rsh,akil.zg (30. rpm)

.25  and then used to inoculate fresh medium for various Iengths;of'.t-img_,until.‘gn

- optical density (OD} at-560 nm of -0.4.- to 0.6 had been reached.. For cell

R densities of 5 x 10° colony. forming units (cfu).per ml and aﬁévc,.cultufés

were concentrated - by ‘cznt-rifuggt—i'on__.-._and..1resu_sp_cnded in ‘.jsaiinc. The
‘concentration of ‘cfu/ml was checked: .Lby"p!-ating a dilution series of the

30 inoculum onto LB agar plates. .Mice were inoculated i.p. with 0.2 mi



fragments hybridi sing under non-stringent conditions showed that VGC2 is
present in S. aberdeen...: S. gallinarunl,..S. cubana.:S. .tvphi. and is’
absent from EPEC. EHEC. Y pesos, S.flexneri. V.. cholera and S. aureus.
Thus 30 . VGC2 is conserved anong and is likely to be specific to the
Sal nonel | ae. - WD 96/ 17951 PCT/ 6B95102875 68 To determne if the

or gani sat i Q’P ‘{é %ﬂe locus is conserved anbng the Sal nonel par/@asssayss
tested, str ‘ﬁg 'ﬁ' Sout hern hybridisations with genomic DNA digested with

two further restriction enzymes were caryied out. Hybridising DNA
fragnents shovved that there is sonme het eﬁ‘bgenelty in the 5 arrangenent of

restriction “sites between S. ' typhl nurium LT% and al li S
cubana and S. qupmcs amd p.o.cby gypge with thersapicevolyme ﬁéﬂ%‘ﬂ‘é‘?‘ur{f@%gﬁs’ t yphi
cont ai n addi t| br| ﬂféﬂ, R_BY her
Sal nonel | ae ex %ﬁ'éslg n’d{'}?g‘i?géisg? of - Vi oF havgul gelg'%ﬁnéﬂ

duplicated-in (tzll se speC| es: 10 VG2 is- reqw red for virulence in. mce.
Previ ous experi rrents showed -that the LD50 values for i.p. inoculation of
transposon nutants P3F4, P7Q&, P9B7 and Pl 1C3 were at |east 100-fold

greater thqjtnt e wild type.strain (5).. In order-.to .clarify the inportance
of VGC2 in ss of infection, the 15 P.O and i.p. LD50 val ues for
mutants P3F4 and P9B7 were deternined (Table 1). ‘Bot h-mutant's ‘showed a

reduction in virulence of at |east five _orders, of magmtudfe b itper
route of inoculatalisation ob Hransposonvinsertions. pEhée geperaton gi,a %‘H&% -‘

- profound attenyation.,of virul.ence.h
denonstr at es t@fm’?@ ‘WW&E{M'@H“VB‘EW%‘%‘%%“ |a91?w%| ve 20* pr ocess
after epithel ig I(ﬁﬁl}tl P& Ghi@hisOWithn aldhial mmﬂenciahkva: been LdBanbed ues of{")
S. typhlrrurlumstral LDS6 (cfu) Strain i B 25 .12023 ld type
4.2 6.2 x m) ﬁ&ﬁ;buklyS(&JjOGI‘mﬁmgns and flanking NA reglons 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
15 - transposon insertions into previcusly known virulence genes, 7 arose from
- insertions into new genes ~with similarity to known genes’ rof_ 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}.

fﬂw
(&)

20
Three lines of evidence suggested that 16 of 19. transposon mscrtmns mtq |
" new sequences were clustercd in- thrée regions.of the genomc, initially
‘declgnatcd A, BandC. Fxrst comparing nuclcoudc sequences from rcglons
“flanking transposon insertion’ points with- each other and-with those in the -
25 databases showed that some sequences: overlapped: with-one another orhad
 strong mm:ianty to different regions of the same gene: Second Southem.-
“analysis of genomic DNA digested ‘with several restriction: enz_ymes and
-~ probed “with restriction fragmenits flanking transposon - insertion points
indicatéd “that some 'ifahspc;S'On-‘-'- insertions were located on: the same

30 festriction fragments; Third: when the same’BDNA: probes were hybridised o




POB7 >1.5x106 >5x109 «cfu, colony formng units WO 96/ 17951 PCl1l/ GB95/ 02875
69 . Discussion A hitherto unknown virulence locus in S. ryphinmurium of
approximately 40 kb located at mnute 30.7 on the chronpsone by mappi ng
the. insertion '5,.- points of a group of" signature-tagged transposon

mut ant s \%i{th attenuated virul ence has been identified. (5). This locus is
referred YOI ul ence gene cluster 2 (VGC2) to di sti NRCA/EBOSOR8TSr om t he
i nv/spa virulence genes. at 63 mnutes (edition VIII, ref. 22) which we’
suggest be renaned VGCl. VGC1 and VGE45 both encode conponents of type Il
secretion systens. 10. However, these secretion systens are functionally

di stinct. C)‘to]{ﬂaqwsaﬂbﬁld&a@pﬁlnﬁﬁﬁmfz NIDNAEBfdry Ofhe probésOfromemugmies (ref. 5
and this exarrpl t&le mapped 't ot he sane regi on of the chronosone. It

i spossi bl e  Whigh mrcvmgs M'Eeﬁepfi bad seggestedpnighe be dinked Iwere fiowr@Oon.
Alternatlvel €, |l ec ysed .t nts with
at t enuat ed v; e?é:g) é?a@gg‘%%ﬁﬁﬁlﬁb fwémﬁ'@%@yﬁeﬁ?w i gh. LDw
val ues for \ﬁﬁasuigaawcmhem five wkithits (PXD6, PIBE B ICE Ml Y unknown
genes, ;yty nmutati-ons; in t hose of VGC2 resu1 in a de?mee of attenuation

suffi ﬁl e ft%l M1 Q)ctoshustesdB iand ime mﬂ’-’t%é"fﬁﬁ i &ﬁ,eﬂﬂfms f
‘ VGC2
i ght st em (A8G1% PYGE BV hed PR ferodel § GHRURBL®  han a1 1 ve ani el

nodel of. i nfection. A previ.ous study Whl ch identified regl ons of the S.
typh| muri um_LT2 chr onosone uni que to Sal nonell ae (40) "1 ocated one such

r egl on (RF3§§ybm®SaﬁmfeEN3‘Op®bcs fram thiese threo clusterr@aysates/ froor a sstpond t o

| ."f'_VI rul engletg(ﬁ?gqﬁ’fpﬁé’\f/\'%%ﬁ’g’o %@W %HW@H’PP %nﬂ\,/egléﬁ-olré)syst ens

encoded 10y tshowiil Ithhcie hrde! RSMwdfe Ml 1581t5d th Th RinuSBOR) bR regidne! | as
with ,VGCl .of Salnonella indicates that VGC2 encodes the. ‘basic:

structural desiiondlk ref. Zm@@rgéhrledl@m}ngﬂmm thsee Jogt weer closely t he or der
Of ORFS 1- 8 yfiRed/ g?%on?ﬂtup:ﬁ one large wrulencc locus. To determine if any of the

A clones covering clusters A, B and C contained overlapping DNA inserts,

. DNA fragments from the terminal regions 'Qf- each clone were used . as
15 . probes in Southern hybridisation analysis of the other X clones. Hybridising
- DNA fragments showed that several A clones m)er}ap and that clusters A,

B and C comprise one contiguous region (Figure 8). DNA-fr_agmé_ms from

‘the ends of this region were then used to probe. the X library to identify

. further clones conta'ining- inserts representing the adjacent regi&;ns-._ No X

20 clones were identified that covered the extreme right hand tcrmi-r_)u-s--lof; the.
locus so this region was obtained by cloning a 6.5 kb Ec6RI/Xbal fragmént

.«  from a lysate of the Mud-P22 prophage strain TT15244 (16). |
Restriction mapping and Southern hybridisation analysis were then used to
25 construct a physical map of this locus (Figure 8). . To disti-nguish this locus
from the well characterised inv/spa gene cluster at minute 63 (edition VIII,

ref. 22) (8, 9, 23, 24, 25. 26), we refer to the latter as viruleﬁce gene

- cluster 1 ( VGCI) and havc termed the new virulence locus VGC2. Figure
2 shows the position. of .two portions.of DNA whose nucleotide sequence

30 has been determined (“Sequence 17 and “Sequence 27). The nucleotide



WD 96117951 PCU6B95102875 70 sane as the gene order in honol ogues in
Yersinia, Shigella and VG of S. typhinmurium The fact that the

organi sation and structure of the VG2 secretion systemis no nore closely
related to VGCI than to the corresponding genes of Yersinia, together with
the I ow G+C content of 5 VGC2 suggests that VGC2, |ike VGC1 (40, 41, 42)
was acqui nedserimsiependently by S. typhinmurium via hori zonPGI/GBIHA8HE ssi on.
The proteins encoded by ORFs 12 and 13 show. strong simlarity to
bacterial two conponent regulators (39§6and could regul ate either ORFs; 1-1
1 and/or the “secreted proteins of this system 10 Many genes in VGCl have
been shown t0sbechBPR YiRfin fiPFighed Y1 @hd 32, typhinuriuminto epithelial
cells. This protess requires cterial contact (2) and results in

cytoskel etal rearrangenents |leading to |ocalised nmenbrane ruffling (43,

44) . Th | e_of VGCI dits., LeLion.t hi 8. ‘ |_nf [
'3 ef lect ad- Menias gpp howntarier 9F MG CoIQH s Mafini o Hrokiomel 5| 0"
BALE/ ¢ nice i m&woﬁhgq?%e??mgeé@é \ﬁ% THE @RtSh AAAd SidetdfevGatrevbdéd VCC!

e
mutants show no 10SsS 0 , n admni steredd i.p, (8), The second
observati ofi atiopeseici oanbpemocadaly frame EORE) wdiose dodusedeaming ackdir screen
(5). In contrast, mutants in VGC2, are profoundl ttenuated fol i ng both"
p.o. and i.p. SequUEBES F%?Y@@%H%“Z%Lﬁ% B}enélqr}vegr#qoagﬁt\;% ,sc%cr\’&liﬁgs L
required for yj e_ ki M t : ithe 608 kb PESTR/XBAT SldnedUl . . ,
t hese fi ndi ngi’%%u ﬁ%’fﬁ 8?(2%‘1%%63&? 3‘?@1:?\%?&%‘/@5@% nthis early stage of
i nfection. Théggimensoriks yvightlidgidé bf VIGE2 revealedtbe preseote oban ORF -
si ghat ure-tag.g_eg_. 25 transposon nmutants an the rranel‘l i %éﬁ'hj murium ...
chrompsone | chose prediciedcaring; aid i seAuenceqs QyeRI90cp Hdrical WA st er 4 )
m nute 30,4. 7This.l| . 1,57:C /8, anD I t e, SHgpe! B asspeci es i
- exami ned,l(gut Hh?;e p}fég};ﬂ call‘neq{aéagéadr/i t?‘%?g’(gfta crn_Q pat hogeni c bacteria or in
Escheri chi a cehiontdsdme PHHE @0l pileF ardeened cipsefto anpanoihen atfmirwes3T ocus
reveal ed |l open reading 30 franes: whose R{edfi ct edéar.oteﬂnésd‘e_codﬁ-
conponent s _of 38381 Elevsaciatpwsriapping DNA tragmen “distributed: along the
" length of VGC2 were used as probes in non-stringent Southern hybridisation

ah'a'lysis of E. coli-and S.  typhimurium genomic DNA. Hybridising DNA

15 fragments showed that a region of approximately 40 kb compriéing{VGCZ
“was dbsent from.the E. coli genome and localised the boundaries of VGC2

" to within 1 kb (Figure 9). -C’oméaris’on of the location of the Xbal site close

" to the right hand end of VGCZ‘_(Fi“'gurc 8) with'a map of known Xbal sites
(29 at the minute 30 region of the chrémosome (22) enables a map position

20 of 30.7 mintes to be deduced for VGC2. ~ - &

J

N

Structure of VGC2: Nucleotide 'sequencing of po_rtié’n‘é" of VGC2 has
revealed the presence of 19 ORFs (Figure 8). . The G+C content of
approxiﬁiétely' 26 kb of nucleotide sequence within' VGC2 is 44.6%,
25 -';:Om'pa'r'ed t6 47% for VGCI (9) and 51-53% ‘estimated for:the entire

-~ Salmonella genome (30).

. The completé deduced amino-acid’seqiences of ORFs 1-11-are similar to
- those of proteins of type HI secretion systems (6. 7). ‘which are known to

‘30 be required for the export of virulence determinants in a'variety of bacterial



WD 96/ 17951 PClI'/@B95/02875 71 system To distinguish between this and the
type I'll secretion system encoded by the inv/spa invasion |ocus we refer
to the inv/spa . locus as virulence gene cluster | (VGCl). and: the new

| ocus as VGC2. VGC2 has a |lower G+C content than that of the. $al nonella

genone a% s _flanked by 5 genes whose products share greater than 90%
I dentity H PShose of the E.  coil ydhE and pykF genes.PCIVGEISNEBI® was

probably acquired horizontally by.insertion into a region corresponding to

t hat between the ydhE and pykF genes gy E. coli. Virulence studies of
VGC2. mutants have shown themto be attenuated by at |east five orders

of - magni t udepathogrars ed phirtthanchaninialsd(7). Ihel predictdd pioteihs lor ORFY] ogal
orintraperit eaI nocu[atlon Ref erences for this Exanple 1.. Carter, P.B.
& Col lins, 1@7"4’)3 symilgs, i ongapisatiom and sequenzo o the praductaaktichi , A

(1967) Am. 'cﬁ@‘t_; . |nI 199 rr Top

M cr obi ol. ‘I]ynﬂ"runolhgé"f@? ’l’ég&i%?}em% ﬁl? tnvs, g&ﬂm

(1994) T encisv,fyparollusmf in2, VGQS%Q%M@MH&WM::MM 2 9)Jakd a eeSO“
C, . Jone§ Dalton. E. & 20 Holden, D.* 1995 ci ence- 268 400403.

sal mond, G F’%“"@Pﬂéﬂe@éﬂw pafmxi ¢lustog pf Smmlaeﬂmmaﬁ, 33;.34 88,). 7- 12 7:
175. ?sbsege?"g °m9@i‘i" Rfed?ﬂ#a%%?%? gsq"ﬁsge ng@{ 52? re%Lfs{s" bVASLd .
. 'VEt hods Enzmlprgzﬁétcd\ﬁ?ot%q( oguc]l ofgﬁl@&?s‘r’élgszc y related to the Lch famlly
10 of proteins with 43% identity to LerD of Y, enterocolitica (36), 39%
identity to MxiA of S. flexneri (32) and 40% identity to InvA of VGCI
(23). Partial nucleotide sequences for. the remaining ORFs shawn in F:gure
8 .indicate: that the predicted protein from ORF10 is most sxmxlar to Y.
enterocolitica YscJ (37) a lipoprotein located "in the bacterial outer
15 membrane, with ORF11 similar to S. typhimurium InvG, a member of the
. PulD family of translocases (38). ORF12 and TORIFIS.show éigniﬁcant'
- similarity to the sensor and 'regulatory subunits respectively, from a variety
-of proteins comprising two component regulatory systems (39). ,_.There is
‘ ample coding capacity for further genes bctwécn ORFs 9.and 10 ‘OR'Fs 10
) 20 and 11, and between ORF 19 and the right hand end of VGC2..

VGC2 is conserved among _and,:is_specific‘ _to.ﬂthe. ,Sabuc?néllaq.-:- A2.2%b

- Pstl/HindI] fragment located at the centre-of VGC2 (probe B, Figure 8)

| - l-ackir.lg_{sequcnéc' siinilarity to entries in the DNA and protein-dataﬁascs. was
‘.-25-: used .as.a probe in Southern hybridisation 'ana'lysis of genonﬁc DNA from
Salmanella serovars and other pathogemc bacteria (Figure. IOA) DNA
fragments hybridising under non-stringent condltlons showed that VGC2 is

-« present:in S.-aberdeen; S.. gallinarum,.S. cubana. S. Ayphi_ and. 45 absent
from EPEC. EHEC Y. pestis, S..flexneri, V. cholera and S. “aureus. Thus

30 . VGC2 is conserved among and is likely to be spe;cnf ic to the Sa[maneilae;
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gallinarum and §. typlu contain additional hybridising fragments to those
" " present in the other Salmonellae exami ined, suggestmg that regtons of VGC2. |
‘have been'duplicated in these species. R | (:}
‘VGC2 is required for virulence in mice. Previous expériments showed
‘that the LDy, valués for i.p. -iﬁocu'lali'on' of transposon mutants P3F4, P7G2,
PIB7 and P11C3 were at least 100-fold greater than the wild type strain (5).
' Inorderto clarify the 1mportanCc ‘of VGC2 in the process-of infection, the _
15 p.o. and i.p. LDy, values for mutants P3F4 and P9B7 were. determined
“(Table 1). Both mutants showed a reduction-in virdlence of at least five
'drders' of magnitude by either route of inoculation in comparison with the
~ parental strain. Tliis profound attenudtion of ‘vimlcncé'-by'vboth" routes of
‘inoculation demonstrates that VGC2 is required forevents in the infective

20° procéss'"aﬁcr‘epithc‘lial‘oell'penctrﬁtion-*in BALB/c mice. - ¢ - Z)

-'I‘able 1. LJ)S0 values of S. typhrmunam strains.

! e e ‘ LD“ (cfu) ,' 1‘
| | f‘_:SAtréin — - T | e L
25 (1203 wild ype | 42 | 6.2_;&’104’
, R sk | ssxe
| Teomr | sisxir | >5xI0f

. cfu, colony forming units
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: Vanoot eghem, J, C., Lanbert de.Rouvroit, C., % B., Qustin,
A. Boudr§ points ebargroug of giguatyregagged) tramem |rmuants wih auemmog 38.

Kani ga, K., CI’ObI 555 568:

39.. Ronson, #@%%‘9 hﬁ]b"g“ '5%@6335% Iﬁﬁég’é‘%’%?&f@t’fﬂg‘? “&58‘“‘%0 579- 581.
: . ;. cluster 2 (YGC2)- to distinguish it from the inv/spa virulence _g(:nes~ at 63

‘minutes (edition VIIL, ref. 22) which we suggest be renamed VGC1. VGC1

and VGC2 both encode components of type III secretion systems.

. ‘\“'-_‘ !

10 However, these secretion systems are functionally distinct.

-Of 19 mutan'ts,that-arose‘from insertions .into .néw genes (ref. 5 and th-is-' _
example) 16.mapped to the same region of the chromosomc .{t is. possiblc
that mini-TnS5 insertion occurs preferentially in VGC2. A[tcrnatwely, as the

15 negative sclcctlon used to identify mutants with attenuated virulence (5) | was

- very stringent (reflected. by the high LDy, values for VGC2 mutants) it is

_possible that, among the previously unknown genes,-only mutations.in thos,c‘-
0f VGC2 result in a dcgreé of attc,ﬁuation sufficient to be recovered in the

- screen. The failure of previous .searcheé.. for S.. typhimurium ._v.irﬁlcnce '

20 . determinaits to identify ' VGC2 might stem from reliance on cell culture

S

. assays rather than a live animal model of infection. A prcvxous study which

. identified regions of the -S. typizxmurmm LT2 chromosome ‘unique to
Salmonellae (40) located one such region (RF333) to minutes 30.5 - 32.

~ Therefore, RF333 may correspond. to “VGC2, altheugh it was not known

- 25:: that RF333 was involved in virulence determination. ...

.. .. Comparisons with the type 11 secretion _sys,tenis,,eﬁncoded by the ,\(ijrule‘nce'
" . plasmids -of Yersinia and Shigella .as well as with VGCI1 of _Squanella-
indicatés that VGC2 encodes the basic structural components of the .

30 . secretory épparatus. Furthermore. the order of ORFs [-8 in VGC2 is the



WD 96117951 PCT/ GB95702875 74 40. G oisman, E. A, Sturnoski, Ilvi.A,
Solonon, F.R, Lin, R & Ochman, H (1993) Proc. Natl. Acad. Sci. U S A
90, 1033-1037. 41. Altneyer, R M, MNern, J.K. ,. Bossio, J.C,

Rosenshine, 1., Finlay, B.B. & Galan, J.E. (1993) Mol. Mcrobiol. 7, 89-98.
5 42. Li, J., Chman, H, Goisman, .E A, Boyd, E F.,. Solomn, F.,

Nel son, K. woSgimsder, R K (1995) Proc. Natl. Acad. Sci. UESNGB250287S
7252-7256. 43. Finlay, B.B. & Rauschkowski, S. (1991) J. Cell Sci. 99,
283-296. 44. Francis, C L., Starnbach, MgN & Falkow, S. (1992) Ml. 10
"Mcrobiol: 6, 3077-3087. Exanple 5 ldentification of 'virulence eenes in.

St rept ococcus sty FASHES Vg eni ent
t ransposon systsgﬁ]%%gb%Q% %g?%i ent Wg?/c%f& lWf:]rrﬂe'f'fl'Eﬁ'i ﬁg@?ggggg \rfgtﬁéﬁc&/ of

St rept ococcus [Sheyphimisiani.s The factahat theergamsatibmind striaurenof tge¥ie€2s
(Morrison et al (1984) J. Bagteriol. 159, 87_0]., nd% @{murmni ae DNA
fragments: of SEICHON BYSUUN| Is J@ TRRRSe Clgsely W’é"éﬁgtﬁic Fedei e with a
restriction enz _ - G Al Sh ' , i moc, . by
Gel  fracti onat FoTespindife, BEntt 4 YeRiniay IGkeR QIR 16 GPEC SaiR6r
fragnents afe N@GAResuggess tpltaVGQ2,pIiREO VGRERr (40, e8]l al42)1988) abddplired _
~Mcrobiol. 9,1037: which carries, the ermagene for erythronycin selection
'n E. col i andindspepiRmilida Scpphingiran Si horirempl ransnligsion. SHsIatein of
DNA sequence. tags. i.At Q..o f.q4 e, p id i oGhioNE 00, Si e ' size
~of cloned S.. %ﬁé‘fﬂ%@nﬁ 6585'%_ iégﬁldgﬁé‘f %%nwg é’nq‘é"ﬁﬁ&h%"?ro'ﬁ%g%&ﬁ“s? i
~reconbi nat'i on. campon@ttuegifaturs (3Psad tauly regilagaiihicaORBs 2411 and/or the
unrepresentative library in E_ _coil :(expression of S. . pneunoniae proteins_
can be toxic tseqetedqupieins ofthiesysdeMyve vectors carrying different

Tagged i alff abF, sEhR AR HinE MRk FhoNR (S iibgRaRe T bnep oS-

typhimurium into epithelial cells. This process requires bacterial contact (2)

/ﬂ‘)’-«

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 s reflected in the approximately 50-fold attenuation of virulence

15 in BALB/c mice inoculated p.o. with VGC1 mutarits and by the fact that
' VGCI mutants show no loss of virulence when administered i.p. (8). The
- second observation also explai_ns' why no VGC1 mutants were obtained in
our screen (5).. In’ contrast, -mutants in - VGC2 are profoundly atteﬁuated

“followinig ‘both p.o. and i:p. inoculation. This shows that. unilike VGC1,

N

120 VGC2is required for virulence in mice :'after-ﬁpithélial-t:eil ‘penetration, but’
* -thiese findings do ‘not exclude a role for "VGCI in' this early stage of

‘infection.

o Thus in{'su'mm'ary mapping the ‘insertion ‘points of 16 signature-tagged
25 transposon mutants on thé Salmonella typhimurium chromosome led to-the
identification of a 40 kb virulence gene cluster at minute 30.7. This locus

s - is conserved among all-other Salmonella species examined. ‘but not present

"'in a-variéty of other- pathogenic :bacteria or ‘in Escherichia coli- K12.

Nucleo’tide'sciuencing_of a portion ‘of this-locus revealed 11 open reading

'30 - frames whose predicted proteins-encode components of a type 111 secretion.



WO 96/ 17951. PCI'/6B95/ 02975 75 appropriate S.' pneunoniae strain sel ected
on the basis of serotype and virulence in a nurine nodel of pneunobcoccal
pneunoni a. Regul ation of conpetence for genetic transformation in S.
pneunoni ae i s governed by conpetence factor, a peptide of 17 am no acids
whi ch hasy characterized recently by Don Mrrison' at the
_University g"?ﬁﬁql Inois at Chi.cago and which is descri begcg{ﬁﬁg

Coomar aswany and Morrison (1995) Proc, . Natl. Acad. Sci. USA 92,

11140-11144. Incor por ation of mnute a&ant ities of this pepti de in
transformati exp n.ts.lﬁ ds to vgiqu efficient transformation

frequenci es $¥F fHeIsHAagWs WeeR |4 the; dyps I Wr@wmmm ae.

Thi's overcongg 7 e S s_and the

~availability o?(ﬁiteﬁ?yo ﬂé"p?’l’%@‘gr‘ﬁe‘&sfyﬁ w&. l11at eélmJt h@écg{r‘l’s E}Chgﬁ“of S.
pneunoni ae nuiralencd geks chstirdl (VBE 1) hadithé newlotus s NG V@ez&taka' n(s) to

-be mutated. A ro&o(r#ll on of transfo(riﬁran are anal ysed to verify 15
honol ogous i ﬁll%'g?r fn content,thagthat,af  geaqmecanscis dlanked byt abi i ty.

The very 4o ' _ ner

"insertion= %é'fé\é?{é't‘%rﬁﬂ sﬁértﬁgﬁér]neﬁgﬁ%} ﬂialii pemwg%ﬁ ﬁﬁ%%ed regi ons
will be shocah yMawpymgendsoerGCm\h&s bﬁbﬁblﬁcq&ﬁwhﬁhﬁﬁnthﬂ

unaccept abl vy, h; antibiagtic selection is maintained during grovvt h of

t he transfor%msg ‘OZ'O‘“F%aé‘EBl@GIC@ﬂ&ﬁRPWE tythat botwrecnithe ndhBandpykF (b) -

Ani mal rnodel RRGY or.qani, zed nt o- ool s for '
i nocul ation %nto vm"lsz’g a g@c&i@%gﬁ‘%éf% HA¥E show ®rents are
_-eonduct ed t che Aferbated by AEldabiefi o bidBiNof anEdmidE odip ai'&?wxmot%ﬁ?r@d‘d the
optimumjnocul um | evel .~ One attractive nmodel utilises inocula cfu,

del i ver d@ bytypstrin fallowing wealardstreperitanpel inoculation. 1993) J.°

-Antim crobi al Chenotherapy 31. 473). = Swiss m ce devel op acute pneum)nl a
within 3-4 days, and C57131/6 mice ‘devel op’ subacut e pneunmonia within 8-10
days. These Mm&fomﬁglﬁxﬁﬂp:@f infection yield 10" cfu/lung (Veber -et
-al (1993) J. Antimcrobial S '

Carter, P.B. & Collins, F.M. (1974) J. Exp. Med. 139, 1189-1203.

.
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, 3. Hensel. M., Shea. J.E.. Gleeson, C., Jones, M.D.. Dalton. E. &
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25 8.. . Galan, J.E. & Curtiss, R. (1989) Proc Natl. Acad. Sc: U.S.A: 86,
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WD 96/ 17951 PCT1GEB95/02875 76 Chenotherapy 32, 473) at the tinme of death.
“If required, mce are also injected intraperitoneally for the
identification of genes required for bloodstreaminfection -(Sullivan et
~al (1993) Antimcrobial Agents and Chenotherapy 37, 234). 5 (c) Virul ence
gene identification Once the parameters of the infection nodel are

opti m zed, VO paIt7a5t bank consisting. of several  thousand s PCHIGRES2875
subjected to virulence tests. Mitants with attenuated virulence are
identified by hybridisation analysis, 107dsing | abelled tags fromthe
“input' and “recovered' pools as probes, If S. pneunoni ae DNA cannot be
col ony bl otted easi Bg6-4fl5t onosonal- DNA is- liberated chemcally. or

enzymatically in the wells of microtitre dishes i_0] totr fer nt o
nyl gn nmenbr a%esl 2ysi Rgvis, Rl Hosteiap ar&iRath, mpéllgghkﬁﬁﬁa" ’5@5 at ed

lasmd is cloned b | £C i r Harb 84) J.
IEB)act eri a: .. 159, $7g§e?ze§§.g] gg@ﬁ?ﬁ?@ﬁiﬂéﬁdmﬂ% 1 m@lﬁﬁnﬂgg 66,754

constructed in apprppii.ate vectors maintained in either E. coIt or a

Gram positive host strain, and are probed wth restrlctl ‘
flanki ng the id8egr A’t"édb?il» EMi. dBrent; Bol Bingstasy; HiEe M"PCFF’ 3% ‘!n,hl chis

then fully sequencegt(? utlﬁj ejch‘le 4P ﬁﬁhﬂl Ilgd C‘?l?ﬁémaﬁfcggfd -in 20 4v

Exanple 6 ldentific Vi fice genes 1 n rococcus ecalis (a)

Mut agenesi-s Mit age”mlécﬂ&rﬁto dg)ev%lﬂsldh& Mﬁ?@ﬂlﬁiﬁdlﬂ@m@ww&m d pAT112
or a 25: derivative, devel oped for this &rpose pATI 12 carries, _genes

for selection l#n bM&urG,aRn,r%mnd;é?'th Wonga A-of Botstghl, ¢ he
att site .of Tnl545 fore i k£S5 the presence in the host strain..,
of the integrase for é?g‘@sge@?’ﬁsoi@qg %f stabl e, single..copy.inse.rtiong J
- are obtainggl ifs thewﬂwa&mmﬂﬁsngion@om aBfevdt, RAL1 SHRRRRe NIPNE Elidtgu- Cuot

et-al (1991) Gene 106, Recoverg/ of DNA fl anki ng the integrat ed
plasmd is acconpl i %eﬂlm) Genencs 118, 581-592.

16. Benson, N.R. & Goldman, B.S. (1992) J. Bacteriol. 174,
1673-1681. ‘ . :
© 17.  Holden, D.W., Kronstad, J.W. & Leong, S. (1989) EMBO I, 8,
15 1927-1934. o |
18 - Sambrook, J., Fritsch, E.F. & Maniatis, T. (1989) Molecular
" cloning: a laboratory manual (Cold Spnng Harbor: Laboratory, Cold
' 'Spnng Harbor, New York). o :
19.  Sanger, F.. Nicklen, S.--& Coulson, A.R. (197‘7) Proc. Natl. Acad. |
20 Sci. U.S.A. 74, 5463-5467. - . S £
200 Devereux, J., Hearberli, P. & Smithies; O. (1984) Nucl Ac:ds Res.
12, 387-399. ' ' s
21 'Recd L.J. & Muench, H.: (1938) Am. J. Hyg. 27, 493-491.
- . " 22. - Sanderson, K.E., Hessel, A. & Rudd, K.E. (1995)-Microbiol. Rev.
95 ' °59,241303. - e S,
23.  Galan, .E.: Ginocehio. C. & Costeas. P. (1992) J: Bacreriol. 174,
4338-4349. R .
24.  Ginocchio. C.. Pace. J. & Galan, J. E (1992) Proc. Natl Acad, Scz
U.S.A. 89 5976-5980.



WD -96/ 17951 PCr/ GB95/02875 77 restriction digestion of genom c DNA
intranol ecular ligation and transformation of E. tali. The presence of
single sites for restriction enzynes in pAT112 and its derivatives wl|
(Trieu-Cuot eral(1991) CGene 106, 21) allows the incorporation of DNA

sequencewb%gi_ﬁ!gri or to transfer 5 to a virulent strain of E. faecalis
carrying pl b pAT145 (to provide the integrase functPCBHIBIBY2838 t her

conjugation, electroporation or transformation (Trieu-Cunt etal (1991)

CGene 106; 21; Wrth eta! (1986) J. Batleriol. 165, 10 (b) Animal node! A
| arge nunber of insertion nutants are anal ysed for randomintegration of
t he pl asmi d2by i Eishelbergy KoNGihocohio,r @r@c&pGelans J.E.qd994)c1.i Bacrenialy ne '

di gestion and Soﬁé:e‘{g@l%ri di sation. Individual nutants are stored in the

| wel I's of mcrot e~drs 9 and conpl exity -and size of pool ed inocul aare
15 opti m sepg priEpl REEP O I nty Ra ikt t nodel s of
i nfecti on caused by 'gggé?:!%}%gf éd'g{]ﬁpe‘?g%%ﬂ J@émgéiwqgﬂécw

establ i shed ratlsydfeB8.of endocarditis, involving tail vein injection of up

to 108 u g faecaljs intq animals that have.a catheter inserted
acr oss ""sLe @(thil%eh‘\‘f&i e--bPWi-i ?3@‘#&%“«%@9 P ros Naghdsnd pdgint s and

~ Chenvot her apy 37,0%9@%58§$$§§ml s are sacrificed at various tines after
acterra

i nocul ation, and vegetations' on the' aortic valve are excised,

honogeni zec28and Brchivd, B0 (1990t MiczoRdbv US4} b30-49Pyver bacterial col onies.
Virulent bagterig are al.so recovered fromthe blood at various tines after

i hocul at'i orf?: Thd-i8eSdmd HesselslA.i& Sandeeson; BaE: (1993) JiBacteriol 135i ng

i ntraperitoneal 41 pon of up to 25 109 cfu of E faecalis "(Chienoweth
et'alt %990) AntI'm ciobi al Agents ‘and - Chenot-herapy 34, 1800), As with the

S. pnedfionidfle mRdeinanpGeDi (1978) CRC HapdBookF BiocHenisoP and Maskak) i sh the
opti mum conpl exity ofthe pools and the optimminocul um evel. priorto
screeni ng. t he mX@REYHERE Press, Glsvebmdzos1 - PCTI 6B95102875 . -

31.  Bergman, T., Erickson, K., Galyov, E., Persson, C. & Wolf Watz, |
H. (1994) J. Bacteriol. 176, 2619-2626. R
32, Andrcws,. G.P. & Maurelli, AT. (1992) Infect. Immun. 60,
15  3287-3295. | | T
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.. 174, 1990-2001. '
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78 (c). Virulence gene identification. Isolation of DNA flanking the site
of integration of pAT112 using its E. coil origin of. replicationis
sinplified by the lack of sites for nost of the comonly used 6 bp
recognition restriction enzynmes in the vector. 5. Therefore DNA fromthe
strains of interest are digested with one of these '

- enzynes, . sq¢dedirgigt €ed"transformed into E. coli and sequencpPOr/GBISUISMri Ners
based on the.scquences adjacent to the. att sites on the plasm d. A genomc
DNA |ibrary of E. faecalis are probed. wgth sequences of interest to
identify intact. copies of virulence genes which are then sequenced. 10
Exanple 7: 1d I fi g - H A | BolifoflORAS Lagr RYi &osa ()
Mut agenesi-s 1?§Si n@f#‘%‘éﬁ%@%ﬂ #irll1 %ggggg:ﬁ‘ usrsgd by others to nutagenise
Pseudonpnas aer ugiQubagan, 30.0(1998e Préai NawhsAded. Scit TL8.A.HH, ME3-18dd f or

the identificati f Sal I I a typhi | i rul . EX | 1._ 
o reported { dhavlimeysic RV MENGH. abng RSt nbgar | OeBbEy o, -
el udi ngseveral  ppseydpRnadeahDIer @039) Ml FrEAeL, 7, 19599, et hods

;A P

Enrynol . 264, 20, . aer uglf hosa nutant bank is constructed using
our existifgg paol @fi, Jsi Ochinune H.adpeisirimi EAS BeyhsEdsedoloman.clin ugal
transfer of the suicide  vector to: one Qr e vi.ru}ent nd [bly .
mucoi d) reci pi ent NelsgmK. &rﬂebandamﬁ&&%?ﬁ?&%ﬁ\@}-g%%ﬁ i[g‘gﬁﬁi’t i me.
savi ng. Oher deri%ﬁgﬁg?of Tn5 designed specifically for P. aerugi nosa .

mut agenesi s (Bell a 1985) Gene 25.33. 293). may alternatively be
enpl oyed wi th43he. FiflayTBB. & Ragehkowski, S {(1991)Ahi Gell Seb @9, 28362961 ul ence
gene identification The bank of. P.. aerugjnosa insertiqn ts, is, .
~screened for & enfageds, G dul é@@haﬁha.’&ﬁ&gh%’c %%iﬂﬁna%y ﬁ?bggt%h model {7}
in-rats. spensi ons. of,. 30Q. Ra-36 inosa cells are introduced into a R
br onchus §§| | owi ngﬂ?‘Fﬁ%’?{S’g%o%?ﬁmg/ 17951 PCT/ GB95102875 79 and di sease
~.devel ops over Mays:per futifidation f at edh. Streptococcus
pnemmoniae ' e -

© (@) Mutagenesis o
15 In the absence of a convenient transposon system, the most efficient way of
© creating tagged mutants of Streptococcus . pneumoniae is to use |
insertion-duplication mutagenesis (Morrison et al (1984) J. Bacteriol. 159,
870). Random S. preumoniae DNA' fragments: of :200-400 bp will be
generated by genomic DNA digestion witha restriction: enzyme or by
20 physical shearing by sonication followed. by gel fractionation and DNA )
| 'end-repaif ‘using T4 DNA polymerase. The fragments-are ligated into -
plasmid pyDCY (Pearce et al (1993) Mol. Microbiol. 9,1937 which carries
the ‘erm gene for erythromycin selection in E. coli and*S. pneumoniaey,
}brcviou_s‘ly- niodified by incorporation of DNA sequence tag“s-intq one of the -
25 polylinker- cloning sites.” The size of cloned S.: pneumoniae DNA: is
sufficient to ensure ‘homologous récombination, and reduces-the possibility
of generating ‘an “unrepresentative library. in .E. - coli (expression of S..
pneumoniae proteins can be toxic to E..coli).- Altérnative vectors. carrying
different sélecthble “markers. gre avail'ablc-‘. and can be used in place ‘of_

30 pIDCY. Tagged plasmids carrying DNA fragments. are* introduced to an



I mmun. 36, 1223). Bacteria are recovered by plating |ung honbgenates to

| aborat ory nmedi um and sequence tags fromthese are used to probe DNA
colony blots of bacteria used as the inoculum It is also possible to
subject 5 the nutant bank to virulence tests in a nodel of endogenous
bacteremia (Hrakata et at (1992) Antim crobial Agents_ and Chenot herapy
36, 1198woesardicystic fibrosis (Davidson et a! (1995) KHarignesésfetics 9,
351) in mce. doning and sequencing of DNA flanking- the transposons is
done as described in Exanple I. Cenongyc DNA libraries for the isolation
and 10 sequenci ng of intact copies of the genesare constructed in the

| abor atory prapriid &, privaioafe: stRiARlRid oh 488 HdsisCat 's@u‘btfﬁe ¥hd ul ence

genes in Asuergilus -fitmggw 15 (a) Mitagenesis :The functional
. egiuval ent & mnspcsmnmtmg@h@flmwmocm@l preumesiar | Begulatiorof y me

diated int M ). of chi.est | Petes (1991
P oc Nad, | ACOPRlepRE o peneli drans fofalipG i So pBEUNORIgR 5 BOVEPPL bY oy 6 - )
tranSfor”BchnbEte%@\ Hcaseqt o rwfnqvaaﬁﬁh@%élhé CulRhk Has| Bedfle 0) 20

presence_of a restriction enz single copy integratlons occur at
. di f f er’®ent Cb@noﬂmzed; recently H;Dondﬂohysmﬁegtmlpgmthfsﬁqmsmq af liliduis

' restrl ction as, al rea ,bgen *used successfull y to | sol ate
virul ence atee(gliizﬁo dﬂ'@EI“I"B%bI'ﬁsd‘(sE M) s, Sci.
USA 91,  12ffdisand (1695)! a90c( BRhHET 4854.2' sS4 1O8BY Y, lcﬁﬂﬂ-lcﬁ%t' 248,
547), and 25 have shown that i ncorporation of active'restriction enzyme
with a pl aslncarpmnonll ofy mmta)rqnanmtesamfstlamcpcpmhdsnttrassfoghmotnd

- -apparent.ly random ratlono t.he |ine lasmid into the A fum gates '
<. genone. Seqf@??@é“e‘lt%lg K VREY SHieY frangio anglm? FRONRRCIET dB SoMene of two

Vot o 0 " A HRYRIANE USKAPSE 5 B O RRSARLT b
nmodel and vhurlslleenneprgmnmcndmhtmblccallar(genihes land- the sevailability oéf dapergi | | osi s
In neutr openlp%dm greatiy fzﬁ:allit%te(s:lf e constructlon of S.
‘be mutated. A proportion of transformants are analysed to verify
i5 homologous integration of the p]asmld sequences, aiid checked for stability.
' “The very low level of reversion associated with mutants generated by
B 'mscruon-duphcatton is minimized by the fact that the duphcatcd regions will
~ be short (200-400 bp), however if the level of reversion is unacceptably,_
high," antibiotic selection is miaintained during growth of the transformants :

o) -~ 20 in culture and dunng growth in the animal.

o Animal model
“The S. pneumomae mutant bank is organized into pools for inoculation into
_ Swiss and/or C57B1/6 mice. Preliminary expenments are conducted to
.25 " determine the optimam complexity of the pools and the optimum inoculum
level.  One attractivé model utilises inocula of 10° cfu, delivered by mouth
" to the trachea (Veber er af (1993) J. Antimicrobial Chemotherapy 32. 473).
Swiss ‘mice develop acute p‘néumonié-with‘in 34 'days,-énd CSTB1/6 mice
dcvolop subacute pneumo‘nié within 8-10 days. ‘These pulmonary models -

30 of infection )Iiie!d-_l()’cfu/i'ung (Veber et al (1993) J. Anmtimicrobial



closely matches the..course of pulnonary disease in humans (Smth et at
(1994) Infect. Inmun. 62, 5247). Mce are inoculated intranasally with up 5
to 1,000, 000 coni di ospores/ mouse, and virulent fungal nutants are :
recovered 7-10 days | ater by using lung honbgenates to inoculate liquid
medi um Hyphae are collected after a few hours, fromwhich DNA is
‘extracted fW@96AISE fication and | abelling of tags to probePCHUFBHP2HPot s of
DNA fromthe. pool of transformants conprising the inoculum DNA from 10
the regions flanking the REM. insertion/oints are cloned by digesting the
transformant DNA with a restriction enzyme that cuts qutside the REML
vector, self | Chetiotharamydd2,r aﬁfmrmatum oftdeath. c &f requiradaunice mge alscon the

known sequence, Q asm d e use deternm ne .t he adjacent

. funi gates DI\IA“EMHSEEPCWS é‘mi \ %ﬁ@“ Fasan, (of e 3 Jﬁ%‘ t@? was 15
the cause of tfg.auiiil SECRBRNG (GUHRAn b Q093P UnLRBIIARSnss s i L
the sanme restriction enzynme use or cloning, and transfornmed back into
the wi | d- t ypeChembihzrgmi 35 A ent. . strain. Transformants that have ari sen

honol ogé)us reconbi nation are then subj ected to virulence. tests. .20
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M Y. and Hefffron, (1 993). Reconpbingtian-d ci ent mJt nts of
Sal nonel | a typ@ﬂlmﬁﬂlﬂﬂnp several ithoysand stgalps J8ny ?‘i’@ett@ e °B?ﬁ" d&¥tfve bur st

of macr ophagesM%Aﬁ wi Cﬁtg%uglcd virul r?c%Sarg:iﬁcnti'ﬁEdcﬁ’yh bridisatfon Qﬂg?zs&ol lins,

F.M (1974) -The e hTection Tn- norfal mce. )

139, 1189- IR03usifig ldbeiled Iaps fromahel ‘ihpmtiand ‘keddveletld poplsiusaprpbes. iﬁﬂ_ o
construction of _
- pneumoniae DNA cannot be colony blotted easily, chromosomal DNA is

liberated chemically or enzymatically in the wells of microtitre 'd-1$h°5 prior
. _totransfer onto nylon membranes using a _d_o&bbt appgr'ams. DNAﬂankmg
. the integrated plasmid is cloned by plasmid rescue in E. coli (Moﬁson et
15 al (1984) J. Bacteriol. 159, 870), and sequenced. Genomic DNA hbrancs |
‘are constructed in appropriate vectors maintained in either E. coli or a
Gram-posmve host strain, and are probed w1th restriction fragmcnts
flanking the mtegratcd plasmld to isolate cloned vxrulencs genes which i is
then fully sequenced and subjected to dctallcd funcnonal analysm

Example 6: Identification of virulence genes in Enferococcus faecalls 3

,(5) Mutagenesis o ,
Mutagenesis of E. faecahs is accomphshed using. plasmld pA'I‘l 12 or a
25 derivative. developed for this purpose.. pAT112 c_ameg genes for. §clect19n
in both Gram-negative and Graz‘n—posi.tiye' .b,.a;:_tel_-ia_.,qul_q_f.me_ art ,si'ter of
. Tnl545. 1t therefore requires the prcscnce'in the host strain of thc integrase
for transposition,.and stable. single. copy. lnsemons are. obtamed 1f the host
does not contain an excisionase gene (T r:cu—Cuot et al ( 1991) Gene 106.

30 21). Recovery of DNA flanking the integrated: plasmid | is accomplished by



stabl e phenotypes in G am negative bacteria with Tn5-and Tnl O deri ved

m ni transposons. Methods Enzynol. 264, 386-405. 15 de Lorenzo, V., Herrero,
M, Jakubzik..U -and Timms, KN (1990) Mni-Tn5 transposon derivatives
for insertion mutagenesis, pronoter probing, and chronosomal insertion of
cloned DNA in gram negative eubacteria J. Bacteriot. 172, 6568-6572.

Fi el ds, wobsn7e$y oi sman, E. A and Heffron, F. (1989) A Sgtiineddars ocus 20
that controls resistance to m crobicidal proteins from phagocytic cells.
Sci ence 243, 1059-1062. Finl ay, B. B. 7§t arnbach. MN., Francis. C. L.,
Stocker, B. A, Chatfield, -S., Dougan G andFal kow, S (1988)

| denti 1 cet {’8“32‘3‘2“ BRSO Sishihic SRNARRMTAIAS dtedihapg | o (Ml
epi t hel i aI afalnlsfdmlaabaydrE Moalii. M‘lﬁi pbesehce of sifple @s fotr &sﬁimbn E. A _

Chiao,. E., Lipps,. Hef fron (198 Sal monel | a hi murium phoP
virul ence géﬁ@"?‘%s in PATH%% rﬂﬂﬂtﬂsdi%"aﬂé@% EFnewCyet et R‘aﬂy INGglte sci. USA.

pat nogen, - 106, SURLPTHR: iofbordlin TEBRR slduchch R pifdf bl ™, 1,

Jr. (1999) SGahrdndddtatain of 80 cahe\aangingeplamad qurmaaﬂﬁ ther Vi val
TrendsBi ochern. Sci.. 15, . 30- 3'?2 Herrero, , demtorenzo V. and Timm s,

K.N. (1990) Integrase Bnstionhby sither conjugationy Pkgtrﬁmﬁaﬁﬂ o5 iteanstormatipat ance

gencs. i n o SREROF 5.8 QRADGH R ol LN YRR v BRSaRRL Yoy, cr” O

D.W, Kronssaﬂ)J W, Leong.S. A (1989) Miutation in a. heat - regul ated hsp70

...gene of Ustilago rraydl s. EMBO J. 8. 1927-1934.. 15 Holland J., Towner

CKJ., WIlliams P. (1992) Tn916 i nsertion nut agene3| s in Escherichia coli

and Hae ph nfl enz type b follow ng conjugative transfer. J. Gen.
M CI’ObI gq) @ %1 odél
A largc numbcr of insertion mutants are analysed for random integration of

the plasmid by isolating DNA from transcipients, restriction enzyme
" “digestion and Southern -hybridisﬁtiqn. " Individual mutants are stored in the
“wells of microtitre dishes, and com-plcxi.ty and size of pooled inocula are
15~ optimised prior to screening of the mutant bank.  Two different models of
"7 infection caused by E. faecahs aré employed. The first is a well cstabl:shcd
" “rat model of endocardms ‘involving tail vein injection of' up to10® cfu of '
- E Saecalis into animals that have a catheter inserted across the aortic valve
) (Whitman er af (1993) Antimiérobial Agents and Chemotherapy 37, 1069_);
3 307 Arimals are sacrificed af various times after inoculation, and"liactéii“'gl{ '
| SR Vegetations ori the: adttic valve are ‘excised, homogenized and-plated to -
citlture medium to recover bacterial colonies. = Virulent _t;:ibtéria are also | |
| recovered from the blood at various times after inoculation.  The 'sccohd
“model is of péritonitis in mice, following 'iﬁiraperitone"aliinjection of upto -
25 “10° cfu of E: faecalis (Cheniowethet'al (1990)- Antimicrobial Agents and
| . Chemotherapy 34, 1800). As with the S. pneumnoniae model, preliminary.
- ' experiments aré dornie to establish the optimum complexity of the poois and .
' "“‘lthe opt;mum mocu]um levei prior to scrccnmg the mutant ™
'bank ' . ' ‘ :



Mahan, MJ., Slauch, J.M, Mekalanos, J.J. (1993) Sel ection of bacterial
virul ence genes that are specifically induced in host tissues. Science 259;
20 686-688. MIller. S. L. Kukral, A M and Mekal anos:.J J...(1989a) A two-.
conponent regul atory system (phoP.phoQ controls Sal nonella ryphinurium
virulence. Proc. Natl. Acad. Sci. USA 86. 5054-5058. WD 96/ 17951

PCT/ GB95/ 0X8¥®/1783 M |ler, |., Maskell, D., Hornmmeche, C. ,POGGRISEBISK.
Pickard, D. and Dougan; G (1989b) Isolation of orally attenuated
Sal nonel I a typhi nurium followi ng TnphoA8nut agenesis. Infect.. Inmmun. 57,

2758- 2763. 5 Mller, V.L. and Mekal anos, J.J. (1988) A novel suicide
vector and_ it s(c) us&Virmencn gencuidentficatifoni nvertion nutations: osnoregul ation

Vequires toumlsguteRel bR Ak the SE0EGTETBARRN Trh B Bad 1oL

and Mani ati s, rBfa{h Cold
Spring Har bor -Fk% %%l%%ﬁ‘iéggrpﬁﬁﬂéﬂm bthel%zggoég? géf/ltfwsg?%%r ©

. Nicklen, S. aruibniiaudllgonschﬂ?b;( 1-860'911@% restagiction | emgymdsh in cthai Meatef mi nat i ng
~inhi bltors Proc. Nat | ci, USA...74, 5463-5467 Schiest| R H.,
and Peres: 9. D'IQ}FI“'J@I‘) Hlﬂftég@@t BﬁuBF‘SIﬁGA“W%ﬁE‘hflégesW ‘V%‘Eé’@f’tqf

reconbi nati on SA. 88,

7585- 7589, 84 é’%ﬁé%%ﬁ%ﬁ‘ LA WW%& 50?@83%&#?‘8‘%%?"5"2% I:JCANT ‘

(A) NAMVE: . RPMbaselbmthaspquends adjhct i) toShEaR BiteComthe plaainid. Bugéntimig, On -
Cane- Road (C) Cl TY: London

: DNA library of E. faecalis are probed with sequences of i interest to: idenufy

: mtact.coples of virulence genes which are then sequenced.

Eopia
Iy B ;

10-

Example 7: Identification of virulence genes in Pseudomonas aeruginosa

(@) Mutagencs13 , .
15 Since transposon TnS has been used by others to mutagcmse Pseudomonas
. a@eruginosa, and the mini-Tn5 derivative that.-was used for the identification
. of Salmonella ryphimurium virulence genes (Example 1) is _rggqx_ttct__i to have
- broad utilisation among . Grﬁmf,ncga;iye .ba;c;;gr_fig}__ :includi»ng several
~pseudomonads .(Del.orenzo and Timaris (1994) Methods Enzymol. 264

20:  386), a P. aeruginosa mutant bank is constructed using our ex'i_,s'_t_irng pool of

I‘?"J‘;‘;\A
£330

o signatufq: tagged mini-TnJ transposons by. conjugal transfer of the suicide
.. vegtor to.one or more virulent (and possibly mucoid) reclp:entstrmns This -
. - approach represents a significant ime. saving. Other derivatives of Tn$
. designed speéiﬁcally for P. aeruginosa mutagenesis (Rella et al (1985) Gene
25 . 33. 293), may alternatively be employed with the mini-Tn5 ‘, transpason.;

(b)) Ammal model and virulence gene 1dennficatlon R
The bank of P. aerugmasa insertion mutants .is screened for attenuated
virulence in-a chronic pul—monar}f infection model in rats. Sus-gf:_nslons of”

30 P. aeruginosa cells are introduced into a bronchus following tracheotomy,



(E) COUNTRY: United Ki ngdom (F) POSTAL CODE (ZI P):
Identification of genes (iii) NUVBER OF SEQUENCES: 38 (ivV)

I NVENTI ON:

COVWUTER READABLE FORM (A) MEDI UM TYPE: Fl oppy di sk
conpati bl e (C) OPERATI NG SYSTEM PC-DOS/ M5-DOS (D) SOFTWARE: Patent | n
Rel ease #1.0, Version #1.25 (EPO _ (2) I NFORVMATION FOR SEQ I D NO 1:

(B) COWPUTER

W2 ONN (ii)TITLE OF

| BM PC
(i)

SEQUENCE WHMRABSIERI STI CS:  (A) LENGTH: 89 base pairs (Bicrio#Esioasivc! ei ¢
(C) STRANDEDNESS: single -(D) TOPOLOGY: linear (ii) MOLECULE TYPE:
cDNA (iii) HYPOTHETICAL: NO (iii) ANE -SENSE: NO (vi) ORI G NAL SOURCE:

acid

(A) ORGANI SM Synt hetic ol igonucl eotide
NG 1: CTA
(9 NKNKAA

(i) SEQUEN

aci d

(C)

5

10

20

25

-30.

(xi) SEQUENCE DESCRI PTION: SEQ | D

GERICA IS MeASBETERAOGETT ISONERK plid NIWKNlé KK G FNKNKNKNK . 60
g m ACCATG 89 |(n¢d) NFQRMATI ON' FOR SEQ I D NO. 2:
"&%@r{é 11 Bacteria gre regquered by pigtiog luag hemoga)atesWPE: nucl ei c

colony blots of bacteria used as the inoculum. It is also possible to subject
the mutant bank to #irulcncc tests in a model of endogenous bacteremia
(Hirakata er al (1992) Antimicrobial Agents.and Chemotherapy 36, 1198);
-_ and cystic fibrosis (Da_vidson' etal (1 995)} Nature Genetics 9, 35-1) in mice.
Cloning and sequencing of DN‘A flanking " the transposons is done as
described in Example 1. Genomic DNA libraries for the isolation and
-sequcncmg of intact copies of the genes are constructed in’ the laboratory by
* standard methods.

(a) ' Mutagenesis

" “'The functional eqiuvalent of trausposon ‘mutagenesis in fungi.is. restrxctlon

enzyme mediated integration (REMI) of transforming DNA (Schlcstl 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 c'Opj.r intcgrzitions occur at

- - different genomic sites, defined by the target sequence of the restriction '

- enzyme. REMI has already been used successfully to ié&laié virulence
genes of Cochliobolus (Lu et al (1994) Proc. Natl. Acad. Sci. USA 91,
12649) and Ustilago (Bolker er 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 Jumigatus genome. Sequence
. tags are introduced info -a convenient -site in .one of two- vectors fo:f
hygromycin re’SistiahCé. and used to. transform a clinical isolate of A

Sumigatus.

Sﬁwﬁgﬁﬁ%ﬁi% ﬁgqu(zﬁée HREER thedd HeAiseh!thprbfE TRAT TYPE

CONA (i)



(iii) ANTI-SENSE: NO (vi) ORIG NAL SOURCE: (A) ORGANI SM Synthetic

ol i gonucl eotide (xi) SEQUENCE DESCRI PTION: SEQ ID NO 2: 85 TACCTACAAC
CTCAAGCT 18 (2) I NFORVATION FOR SEQ ID NO 3: (i) SEQUENCE

CHARACTERI STICS:  (A) LENGTH. 18 base pairs (B) TYPE: nucleic acid (C)
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (iii)
HYPOTHETI OMO:96/IBS1 (i ii) ANTI- SENSE: NO (vi) ORI G NAL SOURBET/GBRYOEIGANI SM
Synt hetic oligonucleotide (Xi) SEQUENCE DESCRI PTION. SEQ I D NO' 3:
CATGGTACCC ATTCTAAC 18 (2) | NFORMATI ON F&IR SEQ.1 D NO  4: (i) SEQUENCE
CHARACTERI STICS:  (A) LENGIH:. 18 base pairs (B) TYPE: nucleic acid (C
STRANDEDNESS: aj)nglAmiﬂﬂ)m&‘ﬁ?@nﬂ@fmlbmmnc(xdt%ﬁ@E@ULE TYPE: cDNA (iii)
HYPOTHETI CAL: I i1) ANTI - SENSE: Vi - ORI G NAL. SOURCE: ul NI SM
Synt hetic ol i g'ghgclpyo@qsgemodel of 3spenel ERCIEUERBERE Bl D NO 4:

TACCCATTCT AAC«%‘@&% thatchéSthe. course of pulmonary disease in humans (Smith et al
| (1994) Infect. Immun. 62, 5247). .Mice are inoculated intranasally with up
5 to 1,000,000 conidiospores/mouse, and virulent fungal mutants are
‘recovered 7-10 days later by using lung homogenates to moculate fiquid
medium. Hyphae are collected after -a few hours, from which DNA is
extracted ‘fof*ampliﬁmﬁon and labelling of tags to probe colony blots of
: .DNA'from-the.poal of transformants comprising the inoculum. DNA from ij
10  the regions flanking the REMI insertion points are cloned by digesting the T
transformant DNA with a restriction enzyme that cuts outside the REMI
vector, self ligation and transformation of E. coli. Primefs based on the
- known sequence of the plasmidi_érq_ used to deterniine the adjacent A."
fumigatus DNA sequénces. To prove that the insertion of the vector was
15 the cause of the avinﬂcnt phenotype the recovered plasmid is recut with the
same restriction enzyme used for cloning, and transforined back into the
wild-type A. fumigatus parent strain. Transformants that have arisen by

~ homologous recombination are then subjec_;g_cd to virulence tests.

d
7

200



(2) I NFORVATION FOR SEQ ID NO 5: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH. 18 base pairs (B) TYPE nucleic acid (C STRANDEDNESS: single
(D TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO (iii)
ANTI - SENSE: NO - -- - (vi) ORIG NAL SOURCE: (A) ORGANI SM Synthetic

ol i gonucl eotide (xi) SEQUENCE DESCRI PTION: SEQ ID NO 5: 86 CTAGGTACCT
ACAACCT Cwinos/1ga8x | NFORMATI ON' FOR SEQ I D NO 6: (i) SEQUERSGIcBos2875
CHARACTERI STICS:  (A) LENGIH. 20 base pairs (B) TYPE: nucleic acid (C)
STRANDEDNESS: single (D) TOPOLOGY: ligear (ii) MOLECULE TYPE: cDNA (iii)
HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (vi) ORI G NAL SOURCE: (A) ORGANI SM

Synt heti c ol REFERENCESotler thanJofiNampIeRFCR PTI O\ SEQ I D NO  6:
CCTAGGCGEC CAGATCTGAT 20 (2) I NFORMATION FOR SEQ ID NGO 7: (i) SEQUENCE

CHARACTERI STICS:  (A) LENGTH: 21 base pairs (B) TYPE nugl eic acid
Ausubel, F.M., Brent, R., Kingston, R.E., Moore,.D.D., Seidman,

J.G., Smith, J.A. and Struhl, K. (1987) Current Protocols in Molecular
5. Biology, New York: John Wiley arid Sons.

Buchmeier, N.A., Lipps, C.J., So, M.Y. and Heffron; F. (1993)

" Recombination-deficient mutants of Salmonella typhi'muﬁum are-avirulent
and sensitive to the oxidative burst of macrophages Mol. Microbiol. 7,
933-936

.10 " Carter, P.B. and Collins, F.M. (1974) The route of enteric infection in
normal mice. J. Exp. Med. 139, 1189-1203.

_ de Lorenzo, V. and Timmis; K:N. (1994) Analysis and construétion of
stablc phenotypcs in Gram-negative bacteria with Tn5-and Tn]O-dcnved
mimtransposons Methaa's Enzymol. 264, 386-405.

15 de Lorenzo, V., Herrero, M., Jakubzik, U. and ,Ti'm-m-_is,-. K.N. (1990)

| Mini-Tn5 wransposon derivatives for insertion mutagenesis, promoter

| prob‘ing’,’“aﬁd CEromOé'onia! insertion of cloned DNA in g-ram‘-negati\':'éi‘ :
etbacteria: J. Bacteriol. 172, 6568-6572.

- Fields, P.1., Groisman, E.A. and Heffron, F. (1989) A Salmonelia locus
20 “that controls resistance to microbicidal proteins from phagocytic cells.
* Science 243, 1059-1062.

- Finlay, B B.. Starnbach, M.N., Francis. C.L., Stacker, B.A., Chatfield,
S.. Douszan, ‘G. and ‘Falkow, ‘S. (1988) Identification and charactenzatlon_'

of TnpkoA nutants of Salmonella that are unable to-pass through a



(C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA -

(iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO- - (vi). ORI G NAL SOURCE:
(A ORGANI SM Synthetic oligonucleotide (xi) SEQUENCE DESCRI PTI ON: SEQ D
NO. 7: - - -. "V GCACTTGIGI ATAAGAGTICA G 21 (2) | NFORVATI ON FOR SEQ | D NO
-8 - - - - (i) SEQUENCE CHARACTERI STICS: (A) LENGIH. 300 base pairs ' (B)
TYPE: nucl 6 (W STRANDEDNESS: double (D) TOPOLOGY:PdTiGR&02875 i )
MOLECULE T (genomic) - (iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO

(vi) ORIQ NAL SOURCE: (A) ORGANI SM Partgml sequence of Sal nonell a
typhi muri um virul ence gene 87 (xi ) SEQJENCE DESCRI PTION: SEQ I D NO 8:
GGTCTTAATG TAGEHG, e AL ARIRGIOL I CATISATH6 50
CTCATTTGIT T GAGAAACGTG CGCTAACTTC CGCCACCCTC 120
TCGATACCTT TTGTAATGAC AATAAATTGC ACGATAGTAA TGATGGTAAA TACGACCAAC 180

ATTATCITOT AR RekorrtibcErciinets BRI Qheas, ()

| NFORVATI ON  FQpiterridn Who PNirdledceeaeRblaRtriitsdRpaoaal egulagr. Arog. LENGTH.
- 300 base pairs _

Natl. Acad. Sci. USA. 86, 7077-7081.

5  Groisman; E.A. and Ochman, H. (1994) How to become a pathogen.
- Trends Microbiol. 2,-289-293'.

£

-Groisman, E.A. and Saier, M.H., Ir. (1990) Salmonella virulence: new

clues to intramacrophggé survival. Trends Biochern. Sci. 15, 30-33.

Herrero, M., de Lorcnzo, V. and Tlmmls, K.N. (1990) Transposon
10  vectors containing non-antibiotic resistance selection markers for clomng
and stable chromosomal insertion of foreign genes in Gram-negative

' bacteria. J. Bacteriol. 172, 6557-6567.

Holden D.W., Kronstad J.W., Leong S.A. (1989) Mutation in a heat-
regulated hsp70 gene of Ustilago maydi; EMB@ J. 8. 1927-!934

15 . Holiand J., Towner K.J., Wllhams P. (1992) Tn916 msertxon . _ L,)
mutagenesis in Escherichia coli and Haemophilus mﬂuenzae type b

following conjugatwe transfer. J. Gen. Mtcrab:ol 138 509-515.

Mahan, MJ Stauch, J.M., Mekalanos, 1.1 (1993) Seléqtionjpf_bact_eriﬁl:
~ virulence genes that are specifically induced in host tissues. Science 259,

20  686-688.

bl

- Miller, S.1., Kukral, A. M and Mekalanos. J.J. (1989a) A two- .
componem regulatory system (phoP phoQ) controls Salmoneila .
nphtmurmm vnrulcnce Proc. Nail. Acad. Sci. USA. 86. 5054-5058



(B) TYPE: nucleic acid (C) STRANDEDNESS: double (D) TOPOLOGY: linear (ii) -
MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO
(vi) ORIA NAL SOURCE: (A) ORGANI SM Partial sequence of Sal nonella
typhi murium virulence gene (xi) SEQUENCE DESCRI PTION: SEQ ID NGO 9:

%GT GGTG GGTGACAGCC AGACGITACC GAACGGGATG GGCCAGATCT 60
GTTGGCT GACATGEO00ATAAGG CGCAAGGTTT TGGGACTGGA CRFFEBEMIESS 120
GGCAGACAAG GTATCTCTGT CTTATTAAAA TGIGICCTGC TTCGGCATAT GTATCGAACC 180
CTCGGAGCAA. AGTCGTTTGG GCGCAGAATT AGTASGTTTG GGTCGGTTGCTGTTATTCCT 240

e s e e e e O
300 DNESS: D
200 oas, Pepbagan.G: (5] bt Syl STERANAED' o5 00wt © (O

HYPOTHETI CA@phM@n&Jh ifollowidE! TRpIAEMubigenésis.) Infddt. Grbitdn, FHREBS- (A) ORGANI SM
Partial %Ee of Sal nonella typhi murium virul ence gene (xi) SEQUENCE :
DESCRI PTI QID NO 10: 88 CACTATAGGG AAAGCTTGCA TGCCTGCAGG
TCGACTCTAG AGGATCTACT AGTCATATGG 60 ATTGCACTTG TGTATAAGAG TCAGGATTAG

AGGACATGECG CCGGEGAACCA TACTATCTTT 120
5 Miller, V.L. and Mekalanos, J.J. (1988) A novel suicide vector and its

use in construction of invertion mutations: osmoregulation of outer
membrane proteins and virulence determinants in Vibrio cholerae
requires 10xR. J. Bacteriol. 170, 2575-2583. .

. Sambmdk J., Fritsch, E.F. and Maniatis, T. (1989) Molecular cloning:
- 10 a labordtory manuai, Cold Spring Harbor, New York Cold Spnng
Harbor Laboratory

- Sanger, | Nicidcn, S. and Coulson, AR, (1977)'DNA sequencing with
chain terminating inhibitors. Proc. Natl. Acad. Sci. USA. 74, 5463-5467. .

15 Schiestt R.H., and Petes T.D. (1991) Integration of DNA fragments by
illegitimate recombination in Saccharomyces cerevisiae. Proc. Natl. Acad.
Sci USA. 88. 7585-7589. |

wE



- TTCCGGTGCT TCGACGCCAT TTGCGGAAAC CACAGACTTT TTGCGGCGAA TGAGGATAAT 180.
TGGCAATGCT AACAACGCCTG AAAAGAAAGC GAGAGTGATA AAAGGAAAGC CAGGAATTAA 240
AGCGAGGAGC ATTAAAACCA CAGCGGCTAA TATGAGCGAC TGAGGTTGIC TGGCAATTTG 300
(2) ~I NFORMATI ON FOR SEQ ID NO 11: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH: 300 base pairs (B) TYPE: nuclei€™acid (C) STRANDEDNESS: doubl e
(D) TOPOLOGY: linear (ii) MOLECULEQP¥BEE LOSAINGgenonmic) (iii) HYPOTHETI CAL:
NO (iii) ANTI-SENSE: NO (vi) ORI G NAL SOURCE: (A) ORGANI SM Parti al
sequence) ofexBakonebk@ntdiodphi murivm Virul ence gene (xi) SEQUENCE
DESCRI PTION:. SEQ ID NO 11: - TGCAGGCCGA CTCTAGAGGA TCCCCGGGTA CCGGTAATTT
CTTTAACCTC CGCAFTRICENT60 GGATGAAAGG ATATTCTGGC TGCGTAAGTA
ATGAATGAA ﬂﬁﬂ@¥T§ﬁM@¥ﬁﬁ?¢nq;ygy EMAASTGATA ACCTGATGIT TTAATAACGA
TGCAGGATAT ACAT, TRRHCATES B0 P ASATTAGET A GRAAATCAT ATTGTGCTGC
'CAGGTTATTC AAAGHAT ‘ 3‘%8 - AGGOGGGAAT TTTTCCACTA AATGTAGGTG

/ % (o) @(nm(z) | NFORMATI ON FOR SEQ I D NO 12
F:. (i) SEQUENCE CHARACTER! STI Cs: (A) LENGTH 324 base pairs (B) TYPE:
nucl ei ¢ actid! (GTIETRANBEERESS: Hbulbl 6iqeD)of GROLORE | i near (ii) MOLECULE

e N R o e BT S0 et ) " o Mo b

{iv) COMPUTER READABLE FORM:
(A) 'MEDIUM TYPE: Floppy disk
{B} COMPUTER IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS o
(D) SOFTWARE: Patentin Release #1. 0, Version #1 25 (EPO)

(2) INFORMATION FOR SEQ ID NO: 1:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 89 base pairs
(B) TYPE: nucleic acid '
(C} STRANDEDNESS: single
-(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
{a) ORGANISM: Synthetlc ollgenucleotlde
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

CTAGGTACCT ACAACCTCAA GCTTNKNKNK NKNKNKNKNK NKNKNKNKNK NKNKNKNKNK 60

NENKAAGCTT GGTTAGAATG GGTACCATG | ‘ o ’ ‘89
(2} INFORMATION FOR SEQ ID NO: 2:
{1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
{B) TYPE: nucleic acid
{C}) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii)} MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE: SR
(A) ORGANISM: Synthetic oligonucleotide

. (x1) SEQUENCE DESCRIPTION: SEQ ID NO: 2: . Lo e {



virul ence gene (xi) SEQUENCE DESCRI PTION: SEQ ID NGO 12: CCTGIGATTC
CCGATGAAAT AGCTTTTACG AAAGCTGICA GACNTGCTGA AGAATACGCT 60 89 GCAAATGGTA
AGCTTGTAAC TTTTGGGTAT TGITCCAACG CATGCTGAAA CGGGTTATGG 120 ATATATTCGT
CGCGGTGAGT TGATAGGAAA TGACGCTTAT GCAGIGGCTG AATTTGIGCGA 180
GAAACCGGATATCGATACCG CCCGTGACTA TTTCAAATEA GGGGAAATAT TACTGGCCTA 240
GCGGCGATGT TTTTATTTCG CGCAAARDOO TTATTTAAAC GAATTAAACG TATCTATCAC 300
CCCCAA@&E@He&ﬁgégggé o1 GAA 324 (2) | NFORVATI ON FOR SEQ I D NO 13:J%i)
SEQUENCE CHARACTERI STI'CS: (A) LENGITH: 292 base pairs (B) TYPE: nucleic
acid (@) STRONDEDMESSR sophibenc( B TOPOLOGY: linear (ii) MOLECULE TYPE: DNA

(genonic) (iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (vi) ORI G NAL
SOURCE: (A* NP CPBRAGTARIEIGGence of Sal nonel | a typhi murium virul ence
gene (xi) SEQU EERIPTPERE PSEF I D NO 13: TTACTAAACA GGGOCOCGGA
CCATGTAAAC ACCA ' CTAA-AAAACGATGC 60  TTGCOGTAAA AAAATTGAAC

GTTATTTACT TAAFAC%BLMQ’;TIM&EEAEICATTATCI:AC 120 GGACAGAGGG TGAGGATTAA
ATGGATAATA TTGATAATAA GTATACTCCA CAGCTATGTA 180 AAATTTTGGG GGCTATATCG
GATTTGGTTE T T HPFRAILET TARESCEIWY GG CTTTCACTAG 240 . GATGTGICTA TTTTTTTTGT

(1) SEQARED GAMACTER STIES,  (A) LENGTH 300 base pairs (8) TPE

"nucl ei ¢ gaidy ANTI-SENSE: NO

(vi) ORIGINAYL SOURCE: E
{A) ORGANISM: Synthetic oligonucleotide

_'=§ (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

CATGGTACCC ATTCTAAC ' - = ' 18
(2) INFORMATION FOR SEQ ID NO: 4:
(i} SEQUENCE CHARACTERISTICS:
{A} LENGTH: 18 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA
{1ii} HYPOTHETICAL: NO
{(iii) ANTI-SENSE: NO

_ (vi) ORIGINAL SOURCE: ‘
(A) ORGANISM: Synthetic oligonucleotide

L;Q ‘ (z1) SEQUENCE DESCRIPTION: SEQ ID NO: 4: . }'.: o

TACCCATTCT AACCAAGC : : S R 1 :
{2) INFORMATION FOR SEQ ID NO: S:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 18 base pairs
{B} TYPE: nucleic acid
(C) STRANDEDNESS: single
,(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(1ii) HYPOTHETICAL: NO
{iii) BNTI-SENSE: NO
(vi) ORIGINAL SOURCE: ‘ -
(A) ORGANISM: Synthetic oligonucleotide: -

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:



(C) STRANDEDNESS: double (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA
(genomic) (iii)-HYPOTHETI CAL: NO (iii) ANTI-SENSE:- NO (vi) ORIG NAL
SOURCE: (A) ORGANI SM Partial sequence of Sal monella typhimrium virulence
gene (xi) SEQUENCE DESCRIPTION. SEQ D NO 14: TTTCCTTGCC GTGACAGICC
GGGATGCGAG GTTAACGAAA TTACCGGCACCAAAGCTGTSg; 60 GAGGTGAGCG GTGICCCCAG
CTGCCTGACT CGTATTAGIC AATTAGCTTC AGTGCTGGAT 120 90 AATGCGTTAA TCAAACGAAA
AGACAGKREG tHEAGL G TSTATATACAC GCTTAAGTAT 180 GCCACTGCGA TGGATACCCA
GTACCATTAT CGOGATCAGT COGTCGTGGT TCCAGGGGTC 240 GOCTAGTGTA TTGCGTGAGA
TGAGT AACACINRBEETCECEORGEICATGBA GCAACAATGG 300 (2) | NFORMATION FOR SEQ ID
NO 15: (i)F§E§UENCE CHARACTERI STICS: (A) LENGTH. 297 base pairs (B)

TYPE: nucl e %ﬁﬁgﬁgﬁﬁﬂﬁg%‘ double . (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: ET sg FPETTHYPOTHETI CAL: NO (iii) ANTI-SENSE: NO

(vi) ORIG@ NAL S RA& D e Partial sequenceof Sal nonella

t yphi murium - - (B)y Tovomﬂyenn:ﬂleg@ne (XI ) SEQUENCE DESCRI PTI ON: -SEQ | D NO
15: CATGAGWAAC CTACCCAACT GTAATCTTTA CCAATATGCA TCATAATCTT CTGCTGGTAA 60
ATGATTGGTAUAT AFOIESKRR TXEFAACINBAC ATAAGCACGC CATTACGTAA AAGTGCGGOC 120 -

(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE: :
{A} ORGANISM: Synthetic oligonucleotide o
(1) SEQUENCE DESCRIPTION: SEQ ID NO: &: ' S fi}
CCTAGGCGGC CAGATCTGAT ' ‘ ' | - 20
(2) INFORMATION FOR SEQ ID NO: 7:
(i) SEQUENCE CHARACTERISTICS:
- (A) LENGTH: 21 base pairs
© (B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(i) MOLECULE TYPE: cDNA
(1ii) HYPOTHETICAL: NO
(1iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE: ‘
"~ {(A) ORGANISM: Synthetic oligonucleotide’ - ' -
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: . o o : - - ?ﬂé-
GCACTTGTGT ATAAGAGTCA G ' R S 21 -
~ (2} INFORMATION FOR SEQ ID NO: 8: . S T
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 300 base pairs’
{B) TYPE: nucleic acid
(€} STRANDEDNESS: double
{D) TOPOLOGY: linear
- (ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI—SENSE‘ NO
(vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence of Salmonella tyﬁhimurium
virulence gene . '



GC CACTTTTTAA TAAGGGAAGT AATAAAGAAA GGCTCAATGG TCGAATAAAA 180
gggﬁéﬁéECA‘AﬁtxmﬁTAAG CCACTCATTT ACCTGITGTG CCATTCAACC ATGCTCTCCA 240
- ATTCGTAACA TTATCTGCCG GGTATAATTC AACAGGATAC CGCTAAGCCA TGGGTAG 297 (2) _
I NFORVATI ON FOR SEQ I D NO 16: (i) SEQUENCE CHARACTERI STICS: .(A) LENGTH:
184 base pairs (B) TYPE nucleic acid (gg STRANDEDNESS: double (D) -
TCPCLOGY:Ji. ear Ek&g MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETI CAL: NO
(iii) ANTI -Xégl\gé’:u DEVTHI FERNS RER I9OMRCE: (A) ORGANI SM . Partial sequence

f Sal peReld HnA Lrlence ge ' ENCE DESCRI PTI ON: SEQ
D NG o B e PR A A R oAt refTetooaTaR
GACAATCRFTITEOTT CETACGATCGCCREAGGE TG ARG AGTAATET %E@f&&@%

GGCCCCTTAA. 120 TCTCCCCATTCTTCCTTAAG GGCAGTTATC ACGGCTGGCT CAAT _
CTTAACRCRERTEY TREHRATGAC AATRMATIEC RCERTAIFORNATIGONARORASEQIZBCNO. 170 (i)

NEd2 ACHARA X o) se pairs. (B) TYPE: nucleic -
gg chljJE( o) STRAN%E%%%?@%&&B#@%E%@%Y?&?%@W EAE %A ECULEZYPE: DNA
(genomTIRTCETET padtiYRETHE ReCédrcal® ddorbdr T beifRlen Mebeartrar 300

(2} INFORMATION FOR SEQ ID NO: 9:
(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 300 base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: double
{D) TOPOLOGY: linear
(ii). MOLECULE TYPE: DNA {genomi.c)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence‘of Salmonella typhimurium
virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

‘GCGCGGACGC TAGTGTGGTG GGTGACAGCC AGACGTTACC GAACGGGATG GGGCAGATCT 60
GITGGCTTAC AAARGACATG GOCCATAAGG CGCRAGGTTT TGGGACTGGA CGTTITCGCG * 120
‘GGCAGACBAC GTATCTCTGT CTTATTAAAA TGTGTCCTGC TTCGGCATAT GTATCGAACC 180
CTCGGAGCAA AGTCGTTTGE GCGCAGAATT AGTACGTTTG GGTCGGTTGC TGTTATTCCT - 240

TGGGCTCGGA AARAGAGTGC CAGCGTGRAG GAGTGGGATT TGGCAGACTG GCCGCCTAA$ .. 300,

(2) INFORMATION FOR SEQ ID NO: 10:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 300 base.pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE: '

(A) ORGANISM: Partial sequende of Salmonella typhimurium
virulence gene o '

(x1) SEQUENCE. DESCRIPTION: SEQ ID NO: 10:



(vi) ORIRA@ NAL SOURCE: (A) ORGANI SM Partial sequence of Sal nonella

t yphi murium virul ence gene . (xi)SEQUENCEDESCRI PTION: SEQ ID NO 17:
GAGGOGCGTC TTOGGTTGAG. GGTCGCOCTC CAGATCTTTA TGCTOCTGIT TTACGTCATC 60
TTTACTCATT TTAAGATCTT TTCTAATCTT ATAATATTGA AAAGAATAGT CCAGTATGCC 120
AACGACGAAA TAAAGAAACA TCACCCCAACCCATAACGH] TTTTTCAATG ATGAAAGCAC 180

AAGCACGRGH, A AAAGTGCTGG GATCTTGATT 240 .
AATGAAAAAG 1%%?@% %%@@FGGKW{F% PEAATIASOCS INBRETAT TCA 36D
TCTTCGA306CcA2) INEORVAE! LM EOR -SEQ RN G %%G?%Q@E%@:%m ¢ ack?® (O

CHARACTERI STI CS:  (A) LENGTH: 297 base pairs
STRANDEBRESSSCCH GIPBREcCCpD) TTROPCANBGYCAdAGRenrT (TrtdcdddamCrbae YR DNA g

(geno OTHETI CAL: NO (iii) ANTI-SENSE: NO (vi) ORI G NAL.

mr& %ﬂg‘%&ﬁ GC&%rW&F%GUé?&“@)T%TPSWQ ¢AGSARRTAA um 4@ ul ence
gone : A6 3mSR ENERRESCRARTLOY A TTTATTAAAT -
ATTCACCTCA GGTCAATATG GA%TCTTCCAEA(S:%?MTE%&T@T% THST AGAGRPA
TCACTCCCTG GGTTGCAATA CAGTACGATT AGTTATCTTG 120 ATGCAGCCTG CTGATTTCAG
AAT CCTERORPAERNEORGRACAARGE ATTCTGGATT 180 ATGGACGTTA. TCAACGCCAA

TATAGGGAAG, AL LATGAA ATACCCCT AT 240 CCCTTGCATG. TTATCGCTGA
CAGGACTGIT A ATEOTe ?T 297. (2) I NFORVATION FOR SEQ I D
NO 19: 92 (i )(BSEQUENGELHA (A) LENGTH: 297 base pal rs

(C) STRANDEDNESS: double
(D} TOPOLOGY: linear

{(ii) MOLECULE TYPE: DNA (genomic)

{iii) HYPOTHETICAL: NO - ' ' £

(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial seguence of Salmonella typhlmurlum
virulence gene

{xi} SEQUENCE DESCRIPTION: SEQ XD NO: 11:

TGCAGGCCGA CTCTAGAGGA TCCCCGGGTA CCGGTAATTT CTTTAACCTC GCATCCE:G@T .60
GGATGAAAGG ATATTCTGGC TGCGTAAGTA ATGAATGAAC ¢GCCCAGTAG ATAABATATT - 120
GRARGTGATA ACCTGATGTT TTAATAACGA TGCAGGATAT ACATATAACA TGCTGGCATE 180
ARRCCAGGTA AGCAAATCAT ATTGTGCTGC CAGGTTATTC ‘AAACTATCGA CCGETGGTCC 24—6._-'. '

AGGCGGGAAT TTTTCCACTA AATGTAGETG GGATCRATGG GCTAATTGGT ATAGGCGGAT 300

(2) INFORMATION FOR SEQ ID NO: 12:
{i) SEQUENCE CHARACTERISTICS:
{B) LENGTH: 324 base pairs .
(B) TYPE: nucleic acid : ' N
(C) STRANDEDNESS : double ’
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
{vi) ORIGINAL SOURCE ¢ ’ '
(A} ORGANISM: Partial segquence of Salmonella typhlmurlum
virulence gene C

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

CCTGTGATTC CGGATGAAAT AGCTTTTACG BRAGCTGTCA GACNTGCTGA AGRATACGCT - 60



B) TYPE: nucleic acid (C) STRANDEDNESS: double (D) TOPOLOGY: |inear (ii)
ﬁ/u)_ECULE TYPE: DNA (gen(()m' c) ~ (iii). HYPOTHETICAL: NO (iii) ANTI-SENSE: NO
(vi) ORI G NAL SOURCE: (A) ORGANI SM™ Partial sequence of Sal nonella .
typhi murium .virulence gene (xi) SEQUENCE DESCRI PTION:. SEQ I D NO 19:
CAAGAGACAGATCCAACTCG GGCCGATCGC CATAACGC@S GCAGTTTGAA AGATGAAAGC 60
CCAGCTTATC CAGCCATTCC GGTACAGCGT AACGAGCAGG TTGCCAGAAA TAACGATAAA 120
GTTGCAACAB AETEX3cBAT IS TART GEEITEAAAAPNTCTESTCTENTIGAAN OSATAGAGEAT. 180

ATCAACGGATAAGGGTATTT 240
AT T A AT PR BT L Rciesis AaTeoken 20719¢2)
| NFORVATAZGRICEOR SEQABcNOcc26icadr) SEQUENCE GHARAGTER Le%ﬁﬁ%ﬁﬁé( A Ly -

H: . 298 base pairs (B) TYPE nucleic acid (C ST dou
l(_ Eyq@ﬁ‘ﬁé?Aqu HE‘&"%AT(TFW WOREGOCE TVPETADNAGAYEmante ) TATCTATICchc HYPORHHETI CAL:

e I
NO (iii C@IAI;!% 5@% ORI G NAL SOURCE: (A) ORGANI SM Partia
seql(Jenc(%aC of H%E neﬁ %p{ypé rium virulence gene (xi) SEQUENCE 324
DESCRI PH)ONF@ERr1dDrdi, sgd01p AGSCLI-TTAT TGATTCCATT TTTACACTGA TGAATGTTCC

TGCGCTGC- CCGGATTACA 60 GCCGGATCCT CTAGAGTCGA CCTGCAGAAC CGAGCCAGGA
g:AAATTAAT TITPFIERNCE IPRACTRIBGOTGAAAGAT GAAGCA TCCACCAGTA ACGCCAGTGC

NGBy 292 base pairs
TTTATTACCCI:ACIET‘[’%{I’C%‘EE ) eragonse palr:
{C) STRANDEDNESS: double

(D} TOPOLOGY: lineax

{ii) MOLECULE TYPE: DNA - (genomic)
(iii) HYPOTHETICAL: NQ
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
{A) ORGANISM: Partial sequence of Salmonella typhlmurlum )
virulence gene

{xi) SEQUENCE DESCRIPTION SEQ ID NO: 13:

TTACTAARACA GGGCCCCGGA CCATGTAAAC ACCACGCTTG CCAACACTAA AAAACGATGC- '; 60

- TTGCCGTARA AAAATTGAAC GTTATTTACT TAATACGCCT ATTTTATTTA CATTATGCACl‘ . 120
.GGACAGAGGG TGAGGATTAA ATGGATAATA TTGATAATAA GTATACTCCA CAGCTATGTA_ . 180
.AAATTTTGGG GGCTATATCG GATTTGGTTG TTTTTAATTT AGCCTTATGG CTTTCACTAG, . 240

GATGTGTCTA TTTTTTTTGT GGTCAAGCAC AGAGATTTAT TCCCCAACCA CC ) 292
{2} INFORMATION FOR SEQ ID NO: 14
— (i) SEQUENCE CHARACTERISTICS:
B (A) LENGTH: 300 base pairs
{B) TYPE: nucléic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: linear
{(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
{vi) ORIGINAL SOURCE: . Co
(A} ORGANISM: Partial sequence of Salmonella typhlmurlum
virulence gene
(xl) SEQUENCE DESCRIPTION SEQ ‘ID NO: 14 _ ‘ _ _
TTTCCTTGCC GTGACAGTCC GGGATGCGAG GTTAACGAAA TTACCGGCAC CAAAGCTGTG - 60‘

GAGGTGAGCG GTGTCCCCAG CTGCCTGACT CGTATTAGTC AATTAGCTTC AGTGCTGGAT '120



TGACCAGAAA AATAGATTAT ATGCAGITAA CGGTAGGCGI CGATTATCTT GICAGAATAT 240
CAGGCGCAGC ATCGCAAGCG CTTAATAAGC TGGGTAACAT GGCATGAAGG GGCAACCC 298

(2). 1 NFORVATI ON FOR SEQ I D NO 21: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH: 298 base pairs (B) TYPE.: nucleic acid 93 (C) STRANDEDNESS:
double (D) TOPCOLOGY: linear (ii) MOLECUM TYPE: DNA (genomic) (iii)

HYPOT Hizhi bt a AN@ch A dan AN RENSE: (A) ORGANI SM
Partial sequence of dSal rml\gr?é%ltl a typﬁlf\é%ugﬁé%}lﬁ% G\%ﬁ%@%e&gﬁ%&@a) SI'%@BENCE
DESCRI FOACRECBEQRERNMOCCE 16 TACACTIAT ARG MAAGCTECRA TEERGLCRARS T 240

TCGACT(%%A TCTACT AGTCATATGG 60 ATTCCTAGGC GGCCAGATCT GATCAAGAGA
CAGAT %@% FEEECRPARAC AL 2P CCER AT BT T TCAGAPAGSEBMIRT GG 300

AGCCCAGCTTATCCAGCCAT TCCGGTACAG CGTAACGAGC. 180 AGGTTGCCAG AAATAACGAT

AAAGT TERANIAGHRELEEROR (HCTE G TEAAAAACKGS 240 GGTCTCAGEC AAAAATAGCC
GATCAGGATG CCCACTCCTA ATAACAGICC TGTCAACG 298 (2) | NFORMVATI ON FOR SEQ I D

NO. 22: .. ({9 §E CmeRA@mERHSHics (A) LENGTH:. 301 base pairs (B)"
TYPE: nuclelc hﬂﬁ%%&Eﬁ? doubl e (D) TOPOLOGY: linear (ii) -
MOLECULE TYPE § HYPOTHETICAL NO (iii) ANTI-SENSE: NO -
-- - (vi) CRIG( :ﬁ%r Nl SM Partial sequence of Sal nonella

t yphi muri um
{ii) MOLECULE {YPE: DNA (genomic)

{iii} HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi} ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence of Salmonella - ‘typhimurium
V1rulence gene-

(xi)} SEQUENCE DESCRIPTION: SEQ ID NO: 15:

CATGAGTAAC CTACCCAACT GTAATCTTTA CCAATATGCA TCATAATCTT CTGCTCGTAR 60
ATGATTGGTA ATATCGGAAA GGTAAGTGAC ATRAGCACGC CATTACGTAA.AAGTGCGGCC : 120
CCTAAARCTGC CACTTTTTAA TAAGGGAAGT AATARAGAAA GGCTCBATGG TCGAATAAAA - 180
GCCACAGCCA ATGCAATAAG CCACTCATTT ACCYGTTGTG CCATTCAACC ATGCTCTCCA 240 -

'ATTCGTAACA TTATCTGCCG GGTATAATTC AACAGGATAC CGCTAAGCCA TGGGTAG : . 297
{2) INFORMATION FOR SEQ ID NO: 16: ' -
(i) SEQUENCE CHARACTERISTICS:
- (A) LENGTH: 184 base pairs - - :
(B} TYPE: nucleic acid -
(C) STRANDEDNESS: double S L )
(D} TOPOLOGY: linear )
(i1} MOLECULE TYPE DNA (genomlc)
{iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
{A) ORGANISM: Partial sequence of Salmonella. typhimurium -
v1rulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:

ATTCCAGCCC. .CCGGECCATC TAACCACTAT GARACAATCAT CTTCTGGETGE GACAATCATT : €0

~ GGTACCATCG GCCAGGCTTG TGCAATATGT ATGTCATCAC GTAARAGCGC GGC&CCTTAA. 120"
TCTCCCCATT CTTCCTTARG GGCAGTTATC ACGGCTGGCT CAATGGCCGG CTTAACAGCC 180

ACAG i . . 184



virul ence. gene (xi) SEQUENCE: DESCRI PTION: SEQ I D NO 22: CCCCCCCCCT
TCTCCTGGCT TACACAGCCC CAGACCGGECG CTGGAAAAGG CCCTTCCCGC 60

CATACAGGAG, GCCAGCAACA TATTTTCACG CGCCGCCAGATCGIGECCGT AACCCACGEC 120
TTTCGGCAGCGATTTGCCAATCATCGCTAT. CGCGCCAATC GCCAGGCTGI CGGTAAACGG 180
CGTGECGTTG AGCGCGCTGTAGGCCTCAAT CGCATGCGT®I AACGCATCGA ~TACCGGTCAT- 240
CGCCGTCACG TTTGGCGGAA CGCCTTCGGT CACGGAAGCA TCAAGAATCG CCACGICCGG 300 €

301 (2)(2) | NFORMNTIOON-G:OBESER hB: NQ. 23:- - - - (i) SEQUENCE
CHARACTERI STICS: (A) LENGITH. 289 base ‘pairs (B) TYPE: nucleic acid (C

STRANDEDNESS:* ' d E@CE RAQPBLEGY:S:| i near 94 (ii) MOLECULE TYPE: DNA
(genomic) (iii) F CA6 PNe® peitkd) ANTI- SENSE: NO  (vi) ORI G .NAL
SOURCE: (A EEI%@ sggg%nce of Sal monel |l a typhimurium virul ence
gene (xi) SEQUE a;;a&E ID NO 23: CGCGAACGIG CGCCGCAACT
CCTTGTGGAC GGTGAATTGC AGTTTGACGC CCCTTTCGIG 60 CCGGAGGTCG ,
GEEOTEATLIACTIIOCONE AAGREHGCGC CAACGTGATG 120  ATTTTCCCGT
CCCTGCA % ACAAAATCACTCAGCG TCTGGGAGGEC. 180 )
TATCGCGCTG. TT ARTTERGEGGCTTGEOGOGC CGCTTCACGA CCTCTCCCGA . 240
GCCTGTAGCGiT CCAGRRAAATisEATEGAACTG CCGGTTGGTGA GAAAACCAA 289 (2) | NFORVATI ON
FOR SEQ ID NO 24: (i) SEQUENCE CHARACTERI STI CS (A) LENGTH: 303 base
pairs (B) (TYPRRIfli#Le SoURLi: d : '

(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

_(x1) SEQUENCE. DESCRIPTION: SEQ ID NO: 17:

GAGGCGCGTC TTCGETTGAG .GGTCGECCCTC CAGATCTTTA TGCTCCTGTT TTACGTCATC 60

TTTACTCATT TTAAGATCTT TTCTAATCTT ATRATATTGA AARGAATAGT CCAGTATGCC 120°
ARCGRCGAAR TARAGAARCA TCACCCCAAC -CCATAACCAT TITTTCAATG ATGARAGCAC 180
- AAGCRACGCCA CAGGCTACAC CACAGCCCGG AGGGGGCCGG AAAGTGCTGG GATCTTGATT 240
! BATGRAARAG GCARAGGGAA GAGATAGGAT GATGCATGCT GGTTGGAGGC AGATTATICA - 3’06
TCTTCG : S © . - 306

© (2) INFORMATION FOR SEQ ID NQ: 18:

(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 297 base palrs
(B} TYPE: nucleic acid :
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear '

{ii) MOLECULE TYPE: DNA {genomic)
{iii) HYPOTHETICAL: NO
(iidi} ANTI~SENSE' NC

(vi) ORIGINAL SOURCE: '
(A} ORGANISM: Partlal sequence of Salmonella typhlmurlum ’
virulenceé gene

(x1) SEQUENCE DESCRIPTION: SEQ.'ID NO 18

AGTTGCCGTA TTTATTARAT ATTCACCTCA GGTCAATATG GAGGTCTTCC CGGCTAAARA . . 60

TCATTGCTTT ACTAGAGATA TCACTCCCTG GGTTGCAATA CAGTACGATT AGTTATCTTG ° °~ 120
ATGCAGCCTG CTGATTTCAG AATGGCAGCT GACGTACCCG CGAGACBAAC ATTCTGGATT"' 180
ATGGACGTTA TCAACGCCAA TATAGGGAAG GTGGTGAAGT GGTTGATGAA ATACCCCTAT - 'Zﬁdl'-
CCCTTGCATG TTATCGCTGA CAGGACTGTT ATCAGGAGCG GGCATCCTCG ATCGGCT -i 297‘

(2) INFORMATION FOR SEQ ID NO 19:



C) STRANDEDNESS: double (D) TOPOLOGY: |inear (ii) MOLECULE TYPE: DNA
Egénonic) (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO (vi) ORIG NAL .
SOURCE: (A) ORGANI SM Partial sequence od Sal nmonella typhimurium virul ence
gene (xi) SEQUENCE DESCRIPTION: SEQ ID NO 24: t CGCCCTAGCA TGCCTGGCGT
TGTCCGGITA TTGCTCGTCA AGCGAACAGA TGCAAAAGEET 60 GAGAGCGACT CTCGAATCAT
GGGGGGTCAT . GTATCGGGAT GGTGTAATCT GTGATGACTT 120 ATTGGTACGA GAAGTGCAGG
ATGTTTTGGA TAAARAATENBTdARECHA L+ L.GAAGTAT 180 CCAGCGAAGG GCCGGGGAGC
GIGTTAATTC ATGATEATATGACAANT Fabd SAGCAATGEC 240  GCAAGGTTCAACCATTACTT
GCAGATATTC CCCGUHITATFECAGEGECAG:AT TAGTCACT 300 CTC 303 (2) | NFORVATI ON FOR
SEQ ID NO 25: {€L STR%{? DRESIENGEIGHARACTERI STICS: --  (A) LENGTH: 300 base
pairs (B) TYPE ‘MudPBP@S¢itinear - - + () STRANDEDNESS: doubl e (D)

iii) HYPOTHETI CAL:
TOPOLOGY: | 4inensr g @@EE E pNa (genoni ©) 95 (ii1) _
NO (iii) AlI\I'I}P-SENSE NO (Vi (‘%@F‘hﬁ\ | (A) ?QG)AleggJEE%rEt.al_
sequence btu$aﬂﬁmnﬁEtaﬂnpr}nurlun1 virul ence gene (xi

DEgCRIPTI§§é+ | D. NO 25: CCCTTCCCAG GCTCGACAGG TACACAGCCA GCCACTGGTG

CAGGCAGTT TPENTHONO
{vi} ORIGINAL SOURCE:

(&) ORGANISM: Partial sequence of Salmonella typhlmurlum
. virulence gene .

{xi)  SEQUENCE DESCRIPTION: SEQ ID NO: 19:

CAAGAGACAG_ATCCAACTCG GGCCGATCGC CATAACGCCA GCAGTTTGAZ AGATGAAAGC 80

CCAGCTTATC CAGCCATTCC GGTACAGCGT ARCGAGCAGG TTGCCAGARA TAACGATARA “120 _ij}
GTTGCAACAC CTCGGGATCA GGTCCROTCA AAAACGGGGT'CTCAGGCAAA”AATAGCCGAT‘ 180
CAGGATGCCC ACTCCTAATA ACAGTCCTGT CAACGATAAC ATCAACGGAT ABGGGTATTT 249

CATCAACCAC TTCACCACCT TCCCTTTATT GGCGTTGGAT AACGTCCATA ATCCAGA 297
(2) INFORMATION FOR SEQ ID NO: 20: o
- {1} SEQUENCE CHARACTERISTICS:
(A} LENGTH: .298 base pairs
(B) TYPE: nucleic acid
. (C) STRANDEDNESS: double
(D) TOPOLOGY: linear
- {11 MOLECULE TYPE: DNA (gencmic)
(iii)_HYPOTHETICAL: NO

(iii) ANTI-SENSE: NO . SR ”f}

Ay
fal)

(vi) ORIGINAL SOQURCE: -
(AR} ORGANISM: Partial seguence of Salmonella typhimurium -
virulence gene {

%
. Y

(%1) SEQUENCE DESCRIPTION: SEQ.ID NO: 20:

AGGGCTTTAT TGATTCCATT TTTACACTGA TGAATGTTCC GTTGCGCTGC COGGATTACA 60

GCCGGATCCT CTAGAGTCGA CCTGCAGAAC ‘CGAGCCAGGA GCARATTAAT TTTTITGGGC 120
AATTGCTGAA AGATGRAGCA TCCACCAGTA ACGCCAGTGC TTTATTACCG CAGGTTATGT - 180
TGACCAGACA AATAGATTAT ATGCAGTTAA CGETAGGCGT CGATTATCTT GTCAGAATAT 240
CAGGCGCAGCVATCGCAAGCG CTTAATAAGC TGGGTAACAT GGCATGAAGG GGCARCCC .=~ . 298 .

(2) .INFORMATION FOR SEQ ID NO: 21:

- (1) SEQUENCE CHARACTERISTICS:
{B) LENGTH: 298 base pairs
(B) TYPE: nucleiec acid



TCATGGGAAG GAGCAATATC CTGATATATT AAAGAAAGAG CGGGATCCCC TTTCTTTACT 120
GCTGCTAACG TTTCTTGCAA AATGCGTTGA TGAGATTCAT .CCAGCACACC ACTGATAACA 180 .
AAAGAGCGCCGCATTGGOGT AACATTGACA AGCCCCACTA AACCGCTCTC TATTATCGCA 240
GAAATAATAT CATCCCCCTG AGACTGATGA GAGTGACTAT TCTGCCAGCG- CAAATAACCC 300 (2)
| NFORVATI ON FOR SEQ I D NO. 26: (i) SEQUBRACE CHARACTERI STICS: (A) LENGTH:
303 base pairs (B TYPE nuclelc acid. (C) STRANDEDNESS: double (D)
TOPOLOGY: line @)“ L OPE: DNA (genomic) (iii) HYPOTHETI CAL: NO
(iii) ANTI-SE Vi) 165?’@ NAL SQJRCE( _()A) SO?GAEqJEmICEMDEggrR'IL |P$: Os\lquggcleD
| monelia ymmm. m f ene (Xxi
ﬁfo Sga A‘?’iACCbég\GTA w&% (%%T&%%\)C%\TC GTCATCCAAC AACATACGCA GCGAGCCGCC
60 ACGCEEGAARY BRABECISATERT GTCATGTGC CTGTTGTAGG GTCGGGTCTT TTTTCATGAG 120
TACGTTT ACTGGAAATT TCCCCCCACT TACTGATAAG CCCTGTCAGT 180
TGGGTAAC& g%ﬁ% ‘CYeCTGAGAC ATTTTTTGGA ATGGTTATCT TTCCCCGACT 240
CATAAAAT O 1 GTARTEGREICG ohREISGECAAT  ATCCAAAGAC GCTTTGGTCG COCGTAGGGC 300  ACC
303 (2) | NFORMATLRBMuEER: SEQiL NGquaise bF)s-2RAENGE: CHARACIER! STICS: (A
LENGTH: 300 base paivisuléB)e §¥RE: nucl eic acid (C) STRANDEDNESS: doubl e
(D TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genonlc)

(xi) SEQUENCE DESCRIPTION: SEQ- ID NO: 2%:

CACTATAGGG BAAGCTTGCA TGCCTGCAGG"TCGACTCTAG AGGATCTACT'AGTCATATGG 60

ATTCCTAGGC GGCCAGATCT GATCAAGAGA CAGATCCAAC TCGGGCCGAT CGCCATAACG 120
CCAGGAGTTT GAAAGATGAA AGCCCAGCTT ATCCAGCCAT TCCGGTACAG CGTABCGAGC, - 180
AGGTTGCCAG AAATAACGAT ARAGTTGCAA CACCTCGGGA TCAGGTCGGC TCAABBACGE - 240
GGTCTCAGGC ARAAATAGCC GATCAGGATG CCCACTCCTA ATAACAGTCC TGTCRAACE 298

(2) INFORMATION FOR SEQ ID NO: 22:

{1} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 301 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: double
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomi.c)
{iii) HYPOTHETICAL: NO

(iii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:

(A) CRGANISM: Partlal sequence of Salmonella typhimarium -
virulence. gene s

(xi) SEQUENCE :DESCRIPTION: SEQ.ID NO: . 22:
CCCCCCCCCT TCTCCTGGCT TACACAGCCC CAGACCGGCG'CTGGAAAAGG céﬁTféccec - 60
‘CATACAGGAG GCCAGCAACA TATTTTCACG CGCCGCCAGA-TCGTGGCCGT’AACCCACGGC'“"-120
- TTTCGGCAGC GATTTGCCAR TCATCGCTAT .CGCGCCAATC. GCCAGGETGT CGGTAAKCGE .-« ‘180
CGTGGCGTTG AGCGCGCTGET AGGCCTCAAT CGCATGCGTC AACCCATCGA TACCGGTCAT - ° 240
- CGCCGTCACG TTTGGCGGAA CGCCTTCGGT CACGGAAGCA TCAAGAATCG CCACGTCCGE 300

. ¢ , S 301
 {2) INFORMATION FOR SEQ ID NO: 23: - |

{i) SEQUENCE CHARACTERISTICS:
(&) LENGTH: 289 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: double
{D) TOPOLOGY: linear



96 (i-ii) HYPOTHETICAL: NO (iii) ANTI-SENSE: h!\IO (vi) oRlc;:NAL SCleJEgE:(Xi(SA)
ORGANI SM Partial sequence of Salnonella typhimurium virulence g
SEQUENCE DESCRI PTION: SEQ I D NO 27: GCCGTATGCC TGCAGITGCC CGGITATTGC
TCGTCAAGCG AACCGATGCC AAAGGTGAGA 60 GCGACTCTCG AATCATGGGG GGTCATGTAT

. CGCGATGGTG TAATCTGTGA TGACTTATTG 120 GIggGAGAAG TGCAGGATGT TTTGGTAAAA
ATGGGITACC CCCATGCTGA AGTATCCAGC 180 GAAGGEECGG GGAGCGTGIT AATTCACGAT
GATATTCAAA(IGEIBIGAGEA A g )GT TCAACCCC CACTTGCAGA TATTCCCCCC “
CCTATTGGAC TGGCAGATTA GTCACTCTCA. 300 g, (2) INFORVATION FOR SEQ I D
28: (i) SEQUENTERTHARNGIERNGTI CS: (A) LENGTH 300 bals_e pairs g_B_))TYPE
nucl ei ¢ ac¢j d STRANDEDNESS: double (D) TOPOLOGY: linear. - (il _
MOLECULE ‘cr'v’lf'é( %mNE) (iii) HYPOTHETI CAL: NO . (iii) ANTI-SENSE: .NO -

(vi) ORI G NAL &@é.% 4RcPRGANI SM -~ Partial sequence of Sal nonel | a

| eRcRyIGeR ep L6k I D NO 28:
-%?Mﬁ&ﬁﬁﬁ %%@%GCGTTTT c@lﬁ@(}g}l’f”%ﬂ?&ﬁﬂm 60

GACCTGGAAA GCTTACCTAA GCCTTGICTT GCCTATGTGA CAATACTGCT TGGAGAACAC 120

CCGGACGTCG A TATACAGATC ACAGOGGATG GGGGATGGTG AATCGGTTAT 180
" &W DEGRESETRNT SEETE HEAGAS TAGAAAAACA CCCCGCTTCA 240

- TATACCACAA :
CGCGAACGTG CGCCGCAACT GCTTGTGGAC GGTCAATTGC AGTTTGACGC CGCTTTCGTS 60
CCGGAGGTCG CCGCGCAAAA AGCGCCTGAC AGCCCGCTGC . ABGGCCGCGC CAACGTGATG i20~

‘ATTTTCCCGT CGCTGGAGGC.GGGCAATATT‘GGGTACAAAA“TCACTCAGCG TCTGGGAGGC - 1801_
TATCGCGCTG TTGGGCCGCT ARTTCAGGGG . CTTGGCGCGEC CGUT'TCACGA CCTCTCCCGA:.' '2407
GGCTGTAGCG TGCAGGARAT TATCGAACTG CGGTTGGTGA GAARACCAA o 289 7

(2} INFORMATION FOR SEQ ID NO: 24:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 303 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLCOGY: linear

(ii) MOLECULE TYPE: DNA (genbmic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:

(A) ORGANISM;: Partial Sequence od Salmonella typhlmurlum
virulence gene

(Xl} SEQUENCE DESCRIPTION: SEQ ID NO: 24; gi;
CGCCCTAGCA TGCCTGGCGT TGTCCGGTITA TTGCTCGTCA AGCGARCAGA TGCAAAAGGTV 60 |
GAGAGCGACT CTCGAATCAT GGGGGGTCAT GTATCGGGAT GGTGIAATCT GTGATGACTT . - 120
'ATTGGTACGA GAAGTGCAGG ATGTTTTGGA TARAARTGGG . TTACCCGCAT GCTGAAGTAT 180
CCAGCGRAGG GCCGGGGAGC GTGTTARYTC ATGATGATAT ACAAATGGAT CAGCAATGGC' 240
GCAAGGTTCA- ACCATTACTT GCAGATATTC CCGGETTATT GCACTGGCAG ATTAGTCACT = 300
crc ' _ . . : | ' 303

P (2} INFORMATION FOR SEQ ID NO: 25:

{1) SEQUENCE CHARACTERISTICS:
' (A} LENGTH: 300 base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)



ACTTGGATTT TGAATAATGT AATACGCAAT CACCATACAC TATATTCGGG TGGCGTATAA 300 (2.)
‘| NFORVATI ON FOR SEQ I D NO 29: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
266 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:. double (D)
TOPOLOGY linear (ii) MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETI CAL: NO
97 (iii) ANTI-SENSE: NO (vi) ORIG NAL S@YRCE: (A) ORGANI SM Parti al
sequence of Salnnnella typhi murium virul ence gene (xi) SEQUENCE

DESCRI PTI %%#ﬁ%#ﬁ) 29:  TTCGAGCTGG GGCACCGCTA ATATCTTTAA CCTCGCATCC
CGGTGAT 60" BBCTGCGTAA GTAATGAATG AACCGCCCAG CAGATAAAAT
ATTGACAGW@iAJAAﬁEﬁEﬁmsﬂQ&o GITTTTTTAA CGATGCAGGC TATACATATA ACATAGCTGG
CCACCAACAC AGCTGAAGTA 180 AATCATATTG TTGCTGCCAG GCTACTTCAC ACTATTGICC
GGCGGGCCAG U CRGRRETT Y %XU@ECCCCCTAAAT CTCCCTGGIT CTCAAA 266 (2)

| NFORVATI ON FORBEGRFBY Byptial jseEupn SEQUENGROGHARACTIERNETIES.  (A)
LENGTH: 300 base pair$* ﬁ?cﬁ'ﬁ@? nucl ei c acid (C) STRANDEDNESS: double -.
(D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomc¢) (iii) HYPOTHETI CAL:
NO (iii) ANED)- SENBHECENBSCRYPITORR SHoNAb. IBQUREE: - (A) ORGANISM Parti al
sequence of Sal nonella t Gyghlnurlun1

CCCTTCCCAG GCTCGACAG ACACAGCCA GCCACTGGTG CAGGCAGTTA CTTGCTTTCA 60
TCATGGGAAG GAGCAATATC CTGATATATT AAARGAAAGAG CGGGATCCCC TTTCTTTACT 126
GCTGCTAACG TTTCTTGCAA AATGCGTTGA TGAGATTCAT CCAGCACACC ACTGATAACR 1éO
AAAGAGCGCC GCATTGGCGT AACATTGACA AGCCCCACTA AACCCCTCTC TATTATCGCA | _246

GARATAATAT CATCCCCCTG AGACTGATGA GAGTGACTAT TCTGCCAGCG CARATAACCC 300

—

(2) INFORMATION FOR SEQ ID NO: 26:
(1) SEQUENCE CHARACTERISTICS:
© (A) LENGTH: 303 base pairs
{B} TYPE: nucleic acid.
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii} HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SQURCE: :
(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene .

(xi) SEQUENCE DESCRIPTION‘ SEQ ID NG: 26

ATACCGAGTA TTAAGCGGCT GTGTAACATC GTCATCCAAC AACATACGCA GCGAGCCGCC 60

ACGCCGGAAA ABCCGCATCG TGTCATGTGC CTGTTGTAGG GTCGGGTCTT TT@fCAIGAG‘;. 120
TACGTTTTCT GCGCTATCAT ACTGGAAATT TCCCCCCACT TACTGATAAG CCCIGTCAGT " Léo
TGGGTARGGA CAGAGTTAAG CTCCTGAGAC ATTTTTTGGA ATGGTTATCT TTCCCCéAQfJ_ 240
CATAARATCG GTATTCCCGC TGGGGGCAAT ATCCAAAGAC GCTTTGGTCG cccsTAcGGc- 300
ACC - ”_' - : . 303

{2) INFORMATION FOR SEQ ID'NO: 27:

{i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 300 base pairs
(B) TYPE: nucleic acid
{(C} STRANDEDNESS: double
‘ (D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)



irulence gene (xi) SEQUENCE DESCRI PTION. SEQ I D NO. 30: AGICTACGAT
¥TCECTATAT9CTTC%CT4AA $gATGGCCGCCATTTGTGGA TGCGATTTTA 60 AAATATCCGG .
GCGATCTTTC ATTAAAAAATAAAGATTCCC CATGACTTCA CAGATAAAGG 120 f.a TATCGGTATT
TTGAGIGATA CGTAACAATT CGITCTCTTC GIGTGGEGTCC ATGATGCGAA 180 ‘
GAATAATGGTGGCATCATTT TCATGAGGAT TATGAACCHE AAATCTTTCT CTTTGCGATG 240
- CGCAGGCTAA JTCAAC TCAAAAAAAA TCTCTGTAAG CCGCTCTCGT GIGEEEGECGC 300 (2)
| NFORMATI 8\&[ SEEFTEAO NS1: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
299 base paiihSanrr-spnd®) nd YPE: nucleic acid (C) STRANDEDNESS: - doubl e (E»
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETI CAL: NO
(i1i) ANTI¢SENSEGINGL ouR)E:ORI G NAL SOURCE: 98 (A) ORGANISM Partial
sequence of Sal FENnEREATIEH pHHambialumeqvérael ence 1genel 1(X ik yprSRQUENCE
DESCRI PTI ON:  SEQ | D NOFUS3RCeCEESCCCTTT AATTGGTTGA GGCGGCTGGT ATTCTTGTAA
GGGTAATACT AGCGAGACCC 60 AGGTITCCACC CCCGGGGACA CTTTTTAGIG TCAGATTACC
GCCCAT CAT Tx1 T ASBuptk pk2OrT pTTENY p AT CARTCCA ATTCCTGTAC CTTGCGAATT
TGTGICTGCT TGATAAAAAG 180 CAGAAAAGAT TTGAGACTGC TGCTGITTTT CAATCCCCCC
ACCGCTEI¢EATFAACCARAIN G2 (CCGATATMREEATIG CEREGET GACCA TGS TTOASEEn GCAGACGAT

- 9 | NFORMATI ON FOR SEQ ID NO 32: (i) SEQUENCE
ﬁmﬁ %%@A%G%%%r\‘fér“ﬁ;“f% BERBTHETE FAALGJCTRIPESAAIERTEE ¢ aclad (O)

STRANDEfERSA A @UBA®ATGT TTTGGTARAR ATGGGTTACC CCCATGCTGA AGTATCCAGE 180
GAAGGGGCGG GGAGCGTGTT RATTCACGAT GATATTCAAA TGGGTCAGCA ATGGGGCAAG 240
GTTCAACCCC CACTTGCAGA TATTCCCCCC CCTATTGGAC TGGCAGATTA' GTCACTCTCA 300

. | _ ‘ - %23
(2) INFORMATION FOR SEQ ID NO: 28: ’ b

(i) SEQUENCE CHARACTERISTICS:.
(A) LENGTH: 300 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
- (vi) ORIGINAL SOURCE :

(A) ORGANISM: Partial sequence of Salmonella typhimiriam .-
virulence gene

(xi) SEQUENCE DESCRIPTION SEQ D NO 28:

A
e
i/ T
e

GGGCGACCTG CCCGCGGCGC AACTTTCCCC GAAGCGTTTT CCATTTCCTT GTTCTTAAAT '“ 60,,'
GACCTGGAAA GCTTACCTAA GCCTTGTCTT GCCTATGTGA CAATACTGCT TGGAGAACAC  ' _léQ
CCGGACGTCC ATGATTATGC TATACAGATC ACAGCGGATG GGGGATGGTG AATCGGTTAT IBQ
TATACCACAA GTCGCAGCTC TGAGCTTATT GCTATTGAGA TAGAAAAACA CCCCGCTTCA A 240

ACTTGGATTT TGARTAATGT AATACGCAAT CACCRTACAC TATATTCGGG TGGCGTATAAA 300

(2} INFORMATION FOR SEQ ID NO: 29:

(i} SEQUENGE CHARACTERISTICS
(A} LENGTH: 266 base pairs
{B) TYPE: nucleic acid
“(C) STRANDEDNESS: double
{D} TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETICAL: NO



(D TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomc) (iii) HYPOTHETI CAL:

NO (iii) ANTI-SENSE: NO (vi) ORI G NAL SOURCE: (A) ORGANISM Parti al.

sequence of Sal nonella typhinurium virulence gene (xi) SEQUENCE

DESCRI PTI ON: SEQ I D NO 32: GGATAAGATC CCGGATAAGT ATGICAGGCT CGTATGCACA

ACAGGCATTA TAAACCTCTA 60 GACCATTTTT AAGATGCTCT ACTATTTTAA AATGAGGCCA

(II;IAATAACg};{?T@T%EZ o TGCCGTTAAT GATGATTTCA TGATCGICTA CTAATAAGAT

CTTATATTCT TTCAT 188° TGOCCTCGOG AAAATTAAGA TAATATTAAG |

TAATGGT GTAGET TGHIGEALS. ADCATACGTA 240 TTTTCTGECG TAAGICGGTT AGITCCTCCA

GCGCGATGAT TTTOCCCAHRGANISTACGCGAL 30@adn2) ¢ NSORMAEION FPRi=EQULD NO  33:

(i) SEQUENCE CHARACTEREST#TCS: gerfeA) LENGTH: 278 base pairs (B) TYPE:

nucl eic acid (C) STRANDEDNESS: double - - - (D) TOPOLOGY: linear (ii)

MOLECULE TYRE: S%&Q%ﬁg&ﬂﬁ)}r i k% }}éY TICAL: NO (iii) ANTI-SENSE: NO

(vi) ORI G NAL SOURCE: § rtia ‘sequence- of Sal nonel | a

t yphi mUPEGRFCIGE mtmmmwﬁrm@xcdmﬁ@dﬁ\@&cm RN 2EQ | D @ 33:

TEE§§§§%%§§ CTCGTCCGGG GAGCGTGITA ATTCTTGATG ATATACCAAT GGATCTGCAA 60
A RN ARE PRCEACTERC ATPRACORATT ATAIAIEEAC FGAGGAGATTAGT 1280

CACT CTEARG ML CEGARGR GOGTGATGET AT GCA’ ACGGOGTTAG_ 180
© CAGGGGTOGG TCAGTAGTCAG%%@“%%% AN R BT AT 180
ATAACTERATRTETCATORCCCCRCACTATIEGAC ARTEATE 2 E?.&:GGGCCAG CGGGGATTIT - 240

CCCCCTARAAT CTCGCTGGTT CTCAAA ) '7‘ 266

(2) INFORMATION FOR SEQ ID NO: 320:
.“j (i) SEQUENCE CHARACTERISTICS:
. (A) LENGTH: 300 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genbmic)
(iii) HYPOTHETICAL: NO ’
(1ii) ANTI~SENSE: NO
(vi) ORIGINATL, SOURCE:

(A) ORGANISM: Partial sequence of Salmonella typhimarium -
virulence. gene

{xi} SEQUENCE DESCRIPTION SEQ ID NO: 30

AGTCTACGAT TTCGCTATAT CTTCTCTTAA TCATGGCCGC CATTTGTGGA TGCGATTTTA : 60 '
ARATATCCGG GCGATCTTTC ATTAAAAAAT AAAGATTCCC CATGACTTCA CAGATAAAGG‘ | 120
TATCGGTATT TTGAGTGATA CGTAACAATT CGTTCTCTTC GTGTGGGTCC ATGATGCGAAﬂ .. 186
.GAATAATGGT GGCATCATTT TCATGAGGAT TATGAACCCG AAATCTTTCT CTTTGCGATG?.K .240--'

“

CGCAGGCTAR CTCTTTCAAC TCAAAAAAAA TCTCTGTARG CCGCTCTCGT GTGGGGGCGC' 300

{2) INFORMATION FOR SEQ ID NO: 31:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 299 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: “double
(D} TOPOLOGY: llnear
‘{ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO

(vi) ORIGINAL S0URCE::



(2) INFORMATION FOR SEQ ID NO 34: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH: 301 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: double
(D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETI CAL
NO (iii) ANTI-SENSE: NO (vi) ORIG NAL SOURCE: (A) ORGANISM Parti al
sequence of SaInDneIIa typhimurium':. ggrul ence gene (xi) SEQUENCE

DESCRI PTI O SEQ, 4.5 ARTTCTTTTA CCTCCATAAG CTCOGTCCCA
TAGCGATACAGAGTA E&%g«%g;ﬁ 6 G TRERT BT G erAACARGAT "ACEBAGOGAG
COGCCACGOC GGAAAAACCG GICA 120 TGTGOCTGIT GTAGGGTCGG |
GTCTTTTTTT. CATGAGTACG TGITCTGCGC TATCATACTG 180 GAAATTTCOC CCCACTTACT
GATAAGCCCTGECASIPENS: TRAGGRTAGE GEIARGEBCC 1240 TGAGACATTT TTTGAGITGT
TATCTGQ%*CC%% CATA AGATCGGGTA TTCOGOGGTG 300. G 301 (2) | NFORVATI ON FOR
SEQ I D T N SRR ACH R TS P T 425 GG A TACENESIIGAGROX base qai r s

B) TYREs o
MOLECULE “’#%%*"@bﬁf\@%%ﬁé%s? P o S MR - Siee: O
(Vi) ORFEIOQARATSEURCASTCEA) ATORGANASM TRAGhARE T6OGHERE? BfarRakiRnel | &g, :

t yphi vi rul ence gene (Xi SEQUENCE DESCRI PTIONS SEQ | D NO 35:
yp ”HA&AﬂXhGAT TTGAGACTGC TGCTGTTTTT cég%cccccc ACCGCTATCG CTAAcgiGAA 240

ATATTAATTG TTCCTCACCA AGATTGAGCG CCAGACGTAT CCCTCCCCCE TCGGGAAAT 299
~ {2) INFORMATION FOR SEQ ID NO: 32: |
(i} SEQUENCE CHARACTERISTICS:

(A) LENGTH: 300 base pairs
(B} TYPE: nucleic acid :
(C} STRANDEDNESS: double L . fi}
{D) TOPOLOGY: linear : : ' - ' =

(ii) MOLECULE TYPE: DNA (genomic) |

(iii) HYPOTHETICAL: NO

(1ii) ANTI- ~SENSE: NO

{vi) ORIGINAL SOURCE:

{A}) ORGANISM: Partial sequence of Salmonella typhlmurlum
v1rulence gene - :

{(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 32:

- GGATAAGATC CCGGATAAGT ATGTCAGGCT CGTATGCACA ACAGGCATTA TAAACCTCTA 60
GACCATTTTT AACATGCTCT ACTATTTTAA AATGAGGCCA GGGTAATAAG GCATTCATAA_ 120
TGCCGTTAAT GATGATTTCA TGATCGTCTA CTAATAAGAT CTTATATTCT TTCATTTGGC. iBU
TGCCCTCGCG ABRBATTAAGA TAATATTAAG TAATGGTGTA GGTTGTGGAG ATCATACGTA l‘é4Q' ‘. 533

TTTTCTGGCG TAAGTCGGTT AGTTCCTCCA GCGCGATGAT TTTCCCCATT TTTACGCGAT 300

(2) INFORMATION FOR SEQ i NO: 33:

(1) SEQUENCE CHARACTERISTICS:
(&) LENGTH: 278 base pairs
(B} TYPE: nucleic acid
{C} STRANDEDNESS: double
(D) TOPOLOGY: linear

. (ii) MOLECULE TYPE: D&A (genomic)
(1ii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:

{A) ORGANISM: Partial sequence of Salmonella typhlmurlum
v1rulence gene



100 ATATCCCTAA TGCTTTTCCT TAAAATAAAT ACCACGGAAG GATACTGGECC ACCTAGCCAA 60
ATTTAGAAAG CAATGAACAT CCGGITTATT CCTGAAAACG ATTACTCCGG CGCACGITGT -120
TCTGGOGTTA CCTGAGCCAG CAAACGATAT AATGGGGTGG TGACCCGCAT ACCGGTCATT 180
GGCATCCCAT CCACACCGGA GGGAGTAAAA CTCATTAGGEC CATAGGTAAT ATCATTAAGA 240
CGCTCTAATA AATGAGGGTG GGGGGCCCAA ACTACCAGHC CAGTATGTAT TGAGTCA 297 (2)

| NFORVATI ON FOR SEQ _ID NO 36: (i) SEQUENCE CHARACTERI STI CS- (A) LENGTH:

291 base pajr.s Y cleic acid (C)_ STRANDEDNESS:. double (D)
TOPOLOGY: ?1n’ear&15%“’|‘:% ‘%&3&% NryBe TBNR(ddhomic) (i) HYPOTHETI CAL: NO
(i) ANEeaBENSETd@cddd baddRhet-MAL TSR REE: (M §E§3N¥|§%ATdDécé§ ence
of Sal monel |l a typhimurium virul ence gene (xi) SEQUENCE DES PTI SEQ | D

NO 36 TCECEAPCEEIGABNATIT T STIGCBEBIAGIEICECACOXPACOATICCEGICET ALE AGCT: ﬁE)AATT 60

W GTGACGACCC CAACGGAAGA TAAGGCCGGG CTTAAACAGG 120
AGATTA CEFETCTTATE LA APARTS FIGEEEETESC 18180

T TC 24
| gTCGCEﬁg;%%E @%&%%@%&JME% %&%AO%@% (5 240,

| NFORVATRIN GRER GEGICEANCECRRTTEET) ASEQIENCE CHARACTERI STICS: ~-' 1(7%)
base pairs -- - ) TYPE: nucleic acid (O STRANDEDNESS

LENGTH:
double(zgdﬁ&%éﬁﬁffﬁwwn1ﬁﬁ%é?’F?])4NCLECULE TYPE: DNA (genoni ¢)

_ {i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 301 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: double
{D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA ({(genomic)
(iii) HYPOTHETICAL: NO

(iii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:

{A) ORGANISM: Partial sequence of Salmonella typhimuriumﬂ
virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34:

AATTCTTTTA CCTCCATAAG CTGCGTGGCA TAGCGATACA GAGTATTAAG CGGGTCTGTT 60
ACATCGTCAT CCAACAACAT ACGCAGCGAG CCGCCACGCC GGAARAACCG CATCGTGTCA 120
TETGCCTGTT GTAGGETCGE GTCTTTTTTT CATGAGTACG TGITCTGCGC TATCATACTG 180
GABATTTCCC CCCACTTACT GATAAGCCCT GTCAGTTGGG TAAGGACAGC GITAAGCTCC '246
ﬁ% TGAGACATTT TTTGAGTTGT TATCTGCCCC CCGACTCATA AGATCGGGTA TTCCGCGGTG . 300

G _ . - o 301
(2) INFORMATION FOR SEQ ID NO: 35: ‘ g '
(i) SEQUENCE CHARACTERISTICS:
(A LENGTH: 297 base pairs -
{B} TYPE: nucleic acid
(C} STRANDEDNESS: double
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
{iii) ‘HYPOTHETICAL: NO
(iii} ANTI-SENSE: NO
(vi} ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence .of Salmonella typhlmurlum
v1rulence gene

(xi) SEQUENCE‘DESCRIPTION&_SEQ ID NO: 35:



(ti1) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (vi) ORI G NAL SOURCE: (A
.ORGANI SM DNA sequence of VGC Il fromcentre to left hand end (xi)" -
SEQUENCE DESCRI PTI ON: SEQ I D NO 37 CTGCAGAACC GAGCCAGGAG CAAATTAATT
TTTTTGAACA ATTCCTGAAA GATGAAGCAT 60 CCACCAGTAA CGCCAGIGCT

TTATTACCGC. AGGTTATGIT- GACCAGACAA- ATGGATT@@" 120 " 101. TGCAGITAAC
GGTAGGCGTC GATTATCTTG CCAGAATATC A ATGCCAAGCG 180 CTTAATAAGC

TGGATAAGAT - g% JTCGTAT AGT ATTTCTT ACTGICCTTA 240 CGITCITTCT
TACGGCATGT (A m % TrEECAERS CATASIACTIACR TR CAAT CAAATECT

GGCAT TAGTTadiFaCAGOATER N P A 360 TGGIGTAACC
- TTACGTGICG AGCAGTc:c;c;ce%ATcA;ﬁTATTAA&E%GQ%?‘A %ﬁ%&&%% TG%TTAA@S@;TT
AT COGCAFARS CXHEAGTOFACC PUOCEOGBATAAAGATEIGTEG C6XIoTANTCACA8 on %XQGT

CACCCQ%T&? GAAGATTAA TTTTTTAAAA GAACAAAGAA 540 T

GCTGAGT FEMOCESARTERGE OB FEUGCET 6O AnACCCGACTTAT

, GATGAG@@M:@MAG@M&H&@G&&%EW T%TQAAAA%EQ TA 660 TTCACCTCAG
GTCAATATGG AGGCCTTTCG GGTAAAAA ECEEREA 297
AAT CCCTEEENFORMINTLAGAFCET AAGATT AGT ACTTGATG CAGCCTGCTG AATTCAGAAT ' 780
GGTAGCTGAC (g GACAAACATT CTGGATTATG GACGTTATCA ACGCCAATAA 840
AGGGAAGGTG T %rc FHICECTTATCCG TTGATGTTAT CGTTGACAGG., 900
ACTGTTATTA GGA kol - FﬂfﬁﬁTTTTGc CTGAGACGCC- GTTTTTGAGC 960
CGACCT GAT CCCGAGET CTRANGARKEEE T GLTATTTCT GGCAACCTGC TCGTTACGCT 1020
GTACCGGAAT mmmmmgfr CATCTTCAAACTGCTGGCGT TATGGCGATC. 1080
GGCCCGAGTT CTT CTTGACAGAG CGTTAAATAGACTAAGAGGA AGCTCTGTTA 1140
TTCCAGCCTGHT FHCRFAARENGEEAGGTTCG TCTTGCGCCG CGTATATCGG 1200

CATTTGCCT T+ )(Xﬁ@ﬁgm HA'E{BCAAAC TCAGGTGTAG, TGACTATTTT, ATGCTACCAG 1260

AGT ATCGGCA ATTGC. TTCTA CAGIGGITTA. GOGAGGATGA GATCTGGCAG CTATATGGTT . 1320 { j

GGT TGGGGEAL NAGRTITIBRSE AART TACTTC CTCCGCAAGT GATGCAACAA ‘ACTGCATTGC 1380 - )

AGATCGGT A((.‘, %&TCT TAATCGGGAAGCGCATGACGA TGCGGGT TTT ACATGCGCT A 1440
. va INAL SOQURCE:

(A) ORGANISM: Partlal sequence af Salmonella typhlmurlum
virulence gene . )

(xi)_sEQﬁENCE DESCRIPTION: SEQ ID NO: 36:

CCCATGGGCG CAATTTGTTG CGCAGCGTTT ACCCGAGCAT CGCGTTTﬁTG AGCTGTAATT-' 60

. CATGGGGGGT ABRANRCGGGC GTGACGACCC CAACGGAAGA TAAGGCCGGG CTTARACAGG S 120
AGATTATTGC TAATGCGCAG CGCAAAGTGT TGCTGECGGA .CAGCAGTARG TATGGCGCGC 180
ATTCGCTCTT TAATGTGGTG CCGCTTGAGC GCTTTAATGA CGTGATTACC GACGTCAATC 2;6
TGCCGCCGTC AGCGCAGGTT GAACTGAARG GGCGCGCTTT TTGCGCTAAC G . ‘ 29i

(2) INFORMATION FOR SEQ ID NO: 37:
SRR ES SEQUENCE CHARACTERISTICS:
{A) LENGTH: 13417 base pairs -
(B) TYPE: nucleic acid
- (C) STRANDEDNESS: double
_ (D) TOPOLOGY: linear
'(ii) MOLECULE TYPE: DNA (genomlc)
(1ii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
] ~ {(vi) ORIGINAL- SOURCE: '
o {A) ORGANISM: DNA sequencé of VGC IT from” centre to left
: . hand end :
(x1) ‘SEQUENCE DESCRIPTION: SEQ ID NO: 37:
CTGCRAGARCC GAGCCAGGAG CAAATTAATT TTTTTGAACA ATTGCTGAAA GATGARGCAT 60

CCACCRGTAA CGCCAGTGCT TTATTACCGC AGGTTATGTT GACCAGACAA ATGGATTATA - 7120



TTAGTATTAT TACCCCCTCC GCAGCGTATACTTTGGCCGA. AGACTTCTCT TACCGAGATT 1500
ATCTTCATGG_AGCATTTGCT ATGAGITTTA CTTCACTTCC TCTGACGGAA ATTAACCATA 1560
AGCTACCCGC TCGAAATATT. ATTGAGTCAC AGTGGATAAC ATTACAATTA. ACTTTATTTG 1620
CGCAAGAGCA ACAAGCCTAAG AGAGTTTCAC ATGCTATTGI GAGCTCCGCT TACCGTAAGG 1680
CTGAAAAAAT, CATCCGAGAC GCCTATCGIT ATCAGCGHEHEAACAGAAAGT TGAGCAGCAAC 1740

AAGAACTAGC GIGCTTGCGT AAAAATACGCTGGAAAAAAT GGAAGTGGAA TGGCTGGAAC 1800
CG TTCATTGGIC GATCACGCAG 1860

R ERARIIET CGG 16920

cocAToAT AT A P R BT R Neesisrreone
e R e e o
GGTTTAEEHIE T T &R TATEXACCUGREGTIRAT. WATM@M@EGWCA@ 002100
102 Gﬁ;%%éilm CTTTCTCSTC ATTTCAACGC GTTACTGAAA TGGTTACGTA 2160
ATGGTGAA CHATC AP AARRECEA CARARGATA S GAAFASSBGOCC 38220

TTAGTTCTCE ACAGH A AN AR FAATEAGAL " Ancan 9940

AT AGGARTRBACEETIT BACTEAT AR ASCACOEEC AHNATIARS AATHCACTEATEEETAAGAAA 24009
CTGG% W TTTGCTGCGT TTGATAAAAC AAATACAGGA GGATAATGGG 2460

CCARCRARTACFBATERIPG ATTTIAGARR R
ATTAT CECRECIANICAATEAGRCAE R ARG
TTGCAATCGC AACTGGATAC GITACAGCGG AGGA

7
| e éﬁ%%?oﬁm BRag
TAUWW@W@G@W@KE@%@@@F TEAPTGEAACA 27300
w TGCCCTTATC~GCAGTGGTTC— AGACGCGTGG CAGACTGGCC 2760
%@H FITTEETS ARENEDRET AP ARGATT IR ABCHIAGTATATG72820

| CATCGANBOE: FEOCAIAA GT GRRAFA TOCT,g880
é’%w ST Chn Mé'%fa%’%%m A AR PRI e 2690
TAAT ACREAAETEBCCEI AR ACE TACTSRARARTT ATT TG ACCECHERETTT AFCAGEGAT TG 39@0

GITCCT,J ATAGITTC TTCATCGAAG ATGITCAATC GGITACTCCA 3060
ACACTH AP GRS IR TR ERTACE

CERN EAEFETT TFRT ARPAIACEI IRCATEAACGIBA 20

CCCTTTGAAT ATTTAGOTAA Eﬁ%ﬁ%@&%ﬁ%&i@é&}%m

CGRACCTGATC CCGAGGTGTT GCAACTTTAT CGTTATTICT GGCAACCTGC TCETTACGET 1620
GTACQGGAATVGGCTGGATAA GCTGGGCTTT CATCTTCARA - CTGOTGGCGT TATGGCGATC. 1080
GGC??GAGTT_GGATCGTCT% CTTGACAGAG CGTTARATAG ACTAAGAGGA AGCTCTGTfA : 1140
TTCCAGCCTG TTTAAATGAC AGGCAAAAAC GGCAGGTTCG TCTTGCECCG céTATATCGé 1200
cATTTGCCTT'TGGGC$GGGAVTTATTCAAAC TCAGGTGTAG,TGAGTATTTTrATGCTACCAG- 1260
AGTATCGGCA ATTGCITCTA CAGTGGTTTA;GCGAGGATGA GATCTGGCA@ CTATAEGGTf A£3éo
GGTTGGGGCA AAGAGATGGC AAATTACTTC CTCCGCAAGT GATGCAACAA ACTGCATTGC 1380
AGATCGGTAC cGCCATTCTT,AATCGGGAAG-éGCATGAcGA TGCGGGTTTT ACATGCGCTA 1440
TTAGTATTAT TACCCCCTCC GCAGGGTATA‘CTTTGGCC@A”AGACTTCTCT-TACCGAGATT 1500
ATCTTCATGG . AGCATTTGCT ATGAGTITTA CTTCACTTcé-TCTGACGGAA AéfAAECATA 1560
AGCTACCCGC TCGAAATATT ATTGAGTCAC AGTGGATAAC ATTACAATTA”ACTTTATTTG 1620
CGCRAGAGCA ACARGCTAAG AGAGTTTCAC ATGCTATTGT GAGCTCCGCT TACCGTARGG 1680
CTGAARAAAT .CATCCGAGAC GCCTATCGTT ATCAGCGTGA ACAGAAAGTT GAG&AGCAAC 1740
AAGAACTAGC GTGCTTGCG? ARAAATACGC TGGAAAABAT GGAAGTGGAA TGGCTGGAAC 1800
AGCATGTAAA ACATTTACAA GACGATGAAR.ATCAATTTCG TTCATTGGTé GA&CACGCAG 1860
CGCATCATAT TARARATAGT ATAGAACAGG TTCTGTTGGC CTGGTTCGAC CAACAGTCGG 1920
TAGACAGTGT TATGTGCCAT CGTCTGGCAC GCCAGGUCAC GGCTATGGCG -GAAGAGGGAG - 1986
CGCTTTATTT GCGTATTCAT CCTGARAAAG AGGCATTGAT GCGAGAAACT TTfGGCAAgc .-2040n
GATTATCGAG CCTGGTTTCT CTCCCGATCA GGCTGAACTT 2100-

GGTTTACGTT.

TCCTCRACAC -



GGATCTCATT ACTGAACGTA ATATTCAGCT TTTTATTCAA TTAGCAGGAT TAGCTGAACG 3300

GCCTTTAGCA ACCAATATGT TCTGGECGGECA AGGACAATAT GAAACTATCA TAACGGTCGT 3360 i .

ATTCTCTTAT GICAGATACTCAAGCAAACC TTCTTXGACGAAGAACTGCT TTTTAAAGCG 3420
TTGGCTAACT GGAAACCCGC' AGCGTTCCAGGGTATTCCTCAACGATTATTTTTGITGCGC 3480
GATGGGECTTGCAATGAGT TG TTCTCCACCT CTTTCCA CCGCCRAGCTCTGGTTACGA 3540
TTACATCATC GACAAATAAA ATTTCNTGGA GICGCAATEC GITCATGGIT AGGTGAGGEGA 3600
GI'CAGGGECGCCAACAGTGECT CAGTGTATGC GCGEGTCEEC AGGATATGGT TCTGECGACG' 3660
GT GTTAPRAAT FICCETRFRGT T T GATGITGTT ACOCTIGG cCCRADCTGEAT GEETRATALC 336200

TAT GITTTGAGTG ATCCTGCTCT TAATTGCTAT TTATCTTAGT 3780
CTGATT%%% AT TCAET PR FRAT PACH R T EPACTRCATAA M PATEISETTG 382020
TCACT CACAA-AECACGAGAT AT,

CATGUTTTCE, G ARGTITGr ST ACIACA ATETOACHE ST CABF PR R ACC2 3980

ATCATTK@HWTF@GI@@@AWMW@ME@M%J@@@% CeEEAAR T 402

CTCGCTTGA TGGGATGCCA GGCAAACAAA TGAGTATCGA TGGCGATTTG 4080 103

GCC%%W&%&%&TE%G%AW‘C@M@HW BEABCAIFCTCCITAGEAEGAA2 44210
AGCCGCEFa6 cFEEoTaeRAT, TACGATTGCC 4200

GGTATTATTG TTGITCTGGT WW %%GWE%TAT 29550

GATATGFCBACTBAGHBACRA TRET FOACACTA T ACAGOSTAC TheAAIGCe-AGATERT TTA, 4320
FIGCATOCCT GCTGATTTCC CTTAGOGOGG GAATTATTGT CACCCGTGTC 4380

CooooT AR AR AR RIS STomTcn Do
CAGT - - . | I GGCT

TTTATOA S g A e R ey BT o e o0 o960
AAAAAGTEETIGEARIET TEC0RG A ATGECCHE GAAFEACEEE ARARAGATASTATZA CCC 4520

GGCGCATGIC CTCTAATCTT ACGTCTTAGC CCGACGTTAC. ATTCTGCCGA CCTGATTCGT: 4680
GATAT: T T ARG A AT THCE P AT AT CALISTRRCES Wﬁb&ﬂ@@ggﬁg
AAT AT TEDecdTahT GRT; GGAA
GTATTTAGTTTATETATTC%% T o %@%‘ﬁ‘g& 1%%% BEREETAGT. 2 A?é’eo,
GT GGT GBETEARNCAGICAGACAET TACCRAAG CCEEATIERTEC AGATEHGETEr(deTTAGAAAA, 4920

ATAAGGCCCA AGGTTTTGGA CTGGACGITT TCGCGGEGECAG. - CCAACGTATC 4980

%T% T AR ART TG A PR eSS PRI AT BCERGASFATFTC BT GAGGAA B340
TAATACATTA CTGCCGCTAC TACTCGATAT TATTTGTGAG CGCTGGCTTT TCAGTGATTG . 3000
GTTGCTTGAT AGACTTACCG CTATAGTTTC TTCATCGAAG'ATGTTCAATQ;GGTTACTCCA 3060
ACAACTTGAT GCGCAGTTTA TGCTGATACC CGATAACTGT TTTAACGACG.AAGATCAAEG 3156 _
TGAACARATT CTCGAAACGC TTCGTGAAGT AAAGATARAT CAGGTTTTAT TCTGATAGCT 3180
GGCTTTCAAT ATTTAGGTAAtATTGGéTTTC'TGGCTCATCA TGAGGCGTCA'&GATGGATTG 3240
GGATCTCATT ACTGAACGTA ATATTCAGCT TTTTATTCAA TTAGCAGGAT TAGCTGAACG 3300

- GCCTTTAGCA ACCAATATGT TCTGGCGGCA AGGACAATAT GAAACTATCA TAACGGTCGT 3360
ATTCTCTTAT GTCAGATACT CARGCAAACC TICTTAGACE ARGAACTGOT TTTTAAAGCE = 3420
TTGGCTAACT GGABACCCGC -AGCGTTCCAG GRTATTCCTC ‘BAACGATTATT T;TGTTéCGc 3480
GATGGGCTTG CAATGAGTTG TTCTCCACCT -CTTTCCAGCT -CCGCCGAGET c&EéTTAcGA‘ 13540
TTACATCATC GACARATAAR ATTTCNTGGA GTCGCAATGC GTTCATGGTT AGGTGAGGGA: 3600
GTCAGGGCGC'AACAGTGGQT'CAGTGTATGC-GCGGGTCGGC:AGGATATGGT'TéTGGCGACG' 3660
GTGTTATTAA TCGCTATTGT GATGATGCTGiTTACCCTTGC CGACCTGGAT GGTTGATATC 3720
CTGATTACTA TCAACCTTAT GTTTTCAGTG ATCCTGCTCT TAATTGOTAT TTATCTFAGT 3780

P GA&CCTCTCGfATTTATCGGTiAETTCCGTCTiTTATTACTTAéTTACTACATT ATATCGTTTG 3840
TCACTCACAA TcAGcécaTc-AcGGcTGGTAﬁdTGTTACAAC-hTAAiéccGG*TAAiATTGTG"' 3900

GATGCTTTCG GTAAGTTTGT CGTAGGAGGA AATCTCACCG'TiGGGTTGGT'CGTATTTACC} 3960
ATCATTACTA TCGTGCAATT TATTGTCATT ACAARAGGTA TCGAGAGGGT GGCCGARGTT ' '4020

' AGCGCACGTT GGCAARCBAR TGAGTATCGA TGGCGATTTG 4080

TCTCGCTTGA

TGGGATCCCA

ne,

i

g



ACGCGITATC - TAATGAATGC GATGGAAAAA AACTACTCTG AGCTGGTGAA AGAGCTTCAG 5100
CGCCAGITAC CCATTAATAA AATCGCTGAA ACTTTGCAAC GGCTTGIATC AGAGCGGGIT 5160
TCTATTAGAG ATTTACGTCT TATTTTCGGC ACCTTAATTG ACTGGGCGCC ACGTGAAAAA 5220
GATGTCCTGA TGITGACAGA ATATGICCGT ATCGCGCTTC GTCGTCATAT TCTGCGICGT. 5280
CTTAATCCGG AAGGAAAACC GCTGCCGATT TTGCGCGAEG GCGAAGGTAT TGAAAACCTC 5340
GIGCGTGAAT CCATTCGCCA GACGGCAATGGGGACCTATA CTGCGCTGIC GTCTCGICAT 5400

GA ATCGAGCAG GOGCTGAAGC AGTCAGCCAA ATTATTCATT 5460
GTCACTT#%@% TETP G CGARAAMEEAD CRSAREEISACCEIIEETEAC 5500
GTA&G&EEE&@E@AT%G%EEMG@%M T4

ATTGACCT TA. . CCGAAGACGA, GTTGECCGAC AATGAA %%% ?%40

, mmmm@'ﬁcﬁ)%'ﬁ@@@@ AGfAGAGRISC S{H5
AA%%%%.&;T TGCCTGGGGT ATTTATGGGC. GAGTTGTGCT GTATAAAGCC 5760

B RECT e ISR T AR TSR AL AN CAF TORGCATATFCTO TT. 435820
TACGAGEACAe ARERGIT: caresa.y 1 JTCAG, 5880
GTTCCCGTGG GCGAAGCG%C%gljhcaeeceA(;Tf TEA% @%&é%gﬁ WT s
GOCOCOSAMES TREGEGBAGCTACECATBBAMKCIGAETATEATS (RATAGGT QA HORRREAAT G £Q00

GTTCGA :c d ATCACTCA ACCATTAATG ACGGGGATTC GOGCTATTGA
 TAGCGT =R 68 3 AACUR5 4 TG TRE R P AR e AR A AT IR INGT CIES AT TCAIT TTCIGOTC

oo SRR I SO

~ ATGTTCTGGT GITAATTGGT 6180
TGT CT CANGBRGCEATECGAAR (G240 . TCETTGT GLOAATTET FEAREIAACCT TG M AGA

TAGA%,,A%CI&%GI G 6300 TTTGT GGCCA CCACGATAGC AGAATTTTTT CGCGATAATG

EEFT B3t CT

QOCTCTERRB R AGARG TTTAGLCCAT
TGCCACGACTTTTAGAACGT 62&%3& TK%E@M%W '
CGGTA@F%FT@MAWCT%M%@MG%M@GWJ@AMBMW B%CT G
CTTGATGEAG ATATIGIAGE 0900 ATCOOCACHD CTTGCAGAGA GOCCOCATTA

CRAGESTENS

TEBTERA CE6 8 TAEE BRI R IECCEAGRBCTIRATCAGEBATGA
T AT A AT e e e N S S e R R B e iteen

TACCT AFECAECEICrARTIASGACAT BRFTUOGCGASAMGACGETT TCGCEGGECAG - CCAACGTATC © . 4980
- TCTGCCTTAT TARAATGTGYT CCTGCTTCGG CATATGGGAG AGTTTATTGG TGITCAGGAA . 5040
ACGCGTTATC TAATGAATGC GATGGARAAA AACTACTCTG AGCTGGTGAA AGAGCTTCAG 5100
CGCCAGTTAC CCATTAATAA AATCGCTGAA ACTTTGCAAC GGCTTGTATC AGAGCGGGTT . 5160
TCTATTAGAG ATTTACGTCT TATTTTCGGC ACCTTAATTG ACTGGGCGCC ACGTGAAABA 5220
GATGTCCTGA TGITGACAGA ATATGTCCGT ATCGCGCTTC GTCGICATAT TCTGCGTCGT. 5280
CITAATCCGG ARGGAAAACC GCTGCCGATT TTGCGGATCG GCGAAGGTAT TGAARACCTC 5340
GTGCGTGAAT CCATTCGCCA GACGGCAATG GGGACCTATA CTGCGCTGTC GTCTCGTCAT 5400
AAGRCGCAGA" TCCTGCRACT .TATCGAGCAG. GCGCTGAAGC AGTCAGCCAA ATTATTCATT- 5460
GTCACTTCTG TCGACACCCG ACGTTTCTTG CGAARAATTA CAGAAGCCAC CTTGTTCGAC 5520
GTACCGATTT TGTCATGGCA -GGAATTAGGA GAGGAGAGCC TTATACAAGT GGTAGAAAGT 5580
ATTGACCTTA -GCGRAGAGGA -GTTGGCGGAC AATGAAGAAT GAATTGATGC ARCGTCTGAG. 5640
' GCTGAAATAT .CGGCCCCCCG ATGGTTATTG TCGATGEGGC CGAATTCAGE ATGTCBGCGC ~ 5700
ARCGTTGTTA AATGCGTGGT TGCCTGGGET ATTTATGGGC.GAGTfGTGCT GTATARAGCC 5760
TGGAGRAGAA CTTGCTGARG TCGTGGEGAT, TAATGGCAGC ABAGCTTTGC TATCTCCTTT - 5820
VTACGAGTACAwATCGGGCTTC5AGTGCGGGCA_GCAAGTGATG,GCCTTAAGCG ACGCCATCAG . 5880
GTTCCCGTGE GCGARGCGTT ATTAGGGCGA GTTATTGATG GCTTTGGTCG TCCCCTTGAT 5946
GGCCGCGAAC TGCCCGACGT CTGCTGGARA GACTATGATG CAATGCCTOC TCCCGCARTG 16000°
GTTCGRCAGC CTATCACTCA ACCATTAATG ACGGGGATTC GCGCTATTGA TAGCGITGCG . ~6060:



ACCAAATACT 6900
ACAAAGTAAG GATGAAGTAT GCGGACCCGA GCTACTTATA GAAAAATTAC

CACCGAGTGA TCATGGAAAC TTTGCTGGAGATAATCGCGEC: GCTGAAAAGCAATTACGCG 6960
GCAAGCTTAC CGTACTTGAT CAGCAGCAAC AGGCGATTAT TACGGAACAG CAGATTTGCC 70%30
AGACGCGECEC TTTAG CAGIG TCTACCAGACTGAAAGAATT AATGGECCTGG CAAGGTACGT- 7

TATCTTGICA TTTATTGITG GATAAGAAAC AACAAAT
AGAGCTTTTT GACGCAACGG CAAGCAGITA GAGAAT

GTATT AL KGECHAT AR

TCAGCATERATAASCACHESIS
ATTACCCATT GGTGAGAATA ATCCT

AWTAW%@@X%%&%@%%%@%%? B

FAETC P EABITIC T FACRSEATTINEE THeRATARTT CAORTEEEAGAT 57620

ATTCTAE@HTG%@MT@Q\%
GCGCTACCAT- TGGTGAGCTG A
TATTTAGCAIRGASAT TIECATCvHAT CAIEECE STAREEGREG GATE
GAAGGGCTA ATTGGCACCGCTAATCGATC GGCTAT
LA GRAP RS A B R IBCCCET ACET TAGTRGER TeCCOAGIBATGRAAGECT CTo #4920

TATATG%G%F W%&Cﬁ«% TCAGCTAGCG TTGCATATTA 7980

TG GAAGACCA
AATGGACAGT T
TGCGCARATRTCABICBBAGATR 16T TICCREET E1ACEEACALEA (GATTTAT
TGTATATTCA GGCTGGTGCC AGCTTACATT AATCGAA

Jydlast TERSAAF TR FRCENTAT CORCGAEAT CBAGATTCEGTAAEEFTIAECCT A 3320

AAATCC% Ecccecid

CCTAAN AT G EiRy

m&&g@,ﬂ

R AR

TTCAACHéMé@ﬁﬁ@@@E@EE%ﬁ@%@

TTGACGAATT AGICCAGGAT
GT GACGEISACT &XCT TCAGICAGAAGET GGG TAGNTIAGEAGA A@%E@F l&cg%%l cg7§
TCTGGAAATT GGACAATTAC GACAACTTAA AACGGGGGAC
EERESERAEN WATW@TWGIWAT@#&T%@AAG 6&580
AT TACACGTTGG TATCTTTGCA 8580

GACGT
TAGGT

C A

GTC¥¥3TTﬁ%ﬁ&ﬁﬁ@ﬁ¥§ﬂ§ﬁ§§§%ﬁ%ﬁ
AAAATACAGC - GTAAACCTGA

CACCGAGTGA
GCAAGCTTAC

AGACGCGCGC

. TATCTTGTCA

AGAGCTTTTT

CGAAGCGAAT

GTATTAAGCG

TCAGGATGAT

. ATTACCCATT

ACGTTATCGT

GGGGCTAATC

GCTAAAGCRG

ATTCTATGTT
GCGCTACCAT

TATTTACCAT

. AGCGCTGGTG

TATATGGAAT

GTCAGAACGA

AATGGACAGT

TCATGGAAAC
CGTACTTGAT
TTTAGCAGTG
TTTATTGTTG
GACGCBAACGG
TACAGAAGAA
ATGCGTATTA
‘AACGAGGCGG
GGTGAGAATA
GTTAGTGGCG
CAGTTAAGAA
TGGCTGGAGT
AAGRATAGCG
TGGTGAGCTG
AAATTATCAT
TGRAGGGCTA
AGCTGBATGG-
.GCCGCCARCA

TGAAGAGCAT

TTTGCTGEAG

CAGCAGCARE

TCTACCAGAC

GATAAGAAAC
CAAGCAGTTA
TTTTARTECG
CCARAGTTGA
AGGCGGAACG

ATCCTCCTGC

GTTATCTIGA -

TCAATGTCCC

CTCAGTTGCT

AATGAAGAGC

ACATTGAGTA

AMTGAGCTGG
ATTGGCACCG
GGGCTGGCGC

TCCTGCAGTA

GAGTTCCATA

CGGGITATTC ACTCAGGCGC 7140
ATCAGCACCT TGICTCCCGG 7200

GAA TTTTAATGCGCTTATGAAAA AAAAAGAAAA AATTACTATG 7260

AEFCICT COHGICOSAT CBEONGRCITA 8320

TT

CTCA TGCACCAGGC 7380
\GARCETGETTPCAEECA 7190

AR R e AR SAICAT 0
EEATCETERRITE: 768

CREAT SSECACHREELENITT T TS BI040

e AT oS Do

TGCTGACAGAGGATAAC ACGATGAAAT 8280

ATABTCGCGC
AGGCGATTAT
TGAAAGAATT
AACARATGGC

GAGRATCAGT

. CTTATGAARA
‘GGGAAGTCTT

TATGGACTTT

AGCATTGAAT
CGGTGTAGAG
TCATCATGAA
GCATATGEGG
GTCCETGEGT

TGCAACAATA

GTAGGGTGTG"
-CTAATCGATC

CGTTATTGCA

ATCTACCACA

GCATTATTTT

T&?@ﬁ%ﬂWV¥3ﬁ78940

TACATGGCCA ACGGGTTTTT

AAPK BERSPFECAGE8640
GGCTGAARAG CAATTACGCG 6960
TACGGAACAG CAGATTTGCC - 7020
AATGGGCTGG CAAGGTAcéT' 7080
CGGGTTATTC ACTCAGGCGE 7140
ATCAGCAGCT TGTCTCCCGE 7200
AGAARGARAR BATTACTATG 7260
GGGTTGCCAT GCCAGTCTTA 7320
‘GAACRACTCA TGCACCAGGC = 7380
AAGRACGTGG TTTTCACGCA ' 7440
TGTGAAGTAT GTGRATCAGE _7500?
ATTTACCGTT CGATGARAGE 7560
TAEATAATTT'CCCTGGAGAT5 7620
GGAGATACTT CCAACGCAAG 7680
TCCAGTACAG CARGGGACAT 7740
GATTGCAGAA CARTGCTGEE 7800
GGCTATCGAT CCTGARTTGC 7860
AGCCAGTGAT GCAACCCTCT 7920
TCAGCTAGCEG TTGCATATTA 7980 -

goso”

105

L
i
i



~| TCGIGICATG AGAGATACAG TATGICTTTA CCCGATTCGC CTTTGCAACT GATTGGIATA 8700
TTGITTCTGC TTTCAATACT GCCTCTCATT ATCGICATGG GAACTTCTTT CCTTAAACTG 8760 .
GCGGTGGTAT TTTCGATTTT ACGAAATGCT CTGGGTATTC - AACAAGTCCCCCCAAATATCB820
GCACTGTATG GCCTTGCGCT TGTACTTTCCTTATTCATTA TGGGGCCGAC- - GCTATTAGCT 8880
GTAAAAGAGC GCTGGCATCC GGTTCAGGTC GCTGEIESTC CTTTCTGGAC GTCTGAGTGG 8940
GACAGTAAAG CATTAGCGECC TTATCGACAGITTTTGCAAA AAAACTCTGA AGAGAAGGAA 9000.

AAACCTCAT T I TTETCAT AT TAATTER GEATERCS TACHAGT T ARCEEACOC G2

T AREEEAGECA YL 20.

TTTCOGAT T 1CAT TACRTATTCET AdETEECEE: EETCIHSn0T A niToASTIOecTARTESAAAT; 180
ATACTGCTGG CTATGGGGAT . GATGATGGTG TCGOCGATGACCATTTCATT ACCGTTTAAG . 9240

CTGCT AR RTEOF A 195E FEEFS GRGRTYSBTTERS CATETBARACARBCINGAAT T TXEFACAGAGE2 8800
TTTT T T CTTTTATGG ATCGTCCTTT 9360
L oty ez e s S A O G 1B G20
AGGCCTTGAGAECA MTAONTACCAMACHRE: T AGAGETEAT &&H&&&Tﬁﬂ A AGEAATTG; 9480

CAATAACCTT AATGGTCAGC TACCCATGGC TTAGCGGTAT CCTGITGAATTATACCCGGC 9540
AGATARTEACFCARGSAT TTRAS TCAGIBATIETT GARTFGCRNG ACAGRHETAANTARAGTGSCT Tad @600

mﬁ%%c%%m@%%T TTC TITATTACTT CCCTTATTAA9660

CAT T’:“F?ﬂ%??rTTc*?@Gﬁzo

. CGATATARGGGCART GATTIACCAGAGAAS AT TATSATEOA TEATIGETAAR{ALIAGAGT T, &

: GGTTAGEGTTAGTCACTGGAGAGGTGATTA TTGGITTTTC, AATTGGGTITT TGIGCGECGG 9840
TTCCCH C AFOCEEIAT THIFCETAGA ATAGTTIHACGIT dBBEDRAGACARS 62900

ST T AT SRR ARSI TTIC 2080 1os

GCCAGTTCIT.
“{ TGTATGAGECCATARCAATATAT AGSACEAGACERESIACIIT AT TATREPAGGAGEAATTTT, 7]0@080
- “TAAAATATAT CCAGGCAGAG TGGAGAACGC TTTATCAATT ATGIATCAGCITCICICTTC 10140
CTGCCREATCIGFGT R CAETAT T ACCOCRORC T TR ST TR ARG CARTITETANA T IOBETCBGECAG 7650200

AA JTGGIT CTACTGACGY 10260
T AT T LA FRIET LR EERICR, CRRTEH T 1 CANALEEATR AT AT AP 200320
- TTATCRAAAGACECETETCC CATCIGIATE ACCRARAAACCASAREAGRGTACAGAAAAG 410380
AAATTACGTG ATGCCCCGTAA GGAAGGGCAG GITGTCAAAA GTATTG%AATAACATCATTA 10440

GCGGCGGCAT.

TTAAACATTC

GTARRRGAGC GCTGGCATCC GGTTCAGGTC GCTGGCGCTC CTTTCTGGAC GTCTGAGTGE - 8940
GACAGTAAAG CRTTAGCGCC TTATCGACAG TTTTIGCAAA AAAACTCTGA AGAGAAGGAA - - 9000,
GCCAATTATT- TTCGGRATTT .GATAAAARCGA ACCTGGCCTG ARGACATBAA AAGAAAGATA 9060
ARACCTGATT CITTGCTCAT ATTAATTCCG GCATTTACGG TGAGTCAGTT AACGCAGGCA 9120 .

' TTTCGGATTG GATTACTTAT TTATCTTCCC TTTCTGGCTA TTGAGCTGCT TATTTCAAAT 9180
ATACTGCTGG CTATGGGGAT GATGATGGIG TCGCCGATGA CCATTTCATT ACCGITTAAG - 9240
CTGCTAATAT TTTTACTGGC AGGCGGTIGG GATCTGACAC TGGCGCAATT GGTACAGAGC 9300
TITTCATGRAA TGATTCTGRA TTGACGCBAT TTGTAACGCA ACTTTTATGG ATCGTCCTTTf 9360
TTACGTCTAT GCGGGTAGTG TTGGTGGCAT CGGTAGTTGG TGTCATCGTA AGCCTTGITC 9420
AGGCCTTGAC TCAAATACAG GACCAAACGC TACAGTTCAT GATTAAATTA TTGGCRATIG 9480
-CAATAACCTT‘AATGGTCAGC TACCCATGGC TTAGCGGTAT CCTGTTGAAT -TATACCCGGE 9540
AGATAATGTT ACGAATTGGA GAGCAméerT GRATGGCACA ACAGGTAAAT GAGTGGCTTA 9600 -
TTGCATTGGC TGEGGCTTTT ATTCGACCAT TGAGCCTTIC TTTATTACTT CCCTTATTAR - - 9660
AAAGTGGCAGAiﬂTAGGGGCC‘GCACTTtTAC GTAATGGCGT GCTTATGTCA CTTACCTTTC 9720
_CGATATTACC,AATCATIEAC.CAGCAGAAGA TTATGATGCA TATTGGTAAA GATTACAGTT ~~,9?80J
GGTTAGGGTT. AGTCACTGGA GAGGIGATTA TTGETTTTTC, AATTGGGTTT TGTGCGGCGSE - 9840
TTCCCTTITG - GGCCETTGAT ATGGCGGGGT TTCTGCTTGA TACTTTACGT GGCCCGACAA 9900
TGGGTACGAT ATTCARTTCT . ACAATAGAAG CTGAAACCTC ACTITTTGGC TTGCITTTCA ~9960”7
GCCAGTTCIT . GTGTGTTATT. TTCTTTATAA GGAGTTTATA

10020



GAT GATTTTGATA 10500
GA TTGCGCTTTA TTTGTATTTT CATTTCTTTA CTGAAAA

g&%@ CAATAACTTT CACATTACAA TTAGT AAACTGTéA AC?_\%E¥T$&%T€\O%2€60
ACGCAATTGAGTCATGCTTTAATAGAGTCA CTGACTT ST Ao Toe0
GGGGTAATAG. TTGCTACTGI GGGTAGCGTG TTTCTTCAGG TGEGEEGT

AAGC—ICCAA'?\TTG GITTTAAAAG CGAGCATATA AATCCGGTARGTAATTTTAA GCAGATATTC 10740

GCGI TCCAGCCTAA AAGITATCAT GCTATCTCTT 10800
TCTTTACATA AGTAGA ATTATGITAA T L oaen

ATCTTTCEGTATdrSE TATZAY A kT A TCT 10980
TTAGCCTGTG GOGTGCTTGT %TTT%%%T CGITRTEERAC ABGHIEMTATG oe80

GTTTTTTATAAABCECGIPCGC UATACT AR EA ThGAFdike TANALE GT@%@@ 1490

AAA GATGACGTAA AACAGGAGCA TAAAGAT
GCTATG@%QEQ@@?&%@?A&%&MWGW@WM GEITAGAEA 15300
CTCAAAT TCCAACG CATATTGOGGTTTGICTTGG 11160

ATCTGTTMIQTQEE%%l e : 10206
CTATCATCCCACCGATATGCE CAATA %@ CETEGRARR N TRIAERES S ﬂTW_TGA% 1026

TAACTATATTGACTTAACATCRr BGALRSGAAT GT CoATRREERT, J%E[i%%

TTATTTTTTG AAGTGGAACGCGCGAGATAAA' ATT
TARERATATEREEATTCCTACRAME 11408
%@&w E@WMW%CTGCGAAGGTTAAGAG GGTAATAGCG 11460

ACCAT%@HJ%@%%%MHW THRATCSSRT TAAGOCACECA 14620

TCAAATAGCAGACI‘,V&GAAG SIS GAATGG 11580
TACCETATACTATAAPAET AP ACARATAM A EE@C :
ACT CTCGACCCCC ACCATGTCAA GGTGGTGCTCT%(%%&%g FERAC i‘i-‘éwgo
- GGCAACGT TG TASET CARTHR CELE A0 MATW@_&I_ G ARG J1:700
CCGAAATIGEAAT: C_CTGATTGOGG TGGAAATATGCAA _
AGAAAA$AGC &XQ&&% %ﬁ?&&%@f‘ﬁwm@ TOUSAATBATG 1020

GCGGACHGET I BABG T TEHAGCATAGEEEAT G rEGIAGRALLA:
A \TGA. TGAACCCCAT CCAGAAGCCT GOCGGTCCCA
GT%“&EE?AWG@@WATW ACTAGECEST:

CGCAGAATAC CGCTGCCGAT AACCTGTATA 12060

AT CCACAERRGRT 0L 0F P840
ASAEFTGATA 2000

CAGTOCAAA T T SCTAAAC A TRATHPACERETIARCED CCCATIATCTC 102020
AGGGT T BTCP TG ABABEA A BTG C REARGGAG AT ARATAGECCT 12180
Aﬁ(IDACé@§é%d%g@éygéé$gﬁ%%g%AgéﬁﬁigﬁﬁgéxTTAAT;ﬁiﬁ? GGTTATGGGT AGGGGTGATG 10920
GTTTTTTATA TCGTCGTITES CATACTGGAC TATTCTTTTC AATATTATAA GATTAGAARA 10980
. GCTATCTAAA AATGAGTAAZ GATGACGTAR AACAGGAGCA TARAGATCTG ‘GAGGGCGACC 11040
CTCAAATGAA GACGCGGCGT CGGABATGCA GAGTGARATA CAARGTGGGA GTTTAGCTCA '11160
ATCTGTTARA CAATCTGTTG CGGTAGTGCG TARTCCAACG CATATTGCGE TTTGTOTTGE 11160 -
- CTATCATCCC. ACCGATATGC CAATACCACG CGTGCTGGAR AAAGGCAGTG ATGCICAAGE 112é6
TAACTATATT GTTBACATCG CTGAACGCAA CTGCATCCEE GTTGTTGARA, ATGTTCAGOT .1f286.
GGCCCGCTCA TTATTTITTG AAGTGGAACGeCGGAGATAAAFATTCCTGAAA;CGTTATTTGA” 11346
AﬁCCGTTGCA'GCCTTGTTAC:GTATGGTGAT-GAAGATAGAT TATGCGCATT CTACCGAAAC 11400
ACCATAAATG CTTTTGGTAT GCTTCTTCAG GCCACTGCGA AGGTTAAGAG GOTBATAGCG 11460
TATAGAGCAG TGCTTGACGA TRAAAGGTGAG AGACTGAAAR TAATCGCTTT -TAGCCTGGCA 11520
CAAGCACCAG ATAGCGTATT ATAARATTAA ACARGATAAT GGATTGGTGE GICTGAATGG 11580
ACTCGAACCA: CTCEACCCCT ACCATGTCAA GGTGETGCTC TAACCAACTG AGCTATGAAC 11640
GGCAACGTTG TAGGTGACAA CGGGGACGAA TATTAGCGTC' ACAACCGCAA TGAGGCARGA 11700
. GGGAAATCGC-AATTTTCTTC.CTGAAATCAC CTGRATTGCGG TGGAAATATG CAACATGTCG '11766
' AGAAARTAGC CGCCATGCGA CGGCTATCGT  CGTATTATCE GAGCGCGCTG CABAATGATG 11820
GCGGACGGCT GACGTTGTAG ATAGCGCATC CGTAGCATCA TTAACACCGC CECOGAGGTC 11880
. MGGCCGATGA TGAACCCCAT CCAGAAGCCT GCCGGTCCCA TACGATGCAC CACCRAATCC 11940
. 12600

GTTAACGCCA GGATATAACC GCTGGGTAAR

CCTAACACCC AGTAGGCGGT ARAGGTGATA

ATTTGA 133%0 ..

10

£

o
7



GTTGAGCCCT “GGCCCAGACC GATAACC CAC TCGAATCGTTACCGCCGCAG CCAGCGACAT 12300
CGGCAGTACG AACATCAGCG AGCTAAAGTT AAGCGCAATC TGATGACCGG CGACATCCAC 12360
AATACCTAAT GGCGAAACCA GCAGCGCAAC GACCGCAAAT AACGTCACTT CAAAGAACAG 12420
CCAGCGCAAT CGGCAACCCC AGTTGAATCA GGCGCTTCAT GACGACGCTA TCGGGTTTGC 12480
 CAAAGCCTTT TTCATTACGA ATATCACGCA TTGAACGBEC GTGTTTAATG TAAGAAAGCA 1254Q

TGGOGATAAA CATCACCCAA TAGACCGCCG CAGTCGCAAC GOCGCAGCCG ATACCGCCGA 12600
GT TCCCRRARAARCAAMATEEEEAT ASHTAACAATATAGTE, C%@%ﬁ‘é@; GCA~ 12660
GGCOCAAAAA TCCCATCACC ATACCOGGTT TGGTTT TG0 TTC?89%20
GOGCTACEFE FAGEANITSGIZ AT OB THECCE-CACATAGEAT QACCRAAGACTAMIBEACGE,12780

CT TTAT%@% TCAATATTAT GCATAGAGCG GATAATGT AT CCGGCATTCC 12840

ACAGGA
oeéé%@g RO ST e

GAT CCCRGATAACCE TSN 1eeCEEXF A G LA
080

CCAGCAGTAA GOOGTGACCA AACAAAATGG
m@é&?@eﬁeegmmmz&mm&m@@ ASOATEEACCACATLEAIT COF 3 d3

GTCTATﬁgg%%\Ggg G GATCACCGGT. ATCTGAACGC TAATAACTGA OGOGCTTCAC: 13140
TGGTAT T FEACCPPIIARET PEISREITC ATATCRIURGACOIRARGIECC1 18200

GCCCAAG €K CCAREGAAMAGRPATAGEASS & é%§§§§§§¥g?%é@%g%gg%TA@CEEEEWATT 13260.
ACTATTTCTC CAGTGAAAAA ACAGITGITA A CCA 429320 -

CCTGCTAFARSCFARC PEANBAIGCT TICTIGCHATE, A3dEATITCARCATIRGAMNT ATAFRIT TACS 513380
CGAAACTGGTATCGATA 13417 (2) | NFORMATI ON FOR SEQ I D

NO. 38%%) %&TWWE%WGWWGQEQ@WWMW@m r 52540

GGGGATCGTA

(Z)AINFORMATION FOR SEQ ID- NO: 38:

(i) SEQUENCE . CHARACTERISTICS:

{B)--TYPE: nucleic. acid
(C) STRANDEDNESS: double
- (D)..TOPOLOGY: linear '

(R) LENGTH: 5746 base pairs

(ii) MOLECULE TYPE: DNA (genomic).. -

_(iii) HYPQTHETICAL: NO

(iii) ANTI-SENSE: NO .

- (vi) ORIGINAL SOURCE: . ‘
(A) ORGANISM: DNA sequence of VGC II cluster C

T 13417

_ (B)---iXREmmmucbﬁt@mﬁﬁkﬂfmmmcceéfgc§§9%6§gﬁpggg§xm%%g TOPALOGY:
linear - - (ii) MOLECULE TYPE . DNA ( gerom ¢ TIEAC? NO

,_(||| ) FRNACCSENSECCROATEY i OCAORIGIRNALASOUREFT CACCGGAATA TTCACCAGCA = 12660
GGCCCAARAR TGCCATCACC ATACCCGGTT TGGTITTGGC CAGACCTICG CACTGGTTTC 12720
GCGCTACCTG RAAGAAAAGG TATCCTGCGC CCCACAGCAG CGCGCGAAGA TAACCCACGG 12786
CTTTATCGGC CAGCGCCGGA TCAATATTAT GCATAGAGCG GATAATGIAT CCGGCATTCC 12840
ACAGGACGAT CATCACCAGC ACGGAGACAR AGCCCGCCAG CCAGAACCCT TGTCGAACCT 12900
GATGCGCGAT ACGCTCACGA CGGCCGGAGC. CATTGAGTTG CGCAATCACA GGCGTCAAGS 12960
CCAGCAGTAZ GCCGTGACCA AACAAAATGG CGGGRAGCAG ATAGAGGTGC CGATAGCGAC = 13020
GECAGCCATG TCCGTAGCGC TATAGCCICC CGOCATGACG GTATCGACGA ATCCATTGCG 13080
GTCTATACCA CTTGCGCAAG GATCAéCGGT_ATCTGAACGC-TAATAACTGA caceerTeac 113140
TGGTATACTT CTGCACGTAT, TCACCTTTTA TTTTGTTGTT ATATGBAAGA CTARAARGCC 13200
GCCGAAGTGG CAGCCAARRG ARATAGCAGG. GGAAATTTCA GTCTATTGTA—GCGGGGTAiT 13260
ACIATTTCTC CAGTGAAARA ACAGTTGTTA ACGGCGCATT GCTGGCRAGC TGTTTTTCCA 13326
C?TGCTATTG-?QC$GAA§AG TTCTGCTITT - ATTTATTTCA - GGAGTTGARG ATATGTTTAC - ° 13380

CAGGGTACCG CGARACTGGT ATCGATA SeT



8 (xi) SEQUENCE

ORGANI SM  DNA sequence of VGC Il cluster C 10

BEA\)SCRI PTION: SEQ | D'NO. 38: GGATCCTTTT TCTTTAATGC TGCTAACGIT

TCTTGCAAAATGCGTTGATG AGATTCATCC 60 AGTACACCAC TGATAACAAA _AGAGCG_I\_IAACGCTAT

ATTGGCNWAM MATKRNNVRN NSCNNNACTA 120  AACCGTTCTC TATTATCGCA GAAATATCTG

CATCCCCCTG AGACTGATGA GAGTGACTAA 180 TCIGECCAGIG CAATACCCCG GGAA NI

CAAGTAATGG TTGAACCTTG CGCCATTGCT 240 GATCCATTTG TATATCAT%A_\ TGAAT _

( o Rl 2 T e A ATCCCGATAC

ATCAAAACAT. CCTGCACTTCTCGTACCAAT AAGICATCAC 360 AGATTACACC

© ATGACCCEECAT BT FELTBARGT ORCT TG TACOTHECROM 420cTEETET %ﬁ%ﬁT A
SCCATCTTCT TTCCATTGOG 480,  CCOGCA

-CI_Z¢¢TTGT CTA ﬁg CEGTRASTEAT SHDKRNNPACCETINGAGCCT GAGEA

GAATACGOC AGCCAACCAC

CTAATAGTRACACACCASAGG c6AT TGRARGG 1A or

CAGTACCCTG ATCTGGAAAC GGGTATTTGA Tm 3@8 @?WR%T@%GTTTA@@A
GCT L0

COCGAFASC SrieT CRUBBCAMOCTEE A TACOGCARTINE 726hachT
pa ) GGECCATTAAC TCTAACTCTGGCTTTCCCGG 780  CATCAA

CTTATT
FIPCHRCOTRIOCC
TAAACTW@%&M’?%W@W a0s: %@Sgg@rmAATA%%
CGCAT @B FSTaCASAST COGGCCT
;AAACGTGACS CTAAAAAACGTATTTETS CcA%E %é%é: %‘?"% é{iA

L PQEHCATEAGATATEET

ATTAT T PARTTAQAT CAECTTA TAA RCAAAAC AAGERTIARE AGAGEATRT AcdRRG bk 1A
ATCATT

480

cméamz@fmm

GINTYGCYTTKGNSTATCACTTTGITGT

%ﬁﬁ%g%% CTACAACAGG AATATCGCCC AATAAAGGGA 1080
BT TAACERITECA

CRHGSTRAGRETTTRT 11O TTGCE

R e aRe Sk ey

CCGTERSCCAT TG PEATTIACRACAREORARET GEAAGGRES
XP%%A C ;TTTTCTCCC TGCAGTTTGG ' TATAGAAAGT AATA
TTFARACHE

ey
GTT%A%WW@WM@ TMM&E@E%M

R R G MPERR et

TTTA

CABTALSRBANG GEETEISAAG ATAGATAAGCC datd0
ATC GCTGATTACC 1500
FREERSEGCCA 2960

CGGGECAGCCGEGTCT 1200

FFRANCEEPRRGAT 12@@20

380

£ 3

e

CA

cocA SHoacr a0

| TOATARRERA TR T LTS T SEISRCGTT SATCTANTTC TCTCATGAGT L6
 RATACAAATA TCGCATCCCT TCTCCCCCAG TGACAGGTTA CCTTCATTCA-GCCATAETTC 900
CCEGCCTTGT AAMACGTGAC CTARABAACG TATTTTCCAG GAACTCTTTG GATTAACCAT 960
GAGATATGCC ATTATTTACT ACTGAGGCTT TAATCARARA RAGCCTGATT ACACTATGTA -~ 1020
CTTGAGTCGT  ATCATTGCGB. AACAAATGAC CTACAACAGG AATATCGCCC AATARAGGGA 1080
TITIGITITG CGAGTGGATT TGTTTACCTT GTTTAAACCC TCCCAGCAAT NAGACTTTGE . ‘1140
CCGGCCAATA | ATGTGGCTTG CGAANCRATT ‘TCAGAATTTT - GCACTTCGGG CAGCGGGTCT 1200 _

' GTNTYGCYTT-KGNSTATCAC‘TTTGTTGTCC.ATCCTGAANTVATTAAGAETA.AGCATTATTT'A‘ 1260 é:)
TTTGCGTGCC. ATTGICATTT AACAAGCGAG GTGTAACGCG WNAACAAAGA ACCCGTAGTG - 1320
ATGEATICAR GTTTAGCCAC TTTTTCTCCC TGCAGTTTGG TATAGARAGT AATATTTTTA 1380
TCCAGCACAG CCTGGATATT ATTTAAAGIC ACCACAGATG GCTGGGAAAG TACATBAGCC 1440
TGAGAGCTTT TTTCCAGGGC ATTCAGACGE ACCATAAAGT‘TTGAGGTATC'GCTGATTACC' 1500
GTTGANNAAC CACTAGCACC ACCGTCATTC‘AAACCTGTAT"TGAACGCAAT TTTCTIGCCA = 1560
CCCRGCGRCH. CTGCCGITCC CCAGTCGATG CCTAACTGGT TAATATCTCC AGCATTAACK 1620
TCGATAATTT TCACCGARAT CTCTATCATC TGCTGGCGTT ‘GATCTAATIC TGTGATGAGT 1680 o
TTCCGATACN NNGCCATATT GGNNNCATAA.fCACGAACGA TCACTGCATT CTGECETNGG ° 1740
GTCGGCAGCA AACATNGGCA ATGCCTGTGT AGCGGGTGAR CCATTGTTCN TCGATGACGT 1806
CGGGACGCTG GITTTACTCA TCTCACGCAA TACACTAACG ACCCCTGGNN BACCACGACG 1860
. GACTGATCGC GATATTGGTA CTGGGTATCC ATCGCAGTGG 1920

CATACTTRAG

CGTGTATATA



TTCCGATACN NNGCCATATT GGNNNCATAA TCACGAACGA TCACTGCATTCTGGCGINGG , . 1740
GTCGGCAGCA AACATNGGCA ATGCCTGTGT. AGCGGGTGAA CCATTGTTCN TCGATGACGT 1800
CGGGACGCTG GTTTTACTCA TCTCACGCAA TACACTAACG ACCCCTGGNN AACCACGACG 1860
GACTGATCGC GATATTGGTA CTGGGTATCC ATCGCAGIGG CATACTTAAG CGTGTATATA 1920 109
CTTACACTCA CCGCACTGTC TTTTCGITTG ATTAACAIST TATCCAGCAC TGAAGCTAAT 1980

. TGACTAATAC GAGTCAGGCA GCTGGGAACA COGCTCACCT CCACAGCTTTGGTACCGGTA 2040
ATTTCTT TALAGCTOCCAEEG 1CeE T AT EART Ghhd G 2100
AACCGTCCAG TAGATAAAAT ATTGAAAGTG T%%%%% GTTT‘%%%? W ’%%
TATACAT AT TREAFCCRER AT EARACCHB OB TARETANATT CATATTETEGTEEAGET TA 2%280

TTCAAAA};@;I’TW GGCGGA ATTTTTCCAC TAAATGTAGC TGTTATCAAT 2280
GGGCTAATAG RETTEMARSABARISE GAGTSORRANSTEET@RCETAA 22840

TGGCAT TAGICITTCHIAL A nihdis HaAB LG A T CT CICTT 2400
TGCTGTATTG. AGTATAAATA GTAAAATTA%G%TTT%;G%GI& %ﬁ% %ﬁm 480

COCCACCERIRCATARAGT TR TF GG FEATAGCAGTERACAHET TATAINAASATCEANGTTAAA 2520 )

GCCAGGT. % AATAGCAATA AGCTCAGAGC TACTACTTGT: GGTATAATAA 2580
" CCGTTT, CET TEFEIRSECH GFATRELSAT R EATIRMA\CCTIRICBEGTGT 22640

| AGAACA?A@G?TAATAGAA%'I\@}C GCTTCT @m%%gﬁm&ﬁﬁ%& GGTCATTTA 2700 |

NNNNNNNRESEATEIGAT AGTRCATAAT CEATRAAGTS SRR IS S SN S MMWR 2529

 WWTTAAT, T@ %%’TTA AAACTGCCAG CATGAATCCC TCCTCAGACA TAAATGGGAG 5880
TTTCTA CRBAAKOEREPEBA S FARRRINGEE TIART TEAGATCATIATETOGAC2 2620

TATACT GXECAI3IGEARAARAT TGATEA G TG h JTCT 3000
ATCATTCGGA TTTTCCGATA AATTNMVCAA® TTAC 5{?% @%}Q ’%ﬁé& %’h
. WTTT@%GWAWQWTHEW@ TECTASEATCEe fAR e ATT2§8]020

' AAAAA%PW CTNGGITA TATATGAAGA AATTTATCTT CCTAATGATA 3180

AN A BT AR G PR T AL SRS TAGTGATEET AAGTEOCAAA

D0 o R e e R R AT 2260

TTGGCT G PEFEECHFAR A ECORAGCTIRGAT ARATIOMATC YERTTRGHA OTAT 5763420

. AATAGA%TNNH&I %XI&GT@TT:T:ATBC%CLA TSJ réaEIﬂWG;@ %@QSSSCY-IS-CWK;AQMYYSF;II;\TGA 23 5;42800

WWTTAATGGA ATGCCITTTA AAACTGCCAG CATGRATCCC TCCTCAGACA TAAATGGGAG 2880
TTTCTATCRA ATTCGCTCAC AACCACATCC GTAAABAGEC TGATT&ACAT TTATTTCGAC - 2940
TATACTCITC TTGTACAATA TCAGGATGCT GTCTACATAT ACCTTGTCAC AGGCGATICT 3000
ATCATTCGGA TTTTCCGATA AATTNMMCAA TTACATTTTC AGCATTGACA TAAMBACTTA 3060
CAATTIGNAA  AATTATTTAT TAAATAAACT GTTACGATGT. TTTTACATCG CCATCTTATT 3120
ARRRAGTAAT. TGTAGTCATC GACTNGGTTA TATATGAAGA BATTTATCTT CCTAATGATA 3186
- ACACCATCGA TTAATCWNCT GATGABACTA TATGTACTGC GATAGTGATC AAGTGCCARR 3340
GATTTTGCAA CAGGCARCTG GAGGGAAGCA TTATGAATTT SSTCAATCTC .AAGAATACSS *3306.
¥S¥RNﬁNNNN TCTTTAGIAA TCAGGCTAAC TTTTTTATTT TTATTAACAA CARTAATTHT @ 3360
TTGGCTGCTA TCIGTGCTTA CCGCAGCTTA TATATCAATG”GTTCRGAAAC‘GGCAGGATATVV 3420
ARTAGAGGAT TTATCCGTTC TATCCGAGAT GAATATTGTA‘CTAAGCAATC AACGGTTTGA 3480
' AGAAGCTGAA_CGTGAGGCTA ARAATTTAAT GTATCAATGC TCATTAGCGA CTGAGATTCA'-'V$5462
TCATAACGAT ATTTTCCCTG AGGTGAGCCG. GCATCTATCT GTCGGTCCTT CARATTGEAS - 3600
., MGCCGACGCT NAACGGAGAG RAGCACCGTC TCTTTCTGCA GTCCTCTGAT ATCCATGARA - 3660
ATAGCTITTCG TCGCGATAGT TTTATTCITA ATCATAARAA TGAGATTTCG TTATTATCTA 3726
CTGATAACCC TTCAGATTAT TCAACTCTAC AGCCTTTAAC GCGAAAAAGC TTTCCTfTAT~ 3780
ACCCARCCCR TGCCGGGTTT TACTGGAGTG AACCAGAATA CATAAACGGC AAAGGATGGC. 3840
CGETTABACT 3900

AACGCTTCCG TTGCGGTTGC CGATCAGGCA

AGGCGTATTT

TTTGAGGTGA



. CGTGACGCTA AAAATTTAAT GTATCAATGC. TCATTAGCGA CTGAGATTCA3540
¢g2¢§§ggﬁ$ ATTTTCCCTG AGGTGAGCCGGCATCTATCT GICGGTCCTT CAAATTGCAC 3600,
MECCGACGCT NAACGGAGAG AAGCACCGTCTCTTTCTGCA GICCTCTGATATCGATGAAA . 3660
ATACGCTTTCG TCGCGATAGI TTTATTCTTA ATCATAAAAATGAGATTTCG : TTATTAACTA 3720
CTGATAACCC TTCAGATTAT TCAACTCTAC AGCCTTTIAAC GCGAAAAAGC TTTCCTTTAT 3780
ACCCAACCCA TGCCGGGTTT TACTGGAGTG AACCAGAATA CATAAACGEC AAAGGATGEC. 3840

CGCT hHeCG: AT eE TR ARAT CAGSRA- ARPEGEA 900 110
?ACCCGATCTC iTTACTA}GA GCCA(%TGCC CXTTAGATéAi %@%@%&3 %@%o
TCAAAACGSAERACABT THRFTTE TOGTIRTICATA ACART @OCEECA MAAAKEACKTA AGAGAST TAG) 4920

. CTCCATGAT GGATGGECAGCAAATTCOCGG ATTTCTGATA TTACGCACAA 4080
.3‘ AR T RS AT R AET R COREAREPACET. ART ACTIBTAATT ACTAGIAMAT C 4d0t0

TCTEARA: FOEETn FeAACAAAT, G.GTGITGATGA 4200
%CGGCTTT G‘%%%TASGGTT% CTACATCGCT&Q T AR AR Gr ot 5500
ATGTCARIARCTFAAD AGTCELACAC [ABAROAC CT GAGRACAES ARTTAGGAC A dSARRACT GG, 4320

AGTATTGCC GGTGCTTTTAACCAACTGCT TGATACTCTA CAAGTCCAAT 4380
ATGAA%E EHGCATETACATIRCE CIGCACECACCTIRATGANTS TTAAPAAACE @i 40

CG 4500
TACTCOCATG AN G AG T AP TEARFIATFA LA RGN

THRACATI 60

GAGCARTHRA TCEAT TAGUTIGGAT ACCECAGAAMIEGTACACTEIOITST FAGSEATAIAT 4520
$AAT CTGGATTTTT CACGCATCGA GICTGGTCAT TTCATAC ATATGGAAGA 4680

o CTCTAT TTTCATACCG 4800

ACAGTATc:Cczp‘%lgriﬁglziﬂNCAAE EM%T‘#%%W FPEFACCH #8960
AAACCHANSCCARTRCER CRGAT BCTTCANGRET GARGAGEGAA %&EBAA&\ETHMTAG 40

CGATA AAAGGGATTG AAATACAGCA~GCAGTCTCAA ATCTTTACTG CITTTTATCA 4980
GCA WA@C BT ACBESGRERC wmcmmemm 62040
A CCC ( QCTGWGWCTCGCT 5100

T .
ﬁg%mccc TTACAAGAAT A&% CAEATETERANNNG %5966

TACAGGAGCA

GGATCC

CGT TCRECETCEIIATCBBCAATACT SOOI HECH CRREAAT A BEEEAGRACC. 54%%0
AT RETTTSAANNRY ASPETTTIC, TATTTCTCOSAMACTCTA CEACCTGECS 5200
ACAGTATCCG'TTTACNNCAA ATTTTGGTTA ATTTACTCGG GAACGCGGTA AAATTTACCG - 4560
ARACCGGAGG ATACGTCTGA CGGTCBAGCG TCATGAGGAA CAATTAATAT TTCTGGTTAG - 1920
| CGATAGCGGT ARAGGGATTG ARATACAGCA ‘GCAGTCTCAA ATCTTTACTG CTTTTTATCA 4980
AGCAGRCACR ARTTCGCAAG GTACAGGAAT TGGACTGACT ATTGCGTCAA GCCTGGCTAR 5040
3ATGATGG¢C GGTAATCTGA CACTAAARAG TGTCCCCGGG GTTGGAACCT GTGTCTCGET 5100
AGTATTACCC TTACAAGAAT ACCAGCCGCC: TCARCCAATT “ BABGGGACGC TGTCAGNNNC 5160
CGTTCTGCCT GCATCGGCAA CTGGCTTGCT -GGGGRATACG CGETGARCCA CCCCACCAGC 5220
ARARTGCGCT, TCTCAANNCN AGAGCTTTTG TATTTCTCCG! GAAAACTCTA CGACCTGGCG 5280
CARCAGTITAA TATTGTGTAC ACCARATATG CCAGTAATAA ATAATTTGTT ACCACCCTGS 5340 ;
CAGTTGCAGA TTCTTTTGGT TGATGATGCC GATATTAATC GGGATATCAT CGGCBAAATG 5400 .
CTTGTCAGCC - TGGGCCAACA CGTCACTATT GCCGCCAGTA GTAACGAGGC TCTGACTTTA 5460
TCACRACAGC AGCGRTTCGA TTTAGTACTG ATTGACATTA GAATGCCAGA AATAGATGGT . 5520
ATTGARTGTG TACGATTATG GCATGATGAG CCGAATAATT TAGATCCTGA CTGCATGITT - 5580
GTGGCACTAT CCGCTAGCGT ASCVNMAGAW RWTMWTCRTY GTDDAAARAA WRDGRKDHWT = 5640
CATHAYANNT‘TACAAAACCAVGTGACATTGGaCTACCTTAGC ichTACATC AGTATTGCCG S?OGl
| CAGAATACCA ACTTTTACGA AATATAGAGC /46

5746



CAACAGT TAATATTGTGTAC - ACCAAATATG. CCAGTAATAAATAATTTGIT. ACCACCCTGG 5340
CAGITGCAGA TTCTTTTGGI TGATGATGCC GATATTAATC GGGATATCAT CGGCAAAATG 5400.
- CTTGTCAGCCTGGGCCAACA CGTCACTATTGCCGCCAGTA GTAACGAGGC TCTGACTTTA 5460
TCACAACAGC AGCGATTCGA TTTAGTACTGATTGACATIDAGAATGCCAGAAATAGATGGT. 5520
ATTGMATGTG TACGATTATG GCATGATGAG CCGAATAATT TAGATCCTGA CTGCATGITT 5580
GTGGCACTAT CCGCTAGCGT ASCVNVAGAW RWTMATERTY  GTDDAAAAAA. WRDGRKDHWI 5640
CATHAYANNT- TACAAAACCAGTCGACATTGG . . CTACCTTAGG TCGCTACATC AGT ATTGCCG 5700 :
CAGAATACCA ACEY 9\ AATATAGAGC TACAGGAGCA GGATCC 574.6° L A DNA-which is -
i sol-ated from gene ‘of a sal nonell a genonme and, hybr| di ses to any one of~

t he Sal nonella ‘sequences shown in Figure.5 under .5 stringent conditions,
wherein said gene is.a virul ence gene which Wen mutated in or absent from
a Sal nong! | a; esulfxsD vough as 1salate | fiews agemmm@ww?m@%ﬁg from:
“a gene of. a %%&Spﬁ # br :g|s+es to any one of the
sequences-i de it ed ner ot H&%‘%@ W@ﬂc‘%‘l showntint Biguré 5-ureded 8: 8

under strsn ahingead A Vitul én ene .-Wii ch:.
gestring ﬁﬁicﬁﬂoﬂ@swhé’i@ﬁl%am éifé':g g\ﬁ.%& \yﬁlc?mh g

when. mut at-ed, in absent from a. FhpA B8 9eae o pytatediin or
virulence A. \?&Eﬁ@ %@W@f%ﬁﬁtﬁdﬂn@ian&gmnce identified herein as -
any of SEQ |D Nos, 8 to 11, 14 to 36, (Zy"trontai ned i nm -SEQ 1? No 37 or-
38, or a Pu thelﬂde@Nbermlam molated ﬁmﬁfmgeﬁé.bfgrsélﬁ)aﬂem? gh‘gg{eeéﬁé 85%
sequence . Nt wherel n the part thereofis at -
~nucl eot i des %ﬁ(’fi sequengeadentifiedohershi sgSRO 1D Nepl gmpel | a
results inT

H’%-nmdéﬁamdérsﬁin éﬁmﬁ T, ing to Claim 3
conprl Si NG’ AyeH %ﬂﬁe gﬁl _d hgrel n as g&%ﬁ%gﬂ@ %\9 iS4 V’C‘ﬂﬁﬂ‘é@ eof °
5t..A polippept '"”’enco‘c’fh by*—a EheLbserd frppeta. iStilmgnelia . ewitong Rlucdd - _- |

- 26 d ainns. 1‘3';@ $' A mutant “bacteriumwherein if the-bacteriumnormalty.
contai.ns.a 3gene A:meﬂeﬁw an® EQUESIB i Hx?“& arc:lga S A, O SEQ T 1T)

~Nos ‘8 to 12, Sﬁ 14.fa 3h or aegeneg ngé‘!j"i%%lcia TDNO”3T , Or a
“vari ant. t he@ESTEQ I Nosvk to 14 14 te 86 e@iﬂ) COBRMEHE fn Bﬁ@ﬁbtﬁo 39%@38 gene
- of a Sal non; Ia

5 o 3 z&? ﬁiereof or avanant of ciﬂler (1) or (2) with atleast SS% sequence . .

: _ l&enﬂty wherem the part thereof isat least 50 nucfeohdes and wherein mutation or
s absence otf said gengin Saimenella results i in reducgd virulence.

'.45_

a

| ‘A’ virulence gene accerdmg to Claim 3 mmpnsmg a scqueﬁce
. identified hercmasSEQ D No 30 or a variant thercof

o 5. A pel}’f,leptldc encedcd ‘by.a gene or DNA accordmg to any-one of
2 Claims 1to 4

o
.,




whi ch hybridises to anyone of the Sal monell a sequences showing in Figure 5
under _stringent conditions, and wherein.the gene is a virulence gene which
when nutated in O., AhsOnt: froma $a|n02g lare ilts. i'n, reduced Virden _
co, the .gene is Iabsent orinactivated

t he nutant bactenum 15 7.: The

VG-2-DNA of ~Sal nonel | a 't yphi-nuri-um-or ~a -pait—thereof, or.a - variant of saig-—

DNA with- at |east 85%.sequence identity, wherein VGC2 DNA is defined as
DNA of Sal nonella "Ai munum | ocated between the dtaE and y pyAFgenes as
shown in t figure-0, wherein the part thereof is at |east 50 tnucleotides
and"wherein the DNA is a virul ence gene which Tw~en. nutated in or absent
froma SainOnel IR results in reduced virulence,!- . .t i .206.~ 1.
pronoter 4.-.f a genre of the VGCZ DNA of a Sal nonella wherein. VGC2 DNA
is defined as DNA of Salnonella typhinrtrium]located between !they f and
pykF genes as shcwo in Pigure8~ or equivalent DNA in another; .ahri A"DNA
according to Claim. T wherein the variant DNA is VG2 25 DNA from any one
of Sal nonel | a aberdeen, Sal nonella gallinarum Sal nonella cabana and

Sal nonel | a "hi. 9C ;- A DNA according to Caim?7 wherein the part thereof
s a pronoter. ~0 A1 ; A nutant bacteriumwherein-if t he bacterium
nor | rrally crnn i'ns a gene that is the sauce as, . has at Ieast 85%

sequence. . i. “delt| tyAI AR Baditri n&f—% }.é rrut ated or:absent in

sai d mutant : bacterium wher edlkn - - ﬁ\&,ﬂgﬁé‘#‘?’ R ne “@dﬁrﬁnel la

“typhzmur | wn Immpmmgemc@ehbe: FFriath bk §B%ﬁ5”$%§ gyre 81

12; , A nutant t&gﬂggm aceordi ng to daim 11 Wnerel n-t ene t he )

sama is has.. % T 9RENCCR uﬂ@’ﬁ@tﬂbl{@ﬁﬁoﬂ%‘%ﬂﬁ'mwt ated -

by del et wn %tﬁ’l %R%aé §5‘9f t he COdI ng .region. o
% sequence-identity, or a gene of a Salmonella genome'

which- hybndlscg to any One :of the Salmonella scquences showmg 1 Flgurc

5 under stringent condmens and whereln the gene is a wruience aene whtch when |

mutated d-in"or. agsent from a Satmonel!a restlfs in reciuced v:mlengg the gene is
Jabsent oﬁnacﬂvated inthe mutant bactenum. ;

15 - The VGCZ DNA of Salmonella l_‘yphzmunum or a pait thereof, or a

variant of said DNA. with at least 85% sequence 1dent1ty, wherein vGe2 -

. DNA is deﬁned as DNA of Salmonella_typhimuriuin located between the

SARE and pykF genes as shown in Fi Igure. 8, vherein the part thereot is at least 50

nueleotides and wherein the DNA is a vinience gene 'which when mutatedin
Ofda,bws_ent from aSalmonel!a results in reduced vuu!ence o

A promoter of-a gene of the VGEI- DNA of a Salmanella whcrem -
| VGC‘Z DNA 1s defined as DNA. of Salmonella typhtmumtm 1ocated between

&h&
YﬁfhE and Fi
pya'rF genes- as shown in rg_ure

(3

3, or equ:valent 9NA in aneﬂmr

9. ADNAgocording to Claim . 7 wherein the variarit DNA is VG2 : |
DNA. from any one of Salmonella aberdeen, Salmonella gallinarum,
. Salmonella cubaria and Salmonella typhi.

10i¢: A DNA according fo Claim 7 wherein the part thereof is.a promoter.
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13.: A nutant baci enum according to Maim 11 or 2 12 wherein the bacterium

is a Sal nonel | a bacteri.um -preferably any- one of Salnmonella typlururium

Sal noriel | a aberdeen,. Sal nonel I-a gal | znant.m "“Sal monella cubana and
Sal nonel | a typhi-.. 15 A met hod of . maki ngl ‘bact eri'um according to MeimE _?2-

11 Tonprissing t he steps of rrutatlng said gene in a bacterium and |solat|ng S

sai d“mutant bacterium'.) 26.15 ;A vaccine conprising a nutant
m cr oor gani sm or bacterlum ac cordi ng'to any one ofdainms.,-> 11t to, 18r
or a nmutant bagterium wherein if . the bacteriumnormally contains a gene -

c]?rrp[ll si nlg_ a ‘SEque éﬂﬁtﬂ%f’ﬁﬁﬁeﬁ@m ehiasEan isﬁ@E@dtamhﬁangQH ?cﬁm%}}b@&y Onf; s
of the Sal non nces shown, 111 or cont.ai ned .irn. SEQ No-37 -
or. 38,-or a vg%a@iﬁ% e%q‘mc\ﬁstﬂfg’t‘s%g?ﬁ %%@@%eﬁﬁmﬁmtaygm T
wher ei.n thegem@g geﬁgqgc%gv%l Er%w%%ﬂémﬁm 6@:’@ Thpgl n. or absgptepfelilom_e o

Sahrlonelle results i nFeduce

i nacti vat ed rYG@kDPM&ﬁdéﬁbﬁh@DNK‘oﬂﬁzbmHﬁﬁa?; Iﬁ'ﬁ%—&ﬂzﬂ%g%dﬁ“ A Or
e

m croorgani smas-defined in claim=15 as -a vac

phar maceuty céﬁeﬁ’d’P@ang Ff&ﬁ;é gni um or nicroorganismas’
dei ned.i-n Caim..15 and"a phani acd accteptable carrier. s 11L A

pol ypepti ae encoded by a gene of the VGC2 DNA of Sal nonella typhi muri um or

a part. theregbp, of 4 ed by a varl ant of said
DNA with at Teast’ -85 equence&&g&ﬁ ‘?R’F‘Po s& Hﬂm epRreditiei n vac2- -
DNA is deflnehbaanﬁl\&@‘as - EaRe t%% m...rr.itocat ed n ydhi o
~and pykFgenes as show i rLl%I?*qure gk éfﬁfeg; Y+ 0n & BFBR bggﬁ?ed@ -to .
Gaim.. 18 m&dhﬁdﬂemmnﬁa@cﬁﬂbMMéggdlhér@gﬁ&ded by DNA of any one of -
Sal rponel | a aberdeen, Sal monella -

» A mutant baoferjurn gecording to {)iarm Wotfort. 12 wherem the

baotenum is a Salmonella bactcrmm, preferably any one of. Salmonelln
D’Phlmwmm Safmonella aberdeen Salmonella gallmamm Salmanella

cubana and Salmonella typhz
15
4 A method of. malang a bacteﬁum accordmg to C!aum -2 11 cempnsmg L
ﬂae steps of mutating said gene iu a bactenum and xseiahng said mutant
bactenum. '
.y 2 15 A |
15. vagcine oompnsmg a muiant ‘microorganism or bacterium -

_ aooordung to any one of Claims . 11 to. 13, oramutant bac"tenum mﬂmrem i

the bacterium: normally contams a gene compnsmg a sequence identified B

- herein as SEQ ID Nos 8 to-36 or any one of the Salmonetla sequences

o shewn Hi Flgute 35, or contamcd in SEQ 1D No 37 or 38, .or a variant thereof
2% with at least 85% sequence identity, and wheremth ¢ gene vs 4 virulence gene which

when mutated in or absent from a Salmoneila results in n reduced virulence, the gene
" is absent or inaclivated in the. mutant bactenum

36 . Useofa mutant bacterium or m:cmergamsm as defi ned in Glalm ‘15 as a -
- vacctine, ' ‘
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gal linar. un3, Salnonella cubana and Sal nonel | a typhi . 115 ?Q A mut ant

bacteriumas defined in anyone of Clai.ns ,6 andi’,..:I to" further - - ‘
conprd sing DNA-encodi ng an anti genic épi tgﬂg fr om anot her pat hogen. - -5 °
21T An isol ated .peptide according to any * of Clains 3, 18 or 19 for use

in therapy. 122, Use of a nutant bacteriumwherein if the bacterium :

normal |y contains a. gene . jthati-s.the same as or equivalent to a gene in -

VGC2, said gene is nutatedor absent,” t5 lin said nutant bacterium said
mut ati.on or ag’sencetu -suj.ting,in reducedvl rulerice or. ,a nutant bacterium'
wherein if thi bam@halwia I rains a.virulence g«emew i--eofprisi-ng a
sequence i derj &a,r el{%%(?gclag%?a%@o genpising a @Otﬁilusﬁorﬂncraagaﬁfsmtéﬁ -
Sal nonel | .a’ seque @W?ﬁljﬂmc&:ﬁc@l{yﬁ&ﬁb% ik SEQ ID No 37 or -
38, or an ‘equival ent thereof the gene. is mutated or absent ln the.mutant
bacterium said: tatty or abnce_. resuiling indueed.. virg[epj In the .
manuf acture of a ..; 2 I\/e for preventing mcrobial infection in a host in
need thereof, -2 Il se of a"nutant bacterium wherein. if the bacterium '

normal |y cson‘rLEJ ns A;gﬂy?epﬁdpém}ﬂeg & YiBe OF ¢ rm%m ngeg ein

VQC2, said gehe_is nutated or absen I'n sai

mut ati on or @Mmmtmmmféﬁwwgﬂrdﬂc%@ﬁes% e St ﬂ%ézn }
e

bacterium wherein if the bacterirumnormally contains & viru ence

" conpri si hg a Eﬁ’@é’a} A vath pédesish %%mquﬂice%nh@ 9 Ssafd OVAGE9, ~Or
any of "t he %ﬁl |.a wgﬁm 8 in Fi 5,-0r contained In SEQ 1D.
No 37 or 38, 6ﬁﬂedﬁeD rmf.S'dnmmé&:m@bﬁnmm in
t he nut ant ' t on _or asence rest, .ng in reduced
vqr | ence, " sal of wbganeﬁ?gﬁﬁgn, Lﬂ‘YH: o

7:

BAYSEs a DNA encodi ng an

- ~l@ntigenic ep| tope fromsaid ot her pat hogen in the manufacture of a .
,medl canent - fo%1 vacci nating. a -host . agai nst a pathogen. 24; Use accordi ng to
G ai m 22 whel & n fRehpgpiidearrerding buChimd, u)ameienhemwahan'ﬁpayp@;ﬂa@@tl on of

- tho .codij ng reglood%(l By |n_sert|onal i nactivation. tJse a

enc A of any one of Salmonella aberdeen, Salmoneiia

ga![mamm Salmonella wbam and Salmonella typhi.




ccorziinto C' 9 laim?22or 23 wrerein the hieteriurrr rs a Sal nonella--
bacterium preferably any one of Sal-m)nﬁ'I&I atyplrinmurium Sal nonella
aberdeen,. Salnonella gallia arrr , ‘Sal Ael | a cabana and 10 Sal nonel la -
typki: +2' according to-Caim, nor 23 wherein the host is a "human
patkent 15 27. Use according to Claim, I' 22 wherein the host is a ,
non-human ani mal . use according to Caim c¢ . r 22 wherein thi nlcrobiplf
infection is-caused by a Sal nonella spp: bacterium (._) 20 118 C

| DENTI FI CATI @ OF AGRNESt g,g,gﬁ‘b Wroryoy G{@, tod-for’ jdentifyi-ng- a . R
ni croor gani sm havi ng a- ré%%ee _ gé%pt atl t?rﬁ'gt"&eaf’f%’?'{rﬁcé ‘erMiteondBat T
conpri sing thgmgre@guﬁ,fn— isidel ) DIN O '*ji‘!q lyral ity of. micrporgani sns each -
~of which is independefitly _gln]gygge Dy g men m%a?mﬁpca%@ﬂeaﬂf’- Fa 3

nucl ei ¢ aci dpathogen.si ng a uni que ~ mar ker sequence so that each. nutant
containns-a different nmarker sequence, 10 or clones of the said

m croorgani sm (2) providing individually a stored sanple of each nutant-
pr oduced y%%;eﬂﬁéé%)agg providing individually stored nucleic acid :
conpri si ng the Ui 5ipAtee PRENd asemsding 1o mopnosadf Claind 3j 131@&1@¥Hr%b;inﬁ@rapy
introducing a plurality of nutants produced by step (1) into the sai )
part-i cul ar ‘environment and al | owi ng- those m croorgani sns 15 which are: able
‘to do so to grow in the said environnment; (4) retrieving mcroorganisns
fromthe said environnent or a selected part thereof and isolating the
nucleic acid fromthe retrieved m croorgani sns; (5) conparing any narker
sequences in the nucleic acid isolated in step (4) to the unique




sequence of each individual nutant stored as in step (2); and (6)
20 sel ectiing an individual mutant which .does not contain any of the nar ker

sequences as isol at ed in step {(4). 25 . 'GNo suitable figure
1t

mar ker ,

-~

N .
*

22, - Use of a mutant bactenum wherem if tﬁe bacterium normaily contams a gene
_ ;that is the same as or equivalent to a gene in VGCQ said gene is mutated-or aﬁsent !

15 fm said mutant bacterium, said mytation orabsence fesuylting in reduged. wruleme or

_ia mutant bactenum ‘wherein if the bacterium normally condains a wrulence gene :

icempnsing a sequence identified herein as any of SEQ ID Nos 8 to 36, or any of the

'1Saimoneua sequences shoawn in Fi igure 5, or contained in SEQ ID No 37 or 38, or an

. :equivalent thereof the gene is mutaied or absent in the mutant bactenum sald

“ - mutation or abﬁgnge resulting anﬂueed !nrs;[ence in the manufacture of a
f b g ﬂmedlcament for preventing microbial infection in-a host in need thereof :

) f 23! Useofa mutant bacterium- wherem |f {hef haotenum normally contains a gene ,
: ! thal is the-same as or equivalent to a gene in VGC2, said gene is mutated or absent
25 In sa:d mutant bacterium, said mutation or absence, i:&eumng in reg_uced virulence, or
L mutant bacterium, wherein if the bacterium normally contains a virulence gene
i eompnsmg a sequence identifi ed herein as any of SEQ ID Nos 8 1o 36, or any of the
Salmonella sequences shown in Figure 5, or contained in SEQ1D No 37 or 38, or an
. Jequn:rfalem thereof, the gene is mutated or absént in the mutant bacterium, said
nutation or absence r w____mng in reduoed ylmlenne said mutant bactenum further

30 oompnses a DNA encoding an . '



15 2 - Use
 + non-human. animal, -

20

117':
:;littifgeﬁic epitope said- other pathogen in the manuficture of a
medicament for vaccinating a host against a pathogen.

124, . Use according o Claim .- 22 where:n the said gene is mutaied by a deletion

5 i ofa portion of the ec»dmg regien or by i mserteonal inactivation.

25 Use acﬂordmg o Cla:m 220r - 23 wherein the bactenum is a. _
Salmoneﬂa bactenum, prefcrably any one of Salimonella gphtmmum,

Salmone!la aberdeen, Salmovella gallinarum, Ahlmane{la cabana and -
Salmonella typhi.

12B; < Use " according o Claim -/ 22 or . . 23 wherein fhe hostisa
“human patient.

* accoiding fo Claim . -3 22 wherefn thie host is a

,28 4 Use . ) aocgmmgto Claim- &5 22 wherein. ﬂremicmblau

mfectmn is caused by a Salmauella spp. iactenum.
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IDENTIFICATION OF GENES

Abstract ‘

A method for identifying a microorganism having a reduced
adaptation to a particular environment cofnprising the steps of: (1)
'prdviding a- plurality of microorganisms each of which is indepeﬁdently
mutated by the insertional of a gene with a nucleic acid comprising a unique
marker sequence so that each-mutant contains a different marker seduence,
or clones of the said microorganism; (2) providing inc'livi‘duz‘fll_y 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).ret1icving

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).

No suitable figure
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