; €3e55d7Z86nTI {Or WO 01/ 27143 ~ PCT/ Nz00O/ 00197 LANTI BI OTlI C Thi s invention
relates to lantibiotics, organi snms produci ng such lantibiotics, afd to t'he
uses of bNOY¥H#3or gani sms and | anti biotics produced t her ePCAZ08/00197
BACKGROUND Bacterial infection in humgemioracpPr obl em of both consi derabl e
personal concern, and econom c inportance in the heath field. 10
Streptococcal infections are particularly prevalent causing ailments

rangi ng fremstiapémiort AlaRs taﬂﬁ'ttﬁlbtﬂﬁés, tdagmgmerﬁreatmﬁg Sutk 1886ibieHss, HPRsSes
such as scarlet fever, rheumatic fe ggd acutﬁ g {;19 Ionephr|t| s. 15 1In
t Hfestthesst

order to r&meeestqt@th&%ewwgt igsdpre fom; ¢ 5 desirable .
to contzol or prevent the growh of the harnful causative bacteria. One
approach t |.S. Is to provide bacteriocins and |i ke substances

(1 ncl udi ng%W%%Wcs) active agai nst streptococci and organi snms capabl e
of produci ng such substances which are suitable for use in controlling or

preventi ng the rm‘ul Streptocacci 0 bacteria. A nunper of
bact eri oci RES% P%{ %am un1an B2 Bt bterlocﬁoﬁks ‘é?‘fitfeaé’?“t PS’Eﬁ"ngﬁ?rb‘t%’?’tive
bacteria aaadgcmmmncnm*ﬁag@neeuathehe(athgw, Bacteriol Rev. Vol. 40, pp
722-7?5 Furt her exanples of such bacteriocins are lacticin 481 from
Lactobacillus lactic 25 (Piard et al, ( 1992), Applied and Environnent al

M cr obi ol o§trepiagbccad §nfegpiony are guyticylarly aerevalénto nanding redlonrod s anginigaftem( US
5,981, 261) 4 g,rggltg,qesbaﬁa%mptmat ORI LRI QGRARUSEARE TARRGY U fle gt Ded

in EP 06431 Streptococcus salivarius has also | ong been known to

hi gh i nci démeneﬁcmeneméﬁmfetalzmmmrﬁw (Denpster RP et al ( 1982) Arch
Oral B'iol 27:151j. One |antibiotic which has been characterised fromsS.
salivarius is salivaricin A (Ross et al ( 1993) Appl Envir M crobi ol

59: 2014 . Moardrsto rofiqecthgdnpifenseet ﬁ@eﬂtﬂtﬂcs?tlefe;maere‘»ﬂm gesirphlnse centielnber
gf strept ng) fealsntsnecgremh t)fAtﬂleacatxmfut Yawsasivb et RFa0 Vi aﬁ%rbatm%wma@ms
acterioci da varicin an cr ni oduce it

therefore ot n%rtovﬁ#"o}?ﬁcéeé"%f“&% ‘?é‘?ﬁ é‘ﬁ?é@\‘ef @“E%%Falnl tr’?&%cﬂ aptcagaingt

i nf ect i onsstrapteseceinaid ormlem/szaamwcar/ ﬁmﬂkﬁ&lgicﬂ'm:lﬁ;pmiaeeanﬁmchame now
identified t ng | 1 al j-var i

pr ot ein, glt%uﬂ%héeleaﬁgl I cgglgttstgl?tlggeo g {]%L g\g/neégac eorflltl)acrlm f §°°§5§1‘

r at her2@ hahadteriag sinply bacteriostatic, is the primary focus of the
present invention. 5 SUVMARY COF THE | NVENTI ON Accordi ngly, in one aspect,
the present invention may broadly be said to consist in an antibacterial
prot ei n whAchmher elebacienioginy are kRewn. Jafamples gf basterpeins iderived drpoK goam

whi ch has aoaﬁt@sa@taﬁarmegweﬁ lﬁm&ﬁg)é't o} elgyt—)??ﬁ&té)@oza@ude&tem@t pprBy7s@n 10
spray mass spgctrorretr nd t term nal _an no aci

oy - G PobE eamEpts of Sarh ARCICIEY A ISR aR Bpey ARrafRcie fag
whi ch ¥Rs (Riget e alf hmz&owpﬂmmmmndzraﬁmammhomto@gyvm t38 tﬁiezm@sa),

The protein of .th ntion has been r b p ants."salivaricin
g o oh 1kttt iR s b P o S e b Befo B DRt reit v
Fi gure 2, Stegptobmrusithenmophilus describedeP 0643136.

Streptococcus salivarius has also long been known to have a high incidence of
30 lantibiotic production (Dempster RP et al (1982) Arch Oral Biol 27:151). One
lantibiotic which has been characterised from S. salivarius is salivaricin A (Ross et
al (1993) Appl Envir Microbiol 59:2014). However, while demonstrating inhibitory
activity against a number of streptococcal species, the activity was bacteriostatic
rather than bacteriocidal. Salivaricin A and microorganisms which produce it

35  therefore do not provide a complete answer to controlling streptococcal infections.
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t he sequences of a portion of the | eader peptide. Conveniently, salivaricin
B i s 'obtai hed by expressi on of a DNA sequence coding therefor in a host

cell or BYOPOYRHE} i ng producer strains S. salivarius K 12 ofCERB00/00897| n a
further asprcipplichfts K@ Hdw Mepkivl demrier antibRaeHal pAlteinORRSS. daBiDaMip. ch

i ncl udes akgrot ein as ,glgf ned ﬁbove or a0 or%a&ll smwhi ch can express a
protei n asiISPIASE IPYGR the mppficants havg Ipypd fa haye hactenociial iefficacy irgther
provi des anhhaeapesinply bactetibahtioNisaREPrinsdRJoanl dfkiptdend imvendhi ned
above or an antibacterial fragnment or variant thereof in conbination with a
diluent, carrier and/or excipient. In yet a further aspect, the invention
provi dés SUMMARYEOF THEANVENTION conpri sing 30 an organi sm capabl e of
expressing salivaricin B as defined above, or an antibacterial fragnent or
variant thereof, in conbination with a diluent, carrier and/or excipient.

Pr ef er abl yAccopadifglyr rome aspes-t ctdyeaplesent invripti@s siaygbmaldiyvbe saidntoBeodlsi¥ignor

[0 5 conblnal 0 il SECORMA R BLDACIOr 8l 08Bk a2 <D 0N A7 1A

PCT/ NZ00/ 00187 KRBT & r BT er abl v, said secondary  anti BActBr a4y gn

BLI S; npstK3f,eflechlhag asmioleratarcnas\df afpmxinhtelyn2¢3 3 el akedetadnarednioy ei-d
sequenges - et Wi n-the
sequegges %’? £¥ EQJSF égég?&g%%f’i %(Kad.atkg %gﬁ%%{h%%@ aglgi %ﬂg%%nclﬂl \r,1\1b| sGisye %lct ed
fromS. sdle-Glyiaransantibastenial Aragmernd3g. variang therepf whichy hgs greater thad 80%
embodi ment ., 136 S PELRRANE homloM kit s rdéie. i N the formof foods or
drinks, nost preferably in the Tormof dairy product-based foods or drinks.
10 Alternative forns are nedi canents and confectioneries. In still a

further aspRChrotdil®fithY 8iVehObn HaR\WedBSteARe®bYaNE SFPROAGE “CNREEREER”, with.
salivaricin B. 15 Preferahly, said organismis selected fromsS. saliuarius

strai ds K the fal puglegtide angdiqminoragid gequencgs bemepgiverh in Figwee 2 sogethererishar e

provi ded ik hRegserites bf 8bitigh anthedaddrdieptidto at | east inhibit growth of
har nf ul streptococcal bacteria in the upper 20 respiratory tract conprising
the step of administering an effective anount of salivaricin B orally to
sai d i ndi CalivehienByekalivricyn B as dbsaihed eyl expreSsios afdniDNA tsefaeh@sciding of

a ther apelﬁq‘exgef(():ronqp aoﬁcl)sttlc%ﬁ ‘or by culturing producer strains S. salivarius K12 or K30.
20

In a further aspect, the invention provides an antibacterial composition which

includes a protein as defined above or an organism which can express a protein as
defined above.

25 In still a further aspect, the invention provides a therapeutic formulation
comprising salivaricin B as defined above or an antibacterial fragment or variant

thereof in combination with a diluent, carrier and/or excipient.

In yet a further aspect, the invention provides a therapeutic formulation comprising
30 an organism capable of expressing salivaricin B as defined above, or an
antibacterial fragment or variant thereof, in combination with a diluent, carrier

and/or excipient.

Preferably, said organism is capable of expressing salivaricin B alone or in

35 combination with a secondary antibacterial agent.



25 Conveniently, in said nethod said inhibitory effect is caused by
colonising at | east part of the upper respiratory tract of an indiVidual
with a viWBI0/2AHA- pat hogeni ¢ or gani sm whi ch expresses sal i REF/NEP00BI7

Pr ef er abl yMoEf‘bﬂefgf_ i Sk secBHAbAY Shebatiefisl RBLAt ¥ 2108 st gﬁdﬂjefﬂ?gbl 0

More preferably, said organismis’a S. salivarius strain selectec
strai ns K salivargingd. The Ty nugleptiderand amidnsidrequensed foeBalivricr Addes a

prelim nar ¥yt §PFRurd s edgethet Mt heSRigleh 8 ofitHY RladbPpdtidecast reduce the
bacterial population present in the upper respiratory tract. 3 WO

01/27143 ' PCT/ NZ0OO/ 00197 Preferably, said pre-treatnent conprises the step

of admgi S¢ehveMeritly, 824 &ﬁaﬁgﬁ, iseplciBRbY S ylibiaysidns ¥ 12 dvd kgosai d
individual. In yet a further enbodi nent, the invention provides a nmethod of

treatment of a 5 patient against infections of the upper respiratory tract
caused by &f nepifiabeBl pff@aed Simbotiiineht,CoEptiesapeutitefarhRriations afé JinOthel | y

adm nisterjng to said patient an a t .of . an antibi.otic effecti t.o
reduce the °ﬁ’g‘rﬂ)tie)ff’% Sff spf‘b%sécpéff%l@% dh¢he forg 'i{)g?"pf f’mafg’rﬁt'?ﬁ??‘gf‘?"ﬁﬁ,“t 0

t he resul tdrgkbacterially depopul ated environnment, BLIS producing S.

sativ Q;us organism (s) to repopul ate said environnent. Although the

i nvention is broadly as descri bed above, it will be appreciated by those 15
per sons skAltémctive fdrins e imddiciménts amiventféaionesesiot | i mted thereto but

al so i ncludes enbodi nents of which the foll ow ng description gives
exanpl es, together with the aspects fully defined in the appended cl ai m

set . DESCRInPBLibNa (RrtheE SRavY, NES 2oveRsionr pravidesaan berganisan twhicheexpresses
acconpanyi g drapos in which: Figure 1 shows the structural features of
salivaricin B; 25 Figure 2 shows the nucl eotide and am no aci d sequence for
saliva cin B, including part of the |eader peptide; and Figure 3 shows the

nucl eot | deP&@é}aﬁlgi, B81d degahiSR Y 8BleEteldTForh &, IsuRbdriilsbtAdns K10l ¥go.0f the
| eader peptide. 30

In still further aspects of the invention, there are provided methods of treating an

individual to at least inhibit growth of harmful streptococcal bacteria in the upper

20 respiratory tract comprising the step of administering an effective amount of

salivaricin B orally to said individual.
Preferably, said salivaricin B is administered as part of a therapeutic composition.

25 Conveniently, in said method said inhibitory effect is caused by colonising at least
part of the upper respiratory tract of an individual with a viable non-pathogenic

organism which expresses salivaricin B.

Preferably, said organism is administered as part of a food or drink.
30
More preferably, said organism is a S. salivarius strain selected from strains K12

and K30.

In yet a further embodiment, said method includes a preliminary step of pre-
35 treating said individual to at least reduce the bacterial population present in the

upper respiratory tract.



DESCRI PTI ON OF THE | NVENTI ON BLI' S (bacteriocin-1like inhibitory substances)
are extracel lularly rel eased bacterial peptides or proteins that in |ow
concentr a¥PIH2743e able to kill certain other closely 35 r BCERNZ@O/4M®t eri a
by a nmec ha%&mﬂgabamt whirehtnidift QUSSR tiee blepe ¥ bBiniSisterIRILR hrftibiotic,

spe0|f|C| nit V\DOl/Z 143 P 0197 The termlantibiotic'is a
term deri V&8 "‘F?“Z}%\em‘?ﬁ%ﬂf‘n@ Bﬁ?éiﬂﬁr‘ﬁa‘z"é‘g‘ﬁqbl otics (Schnell et al Nature

333: 276, 1988). Lantl ob| ot| cs are a category of BLIS. The lantibiotics are
ri bosomal | nt eI antihiotics, having an N-term nal extension
(1 eader pdbrisicy Wb Gaf bt ARt POOMLST AgRebAEl HeRmgpof a

f or mat ison pﬁtxehheaganisu rlﬁfe(;tibﬂé mglthaldppeacﬁesyﬂaifo@y rraddf cdured s} Serélpeocobeal
characteristic. featﬁ”g i s that thetlg are pol ycyclic pol ypeptides containing
| ant hi oni EEAWEPSITIFS SERHSSP 595 HEBRPhe, which form thi oether bridges

within the peptide chain. A classification of the currently reported

| anti biotigs intQ A and . has. been rooedb J

Angevvandte( Cheni ea@%@d%@%&%{} iaéglp 2UFRt BRSPRHET P ?w sa[ri{ﬁ)éé{?cqf‘ge%ﬁye t*Re
appl i cant | ocat egdaceithemumbérsBifis§-eptardodcii prgsetty ands of Strept ococcus
salivgpi us wWith activity against certain other streptococci. The BLIS
produced by one strain, (strain 20P3) was isolated, partially purified and
a prelimrgry cledministeiingt footheefesuliingbaqtarislly depppyiated) exvicorasemnt; iBLASI on
indicated 15 th L ARS, protein of
nol ecul ar mass ?‘h"?ﬁg“gﬁng‘éﬁ%%%?g 8006§} tﬁ%%‘f&edigeys wgév%‘%rgg%&t he nane
SAL 20P3. Subsequent investigations elicited the amno acid sequence of SAL

20P3, t ogesifdughi thi dﬂ'e‘htﬂ%' 18 by &a&ﬁscﬁﬁ@i absvel fdl vl ﬁé’aﬁﬁ@&’él{efd BFthose
| anti bi_otic was repaned 20 salivaricin A (Ross et al,

Appl
M cr odPol raagsozmﬂsﬂledrﬁbﬂm% thet theeinyention is nef imited theeete) |b§f iaFF@thNﬂ#ﬁ
sal i vari Cidipodithehts 61 arhidﬁpth@mubmﬂg)aésdﬂptioar F%e D bxarhpleBDtREtH R wilRIhe

(2733 Da co d, Wi Da for salivaricin A) and in terns of its amno
aci d sequearfngatﬁg (fPReBde ‘gﬁ]FWaSFT cins A and 25 B are al so

distinct in terns of thelr inhibitory activity. Specifically, whereas '
sal i vari ci B f‘Pﬂﬁ ﬁEw!Pﬁ ffective as a bacteriostat agai nst npst

strains of reptococcus pyogenes, Salivaricin B has been determ ned to be
bact e”l0oci dal. Mdre inportantly, no strains of S. pyogenes that are

resi stant gdedfbd VAL be bihdd BIUE ASImPERingl o AekEdin Wuctpl Tvaricin B s

expressed by S. varius strains K30 Ivarius strains Kil2
and K30 were dep05| ted with Deutsche Samm ung von M kroorgani snen Und

Zel | kul turep,@bkhodharadakal studedor R35IA B aunschvel 9, Cer rany on 8
Oct ober 199 Strain K12 has been assi gned 35 accessi on nunber DSM 13084,

whereas strain K30 has been assigned accessi on nunber DSM 13085. 5
25 Figure 2 shows the nucleotide and amino acid sequence for salivaricin B, including

part of the leader peptide; and

Figure 3 shows the nucleotide and amino acid sequence for salivaricin A2, inclusive
of the leader peptide.

30
DESCRIPTION OF THE INVENTION

BLIS (bacteriocin-like inhibitory substances) are extracellularly released bacterial
peptides or proteins that in low concentrations are able to kill certain other closely
35 related bacteria by a mechanism against which the producer cell exhibits a degree

of specific immunity.



WD 01/ 27143 PCT/ NZ0O/ 00197 Therefore, in a first aspect) the invention is
directed to the antibacterial protein, salivaricin B. The inventioh al so
provi des WOAYHHM s or variants of salivaricin B where theyP@mza900197

funct | O”a'd’r}f%qldéx%ﬁ'lﬁﬂﬁmoti@ It aMdrin Qferivdtt B8 q&whwiﬁ&.%gnia'ﬁ% M a6RECONS
can be made to the native ami no acid sequence of both the pro?el n-and
active frdgernelk et RENaBrewhid: 276t 1988)at Lantiahiotiemateant Gaiegoyy roétBIISi nghe hei r
bi ol ogi caljzgGhiotitd Yare SitRofRHY CHnREIsdd0 ab Nt RRKILIRIAHVIAC hH RREHARLE O
result in the insertion, su_bs%tut Lon_or deletion of one, two or three

am no aci gXtensions dleadsr psphigelnthat is (raved opff B & mrecessingnepayme pdwinged

10 thap t feriafiérbf tHY RlabireSbitdvgcdlly hdtileUdfmpof BRIt UM) ANcHSadlefigtier
t han 80% honol ogous wiith the am ng acid sequence of . naﬁl ve salivaricin B.

It will offeayae d& that Hiders BORCYlS PAIYRERTdSS coptaining fanthioning agf/ afPno
aci ds i s pREmyP/1&ntMYie, Svhidh &kl @4idefhdrhbfidgdsdMs@iiN atheV Berstitles thhi, | 0As
are described. in the Jh5 gaten Iiterzcalture .as for exanple, in United States
Pat ent No %assficaiisn o he;curgentdreported; lantibigtics yfa twa §yPesy A i Rp Pas beet
inter Changﬂo?mgaylmmgoml Aigedbdrghe Chemieso:neb1amonp1a¢i.ds, gl ycine,

al ani qﬁ proline, valine and isol euci ne, woul d possibly be made. Likew se,
substi'tuti ons anong the polar aliphatic neutral am no acids, serine,

t hr eoni ne,Preeibhs driestgativas diyaibe apploshtdboitadianeumbert of BSspridldeacing stthifngde.

Substituti anong t he,.charged, acj.dic anmi no aci.ds., aspartic acid a
ot o DRttty YR, 32LAlS -BEh R0 AR AT AP AR RCcR] | InEBlls
char ges bagsbdueni iy ane dstraihy Streina@PP3) gvas nisolaub sparttiafly operifiednand he

aromatic L0 aC| i Udi ng I - Nj_sti 1'[:!;;,‘ 3 OBQ@Q d
tyrosi ne \?%ISF% ai g%ﬂ?%(%%é%{éﬂp%@sl?ﬁeahﬁ ggmslgirat?g"s Cg Su%é{al)q%}}tl ons t%d

i nt er dhangbst tireeBUWS! profinesthwana rhlatisely hesk stabdsiprateintné melecular mass in the
substi tutiQnse AE80to ¥6OA DAE THRITNIBIWas Sbef MY S8meidAIVSUP3d al so be expect ed
that the nore the percentage of honol ogy ie. sequence simlarity, of a
variant protein with a naturally occurring protein exceeds the 80%

t hr eshol d,sdtieq@éRahoéstighfion € eBaAtdDtheOhmihd avid Yequdficd BE SAILOIEPI) BR&ther
fragments of the inyv

ention can prepared in, a yariety. of ways. For

exanpl e, DYth SitF Jpplsp o’H‘F‘ﬁS'naH‘EFan%P‘M meﬁegsgg¥lb§§1ci i fEPapsd ns
K12 apd/ orsaliséicin oy (Reys ehels Appl Envly. Miyrobivltsakda4known t echni ques (such as
is described for nisin synthesis by Wakam ya et al., (1991) in "N sin and
Novel Lantibiotics" ed. G Jung and H G Shal, 189-203, Escom Leiden or by
sol i d phasthe3BLSyoft the girsseas ineentionbis distyndvHrerhi ssllidariciid®4 Thid disfimctiGhnésm
Assoc. 85, 3 4 ¢ .0r eS| (574 0, ' | bed
by Foubenipralr f (BRI mISUP IS G708 DARIAER WAuTR) 1 DAtoP ARl

t hr ough e%l%@ilﬁqemm AEERO P sequenye o m PIgTra20 Gabivancing dcind ques
such as dasCirebgdo WYsHNAPHO KRS ol tHeirl @3BbitoNDlaBhvibAl Sh&HidHly, Avhereas
Laboratory Manual, Cold Spring Harbour Press, New York, USA. The variants
of both t ifelKaAGH b%k’%qwoaﬁg tpihe effectiye af ARpRSHOS AL AEL0SH MY SPradas 8f ade
by any of dthgsseot@Ghpisyenss KBalWaricth HehaS beerlr Met@taifibd o Bar batidSoiddl. be

pr epar ed site-speck nutagenesis of the encodi ng.the pative_am no
P o sequalle HPoREO0Y: B AUB SAlet niipdETes FIat BRACHSIERS 30 GrBess)oin fhBres
r econbi nanjet bedérhaetettedy i s used to produce the BLIS, it is necessary as a
10 fi Lgt step to obt ai n DNA encodi ng the desired product. Such DNA al so

conprises an aspect of this invention. The nucl eotide sequence of a
pol ynucl e@dligderiencBdisnegkmessedaby 3. nsddvngus hgvaing rK 2 gundeK20. 15. Bagvdis of

the inventjon, My sncode UO%H NPy REBLELD Winfh Bithbide T SAUTRL,! NGIeOT -
Mikroorganismen Und Zellkulturen GmbH, Mascheroder Weg 1 b, D-38124

Braunschweig, Germany on 8 October 1999. Strain K12 has been assigned
35 accession number DSM 13084, whereas strain K30 has been assigned accession
number DSM 13085.



The DNA can be isolated from for exanple, S. salivarius strains K 12 and
K30 using 20 probes and/or anplification prinmers based upon the determ ned
nucl eot i 8H¢ildhce of salivaricin B. The DNA thus identi fREHNAMYOORY

produced a%ehdthfedNnf4 ERsCLNeCHSIHYiHvRAMER il ik tedde 64 Thé YESibadffiaPNroe i)
al so be produced in the formof synthetic (%I i gonucl eoti des where the size
I

of the actelzamsm Fenfle jayemtion alsg rravides tagientsgigvanants rd sihgasisiasBer
met hod of vidrk eHEEexifbit #hnctdonafetuivARAry. Soc. 25 103:3185-3191, 1981. Still

further, the DNA can be produced using an appropriate conmercially

avai |l abl e DNA synt hesi ser, such as the Applied Bi oSystens DNA synt hesi ser.
The i ngentlt ill AeSfartiitfifrbcihed thak ilddificationshearp bet:Bhde 4 dht trfative 3GARBL S
which 30 differ fromt ive no aci d sequences by the insertiaqn,
Substi £t (i SPACR ATt o fn RORCS e RS TR VR A % drdsing
is desir Ed;uHsha&ltfd]Ilgl mﬁmﬂfg sledt divdegicdl adtbntyat Bueh NAdifizafibh€redhe native
appropriatel y. | ter t|on e .md u | ect synt hesi s of

t he DNA ora%%’ da f F%u rICSn of S‘tuI1él¥ r%g |1{1/Seer§m %uobsqlfmgoﬁférﬂéﬁ? 100,04 W% 1&@i fi ¢
or casset tar threagenssixid3rdPspéaficdilyywithinetlee goope oﬁmmfmmwomrpxgemhdi c

DNA requir dj recl

mut agadesi 5o 2e arBof BCEoha AR ifothB: 3PREydnte NEATE' s WeREY S 500 |y,
01127143 mﬂmmamm@ammuenmmfmmmmas treated to be
suitable for insertion into the appropriate cloning and/ or expression
vector. To this end the DNA is cleaved, tailored and religated as required.
5 O eavagdt ivsllpefr ¢arae bebynderstaodethatyd tvATiews pf substimtionsyefesminp acissiisabl e

buffer. Any,sQibid Witk &t iCadtisihing (R ceﬁmmt%l M HRYRh iGN Brd aéécrﬂb%h'mhe
enzynmes can be used in the manner specified by the manufacturer. Aft

cl eavdge, RAenhJisr@terescat iP5 ¢EceRier 4B H?‘tefloﬁt%}ﬁ%nﬁ?%nt p]?‘@cﬁﬁif’f*a'ﬁsor?rw th

et hanol . 1)4gaokar i ftglsofhdsh@xfd&&i/eﬁr [NAmi e, PRl Gih e dh Bhiskd) QoM AGH-paRE!|
unt, ends are required,. .the may be treated

t echni ques or, exa if b [

with DNA @IRE\?EFK@Q‘%!‘ PRI SRS BRERG! 2ARTeC RIS SAHRE FpAdElEteine fpuld
preci pi t atmdsitly bé htady. . Likbwise| sgfadtitationa amongphe fpalarealighatiergaditekil Rgaino
appr oxi mat el. i

I t f .the d d t tel
Forlored. F519% GRPEET UepRRon R R AP REMEteER BN SBEo BT e e
(e.g. 204 DhiAdé.i ghslastitufies Rhitonp e whergeldugcidist ainieel dcgls, nespattid acid and
| oni t whi ch
C1oM 19 o5 Bty ASFA W20 A%, W0 SR1DSLILL 0 SSRGS MERINEL gt
accordi ng ha@uwemlmdk Aok, ixsitkn pnd espingre. mPpbptitwitnscandng thenarbmatigrageino
nunber of gl aNiiRGuUeH MehyRihin@Ph&tidhd, MR8 hanv\ﬂha y&,@hﬁ &Lma' Ao Iﬁgsﬂyor

sel ected may vary accordl l% to the host cél I |nten e used
expr essi ngbecﬂ‘é‘:‘sﬁl_lFSTé‘ﬁE‘ba‘i’ yo bStl}é‘é‘PﬁF aﬁfldﬂ'feﬁ@h?fé&eﬁcﬂf% WIE“I lFm@Ehé? thasg

have tifze fgeIﬂhéuMmgaecaﬁr &Dﬂﬂ:ﬁ-ls’ﬁxblsﬁ&mﬁis)miém vadll bé p¥sdibles €OF co@idk] aabaild(ii)
striction endonucl ease;

f et f f
Bna 50 (1 170 bEspatieg thikihe mpsh 8 Pofientaat s Hop ikt b aptbcrits REHAZHC s

of a variant protein W1th a naturally occurring protein exceeds the 80% threshold,

the greater the retention of activity.

30 The protein and fragments of the invention can be prepared in a variety of ways.
For example, by isolation from a natural source (such as S. salivarius strains K12
and/or K30), by synthesis using any suitable known techniques (such as is
described for nisin synthesis by Wakamiya et al, (1991) in “Nisin and Novel
Lantibiotics” ed. G. Jung and H. G Shal, 189-203, Escom, Leiden or by solid phase

35 synthesis as described by Merrifield (1964) J. Am. Chem. Assoc. 85, 2149-2154, or
by synthesis in homogeneous solution as described by Houbenwycl (1987), Methods
of Organic Chemistry, Vol I and II) or through employing recombinant DNA



antibiotic resistance. Two nmgjor types of cloning vectors possessing the
af orenenti oned characteristics are plasnds and bacterjal viruses " '
(bact eri op¥R8¥2714¥ phages). Exanpl es of 35 suitable cloni ndGI&£09/081%7ncl ude

pUC 18, Npt(]: nil eé%ucﬁ%%gscrmgagb %gmkagpapmab),fm laxcgginln\nm%‘ gﬁd

host range plam'ds including RP4, phage DNA's, such as |anbda an
shuttle vec,lfcads»osa@m&P{Iaaéla}ﬁsrgd gRting BpgBounPresgiNey Yors SACT/ NZ00/ 00197 For
expression of the BLIS-encoding DNA in the host, the cloning vector must

al so incorporate an eépr ession control sequence. A typical expressjion
control sedquin¥ariaats ebtBsibe Batlye Proteipnand ftss aqive dragraents. cam, similary her

in which thgydappesly bfithHobe t&mEqudsien®ie e Rhé adf. EFas ekAhpRWyarian{stdarl B8
pronot er region; (g% the 5' _untransl ated reeg' %si&g&l ﬁr | eader | .
sequence) ; RIEPa%edePy SEESPRCfio MgesnGin AL Lo PE‘{)‘ Redang (e natve frager g on:
and (e) theeghanssas pédcoibed ®F Ndebhio et tEJDNA.2, 183 Thesd)uncti on of each of
these elenents is well recognised. Any of a wi de range of such control
sequences can be used including, for exanple, those fromthe |ipoprotein
gene, the (Whesl aebatitiagemedodolofds lusydto phadugethe, BLISe itlls héeksaiyanse

gene, d age, | anbda.. | enent (.c t.he DNA sequenc oding for. the
Pant bilt | e SRl hiain IV eFiERg G deh R pbR O Y BrBHlaf farmPhists an
manner i ndiaspeetdofdhdis/imveonAn appropriate host into which the cloning
vector is to be inserted is then selected. Potentially useful hosts include
bacteria, yeasts, fungi, insect, animal and plant cells. Procaryotic hosts
are gener alThe pueleetifdedeflaencehel preademaclgetidenenendingisalivindnsi isashpiwn in
bacteri al I]Q%gl% gre particularly suitable. 25 Bacterial hosts are generally
sel ected from anong the gram positive bacteria. Streptococcus hosts are
preferdéd for use in the present invention. As will be appreciated, in the

sel ect ed hogie $H& @Mthé!iASdH NV Rl OkiScddBatheC AR Pnstem bfadrn QBtivd fo%?nﬁﬂ@
control sequences derived froma species conpatible with the 30 host are
used. The PSFﬁ"lfrg vector fornmed as above is used to transformthe sel ected
host, again using techniques well known in the art) for exanple, the

cal cium chl gri treat nen descri bed hen, .S. l\% Pr Nat ... Acad.

Soi - 6o, - 21iHs, DRGSOl TP SRR b QR P e B RRe O 650 KD ibhe

cl oni ngovegirobes t &xed foir otasiplificatidir genimeats dresededpoantlpe getennined, nucleotide

potential |y, gﬁefi‘cé Hféa‘iﬂaﬂéiﬂtﬁ' ‘i‘hﬁ%&‘{h ’s”iv.'h%ﬂ:ﬁte’ B%Qg%& pr6ihSed A feFRPRELOUS

protein prog ct or ragnent 1s then i1sol ated usi ng

cDNA using conventional techniques. The DNA can also be produced in the form of
synthetic oligonucleotides where the size of the active fragments permits, for
example by using the phosphotriester method of Matteucci et al. J. Am. Chem. Soc.

25 103:3185-3191, 1981. Still further, the DNA can be produced using an appropriate
commercially available DNA synthesiser, such as the Applied BioSystems DNA

synthesiser.

The invention also contemplates variants of the protein and its fragments which
30 differ from the native amino acid sequences by the insertion, substitution or
deletion of one or more amino acids. Where such a variant is desired, the
nucleotide sequence of the native DNA is altered appropriately. This alteration may
be made through elective synthesis of the DNA or by modification of the native DNA
by, for example, site-specific or cassette mutagenesis.
35
Preferably, where portions of cDNA or genomic DNA require sequence modifications,
site-specific primer directed mutagenesis is employed. This technique is now

standard in the art.



WO 01/27143 ' PCT/ NzZ00/ 00197 routine nethods includi ng anmoni um sul fate
preci pi tation, colum chromatography (eg. ion exchange, gel filtration,
affinity WRWREM3gr aphy, etc.) el ectrophoresis, and ul ti mafET{NZ00/00197
crystallisation (see generally "Enzyne Purification and Rel at ed

Techni ques". Methods . in Enz I 22, 233-577 (197 .. b, Purification is
ef fected a®ngeARIREd, %}%“1 Hb‘}%gfﬁgm %gTea?eéicﬁ%iz)&u%‘é‘.t%é?’é IDIECHAD iR, the
met hodol ogyppfopeiape @Yeing tdnd/Nexpieskion vete@nt iTonthivyerdd $he NG i Qdledved,

i t he anti,bacterial protein or fragnent and a

fusion protejn conprisin
vector pr of%‘i%e‘fﬁnngﬁlfgﬁtg%? Fe9WiSat i on and purification. Generally, this

vector 80 protein may be cl eaved chemcally or enzymatically fromthe

anti bacterial protein or f nt._accor.di .0 .known techni ques. speck
hi rert o1 SRR 5 BRePmd By TR AR Sl Rthehudt RS W S5l BOEE
encodi ng eaonl ofrthe largp moineher, of monemeruidllycavadable resiriabioai enzyoes| chnbliee hiseked,
for 15 exa i odi no suech sal iyaricin
22" o that by aliddh: AREHAGRARE RS ARk CAREE cllabied 460 ARISE APl 1
an expandede®percdriynfofexampld greapitatiomstithdthanolonce purled the protein is
then aygilable for use. Such uses include as general 20 antibacterial

agent s ?eg. as preservative in foods) as well as therapeutically. In this
cont ext, i Tailpting ¢ thppeleavegd: BNA Mnwerfofaed piaing cenventional| tedhsiques.  For
prophyl act iLarhbRAMBHAt erddiCAe 180 ired, tha INK mﬁyrb@ﬁ%@h it i O NN g&;ﬂkrase_ 1
invention is directed to therapéutic 25 fornulations suitable fTor use in
the treat mdHeney), phenelandehlprofonm eupasted; stdprsciitated by ethandy | y
streptococcal infections. The fornulations are particularly suitable for
use against S. pyogenes and S. .sobrinus. These.therapeutic fornul ations
conpri 8¢ s&elgaItrep edﬂrﬂﬂgwa}mw & BPPRVAIRLY EORATHIE SFRAMHA PO ¢ h
a di l uent, desiretttomporeents, HpibpidtelyetailoredSue Bor@sctan at dhifyyrandtrédteh et twith
Exanpl es of thera&?L{ti.c 30 fogmﬂr{@é'.ons in which salivaricin B can be

enpl oyed i ARIAPRECRIFRSC Hgarg (78 a8 t¥3851 e nedi caments such as capsul es,

| ozenges, syrups, nouthwashes, gargles, toothpastes, and nouth sprays but
are not |1 b SnhNGERERIe ALY BBlaifdP TP SSldACliig e, (RLAE iAW B steal ©
formul ati ons such as nolsturising creans and cosneti cs to conbat bacteri al
gr owt h2@n wdcks kemmitgthel proteif pre fexwhich it pedqsytedeenexprassedt i on provi des a
t herapeutic fornmul ati on conprising a non-di sease-causi ng vi abl e organi sm
capabl e of col onising the upper 10 WO 01/ 271 43 PCTI NZ0O/ 00197 respiratory
tract or aSyipbledlenipgegars mayrkesemstructis aceaArdipg de welldmave tachpiamesopt i n
conbi nat i Opnay bsdledd fro’d theiak ARt mBBE bOEloRMEI VRERRE avhilaildth eXdIRd] WRRie t he
organismis _aqtlra,nsfor med 1host or gani sm pr ducedlge!dHPS aeg]g,or daCTce th the

i nvent i on. tHE qloning §GEIOE selepted may ¥ary; 3EPTERR T f Shrgbingerdstnioche use
producegs sadr ekpiéssing thedBLIS-dirbiing PNAusdful dumitglvestors will gn@allp hiaséshalr e
S. salivari Liﬁ) strai'_lns Flztign_d K30. S. saliuarius strains K 12 and K30 have
been det er MIREAPESMARSIESE g not only 10 salivaricin B but al so
salivaricin A2. 8plivatheabilif?ta seHreelplitatd; but not identical to salivaricin

A. The full sequepces | e@t [ de.. ar ' [ f Lvapicl.n.
arc shown in Figibe 3. PPRRRE 37 b RARE AREC BF Ghy HerSBaY *fefudidr

t herapeutic fornul ati orsdexfudl¢mse]ldndnvention are in the formof a food,
confecghonery or .dyink.Lt d i r r e t ff. or
drink %% a dai ry(lgi; oduE:iteJfl{-)‘ile;dsl?e’dIB 'oodgé(#e%di%ng,%faﬁg?udi%%g 1; %ﬁ%ﬁ@g&g%ﬁ e,
yoghurt, cheese, nilk, antibletigirsgigiapseand fl avoured milks. In the case of a
confectionery, the therapeutic fornulation can be a chewi ng gum such as a
chewi ng gum as described in WO 00/ 05972.

Two major types of cloning vectors possessing the aforementioned characteristics

are plasmids and bacterial viruses (bacteriophages or phages). Examples of

35 suitable cloning vectors include pUC18, Mp18, Mp19, pRB322, pMB9, ColE1l, and
pCR1 from E. coli; wide host range plamids including RP4, phage DNA’s, such as
lambda and M13 and shuttle vectors such as pSA3 and pAT28.



20 A particularly preferred fornmulation is where freeze-dried strains of
salivaricin Bproducing S. salivarius be included in mlk powder

f or mul at ivpo 8121148 manner simlar to that previ ousl y reportm/ﬁmo/ohm

reparati of Bifidus I owder, 98 Daj ry Sci
D PR 975- 1 Fs omassiy e HuscetieBaise BHB"R B fihob e SHing aeRier gstlFar ed
i n a non- lihedrpbraje \wmyexpressidre cantcal dequeher. f Altypichhexprepdon wontral se@incon.

Experi ment ; aI 0 | Cl urled.fr

lawn cul t 6P %éﬁ%?est r%xlsfﬁJse eg&ﬁé&:sl \}gﬁﬂl’ ?l%ri}l %ﬁcﬁgﬁey a%Bmarf’Brtg‘iB
hours at &Eﬁe,ltrhealéﬁ’@mmsglasdolh»mde in air atnosphere on 35 M 17 medi um
suppl egent ed w t% 0.5%, Q%#a %gq,g . 5% sucrose, 0. 5% human pl asma and
0.1% caI ci um car'bonat e. Pawn tures were inocul ated by swabbing on to
the surface of t(be agathErﬁééntrmlﬂatﬁﬂ regiong(sigpal osleaddmstdgueod)t t  br ot h

cul ture of the pgoduc | @g;eln' . of the salivaricin B activity is
11 WO 01/ 27148£)PCT/ %‘88’}%“%{1’8‘%"%‘&%9 edggy freezing the agar plates at
-70C and then tHéw ng the ¥ uotranalatast gigne and col | apse the agar gel ,

fol lowed by centgi f ugahk QRurdseriptith tdohihBgoeXddigict ed liquor. The titre of
inhibitory activity in these freeze/thaw extracts is generally 2-4 AUn. 5
TitratPon of salivaricia activity Salivaricin activity is titrated using an
agar surf agR fansadn oLEabSof(tRPskldlebntsNe el féc@libete cl il utions of the

sanpl e are assayed agai nst M crooccus |luteus T-18 on Col unbi a agar base.
The reci procal of the highest dilution to produce a definite 10 zone of

i nhi biti omuGf oﬂmmgar rm]gg@ (ﬁ'lfsuTchQ:ohﬂduﬂ eéduiincks \vhn i \]I:&ea ihbhfcﬁlgf rfmaleiaa&xpﬁer y
units per u of salivarici ctivit Purification of salivarjcia B
15 At o IRer 0 el it B (PR R S PRI BB B i
(di angter @a&‘dﬁaﬂé@m\épﬁ@hi@laﬁibdﬁer va) and washed with 7 bed vol unes of
50% (v/v) nethanol. Salivaricin activity was eluted with 5 bed vol unes of
90% (v/v) nethanol (adjusted to pH2 with 11.6 M CH 1) and concentrated by
evapor at i o elem®aC (tndbe DEAuUgdeftee sadihg. foAl thquahﬁb(otlﬂ: gl )nseftedl Hhfo the

mat eri al e _appl.i | v er hase col um (Aquapore RP
300; poremglnzuégg tmeg%’ﬁg%l Eu%,% lgipg:?n%%'eéﬁ%(%s bov? nc.), equilibrated
with 0.1%trifluoroacetic acid (TFA). Fractionation of this material is

achi eygd by, #}Lf\%ﬁnﬁtﬁ@g’cm @H{cﬁs&mm{ﬁ Yebiofl W £ ﬁ@ §RLRAG6 3Ly géﬁ’é&)

systemat a rate of one m nu usi n m nut egralen
28% acet ometentiadlycasefal hpsis wcb@swantma»f mas@mgmlsy iggesti mpimal g@émlant:

(28% 25 aeengnlri&t&%tx@lwswam Rendrady X}bﬁzde%pﬂraﬂicc piskhi 2venBBAS ENon-
ution starting at around 40

separation.is achieve ivaricin

m nut es) maéaﬁﬁwsgﬁﬁteea@%er%gaﬁtcug?fm‘al ®mnutes). Each 1-n
fraction was tested for inhibitory activity against M luteus T 18. The
activesfractiong AdkEaGh LEH-OR, CRlLRP I Ndnl S, SAL! ¥AL! Clalie®Bdcteria,

Streptococcus hosts are preferred for use in the present invention,

As will be appreciated, in the selected host system, plasmid vectors that contain
replication sites and control sequences derived from a species compatible with the

30 host are used.

The cloning vector formed as above is used to transform the selected host, again
using techniques well known in the art, for example, the calcium chloride treatment
as described by Cohen, S.N. Proc. Nat. Acad. Sci. 69, 2110, 1972,

35
Upon transformation of the selected host with the cloning vector, the protein or
fragment encoded can be produced, potentially as a fusion protein, by culturing the

host cells. The exogenous protein product or fragment is then isolated using
9



salivaricin B were separately pooled as partially purified preparations of
the 30 bacteriocins. Each pool was |yophilized and then dissolved in 0.1%
TFA. Al i J¥e0328#3each of these preparations were then | 0adRETDEOYOUIT s
rever sed- phiage Hi ﬁbttﬁrdessqﬁeuhhfgﬂ Churfehio Bth OO fsaltfye (H[Eile%mfa%mﬂ é&h&ﬂ&ch
Nucl eosil C~B; 10 um 250.0 x 4,6 nmm &q ilibrated % TFA_and
further fFROMYAFEERY uEBNdoR W@P?ﬁ VeS| ifitionprsnty sehromatogaphy c £t¢-bn of

appropri akRcgbphbresiss aafl Bbinaelyp BiystalliSatiorn|dew afeineil Mﬂ%ﬁ@mhﬁgaﬁ&l a
34-35% acetonitril e apd sallvarl cin

honbgeneous _p

acet oni t r APE. %&Ef’s‘ﬁﬁlb REIRES" o i M @?18@5 al 24nzymelagyy 22, 298947 2(P13)).
PCT/ N0/ Q#ifidatidrilstdffeotedoy iespaidiusing envbativiadlitecimigaaks were col | ect ed
manual ly. Inhibitory activity was detected by a spot diffusion teat using
M luteus T-18 as the indicator. The active fractions fromeach run were
pool ed, | Wit Irecesbiaadt hedhedabgets employetl, die BINA bf €e mqamlti'ohi fdyvaser
containin The fr.actions.containin nhi bi t or. ctivit

(purifi edgg‘gel %Jarl PIOR RRSFER (RIS Ehgta&ueb% !‘ﬁnah “}/ooﬁ @m?‘tnégg a
spect r onevegtor otoeat gd aswdt with nswlagooul andrrpssﬁcdtuaal | Ganemilly, Bhisasectdd3

af t.h m.nal . _sequence
G y- a5 PR Ty 18 gy SRR chlrinthit A AL e bR Mg i
sequence ﬂemetlaWIMBHbll@aermhmusequenc| ng of the peptide enabl ed
desi gn of degenerate oligonucl eoti de DNA probes based upon the universal 15
codon usage. The speck probe used (CF481) was based upon the amno acid
sequence: ASspaedicrehimerit fommeofcproteis romdd msonbatecapplirationquai@NAvsesiuence
TCNTGGCAAL T d At RERIAGn i ENpRABISO R 2 QDMiBASofl B Pr&did " QJHIHhSe Ei}ﬁk%t %;)CCUS
salivarius strain, Mn 5 by 20 the nmethod of Spanier and O eary
(Vir ol%gye’i%P"a'llf“@ZE)seqRe’él‘Fegég‘im&sfPﬁﬁnB@Fﬁ B lgpurhaat) splivaniain A% se rthat i on

enzymnes 1@86i6n dINthet DRA sdifietidté JPDRUNRSa SRAEAL Sstotdin awitflo AQ¥xPRILE!
run at 40 V/cm for. 18 haur.s (Sarrbrook et al. Mol ecular doning: A

Labor at or JPRIARICf 278BeStenHACTRX: was transfered to nyl on menbrane by
Sout hern blotting follow ng the |nstruct|ons for use of Hybond-N+ 25

(Amrer sham_Phar ma ) 0 1 was. | | led W 2. ATP using T4
pol ynucl egﬂcaé"ﬁfﬁlﬁg foe Iﬁf/’fb)rl?dl gg I?(?ﬁa%tfqﬁ Pr Bbe é‘—"lfg%ﬁsm(? i 2YET ™2t n a
hybr i 210 saannha¢tanbd agen%(e@ f9 prds@riativesn fd’dnts) s morlloae thvexa peversdadigt. tInd thés f or
S mnutes, % N« m S oSC,
. 506 Spe. ChteR < n‘gﬁg%le%megs&?iﬁgﬁa%o‘tshg bl b é‘;f}ﬁ?}l o TR ES oy sid
hour s. SOtTFhenmtea of the gel which corresponded to the hybridisation site
of CF481 on the Southern blot was cut fromthe gel and the DNA extracted
using a agen Q Aqui ck Gel Extraction Kit. For ligation, 1 N of the
vect or pUEhSRsioRR i an Aarthel RSPERt, hE HPTERwNY BWERtieR jigndisestdde Hresmpenting
H ndl34, vwWamulhtiets Mitdbld forlihsetih thRarédterRnedr %ed\ﬂn%n%fcfﬁﬂﬂﬁﬁ‘ﬁ&tmasm
|hI08<:1tsl g_? ggxf‘tf %rq\lyagtcli'e&toléloccal m[?éléb\mlnlsga'fhe 06(@)11% a 1onsI Ql%ugg}t}cg?ar\{\agmftggle ]fgr

use against S. pyogenes and S. sobrinus. These therapeutic formulations comprise

salivaricin B or a fragment or variant thereof in combination with a diluent, carrier
or excipient therefor, such as are known in the art. Examples of therapeutic
30 formulations in which salivaricin B can be employed include are orally
administrable medicaments such as capsules, lozenges, syrups, mouthwashes,
gargles, toothpastes, and mouth sprays but are not limited thereto. Further
examples include topically administrable formulations such as moisturising creams
and cosmetics to combat bacterial growth on the skin.
35
In a further aspect the present invention provides a therapeutic formulation

comprising a non-disease-causing viable organism capable of colonising the upper

10



WO 0l /27143 PCT/ Nz00O/ 00197 E. coli strain DHI Op was used for
transformation by electroporation wwth the Iigated pUC 19. The trahsforned
cells vverVéOQI/éW3for 1 hour in 1 m of Luria Broth, and t hRGI/NEMEP7ont o
Luria Brotfs3aa6rWrhét &@?Qrtat'imféb‘f |ah'drbxﬁ3résgglg~‘t!}1erﬂa)1tlﬁi8ﬁc Xt9RE u%%ntrﬁﬁrrtn

After an overni ght I ncubation at C, white colonies were selected

subcul t ur camPiRAtoy, Wikh @ragrien @HénCFEQ/l TFXSHEentSer eeni ng was corned’ out by
lysing the E. coli colonies in a 5% SDS 10% gl ycerol solution at 65~ C for
30 minutes. The colonies were then run in an agarqse gel, Southern blotted,
and the mMANEETbPEIREt, the maanteewcez@tnﬁpeged.hw HEsamsE pEpieda

descri ped sabsrdance@sthl {HeSinGOhideH.e 3t 1 Howehex) pgéiemmmatum orBin@érh By bie 100

ul/m Anpicgillin 0for.18.ho s at hakln UC 19 plasmd
it hen ST ETeRsS SR bt SRRy RPPIET RS Rrksent et e
usi ng pUC sl Salisirivarstraans Kn e \egydsie3@r i ners. The resul ts are shown in Figure
2. 15 Ar~tibacterial activity of salivaricin B Part 1 20 Strains of S
salivarius such as 20P3 and 5 that produce salivaricin A (but not

sal i vari cish ddfivaurtdns birhirasl K19farf m@nuavajbieﬂdidemmnndaheseeﬁpmemﬂ@mot Foanily

i ndic or3 Thls i.nhi biti in. . d roduction
(P t?é y c%ﬁtlrasst Sal‘tvralélflr?sk%lﬁ%{ﬁ %‘o hat lal%ldiécenBotl(%nl%cap’fl

sal i vari C|sahM1mdx sThe fult pejuenBes mlyrmcletdt@egamlmmum‘ agfl) fo9 salinauecindA2

i ndi cat or%r @ﬁ&bﬁ(kﬁ)ﬁgﬁﬁéﬁ”ed to as P-type 777. 25 The P-typing test
involves first grow g the test strain on blood agar as a dianetric streak
culture. After renoving this growh, the agar surface is sterilizied with

chl or of or i, VAROUEmb&dikdest, 2R id h&e&éé@rtﬁa{ dhk NHer Al nShhAoAS NG Wl Ng 4

strains of Streptococcus péogenes are cross-streaked across the |ine of
t he oAPgi Aayentient aty injthefpgauplid fqosh | GRfsrsionrauBaLdrBI: | Kt isr Partisidarivi t h

growt h of gréerrefditeat @S fdodstllf tdRedMhRi Hé tay dalryt PRodict-BaBéd B6OBICaFink! I €aK
is taken as .indicative of bacteriocin acﬁl Vit }}FQR)CGISG of btgal ns, 20P3
and 5 (prdegipding By way of e¥amplg, Kpshwrt, © ﬁt%%&“@; Fedits aRdilavenssth t o
be bact er ingiitsat inCthieecade abh&onfdtionény tisetHsapanidiermataion &th bé alcheding

nunbers fromth |nh| ition zone S swab and transferring -
the cel | s &8 8§ ﬁ‘g’f{’gb%lcl?erlég%lcng?e g’l%nl r/({égglaar nedi um By contrast,

the 380ef f ect of the P-type 777 strains (shown also to produce salivaricin

i's bacty eét,,fq;cq&gﬂ}ag 'gtat%ff&mt.ﬁaﬂ%qvﬁﬁg'f?@éze ieliSsthnY | #UafiviilihSgcan

be recoveret from th ition zone in deferred antagoni smtests.
Fur t her nomsodudng sS.ustlivgriparbe ileeuged gar milkopewder dermulatipns rinja gmgnner

sal i vari Cighnf( 48t RalQireRiBRYH) réfﬁvedcmf i e ation bf Bmugliv@mleawder
PCT/ Nz0O/ 00197 t he action_agai ns > 1@70 o enes of salivaricin IS
v

bact er i ostNegava e k288 nhDagy %‘ém % is bacteriocidal. Part 2 5 The
i nhi bbgory activity of the salivaricins was determ ned by neasurenent of

the decrease.with tine in the nunber. of c form.ng unit CFU) of a
suspensi o %?“Fr?épgétﬁs‘?ft‘?\?e“ﬁ%ﬁ% sl ’é‘t“?g’ lﬁ%%ﬁ‘ﬁgl St sy @%‘gtb‘&%"aﬁyt&’genes
strai n FF2efereaiceas the follbgirigexpeein ental etehtxansal ivaricin preparation.

vi ce-washed cells froman 10 exponential Todd Hewitt broth culture of the

i ndi cator streptococcus were resuspended in 0.067 M phosphate buffer (pH
6.5) to tiExperimental cul ture volune. Portions of partially purified
Sa|IV§6ICI n (titre 16 Au/m) or of phosphate buffer (control) were then

m xed W th an equal volune of the washed cell suspension and incubation was -
cont i nued Extregtion Ssalivagicinwer e determi ned at intervals by

Salivaricin B was purified from lawn cultures of the test strains S. salivarius K12
and K30 grown for 18 hours at 37°C in a 5% carbon dioxide in air atmosphere on
35 M17 medium supplemented with 0.5% Davis agar, 0.5% sucrose, 0.5% human
plasma and 0.1% calcium carbonate. The lawn cultures were inoculated by
swabbing on to the surface of the agar medium from an 18 hour 37°C Todd Hewitt

broth culture of the producer strain. Extraction of the salivaricin B activity is
11



15 plating suitable 10-fold dilutions (in cold Todd Hewitt broth) of the
test "and control m xtures on Col unbi a agar base and i ncubating at 37C for
24 h. Vi WPH18d4At s were expressed as the total nunber of BFUNZEN0MPT |t

was found ¢ [ L 8 lapo i 4 i i Cl itre 16
vere 20 1 ARA R ISRRAHEINS e PRI A R AR ool Reiberbblne
cul tures ob Sllapys genagas gelaifpllqweah by reentrifugatigy @ diyrifyoiiner exgtactérd liquor.
partially £ Led. nr k; i b GehBwA%t j t 1 ed
el ng- undertd fig® L AR Ay Rty O M s Anirtidl b Sy MO ABLET
Further tests of the inhibitory spectra of partially purified salivaricin
A2 and ssalpi¢pdeién Bf BalNaR@haldtfiey Wer e done by using the agar 2 5 surface
assay descri bed above. Drops (20ul) of a preparation of titre 16 Ua/ m
were spotted onto lawn cultures of the test strains that had been freshly

i nocul at edsaseabRithsty! 5 RitFdted aGthdhn Agho kiRl 80y DRFR Pbelh of Wbllord 1 /

100 dilution in _saline of an 18 h Todd witt broth culture of that strain.

Product i ons®ineadiigions b thsngample AR Hspaved agrinst rMicreagrsiiedpolr 18 on

i ncubat i onc@firdtig $@aPbates e Aeiproedl dbtHe BRZhWASIIGKSD té ProdedeC Al Eefinite
sensitivity of t,hg,t .Straj rLé‘o thﬁ sahi varjcin. The results, are shown in
Tabl e 1f.  189me qfignpipitiom ahthe, grogth. of e plicaiay 1awn;i§ithy tiseerjNaoRi1aey stpits
Speci es Nupdianl (e haisenasivatisvia dcoiviigl A2Sensitive to Sal B5 Streptococcus
pyogenes151515St r ept ococcus equi si m | i s555Strept ococcus

agal acti ae502St rept ococcus pneunoni ae412Str ept ococcus sangui s60610

St r ept ococPwsfication ©f 88livamdeinoBoccus sobri nus403Cor ynebact eri um

di pht heri ae404Lact obaci | | us casei 212St omat ococcus nuci | agenosus40315

St aphyl ococcus aur eus400Branhanel | a catarrhali sl01Escherichia coli 200 20
| NDUSTIRI ALA Aegilit@Abhane B érepzss tlavs extivastevatcapplisdrtatasn KAD-2 wblulan (digmateot
bact eri oci ef; S Lar kel n I i o hi

BLI S, Sal 1 VarPe g ohaay 0 i SRR Al aRiaPMaTT s GolahleR bk vy
appl i cabl emethamel hSelivagicin petitibhyas alted with 2 bad gphures ¢fcPQ5 (Wa) pfeghanol

effects of ((aﬁ}nfs?&i QCPRS it M SCM (gﬁﬁ) Lﬂcli Eﬁﬁcéiﬂpaﬁéd ﬁa@%f%%@rta%)i étrﬂf;?’under

i ncl udi ng the nouth. These nethods I nclude nethods”of treatnent
condi t i onsreslyeed @essurepdigyetsall-wdr of this smatsrigweareeappliidntoyafirognlee C8

pyoge@ﬁS) @Q@lrfsde;magk &ﬁf:%lﬁS(AgﬁﬁBWRPrBl(ﬂﬁ;ﬁorQYSliz%t,_’ﬁ.ﬁﬁf hmﬁ% |4.639md T f plied
presently preferred orally admnistrabhle fornulatjons are ends of
freeze-dri @esysste'em Ingdr ¢ g’fartﬁ$ Ngﬁ'\/ﬁ‘ﬁl@ YATRRetic RN EF Ay Fragiqnationg; o
has been fihyaidtedhltio sepltasd dypadiag abPharnyacid fikt qabied Siquid ditéonabgraphgt
such for rru(ngh'bons are effecti

1 ti ted b 5 additi o f t .
ol opedBlE Al 4 B alal Pt 57 Bhile SR 18 Wil e @0
t hat a t ot28%odcebthitrile ahtbinmg 106080% cTF fr todlovedi by SOnminate (senatid (280G
j t ) 1Q~..cel | . f - dhi | i o) )
orer B! fieorfirliq liy6]! | 3idthe his! £66EH: Wliish, Indid LbaLn A JAL(Y)
K30, t her esalivariin Adelution GtautingnetgeouridatO sainuyes) iagichsaivesicinBr etu6oE at
Loget her Vidolin§dd YRklfekf), Ach COXAIRERRH R8s etk RESL el SRIIEIId e
y es a S.

formul ati on particul ar bacteriocidal 1n relation to S Eyo&_en

sobrinus, MdutgesT18s The acaivafastions i eachirgion comesronding:
salivaricin B were separately pooled as partially purified preparations of the

30 Dbacteriocins. Each pool was lyophilized and then dissolved in 0.1% TFA. Aliquots

aricin A and

of each of these preparations were then loaded onto a Cis reversed-phase High

Pressure Liquid Chromatography (HPLC) column (Alltech Nucleosil Cig; 10 um;

250.0 X 4.6 mm) equilibrated with 0.1% TFA and further fractionated using a

Waters/Millipore HPLC system by application of appropriate gradients of
35 acetonitrile.

Salivaricin A2 was eluted as a homogeneous peak with 34-35% acetonitrile and

salivaricin B with 38-40% acetonitrile. Absorbence was monitored at 214 mm and
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16 WO 01/ 27143 PCT/ Nz00O/ 00197 It will be appreciated that the above
description is provided by way of exanple only and that variations in both
t he mat erW@WOY2HAY t he t echni ques used which are known to tHMOENZEMEUNS

skilled i e ar . ' IS 4.t ed
onl y by t N aert orRpoR ARl iR! Etrious feabPREsGLoletd Hiatlily Bisilisyo
1. An anti#sbitErvas dyededihy awmpehdidiisiosetept ysimgel- futern B 18sas theaindieater.r ai n
K12 on depfad heile fdtons Pomradbh 408 wae Moh@dy@f%@ms%m&m&%we&%tyﬁﬁn >
GrbH, Braunschmelg, Cermany, accession nunber 'DSM 13084, which has a

mol ecul ar ofeMidli -appfies wateetontainime B % IF et Heniraetipns consaining imhibitory
spectr [ AT L& Mlvakid ) ' nggocof SEQ ID NO 1, or an
ant i ba%{rgr{l%fvn??g'anent or vg}ﬁg&ﬁ{@?ﬁgg‘é%&uﬁ%ﬂ%a?i@%t has greater than
80% am no aci d sequence honmology with said protein. 10 2. An anti bacteri al

prot el n N3 hrkith AIBLCRGherry GAEREA tBht Hienbidelidr mad orMAIRMARAS kAL 2

fragment or variant thereof, wr variant has greater than 80% am no acid
sequence hofd d¥y wiBdmagyjanabysiy fnpunfied saliyagpm Bhoeeedled theolNeierminali ng
the am no @eudn&ecaleasecsivabR-chhNO 3. 4. An antibacterial protein which
has an am no acid sequence which differs fromthe sequence of SEQ ID NO 3
by t hed?® nsertion, deletion or substitution of fromone to three anino
acids. 20 Slontn@bpbalivansincBai ned in any one of clains 1-4 which is
bacteriocidal. 6. A protein as clainmed in claim5 which is bacteriocidal

Wi th respect to Streptococcus pyogenes. 25 7. An antibacterial conposition
whi ch i ncl Tite amin@ raRi® isBquish ce | dérived byl fitification Gdnd lsaguencing 6f Ghérpeplide

0 U ST £ B S O TRy SR PR S50 o Tl

15 codon usage. The specific probe used (CF481) was based upon the amino acid

sequence: S W Q F L F T. The corresponding nucleotide sequence was
TCNTGGCAATTTTTRTTTACT.

Chromosomal DNA was isolated from the Streptococcus salivarius strain, Min 5 by
20 the method of Spanier and Cleary (1983). (Virology 130:514-522). A digest using
both EcoR1 and Hindlll restriction enzymes was done, and then the cut DNA was
separated in a 1% agarose gel run at 40 V/cm for 18 hours (Sambrook et al.
Molecular Cloning: A Laboratory Manual. 1989). The DNA was transfered to nylon
membrane by Southern blotting following the instructions for use of Hybond-N+
25 (Amersham Pharmacia). Probe CF481 was labelled with gamma P32 ATP using T4
polynucleotide kinase. Hybridisation with probe CF481 was carried out in a
hybridisation tube at 38> C for 18 hours. The membrane was washed twice for 5
minutes in 5 x SSC, 0.5% SDS, and then twice for 20 minutes in 2 x SSC, 0.2%
SDS. The membrane was then exposed to X-ray film at -70° C for 18 hours.
30
The area of the gel which corresponded to the hybridisation site of CF481 on the
Southern blot was cut from the gel and the DNA extracted using a Qiagen QIAquick
Gel Extraction Kit. For ligation, 1 pl of the vector pUC 19 which had been cut with
the restriction enzymes EcoR1 and Hindlll, was mixed with 15 ul of the cleaned
35 Min5 DNA fragments, 2 pl ligation buffer, and 1 ul T4 DNA ligase (Roche).

Incubation was for 18 hours at 15° C.
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(i) a protein as clainmed in any one of clains 1-6; or (ii) an organism
whi ch can express a protein as clainmed in any one of 35 clains 1-6, in
conbi nat WehOMI7143 a di l uent, carrier and/or excipient. 18 PCRDZYONRDI43

PCT/ NZ0O/ 9017 @/ AoHhEE 4RS U1t 1P LAHLAE R ATH NN Pibok 86 i) B A

conprises a protein as clained in any one o on with
a diluent pU@aﬂﬁeThammgformdlqsiﬂerwem&mwn for thieewpisul il éobwmia Brotn asd

cl ai med ighéil Bl 8 ot Egng%mm éraﬁthogm M\%l@ﬁml B 36 xBeh 56 €1 N

as claimed 1n"any one of clains i n conbi nat1 on Iuent car net
and/ or exwoigiiodnt Aftet, amqvnerlalptemmtbamnnﬁt 7P o, ahitel a¢lnfe@s|wemyeloq@dof

cl ai msg 8- ;Qbm\gzd' énai@crl:@nea ity A€ rmmzﬁt bAfYet @%fueﬁa{gte%gsigmé\ oyt by

rredlcanent as in claimll which is a s

t oot hpast &ysing woeith @&r gglonies in3a %nﬁaﬁcé%ng%;a%mi;walm R 6c51°a¢ 113@Qwi ch
is in a ugihuiRsapke EQbHies Whre /bhaie%ﬁqm aQé*oQé @blﬂ%@utﬁbxﬁltﬁbﬁb&%ﬂmﬁ@ i's

a | ozenge or capsul e cont ai ni ngha uni t dose of an organi sm whi ch can
express alpmRPrEng hyp afyFHe Porbec Iithe spmse mannes ag deseriberdut i ¢

fornul ati gBo@s pbﬁhveeelowﬂleamer@mne@fgrmlmuhlérdm Wit G009y M1 REi&iih or
organismis included in a q_bdh%PPdrlTn ‘}(g A formul ation as clained in
clai a5 f95 Lhhenrssal 37 o st &k The pUG A9 Blasmiqywas then pxaasted dting
drink. 17 QrApfepr ByﬁﬁMlﬁfpraﬁ Kit qQiepEn) mndl sédqiiehCed Nisiy PUC AN f@rink @1 ahdr
organismis included in mlk powder) mlk biscuits, mlk, yoghurt or

cheese. 3@SVEESE PSSyl ation as claimed in claim16 i n whi ch said protein
or organismis included in a flavoured mlk. 19. A therapeutic fornulation
as clai maq. i n any. one of cllnal.}1 =10 in which said protein or organismis

i ncl uded PREACTBHYEESNEY 184 A formulation as claimed in claim19 in
whi ch18ai d confectionery i s a chewing gum 19 WO 01/ 27143 PCT/ Nz00O/ 00197

21. A ther%ﬁ%ﬁck&nh":{é{ﬂh@ bPPaifcarse;al @€d i n any one of clainms 9-20 which

further conprises one or ‘nore secondary antibacterial agents.

Part 1

20 Strains of S. salivarius such as 20P3 and 5 that produce salivaricin A (but not
salivaricin B) inhibit all of 9 standard indicator bacteria other than indicator 3.
This pattern of inhibition in code form is known as production (P) type 677. By
contrast, strains K12 and K30 that produce both salivaricin A2 and salivaricin B
inhibit the growth of all 9 standard indicators, activity referred to as P-type 777.
25 The P-typing test involves first growing the test strain on blood agar as a diametric
streak culture. After removing this growth, the agar surface is sterilizied with
chloroform vapour, aired and the 9 standard indicator bacteria (including 4 strains
of Streptococcus pyogenes) are cross-streaked across the line of the original test
strain inoculum. Following incubation, interference with growth of the indicators in
30 the vicinity of the original producer streak is taken as indicative of bacteriocin
activity. In the case of strains 20P3 and 5 (producers of salivaricin A) the inhibitory
activity can be shown to be bacteriostatic ie viable indicator cells can be recovered
in large numbers from the inhibition zone by sampling with a swab and transferring
the cells to a fresh (non-bacteriocin-containing) agar medium. By contrast, the
35 effect of the P-type 777 strains (shown also to produce salivaricin B) is bactericidal
against the standard indicators ie no viable cells can be recovered from the
inhibition zone in deferred antagonism tests. Furthermore, tests using purified

preparations of salivaricin A and salivaricin B (data not shown) have confirmed that
14



22. A therapeutic fornmulation as clained in claim21 in which said
secondary 5 antibacterial agents) are selected from bacteriocin-like
i nhi bi t or WOsUP3t4dnces) (BLIS). 23. A therapeutic fornul ati 8AT@LIYIHPHed in

clai m 20 Wm&@.ch&;ugqgﬁt 08 Sl geR8d bf RhlivAidiN Ak 1iS1 Bhctericiiad GAYUrSd WlCHr can
express Salivaricin the TO anti bacterial protein as defined in claim4l

or an orgaﬁ?%‘fmgﬁs@aﬁteél?ﬁ‘fié%s the anti bacterial protein as defined in
claimd4l. 24. A polynucl eotide which encodes a protein as clained in any
one of clains 16. 15 25. A pol ynucl eotide which conprises the coding
sequence ofaHE® D NO 2. 26. A polynucleotide as clained in claim24 which
conpri sgs a DNA sequence whi ch encodes an anti bacteri aI _protein as clained

inclaimil IL}{(’:‘EG’IAS art, .20 f t he,.genonme of S. sallv i Us stralnt(Kj)T%al on
deposit atT e &ﬁﬂ’(‘%@ \'}16?15 Py s ﬁ“f‘}ﬁ‘& Sl elin itk

Br aunschwe chreétﬁr WiAWimE Gt €56 Qi beyt rob &bloBSNbﬂzﬁﬂl&Zlunﬁg (CFW) mrag aﬂspemsmmof
subst anti al | far whi ch i,ncl udes | vnucl eoti de 2 med i
any one of l(‘f?la"g %ﬁ caley PEeRBLISHE @re@i# LS BYPER© anst cﬁ:ﬁ) er
protein as nﬂkmlgrrdmb |c|allsan,y1th>ne sHlivatieinnprdpaGatidn. Athm—gzanhsctn @iiscirammesh i n
cl ai m &7 | BWHeaad ohheP GhUPC 58I I8l ec S A OBMB0r Lidrodfdef 9B

as cla al m whi ¢h i'vari us organi s
bi ol ogi cal rssusperdeliint 0:0670¥1 phosphhtesbuffers(pdt 628) o Khﬁzngmalde{ibsctvomme

Deut sche S g LEa - . d £&l hku No
Br aunschwe?mo%g of"ﬁQﬂMﬂ? ‘gm on Snu §§8‘§1&}%g %%5‘ f; gt??tESbUffer
PCT/ NZ0O/ ommz; werp tbm@ Iy Aithyan @ﬂeabmlvmceofdhe svashgtj aelirquspensipniamdk30

on deposi t u?éub%uﬁs\%@ coR LA Gatv 80! l@ﬂwvg@m@ru&mn&@hl Ulidddrels @yoH,
Br aunschwel Ger mani€| baccesa on nupber. DSM 13085 . A therapeutic

fornul &R oﬂ atimectnitably Lerdeld slilugigns iy ¢qld T§PF1§{‘?W‘K‘ E‘?ﬂ&)r ofghedgst Jug rertrol
strain K30nii§tdr€|§9h|(ﬁdlﬁﬂxﬂlan AR biRe3Bn @ inEhRdtMgddt 33T fok PRMNOYifle lcb&Ats NY

an individual to at Ieas b|t of haynful streptococcal bacteria
in the upp@’r"“’r%’gﬁF?sﬂi@N E‘c?g‘bP&Fngetng{ step of 10 adninistering an
ef fective anount of a proteln as clainmed in any one of claims 1-6 orally to
sai d individual . net hod as clained.in ¢ protein
i s admi ni skte‘r”e ra‘?l @att Br¥afY 1olnﬁc’dlot\s/l gﬁ ﬁﬂy u'ﬁﬁ?c{n aJ? a ctuﬁer é)?)ethfe gf’ were
formul 20 oiethsl firasvee@¥%h of SharGFénd efpovientiak T8dd dl@ttahwbtB2culBires Afngt hod
as cl ai ned i i iaGoh N

pgggﬁqeg s@aﬁ? FW@ fu‘? 4, S 3@ C B& Q'o}xﬂra)ét ﬁ'tef ?I’ 8.1C . § Fﬁﬁ'ﬂf aﬁen ﬁ?}ﬁ%%

col oni si ng east part of the up respi rat ory
with a vi abf saliyegigin éznoamrerﬂﬁewbrws%gd y8ing wadgrehg sapge gsldlwrrﬁakmé 1@@

clai med i nygdAiide3or Mﬁﬁ@wzs@m O thes ekt SFkieNhAiRioRH spectPRbl paftidly
medi cament, a food _or drink or a confectionery.

purified salivaricin A2 and salivaricin B preparations were done by using the agar

25 surface assay described above. Drops (20ul) of a preparation of titre 16 Ua/ml

were spotted onto lawn cultures of the test strains that had been freshly inoculated

by swabbing the surface of a Columbia agar base plate with a 1/100 dilution in

saline of an 18 h Todd Hewitt broth culture of that strain. Production of a definite

zone of inhibited test strain growth upon incubation of these plates at 37°C for 18 h

30 was taken to indicate sensitivity of that strain to the salivaricin.

The results are shown in Table 1.
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37. A nethod as clainmed in claim35 or claim36 wherein said organismis a
S. 25 salivarius strain selected fromstrains K12 and K30. 38. A nethod as
clai med WOAHFIbhe of clains 33-37 which includes a preli nPGENG00:0897 of
pre-treat ifiple dt dnhiBikddydaidivity at | east reduce the bacterial population
present in the upper respiratory tract. 30 39. A nethod as clainmed in claim
38 wherein said pre-treatnent conprises the step of adm nistering an

anti bioti ekl y to said i NliMbetikted40. Sensieiveqs saf ARr e HenBitivedb Sal B
pati ent agal nst infections of the upper 35 respiratory tract caused by

strept i ch comprsi ses the stgps of: 21 WO 0 7143

PCT/ NZ 0/ 7 g@gﬁfgﬁf%l dm ni stsering to sal patient an anou 52of an

anti bi oti cgfheq ﬁ@a ﬁgﬁuce t hg nunbers of treptocci presenty; and (ii)
s

adm ni ster odofesHhe .,c;é ng bacterially depopul ated 5 enviropment, S.
salivarius ligh produge BLIS to repopul ate said envigonment.

41. Aﬁoantﬂhﬁ{i$&5&%|m9{aggel n whicly has the amgo acid sequence qf SEQ I D
NG 5. 10 deptdrobQlsYdipgingot i de whigch includes g he coding sequencg of SEQ ID

NO 4. 43.¢ ggw@&gy,gmfbhfmgrmg atigon whi ch conprises an antibactgri al
protein as dtadmdslchs&!l ai m 41, i conbinatiomwith a diluent, carrier

and/ or 15 @¥malicBédus ,,Mazage,tM5apeaut| c fornmul g ion which containg an

ant i bast erstaphflb&iceisdameus! ai ned ign any one ofp clains 1-6 and ar

ant i bact erBrinhpmeli€ cditaphatibai med in claim41l. 20 45. A therapeutjc

f ot - mul at | msrhehEiEd ceidbnt ai ns at | east one S. saivarius organi smevich
expresses an antibacterial protein as clained in any one of clains 1-6 and
at | east one other S. salivarius organi smwhich expresses an anti bacteri al
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15 3. An antibacterial protein having the amino acid sequence of SEQ ID NO: 3.

4. An antibacterial protein which has an amino acid sequence which differs
from the sequence of SEQ ID NO 3 by the insertion, deletion or substitution
of from one to three amino acids.

20

5. A protein as claimed in any one of claims 1-4 which is bacteriocidal.
6. A protein as claimed in claim 5 which is bacteriocidal with respect to
Streptococcus pyogenes.
25
7. An antibacterial composition which includes a protein as claimed in any

one of claims 1 to 6 or an organism which can express a protein as claimed

in any one of claims 1 to 6.
30 8. A therapeutic formulation which comprises:
(i) a protein as claimed in any one of claims 1-6; or

(1) an organism which can express a protein as claimed in any one of

35 claims 1-6,
in combination with a diluent, carrier and/or excipient.
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containing a unit dose of an organism which can express a protein as

claimed in any one of claims 1-6.

20
15. A therapeutic formulation as claimed in any one of claims 8-11 in which
said protein or organism is included in a food or drink.
16. A formulation as claimed in claim 15 in which said food or drink is a dairy
25 product based food or drink.
17. A formulation as claimed in claim 16 in which said protein or organism is
included in milk powder, milk biscuits, milk, yoghurt or cheese.
30 18. A formulation as claimed in claim 16 in which said protein or organism is
included in a flavoured milk.
19. A therapeutic formulation as claimed in any one of claims 8-10 in which
said protein or organism is included in a confectionery.
35
20. A formulation as claimed in claim 19 in which said confectionery is a

chewing gum.
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which encodes an antibacterial protein as claimed in claim 1 which is part
20 of the genome of S. salivarius strain K12, on deposit at Deutsche

Sammlung von Mikroorganismen Und Zellkulturen GmbH, Braunschweig,

Germany, accession number DSM 13084.

27. An organism, in substantially pure form, which includes a polynucleotide
25 as claimed in any one of claims 24-26 and is capable of expressing an

antibacterial protein as claimed in any one of claims 1-6.

28. An organism as claimed in claim 27 in which said polynucleotide is
heterologous.
30
29. An organism as claimed in claim 27 which is a S. salivarius organism.
30. A biologically pure culture of S. salivarius strain K12, on deposit at
Deutsche Sammlung von Mikroorganismen Und Zellkulturen GmbH,
35 Braunschweig, Germany, accession number DSM 13084.

20



$1098& ()-s g $10%& ()-s "109%8& ()- Yt1098& ()-8=|[:bU4 % 0%& ()-
$1"1098& ()- & 109%& ()- 109$& ()- LY 109%& ()- © 1"10% $ & ()-S8U| [:bus
3 10%& (WO ORTIHBHL () - -1098& ()-  + 1098& ()- " 3("10% BCENZLP0/6917

1096& () - IJWRNOPKV W 334 GUBA AU - @1EiEO Y8 85, ( salB 0 $dah K& (deposit at

, 8109%8& ()- S5 100/$&' Z" 109 10%
|,Z2"10% $[ & ()-TDE (Afkéﬂvng$fe%@€%$%‘)rg%ﬁlﬂﬁepw @ﬂ%‘%&“(ﬁ&nbﬂ
F@Z" 10%3GE () - Era&&i{wq&m aXy Zade¥ESa R umbey DER1IURE. (

YIZ'"10%4 $[ & ()-@-vU4 t$10%3$& ()- 9SH#10%$& ()- 9SH10% & () 10$10$10$
:1098& ()-  6"10%$d& ()-Tj?B"|[:vU4 g , $10%e$a& ()- |S 10%3$& ()-
10%$&' %) - 321 i 1(A°/ﬂ$&af>éut1c] fqrmmmmna) -i@fudbd OSAGBINE iy -] K12 ¢ S.

Q 5100 051 & () - pETTRT AR &R0 aehdd & v DERERAL 1 To0ese ()]
2$10%& ()- g 2310%e$a& ()-jv5|[:vUs  109$& ()- |Lnf 1096 x$* & () -
\S109%S& ()3 - T RIQURS OF treatihf LW AP viakial 8 at least inhibit growth of harmful

streptococcal bacteria in the upper respiratory tract, comprising the step of

10 administering an effective amount of a protein as claimed in any one of

claims 1-6 orally to said individual.

34. A method as claimed in claim 33 in which said protein is administered
orally to said individual as part of a therapeutic formulation as claimed in

15 any one of claims 8 to 23 and 32.

35. A method as claimed in claim 33 wherein said inhibitory effect is caused by
colonising at least part of the upper respiratory tract of an individual with a
viable organism which expresses said protein.

20
36. A method as claimed in claim 35 wherein said organism is administered as

part of a medicament, a food or drink or a confectionery.

37. A method as claimed in claim 35 or claim 36 wherein said organism is a S.

25 salivarius strain selected from strains K12 and K30.

38. A method as claimed in any one of claims 33-37 which includes a
preliminary step of pre-treating said individual to at least reduce the
bacterial population present in the upper respiratory tract.

30
39. A method as claimed in claim 38 wherein said pre-treatment comprises the

step of administering an antibiotic orally to said individual.
40. A method of treatment of a patient against infections of the upper

35 respiratory tract caused by streptococcal organisms which comprises the

steps of:
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41. An antibacterial protein which has the amino acid sequence of SEQ ID NO:

5.
10
42. A polynucleotide which includes the coding sequence of SEQ ID NO: 4.

43. A therapeutic formulation which comprises an antibacterial protein as
claimed in claim 41, in combination with a diluent, carrier and/or

15 excipient.

44, A therapeutic formulation which contains an antibacterial protein as
claimed in any one of claims 1-6 and an antibacterial protein as claimed in
claim 41.
20
45. A therapeutic formulation which contains at least one S. salivarius
organism which expresses an antibacterial protein as claimed in any one of
claims 1-6 and at least one other S. salivarius organism which expresses an
antibacterial protein as claimed in claim 41.
25
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