; e3e KFFGTHXDI <J6JT Kao414 June 2004 2 According to a third aspect, the
genes that encode the peptides nay be utilised to prepare attenuatg&

m croorgani sns. The attenuated m croorganisnms will usually HAANE 2¥8%¢ i on
that disrupts the expression of one or nore 5 of the genes identified
herein, to provide a strain that |acks virul ence. These m croorganisns wl|
al so have use in therapy and diagnosis. According to a fourth aspect) the
pepti des) genes and attenuated m croorgani sm; accordl ng_to_the invention

may be 10 used in t WERPLENCHeRENGE pif TRkt P8R associ at ed
with infegthLqy nySEﬁgp aveeedbnor G am p05| t i ve bact eria. Descrl ption of
pr €sen

t he | nvenTton [ I nvention is based _on the discov of 15 enes
encodi ng peptl(ﬂ%l%\/rﬁfé‘ﬁe‘at;éot‘rﬁﬂ]r%%?%&q ARG R genffe 2 B raeet genes
of the inygat icore pFeusber eMere pastulkularihe inr epstistésntof gehesapeid i
agents to treat %}ect e un%?rst od that references t

Eher sy PEBtAIcHeeohF Sdam: hTotred, BEoti ke EBGotEE s, RRRaRIAS
Furt her mﬁﬁelwhldseethﬂ phedepysantl tine sioneentiirgn fore dmesded pri rrarl ly for

treatnment_of _infec hfrrlrgeng lents, veterinary applications are also
consi der eg® he invention. The present invention

i s descri bed mﬂxfcu:eféreﬁmleapm@@calsedﬁ?@ccms psaarersiblewdiar  thel t he
Group A Str calg st &l{;@ ny; P REsS5am Poght | NERASLRY | Bl
strains are g:]Q’);/ to |né #to atgg plept? eg Qr, proteins %aw ng .am no

aci d Iﬁeqmem@érﬁr tineerefti L ar Ft yPYETERSS wduifh f’r%oF-Mb?ﬁte@)r &8ni sns

likely to,cophal Rddife 39r Pephl deabnvbudad hvivadisrendinfddticms | ostibR
genera Lactococcus, nterococcus Stre t ococcus gd St aphyl)‘g&occugl8
¥ the

Pr ef er abl &S t e PREFLESs  habPRARYEtiSef ul FFCTREIGEPFous FRFREE

i nvent i onpHay e ralendl2) tdtacre;a:o%csa]m kanditey whokkt heypépbindes($Tea) i fi ed
herein. Mire 35 prefercfa%l?( the geet gs have greater than 60% sequence
similari tBP€ WEEE 45 &7 ?/u pep és have greater than 80% sequence
simhigrity) e. gorr%%m nihéectyonw tdanr depar treatede widhy ardi doidtbes,

Sequencesettcdfe B?Eg)el}ﬁrtﬁlrlu{ el %t%d,uafn%%@e@etyna&ée%' gga that

may be us vari ous aspects ‘of the invention may have great gr t han
40% i dentdxgbIhems t A8SQBdat e Wit nTaT iR TR £O MBRED teFee&m yangh

pol ynucl egid fgi sequencae e giebats! hahdddsequeneed for further
therapeutics which may be useful in treating of preventing

‘20 GAS infection.
summary of the Invention

"The present invention is based on the discovery of
virulence genes in S. pyogenes.
_ According to a first aspect of the invention, a peptlde
25 of the invention is encoded by an opercn including any of
' the nucleotide sequences identified herein as SEQ ID NOS.
1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31,
33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59 and
61 of 5. pyogeﬁes or a homeologue thereof in a Gram-positive
30 bacterium, or a functional fragment thereocf, for therapeutic
or diagnostic use. ' . '
The peptides may have many therapeutic uses for
treating Group A Streptococcal infections, including use in
vaccines for prophylactic application.
35 According to a second aspect, a polynucleotide encoding
a peptide defined above, may also be useful for therapy or

diagnosis.



5 identity. Most preferably, the polynucleotide sequences have greater than
80% sequence identity, e.g. 95% identity. The terns S|n1lar| Y qu%
"identity" are known in the art. The use of the term"identit éJUPEf ¢ 10 a
sequence conpari son based on identical qﬁtches bet ween 10 correspondlngly

| dent i cal positions in the sequences beithg conpared. The term"sinilarity"
refers to a co t equenc e ccount
not only identi %ﬁ@h@ga%SdQ gﬂk%@r%%@%%%d.#ggpggFF%gﬁg%ﬂgd%“gﬁég eite
functional pgpsiididsr amyo abeds utildeedspoieli ngeuSppes ti @t eriased

simlarity.b &%%mg/rp;pt' ”sgteee@z@gve Wi 268 ?Lﬂa%ﬁ{%lf'ﬁg&ﬂi}y’

in addltlon 0 sequence sIm ween gene
sequences hatel avEMEagiqrydiiat ﬂ%ﬁr‘ép%l ‘éhf—‘t ?xﬁﬁﬁﬁéé@rhrﬁﬁwrﬁ:lwsmnces

can 20 e 9' %tﬁeatgénegl aaéﬂaﬁmé@t hedsinln d&'%fb@ﬂdfeo 4herph8%eMhat
I nvention, vai | abl e_conput er based ds for determ ning

identity a?a@l"-‘%Fm"VPéF‘f §AG&c| udEeSe THIGROITIZLATIR ¥id- FaaF R0 Raveh Hseet

al., J.. l\/pﬁe'gheklla@iy hn@magn8§53403 410), the BLASTX program avail abl e

from NCBI, and rom Geneti cs Conput G oup, on
W e | eval's AECOMALS 1R, b it SBhR ot BRI I S taA AT0g
usi ng the @mﬁnageﬂmlmbhazzgafmn;mrwd:ctqrrdin@Ztandhe Gardrengih mendd y of

4 for eterm th am equ e ns, -and a .

penal ty. Ea 33%e%$d€%épen§$ yp%%ggﬁ%:.% heO%oI ynug%gtlitd’gn

sequence cmmuabnd WHahl hpfelgsisct by Sddep tprecead ovdi @gamopbigdtive

|nvent|on % %f jRossible to use the gene sequence to search for related
pept1 des

genes or i n ot her mcroorganl sns. This may 35 be carried out by
sear chi ng Resexig -84t ab&sed eNVEIGLOWNBL or CGenHank. Peptides or proteins

according to thﬁqén\fﬁ@déﬁt rrﬁhvaemawfigdﬁwbd sehat:gdebmrmié\@éifykaqm in

the art. In 14 June, 2004 ticyl ar, havin denti fed the
sequoSe, 9en%# | SAEROHBTSPEPE I % oth T el AP n AP LiCANR LS YOrORBRESS ¢ he

genes in @@ﬁe@ﬁl:ﬁié@ﬁnd gﬁna/sa df Etgfﬁélitrﬁfamh.cblela&t@d:héfefulresuééﬁume

i denti fied; and f t ap r he pepti

their act |% fria rﬁg gggﬁgr‘ébe ?Jrhsedggs éhter% r??%:teadgt erﬁl nét:n ‘re‘ﬁ 95§8§| ne,
to elicit imfagtramr. resbbn:ﬁémlﬂdayheayuaﬁse‘stt@mteuhart t h‘efptr@gmﬁ i ba of .
anti bodi e, QI PASHIWR | TIWRIISAId ONh R EaR0Fe | C BpRLEmBLEQNS. sugtable

antlbodles I nc ude monocl gnal 10 anti bodies, or fragnents t er eof ,
i ncl udPng RSN HRRn Fv FYEgReFTeTepet WHdd & thPne BHHAFEE oRE of the

ant i bodi es paidrt ilen &m@saﬁ.ﬁlﬁ'fentdbd paSenaakily &bt tridmeht é@tiﬂﬁeéfﬁaﬁsnt S,

:of the peptldsareth retain the_biolo |cal functlon of t

pept i de.  Ad CREHT o, PARLANES usStF I HRERt 4% BSpoke {HLS

f.ragnent WQh-:ls:.!dema‘d S:u:ffbezl‘enthsnzehesm;mamfanhebm@mtgmmr at ed from

the fragment wig g:&xsé’éézﬁ‘& N2hgeRRY! ‘éﬁsr&é hﬂés?@‘@.&:'eq{e @f‘gfaogé%re dt? on
m cr eas

t he bacteri al organi sm Typic ragrrent be at
nucl ed¥ i dSECrEPFORAGci BEPIenes. However, al the Group A
Streptococcal strains, and many other Gram-positive

bacterial strains are likely to include related peptides or
proteins having amino acid sequence identity or similarity

to those identified herein. Organisms likely to contain the

30 peptides include, but are not limited to the genera
Lactococcus, Enterococcus, Streptococcus and Staphylococcus.
Preferably, the peptides that may be useful in the

various aspects of the invention have greater than a 40%
simil_arity with the peptides identified herein. More

35 preferably, the peptides have greater than 60% sequence
similarity. Most ﬁreferably, the peptides have greater than

80% sequence similarity, e.g. 95% similarity. With regaxrd

to the polynucleotide sequences identified herein, related




20 in size, preferably 60 nucleotides (20 am no acids) and nost preferably
greater than 90 nucleotides (30 amno acids) in size. It sho¥ld,also be
understood, that in addition to related nol ecul es from ot her 14 June 2004

m croorgani snms, the invention 25 enco sses nodi fications nade to the °
pepti des and pol ynucl eotides identified herein which do not significantly

al ter the biol O%fé{%t{,&?ﬁt EfAc blayvibé HSegpparentcte vaeioksl hepesesson

that the BBGERSY acy o e geneti ¢ code can result . in ly:nyel | W th
ni nor basefchhrgdsvENSHOMhEY BEVESEERSTF ﬁéﬁa& ﬁfO%b&F%\%ﬁlc r‘l'g'\?cteﬂr;1 €l ess

encode thge@%otgé)t i dasntEeIRlE MERé gy npol ynuMbeet | geeferaklyeo wth® n the
i nvention: nservative repl acenents,at the ampo agigdnl e@l egn@nze

envi sagedpol youcdigqtekdmt SRR BAYS FhTA6 aci ds may be suglgt@i t ut ed
wi t how syRshantival | epstofpRSfévabliyon. tiithepplypacdEUnids SERIETEEDased

on attenuated m Croorgani s 1.5 kno .skil Led i he gamicitvacci ne
conposi ti bﬁgecﬁﬁ'e@éef’%rtﬁﬁrg{%&? \ﬂﬁ%\,\%‘%ga{)ﬁgﬁElégﬁ %u%e 28%4 5 c_arlrt;{'grs or
adj uvants, e.grh Warms "ecedsarityl andi Fedpnts tyi'odtge ke Iy &he

i muni sation agai,nst infeetion. Hg,Ph : Hefres 06 Bos@dhainaans
will be aﬁ’p’&ren?‘lrf% THe §§| F %d tperson?a%%ggfg temfa}ngg rp't?(r:{aroorgani smﬁ may
be 5 prepabagavitdora nubagiesh t han di stdsrdiaed expfass of I%l;.w&e he

genesm denti fied Nefsidm Theeskithedpeeyizaons | in behavaequehcest bedad or

di srulft i nGP&Xpresst on particul ar_genes, Jechni gues, th used

i ncl ude i oompareshkl | Ta& i ¥8¥FTPon Jg'eﬂ’élﬁg;reﬁe?ne%%cﬁ%i g%eg%gt%?é‘nuat ed 10
mi croor gapi § IR <3F CanhhdJakd d heeduiegbeiE0N arey thkescdmird sacaaunt| A

mut ations~rn other genes, for example.in q%]:g}] ' kned MRitein or
in a sepapalty FEFOTIRRS r%l?%raﬁﬁﬁ/t r’r“of:%t‘ﬁ‘ge _cr%or_ a%?g%kﬂeﬁ.n? an aro
mut ati on. JAlensahed Bmldy gedidimummprEny Beigtedifs €RFFFEPCTS ISRt ens

for the delivery of h r.ol t.] er %ﬁ; Piakesesne@noegl eic
aci dslg DNROGHERRE)S - | ﬁiﬁ ?sggﬁ%gg%}edrﬁg?ﬂtéﬁghgt t ena t.eﬁpm' CI 00rganj sne. are

used to dghiiientmshefenctbgnad @imibarifvot eith BAHGHE cCFAc A IS

parti cul ar .si.&ngirtyv_i vo. Introduction of a heterol ogous 20 antigen, peptide
or nucl ei E*R&rd intlo an_at t enuat ed ,ni cr oor gani M Gan He-&8" Lhad 1Q¥e Y
conventional t&emeldueaf ideRhdfyg RHPTER PR eco%ﬁ“l1 nan% constructs, e.g.
vectors, Wi GReeRMY Sr RAlyILEt POy Beswdent Bxinesdcife SRAUENGISYAAT

antigen or therapeutic protein,,an I [ de suit AP 80 IHHe -
‘seque esbeal ¢+ AR ?EEPy,ust’t{égggﬁlg aﬁ‘ggnhc%og €s ”Si[lg-ihg?g?& 0gous %g;é:qen or

protei n nMayehenicndaveatdoed pubdicly gaeddalpie CRIRIGRRIRAR SIS

endogenous pr ter . exXPiesshencyManhe lgrhersild BLABTPAS i S
wel | knoM%oggggggigﬁ'ﬁ%dé?%%@#%% art,.a s itygél e arm#fgglof alrbgad:.tive
conponent BLASTNe a0 cFAFEA dAtashwll 8& @t - f of - t R&Seut FLolse) as can
sui t abl e garlsr,i‘i%@s_,;q_ro)erxc&méegmsramqazr@gi-em afradd@bliest f2oMoNCBIhesnd .

factors woul'd "be chosen or _det eryined. acc | Chali8 5l - SHICh as
t he n2$ ur shee@an RFFTAB FRRTGFAT Jbﬁgtggggﬁtgfgggt ed heﬁtlayges@nd/or

heal th of rhjaelsvlilecbrestmiliard tyeEmdt kdenbbtyneReyides fsgdidts WATS he
invention may be used in 3e’ 88l BRSNS ih D Gdgigundleptopoiand

'a Gap length penalty of 4 for determining the amino acid

sequence comparisons, - and a Gap penalty of 50 and a Gap

30 length penalty of 3 for the polynucleotide sequence

comparisons. _ | |

Having characterised a gene according to the invention,

it is possible to use the gene seguence to search for

related genes or peptides in other microorganisms. This may

35 be carried out by searching in existing databases, e.g. EMBL

or GenBarnk. 7
pPeptides or proteins according to the invention may be
purified and isolated by methods known in the art. In




14 June 2004 6 potential antimicrobial drugs or for the detection for

virul ence. Routine screening assays are known to those skilled |n the art,
and can be adapted using the products of the invention in t’hé‘%rb{ﬂ%%@f?‘hte
way. For exanple, the 5 products of the [nvention nay be used as the target
for a potential drug) with the ability of the drug to inactivate or bind to
the target _indi.catyng ifs.potential .antimcrobial activity. The variqus

b oduct o PRFRAHVRe | BAVRRY APeRtiELachu o Sons, BEAIREY, dppMidh Fihs.
The fol | owagsiblae ko aiseovezotehinantheechpdguesntal eppreasdu thel et
identify t I Ll T | S.] e Le

I denti fi ed:b ’gygué{liﬁg?%lﬁg%a uér%'-trélgc%%vgmflgg ngggg ?Jéaw?eil ggggr g@?}.e 1§.S
pyogenes IGanutkét bdertibied: t andatrealy mincanusefddnsinh dthertapy 1995For

Sci ence 2 - 4Q05 S n ; ' , 0
inserti%on%%i%%gl_?a' %%%?ﬁe#\%%%r?ﬂlﬁ?ggdﬁ%??g% tfggg;l% ?%érré‘%?] g’% fii%%fl?
t he vect ora® oapELI&RIE Rta@rmiganhs 8 3t Eaceigtnetoae2dcit an immune
chl or anphefd g9bngesi st ates, 0BG (£do Ipee)ulblh i3 SYRENYhrieh WA LT ofa
Gram negative, ori gl n of reEI i cation %rop,. ori), and, a cl oni ng él,te for the
STM t ags. 34 EPOALER i ngfPRe (BRAES1¥Eo (IFE 10Kk, cON tFHRIPBFRAS on
was carri efpplicaaddrib pl asaiisabhet Anbibdidies Widcllde orm@hdalohaas 25
wer e | ected., The % ogenes strait 8514 Snl\/ljséti/p .I\/EO%\.kWaf t ransf opnmed
wi th dch Bt TRIEER 2ol THEIEHR CARRES et P REHDS TipalecrBaLBarE,
r esi st anc Extagmseet si.noMethvde df @h| thanphepacalticdforo it ifodies will
transforrr%% 3 pderes SQida &si1 29 Laph, e generat ed via Tn9l7

| nspe‘[ry)étll Jf ?‘ngang. il_‘ﬁ%r v

t ransposon on to create a mutan i mut ant bank was screened
in either a skiActhvasEvagmesiteh afoddle Fepivides ianecihere (St axpradn al .,
J. Qinicahd Ves1bgathdn £1924 1 A8:dP5¢nd 988t ke ORE X LRI1 S5 when

col onj sati on pode nouse i,nfection (Husmann et al.) Infection and

| of '
| munf?y, uf@@?;t%Segﬁf?@S%-nQ&Munr% A% PWRPR nbhel LrEmentDI ik P9ePE each
i nocul at eguirfticacentalsiyay tdudklthatel dbtibodivel Wenefadbédd ~fiom I¥ndune

2004 7 | | | ' f 96, disti .and di | - '
di sti ngL? %%%%getr%’ﬁjn?g%?g %Oﬁ%%ﬁlgﬂlaa??e eFH’l?csﬁtﬁl: arktrl% tﬁ?pgéﬁ% I@s%\ﬂgr é""il?ﬁ’én and

bact eri a peptiidisssl. ofihd-leki hbarterdad wiecroargaateth.i n 2xBHcaddgi, umlaad
bacteria EkQS&%&ﬁ? 9?1 be at least 30 nucleotides (10 amino acids}
' 20 in size, preferably 60 nuclecotides (20 amino acids) and most
preferably greater than 90 nucleotides {30 amino acids) in
size. - :
It should also be understood, that in addition to
related molecules from other microorganisms, the invention
25 encompasses modifications made to the peptides " and
polynucleotides identified herein which do not éignificantly
alter the biclogical function. It will be apparent to the
skilled person that the degeneracy of the genetic code can
result in polynucleotides with minor base changes from those
30 gpecified herein, but which nevertheless encode the same
peptides. Complementary pelynuclectides are also within the
invention. Conservative replacements at the amino acid
level are also envisaged, i.e. different acidic or basic
amino acids may be substituted without substantial loss of
35 function.
The preparation of vaccines based on attenuated
microorganisms is known to those skilled in the art.
Vaccine compositions can be formulated with suitable




S the lesion by treatment in a stomacher for 10 minutes. The rel eased
bacteria were plated out and a mni rum of 10,000 col onies recovered froma
m ni mum of 3 mce. DNA was isolated fromthese sanples and ubddup®28Rflify
the tagged DNA present in the recovered bacteria. The DNA isolated 10 from
each recovered pool was used as a hybridisation probe to reveal those

mutants in each ol t I Vel Jagd @ﬁlg@!ﬁ aggd which
wer e thergfa&‘rré' eér)lﬂa%&tth Lghlt |s a ale(ﬁp %58 g raag

mal_ nodel of i nfect] on. In t t hr oat
col oni sat iean pmdeide ZQstCGéM% Jdm‘éml%a'Fh%uﬁﬁf“éBSFnt"Paﬁr‘F&% EE €si x

C57BL/ 6 ml Nk SEsR| 8 $akeinal t8EmdBabouns. whkl vibé fapbar&hltntasodhé
bacteria on alning a transposon Tn91l7 insertion within_a virul encebgene

failed toskdllesby®IEIFom ntEE | ﬁBEGFHF&&d\M PHCRORFIBR158BL TE¥on®5

mut antss ?:'2% P mﬁt'}?fgofrﬁﬂadtlﬁf&xy t&ﬁdaldheu@t?enhateﬁpr;edmutqmnél any

ex erlrren Were carried, out tants_i | e reen
topdet er Wﬁetﬁﬁemtﬁqqq}blfhﬁguh?@}n a@ﬁ/l%ﬁﬁ# 'Ei?;g?g&gve‘rﬂe?I e%tged in
m xed i nf gghir@nsofi ik thideswi jfdrtyi,desrsir.rtmrrg iexphesskon 25 |parbhcudasl of

fect Chi i d Me 08:
2704 70TIRBGF . As TESTVAEh EPAE Stebt giE oot ple A P e

i nocul at edn\&cﬂ:iiveqlmn nethergemd ke Yewionl- theehniaest ant Akteguargdy
tot al urber %@%ﬁf'é&%ﬁé ﬁrté tfl@é%&%é‘:&?éﬁ%%&h@@réoﬁ@rm&e
oufn Sﬁt 0 a

pl at ctive nme and nut ant

| ows the wi | dt
col oni es. addisi¢nali myFiadHians Ak qtdiq%o ISmefut gﬁtr Bﬁ@%‘giealf’oamf?ﬁo’tl?pe

bact ﬁr' a %%ﬁ'é I8 1S £ 108 Uh 8 PG TR &th Vutﬁepﬂfatat genen rexpoieeddfoact eri a
is the co

etitive index (ratio of nmutants versus pe 5
i nocul um gFPWEBd IRF t HeR® at M SFOHAHM T verud: wi f“ﬂ tfp"'y ba@%%?fog
rECOVGFEdAEEQm;taI&%danmE&Irdm@ﬁlsﬁge :ﬁayl a\ltlsmg Beampbed i Abustamrierhe

I nventi on. 14 June 2 04 sS4 d and the
nucl dét i d§Y§E&f5‘ nceéci’?me&lhft el y OVF%?’GA %ﬁgiﬁg on | ngér'eyrlﬂ'%ﬁ Was

cl oned. ThAetapkadticdprotmisrt @ hnwslemt)%mdi@wt(% oxt RNAd -5 AficFBSE| de
level to aﬁﬁggﬁgn&ew%@ Yl d 16 S miREARSE ORG TarehoBeds €60 | D

NO. 1, wi t utdtive protein ' sequence shown as

S
ani no aci deieqeé'née het anelegeds C'PEB’-EPB? ePROFFIFUEE &ﬁ%dse’ﬂ%(f?ﬁg&?t y to
the putatLvgaNADERNHr1Qitid r o egiobase1at rbduceibnenfaa (feewesslogonanber :

SW 7431)" . G th I t th t t
2 e ot S ol el 17 b%;g%@ 'Yﬁfﬁ“%%tled%%aéﬁﬁﬁwaff
appr-eci at gitkab gam:.lsa'r cah bequancied oubthiecesventtisyrrlitesniques, :

Gram pOS't'VgPQr TR A6 O DEHHPLLAR! Bdnkt oYkl CU0Gy. IMebbiBrbpst for

at t enuat i B uI enc M Croorgani smwas sHown %f
att enuat edhmhmmem@lmuﬁhﬂéﬁ ides) tBPt(F’&ﬂ“%GlEJﬁF?ﬂ' ggous

antigen or therapeutic protein, and also include suitable .
25 promoter sequences. Alternatively, the gene that encodes
the heterologous antigen or protein may be incorporated into
the genome of the organism and the endogenous promoters used
tb control expression. ' '
More generally, and as is well known to those skilled
30 in the art, a suitable amount of an active component of the
invention can be selected, for therapeutic use, as can
suitable carriers or excipients, and routes of
administration. These factors would be chosen or determined
according to known criteria such as the nature/severity of
35 the condition to be treated, the type and/or health of the
subject etc. :
In a separate embodiment, the products of the invention

may be used in screening assays for the identification of




A further nutant was identified and the nucl eoti de sequence i mredi ately
foll owi ng the transposon insertion was cloned. The nucl eoti de sequence has
98% identity at the 25 nucleotide | evel to a sequence within théung 2004
pyogenes genone, shown as SEQ ID NO. 3. The putative am no acid sequence is
shown as SEQ ID NO. 4. The amino acid séquence shows 81%identity to a
probabl e i ntegrase enzyne of S, nmutans (accession nunber: 30 TREMBL:
06915S). TRPSedénivhkt ARtdigrabidle drygspter e ithet desgatinnt oy

i dentical {oralerdwbl e HAitegiasecgeBa il %s%%é”%tré"okﬁﬁﬁm t8i THeRRe Was
previ ously unE own | nhé"‘ p%}c_)genes, and has né)t e&n assigned a role in
vi rul ence. 5§35 %e&nu{ Si ar ¢ GAN e $daRbednesighd e PROdyCHISabl e
i ntegrase genehef iBvendiats,in hﬁ:ékéﬂ:ﬂaﬁdpﬁﬁaﬁenMMXJ FHWF eskamplehathe

004 and Gram positive

sim | ar, sequences _i n_other Steptococci 4 June
bact er ia n§§°§l‘l§§sbé:’£itr ?eﬁr&‘églaﬁfgpm“ﬁgngt? y5ednas; &e tRrgetehBat on of
vi rul ence, pptenhitit édug,c mdatyariies raiwbki shopf thebelmig etwiai edevkvita
conpetitiv ' ( f 0.2 : 3. A further. mutant .was. .
identifie %ﬁadiﬁgf(%l}:(ﬂ%g%r 5 tsé%&éﬁ?ﬁ%&saP&tyax}toJr?]Ovﬁrhrg”f‘ﬁ‘ér?}?éﬁ&poson
i nsertion aesi¥lbHed. 10 The nucl eoti de sequence has 97%identity at the
nucl eotide | ev e -kl R et Si S SEQ
ethbOvar$8u4epeaauttl Bt RReSi nRY Omf?ﬁ%arge@%gg?% ﬁ%m%_éa

ID NO._ 5. The predicted am no acid sequence Is s _ The
ami no 18ci ds SReRELNIREWEPRIIFAGdRI&y ' at the amino 15 acid Level to the

T i T
accessi on _nunber : ; .. Jhis .denpbnstrates tha e disrupte
gene is atprqufs‘fuf)%r t"?sﬁ‘%y t'icﬂeﬂ'%i%mlf&) e gIVGFYEPRCSF I§REBhocysTRE spp.
20 G ven wthesliendar gepesl imeSgensyofedespweganeidentife sl gpydansi of
Syaechocyst.i _ ] | appreciate that,simlar
sequences%llf‘iﬁ-‘ o%ﬁg]’?é &%ﬁ%@%c%%%?ggﬁégga\%#&i E?’\/écﬁ&&%ﬁr’a FrayP LT 68

vi r ul ddcemydEstni hanks fomnm atenwatedomugiarndisialHensefl vt ukdnce,1998.

nut at ed, 2% HiaGlcROTO8d| 548 YRS GHOWN t 0 be attenuated with a conpetitive
i ndex (Cl) of 0,011. anple 4 A turther nutant was identified and the

nucl eoti de seqifBHEaG e REaNETAASD WA THALT aFansBesorndaassiots 30
cloned. using a plasmid vector.. In addition to a fragment of Tnol7,

- the vector comprised a spectromycin-resistance gene, a
20 chloramphenicol-resistance gene (CAT gene) with a synthetic
promoter, a Gram-negative origin of replication (rop.ori)
and a cloning site for the STM tags. After ligating the
tags into the vector, E. coli transformation was carried
out, and 96 plasmids that hybridised with the original tags
25 were selected. ' |
The S. pyogenes strain B514-SM (type MS0) was
transformed with each 'of the 96 tagged plasmids, and
transformants were selected by resistance to spectinomycin
and chloramphenicol. For each of the transformed S. pyogenes
30 strains, 20 mutants were generated via Tn917 transposon
insertion to create a mutant bank.
The mutant bank was screened in either a skin invasive
lesion model of mouse infection (Schrager et al., J.
Clinical Investigation 1996; 98:1954-1958) or from a throat
35 colonisation model of mouse infection (Husmann et al.,
Infection and Immunity, 1597; €5 {(4):935-944).
In the skin model, five CDl1 mice were each inoculated
intradermally with 1x10° cells in a volume of 50 ul




The nucl eoti de sequence has 97% identity at the nucleotide |level to a
sequence within the S. pyogenes genone, shown as SEQ ID NO. 7. The
predicted am no acid sequence is shown as SEQ ID NO B. 35 THé 4men20@4i d
sequence shows 35%identity at the amno acid level to the Brag protein of
B, subtilis (accession nunber: TREMBL: @34545). 14 June 2004 10 This

denonstrates that the disrupted gene.i s at least partially identical to the
brag gene m#pBesQmtingsthe vealinetirni |@f i 9 oflshéngragudneeddsly
pyogeaes tp; $HenbiAGHANEe | tnfarkt! i |1 98 t BRuSH | beddper SUB M de Pon

appreciate that simlar sequences, in other Streptococci. and & am positive
bacteri a RARLIES WerepRkeR agdi RaghrELanteCOVRrefe 13 SlinakesivREi on

of virul eReeret hacatiziel it CZORHpaRedIuMeSndhpabtbeile 1abeatad 0 Mbhh a
10 .Exampl e 5 mut.ant _was

conpetLtive index.(Cl). of 0.88. A further

i dent i Pi eﬁ%&gﬂ?ﬁégﬁu%’%&ﬁe&%“‘?ﬁuéﬁ’cé s ckeH ftofroﬁooﬁ’ﬁt}‘“i?\%' t retposon
i nserti on mlsezseadethacHerinichent | gaseduente astibvs APAGmdmnidft yi@todde 15
nucl eoti de_l.evel . _t uenc ithin the S pyggeaes, .genone, own as SEQ
"D No 9. CRRCHHES GrSrO R ag EAGH oBqUHET Shown TESho | PN TR A
still furtsolatedndzaosd thesentsamsl a8 sand desedf fedampihfy tie asgoksd
sequence | % j.dent i a etﬁ?ﬁ’ | | e t

Wi thin th?ﬁé §(%%e@r§ietg %Eén%)rég trs om&%sd]%ﬁ?%)iﬁ% fﬁel'h]gN%rE%e am no
aci d bequErem @25RowRCRYeSRY MONOWaD useR 37 ctlikybuidisasionopndhe fir st

mutant shews pa¥eiadenthébyeatmitie ¥R G | 8¥8L tthdtherAdeRPr ebeiye of 25
S. pneunoni ae ssi_on nunber: TREMBL: 033703). That of the second nutant

accC .
shows 79%?‘%4??? at TERE afi VPR e121d (HRIMACVBFSt cbhEgRIgTe
pneunoni aatctasnessédninuohes: AREMAL ndB6DE MfecedoRnstrates that the

genes of S praiiogiBe. CHREREdCH AU SHEEohebiad e FAR0 ol d h® e Ser on
(i ncl18i ngnedeR,ateid CinadeBasald yadoRjo | i85, CpABLI6NImtice Tamdebampliee
LS Forat | Sty S RUROSIEHAES anhaREUR AL SR et pbitAs
genes (adeBn&RdTHERA HoRBRBERESPN TREID GOFEFTHQR Widinbr evi VisHy) epesn
assi gned gehel ecAN 8l WLN6€ recOveWeFLSm mice inoculated with a
mixed population of mutants, and were therefore likely to
20 be attenuated. _

Additional 'e'xperiments were carried out on mutants
ider;tified through the STM screen to determine the
competitive index (CI). Individual mutants were tested in
mixed infections with the wild-type strain in the skin .

25 1lesion model of infection (Chiang, 5.L. and Mekalanos, J.J.
Molecular Microbiology 1998; 27(4):797-805). As for the
initial screen, groups of four CD1 mice were inoculated with
equal numbers of both wild-type and mutant cells, to a total
number of 1x10° cells. Bacteria recovered after 48 hours

30 were plated out onto selective media that allows the wild-
type and mutant colonies to be distinguished. The ratio of
mutant bacteria to wild-type bacteria seen in the inoculum
compared with the ratio in recovered bacteria is the
competitive index (ratio of mutants versus wild-type in the

35 inoculum divided by the ratio of mutants versus wild-type
bacteria recovered from the animal model}.

The following Examples illustrate the invention.

Example 1




14 June 2004 11 Gven the simlarity of the S. pyogenes genes to the adcR
and adcC genes in S. pneunoni ae, the skilled person will appreciate that
similar sequences in other Steptococci and Gram positive bactldrdunen2§0be
inplicated in virulence. 5 In the test for attenuation of virulence) the
mut at ed m croorgani sns were shown to be gttenuated with a conpetitive index
(Cl) of 0.548 (adcR) and 0.028 (adcC). Exanple 6 A further nutant was
identified and tzhe fiwcdteotmiuteritd meﬂaedmcﬂcat elnd f eHeoWm@ iidi-ide

transposon i nsertion, was d ﬂ nuc egh dﬁ sequence has 99% identity
at T e nucPedenes oA e EY £ eR emien Fhel FriRaBoR AR A RS hown
as SEQ | D Mlonksl. The predicted amino acid 15 sequence Is shown as SEQ I D
NO. 14. The am c e s % t m_no agi evel
to the DNA repa:&?'légrie1 g?%gr'ﬂgg% %g%g (%f?”ﬁé I#)O% %%ﬁ%ﬁtg(ﬁf&cg@ﬁ
nunber :5 SWiugdeorg)de 'ﬂlﬂ@ldemonscoduag shguenkte wiishim edlq:;ﬁepymﬁnéseast
20 partial nti 0 5tsh fBnogRpe qf b |

simlari tyég?bt e o%ﬁbwger?% ?E(as o f%Bene&s' Bg)l'?ﬁazzh%f %é'“%%:g? E%Ott &

ski |l | ed pefs@rens [Shgfi &s aﬁ%QtHs 8 m?lar sequences in ot her

Streptococci angne amabtlaelaaCéezFueneay 8¢ i PRI Gtedikbeey f%ESEGﬁn 25
In the test f Vi, r.u ence t he nmut at ed m croorgahi sm was

ttenuation
shown to b@r‘a&lg uatsg'ﬁ:"'{/ﬁth 3¥ coffERtaitYe |trﬂjext{1€I)Pé’ftéﬁ:37‘6% NAD{RIFe 7 A
furthdd nmusntoveductents fofd End ihel ouakaet i (8cd@ssearengambaradi glel y
foll ow ng Cﬁ%}? %]r_?nsposon insertion was cloned. The nucl eoti de sequence has
98% i dent i 4 he nucl eotide level to a sequence within the S. pyogenes
genorme) shown a@i8EQ- heNO sifiIkmei y ediodt edthei nppacadi®e SeNAB(PEHI S

shown as T acd.d gggggp shaows % | ti at, t he
am no aci iﬁl v@fé%@gc% gebl ?1?%‘ crh'grrlb%yl ¥ arri e% p?g’t eltgé( B%%%)% %}/IS hr‘rut ans
(accessi omnﬂlﬁberrzzaswtbeggeﬂ ed RﬂrgaﬁeW2®@4aPPrﬁﬂl§ﬂkrﬂin@traitaslahat

the disrupi&afidensesi ﬁnabthegsscwﬁao@dau C&E&Iéﬁamtﬁobfi%ﬁﬁ‘é‘%%@ﬁiﬂgh
as

BCCP of S. nutans. ThIS aprew ousl unknown Tn S. pyogenes an
not been &% ab‘?o?‘ ﬁcéFF’ Ié'ﬁ'cé"lru nce. ‘

In the test for attenuation of virulence, the mutated
microorganism was shown to be attenuated with a competitive
index (CI) of 0.644. :

20 Example 2

A further mutant was identified and the nucleotide
sequence immediately following the transposcon insertion was
cloned. | _

The nucleotide sequence has 98% identity at the

25 nucleotide level to a sequence within the S. pyogenes
gencme, shown as SEQ ID NO. 3. The putative aminoc acid
sequence is shown as SEQ ID NO. 4.

' The amino acid segquence shows 81% identity to a
probable integrase enzyme of §. mutans (accession number:

30 TREMBL: 069155).

This demonstrates that the disrupted gene is at least
partially identical to a probable integrase gene of
§. mutans. However, this gene was previously unknown in
S. pyogenes, and has not been assigned a role in virulence.

35 Given the similarity of the S. pyogenes gene to the
probable integrase gene of S. mutans, the skilled person
will appreciate that similar sequences in other Steptococceid




5 Gven the simlarity of the translated S, pyogenes gene to the BCCP of S.
mut ans; the skilled person will appreciate that simlar sequences in_other
Streptococci and Granpositive bacteria may be inplicated in Vidr dHEn¢@04 | n
the test for attenuation of virulence, the nutated 10 m croorgani sns was
shown to be attenuated with a conpetiti Ve index (Cl) of 0.044. Exa~rme 8 A

series of nutants were identified having sequence ii m | %i ty to%_ggnes
i nvol ved iandi t IGEamfRPALRENE onPATRETEE nuBR¥ot | He5RequBfices¥ df TeFRhHE

nmutants sg%g@gngtggg(mge_nti ty to a sequence within the S., pyogenes genone,

shown to QID NO,17. The predicted amno agid.sequence i h SEQ

ID NO. 18. The prebl&t 5835 S rFro?e,mEﬁg}%’.l Bgob’éﬁé‘ eg‘e%%' s %?,\,ngﬁgﬁf%

identity giidPscaghndsacivdsl enelwr ed ke aittlemraates] withtaatempghseiveépha

chain, of E,  col iﬁ% cc?sgi %%V%unber: SW P75726) . The nucl eoti de sequences
s .

of thrée g% Rt's Wwed 99% identity to a different sequence within
the S. ZS mpysfehes3dgenone. The nucl eotide sequence is shown as SEQ | D NO

19, and the prﬁgingﬁ_@ Orpwn@g&cél: Sﬁggsr&%ﬁ i SIONN 3% SERel hiN edfiadhe

am no aci d seq Ces shov entity at the amno acid level to the citE
protei n, cidquence yimre@bahedvaifal lawisig Lhe SHANERATRZ| LASKRGRBER: WAKY
P77770). The l'eotide sequences of two further mutants showed 99%

identity 9 The S. pyogenes nucl eoti de sequence _i_dent. fied, herei SEQ I D
NO. 210 The prédhet é&i-l%h?‘ﬁ%lﬁéi dSEFHFHTEe | Sshé\ﬁ% as- %gngzgt%%5 The

anm no aci ¢, gepiicds e B6%d dant Eeyueindehewanhda athe | svel pyogéhesCit D
protein, citrate |yase acyl rier otegin itr B, chai n)) of
E ool (@ onthaRBere SEePTPsy . 5 1o T b Ts R, L

nut ant s Weyergdetent i {5 eshowhhasuGEPIIRINGeddiences whi ch showed 99% i dentity
to a nucl eoti de,se fl10 I 4 | ad NO.
23. The predi cflgl %lr‘:‘ll%‘nr}?ooeéa‘ccirlcfin s%%‘ggnrg‘ggg%@()% ﬁg&gigege%ﬁeég%% a%)i d
sequenges sshiclv 3Ug¥edentit y the t HelgRi nerasedn -e\Féﬁ_ t bhehe Wiee bistas n,
citrate (RLAfdodistint 198ftlocpbels Sobl (ananssion nuaber: fRIMFY7390).

A-further ant was 1dentified with a nucl eoti de sequence havi ng 99%
sequence B¥&RLIMy to - the S. pyogenes 10 nucl eoti de sequence identi.fied

herein as SEQ B iNOdethondbeapeedictizad tan nii scuptedqyense is sthdwasts SEQ

g > o ) . ;

o 2 e ST 0 £ ST BB Y BUALSOL, Beloidls AL R 1,

fur'(t)hgo three mitvent chersimifbarityedfukhe gepkeeodi fo RiREFRES E%d%t'!l#]g :

SO o id ook, pisspasey Bt seiema yreal persumy o,

appreciate that similar sequences 1in other Streptococcl an
Gram-positive bacteria may also be virulence determinants.
In the test for attenuation of virulence, the mutated .
25 microorganism was shown to be attenuated with a competitive
index (CI) of 0.011l.
Example 4 _
A further mutant was identified and the nucleotide
sequence immediately following the transposon insertion was
30 cloned. _ | _

The nucleotide seguence has 97% identity at the
nucleotide level to a sequence within the S. pyogenes
genome, shown as SEQ ID NO. 7. The predicted amino acid
sequence is shown as SEQ ID NO. 8. _

35 The amino acid sequence shows 35% identity at the amino
acid level to the BraB protein of B. subtilis (accession

number: TREMBL: 034545).




The amino acid sequences show 59% i dentity at the anmino 20 acid level to
the CadA protein, oxal oacetate decarboxyl ase subunit al pha, of K

paeunoni ae (accession nunber: SW P13187). All the predictedlpdonei2@04
sequences of the above mutants show various degrees of identity to gene
products 25 of E. coli or K. pneunoniae required for citrate fernentation.
This denonstrates that the disrupted gengs are at least partially identical
to the citF, E D, C X and oadA genes of E. coli or K. pneunoniae. The genes

involved in citrmaies @emgeﬁaaéboemteth@;ai%&dm Redndli @ £t NPLgskocus

on the chronoso in E, coli and K . pneunmni ae. fore, the attenuation

of S. pyog%%glgﬁt]a)ﬁt:‘sd%%ﬁﬁa ekal thrgr’ﬁag ggneus B e eELifts ci t FEDCX

and oadA genes, Gdveiowrisé r e Japesy HfettheebesBhageaenels m‘.e\gbpagéﬁebeen
Ln.virul ence.. G ve e sim.lari he S.” pyogenes

35 assigned a_tole t, ft
genes to telh sghﬁr RERF ERIE 18,5 oPuRtd mﬁ%e?}(%{ﬁiegkiﬂqré? ¥Ebh will
14 Jun8 2GQFpadcdppre chatte stimdll a3 mdqarersssgiain et Her @ hespSheepeocasei and
G am posi t4 b AP Lol | | R vi.rulence. t ant,s_f.or_each of
i iF B b o Btk BactEal T e tas Be' I N o AL EN R AR at ed
m croor gani sns War &h8 Sesin for A tenenubordofi viraleomest ithiev emitretsad ( Cl )
of 0.127 gidFd 064 whalsErho9m0tE8 Lei : 1 51 (oadA) .
Exartrol e‘_‘g'CtA f%f ﬁer nut ant vvgs iden-tbief isgﬁegn(?%t%?egﬁlﬁ:%oﬁaﬂ?%l %e‘é%ence
i medi at eFypdesf | St AgEhd -BBansposon insertion was cloned. The nucl eoti de
sequenge shawash 8% identity at the nucleotide |evel to a sequence within
identified herein as D . .29. The predicted

the S. pyogenes, geno EQ, |

15 anino acid ?Eq%néﬁ?@q% @HBﬁﬁtasw%‘%Qlldﬁq%fS 1 aRpe drheonueileotddtence
shows 27%sederricg htmédiavelpofatldwhavet heotrhaspedBrphioieirt idfn Fasur eas
(accessi oglgg‘rggfr: TREMBL: QX9D7). This denonstrates that the disrupted
gene is a ast” 20 partially identical to the fenB gene of S. aureas.

However, this @ waclgahiidesEpquenmewn showd pyaégeident ity hets mbie been
assi d | ¢ i T e+a ye Lgi l.ard of € . gene
to tﬁlcrassf eﬁ%ﬁggﬁjeﬁﬁés.}gaﬁpeag ° t%er%ic?ﬁ??ésg‘pe‘?{s%}tﬁ%\}w Iﬁﬂé;;gasrs'ecg é? g%g'?st hat
sinilar sg8BEREes PROWENAP SEEhtHRoNEi dnd (Fhe predicted amino acid

sequence is shown as SEQ ID NO. 10.
A still further attenuated mutant was also identified
with a nucleotide sequence having 98% identity at the
20 nucleotide level to a sequence within the S. pyogenes
genome, shown as SEQ ID NO. 11. The predicted amino acid
sequence is shown as SEQ ID NO. 12.
The predicted protein of the first mutant shows 53%
identity at the amino acid level to the AdcR protein of
25 5. pneumoniae (accession number: TREMBL:033703). That of
- the second mutant shows 79% identity at the amino acid level
to the AdcC protein: of S. pneumoniae (accession
number: TREMBL: OB7862) . |
This demonstrates that the disrupted genes are at least
30 partially identical to the adcR and adcC genes of S.
pneumoniae. The adcR and adcC genes are part of the adc
'operon {including adcR, adcC, adeB, and adecid) in S.
pneumoniae. Therefore the attenuation of §. pyogenes adcR
and adcC mutants could result from a failure to express the
35 adcrR and adcC genes, or the predicted downstream genes (adcB
and abcA homologues). These genes have not previously been
assigned a role in-virulence in S. pyogenes.




positive bacteria may be inplicated in virul ence. Exangle 10 A further

mut ant :was identified and the nucl eoti de sequence i nmmedi ately followi.ng the
transposon insertion was 30 cloned. The nucl eoti de sequence {Faéu@‘? gﬁpﬂi cant
identity to a sequence within the S. pybd@jenes genonme, shown as SEQ I D NO
31. The predicted am no acid sequence is showmn as SEQ ID NO 32. 35 1n the
test for attenugivem ofhei sinéhesityhefmpte 69 PY¥PFERGENTERERaTS T to

2004 15 A S RREP IR SEE e 11 oh ST he el ot A S e quanes o e

2004 15 A 94T s 1denti t'he nucl eoti de sequénce .

i medi at elwildl dppireg iEte thiwts Fosuid 3h SEAISHT S/ d 't PERET. R0 i de
sequence has Ldendd £ s bt hiyplibat®d Ryogdies qrieane,
shown as ﬁéillggﬁgl 53%1.1%%8 Balfauegchay B b '

redi cted am no acgi d,se?uence | ?][ sh% ass SEQ
ID NO 534. Ex_Zmrkheltest §eRcrt hePanti9RsOF d¥ATPAEEF Candeh &S0t i de
sequence i medial-gh ifsthd OWMrBget NasHdwans PO ONbiens ertt extuaeed 10wdkbned& The
nucl eoti de sequenCe has, 98% i denti t t e, nuclLeot i de Al | # sequence
wi thin t heSPeYdHENES ’d’é‘gﬁ?ﬁegcghoﬂ% ‘iss%%(\)(f%cll%g Ebg OTE}\eé%pr(eagzlngc[‘)e'd am no

acid seque_gg&b_ggggom as SEQ'ID NO. 36. 15 The ami no acid sequence shows
46% i dentity at_t 1 ng acid level .ta bl LR 4 rans pellc1abR-kiendi ng
protein of ‘Baci® &S"IE%?FI R %%eggfsonl-&nél}ﬁbﬁjfé%\/\% 33116). This
denongpr atsqidntet hameidianelad fgdieowinamthee RNFRASAH HRSFEHITHAF 0 t he
br ag geneqc;ﬂ‘ B. .subtilis. 20 Gven the simlarity of the gene of S
pyogenes t cfrh%ﬁl'i n B. subtilis, the skilled persgn will appreciate,that
simlar sequencBeei nnurd@ctdde pte@&sicandad af os S Yot &Y a be
i mpl i cat e%&&é/éwhencrevleli tpe t£Skeblenae epiighian thevisul gnogernede
nmut at ed 25 mcroor gani smwas_shown att enuat ed wv tit]sV
i ndex (Cl )gestone1280eWmAR FE9 Al if%t‘hgr:"rrut%%h? %%&Ili%gﬁ?i %il-megl%ar?glt\éﬁe
nucl eqki dey eismzddbivai ely SEQ | IVN@. te. transposon insertion was 30
cloned. The hucl.eotide seguence, ha %l t d UENGE MNakflind t he
S. pyogenes gen%%,a@ﬁﬁﬁngﬁéasifﬂ%n%%gﬂé‘%t.sg'l%ée%{plrcgecfl&ct eg am no” aci d
sequence igcidhaievel SEQtHE MNA 3:padampretain radC homologue (orfs)

of B. subtilis (accession number: SW: Q02170). :

This demonstrates that the disrupted gene is at least
20 partially identical to the orfB gene of B. subtilis.

Given the similarity of the orfB gene of S. pyogenes
to that of B. subtilis, the skilled person will appreciate
that similar sequences in other Streptococci and Gram-
positive bacteria may be implicated in virulence.

25 In the test for attenuation of virulence, the mutated
microorganism was shown to be attenuated with a competitive

index (CI) of 0.766.

Example 7 _ |
A further mutant was identified and the nucleotide

30 sequence immediately following the transposon insertion was
cloned. _ _ |
The nucleotide sequence has 98% identity at the
nucleotide level to a sequence within the §. pyogenes
genome, shown as SEQ ID NO. 15. The predicted amino acid
35 sequence is shown as SEQ ID NO. 16.
The amino acid sequence shows 54% identity at the amino
acid level to the biotin carboxyl carxier protein (BCCP) in

5. mutans (accession number: SW: P28337).




35 A further nutant was identified and the nucl eoti de sequence inmmedi ately
follow ng the transposon insertion was cl oned. 14 June 2004 16 The

nucl eoti de sequence has 98% identity to a sequence wthin theldsJunsdgehes
genone, shown as SEQ ID NO 39. The predjicted am no acid sequence i s shown
as SEQ ID NO 40. The am no acid sequenc]fe2 shows 29% identity at the amno 5

acid level to a < 9K h thetical pratein ,fromgE. coli (accession nunber
SW P33019). Thi@gagnggg‘#‘gggg%feﬁa%qaﬁe e rdiePHededraeaiy aistleast
_par][ i al Itydimaaru_ izdlyt deehfaigehetoft]tie gehe. e&tzlt:dlingit BocE f@@_cm_ell]ﬁ@@aﬁrg%/hbe
i nplicate i or nuation of virulence, e
nut at ed mi (I:Il r%o%g%#?%%%sﬁ%%%&%}gy blgﬁ%f‘%‘érﬁugfle WYl ﬁ9§m$th% Bfdex
(Cl I) oI _ 8 be'fEn B@%QQGQSEIA;?L@;&Br virudenasas i dentified and t het _

nucl eotq de S QMRS & H is - n L sQn_insertion was
cl oned.” The nucl eot] de Sé;‘éﬁie%gtea F%:i SJ;%E}HI eg{%ﬁgl%g%a@é%qgg&gee%ﬁ§ A< he
S. pyogene$ogERENBCCHhBENS agnss D tNee akilied pexdont willinappracidte

sequence i ghsitovaias18E0Q d&nhcd43. 20 T ' n h 29%
identity at th?a?‘ri 0 acid, Lévelc to gHBQKMQﬂ]yg%ﬁ%%%?ot%g}% ?;\ré%rrr'l?A.
ful gi dus (BRE&SSVen larganpibe obBritratedhin ydaohkeraees that the

di srupted gene i1 athd easit [ izltenhgdenbhcak 4o rherane QlfleEiinHEQitiedt f
n e es or

Qt her ;51 M. L ar ces be imlicated in virulepce. >
attenddti ol SFooT el FRncBiars, el he tkryin Sth WhERoh sRmPeTAELve
at t enuat edindlerr dCddmpdt it.i0da .i ndex (Cl) of 0.588. ExanDie 16 30 A further

mut ant V"aSE:!c%%EF figed and the nucl eoti de sequence inmediately follow ng the
transposorf1 on was cloned. The nucl eotide sequence has 99% i dentity

to a sequence wht fie¥igfe &f pybgakss wprenddephdfiiead BEQinD Neqddncéhe 35

predicted gyh{PaBEty €60YEAEE i HvEIUMH ah SEHR LD MO eSS RLS. 1rhe
15 nucleotide sequences of eight mutants showed 100% identity

to a sequence within the S. pyogenes genome, shown to SEQ
ID NO. 17. The predicted amino acid sequence is shown as
SEQ ID NO. 18. _
The predicted protein of the S. pyogenes gene shows 58%
20 identity at the amino acid level toc the citF protein,
citrate lyase alpha chain, of E. coli (accession number: SW:
P75726) . o ; :

- The nucleotide sequences of three further mutants
showed 98% identity to a different sequence within the S.

25 ‘pyogenes genome. The nuclectide sequence is shown as SEQ
ID NO. 19, and the predicted amino acid sequence is shown
as SEQ ID NO. 20. -

The amino acid sequences show 55% identity at the amino
acid level to the citE protein, citrate lyase beta chaih,

30 of E. coli (accession number: SW:P77770).

The nucleotide sequences of two further mutants showed
99% identity to the 5. bPyogenes nucleotide sequence
identified herein as SEQ ID NO. 21. The predicted amino
acid sequence is shown as SEQ ID NO. 22. _

35 The amino acid sequences show 46% identity at the amino
acid level to the CitD protein, citrate lyase acyl carrier
protein (citrate lyase gamma chain), of E. coli (accession
number: SW: P77618).




14 June 2004 17 A further nutant was identified and the nucl eotide sequence
~imedi ately follow ng the transposon insertion was cloned. The nucl eoti de
sequence has 98% identity to a sequence 5 within the S. pyoliedese géfdne,
shown as SEQ ID NO. 45. The predicted qgino acid sequence is shown as SEQ

I D NO 46. Exanple 18 A further nutant was identified and the nucl eotide

sequence | mmd*r%\?'ﬁ’#@ﬂ;égf%ugam% taps PSRN iNsdd | omtwaw@leb@ﬂae The

nucl eoti de sequence entity to a sequence wthin enes

0
genone, stwywerRseSEwhiphnehowed FRE Jpﬁi%ﬂFéFHdtﬁni‘ G A L ﬁ&%@g‘%{g shown
as SEQ I?Mn 48. e, 19 dentty f & hperaihadl WEY iTdemN0 f i 23, anthéhe

nucl eot i sequence i nmedi ‘ate y follow ng the tr%n osQn i nsertion was
cl oned. FredleFes: Agese EIRE=BB%, 3aeﬁFPt§ sﬁ %‘%Tucl eotide level to
a seqyence W t'hhe &henS. apyaoesesSenbegeshow, 3shojz\aﬁenslsEQatD:hl@ ambnoThe
predicted a aci equence hown_.as. SEQ I d
sequence agfg%,\,s%@ /efdzﬁ’t | Y'{}" d’fthé gr’ﬁ%éa%l d# AIQ:et QPﬁ'—é ip}f %%I n of
S. pneununiiagagatcessi &h mﬁer(amssﬁd@%mmgs‘ TBHs d’ér?&%ﬁ)rat es that the
et U D o EPRER Al ks h%eh»cg%et@ WhenCl aH drice sl ide

pneunoni ae. GVen The sim & claH gene o pyogenes to the
ci aH gen@aniualCQnélﬁn@ngae%%t ﬁeqytemqaedlwgéﬁmth thRr Sci RECTFRES

Si m' ? €$dkNs Sﬁcétmé’ﬁeﬁe%ld aRd-e3; @rsagmomtme bsct erne may
bel ated in virulénce. In the test for attenuatlon H ce t he

nut at ed piraditgadi aminasasidnseiancaienshrEn fst § e i ndex
(Cl) of 0.205.r#admlgo U35 s‘é&d&ﬁ@érsmﬁrQM7%ﬁaﬁdéﬂeﬂtyfae¢h@Cﬁmft®o

Cl'oned.  2cil 0¥ 00k o1 Hhe ShIcF eBBAIE RLquaicconac Sbs 1R TS 48"  he
nucl eot i gamteere! $W: aPZBHEBNCe wWithin the S. pyogenes genone, shown as SEQ
'D N?s 51. The, Rhadid SLRT fRHE S RN Qdrt SHUN AT PRI IRNQ a2
sequences showing 100% identity to the §. pyogenes
nucleotide sequence identified herein as SEQ ID NO. 27. The
predicted amino acid sequence is shown as SEQ ID NO. 28.
_ The amino acid sequences show 58% identity at the amino
20 acid level to the OadA protein, oxaloacetate decarboxylase
subunit alpha, of K. pneumoniae (accession number:
SW:P13187) . ' |
All the predicted protein sequences of the above
mutants show various degrees of identity to ger_ie products
25 of E. coli or K. pneumoniae required for citrate
fermentation. _
This demonstrates that the disrupted genes are at least
partially identical to the citF,E,D,C,X and ocadA genes of
E. coli or K. pneumoniae. The genes involved in citrate
30 fermentation are located together at a single locus on the
chromosome in E., coli and K. pneumoniae. Therefore, the
attenuation of S. pyogenes mutants could result from a
failure to express its citFPEDCX and oadA dgenes, Or

downstream genes. These genes have not previously been

35 assigned a role in virulence.
' Given the similarity of the S. pyogenes genes to those
present in E. coli or K. pneumoniae, the skilled person will




S The amino acid sequence shows 39% identity at the ami no acid level to the
mucA honol ogue protein of S. pneunobnia (accession nunber: TREVMBL: (©ZBB1).

This denonstrates that the disrupted gene is at |east parti alldJurdedf04al
to the nmucA gene of S. pneunoniae. 10 G yen the simlarity of the gene of
S. pyogenes to the nucA gene of S. pneufibni ae, the skilled person wll

appreci at i equer i r. St.re cqoccl, and. Gram posifive
bact eri a %Ey%c?érg%[%% gdglyﬁgglgr%u %%%B%Fﬁ tlﬁlegitglﬁrfoqr%‘??%?ﬁfé‘? SRt

vi r ul enceGreme pes bt dvel bagiterd® geay she wisplhoanedo ilme vabtdamieed With a
conpetitive in . em2 t t s identified
and the nucl eomé&%ugégge?%ngm%‘igﬁg? '?b%f%véljﬁﬁ %%%A{W%%gptoéé%]eé %g’é:rt i on
was ZO cl BREGNUATE QRicPEoVi gB 188G Fen c d hf usst ¢d eni crpoaganismsucleeet | de

| evel 30 anhepsucpee be t AtBehlated PYOERNES SSRHGEE -@eéE ) N@  53.
The predicted_am no acid segue ce i§ shown as "SE itl:%b%l\é\)ﬁ : Z_g%ﬂ?eggm' no
aci d sequenlé2sHEuti899 9 dBhti €F14E) rh@ -8rithol FckR) | eQeP2B0 (LHEXYi @nd
protein of.BsisUladada)s. (accessi on nunber: SW P39815). This denonstrates
that the gisrugée% gene is at least partially identical to the gene of B.
subtilis.= i the simlarity of the S. pyogenes to the gi dA gene of B.
subtilis, the Bkifuetheer surtamt| wasprideatefibdt shdi ltiie SAAUEABLSEERN
ot heryaSt r i s ALRPE 1 t.ari be inplicated in

1 g@ﬁgﬁ 5 1%@@ R’Qsﬁéw&” fte’g/“JT’ %{%%%%9899619395&8:13@5

vi rulence. t%e test for attenuatton
mi croor ga@Medas shown to be attenuated with a conpetitive index (C) of

0,444, Exanpl o782 nudl J6PLa80Medfeded UHRRIISER! YE@InLTED! ifJ egnand
t he nucl eoti de segg_e e i diately follow ng the transposon i nseriion was
i

cloned. TH¥FIRRFL Ee¥BHuehte haSeDFNGRIeMiithyimt thee §.nueyegends | eve
| to a semumne, vidbhoifiedSheneienes gEQOND, NOhoww as BEO AR ML &P The

di,ct ed _ani . d is sh D'NO. 56, Th i d
Ceaudic SRS 957 RREATY <aitS AP rioe 2P0 FBVDO - Fhe di (A protei n of

S. nutans (accBysiamind auidereqncbRReE. 2 Thi sdertnayt sat €fe tdmind he
di sf Upt ed gener bsed! dfathe PR bYob 82l IS8 50 dise Lt A NG i %
number: TREMBL: Q9X9D7).
This demonstrates that the disrupted gene is at least
20 partially identical to the femB gene of §. aureas. However,
this gene was previously unknown in S§. pyogenes, and has not
been assigned a role in virulence. -
Given the similarity of the S. pyogenes gene. to the
femB gene in S. aureas, the skilled person will Iappreciate
25 that similar sequences in other Steptococci and Gram-
pesitive bacteria may be implicated in virulence.
Example 10 |
A further mutant was identified and the nucleotide
‘sequence immediately following the transposon insertion was
30 cloned. _
The nucleotide sequence has significant identity to a
sequence within the §. pyogenes genome, shown as SEQ ID NO.
31. The predicted amino acid sequence is shown as SEQ ID
NO. 32. '
35 In the test for attenuation of virulence, the mutated
microorganism was shown to be attenuated with a competitive
index (CI) of 0.160. '

Example 11




Gven the simlarity of the S. pyogenes gene to. the dltA gene of S

mut ans, the skilled person will appreciate 15 that simlar sequences in

~ other Gram positive bacteria may be inplicated in virul ence. 1nJunf20@4t
for attenuation of virulence, the nutateg m croorgani smwas shown to be
attenuated wth a conpetitive index (Cl) of 0.205. 20 Exanple 23 A further
mut ant was i denii ffegtpeg Wt antc! easi dedssgithed amdedike enpcl@dtddeng t he
trari sposon insertiqn | qne he I [ % dentity
at the . SEIHRPES: FE@%&@F&%%@&%@?@@% tt%iean '&Ee % q&%&e’%&sﬁ genone,
shown as 2BQAddNO. 57. The predicted ami no acid sequence is shown as SEQ
I D NO. 58. The ,am ng agid u 19 hedeng ity gg%é m& d

| evel to the h ep?gFgFﬁtgﬁgA.SE%&FgﬁI&%@a%ag%ggs?%%ﬁ%b@%ugn‘%g? 2853B) .
Thi s denopaitatesthials.t byogesasgenamme showit 3288R ddt N0l 132 + ddhiS cal

to the gene of. ulgi-dus.. G %ﬁ@néénigaghbwnoast beogenenof. 34 .pyogenes
to the hnﬁﬁeé%‘négtgp A EI Sic?l?s/eg% e skilled person will appreciate 35 that

simlar sEeuaemrlke LB other Streptococci and Gram positive bacteria may be
inplicated in WiryaiGer mhfadtnew904Rhditfide andt e nutdecktiden of
virul ence, the nutated m croQrganism was own_t t ]

conpetiti $quﬁ$§%e(§“5“eéﬁa§?g®'5%°§8ﬁﬁ1r§ %E‘e' tgais%%rsg’? %gg%?q'v?g{smsa

i dentjd i ediybd he nucl eotide sequence imedi ately follow ng the transposon

i nsertion was ~_cloned. ,The.nucl eqt | eq e i i t
sequence wit hi m2fie %‘.'ICEJ?SS?;*% s 8%%%&&%21%% .EQQI%Oéhﬁ%:gyngaxThgr%o
pr edi ct edpna@loteidd skepehced sasheaquancSEQViBRAD, W fhe RIPIERSS d

sequence shows 34%.j ti t | Nggaci GHLedirtd® Hbiabl ¥eidAG
prot ei n fE&Fﬁ"F.‘e'rra%%_‘ e ag?gssfl%nﬁg]umg)er TRENB\E:% QOX1H1). This,
denonst r asesrudnzet he ghswapesd SFhe R ¥ 135S, pyogenes is at | east

parti faé ly i dent.ﬂgélaﬁlgngr@c;gfrg.ae@jgffcenmi@wgim@% iSlemt Hry sequdec esino ot her
FUrther maedst MEEST den(iAs Bt ot RAEPRBFLR B e Db P redt e
fol | owi nggllee 1 Te8spabei lies dacices siasn ahwrieelr : SW: P33116). =
This demonstrates that the disrupted gene is at least
parﬁially identical to the braB gene of B. subtilis. '
20 Given the similarity of the gene of S. pyogenes to that
in B. subtilis, the skilled person will - appreciate that
similar sequences in other Streptococci and Gram-positive
pacteria may be implicated in virulence.. '
.In the test for attenuation of virulence, the mutated .
25 microorganism was shown to be attenuated with a competitive

index (CI) of 0.128.

Example 13

A further mutant was identified and the nucleotide
sequence immediately following the transposon insertion was

30 cloned.
The nucleotide sequence has 98% identity to a sequence

within the S. pyogenes genome, shown as SEQ ID NO. 37. The
predicted amino acid sequence is shown as SEQ ID NO. 38.

Example 14

35 A further mutant was identified and the nucleotide

sequence immediately following the transposon insertion was

cloned.




The nucl eoti de sequéence has 99% i dentity to a sequence within the S
pyogenes genone, shown as SEQ ID NO. 61. The predicted am no acid zﬁguence

is shown as SEQ ID NO. 62. 25 The anino acid sequenceé shows 19%naeflity at
the amno acid level to. a 49.4 kDa hypg hetical protein fromS. suis
(accession nunber TREMBL: (@X4U3). This denonstrates that the disrupted
gene of S. pyoggessnuélébthaésgeaﬁ@hb@ hisl dant ha@httl a;mfo 3 SO@{)ex%Qe

suis. Sinmilar sequences in other ram negative bacteri
i npl i cat e#iithifi rth@nSe. PYogenegngenome  2shown M SEOA IRMNG de3 ncotied by

~any of thﬁr@&i@@éadams%ua&@asse@@@dd‘é ek @:&@wﬂ §§ §E D N 4o, 3, S,
7,79, 11,713, 1§, 17,.19, 21 25, 27, 29, 37, 39, 41, 43,

45, 47, 49, 511 a‘BB“s%“%@%’tﬁ sitiaws r?y%%éﬁ’é‘g“%‘ﬁeﬁ'i &hs @niRP ecul e
havi ng at ab&a}stl@ﬁelseq;uen% a}md asypythetidant ipnotadid herpmpE .deedr i
nucleotid | evel n.p terium or a functional fragnment
t her eof , FQﬁﬁﬁ%éEu?ﬁﬁggy gﬁ Eé?P?@ﬁUSe_ 2. A peptide according to claim
1, wherein theiﬁeqme@emossnraaestyhet chentditsrupsted denest i80at Jeakst
peptide of .C n se Is ty or
I denti ty 39{:? al&g]'agolcg%‘g& {%&1 EE L?éné%gg\é\%%%\g ‘-Ttéc])fld aqgneﬁggc%rjr‘?rng#\g t he
an1no aci degqugnaiR® Malenpe f el @ﬁéed is SEQUIRINGS. 2, 4, 6, 8, 10, 12,

é 18 20:[:12%he°-4ue3@ f813 a@f.’en&gtléﬂ O%val?ﬁlléjrgceAfztthfﬁlu‘égte@ 00,

) nucleotlde encodi ng. a pepti accor di ng
to any pr@é@ﬂpﬁggtﬁ%ﬁﬁ' Vf‘?t?r stmﬁéh & St eiuRfrRdtWthisa. compakifidivehuat ed
M croor gaphgakC Q)i Mg A7qmt ation that dlsrupts t he expression of any of

t he nucl egtide sequences defined in claim1. 7. A mcroorgani smaccaording
to C|aln1é#§$¥ﬂﬁ%ﬁ;$iihe mutation is insertional inactivation or a gene

del etion. 8. AAmfﬂrmhganmunmmxowdsngdanmiﬁuedGandcthamﬁhchbet&dethe
T Cr 48" 930 AL SR 1A bR 2RIAC0AGHS agn AJAH 9% 0L2FER" a0 1O

any apeutlc

cloned |
The nucleotide sequence has 39% identity to a sequence

within the S. pyogenes genome, shown as SEQ ID NO. 41. The
predlcted amino acid sequence is shown as SEQ ID NO. 42.

20 The amino acid sequence shows 29% 1dent1ty'at the amino
acid level to a 89kDa hypothetical protein from A. fulgidus
{(accession number TREMBL: 028455) . _

This demonstrates that the disrupted gene is at least
partially identical to the Qene of E. coli. Other, similar

25 sequences may be implicated in virulence. :

In the test for attenuation of virulence, the mutated
microorganism was shown to be attenuated with a competitive
index (CI) of 0.588.

Example 16

30 A further mutant was identified and the nucleocotide
sequence immediately following the transposon insertion was
cloned. '

The nucleotide sequence has 99% identity to a sequence
within the S. pyogenes genome, shown as SEQ ID NQ. 43. The

35 predlcted amino acid segquence is shown as SEQ ID NO. 44.

mgle 17



14 June 2004 22 10. A microorgani smaccording to any of clains 6 to 9,
conprising a mutation in a further nucl eotide sequence. 11. A m croorgani sm
according to any of clainms 6 to 10, conprising a heterol ogou§4ahtrl

t herapeutic peptide or nucleic acid. 12+ A vaccine conprising a peptide -
according to any of clainms 1 to 4. 13. A vaccine conprising a m croorgani sm

according to any @h RirSmnirkerllvad4idkse i¥ied PaRAUGEhACaHdid¥E flde any
of claine 1 to 11, for the manufacture of a nedicanent faor use jn the

tr eat nent Sﬁqlﬁﬁ%%n%m%?@b?tﬁlb’oﬁﬂi%Pﬂﬁnﬁsghﬁl BERBSRPERT SR rPhy'as
StreptocoeOdned, G am positive bacteria. 15. Use according to claim 14,
wherein the condition js unoni a. 16., Use %COI’dI to.claim19 or cI aim
15, for veteri ngt§ Q?%%?ﬂ'gﬁge Eﬁqu%ﬁcﬁn}??ﬁo%é raii§8 ?:r At &SRR
accor dkng uilctrarxy tﬂ‘ie walpmogeﬁes@eﬂﬂneusshoﬁnaapr smctmacbmm ding fiheany of
clainms 1 to |nascreen|n assa th i a
antim crolﬁrﬁ r(ng ‘?WWI\E‘E@} F@%O%ngévé l\#ﬁé 9ﬁl\lg@/ q‘lﬁ
/ NcO/ N z/ M_
BPkOMCng" $0=" a c ca
caV] cal] ca] ca[ ﬂgguﬁ‘lf %] L%gcaf&%ﬂ] QL%& k ﬁh&ﬁ%‘iih&aw ]
I\/Q###>&G&&&S(U(e)n)cé* “dmmediptely /£9)Ygwing it wm?ea] éﬁ@F(?&]l@aU}"é&] call c
a] calyga %ce@ cal] ca] ca] ca] ca] caV] ca] caV] ca] caV] ca] ca] caV] ca] caV]ca]ca] ca
] ca] caé/] E{a 0 118lelul#2(2223333394555666q6t 677; 7>7J
8| vgkf af thAYTF]l'Lea]IEma‘]e&H’cdﬁJﬁ%‘]‘b%ﬂﬁ% % %]%%%Eéﬂ’a%cﬁ] E25ALEEFEa) cal ¢
fci)]< ng] faUhq%hanbmi caUmalgend s adhe ] steddnaa 8, S88Q9ID: NO.: g7{.; The

<p=| ===== R . N .
S>> >+ >>>PEedd SRtk AR RA1T SeTEeNF 8at Ba TN & FRatR HPcadfeal cavi ca

] caV] ca] cagbmgeall@a] ca] ca] ca] caV] ca] caV] ca] caV] ca] caU] caV] cad? @igA2A? ABAA

AAAAA@?AAKBXB M cakg a] caV]c
a] ca] C™a] ca] ca ca‘%‘g@%{%@% ca] ca%/]ng%} ca ET h] ca gﬁ‘eﬁ“ggﬁg gg} caa c

a] caGCEGHEERMERRISHErREdLB RS YK spepenVIP§erkieR\WVes| caV| ¢
a] i:a\/] cal jgaghga] &a\éjpca] cal c"a] ca\/] ca] ca\/] cal ca\/] cal] ca] ca] caV] ca] caV] ca] caV]
ca] caV] ca

SSSTTUU! V+VAV\FWWV\WR5Q£<?8\<’1 m?ﬁﬂ%d‘*cﬁ] PRt a1 8% chferfitYcafba P8 cav ¢
a] caV] ca] ﬁa&’lléa]:&d\é] ch¢eaY] ced cal csatheakea\frd ahdaV] thleca¥) cappafensal cagY

WA |\ # A
| i‘l] % H’&'L] Ui % faaT L)I%EQYJI"F] 1crf?a\/]‘lcsa] ca'{ﬁlca])cae]lcaega]%“a caTcaﬂ] calca

] caV] ca] cah’];uahcaV}sthMas]&:aSﬁQ:al]QaW] ca$@aV]ca] caV] ca] caV] ca] ca’ kawaRbkb
coacryceocce! g, ddgheRgeitis(sbgabhbamkhaling Y ddseYE ket seaRaboal cal

~ ca]ca]ca]c”a ca
aci evel to the ciaH protein of S. pneumoniae (accession

‘number:SW: Q54955) . |
25 This demonstrates that the disrupted gene is at least
partially identical to the ciaH gene of S. pneumoniae.

‘Given the similarity of the ciaH gene of S. pyogenes
to the ciaH gene of 5. pneumoniae., the skilled person will
appreciate that similar sequences in other Streptococci and

30 Gram-positive bacteria may be implicated in virulence.

In the test for attenuation of virulence, the mutated
microorganism was shown to be attenuated with a competitive
index (CI) of 0.205.

Example 20
35 A further mutant was identified and -the nucleotlde
sequence immediately following the transposon insertion was

cloned.
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% n mégrgégéa%égﬁ‘éégxéhown to be attenuated with a competitive

© index (CI) of 0.547. '

Examgle 21

A further mutant was identified and the nucleotide
‘sequence immediately following the transposon insertion was

20 cloned.

' The nucleotide sequence has 98% identity at the
nucleotide level to a seguence within the &§. pyogenes
genome, shown as SEQ ID NO. 53. The predicted amino acid
sequence is shown as SEQ ID NO. 54.

25 The amino acid sequence shows 69% identity at the amino
acid level to the gidA protein of B. subtilis (accession
number: SW:P35815).

This demonstrates that the disrupted gene is at least
partially identical to the gene of B. subtilis.

30 Given the similarity of the S§. pyogenes to the gidA
gene of B. subtilis, the skilled person will appreciate that
similar sequences in other Streptococci and Gram-positive

&(
) *

bacteria may be implicated in wvirulence.
In the test for attenuvation of wvirulence, the mutated
35 microorganism was shown to be attenuated with a competitive

index (CI) of 0.444.
Example 22
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This demonstrates that the disrupted gene is at least
partially identical to the dltA gene of S. mutans.
Given the similarity of the S. pyogenes gene to the
dltA gene of S. mutans, the skilled person will appreciate
15 that similar sequences in other Gram-positive bacteria may

be implicated in virulence.
In the test for attenuation of virulence, the mutated

microorganism was shown to be attenuated with a competitive

~index (CI} of 0.205.

20 Example 23
' A further rnutant was identified and the nucleot:.de
sequence immediately following the transposon insertion was
cloned. . _
The nucleotide seqtient:e has 98% idéntity at the .
25 nucleotide level to a sequence within the §. pyogenes
genome, shown as SEQ ID NO. 57. .The predicted amino acid
sequence is shown as SEQ ID NO. 58.
. The amino acid sequence shows 41% identity at the amino
acid level to the hmgA protein of A. fulgidus (accession
30 number: SW: 028538). ' '
This demonstrates that the disrupted gene is at least
partially identical to the gene of A. fulgidus.
.~ Given the similarity of the gene of S. pyogenes to the
hmga gene of A. fulgidus, the gkilled person will appreciate
35 that similar sequences in other Streptococci and Gram-
positive bacteria may be implicated in virulence.
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15 8. pyogenes is at least partially identical to the gene of

T. maritima. Similar sequences in other Gram- negatz.ve

bacteria may be implicated in virulence.
Example 25 ,
- A further mutant was identified and the nucleotide
20 sequence immediately following the transposon insertion was
cloned. '

The nucleotide sequence has 99% identity to a sequence
within the S. pyogenes genome, shown as SEQ ID NO. 61. The
predicted amino acid sequence is shown as SEQ ID NO. 62.

25 The amino acid sequence shows 49% identity at the amino
acid level to a 49.4 kDa hypothetical protein from §. suis
(accession number TREMBL: Q95X4U3). |

This demonstrates that the disrupted gene of

S. pyogenes is at least partially identical to the gene of
30 5. suis. Similar sequences in other Gram-negative bacteria

may also be implicated in virulence.
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3. A peptide according to claim 1 or claim 2, wherein the

sequence similarity or identity is at least 95%.

4. A peptide according to claim 1, comprising the aminc acid
sequence lidentified herein as SEQ ID NOS. 2, 4, 6, 8, 10, 12,
14, 16, 18, 20, 22, 24, 26, 28, 3G, 32, 34, 36, 38, 40, 42, 44,
46, 48, 50, 52, 54, 56, 58, 60 or 62.

5. A polynucleotide encoding a peptide according to any

preceding claim, for therapeutic or diagnostic use.

6. An attenuated microcrganism comprising a mutation that
disrupts the expression of any of the nucleotide sequences

defined in claim 1.

7. A microorganism according teo claim 6, wherein the mutation

is insertional inactivation or a gene deletion.

8. A microorganism according to c¢laim 6 or claim 7, wherein

the microorganism is a Group A Streptococcus.

9. A microorganism accerding to any of claims & to 8, for

therapeutic or diagnostic use.
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coemprising a heterclogous antigen, therapeutic peptide or

nacleic acid.

12, A wvaccine comprising a peptide according to any of claims
1 to 4.
13. A wvaccline comprising a microorganism according to any of

claims 6 to 11.

14. Use of a product according to any of claims 1 teo 11, for
the manufacture of a medicament for use In the treatment or
prevention of a condition associated with infecticon by

Streptococcal or Gram-positive bacteria.

15. Use acceording to <¢laim 14, wherein the condition is
prneumonia.
16. Use according to claim 14 or claim 15, for wveterinary
treatment.
17. An antibody raised against a peptide according to any of

claims 1 to 4.

18. TUse of a product according to any of claims 1 to 11, in a

screening assay for the identification of an antimicrobial drug.




