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contro or prevent the gromh of the harnful causative bacteria. One
approath towards this is to provide bacteriocins and |i ke substances

(i ncl udi nBACERGRIOURD cs) active against streptococci and organi sns capabl e
of producing such substances, which are suitable for use in controlling or
preventing the growmh of harnful streptococci 20 bacteria A nunber of
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A number of bacteriocins are known. Examples of bacteriocins derived from gram

positive bacteria are given in Tagg et al., (1976}, Bacteriol Rev. Vol. 40, pp 722-756.

Further examples of such bacteriocins are lacticin 481 from Lactobacillus lactis

25  (Piard et al, (1992), Applied and Environmental Microbiology, Vol. 58, pp 279-284),

| variacin from Micrococcus varians (US 5,981,261) and the bacteriocins from
Streptococcus thermophilus described in EP 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.



5 SUMVARY OF THE | NVENTI ON Accordingly, in one aspect, the preshoé

I nvention may broadly be said to consist in an antibacteri al eABRvQﬂU&h
can be i%@{,@ﬂéroms salivarius strains K12 and K30, which has a

nol ecul ar nass of approximately 2733 Da as determ ned by i SGTRHI80Y nass

spect r onetThe, appigahtehdvet mowriidren tifedi mﬁzmhmdamﬂmeéﬁﬂ Proyeifdfnbmidsy sdarius.
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with the sequences of a portion of the |eader peptide. Conveniently,

sal i vabi ciSUNMMARY OFaTHEJINVERTIORSSi on of a DNA sequence coding therefor
in a host cell or by culturing producer strains S. salivarius K12 or K30.
20 In a further aspect, the invention provides an antibacterial conposition
which i no’kmdahnglypunbne aspectd éfe pm&eabmnbnaﬂaprbgaimyme%@ho aRsiSX €SS

a protein 5 In still t her ect., the_inyention
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Pref er abl vy, sal org nsmis c expreSS| ng sal I vancin B alone or in
35 conbination with a secondary anti bact erial agent. 2 WD 01/27143 0 5
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agent is a BLIS; npst prefera |var| Ci
ani nolaci dhséqléleﬁebgﬁfieﬁns}aammwd reaenges beipg givenrinfigaree?, 3pgetbge ity

with the qggg@@;&ieggfg%rﬁ&g%{hqum%ﬁ eConveniently, said organismis
m

selected fro salivarcus strains K 12 and K30. 10 15 In a particularly
preferred enbodi nent, the therapeutic fornulations are in the

Conveniently, salivaricin B is obtained by expression of a DNA sequence coding
therefor in a host cell or by culturing producer strains S. sakivarius K12 or X30.

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.



- formof foods or drinks, nost preferably in the formof dairy prodgs-gﬁﬁezn
foods or drinks. Alternative forns are nedi canents and confection eST i 04
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provi ded smivhricia Af. Thediil mpcivtiderahid/ aohigd atid setpukresst foir Balivaticigr Advialre of
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a therapeuytic conposi.tion. .25 30 nveni entl y,..in sajd. d Lgl
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respiratory tract of an individual with a viable non-pathogenic organism

whi ch expresses saliyvaricin B. Pref.erabl id organi smjs.admnistered as
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said nethed jncludes a prelimnary step of pre- 35 treating said individual
to at |lea %duce the bacterial population present in the upper
respivatory tract. 3 Q5 APR 2004 WO 01/ 27143 PCT/ Nz00O/ 00197 Preferably,
said pre-treatnent conprises the st f m nistering an antibiotic,

pr ef er abl tm‘ﬁ?%" Si A, TOr aﬁ'ﬁ?e’t‘os %gtligo?i% IGaal . I n yet a further

enbodi nent, the invention provides a nethod of treatnent of a 5 patient

agai nst infecdi ng Bf tgg p I ' . by .S qﬁp al
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depo ated environnent, BLIS roduci ng S. saliuarius orzgani sm(s) to
r epopul at Breferiabilye seidrosganiam. is selected from S. salivarius strains K12 and K30.

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
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.
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.

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-
treating said individual to at least reduce the bacterial population present in the
upper respiratory tract.




Al though the invention is broadly as described above, it will be
appreci ated by those 15 persons skilled in the art that the mﬂeﬁuARﬁl Zﬂﬁi
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and/or (-- rrethyl | ant hi oni ne, which formthioether bridges wthin the
peptide chain. A classification of the currently reported |antibiotics
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that the BLIS produced was a reI atively heat stable protein of nol ecular

Mass in t ARSCRIPTION OF THE DRAWINGS
20

Reference can be made to the accompanying drawings in which:
Figure 1 shows the structural features of salivaricin B;

25 Figure 2 shows the nucleotide and amino acid sequence for salivaricin B, mnciuding
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.




- range 3500 to 8000 Da. The BLIS was given the nane SAL 20P3. Sub@qﬂm
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10 that the variant proteins have or include a sequence which is greater
t han 80% honol ogous with the anFHo aci d. sequence of na*tl ve salivaricin B.
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The BLIS of the present invention is distinct from salivaricin A. This distinction is

both in terms of its molecular mass (2733 Da compared with 2316 Da for salivaricin

A) and in terms of its amine acid sequence as shown in Figure 2. Salivaricins A and
25 B are also distinct in terms of their inhibitory activity. Specifically, whereas
} salivaricin A has been found to be effective as a bacteriostat against most strains of
Streptococcus pyogenes, salivaricin B has been determined to be bacteriocidal
More importantly, no strains of S. pyogenes that are resistant to salivaricin B have
yet been detected.
30
Salivaricin B is expressed by S. salivarius strains K12 and K30. S. salivarius
strains Ki2 and K30 were deposited with Deutsche Sammlung von
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.
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descri bedhﬁ’,?“%"r“r Sfwigh the amgag agd Sawcmnm@@hvascmzmg 2154, or by
synt hesi s i n honbgeneous sol ution as descri bed by Houbenwycl (1987),
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MamuaJes Cold p Harbour Press, NewY rk, .USA. The variants of both the
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pol yrRe| eptadeée divhstitvuidorssabmomgi then cBargedsaodic amind-iagide @spatfic acid and
glutamic acid, could probably be made, as could substitutions among the charges

basic amino acids, lysine and arginine. Substitutions among the aromatic amino
acids, including phenylalanine, histidine, tryptophan and tyrosine would also likely
be possible. These sorts of substitutions and interchanges are well known to those

25  skilled in the art. Other substitutions might well be possible. Of course, it would
also be expected that the more the percentage of homology ie. sequence similarity,
of a variant protein with 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. salvarius 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 selution as described by Houbenwycl (1987), Methods
of Organic Chemistry, Vol I and II) or through employing recombinant DNA
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manner specified by the manufacturer. After cleavage, the nucleic acid is
recover ed BiE R dihwpingentign. gy £2epdh the (HRSENBIRIFID 90 2ParFiYs FGe8enthe
cl eaved DNAekéofper f ormed using conventional techniques. For exanple, if
blunt ends are required, the DNA may be treated with DNA pol ynerase 1
(Kl enow), phenol and chl orof orm extracted, and precipitated by ethanol.

The DNA can be isolated from, for example, S. salivarius strains K12 and K30 using

20 probes and/or amplification primers based upon the determined nucleotide
sequence of salivaricin B. The DNA thus identified may be produced as intron free
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. Sull 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.



15 Religation can be perfornmed by providing approxi mately equimﬁ, a nts
of the desired conponents, appropriately tailored for correct Ri 2@#

and treaweoi2z7uih an appropriate |igase (e.g. T4 DNA | i 9pgginzod/afioPNA
nol ecul e thus obtained is inserted into a cloning vector at a location 20

which permts the protein product for which it codes to be expressed.
Sui tabl e abdei BBLGRE, Othe fRYifEd DIASTY HehRd & o' dliifhit GoMthderkBRRto the

techni ques, or _may be, sel ecc{}ed fromthe | arge_nunber of cloning vectors

avai | abl e ARTREALSy lonig PRI/ QT FXPTERYAR niFSiict dP dup et ghardYNA dsycleaved,

accor di ng thiloredQu®Osdligald ad elgad@d t o be used 25 for expressing the
BLUS- encodi ng DNA, useful cloning vectors will generally have the

foIIovmsng characteristics: 30 (i) the ability to self-replicate; target
forany pardlesugerisfsidrineld By tfealROAs a5 AbtRitich Shghes %@@Hﬁhﬁﬁsﬁﬁﬂéﬂd
(iii)desirabl carry genes for a readily sel ectable marker such as
ant i bi ot i APedh & .n#wg’e. Fff GPmAsealy Rvaliahle Agstictionr s zmes o by ustrt
?L or enent liﬁrmd ©RARSE bPEdifidd clgxsr th%lrﬁaﬁhfﬁa“cm%ﬂs. am%:fiaﬁtal%ge@'thxlﬂﬁa&é acid is

act eri ophages phages) . anpl es. o suit e cloning vectors Include
pUCL8, wprf%f%%ﬁ%?: *Jﬁﬁ%s?%?lep ,Plaﬂofﬂzthaﬁﬁleﬁn%m 1 fromE coil; wide
host nenge plam ds including RP4, phage DNA's, such as |anbda and ML3 and
shuttle vgl%tfgr.s syuch as SA%HB.@g {%ATZ . 8 G5 APR 2004, WD 01/27143
PCT/ NZ00/ ROgEQ FUSTF hESETREL STRE F9UPRRtinal  isehpiques. ¢ Fer
cl oni ng veshmplenitbluat $ads iane e¢dquires, eha DNARES T toeate@RETDDNIEHIoME fase
typical e e%ss' oqlec%?trﬁlcﬁi%gﬁ)encg rcan be descr i.ttg%d hg ter of five
el enent s. PR RAES) AP RN ESragh s AR g rrefipiated bR ethanole| enent s are
as follows: the pronoter region; the 5 wuntranslated region (signal or
| eader =Seqle. X | Dggseauence. the 3 . untransl ated | on;
and t ha t(r:%%g%g%%tcf%% g%%’%ﬁ %ﬁqgrrggl o g%%%éﬁeﬁ’ng‘ﬂ%" aﬁ‘é’&‘ﬁ?%f’f?‘ﬁ%se
el ement s jdesized lcomgongniss efpropriately tailored for correct matching, and treatment with

an appropriate ligase (e.g. T+ DNA ligase).

The DNA molecule thus obtained is inserted into a cloning vector at a location

20 which permits the protein product for which it codes to be expressed.

‘Suitable cloning vectors may be constructed according to well known techniques, or
may be selected from the large number of cloning vectors available in the art. While
this cloning vector selected may vary according to the host cell intended to be used

25  for expressing the BLIS-encoding DNA, useful cloning vectors will generally have the
following characteristics:
{i} the ability to self-replicate;
(id) possession of a single target for any particular restriction
endonucjease; and
30 {ui) desirably, carry genes for a readily selectable marker such as

antibiotic resistance.

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, Mpl18, Mpl19, pRB322, pMB9, ColEl, and
PCR1 from E. col; wide host range plamids including RP4, phage DNA’s, such as
lambda and M13 and shuttle vectors such as pSA3 and pAT28.



- Any of a wide range of such control sequences can be used incl udigng,mmr 004

exanple, those fromthe |ipoprotein gene, the 0-gal actosi dase geng, e2
tryptophwoensss the 15 p-lactamase gene, and phage | anbdgeyp ‘%ﬁ%pnt

(c), the DNA sequence coding.for the lantibiotic is inserted into the

cl oni ng Vit SIPTESTPR & ‘E% Feacrding2NAHR{Be hosti ti denmigRestor2push also

appropri aheoltrhtd dh @xphiseion! dtmrtfdl Geigllen e C AOKpical Eﬂpﬁgsibﬂ%ﬂ-&xsﬁl skgud-len
selected. Potentially useful hosts include bacteria, yeasts, fungr,
i nsect, a"rﬂ"’ng? dﬁﬁ?}"a]ﬁ iy terig | of five slemepts o dn the geder inrehighthen rpper iof ter ed

for the piemcilie blRyRHts @ ad\Wllowdi Sease causing bacterial hosts are
particul arly sui?iabl e.. 25 Bacterial hosts are generally selected from anong
t he gPam positi bactis PPmOtef Fe@®coccus hosts are preferred for use in
the present invgjti onthes’ WhtrhndetedniRaRe @18l of RahbLsaflfelied host system
plasm d vectors that contain replication sites and control 'sequences
derived from a €peci eDECBIASCR BOPEFGIEDEE 30 host are used. The cl oni ng
vector forned a@)abovthd 3 waeshdlgtedephobAUt he sel ected host, again using
t echni ques wel | Enown in the art, for exanple, the calciumchloride
treatment as d&&cri bHf BYPITIRHPD ETRINBIGETEFOR-. Acad. Sci. 69, 2110,
19721035 Upon transformation of the selected host wwth the cloning vector,
the protel.n pr fraqgne coded can he oduced, potentially as a fusion
protein, e‘ﬁ%ﬁ@iﬂ‘r‘ﬁﬁ‘ﬁﬁé’? teged’é‘F’F'?‘s‘f%il ’&ﬁ%@@i‘ﬁfﬁs protein product or
fragment is then isolated using 9 0 5 APR 2004 WD 01127143 PCT/ NzOO100197
routine t hods incl uding.a nium sul fate precipitatjon ol u
chromat o <’;Pf)f‘"?ya(wé1§f3 THOR° g%ﬁ%ﬁﬁ%’,’"ﬁi#‘*‘ﬁnﬁgf% ! 'éﬁel‘# ﬁq‘ﬁﬂgﬁﬁr’gnﬁﬁf‘ﬁﬁﬂ’éephy,
etc.) eltbose dpnothe lipppanenenie/rtie pigalanysitiasd e, ithe tHEREpIa Féxi’é,'t)ﬂe
" EnZége Pﬁll ificggi on aﬁr&%} gel aéed echni ques”. Methods in Enzynol ogy, 22,
233-577 ( Effﬁ"? < 5" ' Fore ffected as necessary using
conventional techniques. Were reconbi nant net hodol ogy is enpl oyed, the DNA
of the inyention | s ode for a f.usion pratei.n. conprising.the
ant i bact eﬁ¥s| aeﬁ “’“‘b‘?’%fg ’nﬁ%)er %ﬁgﬁe n%'ﬁ?ncéenﬁt"%'“gv‘gﬁttg‘FOlBPBB@t’r‘fn{%omﬁgﬁggt"W? tthe
i sol at i orclemmzigpiectdricoatiobsequénne ira ke manivies indicaied abdver ot ei n may be
cl eaved chemcally or enzymatically fromthe antibacterial protein or
fragnment according to known techniques. A specific chineric formof protein
coul 80a| sAn paveerapRlt ihost inia whichithe slaping gectoe it tulbe gnseartid isrthien esefucoddei N,
or a portg e d 2 L | f 5; ]

por tpREn @iy Reftli Aiddkd inQRHL Dddferid, ts, fingt: ,Xgég%%fawahﬁ flant

sequence codi ngrfor anot her BUS such as 'salivaricid
cells. ocaryotic hosts are generally preferred for the present invention. Non-

disease causing bacterial hosts are particularly suitable.

25 Bacterial hosts are generally selected from among the gram positive bacteria.

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




expression of the DNA sequence produces a chineric protein W|th riﬁgaﬁﬁid
spectrum of antibacterial -activity. Once purified the protein i §

avai | abl g, e. Such uses include as general 20 antib rial agents
(eg. as prJe@er\&l/%tlve in foods) as well as ther apeutlcallyﬂg‘%ﬁNtZﬂ?’g“ nt ext,
it will beutippregiedheds t hachidihgr apauhoeniaim y" siliateud gerepipitalivyhact c6lumn

treat nent f G he nt .i nvention.is
directed @Jtpﬁ{ %L%Ellf}g[ |d€£ % ggmgaf gséhér&h?gbl %‘Z %8"13305%’1% EX¢-hent
or pr everddctrepbbresisrail altnafayt crysslisasioni (sed aehyratlyr @izgaec Patification

I nfection T r are cul ar sui,t abl e f or agai_nst S.
pyogenes aglﬁld %&a%gbwecgqu%f%ese egé%ébseu é@%?%’l Rs ggf’rt)g% (91971ﬁ

sal i var i durifisaten as effemied as neressary asﬂngtcbnveﬂ:ionai tedmtidpiet i on With a
diluent, carrier or excipient therefor, such as are known in the art.
Exanpl es of therapeutic 30 formulations in which salivaricin B can be

enpl oyed th:lemorabmmnbshochmgrrissdmplby@i nibeti DNAEOE thes iiienaisncapg UHlas,

| ozenges, r g{g! and uth s ra s but
are not Icféngt%hg%tﬁqp&% ?A@%ur?ﬁmrpgl rrpel' es | n&gg%}e%? efncgf raabl e
f or mul at iveetor sprokeinstor@ssist rwith ngoletiennand gpuriftcgivet i cGeme:-anymnhis beberi al
gro o] Hlﬂ_? - t n I’OVI des a
the\rl\%{c’;eu{ilr I)J‘]:?:(')rﬁ:!r%yn‘?aet ?lg#éac%lrf{)% Sl nE’r on%ﬁdri[aﬁhgafis)‘;erﬁitggsaln rkf%\égfa TS gani sm
capabl e @ramrﬁmcsmﬂgngnekemrtmhnmxm 01/27143 0 5 APR 2M PCTI NZOO/ 00197
respiratory tract or a part thereof and expressing the lantibiotic of the

i nvention, in_ _conbination with a carrier, diluent and/or excipient. In one

embodi et sPerific chEmeTIsHoTE & Prefis spwiddalse havsr apnlicstionr ol RNA sequesce
accor danegcyiihl &t eAUAN tHroRin,! br i pohﬁme\b@rthepf)?&eﬁ{ ehulld ahe tlﬂﬁ(egr ggni sm

be one whi ch ;i)roduces salivaricin B as a native product. Exanples of such
or gah? e, quith f peiense cofing frr gootber, BUIK sych@s salivapigin A2 se thahs

K12 and Ié&prd&am bEEie dRiL rﬁqﬁa&eagurmee%s cAENEQE fRBlein whth SA iephhddd) B
but also salivaricin_,A2, El ivaricin A2 is related but not identical to

sal i var i SPRCRmfantihact P85 (pol ynucl eotide and amino acid) for

salivaricin A2 are shown I n F| gure 3. In this enbodinment, it is preferred
Food,  cofPREPHTAY Bl BETREM % Slaibf hiage) SOth Al ihctlhe' P gl O @
20 antlbactenal agents (eg as preservative in foods) as well as therapeutically. In this
context, it will be appreciated that “therapeutically” includes prophylactic
treatment.

Therefore, in a further aspect, the present invention is directed to therapeutic
25 formulations suitable for use in the treatment or prevention of microbial infections,
particularly streptococcal infections. The formulations are particularly suitable for
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
adminisirable 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




- preferred that the foodstuff or drink be a dairy product-based fc[gq &E 00
drink, including by way of exanple, yoghurt, cheese, mlk, mlk *Fs Rtg 4
and fl aM@0@d7144 | ks. In the case of a confectionery, the ROTANZASEONIY7C
formul ati ; | 3 | . ' tn VO
001 05972 T e B e g RSLARISIL B P RAEROH, b
strai ns cpmSuPalen FEtha parmsr odiligni angl/ o gk¢ipientus be included in mlk
powder forrmulations in a manner simlar to that previously reported for
the preparation of Bifidus M|k Powder (Nagawa et al (1988); J Dairy Sci

71: 1777- ingone eppoghiment) dhe sprgapisnpiis tadr ¢ ot |orgarusmb produaest imt ed”
in a gon-J..sidankd way : ere t f ] ';séggg- ectlon.
Experlgner?{cgél;?daglggExt ré%l il%‘%ﬂfgf% B'sgﬁ ﬁf/’air??%?‘%rSng%?gPﬁe(%ﬁrmg pu%lfbl%e@ rom

| awn cul triel pepdyens sabiyaniciny Biaga mativg pragduct;s Eramplesof %8h orzenismheare g

hours at BLGrbdrids A%ind .0k spbde in air atnosphere on 35 ML7 nedi um
suppl enented with 0.50/6 Davis agar, 0.5% sucrose, 0.5% human plasma and

0.1% cal ci um carbonate. The lawn cultures were inocul ated by swabbing on

to the suysfag@anis MiRdat1 2 BHE UG HVe WeehSdbihintCad Qdrddaid hot Rug h
culture of the producer strain, Extraction_ of the salivaricin activity is

11 WiP01/sadivariciy B bysralsesalivasisin d2ooSglitarcin iy évelated butcast identisal tyar

pl ates atsatighGciad trivetull @%&h&gce%t(péﬁﬂﬁbfﬁﬂaéﬂaﬁﬁbﬂrﬁinot&i&%i- apBeasidr aoar
gel, followed by centrifugation to clarify the extracted liquor. The titre
of i nhi bi¥&FPORBIPFIEYEH t hese freeze/thaw extracts is generally 2-4

AU M. 5 Titration of salivaricin activity Salivaricin activity is titrated

usi ng an agar. surfage assay.. Dro Oyl) of two-fold saline dilutigns of
the sanpl'® g}i“é g Qg’éﬁ"&ga‘%ln‘ast P&g?géciilfé %Eﬁ Tapeus i"r\"“‘gﬁﬁ“ﬂﬁ‘f’bi‘g Mear
base 15 Thdntéattiq @eelinothe fidnhigheSood) kuhfeotiondaypoodigk. a Meki pattRuldlyone
of inhibitipn of the grqmh of the,indicator, |awn i.s e tjtre . in grbjtrary
ni to parefrehal i A6l b e 1 67 Bt iretBek Haras s o Rk o
8 15 A t vineluiding byowayrei ekatupbs zghinzty chdese,ctnilkasmidlp Hiscedtst andrflatabrétd

colum (gl gget ot wggﬂu LELA ATy, 128 1k rapttit R8s NE I [ hekidf d

vol unes o
gum such as a chewing gum as described in WO 00/05972.

20
A particularly preferred formulation is where freeze-dried strains of salivaricin B-
producing S. salivarius be included in milk powder formulations in a manner
similar to that previously reported for the preparation of Bifidus Milk Powder
{(Nagawa et al (1988); J Dairy Sci 71:1777-1782).
25
} Various aspects of the invention will now be illustrated in a non-limiting way by

reference to the following experimental section.

Experimental
30
Extraction of salivaricin

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 MI17 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




met hanol . Salivaricin activity was eluted with 5 bed vol umes of 90% (v/v)

nmet hanol (adjusted to pH2 with 11.6 M CHL) and concentrated by egagagpﬂ izﬂm

at 50C under. _reduced pressure. Aliquots (1-m) of this material

appl i ed PPl ee C8 20 reverse phase col um (Aquapor ePRENE00018% o

si ze, TunacRRveY bet £eEHhgARPk plaﬁ!@&y%mndlﬂﬁ@n)tham bt Riodd f‘éin#rtalﬂul@ 1%
|

trifluoroacetic aC| d rTFA) ractionation _of this material is achieved by
usi ng a Phacelapss thespegy %leif‘fuq“ieq‘u]i’ﬂ CERFTHHEN RN 49 (elarify e yxtegeted daxer.g
flow rat epf tQRCofMhhitito a@iﬁ*%rﬁlsﬂﬁge Fredsk MhAW RuAcAdisSRhetdlyl R4 A3/,
acetonitrile containing 085% TFA) foll owed by 80 mnute i socrat I C (280/6
25 acetonitrile) elution. During this isocratic elution, phase separation

i s achd evagetionSél dalffalridifl adtividylt i ON starting at around 40 ni nut es) and
salivaricin B (starting at around 60 mnutes). Each 1-m fraction was
tested for inhibitory activity against Mluteus T 18. The active fractions

in each r gQlPAGArdcBvRP 6 kibShité L sl MAhjd guﬁa@wss@almﬁﬁs@(@onn Bf WebSold
separately ooI ed as part jally purified preparations of th

bact er i ocisadne phitytionsopt \the $3BPK P?ezé‘as%ﬁ?& Pﬁé‘ﬁlsﬂl%@’b‘l’%@ IH‘EGslT/bl'ﬁFRn
Al'i quot's caﬁuﬁaﬁiﬂaﬁéx bAKS € TheeRIpRbéD T mermghéﬁndﬂ@@&ie% b@uée &ldefinite
a

rever sed- phase Hi Pressure Li qwd Chr mato raphy PLC) col um (AIItech
Nucl ebQi | zens of ygubition elstheqzrowah of thy P‘HPéI {tHT in G krRTy, pits

further frREWIqQAa)RY dfSalthricin \Wtioie/ M | | i pore HPLC system by application
of appropriate gradients of 35 acetonitrile. Salivaricin A2 was el uted as
a honogeneous peak with 34-35% acetonitrile and salivaricin B wth 38-40%
acet oni t r Pueifiddsci bEsdIevasd&n®ni tored at 214 mmand 12 1 WO 01/27143

PCT/ Nz0O/ 00197 fractions corresponding to the various peaks were coll ected
manual ly. Inhibitory activity was detected by a spot diffusion teat using
M | ul&us AT‘Ede:BtraSrohhﬂe iofifteest thaw exfihect acts apgpledaot ax0HADE? enlvean lidiawmetever e

| ed, i
Pont ai ni g ko baE rotile 130, 230SKAR) elawiline Pl e IR 46 565 NS
(purified nsethavel | Salivarigay actputyl was elnded witbedl bad voRG®Es pmo%nmy mgtbenol

t A 3
oo Ednan bl GRS bt e CRACaHS BonTi2RBl H3 gt 50 pundde
sequence Eegu@dyp@syuial Ahtmoi@ a- ml)oofdh@ma}enal Batd applied to B Ermwam (¥

Z(r:]:igl gdqgggl&gsgg’?m%ggenerate 0 ?%Ignucl eot |]§§g%|ﬂ&82§ b sed upon ﬁrf%hed

uni ver sa| Biosystems, Inc.), equilibrated with 0.1% mﬂuoroacetlc acid (TFA). Fractionation of

this material is achieved by using a Pharmacia fast protein liquid chromatography
(FPLC) system at a flow rate of one ml per minute using a 10 minute gradient {0 to
28% acetonitrile containing 0.085% TFA) followed by 80 minute isocratic (28%
25 acetonitrile) elution. During this isocratic elution, phase separation is achieved of
salivaricin A {elution starting at around 40 minutes) and salivaricin B (starting at
around 60 minutes). Each 1-ml fraction was tested for inhibitory activity against
M.luteus T18. The active fractions in each region corresponding to salivaricin A and
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
of each of these preparations were then loaded onto a Cis reversed-phase High
Pressure Liquid Chromatography (HPLC) column (Alltech Nucleosil Cis; 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
12




15 codon usage. The specific probe used (CF481) was based upon the am no

acid sequence: SWQF L F T. The correspondi ng nucl eoti de seq%cﬁ?ﬂa@ﬂﬂ{.
TCNTGGOXAMIZ/FRTPTACT. Chronpsomal DNA was isol ated from PEENZP¥MYbcoccus

L iyl 48 1S OSSR S WY

(Virol og gest using both EcoR 1 and H es
enzynes wetiviowes detertedidy a ppotcdifusion tgat usingplly hitees Tridaas thedpdicater gel
run at 4 | cre QLS ag, . | Do

Labor at o&?é/ﬁ%ﬁgg?{ac%ggg) . Tﬁg'g%@f_‘wa%eﬁo g?iés% éjf gg to nﬁ%%ﬁ%e%daﬁel l?)l/l
Sout her n ebMilli QHgphnfitd warey comdaingeg Pult ToAs The fracieonst coaxybiovng RwhibBory

(Amrer sham _Rhar maci4a). . I I LRe,gamma P32 ATP using T4
pol yn%cl €SFY1 e[%r%%)sde. Eﬁgggpgﬁé’g%%ﬁﬁema%ﬁ%&%gewcég8 “was carried out in a
hybridi sati on tube at 38 C for 18 hours. The menbrane was washed tw ce for
5 mnutes in 5 X . 5% ST t | M. AUt an SSC,
0. 205 SIS THES B0 he oo T BB HEF pleBhec il ARLAERAED B ooy

hours. 3@73AeDar eaEdfnanheangbisisvmic pucibed esgivadeth B tewealhg bthediNs-ttrionaki t e

of CF481 on the ~ooudihefn el mas cut fromthe gel and the DNA extracted
using a &%%?nce&ﬁqﬁgﬁfynélﬂ%ﬁ@action Kit. For ligation, 1 'l of the

vectd®@ pUC 19 which had been cut with the restriction enzynes EcoR 1 and

Hndl I, <10 %”E' 111 of the cleaned 35 M nS DNA fragnents, 2 pl

i gation éé%?*'gr,épgn ?fﬂ‘ssm DNA |igase (Roche). Incubation was for 18

hours at 15 C. 13 0 5 APR 2004 WD 01/27143 PCT/ Nz00O/ 00197 E. coli strain

DH 1 O wag, ug@%&%-&f@@ﬁé&en&éﬁm ARl RRCLAE | RBukhdiflg tdtee pabeik PUC
eSOHT'E(?C& S Qyﬁd ' a‘rjﬁ & e%‘?ﬁ

19. The tran were grown for 1 hour in | of "Luria oth, and

then pl ateodblsd: design phdegeserats ghonnelRotide DY Anprsibes based upop the/wriyersaly
X- 9ah 520 o0k Msaghl t Bhe ApeBFE! HroBB! udedC (HAIE 19w bR GpoiHeL amphd RicRE

were selected, 5 subcultured and screened with the CF48 robe. Screening

was carriseguerae by WyQidg ke E cOPf eresnosdng, npces SEQUERSy TS

sol uti on TRENTRECRATTPTTBRTTIACt es. The colonies were then run in an agarose
gel, Southern blotted, and the nenbrane hybridized with the CF481 probe in
t he same manner as described above. Positive colonies were then grown in

Luria Br @HyowddsbmbDNA wis idslaked Froi tHO ShreptobBedid ativatiuS $frafh, Wi 5 by
R, B AR S ML G5l A9 AR R R A P
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
Southem blot was cut from the gel and the DNA extracted using a Qiagen QIAquick
Gel Extraction Kit. For ligation, 1 ul 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 ul ligation buffer, and 1 pl T4 DNA ligase (Roche).

Incubation was for 18 hours at 15¢ C.

13




The results are shown in Figure 2. Antibacterial activity of salivarici n B
Part 1 20 Strains of S. salivarius such as 20P3 and 5 that produc&S APR 2004
or

sal i var i\gbrﬂhﬁﬂ(@ut not salivaricin B) inhibit all of 9 st@qﬁ&@g@g ca
|

bacteria other than indicator 3. This pattern of inhibiti form
i s known RscolirsarhintDIHOK ®hs tappé fG7#anBprmadnh tystlectséporation Rith grdigaedt hat

produce b livaricin A2.angd salivarici I nhibit th rowh of all 9
st andard Rq"?lgi @tﬁ%{‘“ﬁ%‘?ﬁ??ﬁ “referr &°Y8 @5 I?Fl-‘?'ifp’é‘ I"’7“7‘{ OEB‘Q‘Fﬁ ety g
test i nvaheasplatadsontgr owia Brotieagmstritht addett ampidittind(109a11/a3) andRERI 2OC .
streak culture. After repovi.ng thi rowm h,..the agar surface is steriljzied
it cniBEbRD: Aukh o SV it eReRoh ottt Fie tlinbmat aefcited

(i ncl 8di ngbeudtured rmd sfreGted: piithc cse EF4Bl0gRTLES) Sereniri® MusSédreiald esliaby 0SS
the line.,of. the orjgipal,test . stralngiQA0 um_ Fol |l owi.ng i ncybati on,

i nt erferéﬂ%’@g\/\ﬁ}eh g%&i/}ﬁ?loo?e? e "‘?‘n@l“g%]lt) grgbu{"ng]é’ﬁertokes"mtﬁ%niaf f tﬁ’é’ 30

ori gi nal mpimdeserThet codakies weraklem asniindircagaroee @kl [SaatifgrnOsloftedaghil \the Y -

In the case_of strains.2QP3.and 5 ducers.of .salivaricin A the .

i nhi bi t orPEBREERS Py ?gﬁgb‘gl@hg'v\% (ftpg{&gepﬁg'bet 5 i1Bs e ‘F%“Wfra%f’ e‘?‘isﬁﬁpﬁﬂt or
cel | s cambayer dusitdvecblonies wardg theru ghvowns i Lowiat Beoth ki i100Q1) / 0 Aeniiyillin
sanpl,i,ng M a.s . naISH'n t lls to,a fresh .
(non-lgactfé\%}lgc}forﬂr\é%gt%?% ngt% agar #re Pﬁrﬁr{f%glgc%lﬁf%% ?St"ﬁgn%”gﬁcgc’t‘s%g t he
P -type TJIApstpSms Mubprp Mit(Qiagepr eddcsegmincrdrusing mjC i 0 Hawstadi anhdal
agai nst the ﬁkﬂﬁm’@ indicators ie no viable cells can be recovered from
the inhi'lGition zone in deferred ant agonismtests. Furthernore, tests using
purified preparations of salivaricin A and salivaricin B (data not shown) )
have Confﬁmuitg%ehhéénWrgbl% 0 5 APR 2604 PCT/ Nz00O/ 00197 the

action agal nst S. pyogenes of salivaricin Ais bacteriostatic whereas that
of d&ivaricin Bis bacteriocidal. Part 2 5 The inhibitory activity of the

sal i vari cARGpRecrild hRERIGOSE AMiviRagHENENt of the decrease with tinme in
t he nunber of colony-formng units (CFU) of a suspension of the sensitive

I ndi cat or streptococcus (Streptococcus pyogenes strain FF22) after m xing
the cel |l spapetdh a salivaricin preparation. Tw ce-washed cells froman 10 '
exponential Todd Hewitt broth culture of the indicator streptococcus were
resuspended in 0.067 M phosphate buffer (pH 6.5) to the original culture
vol u®. 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




- Portions of partially purified salivaricin (titre 16 Au/m ) or of ﬂ)?oipﬂatzﬁm
buf fer control) were then mxed with an equal volune of the washed cel’l
suspensi WP BAd143i ncubati on was continued at 37C. Survi vor SP@BNEoGEIer ni ned
at interv SRl 89pHsl I 5 i ' - (0. cold Todd Hew tt
broth) of ﬁtkf\gla %ﬁg%t and c‘g_n{J ?%@%cgt%@g%ﬁ%ﬂl &F%%P%ﬁgé{dﬁ%cba?gmaaﬁd%at of

i ncubat i ng§aliRarEPCBris bagteriecidg@labl e counts were expressed as the total
nunber of CFU per ml. It was found that preparations of partially purified
salivaricin B of titre 16 were 20 lethal for over 99% of the CFU of
exponent i BRrtddd Hewitt broth cultures of S. pyogenes strain FF22 in 4 h at
37C. By contrast the partially purified preparation of salivaricin A2 of
titre 16 when tested using under the sane conditions killed less than 10%
of strai nTEgEAahiétory achuity [ofthe ealisanéins eas ditdridined bypmehswreafenpadtt ihal | y

purified ' HANIEW-VE | [£Cl _preparati. o re done by. using
t he agar gggg%% assé@r{gg??ﬁ%?dm;‘lbog?/‘gfp rop%%@téﬂﬁf%ﬁfo‘?g %fséﬁ#’é’ﬁ n of
titre 16 Uw sensifige andisetaresdtreptocodcnm (Sneatacoesuipyohbendsestrasri IRH22$ dftt -
had been f{reshl y.d I d vaVRAPI . surf.ace of | upbi a agar
base plate W ?hi/l_éé {E%ﬁ%lto‘gﬁgl lautpélhon | %P é‘g}’%‘%&“%‘f a%“ﬁ 5%3 cﬁﬁ%%mbf’ﬂt h
cul t k& oexpdnentisl rEgdd ewiuchriotn chltureleéfi rthe e indiomer obtrepluicbihiad weast
strain gr ' t 4 t.34C for. 18 h. 30 s _taken
to indicate _sgnsﬁal Htﬁyl&gfmgﬁ%%&tar%?%ﬁ%ﬁﬁigaﬁ théer Plgg'ﬁ'.aig Rirure vhfime o o
shown i n Femtiamsiof partigllyopnrifiad Saoaricinl Gitte lenAulfinilproy efcphusphate PR
2004 PCT. % 25 WHTRET SR ensi.tive.to
Sal B St ré%t’gf????g%’g %%3%%2‘215 151D retgtggc%%gtgﬁeegﬁ%%%gﬁ SEsEANib B

St r ept ocotkdatign| Has | wasoned: it 37560 CBUTiYNe URE detet@iSid ept tevelss by

sanguj 55 6 08 ainfpeRli RGRC 631U RARRAQY; '
Coryﬁiebac erium di pht her?ae404§ng?§%g§ﬁ§E§gﬁ%gz%i 2?94] %?gﬁg?%séoaggugomml

muci | agenBYH3UeS ont CHlHINR Geal bast pedsipggbating at 37°C for 24 h. Viable counts
were expressed as the total number of CFU per ml.

It was found that preparations of partially purified salivaricin B of titre 16 were

20 lethal for over 99% of the CFU of exponential Todd Hewitt broth cultures of S.
pyogenes strain FF22 in 4 h at 37°C. By contrast the partially purified preparation

of salivaricin A2 of titre 16 when tested using under the same conditions killed less

than 10%. of strain FF22 cells. Further tests of the inhibitory spectra of partially
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
j 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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Branhamel | a catarrhal i s101 Escherichia coli 200 | NDUSTRI AL APPLI CATI ON The
resul ts above denonstrate the inhibitory and bacteriocidal effectf &f APR 2004
sal i var ',?@%\E 4gnd organi snms whi ch produce this BLIS. Salivaricin B and/or
organi s “> produce it are therefore applicable in netGHNZ0090197 oat i ng
I ndi vi duaTsabladai heliibiteey Abtivaeynf ul effects of streptococcal infections in
the upper respiratory tract, including the nouth. These nethods incl ude

nmet hods of treatnment of conditions such as streptococcal sore throats
(caused ngpeties by S. pyogenNumirdestedt al Sensitive t¢ Sala2d SemsitpveltoHal B
sobrinus). 30 The presently preferred orally adm nistrable fornul ations are

bl endg of sftn6afetls pGhenes Sal ivajsus strains p th skimm |k powger or the
| i ke Whi CBrliaScdieed edili ed to genhance palatability. Indicatigns to date
are that gHehobsidhaks are efgective whengeconstituted by 5 addition
of water ghd ShRRedpRBuhLbARE tO faur occasions during the course,of the
day, suchgtg [,c(g:c&g? s 50 ms gf the flavow ed product is conguned

(conty@ ni ggeptm}my 2 x 104 cells/m ofgfreeze-dried S syyivarius
or gani s 8 dnrodlRLE sbB¥omls €6ze-driyed S. sahuarg us strains are seyjected from

K12 and Ké0mmkp&étbrilon diffknehge addgd advantage ¢ hat salivaricin Bis
expr essed; 4 GostdiRls skl sal i varichn A2. Co-expression of these tyo BLIS

renders tBg,if ol nfidahbbed!| agly bacteriogdal in relationjo S
pyogqres hiocsQPE| as wellg4as in relatigpn to a nunber of gother
bacteri a. et PR4NO 01/ 21143 PCT/ NZO@ 00197 It will be pppreciated
that the gboyscAeseli ption is progided by way ¢of exanple only aid that
variations in both the materials and the techni ques used which are known
to those persons skilled in the art are contenpl ated. The scope of
protectionis 5 limted only by the clainms which follow. 17 0 5 APR 2004
18 C28 VvSNDUSERIAL APTLICAT Nprotei n which can be isolated fromsS.

salivarius strain X12 on 5 10 2.

The results above demonstrate the inhibitory and bacteriocidal effect of salivaricin B
and organisms which produce this BLIS. Salivaricin B and/or organisms which
produce it are therefore applicable in methods of treating individuals against the

25 harmful effects of streptococcal infections in the upper respiratory tract, including
the mouth. These methods include methods of treatment of conditions such as
streptococcal sore throats (caused mainly by S. pyogenes) and dental caries (caused
in part by S. sobrinus).

30 The presently preferred orally administrable formulations are blends of freeze-dried
S. salivarius strains with skim milk powder or the like which has been flavoured to
enhance palatability.

Indications to date are that such formulations are effective when reconstituted by
35 addition of water and sipped on three to four occasions during the course of the
day, such that a total of 50 mls of the flavoured product is consumed (containing

approximately 2 x 107 cells/ml of freeze-dried S. salivarius organism(s}).

Where the freeze-dried S. salivarius strains are selected from K12 and K30, there is
40 the added advantage that salivaricin B is expressed together with salivaricin A2.
Co-expression of these two BLIS renders the formulation particularly bacteriocidal
in relation to S. pyogenes and S. sobrinus, as well as in relation to a number of

other bacteria.

16



- 15 3. 20 4. 5. 25 6. 307. 35B. deposit at Deutsche Samrhi ng von 05 APR 2004
M kr oor gani snen Und Zel | kul turen GrbH, Braunschweig, Gernmany, accession
nunber D8N @QBTI84B whi ch has a nol ecul ar mass of appr oxi TePETNZATB8BR9Da as
determ ned by ion-spray nmass spectronetry, and the N-term nal am no acid
sequence of SEQID NGO 1, or an antibacterial fragment or variant thereof
whi ch var ilawill baﬁp@rea'm:ed thhathegd@boveadasaoption dis peqciée:tbyhmmbﬁ)ggam@]b hnﬂpi d

Gl var ude Bt FhiRga bt e ThaRiRlshRe MG AR e R LRI SR B o

Und Zell kulthusem:e&dﬂd slBﬁenllmsdhmxg arésezommplaaextesma)acdpmbﬁprmm&zs%4,
havi ng |y 2733 Da, as determ ned by ion-
spray ﬁas%ﬁ%ﬁ?&gmg f{)@évr?n nal amino acid sequence represented

by SEQID NO 1. An anti bact eri aI protein having the am no acid sequence of
SEQ 113 NO 3 or an antibacterial fragnent or variant thereof, which
variant has greater than 80% am no acid sequence honology with said
protein. An antibacterial protein having the am no acid sequence of SEQ ID
NO 3. An antibacterial protein -which has an am no acid sequence which
differs from the sequence of SEQ ID NO 3 by the insertion, deletion or
substitution of from one to three am no acids. A protein as clained in any
one of clainms 1-5 which is bacteriocidal. A protein as clainmed in claim®6
which is bacteriocidal with respect to Sti ptococrus pyogenes. An

anti bacterial conposition which includes a protein as clained in any one of
clains 1 to 7 or an organi smwhich can express a protein as clainmed in any
one of claims I to 7. 9. A therapeutic formulation which conprises: (i) a
protein as clained in any one of claims 1-7; or 0 5 APR 2004

17



19 an organi smwhich can express a protein as clained in any one of clains
1-7, 5 1in conbination with a diluent, carrier and/or excipient. 10 10. A
therapeut ic formul ation according to claim9 which conprises a proﬂé APRs 2004
claimed in any one of clainms 1-7 in conbimtion with a diluent, carrier
and/or excipient 11. A therapeutic fornulation as clainmed in cI aim9 which
conpri ses gpap@ani sm which can express a protein as clained in any one of
claims 1-7 1n conbination wth a diluent, carrier and/or exci p| ent ,

12. A therapeutic fornulation as clainmed in any one of clains, 9- V\ﬂ h |s
an orallyjadni niag! £iiddetéridipeesanwhichOcetBbe awiérﬁguﬂeafveﬂﬁﬁﬁa‘

clainmed in claim12 wheregin the_.nedi wnmmemmﬂm,,

t oot hpaste or m)GFH" § Tﬁﬂ R%%ag%%‘mﬁ?ornu g%a?grllj%‘sj cl ai macgl i.n

clai m 12 wher ei ny}h@ngmﬂu@rm}amnny; naccessaon t nWESEy eDEMr 13084,

therapeutic fornul ati n as cl N 1 Fmire gﬂrp tmass a
25 | ozenge or cafeRif APt ng"l’a 1 ﬁ%?s@aoﬁa\é%eg%am smwvsﬁl cha{fgl%
express a protels mﬁwmmummm¢mgumceaf% I NO: 1, ar an

t herapeutic fornu on cl a| SFBn?® b itkdn sok4
prote| n or orgam“??#’f‘ f‘%ﬁ ﬁrgaP%g%ﬂgé}gﬁh&ha&7 A-l.?kgrgrlr‘u%atlon as

clai med in clai Mak@inb Acikhsegnencd hhﬁobﬂmthcﬂﬂthm‘qtsma dairy product based
food or drink. 18. A fornulation as clainmed in claim117 in which said
protei h%or organismis 35 included in milk powder, mlk biscuits, .mlk,.
yoghurt or xxheesen idlatdd fantibattatinbpraisincobipingd from cFEaAtecoscysSfiyRES SHRIp

SQOt ?.I5n or orgamKerB i S wq& NpBudebBY 0 8hBEnIhEK voR 0. MiZdoorRamizmen 0 And

L_
>}

Zellkulturen GmbH, Braunschweig, Germany, accession number DSM 13084,
having a molecular mass of approximately 2733 Da, as determined by ion-

15 spray mass spectrometry, and an N-terminal amino acid sequence represented
by SEQ ID NO:1.

3. An antibacterial protein having the amino acid secquence of SEQID NO: 3 or an
antibacterial fragment or variant thereef, which variant has greater than 80%
20 amino acid sequence homology with said protein.

4, An antibacterial protein having the amino acid sequence of SEQ ID NO: 3.
5. An antibacterial protein which has an amino acid sequence which differs from

25 the sequence of SEQ ID NO 3 by the insertion, deletion or substitution of from

one to three amino acids,

6. A protein s claimed in any one of claims 1-5 which is bacteriocidal.
a0 7. A protein as claimed in claim 6 which is bacteriocidal with respeet to
Strepiococaus pyogenes.
8. An antibacterial composition which includes a protein as claimed in any one of
claims 1 to 7 or an organism which can express a protein as claimed in any one
35 of claims 1 to 7.
9. A therapeutic formulation which ¢eomprises:

() a protein as claimed in any one of claims 1-7; or



|

’ 25. 20 26. 27. 25 28. 30 29. 35 30. 0 5 APR 2004 20 A therapeutic

| fornmulation as clainmed in any one of clains 9-11 in which said ajst .n or

| organismis included in a confectionery. A formulation as claine n 22004
20 in which said confectionery is a chewi 3§ gum A therapeutic fornulation
as claimed in any one of clains 10-21 which further conprises one or nore
secondary antibacterial agents. A therapeutic formulation as clained in

claim?22 in which.said seco i hacterbe aagonit s alaimed e cinydofie @i
bacteriocin-IikeqPﬁhibi’?loPr Su sﬂgﬁg%6%? BUS).qgetherapeutic formul ati on
as clained in claim 2l eddimshl-7ncl udes one or both of Salivericin A an
organi sm whi ch can express Salivarieia A the antibacterial protein as
defined in claim42 or an organi smwhi ch can express the antibacterial
prot ei nsas def i nei@ domidhation with aMdipsn e PEHERYET FEPEIf"Encodes a protein as
claimed in any one of clainms 1-7. A polynucl eotide which conprises the

codi ng sequence of SEQ ID NGO 2. A polynucleotide as ¢lained i.n cl airfﬂe?:?as
whi ch conpriges aA Eherapegtic fosulaien Reerrediete GRS PHUS: EYPRIST: 3P as
clainmed in claimil_whi ' Aakim ARABinafior>wigah idilaent) castieraanyd /or
K12, on deposit a%a'&ctffglc@ glgémbr{ ung %/?)ﬁ? i:Hlf/l kr oor gani smen Und Zel | kul turen
GrbH, Braunschwei exciy@emirany, accession nunber DSM 13084. An organism in

substanltq ally pure form which includes a polynucleotide as clained in any
one of “clainms 25-27 and is capable of expressing.a nti bacterja |

as cl ai ned 1h anyAdherapeutic formilation a%ﬁl"b‘?“‘@‘il’l’i‘ §%"‘B} ﬁéﬁﬁ%ﬂ?ﬂsﬁ J?ﬂ %;%ﬁ#ﬁ
whi ch sai d pel ynughgal i€eipfessiepRtah@@kimed in any one of claims 1-7 in combination

with a diluent, carrier and/or excipient. .

15 12 A therapeuntic formulation as claimed in any one of claims 9-11 which is an
orally administrable medicament.

13. A therapentic formulation as claimed in claim 12 wherein the medicament is a
syrup, mouthwash, gargle, toothpaste or mouth spray.
20
14, A therapeutic formulation as claimed in claim 12 wherein the medicament is in
a unit dosage form.

15. A therapeutic formulation as claimed in claim 13 wherein the medicament isa
25 lozenge or capsule containing a unit dose of an organism which can express a
protein as claimed in any one of claims 1-7.

16. A therapeutic formulation as claimed in any one of claims 9-12 in which said
protein or organiam is included in a food or drink.

30 .
17. A formulation as claimed in claitn 16 in which said food or drink is a dairy
product based foed or drink.
18. A formulation as claimed in claim 17 in which said protein or organism is
as inchided in milk powder, milk biseuits, milk, yoghurt or cheese.
19. A formulation as claimed in claim 17 in which said protein or organism is

included in a flavoured milk.



An organismas clainmed in claim28 which is a S. salivarius organism 0 5

APR 2004 31. 532. 33. 10 34. 15 35. 20 36. 25 37. 38. 30 39. 35 qlg ﬁk 2@,} .
biologically pure culture of S. salivarius strain K12, on deposi aA
Deut sche Sanrnlung von M kroorgani snen F Zel I kul turen Gibh,

Braunschwei g, Germany, accession nunber. DSM_1 Ar Piagh9 @- cakh YeHeh €aid
culture of26. snhvthstrpeabie JPAPREHR 78 %‘8&{ a Déﬂ?sche Saf nmi ung von

M kr oor gani smen HMQHMWQM&dWaummm- CGer many, accessi on
nunber DSM 13085 A therapeutic fornulation which includes S. salivareus

strain K12 or S. salivarius strain K30 as identified in claim31l or_claim

32, or the &)rganhsghahatﬂna&dmﬁﬁncd%ﬂmlahﬂ(ﬂbﬁlWhi!htﬁﬂﬁ@camfeﬂliﬂﬂ“weﬁjal

| east i nhi %I’[ grow h of harnful streptococcal bacteria in the upper
respiradory tracgemsonprising the step of admnistering an effective
anount of a protein as clainmed in any one of clains 1-7 orally to said

i ndi vidual. A nethod as clained in claim 34 .in wich Eb’ th P1ELG dhikh further
adni ni st er 8. or all therapewdis fﬂ@ﬁ&nﬂ‘(ﬁa‘f‘l%ﬁdplgrafnyo#neaot er asgieut ic

formul ation as clcgﬁ;%é Bné BY mRE séfondahpantib@tdrial adertnd 33. A nethod as
claimed in claim erein said inhibitory effect is caused by col onising

at least part of the upper respiratory tract of an individual with a
10 23. A therapeuntic formulation as claimed in claim 22 in which said secondary

antibacterial agent(s) are selected from bacteriocin-like inhibitory substance(s)
{BLIS).

24, A therapeutic formulation as claimed in claim 21 which inchades one or both of
15 Salivaricin A, an organismn which can express Salivaricin A, the antibacterial
protein as defined in claim 42 or an organism which can express the

antibacterial protein as defined in claim 42.

25. A polynucleotide which encodes a protein as claimed in any one of claims 1-7.
20 ;
26. A polynucleotide which comprises the coding sequence of SEQ ID NO: 2.
27. A polynucleotide as claimed in claim 25 which comprises a DNA sequence
which encodes an antibacterial protein as claimed in claim 1 which is part of
25 the genome of S. salivarius strain K12, on deposit at Deutsche Sammhing von

Mikroorganismen Und Zellkuituren GmbH, Braunschweig, Germany, accession
namber DSM 13084,

28. An organism, in substantially pure form, which inchudes a polynucleotide as
30 claimed in any one of claims 25-27 and is capable of expressing an
antibacterial protein as claimed in any one of claims 1-7.

29. An organism as claimed in claim 28 in which said polynucieotide is
heterologous.
35
30. An organism as claimed in claim 28 which is a S. salivarius organism.



36 wherein said organismis adm nistered as part of a- - dicane
or drink or a confectionery. A method as clained in claim36 or claim 37
wherein said organismis a S. salivarius2btrain selected fromstrains Ki2

and K30. A nethod as clained in any one of_cl ai 34- whi ¢h i_nc
prelim nargi. st eps biolqpianllyrmeaeimdrusaicll S ﬁﬁﬁ"{ﬁ"&fﬁgﬁ%"t"b @%' Iogag?mrsgd%}gsei the

bacterial popul atE'! on ] regent MQS,DBW USRS EollRhhtyers rGabH, ABrmtdschverg,

vi abl e organi sm whi ch expresses said protein. A nethod as cl ai rregl'snAﬁka'
; ollih

claimed in claim insard pre-treatnment conprises the step of
admi ni stering an Gerhisnypacaessipnnymhes DM d3P8R vi dual . 0 5 APR 2004 22  41.
A nethod of treatnent of a patient against infections of the upper

respiratory tract caused by streptococcal organisns. Wpich c ri.ses
steps of: (3B, 5 10 biklogieSly pureiculnge ofoS. gk %?‘?“?&%@P‘%@%’.’A‘cﬁ Qif&%‘e
adm nistering to sai d [ tnﬁﬁ-&?&ﬂﬂ?&m&f B4 azdidatiaiée @fobdl;t Brarisghwelg,
reduce the nunberg sr?é evpaocm present; and (ii) admnistering, to the
resul ti ng bacter i(aérb)auyepgqmﬁianmwmw&é‘ﬁﬁ?' S. salivarius organisn(s)
whi ch produce BUS to repopulate said environnment. An antibacterial protein
whi ch has the am no acid sequence of SEQ ID NO., S. A palynucl coti Jj.c
i ncl udes t ta3.codi Agtheeapestice farmubitidry [which imclugdes &, é%g\ff%/’?’@ fsg'?fﬂlldig% I on s
whi ch ggnpri ses asnah%gf,&pgﬁjaﬁ{ kab £ abglifeem abiah Becor diaing 32| or 48¢ ofgenism of
conmbi nation with a diluent, carrier and/or excipient.

claim 2B.

34, A method of treating an individual to at least inhibit growth of harmful

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

15 administering an effective amount of a protein as claimed in any one of claims
1-7 orally to said individual.

35. A method as claimed in claim 34 in which said protein is administered orally to
said individual as part of a therapeutic formulation as claimed in any one of
20 claims 9 to 24 and 33.

36. A method as claimed in claim 34 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.

25

37. A method as claimed in claim 36 wherein said organism is administered as part

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

38. A method as claimed in claim 36 or claim 37 wherein said organism is a S.
30 salivarius strain selected from strains K12 and X30.

39. A method as claimed in any one of claims 34-38 which includes a preliminary
step of pre-treating said individual to at least reduce the baeterial population
present in ﬂ1£ upper respiratory tract.

35

40. A method as claimed in claim 39 wherein said pre-treatment comprises the step

of administering an antibiotic orally to said individual.



A therapeutic fornulation which contains an anti bacterial protein as

claimed in any one of clains 1-7 and an antibacterial protein as Sghf’ﬁdmlf
in claim 42. A therapeutic fornulation which contains at |east orneYS¥»
sai vanus organi sm which expresses an antd%acterial protein as clained in

any one of clains 1-7 and at |east one ofher. S . | Y2l dtYSie AP irnsspirabdrgh
expresses 4h. ant Abacthed;of|treatmsnt ohaRALER i’lﬁ%‘ﬂ% ]ﬁﬁ%fdgls{%diﬁ;uﬁao} a
protein as clainmgd 0, 3RY% 19 Rreptocobadl Bbgahidras Which ¢dmpmeasithastapPeof a

medi canent to apgﬁ‘éa% mt‘f?bi tcgt%e growm h of harnful streptococcal bacteria

in the upper respiratory tract of an individual, wherein said nedi canent
is formulated f ora&@?@W{b sdilf patientanc amgant ef i ehtibiosic Fffgcave
wherein said protein iS present in said _nedicanent as .Rart of a

ther apesiti c formul ati ote reshuiet sherpumbsrs,ehSTSRECCET PFegfll 85 9- 24 and 44- 46.
Use in accordance with claim47 wherein the growh of harnful streptococcal
bacteria is inhibited by colonization of at |east. par MRS m
respiratory tradi) of eHministeringdtatbsfeeniing l??i‘\’@%(f{e ?é%fagﬁorgam smen&hjs'ch
expresses said protei QueAl/ 2EAAAmBFQWHIEE ptdETichiG BLAS 0 %o Unenaphddte y sgid

Qtago BLIS Technol ogies Limted <120> Lanti biotic <130> 26504 MRB <140>
<141> <150> NZ 500261 eRpsawOeYog.10-12 <160> 5 <170> Patentln Ver. 2.1

<210> <211> 6 <212> PDT <213> Streptococcus salivarius <400> 1 dy Qy

Gy Vval-il ?q.gG n ;&1 aSnti<]:2alct0mal>' 3 protein which has the amino acid sequence of SEQ ID NO: 5.

43. A polynucieotide which includes the coding sequence of SEQ 1D NO: 4.

15 44, A therapeutic formulation which comprises an antibacterial protein as claimed

in claim 42, in combination with a diluent, carrier and/or excipient.

45, A theyapeutic formulation which contains an antibacterial protein as claimed in
any one of claims 1-7 and an antibacterial protein as claimed in claim 42.
20
46. A therapeutic formulation which contsins at least one S. salivarius organism
which expresses an antibacterial protein as claimed in any one of claims 1-7
and at Jeast one other S. salivarius organism which expresses an antibacterial
protein as claimed in claim 42.
25
47. Use of a protein as claimed in any one of claims 1 to 7 in the manufacture of a
medicament to at least inhibit the growth of harmful streptococcal bacteria in
the upper respiratory tract of an individual, wherein said medicament is
formulated for oral administration.
30
48. Use in accordance with claim 47 wherein said protein is present in said
medicament as part of a therapeutic formulation as claimed in any one of
claims 9-24 and 44-46.

35 49, Use in accordance with claim 47 wherein the growth of harmful streptococcal
bacteria is inhibited by colonization of at least part of the upper respiratory
tract of the individual with an isolated viable organism which expresses said
protein.



- <211> 111 <212> DNA <213> Streptococcus salivarius <220> <221> £pS ﬁﬁzﬁﬁm
(37)..(111) 05 APR 2004 PCT/ NzOO 00197 <400> 2 ttgactcttg aagaa é
taacgtt WO 033rdt ggt ggt gga gta atc caa 54 Ay Ay Ay MO/NZbe®Nn 1 5

acc att tca cac gaa tgt c tca tgg cag ttc ttg ttt act 102 Thr
Ile Ser Hs Gu Cys Arg ﬁgﬁuﬂﬁ% gggr er G n Phe Leu Phe Thr 10 15 20 tgt

tgc tct 111 1 WD 01/27143 Cys Cys Ser 25 <210> 3 <211> 25 <212> PRT
<213><Stoepirovecsity o8l dtagri us 05 APR 2004 PCT/ NzZOQ 00197 <400> 3 Ay Ay
Ay Val || esx@snrddrncibgieSeridditedd u Cys Arg Met Asn Ser 1 5 10 15 Trp G n
Phe Leu Phe Thr Cys Cys Ser 20 25 <210> 4 <211> 153 <212> DNA <213>

Strept(gggé:cLua%tg Ilée/i%ri us <220> <221> CDS

<130> 26504 MRB

<140>
<141>

<150> NZ 500261
<151> 1999-10-12

<160> 5
<170> PatentIn Ver. 2.1

<210> 1
<211> &
<212> PRT

<213> Streptococcus salivarius

<400> 1
Gly Gly Gly Val Ile Gln
1 5

<210> 2

<211> 111

<212> DNA

<213> Streptococcus salivarius

<220>
<221> CDs
<222> (37)..{(111)

<400> 2
ttgactcttg aagaacttga taacgttctt ggtgct ggt ggt gga gta atc caa 54
Gly Gly Gly Val Ile Gln
1 5

acc att tca cac gaa tgt cgt atg aac tca tgg cag ttc ttg ttt act 102
Thr Ile Ser His Glu Cys Arg Met Asn Ser Trp Gln Phe Leu Phe Thr
10 15 20

tgt tge tet ‘ 111




<222> (89)..(153) <400> 4 atgattgcca tgaaaaactc aaaagatatt ttgaacaatg
ctatcgaaga agtttctgaa 60 aaagaactta tggaagtagc tggtggt aaa aga goff BRAPROZHEE

tgg ttt \wead125i43114 Lys Arg Ay Thr Gy Trp Phe Ala Thr ]&fgr%’@i% gat
gac tgt cca aac tca gta ttc gtt tgt tgt |Ile Thr Asp Asp Ser

Val VAF ¥55 Cys 10 15 20 <210> 5 <211> 22 <212> PRT <213>
Streptococcusesal i varius <400> 5 Lys Arg Ay Thr Ay Trp Phe Ala Thr Ile
Thr Asp Asp Cys Pro Asn 1 5 10 15 Ser Val Phe Val Cys Cys 20 153 2

<210> 3

<211> 25

<212> PRT

<213> Streptococcus salivarius

<400> 3
Gly Gly Gly Val Ile Gln Thr Ile Ser His Glu Cys Arg Met Asn Ser
1 5 1o 15

Trp Gln Phe Leu Phe Thr Cys Cys Ser
: 20 25

<210> 4
<211> 153
<212> DNA

<213> Streptococcus salivarius

<220>
<221> CDS
<222> (88B)..(153)

<400> 4
atgattgcca tgaaaaactc azaaagatatt ttgaacaatg ctatcgaaga agtttctgaa 60

aaagaactta tggaagtagc tggtggt aaa aga ggt aca ggt tgg ttt geca act 114
| Lys Arg Gly Thr Gly Trp Phe Ala Thr

1 5
att act gat gac tgt cca aac tca gta ttc gtt tgt tgt 153
Ile Thr Asp Asp Cys Pro Asn Ser Val Phe Val Cys Cys
10 15 20
<210> 5
<211> 22
<212> PRT
<213> Streptococcus salivarius
<400> 5
Lys Arg Gly Thr Gly Trp Phe Ala Thr Ile Thr Asp Asp Cys Pro Asn
1 3 10 15

Ser Val Phe Val Cys Cys
20






