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This application clains the benefit of U S. Provisional Application
Serial No. 60/961,374, filed July 20, 2007. 10GOVERNMENT FUNDI NG
The present invention was nmade with governnent support under G ant
No. DE- FOOXXQHMPEBEI7 and DE- FQD2- 00ER83009, awar ded HRET{UHz008/070511
Department of Energy. The Government has certain rights in this

i nvention. 15BACKGROUND Recent nol ecul ar studies into the

m crobial diversity of die human intestine reveal a much greater
diversity than previously recogni zed and very little is currently
known of the contribution of Lﬁ%ﬂ“ﬂ@i@d@ﬁ%@bﬂé@?@ﬂﬁ@%umn or gani sm
(Gll et al.s 2006, Science, 312:1355-1359). One nunerically dom nant
group of 20m crobes, the bifidobacteria, is often suggested to be
associ ated with good intesti fedPNRRING AFRIEGATHEY PAdver ri di ng

dom nance in the feg - D : I ( Y : 1083,
Pedi atrics, 72:317- ?}%%)a.%hl’%{@?%&ﬁg%g%&h%%??%%si %g?lﬁg?#ggﬁg‘?g{%ﬁ/&?n
1899 by the pedNatodi9%61.Arf Bkedduly 20s¥0%r and his subsequent use of
these bacteria for the treatnent of infantile diarrhea (Tissier,
1906, Crit Rev Soc Biol, 60:359-361). 25The proposed benefici al

ef fect of bi%idobacteria is furtGOVERMPHENT EUNPYNGhe decrease of

t hese bacteria in ge#| ic: Lodivi / 1 i ase
of ot her 1 cr obi al a5 iskent kBt wib B E s GR ARk SRR
(M tsuoka et alPE-FOO793ERISVY adPE-BEKE-QPERS3I0P Drivgrded by the DepBB8nGf2,

Hopkins at al ., %pgg;lm?g}%ﬁ%@?%g%%ggﬁg%ggg%tﬂlvglg;onfal, 1997, WMal

fNutr, .3:149-1 to t r ow ng wor | dwi de i nt er est
of including bifidobacteria in foods specifically for their potenti al

i ntesti nal alth benefits (OSuIIi;_/E,le}ﬂpI ! Sources of Probiotic
Cul tures, I‘J[r}:’:3 Probiotics in food safe yK(gﬁngﬂﬁubynan heal th. Edited by

Gokt epe et al ., Boc®XeRat maniccilasiudies &td-thanders¥iCRG eRite o8the RGO61 iBikstbe7) .
However, clinic I j ] i 1 cteria sh hat whil e
the strains can]gJBeélf %@g &ehgﬁgfg%&f&ﬂ)eﬁ%}’ﬁgﬁ? regfo;%g%éb’g%lhzr%? hmgd ‘f%)fol\é\/g%fsng
trials, they arammeslyikibynbbHde conpibutionsiadividnal gfouphie tistlmdiae srganikmt i ng

toal W 200 / 0 1. 0ssi bl e. f _conpeti.tive
fitness of the%@?éﬁﬁgﬁ o’rggg%pg{ﬁpsg%%%ﬁt%enn% %Eéﬁéﬁgﬁmﬁttgg@ iHal
envi r onment 2q O igtabesy te biffldpbaviarty, iSofiencesgesikd Rrighbotibted @ith osdaatestinat

Probiotics in f a and. n.health. Edited b t t. .al .,
Booa, Pt on: | Tyt 8 thot: ARARERRARE b e 8k GV RS Spd
al ., 1998, |nt <«lalkdesh, PeditizicqiR Gl 7-321: B8s ghénonbmoriedad thei? 6By vedyEV/B

M crobi ol Lett,

strains, as t he1 85 ggﬁ%‘% é@?ﬁgﬁ;ﬁg %‘lmrr’%é 'é)%flgﬁg S'%})g?q?‘g% |%$ %J%Ilﬂ%eecﬁ)?b%%ﬂ% Eog
buf f er ed_ and artheﬁr@bh@t _eﬁufanﬁia dianheafTistibe 190608R: Bl 300 BioBHO1369-B861)] NS
oL, BOPL Pl A 1 0L SRS B SOHSEL BB RSB
t he 10i nhi bi t orof tiepeieitedain gerigtit idividuak agdthe sor@bmitdie ifareashediothgr
bacterium A lantibipllc IS notably clostridia and E. coli (Mitsuoka et al., 1973,
Zentralbl Bakteriol {Orig AJ, 223:333-342, Hopkins et al., 2001, Gut, 48:198-205,
Ishibashi et al, 1997, Mal J Nutr, 3:149-159) . This has led to the growing
30  worldwide interest of including bifidobacteria in foods specifically for their potential
intestinal health benefits (O'Sullivan, Primary Sources of Probiotic Cultures, In:
Probiotics in food safety and human health. Edited by Goktepe et al., Boca Raton:
Taylor & Francis/CRC Press, 2006:91-107). However, clinical feeding studies with
bifidobacteria show that while the strains can be detected in subject’s feces during
35  feeding trials, they are rapidly lost upon cessation of the studies pointing to a
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type of bacteriocin that has a wide inhibitory spectrumand is al so
post-translationly nodified. Specifically, nodification enzynes

nodi fy sone amno acids into lantionine residues. Nisin, which is
produced DYOGeI{OA§440 strai ns of the lactic acid bacteri (RATVEBHDSEUS

| actis, is a l hbl ot L t.h. i LRl it or C f ny
| anti biotic deggérslhﬁéegg% %ﬁﬁ"@gft a?l t%gﬁggﬁhesgtf%ﬂ Str)rfl'f)lts onéjregﬁn&p%{st#%eh&%
bacteria. G vemtestigallEneiashnspe'Suihivant Primami Sbatcgs oSfrdbiasc Gultures, In:

preservative and a shelf |ife extender fortupa eg . SP jg%a and
Dot hogeni ¢ bacb B LARIaGEd B 5ol Uiyt DRERS Hie T Hogeste Rt
as E. coil andToabn&neinca/CrE PeEaT00RIRY OV FuRidiniPd ¥l SPOB | MOEFood

bacteria are also gram negative, such as Pseudonpnas and Kl ebsjell a.

20 SUMVARY OF HigopiaeRFPc Su etal, 20 RIS Minrobinlei 245k9%H Gy THianay be
l ant i biotic, ) efhd dol 188nhatisd B thé _§t&'iﬂsaasot59@n9teﬁt§ticﬁl%n§/ﬁ'&ﬁnéﬁ is very different to
Bi fi dobacteriurrz longumthat inhibits both grampositive and gram
negati ve bact etheduffgied gnd gnagiobicfenyisennieat o&the bahan ebdereri bed to date to
have natural 25i nhijj . i.on.. Lnst .. O j ti v

negative bacteri a. %ctt%[%lrng% lgerpgg%%go%%o aélﬁ% ?éarpblgl OC%Eﬁé’Bgr?ldsé’i?dg%%%gel%nw
shel f |ife extempeestbastedasndyarpinhibitotystp clyisele nelatbdbadidia. Bragqusidy,ithe

activities, of m negati ve. bacteria, particul arl Pseudononas,. are
- esponsi bl Bt o MEPHOBE TSR SR e Hiciocy DAL s nibiofic & a
| anti bi otic wagpk bf BdctdiiEia it BRK %ide MH bl P Sieerwn RERAUS P6&-1RhsIhitshly
Bi fi dobacterium | ongum strain described herein; however, initial

attenpts at demedifefgrscifisily mpdificatiopresauesdanasiivispme sming agididite
unsuccessful . Fyg g8 Nl HE [ :
cond 41 ons. vier roRe BRI AR LRS! Sl Kby FEHaRPiB oPighhetg soid
Subsequent | y, bictaivgaimiogerays lpsad i olan@lgoti¢ with theeddestimhibitoryigpegtranesf

al . 2005, E .0 : - r t
Mongum otr s By Bl RlctescrREY oad Miek BRSNS mloiBRAh phibe ol Given

s fequen(I:E e;s : Owlei_tsalﬁrohd’l@eftﬁditl itdgs silglyanedss 4 Itseieapﬁwf antaﬂ d shellfﬁfeeaoalz_te;m!dém ;)I 0og
(0] an aeca S en al.,encodades. a [0} -transi alt.l ona noaL T | ONn
ot n | Frc bR R e Gaf sk e S gt b Mim AR st s

an E. faecal i spgigspend, bidsh 20 ES&dibdnd SRNEAGERS a@ gpdrPheRbive Al PdrYGHSiTgJ
and transport protein. Lantibiotic gene clusters in |lactic acid

bact eri a such RAsteHpRSRROE1B NEEARY B SHET 28 Tsgudomona andddeisiedesequences
for structyyal peptides, post-translational nodification proteins,
proteol ytic processing/transport proteins, regulation and i Mmunity
proteins; however, the struct StMMARSGOFIHBHRAERITIGMuNi ty genes
generally found in

| e o . Citi in
the avail abl e DJO10 ?Z%hllgﬁ}é‘%ssﬂl&é%?gﬁﬁ% %8%§?tlﬁ\gﬁﬁ}gleﬁ4%ﬁ:sﬁﬂd%§o ! 861{_3?1"3
28: 405- 440) r equbute dfilBdfdododreriim loagiom theat irthitfiis dothagrdre positiyerand e
bacteriocins, and.that bacter.igcins have attract reat. interest
ot egar 4t ORI TORpETRAF HdE hac et fisaaaa e B ABEHEN: ng
to Servin,2s heinkhibitbiytagtidrOagdmet WHAC frami (R6itiNS addgrimeRfatHa BhdtéHan ttandréfon)
di sorders caused by Gram positive pathogens is reduced since

Gram posi ti ve HaSeEna & borrflstveshell dfsoiddpcn dpisy profects giver 81t thean
those caused by, (e REGRL ¥R LBQGE0B. A0 pRLAN] 224, hShrar e
insensitive to g%t,eri ocli ns.iegTV\D %39/ g%S440é’CT%éSr%%g/ Oo%gétlzg '

i nhi bi ti on andegfoasibleyorshlotwidgleésctsect i ve i nhi bition agai nst both gram
positive and gram Lve i ndj (] ST T resent.inwention
provi des an isol at 2@1% %IB% %5it%grloﬁ@cteélcl?‘?t{;)écm(:cowrfaﬁcﬁ]rﬁégctc’%%? ecffrrl{): xhtfeég ngrﬁe
am no aci d0sequequenes ofithe Bffidnbdcheivaniongunastah éadutesdderenf, hbwevesdnipalind

5 and the am ng acjd sequence of. SEQ ID NOQ 21 aor .SEQ | D NO 2 ve at
| east 80% i derftiTFpts %ﬁ@%@ﬂﬁﬁ@&h%& P@é&%ﬁ%&ﬁﬁﬁgﬂw W%C&B@Ca%ﬁ%éﬁw%ﬁe
conservative sdibgdrhédid weR r@fuirbdBefafd O RGLAIESRULHRE Bull hatldukdd NO 21

or SEQ I D NO 22 The, conmpound has the characteristic of inhibiting
lantibiotic to be produced. Subsequently, bicassays were used to test its spectrum of



The present invention also provides an isolated pol ynucl eoti de

i ncluding: (a) a nucl eotide sequence encodi ng a pol ypeptide, wherein
the am no acid sequence of 20 the pol ypeptide and the am no acid
sequence of SEQ ID NO 21 or SEQ ID NO 22 have at |east 80%identity,
or (b) the full conplenent of the nucleotide sequence of (a). The

i sol ated pol ynucl eoti de may be operably |inked to a heterol ogous
regul at ory sequence. The present invention also provides a vector
containing the isolated polynucl eotide, and a cell containing the

i sol ated pol ynucl eotl de. 25The present invention further provides

i sol ated | anFliBicbali(005,FEaF eV srobiob Rewi®i481-609) eerprifhitisher & layguymittainof  a
Gram negat i vBJ @i0Arconeing tyo ptkloticirdated qotiag sedeenerstOrd afithg eoding eeqoeibesr

menbr ane of ishevo@dderbrragethilegofmn Eifedodis giilvahat anbdebh pdst-tansaondlncl ude an
ani no aci d seqdifeutien prothier i nthérvedisgienenedd dposedkda aeodblol Ben@NPound
and the am ngeddii gnsBEHORLEY dAbodSRQrotdNOphilesatiz MEGuIsPiNRige. have at

| east 80% 30Linki6idkd dea clubibes i#¥aotD 4018 Badtdriv SucHBY BipSb A er Fin: g@ﬁklratlly c&htain
Serratia prokgag seqiinc aiiiRbe pEﬁadi?sP]Ebst tl'aﬂslactf?)ﬁﬁ rRSRERbLE

ofeink
pr ef er abl Yy n]SlIote@i CpI&BJSHl 9: rotems ﬂr&g ’ngnl)wever OVi des
a conposi tiof,, %t%r%%f l O é g‘?fﬁ({ gllfaé'%m%"%"fclh}iteh am

Iant|b|0t|c1 erl
Seﬂ'&?ﬁce&anage t he outer nenbrane

negative m C'N%Egm'"%mg#eﬁg}atﬁ?%' 3
Of e, G am s, 2000k PRRAACEET 20085018 ﬁ;ﬁg& LinSd] Cr obe. The

| antibiotic pRYLD rpgcg tbaé?ého&ﬂse L{ﬁaft a&ed ca?d%ct in the
one pr ot st il bR Eel o L A
E “ﬁ%é % 151@ Imhosges@ D

G“

lantibiotic & 56?%§§% 8ﬁ§@mﬁﬁm§
NC 22 have at®™*{& %’?"e P‘Hﬁ‘ﬁ? Passf easpypmteating] Qisprrses atee Feaijed ghan BRser.
colt, a Serredbp maﬂvﬁPaﬂ%{’gg’éI%ﬁ@Y’{‘ﬁ%s‘ﬂﬁm are insensitiygde pr esent

i nvent i on pr BAglededsq conposition with a lantibiotic and a
pharmaceutical ly acceptable carrier, wherein the lantibiotic includes
the characteristic of inhibiting gromﬁh of a Gam negative mcrobe in
conditions that do not danage the outer nenbrane of the G am negative
m crobe. The lantibiotic may 10 include an am no acid sequence,
wherein the am no acid sequence of the lantibiotic and the am no acid
sequence of SEQ ID NO 21 or SEQ ID NO 22 have at |east 80%identity.
The Gram negative may be an E. colt, a Serratia proteus, or a

Sal nonel | a spp. The present invention also provides nethods for
produci ng the conpounds 15 described herein. The nethods may i ncl ude
growi ng an isol ated Bifidobacteriumunder conditions suitable for
producing a lantibiotic, wherein the Bifidobacterium produces a

| anti bi otic. The method may further include isolating the

| anti biotic. The growi ng rmay include growi ng the Bifidobacterium
preferably B. longum on a surface. The present invention al so
includes a lantibiotic produced by the nmethod. 20Met hod for producing
a lantibiotic may include growing a mcrobe that includes a

pol ynucl eoti de encodi ng a pol ypepti de, wherein the am no acid
sequence of the polypeptide and the am no acid sequence of SEQ ID

NG 21 or SEQ I D NO 22 have at | east 80% identity, wherein the m crobe
is grown under conditions suitable for producing the polypeptide, and
wherein the m crobe produces the pol ypeptide. 25The m crobe may
further include a polynucl eotide encoding a pol ypeptide selected from
SEQID NO 2, SEQID NO 4, SEQID NO 6, SEQID NO 8, SEQ ID NO 10, SEQ
ID NO 12, SEQ ID NO 14, SEQ ID NO 16, or a conbination thereof.
The growi ng may include growing the Bifidobacterium preferably B.

| ongum on a surface. The present invention also includes a

pol ypepti de produced by the nethod. 30The nethod nmay further include
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WO 2009/ 058440PCT/ US2008/ 070511 mi crobe in conditions that do not
damage the outer nenbrane of the Gram negative m crobe. The met hod
may i nclude applying the lantibiotic to the surface of the food
product, %O 2pWIE¥ACe, by bringing a surface of a casi MEGTH2Des076S1

duct WrwEe, by | urface of a b
Food broduct. - T uBRRLASLR IR (RBMNRR Sl P SRR ol 4fS

food product. TEhen hepativdindichtorsray act as a food preservative.

The present inventi rovides a dentifrice, such as mput hwash or a
(oot hpaste, that i nePeREST: mEetadrasi ooy ot oRpo RS o ind tha
am no acid sequenies aVieineiabidisbfieAdd, Micrefl tHe SBRHEQBEeRfendd T tiEUTRPHRSH
and the amno acid 10 sequence of SEQ ID NO 21 or SEQ I D NO 22 have
at | east 80% i @ahtheepinageed wapenchal NRIZhasSEQRED Yz hbavert kast 80%f
| nhi bi ti ng. 9T Oyl TR B ABLIAERLAE: g iRRRe bR Bl L] at do
not danage the outl_gr_ rrelgna‘m;fﬂayﬁe o} ht%ee‘g'agm neSStngsg ?né%:drng%gét SO
provi ded by t heubstiwtiend! thawemtol agid segueacewi IS 1D dHIO:UsonREQID AEt2DhiTbei ¢
15t hat i ncl udes_adm ni ri c sition wt he,lantibiotic to
an ant el suc iR 6 RGdeERTRE Rl b e Cap L P G
an i nfection byomiititng fiabdo hitalamiage thabiuder inesibhye bhile IGadih h&daditd Gicrated

wherein the_laptihiotic has the characgteristic of inhibhiting, growh
of a Gram i%gaﬁ"?/gr%‘ gresHEe maY g%?ﬂiﬁt‘i" &S U Riefetn P ﬂ‘ﬁ‘i‘(ﬁ‘@@g{“ﬁép-&ﬁt er
nenbrane of t heofd AFLAeH & pr¥RraBlyHRRP: adNEnERAAPR dobPBukiBMhibiE bidthen &

20 pharmaceutical ly acceptable carrier, and the conposition nmay be
admi ni st ered t 3prERppsjtive microbe;reh py ®henmbarifye frp-dciaressupirpvicdes

i sol ated bi ol ogj.5akl.v LV ' : | ] [
Soquence of t e BareBiph:F SRaYRERLLSES: or MFICRIR sl 12 EHAGAT oty be
NO 2, SEQ | D N@oduceSBQal By ididas erisEQ heprégontlifyenSEQalkindDdavs coBiEQsiBibh D
NO 14, or Q : v east 80% identity. . Al so . included in
t he i nvent ?%n g&é%%#&%%%@?é%ﬂ%l &S ?@Oglﬁc%% Oq 3@35%1 %pgépti des.
The present i neamgdsiionfhavihfere igylawd bielogralBl ddtibebanpcnd und 4 hat
produces a lantjbiotigc. The | Lﬂitbi otic has the characteristic of

i nhi biting growaﬁm%‘i‘euﬁ‘:@é’ﬁ‘f‘aﬁg’g ®E ni crobe in conditions that do
not damage the out erhdRERAGIACBbn hRE pfevAIR ADisBiagabbNBudkAide hRiud .fa)
Gram negative may _be an E. coil, a Serratia proteus, or a Salnonella
spp. The Btfi dbB#esfs sra sy epeodiiecairdynenties Whereinibe apineracidseqyengend

i nstance, gqd ﬁi@?ol‘}ﬁep@fd@%ﬁ@fhe' &ggosgcﬂpgqﬁénggHﬁE%T]gﬁB(F?Fm%i.[ﬁ\ﬁ@’ﬁi on

al so provides nethod ‘that inclu adm'ni sterin teriumto
an ani mal i n nkavd at leest 0% idéngitys ion () e 1Bl tordplomentef themuwiebtidgreqetnceofa

| anti biotic th char 21 St Qaf .

5006) O50440PCHt 1B S, ARk AL %eg"pge?a%’\}//\%\qh”kc‘%? to,2 heferalogous tpgulatory
m crobe in congighénoasTHelpadsentanventionsnmprevidbea vattor comeininzameisdhted he
Gram negative nicro e term "and/or" s one or all of

the |isted el &Pém%ggﬁd%aﬁ%ﬁﬁ%ﬂ%?ﬁa&mﬂ%@e&ﬁ R NERORRHS of the |1 st ed

el ements. Z¥The wor dghe pRésehtdhvedflon anther Ro@HE180AYd 1ah8biBfic, baherein the
enbodi ments of the invention that nay afford certain benefits, under

certain circungbtErRtissnhibgneoeh ofg Gism ragpbimerbs imegpdisionpthpedo not
preferred, undgn,LDg3RMR nfé?nb?&xfé%'f Hﬁ'dr%\ﬂgﬁ%rzgﬂ%%ﬁc ob¥! %@?&Hﬁ”ﬂfoﬁc mtage
recitation of one-or nore preferred enbodi Rents does not inply that
ot her enbodi nemtlydagneaming acid eéquienceawtiercin thooaming keid dephet@ of ol agdgpound

ot her 10 enmbodjinments from,the sco ANV i . The
"conprises" ant g\?haeri‘i%?at1 Pgﬁg quqg?%eoﬁggngl%lgggvo‘ﬁgﬁ %Pt%‘%%ﬂ?ﬁﬁéﬁ‘%’s
wher e t hes® t eidemitadhe @rammeghive dasoe apEl i, a e 8lid@bdeeus, or a Salmdabks S
otherwi se specified, "a," "an," "t rl)iy and "at | east one" are used
i nt er changeabl PPeROMBAPeGHE BHPrefBrly P GR&E™8% so herein, the
recitations of nunBmegadsedtameBioyroPAePLEdMpdsiins Wil 18dclbidHehe s ood
subsuned wi thin that range Se.%., lto5includes 1, 1.5 2, 2.75, 3
product, wherein the lantibiotic has the characteristic of inhibiting growth of a Gram

negative microbe in conditions that do not damage the outer membrane of the Gram
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For any met hod di scl osed herein that includes discrete steps, the
steps may be conducted in any feasible order. And, as appropriate,
any conbination of two or 20 nore steps may be conducted

si mul t anecW©I2¢09/058440  The above surmary of the present BGIVER0I8GM0S1E
not intended t §

pl ement at i on TSP ReL AouE SRR IELBEKPRERLE RGN B o HinEYPI food mpfhct,
nore particul anh ﬁleé«c&imbddct @s theldoumnaadm \Te tamtibicticnmay sicludn as eménoakid

pl aces throughout t he ation, UI dance i ded . t.hrou sts
Dt Smexaml oo Sheist sRERm BenaR 5l HEBREHT Db AR GE R ol *)
each instance, stdiendeaFiSEEUD N6t2 ISRISEESIIONDY22afveat! €481 BB MedtityVEheIH@bp

and shoul d not be | nter%r eted as an exclusive list. BRI EF DESCRI PTI ON
OF THE FI GURES NSgativg ey bg an & epdinp Pat PP e bR PemofelégiPRse cassett es

(MQ in B Ilongum B01Q4: ﬁr%m%%é\!%%% 4Q8mpbRon Al £ 1ahtibidi R a3

refer to three contiguous, but different xerC integrase genes. P. a
conserved 20 bmhpatapmcdbeaceqprmm@@@mmwmﬁﬂmbcm@qluﬁw@ez4)

\(/V:"' IR;: h C\la)s 2889 ;I- ég%ﬁ iﬁﬁ@pﬁﬂ@&%‘& Il Gr Llﬁ’nega%vg H‘nél AN 8961{1&‘8?1?3& do

( GATTAAGCCGEGT 'ﬁﬂfﬁlﬁﬁ@'ﬁ' A CECHERAADERT the@sikvhedah@microbe. The lantibiotic may

as a3 bp et SHUBAT A AT WAEro B SRl BRI RS o PO

a 1 bp extensi @hd ihd aMids akid s2q@ide 6F SE@ID INTRET bi SHQ 58 QLI Rave aFicgii 86%
2. Genone uni que regions. (A) Base deviation index (BD) analysis_of

the B. |ong, umm@tyoﬁhea%m@sztmn@érﬁﬂ% coliyf USLip BRI GHsOTGF SaBelia
genone as defi glt%j in the text are nunbered. The | ocations of oriC and
terC are indicated green arrows. Letters refer to predicted gene
phenot ypes fromr egi'gmrewnt invetdion nise ipvyiRPmegwdk Hr preguciag tegpmpeundsi n

both genongs, ﬂesc%?dqtse? in. bl’he%?ét 9511;(: %?J\fmg‘y? gﬁﬁted% Bifidob Wctenum

partitioning prote , cho on
synt hase bet a ohder nondﬁt;ona bmtajole—ﬁ)%dmg dtkahmet;c gfheqayrthwﬁtfm’okamsm

h, cation transpart ATPase,. f|b ectin, ty. [, ] oo

ami nopept i dasep%(au Sa lﬁ‘g"ﬁ}th’sppﬁ m¢ ﬁ%ﬂm@éﬁ%‘ygﬁtﬁ%ﬁ%‘@lﬂgﬁhe lagiihiglic, Thy,
fatty acid syngra)a/sleg méﬁmcmggmuzﬁgthemgmobm@mm qa;r&arsrw Rigihm SO Ng
the location of a 361 bp DNA remant, i ndi cated he 15green bhar,

from the ushA gutse: rTéﬁarqurﬁgma?pu?rh@Sq)m@aﬂ%staéarlt&@rt@mreﬁtcrcb%w gtethod:
NCC2705. Sky bl ue cpre%@@or%@mrn@qlmtbfotfe%mm&ferg%wagfa\rﬁ%b@%h

genomes. a, nhobile integrase casset gure Conpar si on of
ol i gosacchari délt‘—l}tdbﬂ4mrnl@wog@m@ccdlugaealyrlen@é@,wel*@rﬁmtb@aBnnq asirbsegnence

genones. DJOlOAft}H%}J&Pé pR Al i r,‘ﬂﬂ*o“ag%bﬁ' @%9 %@Qe(%'" T§ NER 0 %%éfﬁ) oy 4o

grey, 15L3 type I's colore er et Che genes
are col ored whhiwe.at padt R)%adesityg cthesinhs eiciobdis gteval uitdgpendepnessable

mal EFG  ABC-type trans rt ste ISL3, .1SL3-type IS el enent |,
gl ycosi dase; i VA" dPﬁ'F‘ i g%a%th‘{}]d? e BPRYC Oﬁﬁﬁoﬁgﬁéﬁlf ﬁypﬁsfgﬂt Cei n
deacet yl asgs QTNé‘hucgéBéG@@VﬂJnﬁéfdﬁ@Lhc&saq;olﬁMBlcotﬁdéﬁﬁbmg @ﬁdlyﬂbj)ﬂ&eeselbcted

25Fi gure 4. Orgam zatl on of genes_.invaol ved

Che oni que r ogom SE {IANGTh S0 BoMPEA SERIDCU A SFOAR Wpsnsan 1D oo,
anal ogous I egi gBoir \: 84S 151 SREAD WBT830r £LThiaeh hetdleitit | e

are indicated betvveen honol bgous génes. ORFs shaded bl ack are from
uni que regi on gRwaEInTonEladpgUiTEIheSifishberseriun. Brefealy &s bagwh.PnATCC

15703. 30Fi gurg, ?.rt:e A Ha'sé‘m LERhSS ARG SpQhdd s %ﬁ@@@ é%gf Loy A%ne hod.
Genetic organi zati on o Arsenic resistance ers ccy

fromthe caimpl Ehedetjedoag fisthgrimolnds isofatig ﬁaleqbolyae;itﬂe,r fumnlsbamg:lhy eRIEADA,
Bacillus subtilis 168 (Kunst et .al., 1997 390: 249- 256),
Bact er oi des th@ttg?(‘jt"& S&trOG‘rtﬂ‘\?ﬂ@‘%{&é?“ %]X%‘O@tsu asm %?5@? Sci ence 2003,
299: 2074-2076) , Lachppaciblided By @¥pfeséit Gvedfioh /BB Y for géin@lantibiotics.

A method may include adding the lantibiotic to a food product, wherein the

lantibiotic includes the characteristic of inhibiting growth of a Gram negative
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WD 2009/ 058440PCT/ US2008/ 070511 Proc Nat! Acad Sci USA

103: 15611- 15616), L. plantarum WCFS1 (Kl eerebezem et al., 2003, Proc
Nat| Acad Sci USA 2003, 100:1990-1995), L. johnsonii NCC 533
(Pridnore ®P 2&Q9f05842004 Proc Natl Acad Sci USA 2004, 10PCT2GR20sA3ME5T)

and E. coli i

22: 2576- 2586) . %C’(ﬁg I @ofiof dé{%ﬁg?a%%g@c"ﬁ%egﬁeg’ﬁ’ HERT G g
reconbi nase Spmlvﬁbe die ma@lo:dpmyuheindmapplymg the blanﬂlabﬁcstoahqaém&m of the food
sequence, arsR %pfsso ar sA,. arseni |rrulat ATPase

arsenite ef f1uX'gi o 5y BliniPe S Futiie oL B S ORpERRpihs ara

chaperone, hyp cmhy@gﬁmb n@abmﬂe Q&@ccﬁuac( Rjth Ganmpad { px‘éﬂnﬁbt OfheRB&ER nay

resi stance activity in DJO10A with fernentation adapted B.
animali s supspind taﬂglnéf}}eal?ﬂﬁgmtlfito E?’Glf?"damﬁd% Thg fangpighic may act as a food
plantarum c, eakgyh@led fromdata presented in van Kranenburg et
al., (van Kr anenbur% et al,. 2005, Appl Environ M crobiol 2005,
71:1223-1230) heFprgspneingentioapravides eidentifriod isethi asia nipyptisyash ongum
DJO10A. (A i L[ B QL uni ion 12
of B. 1 ongum DABHIR e iftndeS s ploBALeRl BLAE EREGH A Ao 188 P2 e
NCC2705 and DJedfiéactHwherbia tife MmBadzl&@@mbmatfdfe doaipbwnal ang theaidting ediér

to uni que asses of I nts n f ou t. this

ocati on i 10t nesagenst SEa B NTRLioE sER3P e Bavda G Mieb et resen
el ement. (B) Puesothpbine iths @@Ichﬁlaaeﬁgtmmfmhﬁg éﬁ’ﬁ%fa&}lﬁh)ﬁég:&w@f
Xbal - di gested total DNA from B. |ongum DJO10A and its fernentation
adapt ed i sol at Bricrppedngandifions\ipat da nafréaawge theputer membeang of the S8R gegdtivm
strain DJOL10A- Jkil,d C) Bioassay 20 for |antibiotic production by B.

| ongum DJO10A wi t h strains DJO10A and DJO10AJHL as i ndi cator
bacteria. Figure 7.Als83ervidedipithrpresent invientige frrmetbd Rr usiogglantibotd 0A.

(1) o Conore oo L APRIA Bl el 00y ATR . AR SEIBT P s

arrows i ndi cat burhine whetetn tht a@m Bas2y id alenk bf areid fdosiordby micxmqhamszl ng

f DIO OA i, ¢ . DNA, he. | t f
ol ement s t hat _Wrieby dieda oo e etan i ot bice BraRBECEE om
DJO10A genoni cinB¥itinglhewdsifeGrétt ndpare neobd Bl c@a&lasnsttmtsloeibammgemas

m ssing from sone sequenci n%hcl ones of DJO10A DNA. ( % Nr ul %ested
genomi ¢ DNA f r SHPIDEMIANHIMRCTan pepatlynioreps) Thrgmpogligypay gk

hybri di zat y®n FHhh@lic§labodibbREaRPRES tlﬁa% fohﬁoﬁ b Bé’é&mﬁisf&éﬁrem
IS elenent famlies. (1) reféers to DJO (IiJ refers

DJO10A- JH1. Ariopwslly.ndi cate bands in DJOlOA correspondl ng to specific
1530 el enments as il . S t fec
competi tive. anarysi TEEbARukfon kg prpyides sblafifuidhically I X R Eim s,
derivative, stwheminficimife d¢id seqgatendttheGobgteptidt amhild dnfine adid sayaendes.of

10 900 OSSR AR o N 1) RO,

fol | owi ng ZoHMPES NO: 0N ovE D) [B.NG-08,0hdve 20 R AodHHet 0 Alantladed ih BRS )
and B. | ongum DJO QA (hat ched) SB) Vi abl e cell counts of

C.
difficile DIOCEYeHon@rdsHag? RYRIplOtidesracedinpbe privo@tidedy (bl ack),

fol I owi ng conpeti tif pdeft 1§venﬁln?ﬁ9ﬂh€9 X OH0A é;ﬁ%o}ﬁd&%%ﬁﬂét%lmdubé&%s)
and B. | ongum DJO10A (‘hat ched) ure served

structure of tllaetﬂuetilccThe@nbbiothhaséhq:@msacwghmf inlibigiog gliouléh efsGram t he

two B. |ongum o« c
Ato Gas foll o%gt ?&%ﬁmm—{;%?? %ﬁiﬁ?@%ﬁfdo ype %g %?éﬁ%%i?ragelﬂ tHQé&%’
(111TCCACA leqgen@ rfiEIAECTIAW M nEygtevemdy ORARECARIC)R, Sy e pFotd, or a
(TTATTCACA) , G (TT e
estrioti o moMireTkeDh e gea e B ey TrtatfR i for
genones. (A) AhbEitEead fy BdiRe8BNARIISod HE@ick OMS pRRAGAGVREL ensemohd& M
system between B. | ongum DJO10 and_ NCC2705. (B) Conparison of

method thaf includes administering a Bifidobacterium to an animal in need thereof

wherein the Bifidobacterium will produce a lantibiotic that has the characteristic of
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Sau3Al -type Il R-Msystem (recognition site, 5LGATC-31) with

anal ogous R-M 15 systens in other bacteria and (C) conparison of a
EcoRII-type Il R Msystem (recognition site, 5 -CONMGG-3") with

anal ogous WRONPHPSE4EHs i n ot her bacteria. Percentage prEVFR26I8HGSHE e
identities co ] : t.ndj

organi zat 1 on of A frofih AN R AR ArploRy ICh BRI foOb e the
utilization genetecinembensofthé Gram D3gAli@Amamaebe? i n NCCZ705) Uni que

genes of strain DJO re indjcated. IS e quence
Pypothet i cal “prot ei o wragidih ERkESnaktu SRRE i PheREH S e Rop of
R, lad-type re@ﬂ)eﬁﬁmrmdﬁeoﬁﬁl?ﬁsted eibmADE: transporter aGal ,

a- gal act osi dase; rase CFACS

13- xyl lase;, est
| ong- chai n ?atty ac%Be EE@FyH’TB%B?\ tH@%eé%k%y fer 0 g peats c&éﬁ‘Fe

Xyl T, D-xyl osejgeidittaf e aeRkd @e‘i‘tamfb%ﬁ‘éﬁts uﬁt@ér%ﬁzﬁﬁ%ﬁ&ln‘i’&@@@es However,
Arab-f 3Gl , arabinogal actan endo-1,4-fi- gal actosi dase; 0157, ORF

wi th homol og oathyr ¢mbadimends rnamlscrbe @rmred anderghmensieoier grapmstances.

gl ycosyl hydrok '?l?ew] | oo

hi sti di ne Ki nasg1 E% ﬂqgl %B?m? ucoéé%@?o%ﬁ%@%ﬁ%y ag’ée“%%?‘“ mply
dTDP- Dgl ucose m,astatﬁex’rthb&lmes arﬂﬁdjﬁisefdll' DR i4 ndeiieddal th ansladeepther

3, 5-epi ner ase; -, 30Li po sac ar i d bi osynt hesi s protein; TagG
ABC-t ype pzﬁysggpﬂ‘ﬁ(ﬁw ’&éﬁﬁ%‘ltg fOBRHO ‘Bﬁﬁt"%" Bport systens, pernease
conponent ; TagH, ABChd §fes 'Q@hl)ﬁﬁib@'cﬁlﬂwaﬁeﬁda@|th’e@éofﬂh<ﬁ§tﬂ{h&é e lilitapspeihing

system ATPase conponent; MloB, phosphoglyc transferase; ProP,
per mease; Acyl WE&E theé%%““%%ﬁpé?ra}%he cgcr F"E)J Haimsyp

2009/ 058440PCT/ US20081 070 gheashicahat rarae "Gk YGRS YA 1udhe! a8 asd@ene
in cluster 7 was annotated as isqmaltase in the NCC2705 genone
annotation.  interclngeably apd magpeneetmere thanlp®ei t uti on anal ysis of all
gene honol ggs bet we 0 t he
dN: dS rati 39 5Fi gur‘gﬁiiereg’ g%ﬁ%@%%&?‘ggr 6%%%&35[06?@%9‘&%# %d%g}%e,
cell surface amohioas pbsteedsithin thaf range(pgn DHA in@ades Thé SN RS $, 384, dw
t he signal pepép ﬁ?e boxes indicate the location of signal peptides.
The size of th pectr ve proteins is indicated in am no acids.
Figure 14. Loss of F&Qn&&f&ﬁobidﬁbio@ecﬂ&t’&n tHatiBitiRbes diapetBstepspthg wiEps may
DJO10A-JH . 10 (A) ,Detectio 10A pecific .gene clusters in B.
| ongum DJO10A BhePrdpeed Brang "'Eaé‘tblecﬂﬁ f’édé‘ﬁﬁeﬁﬁ apRIGPUTtE By GVBANNGP HyVReR
M 1 kb DNyl aﬂl@?erstép'sWdy%%%ﬁdh)cted'sﬁrﬂﬁtaﬂeouh!l?' que region 15; lane 2,
uni que regron 6; lane 3, unique region 9 ane 4, unique region 11;
| ane 5, uni que regi bif @ove %rw@n%ry Oﬁ%ﬁ@%eﬁté@le@homﬁ npta.lﬁ@nd?ed ta%mtrée each
region 12; | angsfoscdQfhubiia PRl imEREnadBiFofthé Bkl ERbRSTINIE
| ant i bi otr C 15encocfe uni que regl Pu IS mSsing fromstrain
DIO10A- JHL. ( BjesSupttonehat fidlosts rerrebyrsicganlis exvglpaﬁbsauﬂmtmtlub enbedimedts In
EcoRI - di gest ed _gen um.st.rai ns,DJO10A 1.
The 1.7 kb EcolftBaRac SHeH R Ee PRI PRarestar i R sl
Figure 15. 253 oartah]p@srwmh bmnﬁﬂ}d daR té usad @ virtvas tenbinkauit dn ieachlis@shce
the 20 fecal rrpetrﬁu h experinments. All gaﬁéﬂr a, were
i nocul ated at PGS 1’Ftr381§’ﬁt‘}/“ljﬁso%\ﬁptea?"ﬂ§tvé§f°“€&8 Id ot be gytgrpreted as
DJCecl; trianghfswchislvesksi diumdifficile DIJOcdl; circles, B. |ongum
DJO10A-JHL; and di anonds, B. | ongum DJO10A. Figure 16. Portion
of genom c sequence of B. | ongum DJO10A (Genbank Accessi on No.
CP000605) i ncluding the | ankpbiohi r (SEQ ID 25
NO 23). Present within SEQ %E&@Egbﬁnucﬁw es 1?%%59 1979753
(SEQ I D N&d) and tHigupdl @pmpizatite of modbie dht¢drescebssettSERIICDnNO/@gpm
Ccoioy {rer oblIS B (phaRENG L2103 (B! B, A ead IS R PRERIOLS But
different xerC integrase genes. P, a conserved 20 bp palindrome

(TTAAACCGACATCGGTTTAA (SEQ ID NO:24), which has an 11 bp extension
in MIC III. IR, 96 bp inverted repeat {(IR)




nucl eoti des 1981217 - 1981417 (SEQ ID NO 5) and the pol ypeptide
encoded thereby (SEQ ID NO 6); nucl eotides 1981501 - 1982160 (SEQ I D
NG 7) and the 30 pol ypepti de encoded thereby (SEQ I D NO 8);

nucl eot i dS¥02YZHHF - 1982937 (SEQ I D NO 9) and the polREIE[HR0§E70511
encoded t hereb ; ¢ tAl D
NG 1) and Ch oy e At A SRR T egE R ERST
nucl eoti des 1988KEIGGCTOTSITL GRGT GO N CLSCEAANRAGCTPOCUpEdiAde WO

2009/ 058440PCT/, ) co t hereb ] o

Ul eot  des To6I9E \Fokd) 1o FREEY e heR vl Mk nd B A B biersien i
encoded t her ebMICIH@nt B 1N exfefidion RENAT ILEDhIdBSCRIMSEHON séfaechde USTRATI VE
EMBODI MENTS_5The present inventiqn pravid onmpounds .t hat _jinhibjt.
the growth df cert al 8% PEBuRe “‘E\q‘@dﬁ%BQﬁwg‘f)ogang%"‘?ﬂoé’%‘%f‘ @h&sﬂ?ﬁ‘yﬁ’ﬁ
includes a pol ¥p@phl BRguADIOSEA aRENETNT03 fBoed. Dnifielr tofdch gedigE S
broadly to a poépi%er of two or nore anino acids j ol ned together b

pepti de bonds. asTéeEingdinthe {81 papnbded. The lasatiqns ofj e andlege aledrdicis

contain nore t ARG PPL e d Lsddlefd din Or
10conpl exes of Q‘%grf ypepf?dtgés??ﬁéart @gﬂreelcfég%ﬁeop ktég%g}?ﬁef%&ng%g@g?eg?l y or
noncoval ent | y, defmitmel BDiperlss that. age pregiinhmrboth geppmesyey, S)TPasEh bs¢atiohe
terns peptide,. oli tide, d protein_are all, include i thin_the
def 1 ni Lronidr BEHERTRHS o Atk OER. & el R ant Sk y.
It shoul d be ugdensicagdiihicictd dhame ff Sanyb-tRI0A RpithameN @l Bravasgidaast| b,

| ength of a polynmer of amino acigds, nor are they  intended to inoply or
di stingui sh 150%5!‘?81“?91%5?0{”4\5&66%&pg%fjp?fé‘nit@eﬁpoé} .’&Ppﬁgtil e?egowgm’%\‘h‘t
t echni ques, chpxd &ahe Hote@8Z MRtthde, T, ThthORiPeynasd. BB)ghkidtiol of the
occurring. A conpound of the present invention can be referred to
herein as a | aviifiesiregipe | sppvang thedpsation ofpifddumaN dfrempant jpdigater by the
invention i{s i o 4l BB HeSl Jel RRLYRERLLA He.
such as a | ant b%ﬁa?’c,oﬁeg%ﬁyél% ef(?t[:a fm rt éﬂfegj?soq%ugp%el p%ky%gp{n]ll e or
pol ynucl eot i deNCRa70haky bluenoleied Kk Fsatdicaserovardon ganes betwesndiaty génomes.
noyrati cal | y B NREa SR Y ERE abl v, 2 pol ypeptide or oY "
pol ynucl eoti de of tHigseBn@anpdrgon b8oliposdcthagide utili/ation gasentsteall bytwleere

from any ot her pol ypeptide or cl eoti de and . associ ated cel |l ul ar
br oducts or ot W o dnees. BIOYMAnRE et Rgougeuasot K e agiored
during progctdse g@% BLS YrRknht fsRR6lo7d MR 280 btheMYBhddoRn&Yard

m crobe, such as a ptide is produced an

i fi dobacterium aPree d
subsequent | y presyaite.gald Rraslacopidpss; aaéﬁy@lrt&m TSPregor b A nA B thiee
aci ds, formatifpsgiy Mﬂeﬁf?ﬁéﬁ, _Iéggslﬂéﬁél@el%&ﬁ’é@?g?},%ﬁ{c%ﬁ&&eﬁg%‘ﬂu&ﬁ;{{is1

and cl eavage by a signal pepti The 1 nitial’ “prepeptide’ may have
t he am no aci ddehpdratess SISETAIBdNENdNt BOTHe dgcetplept; g, gycprybbwbslest; by

dehydration to, resul . I i.ntermedi ate. Serine residues may be
dehydrated to #ygfﬁbaghg{éﬁaﬁ%gg ‘ani ne. Thus, with reference to SEQID

NO 6, the Xerine arfigae acOganiaitione@sigtred mvabied ABpoldR mefdbolidd in #h6 unigde

61 or a conbi nation.thereo be dehydrated to form . .
oL dohyar ol onakoR B by ShSopyo MY et o APl g B A ons 47

49, and 61 ar e, HeRsERhTEd B7DOAMmiNNGRAHAREAAORETAUSRONBLORGRdbgous
di dehydr oal ani ne. Threoni ne am no aci ds nay be dethrat ed to form

di dehydr obut yrg§eres: ORfigshadgil black are dioeneiquesegen! 3 srdorssponfid s tRMEAF ne

Genydrated to Por el AR Aol he. “pref orably, the thieon nes at

bot h posi tilons 54 dinglr&y. Ausenidrbelsiadecatfedettod bartamadi ) dbepdriotngenizdtion of
arsenic resistance gene clusters compiled from the completed genome sequences of
Bifidobacterium longun DIO10A, Bacillus subtilis 168 (Kunst et al., 1997, Nature
1997, 390:249-256), Bacteroides thetaiotamicron VPI-5482 (Xu et al., 2003,

Science 2003, 299:2074-2076), Lactobacillus brevis ATCC 367 (Makarova et al.,
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Thus, an intermedi ate pol ypeptide resulting fromthe dehydration

am no acids may have the foll ow ng structure:

Met hi oni ne- Seri ne- 1 sol euci ne- Aspartic acid-Ad utamc

aci d- Lysi n¥OZ89/0p#40 10| sol euci ne- Val i ne- d yci ne- G ut aniRCT/US2008/070511
aci d- Seri ne- Ph j ﬁ%’ b ] i

aci d- Leuci ne- Sgirpi&lnjg%tgﬁ}é&nﬁ:e- 2%?\%@125%2%@??6}%’%%”%?&% gli(lﬁlg?re %izre\?]neé-
Met hi oni ne- Leuel. /#®0ThreoMarietc@ §ailida-2808) 1901 @90 §2i) Alg i oters AeEC €i533
aci dAspartic . . i X
aci d- G yei ne- VAR AP AR FEro Vil Aeg wnidS 4@ 1Rt he> ! Qg £ co
phenyl al ani ne- &l-en{Sa@ia ¢edli, 1994, Xaaldic\lds Res | 4C DN s76Xa584Y. upd 8 keelent@a S-
15phenyl al ani ne- Xaa6-a] ani ne- cystei ne- Xaa7-valine- . )

Xaa8- val i ne? vafiehis-exsiaeichy e §iTmipReliF sxterhoasy Sat Hed deng gporulation. b,
cystei ne- gl yci nﬁﬁ@&@afywmﬁ@seqﬁafﬁé,ea@@;&mse@ A PEQrdeRl i dNAnkIted\REPRe ,
Xaal , 2, 3, 4, 5, 6, 7, and 10 are each i ndépendent |y serine or 20

di dehydr oal ani A&B, aEeRiKEEBXNINDY are Aseiale IeaaseneralAt drsenicbapionte hayp.
di dehydr obut yr | r LT f i o - POl i de
resulting fr omh?@éhéﬁgﬂfgétg%}i @ﬁ 0 ceérot%é)?ﬁrsglgnc h%¥sg‘é?%%t1?{stﬁlm I%%%th
Met hi oni ne- Ser Dd©10A elitfeinmatatiop adagted S @rivtadinbubsp. lactis strains, E. coli and

aci d-Lysi ne; Ser.i ne; | sol euci ne- 25Val.l i ne-d yci ne- tam

2ol d- Sor ngd Py AT R T ittt T Von Kranenburg e al.
Leuci ne- Ser i ne¢AhXhi@bis @0l @008 pa ERviron Microbiol 2005, 71:1223-1230).

aci d- Met hi oni ne- Al anj ne- Met hi_.oni neLeuci ne-Thr eoni ne- %—‘l ycine- Ar,gi ni ne-
Aspar agi ne- Aspart i cFiguief: kgxagjrquc(yr%?t@p by B. longum DJO10A" (A) Organization o

d yci ne- Val i neglaftbiRicRhQdillE iR NEIGT BESH M edoahabraoaehh k- phenyl al
ani ne- al ani ne-val i ne-seri ne-val i he-1euci ne-seri ne-val i ne-di dehydroal a
ni ne- phenyl al aggreasponding genome locations in strains NCC2705 and DJO10A-JHI. The A or B

30di dehydr pal aglfies Al WH.A8a L3 GG Ighfada! d1836LIGaDMARAPHE ¥hL ne- v

al i ne-val i ne-
di dehydr obut yr foued afr thisieqatieh eutbe peroaleahenededigoabryiddiosttamfragmaysit 183 he-

gl yci ne- apar agine-cy j he- | SEQ | D NGO . .

2009/ 058440PCT?18§%0%)8J?8§§‘1|E%?A &8 élﬁﬁ%gplb%f'%@% | 8“?1\1&%‘??@%“1’@?%}?1‘? t he
dﬁ_hydr ﬂ.ti Oln' 01;( to@eemmb' froAyiB.Nonghed D301 iﬂdritsffgién@fagﬁﬁsia@?dﬁsgleftﬂH:_IITOIOA-

t hi oet her 1inkages. between certajn am no acids. . rQbutyrine
resi dues may b br%'&léesaé'@d"stlb‘%%‘? pangs WS%EM§qagl Q%S@"(‘Lﬁh)(al/\ﬁ@*}“%ed
to forma 3hi ok nekibiotib kR[N ANSLNADIVTOAGBCdAinsBIdg X dno a8 Ae
5resi dues may be processed to form allani ne when used to forma

t hi oet her | i nkHgkasindisatarenctfeie. anmi no acid, and cysteine residues may

be processed to for]gggﬁjga,nj}ggﬁj\ggﬁghegg?@Bg&oﬁﬁyﬁgﬁ@%mﬁﬁb‘?bﬂ (KADEme

wi t h anot her am no erve ntibiotics,
| ant hi oni ne anpesgiomatgofthelSt 0 elomients iir ths gelwes: afds idnguh T Ml fAand the

formati on of thioether,||nkage i fferent am.n cids. ,10The
brocessed pol ypeRaacasl A SPRRTRIPEIED. e 58 EORyRR B Rt
am no aci dzs Thientfigdestddciakaavaigg ofDI@] 0/sgdeimePN AaThaahacateys33 and
34. Ot her cleavage sites jn QID NO 6 y be used to result in a
processed pept inagate_the SeatpRgl 5@@8@6 %bwwg%sﬁectﬁﬁ& PrResEmenrie 8P fon
nmay have the fgllowh RImIDBAGRNoRR INR! THRExRHAMNR: X83dida8d ¢hid8lement
XaaZ2- phenyl al ani ne- al ani ne-val 1 ne- Xaa3-val i ne- ]
was missing from some sequencing clones of DJO10A DNA. (B) Nrul digested
genomic DNA from DJO10A shown in the left gel and its Southemn hybridization
30  (right gel) using probes specific for four different IS element families. (1) refers to
DJO10A and (2) refers to DJO10A-JH1. Arrows indicate bands in DJO10A
corresponding to specific IS30 elements as illustrated in (A).
Figure 8. Simulated fecal competitive analysis of B. longum DIO10A and its

in vitro adapted derivative, strain DJO10A-JH1, against Clostridium difficile and E.
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| euci ne- Xaa4-val i ne- Xaa5-phenyl al ani ne- Xaa6- al ani ne- Xaa7-

Xaa8-val i neXaa9-val i ne-val i ne- XaalO- ar gi ni ne-| euci ne-al ani ne- Xaal | -
Xaal2- gl yci neaspar agi ne- Xaal3-lysine (SEQ ID NO 21) where Xaal, 2,

3, 4, 5, OYOR0094pR440L1 are each independently serine,  PCT/US2008/070511

di dehydr oal ani i.ne; tly
Cystorne or - al o VELEUIZRACRrn cbf DIBRE B RARACHEERERARA

t hr eoni ne, di dsthgdbddel), yoliaveng com@tidon woth Bt ipmgon ﬁhDdiOAAHﬂ)r(ledrennteUhnes)

| i d of ' i i .
rol | ne- al ani neeadnirat RUSEOERERREDERT Shehbreobratificde DIPFHe e
ri ne-val i ne- | ethgibBginSiag bhre\Cainpaana saal (Ladh eoydviha bormgetidbe ey dr oal an

i ne-al ani ne-al ani ne-serine-val | ne-di dehydrobutyrine-valine-valine- 2 a
mi nobut yr i @ longum DJO10A-JH1 (horizontal lines] and B. Jorigum DIOT0A (hatched). N =

aci d-argi ni ne- | euci F‘ig@x'e@“Ceﬁsealea@frﬁhffu@o@ﬁl'e'aﬁcglagé&ﬁ %x%ﬂé@gbﬁ@u&' ani n
e-lysine (SEQ I D NO conpound may have at |east 1,

| east 2, at | e¢lusters, méhe twed fongumagendraess ThesDnat boxea sonsgt of7 b’eGSher

cross ks, ABLSARY Co BN A1 PEOTONL rUANSPHON AE

The cross i nk@y@@(mmmam myn(mmmys Tape POETATOGA CKYATyhe F

3003/ 0g842%gﬁ%§§g}&‘?%é%ﬁ%%§%%T§%%dq@mﬁo 21, in any conbi nati on.

Preferably, each crmgselbnkygenahddasstefRnGyslifRianen (Fe8)AY@emd eRodedBa
7, 12, or 13 of SEQ ID NO 21. A preferred exanple of a conmpgund of

the present i n\&Rt fopan gensmessy @Mcbgzeem thﬁlﬁg@neatq%evatle?&ﬁg@o@n&kgvpeI
bet ween the anm@sg&én@%et%mpg%z méfo in838c8)703NS) la%n{éﬁ
s 2 Xaa 11) and

positions 24 (Xaa 510) and aa , and position
32 (Xaa 13). Sau3Almdhi§d‘drswt@n (nemnptme§éﬂt5' GAdénd’) with mx}ogqueRtMe

pol ypeptid

22, prefera Iyyg% é&f‘%ﬂ@}g«%ﬁa or msg‘g%?:se’f?g% goponﬁgéﬁ ]ng}F I\%gg’tpresent
i nvention may (revopnitden sltﬁ;§’eCtﬁ‘ai\G(Br@') smhmnhlugcajs Rsmylstamshryothmtﬂacmnmt her
am no acid segyenc .Sim | ar| i.s referr ﬂ)?@gé}gctural
similarity and T ﬁBFO efl?)?eqd‘g[‘c&l niibes Wpaﬁdg n@"‘?”ﬁ’é 8%&s of
the two am no iagicstegequences (i.e., a candi date am no aci d sequence

and the am no acid sequence of, SEQ I.D NOGs; 19 or 22). to
optinize the number I&Felbéﬁftgﬁleaqﬂoaﬁfﬂlﬁ1&@?’@?‘3’%%@@@%@%@%&% of

their Sequﬁﬁcﬁﬁﬂlzgﬁﬁsgeh@c}%btkﬁ?ﬁ RIDRAOA aﬁlﬁqqﬁﬂﬁ,SZ?@S)eUHﬁlhggEﬁe%f étf!un
maki ng t he allgnnent in order to optimze the nunber of ’identical

15am no aci ds, DEPt0Rcarg ndiqatedalh, inserdion sequenrectdyh hypejbetivelnratging Arab,
nonet hel ess r f n

sequence is t h%méﬁ‘losk%sé?fa h{ sﬂg Fgglﬁ{:é%%lgiﬁg;gRgggla@ﬁé %%Ee%sogﬂka%l“ﬁa%% gltc:l d
sequence pr esehBCitmrnsportenyvel, acdaticoeijaeniiyl, Buglosidsse SEQ dsiordve) RIFACS,

di dat f Bi f
oy be pr odEE U Y S BSHECR B o A R AL IBE o
enzymati calsly Iﬁytah bptharee. p cEﬂ -gd1 @dpdsidasd; Wﬁalﬁﬂﬁﬂoarﬁlﬁhdga%%%ﬂ@@?y ,4ep-€

conpar ed usi ng ﬁ’i\i BESTFI T algorithmin the GCG packa ver si on
10.2, Madi son BAlFtosigase; RAST, W&gpﬂmﬁlr"é@?ﬂéfﬁ?gfcqlh@ /@\ n-sear ch

al gorithm as
L9017 247 e TG T e s

i nstance at t HémFahistigine kinges; R AH; Diegugnge prepsphaviase; BB, eerHPoD

25Bi ot echnol o

Preferably, ucjge% ‘gé ﬁ?ﬂX/ﬁ{i}ﬁsggﬁ ?HCO Qﬁkbﬁ"%ﬁ%%%%glgggecﬁ%g%ﬁa@? e$%) are
used, i ncIEi(Ddl Nipopeltysacshar dBhiOSEA|s poqen; Dapds, B Giyipy perlyél.al:phmdb@nsrbbn
gap penalty = 1, gap x dropoff = 50, ect = dsize = 3, and
opti onal 1y { PSR AP SRS RS STt ARG 4 d sequences
using t he BLA?p'Bly%%h&{HeﬁJow phdtPhaté trinkpbid Eatens IATHa& édmpohént! BlieR) ed

to 30as "identities." Preferably, a conpound of the present i nvention
phosphoglycerol transferase; ProP, permease; Acyl-Est, acyl esterase. It should be




NGs: 19, 20, 21, or 22, preferably SEQ ID NO 21, may include one or
nore conservative substitutions of the sequence disclosed at SEQ I D
NGOs: 19, 20, 21, or 1022. A conservative substitution is typically
t he subst i WO2DWRSBH0 one am no aci d for anot her that i s RCTAEEDSO7M1
the same class oted that t@! cgs lh%d %l?i 11}((9&%}7'\935 aggotgt'é& %Eo:ﬂglﬁtséefnn
blochemstrytﬁl an am Ac ¥ grng to a grouping of am no
aci ds having at}maﬂtm:’,{ﬂs%enmezmnoratlmhar acteristic (such as charge

hydr ophobi city, andlor dy.ophilic can gene %go S ut e
for another amino a ﬁgare\l}',%tﬁgﬁfohfgg\f}ﬁézugﬂ{liﬂ ‘gaab]&\é? n?‘ﬂ }5}:%9?8 ry
and/ or terti ar yonglh WIOI0A 208 NEARODY, PRI HiEE to tﬁ@ﬂNtdSEratﬁmr poses of this
i nvention, conservative amno acid substitutions are defined to

result frondexchangbigere lanPrsnizaticrotteyipmdided | BRT Gityns eelloweaes anchps
foll owing cl asgﬁellﬁfln@e%ndyﬁ@lo%ﬁsﬁhel nunfBett bel%‘vﬁt’hey@hal p'eﬁtﬂie b%ﬂ& I l e
(representing aliphatic side chains); C ass : ,

I1e, Ser, and iHdrcatertbploegntof ﬁlgnailpﬁpihb'slﬂleawd OfQ@ r@bﬁquaperelhﬁﬂaroxyl
si de chai ns) ; I Ser, and Thr (representing hydroxyl

si de chains); gd%%?éd l#ml&/g%&dsd et (representing sul fur-containing
si de chains); C assFijure@G4uLoséspiheAsitibmiid géiahlﬁmﬂmwlloﬂgunamcalmﬁgﬂdmp

tai ni 'd d t
basi ¢ o ao1Eharnayedih ot BYSToA sepindaste cHatyS Sp ghery SRR
Leu, Phe and Nﬁméﬁt@twnaﬁ@[ﬂba RElaRYBICIPACKH IChySPCR. MNBKNBNA 1a5<iarass

VII1: Phe, Trp, and T){ (representing aromatic¢ si de chai nrsg) and
Cass | X Asn ﬁﬁ*dtr@ ) lazgpls éé’éH% fegipnali e 3 WaUEReaion:; lanfrie URiNBG wEion

are not limte c i A,
aci ds not codeg I%Iger@?%}dltﬁﬁgéggngﬁd%? %5381#1%}%: ggioco%elg?n%b@ggﬂﬁg s mpo?n
for instance, pugeeregiandPaeichdpS mdAfiadid g Blie mwamﬁmieaﬂﬂp tibigtic
al so inclu y
o5 oL U8 L LELA A P! AUy B SRS DY PHIRS Y Sbee
8, 10, 11, 13, b]J)SanaﬂyZJ,S u2idg a24hM Bidpe 2f] th2 G coRFdigdbd dehom&3T B)ior@um
conbi nati on t her eof e;concer nijn how to
make phenot ypi S&I qwﬁloﬁdﬁoﬁﬁﬁlﬁ%b%ﬁﬁﬁ% ?)‘Plé]\gll?llgﬁ
Bowi e et al. (;haﬁ;egedmﬂheiﬂ@ﬁowM? 1306-1310), wherein the authors
indicate proteins are surprisingly tolerant of amno

aci d
substitutions. WO Eigwre/658watperyesdy B6aM erednamolihs foé‘&'éﬂﬁﬂf’é useshiithe et
al . disclogg thaj cbnlsétﬁnérgwtﬁ@xﬁ@fn&n&pﬁn%&a@aswé@rmo%mf&wang%tfhﬁn

tol erance of a pol ypeptide sequence to change. first nethod

relies on the Ppeshbegewofculbwes. Savaoes, £i qp/idPiQes] ,rmmwlﬁSoﬁ@staqdemeq‘hﬁFféﬁ
accepted or eb%é{ﬁdglpéfes ?tfd o DFOFEA AN 5 Egﬁh&%‘&%‘jz& PJ::{?ES

genetic engineering de amno" acid anges’ at speC|
positions of a clonégugedcPaiich sledermhis sequescacd@éon[g@mm:l@rlﬂm((ﬁenbank

sequences that , mai nt ed b t he auyt hor
hese st udi e ARTATTRYREIHA R R T B Epefingiafn IS GRO P
of am no agd d NOBSY.I Prebdn®Rsthin NEQ BMNIRZE nhtledtites wmaw:almm (SEQ ID
changes are Ilkel to be perm ssive at a certaln]\[h'smlon of

protein. For 12ad thepstyperiidesncodss HistRYi(BER RNk nP@ﬁQHdF%l?‘?(%”‘
10pol ar si de Cf@b@@? gggmmﬁ f@@ﬁd&ﬁe@n@ée@%éﬁﬁ&e@ @e pspar e

general ly conserved. er suc phenotypically silent 'substitutions
are descri bed husldBtidgsel 9812141- 19&h‘ﬂ 7t(ﬁEQrIBf1‘@éhéléisth@ pelapeptide prsoded

Pr ef er abl a t I I
Preter vty 2 SORIPIND BN, RIASSL DS Bl QEBEA6R b
conmpound h#vi ngplyprptidogicoddd thrent (SEQL Y ND&S)nmelebh@ds 108270BI- 1198 ZR3GUBRQ
f di cat be.. Wien the | anti hi ot i d.f

o ool oot D 2R b s T BB 58} s

Bi fi dobact eri umg3bire- 1986l ﬂb(smm) Re: 1us et the pbiypspikiabico BEthERBY (mscpr

an agar plate and incubated for eriod of tine, for instance,
NO:12); nucleotides 1986161 986979 (SEQ ID NO:13) and the polypephde

10



25top agar is allowed to cool and harden, and the plate is incubated
under conditions to allow gromh of the indicator strain. The absence
of the indicator strain around the m crobe inoculated in the mddle

of the pl WO 2WF¥A es the m crobe is producing a | ant iHSITOES2608(07G5Mh1

bi ol ogi cal act igyidd¥d ihdRBy B $D RRY 1 ek RIBRLE! Bls¥o AL VIeksh 181(sBHAMIND 9F)
the indicator strain, or'there may be a halo of no indicator strain

in the center @rdthhgolypentiseencoded therehy 65EQ He NQib)i bi otic to be tested
for biological activity is isolated or purified, a hole nay be cut in
the center of an agar plate, and a solution containing an isolated or
purified | anti bi ot i BEFAYLER DESIRIPTION OF ThhbUSTRAGTEE EMBXODINGENTS f use

into the agar. Next,.an indicator strain, previoqusly. grown on .
Gifferent prate or TH BPSTHIVRLONgvitipssmbendbbarle oSt fertein
suspended in anfi@bb&RNA oPpagalof tHeQreseMShaneen ifdivdds agRYpepads] AR@bed
over the plate that contains the isolated or purified lantibiotic.
The top agar i 8¢8I Geédm™ golypentidangiorabraedly tameplyme irye er pgre amino
i ncubat ed undep:;gopgdicl 'tdé@%&l%jéph@é"b&{dgv‘ﬁ“ﬁ'e {&En"ﬁlﬁ)éﬂregﬁde@%is@rinc‘ﬂde@' n.

The absence of the | ndicator aln around the m be inoculated in

the 5 middl e ofroldselepihich confeincecrethar hee palgpepbide josneg by d disiligie dond, or

| anti bi otigywW Lol agi cal i vity.. .Th | ate compl et el
dovoi d of o owbirBrte REbAGeRics tlcale ighilf dLeRbl ST o RO RARLY s
no i ndi cator sinultinters .4 Bmesneeamas). tThes, phateens fwotite, bAgdpeptidet aels ar e
known to have sone biol.ogical actiyi ai nst . gram negati ve

o or obes, but BT arr) TaRh pifiyhe e ooy PeRiensd Bime/Srrs arpused
outer 10 menbr af@cihgdbB . af SidhIdRGALTS R0 GEORGeitEHATRICHRAE @kFecific
exposure to the lantibiotic. The lantibiotic of the present_invention
has bi ol ogi cal leaghiofr PolyBshpiaming ruds AR My infended buigpnordidingpisiance
of damage {9 tRBRLIRL pdTHIREANE prodeCANRiHRIEmYi SRt teBithi t icdl

| anti biotic has %ti ol.to I cal ellct_i ik y Is Bliré_ef erably gg%éwl}ﬁ’dcgg&lf d _
condi ti ons t haenzgmanosynihesace is irturallit escuiringbA snmpodndof freamesarigavdniien
15m crobe. Suc | e o | e, | i f

chel ator i n t nerRatelref Bl ot il PRFLBER: colBOLRIR, Beodh
condi tions of myemionds sblack, Adwesad herbipndaroStcddted’ potypsstidecsuck xpokutidotiQ

out ot monr anc R PR i e 6 DB B BTNl STl i et "

soni cati on20 Li kegiblvedirom QidRatutdd bhRioRinkftS prdttcdd MR récdmBame: tSeiRues, or
bi ol ogi cal 20activity agai nst gram negative m crobes, but typically
the bi ol ogi cal chegusally oy Snaymsticaliy sysfhestzed h Brefrahy rferphinenéetitcr obe s
exposed to hi gﬂﬁﬁn&}%ﬂﬁ@é’&ﬂtﬁi@ixﬂz@&i&fis Fﬁl%iéd?ﬂé.'&k&ﬁihﬁy FbafordhRy bigd to
inhibit a gram positive mcrobe (H lTman, U S, Patent Appli cation
20020128186. Trmyreatidd ¢inotingcledtideraad piseciatad celiwaspradyats hasthei igiputiiesal
activity against gr i W GF- LEI 1

when used at 25t ho SApaR SRkIE, 81 EHERAR, SRhONA0T b Ly BLad gree
strai ns i n2d udegschbinvemsh &paenicibe sodocaURfitisdoeiesiiin, 4 prepaptido squsduced
| oads, Staphyl ococcus. aureus t aphyl ococcus idermdis E. cqlt,
Serratia mar ceUEQHE eI B BESEL N LSS SN O Ra RGO SR *fPes ent
invention al sofoRagidnhe tbahatinRigdes béteSerDdertail aMenS i @S hitd Advageby a
heating to 100C for 10 m nutes, 1nactivated by proteolytic dleg%sti on

with pepsin atSial pepsidesepFliakiel mepgptifemay hagihe apinojapid sequpageatE@iP
proteolytic diggsggion with a-Chynotrypsin, proteinase K, trypsin, and
t hernol ysin. The conpound is predicted to have an isoelectric point

of 9.5, ani a nol eclilicaprepsplidsis protess@idy, Ghpdiationts. resulyn an intermediate.
2009/ 058440PCT, 7 he.pre t .1nventi-Qn_al.so

provi des ot herslﬁggcg)?%%gs %g?jr%?o%%ht‘{fh tee:s(g.to wphdgﬁ%yﬂrr?? lélrrll1 %r@ Yo erefererlce
limting, produSEQIDNO:@ tlechpodbmineheildha poridse 86, 38nax A, 47049,f5ar 61 or

' nstance, SEQ | B Niatioh thitecd iy bo tehy el o dichydlonanine. ProtThbly he

serine amino acids at positions 47, 49, and 61 are dehydrated to form

11



These 7 pol ypeptides are a response regul ator of two conponent system
(SEQ ID NG 2), a signal transduction histidine kinase (SEQ ID NO 4),

a response 10 regulator (SEQ ID NGO 8), a prepeptide nodification

pol ypept i dBOERBE®S#4B NO 10), a nodi fying enzynme (SEQ | D RG/US2)08/020311

i muni ty pol ypea?&éh Grobimhd. Iﬂr&%&%m@msanéyrmamm toPBinypept i de
(SEQ ID NO 16). The transporter peptide is predicted to include
pr ot ease capab|¢d¢ydm®twl®$éu%w p@%‘iﬁéiﬁ@@@ng@ﬁ e thigeping gming gcids

invention are [ \" [ t

ani o aci d 15 SpdRL'SER iR o BYRHBHAEILE e R Bt 8° g
| D NO 10, SEQ |dideN@rothgyriSECraidatilig) thd threoomeSH@olpdsfiond 64 anfh¥ are
S|mlar|ty|s r re raI simlarity and is generally
det er m ned %?tﬁ‘g fﬁ’@“ﬁ@%f"ﬁﬂé@ Bt he two anmino acid sequences
(i.e., a candl dat e g®id)@n agérthedRGURNGRptaTededultihgd o thealehylirdRauanee of
SEQID NO 2, SEQID NO 4, SEQ ID NO 8, SEQ ID NO 10, SEQ ID NO 12,
SEQ 201 D NO. 14 2°if mapaaYshalipgnesrgesr i bed above. Preferably, a
pol ypeptide of this aspect of the invention also includes

pol ypeptides with an anino acid sequence having at |east 80% am no
acid identity, MethiopiastSeguodsaleneine-Acpaiti¢ m&rﬁﬂlttgmw@pldrleﬁme Bo%s-ami no

acid identity, ] 1 € B4 no
acid ident |1Py, I%)?e#ﬁl%s&ahg‘gglggnwynghgﬁ a{ngﬁ% !“% l;he Eal eas ug%gén@ no
acid identity, Ampaxheastl-&ﬁmﬂc?%m&ﬂlanmeiﬁdaﬁmieh‘spm acadt- Meﬁn@nneBB%line—
am no acid ideﬁ%‘i ,5 hi EL east{r 89%a |d |d§ntit gt eastd 90%
amino acid i denf§t ténng PanE h@g@mg ane TR GARRA RN AP LS 9206
anm no acid i dedshinic aéii-Giipeisd-vaiie- Ahine-pastngd- aﬂedlﬁfbt—)(ia)lrlelﬁﬁnd- gast- 94%
amno acid identit at | east 95% am no _acid jdentity, at _|east 96%

am no aci d i dehfyalanipe-plagae-vaings ant! laeﬂwcwaeﬁﬁfi“r‘gﬂ?maw fodast 98%
am no acidj Bdﬁghéﬁyyalarﬁﬁe-%aéﬁﬁﬁfne-g {?eﬁﬁl HQa%lﬁ@J ﬁads%ﬁhé wlrkDXﬂﬁQ I D
NO 2, SEQID SEQ | SEQ I D NO 12, SEQ |

NO 14, or SEQ PPIEING- h_e@cmﬁa]@mryp%(paluodéyﬁw gimg@mpaﬂagxr@n@iswﬁleﬂmm@EQ
structural Si mlﬂl?)%% to SEQID NO 2, SEQID NG 4, SEQ ID NO 8, SEQ

| D NO 10, SEQ I )2 SEQ ID NO 14, or SEQ ID NO 16 nay i ncl ude
one or nore conservative substitutions of the sequence disclosed at

SEQ | D NG 2, SE 0 5844 /| US .0/07 4. SEO ID
NoB, JSEQ LD NEED XA Ppnib0s b FGER e R e g st O T

A pol ypept Rde rdaiehytgoaamm;tam Kha®Sandid @6 dch 1ﬁdbpéiE@1ﬂlﬂhN@nﬁl,e oSEQ | D
NO 4, SEQ I D NQ 8 Q1D NO 10 g Q ID NQO 12, SE% go
ID NO 16 5pr ef érd&bﬂromgﬂ%ﬁ prefepred Fxasmnle panigteEmeliaie 8 VB“é’lﬁfi?f“é‘t‘}Pi‘%e

conpound of SE@LDnBGE ratlm%?ﬁ‘&falrﬁalﬂ%)ﬁi@@ﬁs' de having structural
simlarity to SEQID ID NO 4, SEQ ID NG 8, SEQ ID NG 10,
SEQ ID NGO 12, SEQ ID N014 or SEQ I D NO 16 has activity can be

det er mi ned by VDt ] .
am no acid seq%ﬁlga?‘%ggn&ﬁqg?%ﬁmwgsﬁ?@{g%éﬂﬁa &%ﬂ a(r‘,st{a'gik1 |é Ssrr?]?eq\?\hneh
t hg 1Pot her2|5 Pamatltaielf(;dyanc Glutmg@ a;nzd{-?}qmp{PhdgéalammiGﬂ?ammmplmmangm@mger
a bi ol ogi ca y act.i v oun esen vent i is.pr.oduced.
For i natance, SRS ReReTHE AT B e R R Eg REOEES | o
SEQ 1D Nto%beSE“‘@%‘%’E‘%@‘émﬁ%%ﬂﬁsyﬁ%‘%wéépsb@mﬁw%‘é o1
SEQ I D NO 14, SHypimse¥slins-Aeyifigproling: al%leééwe-lgpﬂm S%&wg%w?%ﬂm tions
suitable for the,peQditd icpRe-Qhif- l%ﬁ’dﬁ’é)ééﬁ?le—%l1r¥eﬂﬁdéHy§§>§mainbK€fﬂﬂdlQﬁhe—
If the cell produces a conpound having biological activity, then the
tested pol 9beptild@bydr'val@nme-@lhl@nmysqumna@rvwmﬁrdi@el“ytiwfqbéwn%walme-valme—
simlarity to g t ) 20 . e
present invent ?@ﬁ% %0 oevélr & %lé %r?u%q%elgt%%&g?}c’% kg%igfme ﬁgo-ﬁgt ed
pol ynucl eot i deaparaegnase}echﬁeehyanel(SHQlﬂj NEXmM)! pol ynucl eoti de" refers to
a polyneric formof nucleotides of any length, either ribonucl eotides
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sequence, non-codi ng sequence, and regul atory sequence are defi ned
bel ow. A pol ynucl eotide can be obtained directly froma natural
source, or can be prepared with the aid of reconbinant, enzymatic, or
chemical tWeRAHPYE4® A pol ynucl eotide 30can be |inear ACTHRYGIO0H51T n
topol ogy. A pol ynucTeopdigepti@ddrentiing B6m exedeR @ atich ¢TQREHAiN Bméo adids is
vector, such as an expressign or, clonjng vector, or a fragnent. One
pol ynucl eot i defusthet pacsssedda farm Hipsther Wnagerdictivrea cataly ppiREcidy

(nucl eot i des 1@%%9&obut}1%?e1ééﬂuéafma§@f_k§§éﬂg§ %é&égn}agﬂnﬁ@b%ﬂm%ﬁ (hhﬁ)d

pol ypepti de depicted at” am no acids 3 . It shou

be understood whei usgd taNOrRECBebedrdPETV iS008, eMoBatidpdidghidedatasined e
di | . . . : I
NG 6.1 o not > 1 IPRRLS I8y {ROERRALS forl BT\ AN EP 0 BbR ety

NO 17, but al with emsgherdesing déd, ahdsgstafie ety weysetpraesed chdh anseach
a polypeptide as a r t of,th egener ac f the geneti ode. For
oot DR e e w5 o bR e r oy ol b oER” el BoR0, 19

i's but one nmendigerved it RAtivibasSlathionizl200Binkeh BRAUDAGR FeRed EHsillg fram
pol ypeptide having the am no acjd sequence depicted at am no acids

34- 66 of SEQ iBitwmagon ex hioethsoligheges kbysasiTari gBIAH!Shi ol ogi cal |y
active pol ypeptide pfe ﬁr%s%%%&pﬂc@V@fﬁ%%rb&géeﬁ@? cled HBRNEED Bvo
structural simlarity wth the nucleotide 10 sequenhce o SIES I D

NO 17. The si nithiapiaeis.j The exbesteedcavosagieds baiwear aming peidd Fr dndyp4a@ither s
determ ned by i.gni - i f i (i.e.,
t he nucl eoti deaé%avgg%%g%u;&@ﬁ% h@%ﬁ%?agﬁeéﬂgde%\ggsﬁggé gﬁlg)%%sg(g& é]eggﬁ%ot i de
sequence of SEQ | D TDs1¥dontpmuahdf thie peesért énventidnanaydfave derfblloahg

nucl eoti des al ong the I engths of their sequences; gaps in either or
bot h sequences™*8Fé¢“fernmitted in making the alignnment in order to
150pti m ze14 he nunber of shared nucl eoti des, although the nucl eotides
in each sequence_rnust nonethel ess remain in their proper order.. A
candi dat e sequiiftiee-planipgrsaaksleyeineoXHerhgnddapas-danipg vl Keaivaling A
candi dat e nucl gdih dXHEIHENL KaBRYh B 1l FNAKGAL- AR - 7T X4Rbagher i um
or may be produced using reconbi hant techniques, or chemcally or
enzymati cal | y $gaftvabise-raline- Baaklegrgiving:lenoige-sanine étap e 22015 ekygances
are conpared usi 1 D S[EL T j in the GCG package (version
10. 2, Madi son %\b%gg%ge}tgﬁgi[ﬁémésggtqy %@?&? am of the BLAST 2 search

al gorithm2(as described by Tatusova, et al. (FEMS Mcrobiol Lett

1999, 174:247-250 vai_l ahl e rough.the World W.de far .

i nstance at th‘é1§ f%?‘é?ﬂg g’l‘{j‘g @2? ?R‘%ﬂn@ﬁgﬂ? l?‘%gerfqﬁ? YO%EPB’&V%F%@%W“’
Bi ot echnol ogy driafmideakaen 2 Natilongd eakh sidepanti@sl yakystbiabi flanidd and Xaag
Preferably, the default, val ues ff)r al |, gﬁﬁﬁ 3 gear.ch par ar_retbers_ ar_g
used, includi r?&drlg\ﬁéer ?PCPBTdeH‘?{’@E‘H Y:thlf,omﬁ @chy OBty fat-@Rinebutyric 8pen
gap penalty = ﬁpre@e&&e%rb%wglewa cBBPAdd6r hedpredRPinvendbeROf f = 50,
expect = 10, wordsize = 11, and optionally, filter on. In the
conpari sorgof two nucl eoti de sequences using the BLAST search
algorithm stryctural .siplani is.re ABS il L4 €S mtine.
Br ot er abl y, - o SOL B B ilicthe SiAEUREL ARk Pipe ARG dhESpine:
at | east 80% roaliecteride-viliterdlartiys-plahylakasike-didehydroahraod-aldeine-daninet vy,

t | t 82% | eot.i de..i tity, at | . 83% | eatide identijty.
2t least 84v6 METEOHIGEIHETE Py inGyalg eGSR rE St peIE ol ER e
at | east 86% nigleoilhdge-hidfintstytineaipalagiagtalaBifol i (SBQI IENOdeNt i ty,

at | east 88% nucleotide identity, at |east 89% nucleotide identity,
at | east 9% nucl eotide WD 2009/ 058440PCT/ US2008/ 070511 i dent i ty, at

| east 91% nucl eoti q@cér%%lﬁnh%y Wale hGERE 1, 2200809ChE0E 118t 1080 dildhst Bbt
| east 93% nucl eotide i1dentity, at |east '94% nucleotide identity, at

| east 95% nucllest § deodtickegrdss ;ilzlksaf’relf@ddr, ageMpaus] dbe presentiigmerntion hasat
| east 979% nucligal § 48k SR ut AhstoRBY PHLRYS SRS bl THE BN s B

be between any two residues at positions Xaa 1, 2,3,4,5,6,7,8,9, 10, 11, 12, and
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processing, i.e., amno acids 1-33 of SEQ ID NO 6. These nucl eoti des
are disclosed at nucleotides 1 -99 of SEQID NO 5. It should be

understood that a pol ynucl eotide encoding a pol ypeptide represented
by am no a&0@e09Ds80 of SEQ ID NO 6 is not |imted to tRETVERISOTISEE

sequence di scl qsegsah mugbeat in%? cdmbidHdH Pk e%@ Ross 15’@ Wclides Bne

i ncludes the class of pol ynucl eoti des encodi g‘g such pol é(s)eptl de as
a result of thevyHegerrsiduey. eofxaﬁﬁel%éﬁéipfﬁ% NO:21. APT@EGIT exaguple e

pol ynuct eot i desROGAM it HEAthMubELIIHRIIn KRl PR iddit: DI-GPGRLT e

i ncl ude those hav ng structural simlari € nuc
sequence of nubksaen tesiniine 89dsoft p&iipnis D4 \nH3) ahtié8 ¢Xad T)gpdsttipns 24 (Xaa

referred to_as Osimlarit erm ned by aligning
t he resi dueg fIB ?@%&?ﬁé@ﬁ?ﬁ%g{%ﬂ%@@a Ieﬁa 7&@52 eot i de
sequence of the candi @aipRusesiROsRsaanhvathesdy ifla@sdelpolyPeptafes S thkh
NG 5) as descri bed above. Preferabl gq such a {)Bﬁ%(nucl eot 1 de i ncI udes

a nucl eoti de sd&fseferictrdasSER I NOsa refdy. i SFEEh N2 1gfor
| east 81% nucl ¢aidnde al@RRbhddor 1R prleﬁﬁﬁhvé}l%rf?l PHAG Rl de Posk q@\ﬁﬁé §t1\7ﬁ’ctu§e{l

| east 83% nucl eotide identity, at |east 84% 25nucl eotide identity, at
| east 85% nucl enilagey il ardthey amano Joabssauadgos Fhfctimdarnity és eigand totas,  at

cast STo0 TC) SRR SATMNY b isBhnk SRR BRIAE LRGSR LATAH bne B

| east 91% nucl emiriockeid s&qmﬁmctw(’; e.ah cdndadate M2B6 mid segotricdend tthelairmtoyamdat

| east 93% nucl eot i de i | eot de identi t

| east 95% nucl &SV FYE ofgﬁggtl;q}éOsZL? #@zt"@’éﬁo %%uq‘ll?éﬂ%id?éicagom

| east 97% nucl e@irodRids B itieylengllis dfelaasxtseaﬁ&ic&ugé;@@ﬁ ti€lRr bk édgMencey
at | east 99% nucl eot | dg’l dentity to nucleotides | -99 of SEQ I D NO 5.

The present i nf&MEMBite rsraalflﬁa:ihﬁaégnm%rraqr@%rtgapwﬁerf@mérsoféﬁi@aaalng

the 7 pol ypept hglgs a‘bﬂ@taltfh@ %H tht %ﬁlor%ﬁgﬁpéa'cﬁ)@eq%nc@ nﬁﬁ%‘éﬁgle%freﬁ)% in
present invention. These pol ynucl eotides include SEQ I

NO: 3, SEQ | D Nébelr prarqordpn 2 0asidusyaioratd @mm/mth@amnm algtd\v@mnc:fSEQ
| D NO 11, SEQ

. encode SEQ | D k% %@@5 qﬁgﬁ%g %%P%QIN&E%?&%E%%I %ﬂﬁ%ﬁ%@%q@% ﬁBCh
NO 12, SEQ ID MEQJDMZBEQdamﬁMD: alﬁ1norae1slpse@1enmhyy bd isolsted fiboh e
under st ood t hat,, ol ynucl eot i | t| de repr sent

by SEQ 1D 5. NoPioBgs s o Y SRR e SRR ki BE SRR
NO 12, SEQ D biGnkdmativali S thdsiE) E&fdrﬂalﬂ@'kro buinfrota@id ste@;ehb”@ af@ngRtddde
sequence di scl osed at SE%ID NQO. 1, SE ID NGO 3, SEQID NO 7, SE ID

NO 9, SEQ | D Ne#ingthe SESTFH plepritym igth Perliaer i‘?}m%lﬁo 2 Madlison

the class of pﬂJthﬂHBﬁ&ﬂiﬁr@@%m%@%E‘&SﬁEﬁ&réh Qgémmﬁpéslo@&rﬁédeymﬁwvh
of the degeneracy of the genetic code. ol ynucl eoti d

encodi ng on of €t éFEWdﬂVﬁémﬁldéé%%éﬂ“fzé%izﬁ(?)t%ﬂdéwéﬂ@bleetb@iléwhsfw%ﬂd

conmpound of th

SR AT o i B GRE oy LUl d AL ineh IR bR IO RSBl R

ﬁgql g D _II\_IS 75 SEthdcmldlﬁg)QInchE@erN\dﬁbﬂﬂ ,InsBE@sIdDHHﬁl]ﬂﬂ.3Pretﬁs;ratﬁSE(ﬂld @f?jult
e siml.ari rre to as struct .a I m a.rlty an | S

Notorimnod by kifGibrall SrASTZsee bR RS et b oiefet ! doe

(e.g., the nucBeosUMﬁzsepmﬁgap@eﬁﬂltytmﬂ caBtHi¢ipdag é)a@qwawp%a@mohrbﬁtﬂf 50,

nucl eot| de sequence of SEQ. |1 D NO as described above. Preferably, a
pol ynucl eot i de®RRel u%?oédﬁ‘ﬂ?cﬁ %@f‘ﬁi %‘%ﬁ%écﬂ‘@’éoﬂﬁal% ogparigna twpefino

nucl eoti de i deptd {efuedbs Jls‘?x?gstthe @%A’S’T%!u@ﬁ’%] ofRehhd Sildnied, suﬁ‘ﬁar{tﬁﬁséfeﬁg%o

nucl eotide identity, at |east 83% nucl eoti de i dent ty, at least 84%
nucl eot i de3q dess ideptitiest" Peefereblgsoeonpaurd efshe presantiameitiop alsaindiwlest 86%

nucl eoti de i deghifhriadlyittAmild 28 YNGR HdGink 9P12isk 8% amino acid identity,

at least 81% amino acid identity, at least 82% amino acid identity, at least 83%
amino acid identity, at least 84% amino acid identity, at least 85% amino acid

identity, at least 86% amino acid identity, at least 87% amino acid identity, at least
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at | east 88% nucleotide identity, at |east 89% nucleotide identity,
at | east 90% nucl eotide identity, at |least 91% nucl eotide identity,
at least 92% nucleotide identity, at |east 93% nucl eotide identity,
at | east MOHIOFHM | de identity, at |east 95% nucl eot iREI/USANSHOVASYL

at | east 96% nussbeshingacitl dRmtiiyl ¥ leat 8996 aminoheld iBsHL at lesle obAantiid Mid
25at | east 98% nucl eot| de identity, or at |east 99% nucl eoti de

i dentity to SEASantyes lesst 9 BEamin aqr Wenttpat [epsti9eyeaminrayig Menidyoat l@EQ
I'D NO 11, SEQ lgByN(hids aci@ Edeﬁ %t@ee&@ég’/‘é amEE%cﬁr %Yyi a@lg%gg% ﬂ%%% acid

sequence having structural s arity to
SEQ I D NO: 7, SE{@nfity, Nde®! SESE@mim 2 WantitHEQiersd R arlino asid REQity Dt NGstL5

havi ng the actigg u nd. of .SE 0I1.D

Testing for gsuc?ﬁ/ %Ellg{)/l ‘5(?/?(%5{% éscaﬁlllesgt(r?gé‘g ‘8o a01§ (Qn? ‘%8&@1‘@??%%0?%
of the present ZorﬁvlentimmrdfayblpSEﬁrIeasNOtzu n a vector. A vect or is a
replicating polynucleot i as a. plasm hage, cosm d
artificial chronosofie® on'tPBu%‘?%ﬁe Eﬁﬁnﬁg‘gerﬁtﬁ’lﬂ)}‘ﬁﬂég ot SHﬁ‘}alﬁfétO SEQ D

attached so asNam: by i2ng928beos, préferab9HEE RS N@m%a{;f hRnakbashefore
pol ynucl eoti de. When present in a vector,

WO2009/ 058440 P@?S@S@@Wﬂbmyms ﬁéthyﬁwe@@tdlw@sed att3FE IThivest 1% R0.dyohe
referred tgpas)a £¢ bﬂ YdAUE }%&Ellgfﬁle s@l?stz o opgl{eh nﬂno 9::1d for

"reconbi nant pol ynuc eot ers t nuc otlde

sequences t hat asgthertiont lmn@lnhttrIOf t}}ecmmedlatm@ et dxempleThés wéhlmmmes threeayt
be joined by t i £ Ry ation. of d|f. rent ucleotlde
sequences usi nE? @%ﬁ)ﬂ IO&err?Stn?tg%thma%o am(ﬂ? ggga(ﬁgﬁoé‘ﬁ‘l V"’Sramds
enzymatically hmngleﬁarﬂedar sizeroe chariiteritit (Jach ysm]ﬁfg@qi}ldd@)hﬂﬁmt)b@nd/or
included in a t ector structlo of yectors c ining a
pol ynucl eot i deﬁﬁéfmﬁﬁ City QMQHBWEOE‘E)F‘WE’”@ FEPLRer 4rgae F“Ba rSE‘PFm ques
known in the aéﬁbstaﬁﬁ‘aﬂly #refing tho38MNARY afd/otbrtiaNDHRE/beAT ago% Sﬁlﬂie ¥or the
Laboratory Manual ., Col d Spring Harbor Laboratory Press

vector can pr oPVReses F thiS PSP OB YR VY AR aFidshstisrions af? Iﬁléﬁned tO
pol ynucl eot i dejeqyit fr@mex@haﬁk@@f AMinY Q&Ei?femd%s fio% wﬁﬁﬂ RS StRB fcﬁfov\hrg

pol ypepti de encoded by the coding regio expressi on
Sui t abl e expr eslessehofiresidusssClaseclt Gihe Aﬂﬂhd@é Lteha&nddhﬁrebsesmﬂmg ahphapc sidace

anmount s of pol g}pﬁﬁ 'c‘ﬂ%s P gff eﬁ[lgbv A feucﬂ”%%l ?%rngtéepﬁes gté“,%ah?h@@?flfion

i nvention that can’be Used 1 & cohposl 1°6H 6
and, 15f or20 nssliphati; hydtedyhside eliahb); Cas [HUDjIeBér, andeltr Orepresaying hgdrogle a

??2;,234 Pher cote et R oV PR any e Jerrs e Bioa e oupEne ¥ cpans)
nucl eoti de seqoRBEY: GRaksENEAGRSE Gin REISRARK helRledAchp Whamim deadateger
the control of appropriate réa)gul atory sequences expresses the encoded

pol ypept i de. THESOBliktiarire andrynrenserenide togic side shangerassay ILyGly, Ala,
20det er m ned a t '.ﬁjqq

transl ation s?%m Tlgjtrjgglsgt@ Y??‘ & %é gtrtm%}es ﬁtﬁl %gdl%ggo bgé]%%%hgms)
depends updh aClasy VB PhefTroemidrTod (mM$mun£unoslatlcsd¢ chatrtsh ané Elass Dﬁg\sn
construct, suc I|c

the |ike. Sui tadlaczlnﬁ&o fels ]}1?%’11 or Aélcl(i)ﬁri\lln % Cl%%?f) BehY ﬁlénlpeﬁé" 9332&6@

herein are pr odmmymgarrﬂuo &&Buiﬂa]uylmglamn&edcica not coded folin & RrafdEd Qehetic
vector optional lfY-\ i 'gdes reg Iatorg uen f Brf'}bl y. linked to
the coding regfoSh 2N FEGE Hpw, it Dsty fh&’%S ftean atfﬂlj’é nagIfigAtion gf pppige

that regul at esycex Bt Q0SS arBfisiAtinddo M. Acoheridiive Ehushtuh§n pRFHAP! Y
| i nked. NonI imting exanples of requlatory sequences include

pr onot er s,3% r BTSERT FENBIPCAD Preferdhy.of pesifiondoer adsT.& 1l lsthrls, K 2@s,
translation St?zpmi'ztse% 231%h ¢ Qxa{xﬁfnf‘olnat%)fe?%{e%g&ééd?lfﬁ%o hefers to

a j uxtaposition wherein the’ conpbnents so descri
rel ationshi p perm t@uldﬁglcd: h@nﬂmmgfhmctblrmkelphertotwnqally pif eanagkethonrmidner . A

regul atory Seqy g&%?tzo'n% is pr %Ele‘?&j nxﬁovslnerz] le,<tea(il (15&) gm&?c%' ?&:lrS%g—iIQPO)mgQreiint

the authors indicate proteins are surprisingly tolerant of amino acid substitutions.
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sequence. The invention is not limted by the use of any particul ar
pronoter, and a wide variety of pronoters are known. Pronoters act as
regul atory signals that bind RNA polynerase in a cell to initiate
transcri ptWea{s#4tlownst ream (3' direction) codi ng r ediGEfUS2008670511

pronoter used FBYchifphe, BOWELdt bl HisMBscthatdRerk MU b Blagh HpRIFBHER For skddyﬁigay
be, but need not be, heterol ogous W th re;gect to the host cell

used herein, athedeleEngs offoipiyoep R EaReBPS osdpigen e gt laeth@b@het@rtye
sequence oper ag+&6e%s.o@ E&guﬁo%, B »9199{ RtabiGH ROl YREGE b ){}feéteﬁ'% natyral
normal |y operably linked. An expression vector optionally
include a ri bosejmiomﬁwisngmdiapewmhdlses &nalic etmrteem(&togntrodutﬁearmod@md
ATG to ini iat tran Iat Bssa to duce
t he pol ypep$| dé" anlg?s E/em %51?18?: él}eeé%n%? rrﬁaﬁlgtsfﬂons gre ﬁeéerrllsctg]i&n?esp
transl ation. Asdégemdesdiat mainh@ofueatmality. Ay ghiedby meauthﬁdpfhesfecstudddslha{?’e

there exists no cqr s ondi ng am noacety] -t ,_thus. endin

pol ypepti de syFﬁ"ﬁéE‘g @a @Inﬁglwws%fy tygmﬁ‘%“%o ??‘%ﬁ@?%?lﬁr?’fshqeh%ost
cell may opti opghb¥ firtHet B@fcafeveHidthangds hANSET tB%b?&qﬁ:@N@aﬂ@E&r&ﬂu
sequence. 15A vector may include nore than one ynucl eoti de of the
present i nvent Pevtiongfdbe prptel. Foramramale. pestyprted ewpaedﬁsutuﬁereﬁ%%w

or gani zed 19 AR anae i I IBE R feohlR FRRSSUREERE: BB

| ocat ed upstr eacmsmfvec! Iﬁhhefrlsn@tp}mwmgalbagﬁmmubsmtmhes gpdewnbed in Bowie et
Al ternatively, 1”9:% 120..0n c1PedC{H8emr may drive expression of the
pol ynucl eot i des? t&%f' ?ﬁ%ct ARC The vector introduced into a
host cell optional IprefemﬂydeSmpmmeth}mrreseﬁﬁhkmiosquﬂn@aﬂly ashivec s
typically encode mol eg inactivates or otherw se detects. or
2P herect ed by s et anto gL BT o SR R I Dl

inclusion of aadiBit 'efs oﬁ@ﬂﬂ@iﬂmuy?mvmemrmmﬁoﬁlﬁ@fb%teowmdth@@Anlublouc to
resistant to an antibiotic it may 25confer conpound-specific

met abol i sm on ‘P%@Stﬁﬁl fos brodogiend agtinty 1s Isingspduced by a PR PrefaaiEace are
sequences t hat Fff%i)&rzeﬁm iRARfBe by 8 NG hfbou IR &bl B an ggar plate
chl or anpheni co tetracydli ne, neonycin, d eruthronycin. ds of
maki ng 30The pareblecubated\fmneund pEtime.dor mstawt 2daysgoptowdetseplisrtionaddi ng
conpounds of t&l% oBEBBE Q&d prQ&,ucﬂE)n ?Ptge ﬁinpﬁop 9 q’refgr bl tﬁggg s Mﬁ'@?g}md
of the present Invention e grow ng i ¢Eeri um under
condi ti ons2@ui BBtNrIeNén;anpnmdamn sngint hlevmoﬁpgtmm onT@/qufaahﬂ ;yate stitlbroth, is
condi tions may mclu? growi n the J‘ldobagérlumo rface

Sui tabl o compoSHSRTYES e mALER HRAGE AT FIEERGy O3 AdgE ARG o op Bl
but WO 2009/ OH8A4RRnk e/ fddeih} tid 1entfastid th m—te@sédtme ad@aht of

gelatin, and guns such _as al ginate, xantham and the like, The nedium
may be conpl et BdisAtoRFiFiREed opft e BORbisyyRiety adeed at peapgsnigatiogrthal ikl Hiside

medi a include, by g%@ﬁrlf?tl Y gld}t,sqg tﬁeoabs&lgm z?Pénﬁ‘EﬁS’t‘i@pr%H‘@&ng Achbderid

ferment abl e sugar, ‘suc and Brain Heart” I nfusion.
5Bi f i dobact%r i @ptapartis aihwqdrt@dcuﬂ enfbharmrp@mm&ie olatetih incpaseromder eppditionote

can be obtain egh fwr %rg}'vﬁpof' tﬂéjf[nmcgtldg%than% I:Th% %Qs%ﬁ&t oy t%e 1%&1c§bps§raﬁlaa[}o tlée

used. Exanpl es of dobacterra as ‘a source o
conmpound of t heigpshesessiulateiMe e middierod klwqeathdaﬂmb émariniobs js poducing a

aerophi ht m B.. angul at el i B aste oi de bi.ti dum B.

bourn, B. brev “tl Ot“‘c‘ﬁ’tﬂemﬁlﬁﬁ’ﬂcﬁﬂ‘? ctity. irﬁlBé’ ait‘?faﬁé( “&Fg‘?t? éjf‘ﬂ?l%ﬁépgr%‘”th of
10cuni culi, B. th@@rﬂﬁda?d?'s@ﬂﬁ;or@aeréiﬁ%r bé'HhalBofﬂ@Hdlcﬁté%trﬁl in8é bdnf@iofthe B
indicum B. infantis, B. inopinatum B. longum B. magnum B.

meryci cum3®B. #Ri§ mum B. pseudocatenul atum B. pseudol ongum B.

psychraerophi | um gqaﬁ P B
scardovii, B. subt ﬁvggy%%%garoﬁgg %’Igg%n um am ﬁb?&@ﬁg}rérln%ﬁﬁcq r‘ﬁumﬁEd
Pref erabl y, t hehde friagbbaeten iherentsr & angevmate,Bnd iagblanon snntamrmBan isolated
longum 15 Tor & ;ern%];t? fa%gllaigfic x%hy {)g 2180 the hole and allowed to diffuse into the agar.

Next, an indicator strain, previously grown on a different plate or in broth, is
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Since bifidobacteria are believed to | ose the ability to produce

| anti biotics after prolonged in vitro culture in liquid nmedium a

Bi fi dobacteriumis preferably obtained froman individual. Methods
for obtaining a Bifidobacteriumfroman individual are routine and
known i n tHeoamp/o8s®e, for instance, Kullen et al., 198Fyus2tvskioht

M crobiol Lett. sus}éﬂe@?ﬂa n%ﬁ@n tog aghtl fo | En‘ééﬂce, @5@ g?ra&ﬂ’btom@d CAB (f ake

For instance, fresh fecal sanples may be col froman i ndi'vi dual

and i nedi at el ythqb%@ermﬂzeé@platw Cﬁrﬁuﬁfﬁﬂrl@mbl%}?ér heren ager igpllowed teedol end
sol ution such ag,gdehidfe ﬁ@@ﬁﬂﬂ&b‘é@ﬁ ildef Qm&ﬁ@)nstg ﬁ(ﬁ»@g@m}yo ndlcator
i ndi vi dual has no history %ast rointestinal disordérs an

used anti bi oti c&raim Tbﬁébssiicé@f g &ndicater strathaowgtpryaiseabe inpeylatprdin the

25transferred t

Gl utod and i ariaf ARG é@p!“ﬁ?%ﬁ*i‘%9‘“"5?%%%“3?‘5“““%52%‘“’2’%“%%W%%éw
AppL Envi ron. Netivisth i The plateguaybp eempleEvaievoidbi growtrddreoidieatargcaibat i on
at 37C, red col ggi. H%%’Ah%oﬁfﬂgmtér&%ln%tﬁ%%myb%t 341 fpgnticity of

t he col oni es appeari ng on "ates can be v |ed by
routine nethods, s uo%lrmsiarwb@@s&arﬂ@lwo hoteisyint Yiolviical activity against gram

fruct ose- 6- phosp [

bi fi dobacteri a, %@ﬁ% r%ggpeéﬁp%%fﬁgﬁ‘%z’foslé% iﬂ%o%i%!s g%ﬁg%or t he
recA gene ago demembxbe@jofblye fern Inegetivg matobeéﬂcﬁgﬁgem Mposlmé)uoa!he Lett.
154: 377- 383) um.i.s

growi ng in condla??bé%tg?ﬁ ﬁmquirc%? ﬁjlei%g pnl%%%f&m@hgg g fQ‘acl)ﬁcqv Y pepinst
expected to be gbﬂneleg@lvgmmoh@ﬂel thoalgencs of dmmhe, out&t\ﬁaembrane

compound of ¢ he BPRDRY. crayenh s chBAEhEH B ARl S PRI
peri ods under comnditonditisngthatlodot dambgefthe/olnedrmmhrMe@f B grapregatvti on,
such as in ot gene. c ust e di.n the
conpund.  Astt he oS SRf¥oion B8R inRSER LR AT o SRERRAL R

cannot be | ost méd1mh,esubpctiugblueohdlc:atorsnmmb5toh:endamusroﬁtmmjmb shock, heat A

Bi fi dobacteriu ene to determn f 1.t pr C a
conpound of therrlll y%?bgtsagg{) Tegsﬁlgé PERe O @?'geéhﬁl %”S“‘Preff’lﬂ%}ag’af)%@efﬁ%%
culturing a Bi flumbpbiamarhmmﬁmdattermw@i@bmb-leshﬂ hﬂb&@véexpo@xﬂra%si on
of alantlblotlc dtesthg t he

Coni 11 ons. t natAPEU-elRAr LY Sn GRS o suiun Bl toiviidomisat
10t hat "al | 2@ anwe_,x/@amsttgnamnegafwe minﬁbeﬁsutpymmugthe@ﬁbl@glcaaadnam edddtoOt i C
by a Bifi dobact e r" e: condit are co dL tio t hat do
not prevent suc??l%#%t%m? P%ﬁ%{l c%ﬁ?otb'ﬁ f’fgenglsﬁ%?q“%hﬁre%o@ce Aene Pﬂ‘ﬁg

per m t, enhancédantfhisticlthanakeysedrndilobit agamgosiduciniceobe gHilllivan, V8 rHatent

I\/bthods for det I dabagt eri um expr.es .a .
conmpound of the‘g?fﬁjgrgl %"%gﬁ%éoﬂ“ i %"[”(?858&#1%@8533 ol nmi@@f?@%‘iahg
et hods may i ncdctidiey aieinstrgran hépgtive migroBed dnd gharchaaitive Middeties Ghieh @Ed f0T €
of the poly clﬁotldes involved in the synthesis of a conmpound of the
present inveti ofc G LIR¢e, the presence of a pol ynucl eotide of

the present i nventl Preferadd 1b:ﬁcaﬁkﬁtsﬁi1mlﬁﬂddd?%rmhti IMaztobaaa:shl?Jz@lferabl y,

a polynucleotid | f| by the p chai n_react|
In PCR, a nol ar ‘écfgp GF”S ’ ?“Cﬁ%li“}”’e?:g%ﬁ’ﬂé’g’d""ébg Wefaﬂ%'n%c that

i ncl udes pol ynuszhemzhﬁaﬁsa‘eﬁ@aﬂdh@et@ﬁngc&sfl dobacterium preferably
t he chronosonal DNA. The B%lﬁ rs are extend?d to formconpl engntary

primer extension pr GdPEe &he RiesentdaveplignAlsechas the ghareirmistins of b3mgy t he
desired anpid fiedstaety/Maaheol DOFEStor lelﬁmﬂfeE$zﬁ1@§ﬁté€fby§fot&imicldfgeﬁﬂm

pol ynucl eotide of the expected size indicates the test

Bi fi dobact er i unY'HERFPHR BRI 23 RIBMSBE APIOH: errbngs inssiEysted by weirolds
25Sui tabl e pol yaaes &@mﬁd@s: ’\@@t}yf&ﬁgbr&@m@dm &lfyps@ixd ah@&lems&wlwg

regi ons present |n SEQ 13, and
Preferably, t héO%PWd%Pfé@F‘Fél@ hei }F‘P?&S‘Ulcslm&lt oo} £.i2nh2 @plefnﬁ@r weight of

3291.8 Daltons.
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WO 2009/ 058440PCT/ US2008/ 070511 dependi ng on t he nucl eoti de sequence
of prinmers used, and nethods for determ ning such conditions are
routine in the art. Exanples of prinmer pairs include, for instance,
LANR | -FWQ‘F@&!&MATTCTG 11C, SEQ I D NO 38) and L ANFRCTFUS2008/070511
( TCACAGCTCGATATTCGT Ghe $Eeer: BridRiciiiso mla&s o1 olatdd podypeptiqeh. Witksht 5
product of 676 fr) .and LANTI-F ( TGAGAAGTCC SEQ | D NO 56)
and LANT1-R ( GCARIERABASHMAASET nr agempeynd qfhecpreseatinyention, fah
anplified pr 0dl{ﬁ§tar9.f3 SESIPRNO:22, byantlstoe@%hega@%%crérttﬁn @Jﬁéﬁft&% 7
a pol ynucl eoti de of the present i nvention can determned wt

pol ynucl eot i de q5res pelypensidpy dbe nataraly brquailrrgeferseple of theex Xfmlrzn)eems@ee
present i n t:he I

"“hybri di zi ntg, &l %fed IE%/’ Sggﬂ lﬁ%h%mnsﬁﬁ ﬁégh%%ﬁg‘l(%}g?gﬁt&p&h% ?%Ctl on
forms between maprr(lbfe)camrdngptear@@n SEQIIpmlmtéemtdi tﬁeexpmdelbn of eachlaf these 7

conditions. St an [ ons _are ose congiti at
o Tow a probe. PRORHIHCHRALS e eaidn B FoRaredPr BEe uere 1B o2
conditions are readﬁhysed’qicﬁyﬁéptrk&@ afeQi resboRscBLUIABLLIE chbAp@Rht shbtem

pol ynucl eoti de usr ng t echni ques wel | known to the art, for exanple

see Sanbrook etSERI! Wéb@lsﬁ’a@@ﬁﬁi%’&m histidipgingss (SERAR DP:4), esgsgonse
Spring Harher LaberdtQry: IW@‘SY%&B}:(&%@%O&%’EHHBQBL Hﬁ‘ la¥ P BONGIE®, 2

that can be identified by hybridization include coding regi ons
present in SEQHIICBjIﬁWIE enzymeg(SES) ID7NOgL2),jan ima@nity pelyneptife ﬁﬂ‘Eé} HbNQ:14)he

pol ynucl eoti de uence
20 encodi ng thgh%g Bltqtgd}a Y@Eép({elﬁgkéq%ﬁglb Eggﬁﬁ}yg%%%b’ggptﬁﬁgs 20

nucl eot i des, amrddaaaitomludaqucaeasedmbtlw tolcxasd the Prapaptideot lsd ésluded mat

| east 100 nucl egt.i de the c a.net hod

for producing CBYT%ES%H‘EH&TG&P%EQMSF B%Vé?ﬁStT”ﬁW ft“ﬁﬁ@ﬁ? %‘&aﬁl&? towi ng
a microbe tibat séquehdsdFSER IENOM)SEQTD moi4yseelreqt@ QeSEQ D HMYPO,BEQ ID

pol ypeptide that_ includes an am no_acid se uence havi ng 25 structural

simlarity to SEO%HDEIDYO: ey PER NN 16-SErs ymilagedy ssprefegied &pas sfrpptural
NG 22, pref er abinyiasERndD Needdly d@temuﬁé@pﬁal@}hg' tH@rleHgﬁes%f‘H%qWQnﬁ&gdcﬁ:ﬂ

encodl ng a | anA of t'he present invention, d optionally may incl
a codi ng regi 0ReGERRSE ity apandife awinotapid Spﬁ‘@@@rﬁndlthﬁtmmb eeid S%fiuleet?r@leof

the present i ”‘Sﬁbirb%o ﬁs@ﬁ@ﬂtg@h §B6 Iﬁrﬁﬁ{g%(gtﬂ% @@ch‘tﬂ ﬁtbqlzo

the present invention e presen |nven i’on,
the preseng0i ni@MNO:dh,0r SEQAWTNOF16) hsedeperésa abovienRreferdbiy a pOl’ypaptlde of this

conbi nati on thereof .Prefer robe nma ncl.ude a .codi.
oot g o 1 R os BSEHREn oo PRGBS S ilieh iRty
NO 10, SEQ ID h@m@é’} 1eaSEZDR% BN aciidenSinal l@adN@%ibﬁanﬁmtﬁtdeﬁm?ldﬁ&faSton

t hereof A conp 058440PCT/ US2008/ 070511 of the present
i nvention may 3?3 fgtﬂ{a'&%tbj 3t ey, 830 e agifl 1dentity, gidenst 8436 ppogcid

303: 679-681) . identity, ﬁléﬁ'stcgf)@/p emirdatkid 1H'&1|t1¥5ﬂ 8Sledkt 8@%9{3@1’1&% identity, at least
pol ynucl eot i de encodrng a conpound of the present invention nay be an

Archae, EuRkary87%ramingaphideaity .t I%ﬁt@fg% abing a¢id Hleghitvcatdeashd®% aminoasida
t o
gram negative e @tgge[t%t%% Blhiﬁ:é ﬁ%@f[dg%éﬁ[lﬁﬁr tE;éé%g?iI/eﬁm(? lo %ﬂfﬂeﬂﬁ?% e}s{%p.

m crobes inclu ut are not none
Exanpl es of gr alﬁﬁraumm acidrdemity,rad bast W3 ticdmide acith identtyeatietst 94%amad atid,

Baci | | us spp. such as,B. tilis ocacc PR Suc .
e taeo; un £ MR g PEbhiso 3t atulhe PR S RPin i e etiees
lactis, L. sakei% amieh &id idpitn)e Rast RV ehindhad aRast 1&*d@€dabt®j@Wrﬁﬁ§b
such as, bért not limted to, Saccharonyces cerevisiae and Pichi
acid 1dentity to SEQ'TD NO:2, SEQ ID NO:4, SEQ ID NO:8, SEQ ID NO 10 SEQ
ID NO:12, SEQ ID NO:14, or SEQ ID NO:16. A polypeptide the present invention
having structural similarity to SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:8, SEQ ID
NO:10, SEQ ID NO:12, SEQ ID NO:14, or SEQ ID NO:16 may include one or

more conservative substitutions of the sequence disclosed at SEQ ID NO:2, SEQ ID
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pastoris. A conpound of the present invention may be isol at ed.
For instance, a m crobe producing a conpound of the present

i nvention referably a Bifidobacterium can be grown in conditions

sui tabl e f‘HB 20RO bduction of a 15 lantibiotic, and tH/E3RMBE7E11

i ncluding the MMUWQ@M&CSE@IEWIQ |S(E()251DSNDtlf§!bBEQﬂDrN® $4| @tSEQID
t he conpound. Il\g?_ ﬁe aspect, a conpound of the present invention may
be isol ated by 3 ng the cells and, optionally, the solid nmediumon

which the cells arepgmwmpumawmatrhmrat ﬁﬁnl@lhlﬂy%lBBQfIByN(bQ $mmbe~r04
treated to sterj]ize. cul ture can ¥6

exposure to comthid HUHQ & §E@ Iﬂ Nphl@ %’F‘ana@ﬁ%é% éﬁ%IQ)NQS@ﬁPT $FﬂQi@tN‘%
cul ture. Exgnply ?e?e@ﬁlgr%@ﬁﬂdtﬁzlt?ﬂﬁpﬂd&@cﬁﬁg Elarro%ﬁ]g{ Akl € é&ﬁﬁﬁmﬂ BESggpheat

or ultraviolet radiation. The culture nm until essentially
al | noisture i NG 8Wb@hﬁmowpﬁmémvméﬁmhnﬂlrﬁgﬂﬂﬁéyMﬁfémw@ eiQs.
Met hods for dr d

nstance, _spr e Ay n 1e NESHORINO: o, shf AijoR% se0Tp it g0
and air dryl ng IDTHe: 16 hs&dcthb)f cabehleteatinedisy meprasﬁg omg ot thie polypeptides with
i ncl udes alar% punber. of nents in Iud ?dfd‘? ound Ofﬁﬁtf?
present invent bf. tered ARG 2Ry )?F A°5 1 ¢ THEro ﬁd’é B’Yfa “g’pﬁfaﬁ‘é'f’ g
m xture added bthef aackally octueiy goB)pepiRles a8 dbtermining whelh@r 2BiGl3RAIly
aspect, a lantibiotic of the present invention mai;ebe i sol at ed_ by

met hanol extr aé?tivﬁﬁomﬁﬂ‘éfidtqfél?f’drre%ft isAsionsypreduced &gt msfangeyifepalypeptide
i sol ation and/ QayisPRkchfAIGRERRY mmlmgﬁo ko Eé‘é\ﬂ%d e akﬁk%tya{tﬁnaﬁz%

i solating and/or purifying |lantibiotics. Such nmethods typi cal

i ncl ude, but aredrersed injametl edthi SEQ o NG SEIE BhIOoy SEEHP, NOrﬁcSEﬁ!lIﬁ)g
hydr ophobi c |n r , [ |d
chr omat ogr aphy ( E% jsuc ogpgg &gﬁgg14%&§§%Eg@59§§§g§?ﬂ£§§afgﬂ&

i nstance, &5 Clandmbmdmion”ﬂamtad)mmmhmpudmhdm adnsoinpolnd of slechresant ibeention,
det er mi ned by 0091 58440PCT/ US2008/ 07 51

xper | ot at | oft E A BOHRER A CBTRASIREE OFE PREREPBHb: Ao bt mmy be
made usi ng knopﬂype}plnﬂéletel theqjd@Peptidethal g B dueSsimIip esSEQ D NP INe
present invention al so provides conpositions. A conposition may

i ncl ude a conp®dh8 of the present invention. Such conpositions may
optlonally i ncl ude a pharnaceutically acceptable carrier. As used
herein "pharmaceutically acceptable carrier” includes saline,

sol vents, & spBplrwsfeodei a, coatings, antibacterial and antifungal
agents, isotonic a

compati bl o w th pharianacnt ik ARpRSlsE KRR ARIRMecER, boftpthf Boered
to a reC|p|entp@hmxtmhdmﬁheuﬁﬁdpnmndwﬁmmsawhmmdemhb“uﬁhpasapdamamay

be isolated or .puri.fi at ed be ,one that..is

i sol at ed by dr??ﬂgOfth eo“é@? %tlan)i&?ﬂ Sﬁl&qqplgelﬁclfg? %ﬁi?r?ﬁgﬁﬁﬂgucé%?h‘dﬁﬁ’ &yl pe
i ncor por at ed i hiclndeditic Osaddes lahd Sifge-sERRO DINA SIISRIOA. AholyBEESRITE may

i nvention giy fi ther include at | east,_one 15 conmponent {hat damages
the outer frenbiiside Bicleptige seaupRegabTXRe Hifferepbanctogs. inghading:fog instgnce

conposi ti on MayodifpdetetRcdt addRdtcote sefirhak @ﬁoh dg'i"@éu%(ﬁf?lsé/ quénd®Bt @bding
chel ator. The use of chelators such as” et hyl enedi am netetraacetic

aci d (EDTA) wi $equ¢nantrioniceding sequsndenahregdatperswiiuenimare dpfinedibalgwt He

activity of s }g@ﬁl{dﬁf%h@é OLiteSbialiG falrgégﬂifeozﬁ g B?tk{a?.%%éés& c% 9}3%8%15&' ve

m crobes to in ram negative m cr urn e
Pat ent 5, 691, 3@ith the‘ﬁhboﬁ:s@md:ﬁnmt chahmadtioy orwherhical tea:}mma:ndx mfi yrubkeotide

present ntion is not requi.r u e active
agai nst gp% n%aag’ﬁ‘\f)safr?r Eltr%ﬂaéén ?0@5?%‘ é‘s”ogf“u ?tﬁig Célhg‘f g‘froerxgmplr’?c‘? ude
natural and sypurfiet 6f weERaUEHIS an@@mlﬁﬁo&imﬂ@m&@k of @ FREMBHES

i ncl ude pl ant phenol i ¢ compounds, such as flavonoids. Exanpl es_ of

f1 avi noi ds i ncl ude WW&J@WWI%RMF@%@Y@@HF inckides SEQAPINGGEA n, _
and the iron chgliadRbes15B1316 1981470 Gr G IS Rid: M), \%mﬂgﬁc%aes%eﬁm%é}%éc

depicted at amino acids 34-66 of SEQ 1D NO:6. It should be understood that a
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copper chelators include, for instance, tetrathionolybdate, and
exanpl es of synthetic zinc chelators include, for instance, NN N, N
-Tetrakis [}él’l dyl net hyl ) - et hyl ene di am ne. Exanpl es of syntheti c
iron thel & BFE (0f¥*ide 2, 2' -di pyridyl, 8- hydroxyqui nolBGTIS2e8/p0511

et hyl enedi ani nepoljmucﬂladmyddennoydpigargoﬂmeﬁdeee;aesedted39 afnlfolIdAs 34-66 of SEQ ID
desferrioxam n than sul phona desf er an ri

| actof errin, W ﬁ tgf’ 8}1‘3%9 ’?SF@F‘H')&%%{%‘?@%%%&]NQS” but also
xcat echol at es m&yde%wmnuaeal&g Eﬂidoamg%héh a Po§b&tiabhya rebll€of the
chel ator i s EDTA. Conmposi tions of Fr esent "1 nvention may
further incl udée&epella@a%ﬁfhea@egequecﬁah%xmi% hematyrajlypepsring wisleotide
sur fact ant PR

5000, o5oaa0bor RS BERND: Pt Butde “?E%bg?{’) he S of sifoside sequonces
esters such asesudingseop@kptidedreing bl angoe bad esq2ence TRpiFEMNatentifacids 34-
| socet et h- 20, L, Latiram ne oxi de, Decyl pol ygl ucose,
Phosphol i pid P@W 105, and the like. Conpositions of the
present invention n@;hermjylud:eaoﬁﬂdsseihea@gﬁBml@gféhllmgacﬁnbag@l@pdpﬁaé afthe
and/ or bacteriocidal activi ta/ Ex rcH)l es i ncI but are not limted
to, |ysostaphi RESBhEERIRD REN9FBRsCRYne ﬁ%‘FWﬁ‘ﬁﬂafﬁéf”éthlthaf‘c‘l%l?e“de

i ncludi ng peni gdqubddd of BEONDMNG17NThd @4 ArAG 1387308 ( CARNALRS PEMIASy and
such as cefacl or, cefadroxil, cefanandol e nafate, cefazolin,

cefixime, cefiHeletersingd by aligmnmibe resklapopidhaizornelynseretidga (i the nucleotide
cefotanne, cef gl axj

10cef t azi di ne, 9J(gef t".g? g&hﬁ%&fl@aﬁ?{bﬁ}z%ﬁg%ﬁg fl ﬂ???ﬁ%&%%gﬁéf&gﬁg lrgng I%th 17
cephal exin, ¢ emtmltlo‘swm nurdher o€ plzhlicas poldondE o thmiesghx of their sequences
cephal ot hin, ceph sodj um s al .ot hi. n h

cephapirin, ceg ¢ ?ﬁ?nhgr Qrb Ut )%?nr?e%fl}(rg |1Tnpg‘f‘J IP%%H%%‘ X%HH‘GF‘HE oFde to

gl ycopept i Hias optithiize tblamhmbexedf sbaﬁd/ﬂiﬁﬁeonﬂm hluﬂuglgthamhtleatda@h)ydaac occal

enzymes such as nut anol ysi soz r.cello nmur ani dase

anti-bacteri al Se&H‘?I}CBHH’iS%‘?nethi@ orP‘P?é‘rn ‘%ﬁ’cef‘-pbod’éf @%F%IA csadidatg seduensers the
def ensi ns, andseQa@ice bEiAE boiBpartd @l SEG MINOE: ErA batdaki Iﬁltclesmesslé@kbnéémay
ni sin, subtl lin, iderm n, cinnanycin, duranycin, ancovenin and Pep

5. In sone as p@%‘ﬁ%]at@ﬁ dewm aa%lﬁﬁ?lsacfﬁélfﬁ%éf 1HaY bq Rraducef ysipg etembiagntuhen

the conpositi

organi c aci dsoﬂgg}ﬁ%{egtﬂ? gh%g?élgg% e}hn oo%ﬁ%sly o@ﬁ%?iﬁpgﬁ%f%ﬂagl | tt%;ynof% fwt&ese
aci ds. A c¥hpossgudnges myomxmn@thmsmg thel BESTEH] al garits inthe$HTG package (version

m xtures there I ni cids _or .sal use i.n .
conposi tions |fr§: @‘E%)ge‘y ﬁ r&%‘?@' Ban? prﬁggrc“eci@? e]%’f%%fi%?ﬁr% Ayt as
pot assi um acet d&isajbetl &g tllatiseui e, al QEEhmMc&ﬂﬁcﬂtlegt 199t a344meimcindt e,
propionic acid r.opjonat es,. i di ut not limted to, sadium
pr opi onat e andi} Bﬁ?bg‘g@f?ﬂ#‘ﬁ? WPQ&W@ g‘gqth’FESE'BFeCPtél?e ‘P?e?eg%{fetrga”%té’é'ﬁd as
sodi um 25ci t r ayeth®NafieHafEShtbof Bidtethfolo®f mERiRiifa N6l tReReR%f Aealth.
conposition for admnistration to a subject may be prepared by

met hods known hrgferably: Hrerdefult yaluesdoe pll BLASehepigh paran@@nwepqeﬂdﬁcle@ng
be formul at ed fefad ¢ =fio Libl igt

route of adm ni s?r atllqgﬁtgg 1 Pr%}aietgf% 1?1&3%‘%?128 %fo?)e &F{}?e&s}%?yat ?Oe%%ﬁgn

i ncl ude, but agap pewsityls igaed dropofﬁeﬁf)wpm’nﬁl}ﬂawemm alll, snd@ptionally,
30i ntravenous, a intramuscul subcut aneou

e.g., nhucosal ﬂ{segéﬁ %?B%gém andl ge‘-l”r?gnlljlg Otid\?asﬁ Hares uﬁlﬂ}g?}ﬁéﬂg‘&éff’%&hal)
and transder n13£llgorn)lirn,cs;truaﬂ0fhl emalant}G@keﬁrt@]ns a@hdé‘dﬂﬁ@ﬁh%ﬁ'&lﬁbl@ﬁa’l i ncl ude
thefollo'ngc nents: -a sterile. diluent such as water

admi ni str orPO?yEgolF?fé‘jteéﬁcflEﬂ%(ﬁﬂ“dF?t dedtepee haﬁmgfé{eﬁiﬂggﬁe‘wﬁ‘e%‘éﬂ s,

gl ycerine, prapehienat Bhy8od; &Ele@ﬁ&bqﬁerﬁ%)mahﬁﬁét 82GQhuVRB & identity, at least
anti bacteri al agent s such as WD 2009/ 058440PCT/ TJS2008/ 0705yil benzyl
al cohol or metHyt nysiaotipeidentitymt least M&mruclestidhidgetithoat dnasi 8 YariciEotide

sodi um bi sul T igk&yihuf &k 865 YaBIeBRAREH R, GBleast 8 1% HubiRole iPARRP IALES:

88% nucleotide identity, at least 89% nucleotide identity, at least 90% nucleotide
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conposition can be encl osed in anpoul es, disposable syringes or
mul ti pl e dose vials nade of glass or plastic. Conpositions can

i nclude steril e aqueous solutions (where water sol uble) or

di sper si on¥0af3%44¢i | e powders for the extenporaneous RSFTAFRPWEOTGSH of

sterile 10sol utideisy, af lesht SPBmEEISRNTIe iEDkity, BLIERY SV Whicladtite dehiifyahd 1843
suitable carriers in oggq l'dphy5| ol ogi cal saline, bacteriostatic water,

or phosphat e b PPERYS ATty pRlspst IAYcirlsetide iNeHity. gt legssiOe %I nugleotide
sterile and, whghauhieht %mﬁclwo@q&aﬁ Fatlehs Wﬂg&&%&@ idehtH attlc.oasi]he

extent that easy syringability exists. abl e u
condi tions of &é%ﬁ@@nﬁ@daﬁdyaﬁ@ﬂa@é%%dmglp@tldgn@nhw tpISEQSID/ NG 17.

agai nst t he‘?corﬁ&gja té%le%ﬁﬁé Qe'?;u 50(3fha\{ncgt {'ugﬁ@lml rre%(]:’l(grﬁn) %Cff“ a

and fungi. The carri can be a 'solven I'sp erS|o
cont ai ni ng, f ornexasptenpovad ef&le@tdsanaivemmﬂi lgaalng(bﬁmglaﬂaaMt@

glycerol, propylene gl.ycal, and |iquid polyetheylene c nd th
l'i ke), and suitabl eoglf ﬁqaﬁjyeaspcﬂ lngdeFifjg‘U@%IttPo‘ﬁ%ﬂYmg ﬁﬂg“ }a{lﬂﬁl SBH‘ Bty with
ni cr oor gani sms S@Qﬂ[bﬁoal@hhﬁh&é aﬁ’ﬁdd&ﬁéﬂa@h‘@cl&lﬂﬁé Sedakncd NdchiRa trh Rkdiadel 2 6r
antifungal agents, for exa%@ 17 ar abens, chl orobutanol, phenol,

t'h

ascorbic acid, WpHeABESER ] P‘PRféDnal TPAnEey creadess palypepiidd  be
preferabl e ho IcnedpoiGihSBL: n?m@ Te%f%'h o?ﬁ%:ﬁ?%)hwlcﬁeucgﬁrssremoved during

pol yal cohol's such as mannito |to sodi u oride In
conposi tion. Prusicenyedi. &a,bmnncg)amdnﬂ -03 otmmmwﬂieee o tddstaredisclasah

be b ht ab |

dol ays. Sbsor pt Aotk et SER RO IS HA k8 B Bl BRI s Erdevige

Steril eds?l ut i emedingn ﬂm@pppteiaaelﬁdsebgedbpeﬁmmcai‘sltlm ctflSEQaIED: NOES5 is not g
n l. oun f. the pre nvention) 1N r

onnt ' an® alipRs Rl Be B R IeedA PRCEuTg habs phe TINGS

i ngredi ent $5 enuﬁm@@au@@m@ﬂamfIscﬂﬁwcre@ddesfeﬁéddﬂyg%qcm bl pdpBHESs a result

sterilization. Cenerall di | spersions, are pr epare EOI ncor por ati ng

the active Conﬁ%@}ﬁéegqqgracbofstbf‘egqqegc i cl e, which cont ains a basic
di spersi on medi um aggef ﬂ@lafe@ﬂHﬁyﬁﬁ&e&ﬁ@@éncb QAN EAOR 6 the

enuner at ed above. In the case of steril V\%ers or {nﬁue pr%paratl on
of sterile injeeEpatide lrsibldgtthoéﬁba\’ma‘l%mpttle&lGMIMfmﬂh@ﬁsmdfzotme@p@ﬁma an

are vacuum dry

5000 osbaaopcFidse, s %%\%)er L ‘?u"‘?/f\é%dntaraésf“e"ﬁ{ralp| us
any additi 2hal mdnelsmyemd nsr@teenhr&dﬂnyfahgtmgthpnmﬂmmsﬂ the stcepdlyrrcleblides i(ieg,
solution there 03| ti eneral .y i.ncl]ud i

Gl vent or an: BPBFiEots SFEpS HaEe phEdng stiaeacegnd Brarockof »B0at K0 In
admi ni st rat i oNNCE$)&s dedctivel R PuteraBiaNsulE 2 pbRaweeEaiRdwe 4 Aucleotide
exci pients and used in the formof tablets or capsul es elatin

capsul es. Or al S9BFHBER HipdideastiD?arudedide fepy @deﬁﬁééf%n‘éc]?q%ﬂp entity, at

carrier for Usﬁaﬁ%z%lﬁi@%ﬁéém&ﬁty,%t Q%%Bﬁrﬂugﬁo{wg%t)a af leflds paste,
or powder, such as a nouthwash or a toothpaste armaceut | ca Iy

conpat i bl e2bi nendRgtidgisiantiy.rdjeart Stneicestide wentiarat laast Shenustopdsidentin.
The tabl et s, Pldibs sfoARSHldiSe Iﬁﬂﬁtghg%as 58 il I BhRy A0 Yea sk

10fo||ovv|ng|nr ar na
such as mcr occhiaetoaﬂé 1d|am:1tg,eit laaktd!@% mgimsntlrf migateanit leastr9 1 gehirtcotide identity,

exci pi ent such s S ch.or. |lactose, .a dig ti agent gh

al gi nic acid, aﬁ’oégfg}l’ nu%?ongfﬁ ngttya‘?té??ﬁ éai;)P B"b“?‘%@gﬁl‘ﬂgtl}é(haté%asﬁ%ﬁhe5| um
stearate or Stmrcwoaae ident@, 48 Bkt SUChuchdtieOIdbitdak 1684tl96 o0 cibofd antlt}'ﬂ
sweet eni ng_ agent such as sucrose or saccharin; or a flavoring agent

such 15as Hepprilesht?% prlesfire Ksniityyatdeast 985 neslephige identity oitiah lgast OH%
anot her aspect ycfkotide identity to nucleotides 1 - 99 of SEQ ID NO:S5.

The present invention also includes isolated polynucleotides encoding the 7

polypeptides that facilitate production of a compound of the present invention.
These polynucleotides include SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:7, SEQ
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conposition nmay be a transgenic plant expressing a conpound of the
present invention. For adm ni stration by inhalation, the active
conpounds nmay be delivered in the formof an aerosol spray froma
pressur ed ¥ORPHOFYH or di spenser which contains 20a suiRCIHIS2008/070511

propel | ant, e. dD,N@:9gsBQIDND:As, ﬁ@mmﬂmﬁ@s\mmwo 0s. Thestebul i zer.
For topi cal adm |strat| on c% itions of the invention ma

various m xtur &8 y&H?Jle’élﬁi)?Wa HPNQ 23R B NehpI SRR Hﬁ’r%ﬁﬁ@l%nd
to pernmit even mne@qm ﬂ@ﬂzzalsggrmtw@nm é}fa@swiﬁﬁﬂw re's‘ﬁtéiuoag;%é}loum

surfaces. Exanpl es include sprays, msts, aerosols, |06tions,
aqueous and noﬂ?ﬂ aq@%@@ ] anqlsawgle@rdezasmdefeg aipolynsplide reg@ﬁ@itedﬁm/&ﬁé} )
oi ntments, DSHépﬁ)n% (ﬂ_?ﬁ)l
formul ati ons nay Be epare m n a conp 0un ‘he pr sent

invention withN&henSEQI N@ﬁénmmumedaitlh_emu@etsmee@.}ubmdeaihscd}sédmrstQ
Formil at ons. _BaawT 7 0 Nk st Ba DL v B Es SEREE 3 0 86
msts or aerosolCsi3,30BBQURISOMEYbUREIsH GicliEds ik tisd dToBndcladtideddhcoding
sui t abl e powder base, @?@ﬂatal c, lactose, starch, and the |like

Sol utions can B¥Df HPHP S Rt ‘é?ft%‘éf‘éé%%a‘b’ro HWBH%MLF@@%S base and

can al so inglude ongRf ISR IINE HFHhST Bliihg rR98
sol ubi l'i zi ng agents, an%éﬁ[?l}i |1ke T(;fg%ca ge s S‘é@ge prepar e u5| ng

pol yners havi ngxme%»n@éap@mpwd@ﬁtheapmsentemn@f inclufe thnser tavingstructural

effective 10 { i, MR 2009405 A0PCTLASIOOR PUOSLLEKIBARYS SBbYh O"

or coll oi dal an aqueous or n- aqueo i on
of the active N@mmm RO SyISEQsIDfNOmly\&EQhDﬂWimedr SEEl I Wayl SbEhe

ol bcul ar ot GREBAPYE Faaretey seraed R ot grvira dyladts e

chitosan, p®l yssMoend tlSdMij@@trﬁaeotﬁlagl(e‘;?g hﬁe hthdf@t]d@gd&lh%@bﬂhe%ﬁxﬂﬁ&ﬁe
and lotions nmay be forpmul ated, for exanple h an aqueous or oily

base and addi t YGHERSF 2 Pyﬁmt@e@?ﬂ%wﬂfﬁéw&ﬁp 1) gefeseibpdagers ,
stabi li zing agmreralﬁmlp%l)fnﬁue&uﬁmdesQhﬁaeatﬁib@&l@&gﬁ{avmg Hﬁe&‘s‘a@?

agent, or consistency regulating agent, and the es inc

wat er, an al cohisiecgde ilgntay) at 1@6!9&]%%011%191@@“% 6§t 83 % mrickeotidd ldmﬂty,
or a veget abl e, géési’ 835}615{1]01@&1(19 ﬁ%ﬁ%hﬁﬁeag?ahp 5‘{‘(‘%0“‘88 1&%11&%,(:2}@'1%% OF nts

that can be used accor tot ature of
par af fin, ) umiyelaciide ﬁantay,ea,t leaeit80%t mteptxdaidemhgl af lepst@yd erkotgde/ideitity,

polyethylene gI ol hoest aci ds), 0
Poar oxyot byl A Sz BRBHR BRORT o HeSt oo i et Buftha Bt 90t
aclryl ate pol ymﬂcﬁphﬂl@/ﬂémﬂhwﬂeﬁst@&% nu&&lo%i&ﬂ@aﬂitﬁ,,at Ibastt%mcd l]eotxclie 1dent1ty,
pol ystyrene sul fon pet raql at um ol f at rogenate anol i n,
beeswax, and tmeapfﬁlégé ““C?eonge E“%aﬁ ‘ﬁi@‘é@l deptitgeptdeastsls, and
lotions can al rﬁﬁle@eﬂ@ﬁbﬂlt%@lemt@emuc&aﬁ&b A2 amlast@ﬁ% MEREEEPEntity,
fats, oils, waxes, 5%/ fins, starch tragacan , I ul ose

4

derivative p‘féll‘iﬁétt @N@Oﬁﬂ?@@mﬁ% asiat leaws 38% nm@nn@mdcré@y tos§HQ §? dO:1,
acid, talc, zi @E@ﬁ? r I

can aI so cont a$}§1QeXC| pi e%@ s]t}@h%as {\IEB?%%% I&fﬁkgﬁﬁmﬁz rrfnﬂtﬁ?frlg’iéde
calciumsili ca‘iféé I2AND: po| Braferabty, powdestidesequehoet having saﬁctm’al&amﬂanty to
subst ances. n rt
Tnto aer osol s i L RRY LA NOEr SRl BRR SRR s PRaP S Lk,

maki ng aer osolI® NOT13f @B ERID Aop! § KAtgahe adtiRitg 8nso@hoingSd6dinpsRhDNOLSEQ
i ding . a 25means of pressurizing a

Lg(r:]!t ;:jﬁelror@fss b []?g ’g‘%tlgég)\é/ﬁ’é“rlﬁsqctéwt)b‘is defcsiped ahosm, usual |y
A polynucleotide of the present invention may be present in a vector. A
vector is a replicating polynucleotide, such as a plasmid, phage, cosmid, or artificial
chromosome, to which another polynucleotide may be attached so as to bring about

the replication of the attached polynucleotide. When present in a vector, a

22



with an inert carrier gas, and passing the pressured gas through a
small orifice. Sprays and aerosols can al so contain customary
propellants, e.g., chlorofluorohydrocarbons or volatile unsubstituted
hydr ocar boN@2000#8H44s but ane and propane. 30Exci pi ent s REIYUS2MBI0TG:
conpounds that pl@Ele:idkif theARGtiDd indf be fFlftbdas achh MRS MNhark PbiyAXdLRide.
(DMSO), partial glycerides of fatty acids, and the Iike. Exanples of
partial fatty a3 ¥eghsedr? gecombipantpelynysisptids” aelgestto ppplypedeotide hawweror
742 and | MV TOR T oleph £alafiolmuiaidcans 1k i

i ncl ude inact i vg%szop& P CIRS oo%ﬁ%?om%"@ﬁg%é Ry b8 Rihidby the
i mprove cosnet iatifiid epnippiation pf diffech el yngclsotiderssqudniesiusing récombinant
hunect ant s, csur, t r nee colori agent s | lients
fiTTere and t ReRfldBE 8e mby BEGRRGED: of PO RO b el Brresolprin
directly by theotiustlestglemiaydepnaitatizt in & priaylergctof. Canstaeti@ss veGtbrsby
spreading a filmof.an ointnent ream lotion, solution 5 or gel to
the desired ar é&“tﬁ‘lnmcgl?eoo ugﬁﬁ%‘*eﬁgtl}%@"qﬂf‘%‘é‘PPlPﬁ%Stﬁfda digapion fedfiauss a
heal thcar e prowhe®h idihe &t 'k, £ONYSMrba AR lal, MREIERTI IS UChabBfatdy SWab
or wi pe. The product may be first aagplled to the skin and spread with
the fingertips Mgnugh %%Spw%#rbm prigtoreBresol 1P#Y. fi ngerti ps and
spread overgthe ski Ry 3¢ LONBAGE for a ' ly. first be
coated on the surfaceveof g t'opi caF appe??grtuoé?ﬁnslﬁ@{ﬁbtg@adgt%eandage,
swab, noi st 10wolrewclentidalhewovleningiveroraoort érgprésiike pf ik ipolypéside hsmded
applied to the t Qf .the skin to .receivest.he conposition. .

The active compodiotefiablf et SekdsbEfeo Sl GHIRE i Ye¥bis nclude
supposi tori es (lesgthat ssntble uve@he @rdduonahowitpFEsIypotidehasREbBUCIbn@dund of
cocoa butter and ot her. %151 cer.i des) r@éetenti on.enenmas for rectal

0
del i very. 15Th&CHEEFEYdn B e RSN A camreRiTe fthe raseRt i@yetion 4pd,

Wi Il protegs t k& igkdncyQdERINELNE AEBIRE Y EBRI HayEhbITHOALddY £Eie t he
body, such as a caontrolled release fornulation, including 1nplants.
Bi odegr adabl e, S#io8E8RPelpePitdesstheripsntdnyenben oseiagmant thewsf dsmgedne
vi nyl “acetate, oy AR 685, RRINGLYEAkf1e]E | i
pol yort hoesters, z%d pol flrg%ti C acsiwg.a%%ﬂéétﬁqgt%g lgg?egtﬂ%:tgﬁggéss%p%lgpepnde
obt ai ned 20comar; eihap pleced indestberadntwlisirensipoats regitatarly sequsrces sgutesass
phar maceut i cal I rLiers. . The can be .prepared.accordi ng
to net hods knO\{/\}/%é eﬁ ‘gocdtgﬁéglgp %E@?’Iléhﬁ%?ﬁndtaﬁeescgf C.ogmg reglg%"i"ﬁ@‘énetrﬂ@

| ant i bi ot i 20 dedeteinbied bym tdrsladxasnpt eciohat @xPrad svth ynshiibn sopasioant ds
whi | e present %,n gni mals, it is expected the conpounds of the present
invention are 2584fe and suitable for use in aninals, including use

in foods eaten by agelesionBta videweNsdnds hsbhl LakétyTdediRacAREMEsEics in the
effi cacy of such active conpounds be determ ned by standard

- rra - . - .
phar maceut i cal TPy HBSERNSEECt; syck ag 3 Se&eﬁ%mé@% ve@styapliqaaen mie, and thalike.
e.g., for detesmipidipstis ki - 96,0f
popul at i onéﬁ and the _EE)BO E(;t hegjélg;sgg?te e?sglf)l Sl%%‘@ég}oﬁheé%{%%ﬁré%ﬁfoﬁe Bow
of the popdt at ¢ukalyotiThalsdose 30rati o between toxic and therapeutic

effects is the ther LGl X il .can, be essed as the.ratio
CDB01ED50. Compoundat ST Ew BN Urly BRI Tt IReT SRGP B ol
preferred. Metludad td he cediag tidnng regdatdgseqichye 0k nhelvstideiseduess: thate
known in the art and are routine,, WO 2009{1.038440PCT/ US20081070511
The data obt ai IFEY2FY GHRTEEIOP OL & LRLIPETRIE 19 Whish & 15 RPSHRRlY Spkfdi Renlgmifing e
used in fon- nubakiphg ofrdgRiRy SquetReaBelull Oproddeerd, rafdttiPBdSinitlafed MMLNO
humans. The dosage of such conpounds lies preferably within a range
of circul alq ngr@shktenstarasitesnisanslgtion staw siiegeind pemipsys WopRrabliytlinked " geferso

toxicity. The gdosag dgﬁ% YeitMk RbAnd rele ' t he
dosage form enpl §ye_€§ip an nt gerlou]te of alcjiﬁiséuﬁ%{:gﬁgtl oﬁﬁﬂzﬁe’%ggﬁ&nmr a
conpound used pemmithizs tremio @mchén inkieit inteaddd omnet. e redubtap seuenalis y
effective dose, can b"i"nﬁs Joated initiall X.f.rom el | %ul turﬁ assag/s. A
operably Tinked" to a coding region when it is joined in such a way that expression

of the coding region is achieved under conditions compatible with the regulatory
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ani mal nodels to achieve a concentration range that includes the IC50
(i.e., the concentration of the test conpound which achi eves a

hal f - maxi nal inhibition of 10signs) as determned in cell culture.
Such i nf or'W829%815%4h be used to nore accurately det er mB¢a/F3QOB{GFO511
doses. | fequblRe ETIRS ARmtiSn WRE Bm@e SN0 9bd dfaRy p&’ub&ihﬂgomoter and a

adm nistered to _an ani mal for a pharnmaceuti cal app ation or a
personal care ¥HI5IVRBSlY o5 AIOMAtES aSkpeEn-thireRotERC tory steapls thabhied or

nore tinmes perggay, cﬁﬁn&Qé% iRk AP {FinltalBEnREDIYEEK ddiRitih PYalReBRe
every ot her day. 'I%e skilled artisan will appreciate that certain

factors may i n¢ddirgregionhhequermgier uned maly b Agorsatplive eviart ipdeciifle prompégrylt
treat a subj ecﬁqa%bé‘%'u{‘r‘}'ée%o% 80k, Argeﬁg&ﬁ?{e%ﬁ’ec{ {8hSh s?%éllt Fsts ﬁéegthgf‘em a

di sease or disor revi ous rea ener al /or
age of the sub]’lmtwologmd" aghletorgsegeare & mgﬂ:ﬁnty selimeoverably hdat nent
of a subject with an effectiyve .anmunt of the present
i nvention can ?%érlgdﬁ%'o’éﬁjawé‘ichbtl%n?tﬁl@ﬂ? r?PGYBElnR'ﬁ'k%cPerabl y, can

include a series ofAfegatRRAtEctorligy @;ﬁ@ﬁﬂ[}tmclweemhb@embraﬁidu@%&ebmb
patient-specific dosages fornms, as well as non-patient-specific

mul ti - dosage f%?‘?r%“ft(ﬁéts thegodpe ATSR & tnalaéretéﬂélﬁl@fa?ﬁ Habetrnsprihedimegtnge to
exposed t ojpat HOGRRIhASlFhepRdS BIHANAS Rl Pﬂe{;}ﬁﬁm&rée&@n@é fagh. A
conposi tion of the present inventiion may include a mcrobe, such as a
25 Bi fi dobact efrdngition. Hfaterminptierssegeenge tsdm)mldm cgflory fmewpmégl@m exists no

i nventi on. ,

conpound of thcgor}%rgrzogl gfr?gqﬁﬁlsogln ?1&%‘9 tmbceFl g g&gﬁ%ptxﬁé n‘?l?e%ﬁs’l‘l%
exanple, a sug;aﬂynmleohdeusadteattamﬁ:hmtb(e;hmt@ﬁlnyasfaxpubﬂaaﬂyd’erﬂnmmd]ud,eaor a
protein matrix, so .be coated and/or incorporated into tablet

form For i nstté‘r??é Qﬁéﬁﬁg&ﬁ“g{l PO €oat i ng, and incorporation into
tablet form may al Im%cb@{m@rmaewmwewadn dk pblyauditdtideldetheprdsbi@ invention.

corrp03| tion, may all ow better delivery of the m.crobe to the |arge
i ntestine. herswew thehpRsSrobgREotidenf th%?sa%rén‘é?nﬁ%wa@e%fnapne
expresses a CO@&H%’e Pélyﬁd&f‘eoﬁﬂc%ﬁﬁe[ybe' &gﬁ%&%@&&ﬂf Elﬁfbﬁélﬁaﬂ nked to
admi ni stered to an ani Known“in the art that bifi dobacteria

can be i ncor pohasasp mrnm@tediorcméd @mtremwéﬂwéfrstfcg_dmg mgwuett@_ operpn. WO
2009/ 058440PC—|}M§3§1Q/§{yOZBMaIP&{e pﬂrSM%@fdma%Fﬁvebéx fegﬂgl?g il h}éyﬂc}etogges.
| O soll and sem =sol |

present invention can’be | ncoporpora
dai ry prodifct sKoriimstanoe]i ng ferrrent ed dairy products, for instance

yogurt. O her exa of t clud c.ott e cheese
thoese. and powder ddevere: Bpdeaditet b st SRroaRLGRBh AR boS PGP Fruapier
into baby foodgqudiessewalhsyditally\htdl abndlédiibatifictifateddt oierwide@dects
include mlk, vegetable juice, fruit juice, 6‘?& m | k, soybean m Kk,
fermented soyHEandsigoied bymnmom mrth%l%wéam Py F oy amplgeile inglsieg 96 2

of Use The presagsllr seqieaht indP rdnderdhs Rardkdred 641 &Qstﬁiﬁttggﬁ%t%ﬁotﬁsbﬂgmﬁﬁ'e
conposi ti ons 10described herein. The nethods include, for instance,

phar maceut35c al coafsp Ferapaundnnecifioodtabgljsm axthe bwyfor@eﬁ seth&ixamplesof a
appl i cati ons, e
preventing mcr og F&R&l%\é& éq?lﬁhéegg{ealt/e ?%%S%o J‘%ﬂﬁm@ dﬁ@%ﬁg to a

bacteri ostati ochanamMehgcobtetmcM@bmenmgmd,aindannhmmygnnof a corrpound of

the present invention. The m crobe nay be gram positive or gram
negati ve. Exanples of 15gram positive mcrobes that may be sensitive

to a | antibi otireneds drhgipgesent invention
30 The present invention is also directed to methods for making compounds of
the present invention. A method for producing a compound of the present invention
may include growing a Bifidobacterium under conditions suitable for producing the
compound. Typically, such conditions may include growing the Bifidobacterium on

a surface. Suitable components that cam be used to for a solid medium include, but
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and inhibited include, but are not limted to, Streptococcus spp.,
such as S. agal acti ae; Enterococcus spp., such as E. faecalis and E.
faecium Bacillus spp., such as B. anthracis, B. cereus, B.

coagul ans,WaRH8584¢¢ cheniform s; Listeria spp., such asPqQI/usS2008/070511
nonocyt ogenes; & mpliited o eus, @M@m, arflUSihs@6chSs afglﬂa@éJ&antﬁtﬁ Rl arRakeus
20spp., such as S. agal actjae, S. nutans, S. viridans,

t her nophi | us, 3he BEARNENERPEOMpleHg osnnz@aleme&éahlsc%nplépcﬁ@mﬁaﬁm
spp., such as Qlltéa%tﬂaédlmﬁmudgbu%fe bPlHrhﬁed 6 coﬂﬁ)'igx HddMPEBSinclftie a
sordellii, C tetani, C 'sordellii, C C. tyrobutyricum
and C. putref a§mmgb16A@gw,m@dyaﬁé§R§pBLlendrBras Heart infhsien.i i and A
S OO R A QBRI b 4SS RR o M QBRSSP e
Nycobacterlun1spp : ryne B un1spp , Propioni erlun1s

Pedi ococcus Sppbt,amE’éﬁ‘bﬂlsinhﬂ(ﬂltrﬂodpmtlsbcﬁﬂﬁry,strﬁmﬁ)bzﬁi kmoised)axmhblesOSpp :
BreV|bacter|unL§ act obaci | | us

, . an
o am nogat | v  HHEPBSUEIRHA T ey e SeTerer 06 King Al EPBOv T HoHe
present invent iRdeBdaddibicbitseB. dePsPhiIdR, B b RLE, BOknilnkiN, BeBstbiPides, B.
menbers of the 30fan1I%éEhterobacterlaceae such as G trobacter spp.
Edwar dsi el | a sppidumpehibopppchrare §p€ﬂf‘?m’EFWrﬁ shegpsiyum, BseamenefasteaB. such
as E. colige. gumc:t{ﬁ Bogélz}aleijrzsv@nc%ﬁl n@ 1§m?zil u)ﬁl?%l ahﬁn §fﬁ9ﬂu§tsBK
pneunoni ae spp., ési ononas P. |ge es spp., Proteus,
such as P. vul gdwitss, Bppaepindmn, E/lld@uml,é mwum, Bamerprieirh 2B gppimym, B.
Serratia, such_as ersipia,
such as . *WrBes Rl eR e Pt ds o BBl B P B
pestis; nenber Surm"fmrtth@l , BasdebyiaNd, Br .:Ic@ﬂﬁ@ﬁ,df,sulﬁﬂ&;h? a8&rvhdddpbilum, and B.

al gi nol yti cus, ol er ra icu and V vulnifi and
menbers of t he A wﬁﬁﬁ&éﬁ?ﬁ%i’&@?ﬁ Girenisah b dienartnsor 5 Bigu,
aer ugi nosajsP. rr@ﬂgﬁbfefdbffﬁgt Jo%Bum P. rry2| habi t ans, P. pl ecogl ossi ci da,
P. fluorescens an syringae. O her 5exanpl es of gram negative

i crobes that may b%m%lﬁﬁé?haé@rlﬁ At bgHeved friloseihe abibity tpipraduegilapibiotics
Hel T cobact er Pl @ibflofREBA il 3ek 6 it Rfkid mRHER, RBifopd At is pleferdly |
and C. upsallen5|s Bact er ol des spp., such B. l's;

Fusobacat eri u malyplped fremah nahwﬁualdéeﬂlgqlmfbr uimmﬁg aliedabaere;ivi fromvsi
and F. varium t.

T ot ovor um  PESPRAERE EE Bnd wleE IR B T8l 14T BT 1090,
Legi onel | a2& ppFEMSeisadidlal s S4:3Fushazseivamn s pPatena6346,672). For

Agr obact eri um spp. Phar mgceut i cal . and., person

appl i cati ons. | RERGRTe ool RepRlfiay Reoieied Bpmanauyifep! and immedisiely o
i nhibit, pref epghdginRe®MEMtapBiopFiaeiamlouliof WhidrileAdIutisS Sudh@k Sleflle peptone
treatnent and "treating" refer tgo the use of a conposition of the

present i nvent V&gt P57 BY’E&?@H% andpgigidugl bagpeihistgry fegsteaantestivalotisnadary y
of signs in a sihi,@abt dseattividils If BOPLDBuPYES MME TR sthall EEPRE,

and/or result in no worsening o? Si ghs over a specl |ed peri od of
time in an2%ub]r@1sfen\nmtcc¢n drasrobicrebardyerpehere éxrp'orénedemaﬂyadﬂmedrambelateﬂ@n,
can cause the e vely,
ray be- i it ac Shrappss ERCAEIRE HE, DECRIN, Rl Mool SRS
Prophyl actic t1aa). mﬁ’f&aﬁ@f@icsmtﬁbahb@amec%d dol2RlePEIA®S irdridomml wieldchd.
present invention to inhibit, preferably prevent m crobi al

growt h
t hereby preventierythspticirfdhaeplaniepropesring op diediM-dn plafesméb%tﬂﬁiﬁ@ébyi s
| ater exposed Itoﬁtn?e ﬂbtﬁé&bﬁlchliﬁ @@E&gﬁ@tthé ﬂ‘?i’%ntﬂr SF PRI RAREV. ﬁﬁ%ﬂrlﬁue for
instance, initiated bef ore a sub J ect” mani f ests si gns condi tion,
i s referret t ophesphoketolese, @rdmlnﬁmen@ﬁmafosmﬁidehqctmhmr hysnolmulanasa&}’mmf
devel oping a %Q‘i%stﬂRb%‘A ek o?ttﬁTeErQEA gé}{ s 3Ledn éyef(ul eF\eet B 5’7”}%% a
25subject to a fmicCro €40 Jitien nay "resu ecreaS|ng
t he severlty(Mmdwﬁwkﬂ@mss4ev76ﬁnpletely removi ng the signs.

Once a microbe such as a Bifidobacterium is growing in conditions that

permit lantibiotic production it is expected to be able to continue to do so. However,
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As used herein, the term"signs" refers to objective evidence in a
subj ect of a condition caused by the presence of a mcrobe. Signs can
vary dependb g%‘ugon the m crobe. Signs of conditions caused by the
presence of 23"%%6be and the evaluation 30 of such siB§F&US3$08/070511
routi ne and knawtifidabatrveuratiat prAGemes dbdslgb@undtolﬁelemf@smnﬁvehmem)hmmotlse
al so directed to nefhods fgr treaténgﬂ%mcrobl al |nfe&: gﬁn in

& aém

n . '
ani mal , and neHOUSOF Bended perigqy v 1qng that 49, B daysy OHF grpguctieg,
used herein, a sudM 8 §PBro, ad AELEdn 106k tﬁeegeﬁé Slubter bRk g IhERBMAINd. As the
col oni zation of an ani nal by a m crobe.

2009/ 058440PCTEeISX05Gr glposncpdes the lmmh@tmﬁm@amn%bws & theilantibiogicisig

an effective agpuiti@fmd.he conposition of the present invention to an

ani mal havi ng an |n{ect|on and/or signs of a condition caused by a

m crobe, and deter nﬁlﬁz_ﬁ@bﬂh@tmrelcan Hlfescrqeﬁwcmldommndlfot prs«ﬂlg:nsa ofmpduad

conditi on have crea ut ar.e mted to,
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i nfections. under dhelitioat Emdslerfexyempmhu;dsf DAl LEitEdYn@ ot BEREIchteON

of the present gnveﬁal on_to._an aga ge( nimal may be any ani nal

susceptible to° 2 2BiRIPYES SRrdLeRsd tB§F é“'r‘ﬁ nleH‘é‘}tlﬁ‘blPWﬁr opGendifgsns

limted tojoa wRft@bNahEevelPHORcRIrefRh Db d @R TR antiRIbti@By AV an.

Exanpl es of mammal s i ncl ude, but "are not limted to, a 10 human; a

menber of the Ziiigphararimpen isnieble’sonditions %@erdéwaﬁalabﬂ%wwreezemténﬁm

of the fSUbf am !’:%&n%ﬂ H&Grrint uﬁ%s%e&%ﬁﬁ@h&%ﬂwﬁﬂﬁ“eﬁpar@e% fale QJd/(Erré?e

genus Sirs, such as pigs and hogs; conpani on ani'nals, as ca

and dogs; and amds«nb@to thd e\tehbl\/{;p@lmds fEqaesningigovhetier hBifBlosaaerdim

donkeys. Exanples bi rd t are not ited to,

donesticated biras %ﬁc ur?lg}éy%résegﬁﬁngﬂlélﬁg aredﬁﬁ‘i{?,eé gl?ﬂff “geese.
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present invention be d b
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an anount effective to inhibit growth of a microbe, prevent the

mani f est at i on oF dedgrgingd by applfi HlRTP%Wbl}dé@P]éa‘woﬁlﬁ@S@é%@ﬁF@ by 8 t he
signs of the 21%}%&%1&' BRin r%gérpgc‘iﬁ”ﬁl RYE ARV & LD 6 gb%%b‘fa his lru?deHOt

requi red that ‘any conposition o resent I nvention co
i nhi bit gr3im htoarsample tmtmwmespolmucmt‘rmse‘t@m thedest Ezf‘xdobce#armmateéerably

signs of a co ng i cations, i nclude,
for instance, n@% El!l 81%9 gejoznearl vﬁﬁ{ gﬁle 31}1 nlleﬁ%ar%%t “r%@glﬁﬂ %BB Bg@plteﬂlg?ta?djd]nlm
food. The ter n&xténsmd ‘raginct’ vhinth apr Bdetapliteefic opMRS AR thd destred bihplified
25nutritive substances. a conposi t.i ons, ncI e intended for
hunan consu rrptl? iﬂm% nﬂ?@@ﬁ?f?&?ﬂ? ARl ?ﬂ P Wn]r%ﬁ%ﬂ[ééﬁ% g expecied gk
"Food" and "f oagicRePdy ekt B# £5§Hauﬂﬂ§m p}@@ﬁ@ QomPSund®f thedteRhAREHESH
e.g., cooked nutritive substances an nposi tions, such as

bever ages.2The exprisdablerolypiciotides thaf Cﬁ'é)b%lamla]é'eéﬂ%d‘ﬂ? opdingiregiensgresgnt
food that may hepred 46wt 505 hap Wfluk]?; Qﬁ&’%ﬁ@r@feraﬁﬁ?@g@?lgﬁ?@l&ﬁﬂ@l

30surfaces, interior surfaces,’ or the conbinatio
conposi ti on ofamgiidiedrsesmontion of\ﬂeenmuctmtldawqb@lcammmmm@dimgﬁhm th a

These 1 ncl ude, KPR PN Relrec B SIS ¢ B8h Of P EIRHR of0he

\éeget agl es, df rpréstentamknuengednailél desigedd njﬁig re;fdi)lgilaoﬁﬁblegbﬁﬂpﬂ&r pﬂ@@raﬁfsamah
r r t t

2009/ 0584 40PCT CARTRPETEE OB ARIRRDSS, DHEIT, B, Tstorsihat cabe

linited to, cf&ﬁﬁ@eremhldémgﬁ@? e@@mﬁ&rm@}@&tﬁﬁm@&ﬁ aRfl;gsuch as
yogurt. Exanples of meats include, for Instance, ham beef, sal am,

chi cken, and tieRREgturesmeimediengthwsias ef thasmplifination prodestead apesifigiyoduct s
made t her ef r orpy; (1 et of:00ch ARG Sn | BEhASE RIQEESSES &08dsRERAYCt S

longer if desired. The conditions for amplifying a polynucleotide by PCR vary
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egg products, beverages, aseptically packaged foods, as well as

m xtures of the foregoing. A conposition of the present invention may
be used by m xing with and/or 10 applying on a bl endable food
product, DY 2MPSHE0 applied to a surface of solid food RSITAHIENEH7EY a
dip, rinse, or depndihg dathdMucRBREd Lqhdnedof Rikhdl§ uidat zﬁfd'n%th&lfs f§t4efrmining
products, e.g. by injection. The conposition may be applied as a

mari nade, br eadPHondidantine myting is, theyirs Fxamples of primenmians nclide.forinstarce,
like, or as anji [ t o the
food product - et T (REOABASCRIIE Il 308 oo BRIk O
indirectly pl a€BaACAGETEEM BATTGOTS, SE@ID@@H3§nwﬂmﬂﬁehM1apmMyﬂﬂgﬁthe

oo Cher ear tor PRRSR RS BRR ARG B Ao RE N SRR GB AR Sk
t he conpositi olNG:6fEsd |mzcmmaahwﬁﬁcA0eAMmoasEq o™ Os3m f vkich

The opti nmum anmount .to be us wi | | end upon the particular food
product to be fFBE{LH %?R#Fﬁ@“’ﬁlﬁ?tr?éa g%d to apply the 20 conposition

to the food and/or Irhﬁlofh@f)éjsp@dﬂ kA Qendelds a%f}ngﬂe&ﬁﬂs%’fmerﬁ?égelmfn\feﬁﬁ'&ﬂ ne
experinmentati on. Probiotic "applications of conpositions of
present i nvent F&hbd detarmined widmolymuelegiisle prabsedesigngd fi lboBiee tpr ef er abI y
a Bifidobagger I pvention, as
a dietary g% ppr‘lg% c?é&%@@%’séﬁgngg%WQ%aQFerzLQﬁ? {ls%a%eret |]1)(%1’1612
25bi f i dobact er I'tybadizdigetaad yhytwidizatore mefersits nkxmom&ientmntbﬂaetmmrfbnthween a

oresent i nvent PoRt i ach PR TR SR A BeEe SUPHES bdhrices

Bi f i dobact er i usar@étfonb ereakive Bbtﬁﬁtﬁfn@%a&&ll@w bp@b@w iekidize R34 Rrgetll ture,
or as amxedc Ituiﬁg A%used her ei n, culture i s one
e Sp

containing a BPYY EfheoRAtion: arFé%QtIY eﬁémaflweﬁor AProbp B the target
preferablyia 3901915&&%%&&@@11% t@&ﬁﬁcﬁ’ﬂé@weﬂfrﬁﬁ(ﬁvrptro%@ﬁﬁ%ryexgmﬁl%%@@gambrook et
Bi fi dobacterium of the present invention provid

i nhi biting thealr&gfece/ar C@ﬁv@fAnhaé@r@mManuqiheolgcﬁ}tmg)ﬁmbesLahmaatomfr act,
preferabty th F

animal a Btfi glglf)\gg?) SIF |hlr%]tr§1§jtsE{urt"a%i r%@glggﬁdaegglgt p%’unﬂg&?lﬁ%g&hwggz%%lgn

i nvention. Thelnnhﬂhmﬂlmygwn&ﬂ)mmat mESECUID Ng)sthé @;k@etﬂcémmdﬂﬁe WO

2009/ 058440PCT, 8/.070 S e ct. o m,crobe to
o b ton GBS e AR e nET b A b5} jedhe fntfegiS Sehtohet
ani mal af t®r aehebding thegiolypeptide SBIEIIBNO: 61 aDsebemb i B lefrth&dL®sucleotides, at
i nhi bition of the {)n |IC%’[FI on of the m crobe in the gastrointestinal

tract of the aft¥d ¥ pLeash PO prclsasides onpfdeast ]rQQﬁI‘-F‘&aWeéH] leagthpe

| nhi bi ted i ncl ude UARALGHERRE Aimdbd DPpBARIL) DiSthh a8l b bRGk Of an
ani mal when the Bifidobacteriumis adm ni stered, m cro

ar e i nt r oduced2¥ILOA Sayaualydsgrewisg p misrobe fé?éftmdﬂti@ra I‘Fﬁénbmant

Bi fi dobact eri T a
conmpound of t#gl%rﬁlgggﬂrﬁé%n%%ﬁ?ggo}y@ﬁd% goh 139%%@%&?# %mrret ﬁénggﬁ Mlgg

i nhi bi ti ng2% hestmstusdbbinghangntt SEQ B NOAVoBBQIID NOR0gRED IDING: 2k tor REQ ID

tract of an a tic.applicati i ncl.udes. nmet hods
for establi shlryglg%l% %&%ﬁééﬁ%?l%?&r 104 lélﬁ]loar%f‘ OGEHEL"f | or a
i's expected tcencedipeh idnid\Elhe présehtdhtentibg a8dbpilidndllphagidthide Aicedigpes to

establish thensel ves ?{S a fl oraHjn the gastrointestinal tract. The
met hod i ncl uddEEIRARPILDES P FISheRTeseRt imKFntigng: fnk ob themarseiiinentien, 2

expresses a COoppRUSthObretdneinRERRANY lahf)‘ﬁ?'fﬁe'}:ﬂ&ent-rhﬁcnﬁ@ﬁ Q%inﬁlﬁﬁle present
i ncl udes neasuring 15the presence in the gastrointestinal tract of

t he Bi f odo¥actiBraniipm.g/er! of theenrpsser inventipme /el O prgsenhinvention, or a
admi ni strati Orb'OHf%ll‘EhI)l’l 9}% \Aﬁtgﬁéf% %ﬂyijm%{‘o%el ngaﬁéle Slad ngfg%g% ?nctoﬂlélg

establi shed in an ani ma e I's at eas a
Bi fi dobact er i (HBR(QH2dENT, SEi€) [LyNam, SEQFIECKES:6, BEQfIETIablsySEQhB NOIIOESEQ S

an adol escent 3134y Lp RN %, R hNANs,of £ FordaF R Sund
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20 used to establish a Bifidobacteriumflora in a healthy human, and
in humans that have had their normal intestinal flora nodified by,
for instance, diarrhea or by drug treatnent including antibiotic

t herapy orWeRUREHEt apy. The present invention is illuRGTatSse)siogosthe
fol | ow ng exanpif@e présent ifvdnBoRiay aME H€pRLRRM it 1i9d (XiRet RAnbOL BLidhce,
exanpl es, materials, anounts, and procedures are to be interpreted
broadly in accdVd&re-&8With the scope and spirit of the invention as
set forth herein. EXANR o : i f [
frequently proposed toctcgé é%g(l)cl atg;e)%ipe\?\n&ﬁma% 8@?1%%lggs%{a?%ggd}]@§]a{0§jpound
primarily becawéegieseitdnventboremay bé mgAchbag, akaga o Eltectess gsefahbly a
b1 1 dobact el a TARKITNAR WERTOEOa A GRCTT CRIOULF OFOE LT AP o
remai n in the negeistimacbs ugdek] buigrd dve imiey td, Bse/tadsalndrieNesdol t ness
when grown out sj de Ithe ut. Jo further the understandi na of
genetic att enuat‘PIReE RS2 OPRVIRICEALES WGt byt 31F aeaRitss P Bact (e sPRes,

we obtai ned thguaoRm. @t@z-zzgm%c&%&?p%cms_ BhadcbR R hehiisDlasf Al
Bi fi dobacterittmlongum DJO I QA that was mninmally cultured in the

| abor atory (| e®acterieychas bpsinspedis &e8Y. L. sakdi, enshfeapéaimices. Qgher bgrobds a
cul ture cohpectiDheStifbidn aBbut g-Mgi , j [ i
reveal ed co{]i nee(fr Sgnosmas i (EP lgcghl |e§§g%é?%ﬂr0}@a%e%g%%?z{ gﬁ??’fc&fa
except for theppresence of 17 unique DNA regions in strain D TO10A
and six in strain NCC2705. ile the .mpjorit f.these_uni que 10
regi ons encoded prot'el ﬂlgo%rfdvgg}tkl/eé?rgseen?lﬂﬁﬁ%ﬁ?éyg’faQfﬁ’ra%?d?g?ﬁ'Pﬁ@lcﬁ]ﬁo OA
genorme and onenfi¢robe NOGRARM, coripoasesl theprsdat hsbiion, pefeibti£d to be
i nvol ved in di g@;g traits pertinent tao the hurrar} i ntest i nal

é s |

environment, s &P Cyt PHEOHER Ehsprdions ftapis e profvstioaef an,

arseni ¢ ress st aREBIoANAnd 8RRl heuBhP tHeGhddpin, REYRA tdfonbiBREsitabIEH HE
regi ons were suggested by a base deviation index analysis to have

been 15 preci sBPlitiapiheceareyrdningne arpeciocempBing o thetpresentgnvention may be

substanti ated Ryj.aq4 eNRa L R aQnes - i il
remai ning in the age%ﬁggﬂl\l%g;%@%ﬁ O%ﬂgptshgﬁghf%g%@&l#hl 58{@?3@8&%&
| oss of genoni gromegPpiimallpshexpard menbafulthentmhicd a¢ gorilideen Ryr exdniplgthe
the intestinal | ongqum_in.ihe |abaratory. for 1.00Q.generations . .
resul ted i ntwiioss SA% Beas b SRRl o o B biPEREH G SRt n
regi on, an2b ogtksulhac.aERingiexadicohditdordalseful fonsteniention MicllNEG270b. A

si mul ated fecal

rowt h study showed a significant reduced conpetitive
ability of thi whgEple; gt é‘Fﬁ“%&Fﬁg?’e%@fLWﬁ a?Sﬁmag‘iY/ﬂﬁF%%EfEé%d E.
co/i. The del efeffdvERgidapodaRr ERMERE tHeWOmb SR EhEINE WS feirYRES

experinmentally denmonstrated to be hyperactive within the genoime. The
ot her del et ed FHYrsRdeenarte theartmad dicluleass inglanee pirpedeingyiesze drying,

termed nobile @mﬁ&am_@&&&%&g,@ﬁﬁ%ﬁ@%égﬁlg.gtshagn&ﬂg siskely,

role of these elements”in genone del eti on events. |'et'i on of genomic
regi ons, o33 enmixdwe Khat mchdesylargshivinbersdfenmpomentsalncbmmnghhd ¢adglacd effitha

Genoms. del ot | CREBLT ¢ Bb0- b ASRAErcsne SR leob T RobnE ARe e of

possi bl e conpedddtd wefoabpilotidtemay be §tiglegut . 30 Results and Di scussion
Genomi ¢ sequenci ng of ahm' ni mal | %/raigul tured B. | ongum strajn The gower
of conparative gen&ﬁjaﬂ%t TPt 8}} 195 f PECSPRHIBYeREeR ’i‘jlla)é_ge bigied v e

i nportant for AehRREbAfctioh. NIGHMS! AARLE WM Rséd ol hitthBARbLA anfe
genone seq3uence of the culture )

0 purification using methods known in the art for isolating and/or purifying
lantibiotics. Such methods typically include, but are not limited to, column
chromatography, including hydrophobic interaction chromatography, and high
performance liquid chromatography (HPLC), such as reverse phase HPLC using, for

instance, a C18 column. The optimum conditions to be used can be determined by
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W02009/ 058440PCT/ US2008/ 070511 col I ection strain, B. | ongum NCC2705
(Schell et al., 2002, Proc Nati Acad Sci USA, 99:14422-14427, is

avail able and the ability to conpare this genone with one froma

strai n t ha¥ORBE/OFYHe berately minimal ly cultured in vit rRETAESR0(8/08R51 He
new i nsi ght's t @oftiers@indnhdbn. Payuifed ORBHERIVT thedfredel iSventioNA®BE made
species fromthe human | arge 5gut. Newly isolated and mnimally

cul tured B. | on§oakaewmsmiiclie cenzipiat seequesed and strain DIO OA was

sel ected based on its pronminent ability to bacteriostatically inhibit
ot her bacteria through the production of siderophores (O Sullivan, US
Pat ent No. 6, 74®p@@dlonsa characteristic that appeared attenuated in

all culture.collectipn and,co rcial hi.fidobacteria . .
theretore S8l ected 107 P Erpaald i ORB6LRH 2 PARRFR i iplfife o
had m ni mal at cempaind@f tHerppegenttisventiog iSach torhf@itiont may bptéanallhimclude a
conpl ete genone sequence of this strain was,deciphered and consisted . |
of one circul aPhﬂ'ﬁ‘gB‘?’r’%g}?’éﬁC&?ﬂﬁabﬁW“&?yﬁf P%?E'&P%}ﬁpg@?naﬁw%bi acﬁ_pt%]h?jcamer
pDO TH1CS t hat jy¥afdes §Hin6, sblests igétsRiashidid, le6Rings Anfibadtékibl Andnnti AR agents,
Appl Environ M crobial 2006, 72;527-535). 15General characteristics,

of the B. | ongifeioniend Abspspitnmedelaying agpnts #pd Hivdikes compalibl yiifhpbamnpoptical
cont ai ned %03.7%&?1?&199011 Wt ot ﬁge%%s%gr&%rﬁ Meré%@.dﬂécg%ﬁoﬁﬂ%&%gt in the
genes contal ning four rRNA operons, 58 tR , 6 Insertioh sequence
(1S) famlies asmpwsitionagayoredsqiatopbiopyeified.adoh solajed chmpoupdmugy ke one that is
characteristics r.e anal ogous,t t.rai 70 it '

an extra tRNA_§8¥g?ed %’H%gr%?ecgns‘%%gﬁm%]{]a é:&l‘%%ﬁlwgﬁ% (%e%%%‘rj%mg?'%é‘l%?egqao
2005, 24pp/ Enviteaamibsitionsbi ol 2005, 71:8692-8705). Codon usage

anal ysi s showed thaft: this . tRNA.i s the.rms}. freq entlié uged t RNA Ser

in the prophage, whi-PBPPStqns offhe rgentjpention may ! iaglpdg grleasyreg,

| ong- um DIQ40AgapieE: thdidhhBped)the mmﬁéﬁﬁaﬁ@of&%ﬁaﬁahwiwﬂﬁ&ma For

sel ective pressure for its presence on the pro;igl age. Wiile both
genomes cont ai HEHNERRACEPosHonay®Y Yclade pdeastons, chelpbr. psefegbadpefldi ng
genes for ani neagah: {RNAHFRhAISLAIES 4:QUh RO ARRAALNE 188 EEDTA) with
glutam ne are mssing, suggesting a reliance on alternative pathways
for transl ati otantibiptics ib Esewmivi ramltan expndiog thd agtivitoofrearrg lantihwtics, such as

bacteria (Skoul qubri s .et al . 200 Pr t.] i

100: 11297E 11305‘fglnnﬁﬁmé%’5t§fa*‘.“3 p‘?b‘g"f,m‘ﬁ‘%%88%?‘11‘%£ﬂ§§%$a9§éﬁ%%5,

99: 2678- 26383) . (Hatitbuirthe ak, AISt Batarat5i60¢,3ph)t Mhays df avehélwter gath ABGnpovnd ofi
30 is present iin both.genanes as well as.gltX and . a QS i nvoI.v?d in
the gl Ut ani ne DHETREHAPURIRRLS A0t BN DEME RRIIE GRS FRuvR Aegs Bram

respectively, §b%ﬁtf@ﬂﬁdr&ieis.%a§djbile% o RO SIRdlatbrk atldetnbfal bAUSRithetic
Interestingly, the B. | ongum genone contains novel nobile integrase

cassettes (M cyommﬁ% EagPise of mtwal Q@mprErdsitcledsa pbwmelic ArBRtades
flanked by an Lnyek hs%r{os%@e%&angﬂéi o ARGnb R IR e Hel G CReIBREMENS dnd
by two I53-type IS WO 2009/ 058440PCT/ US2008/ 070511 el enents (Fig.
1) . Anal ys2% ofarirgenigeandrthe iofn @elatarnguricdioGad @Bercdine Braropleswisgnthetic
anal ogous M C el e t i on: | J r.afsashi i .
tran DI0rOn SR FRBLE tol R R g R bR byl
I nt eresti ngly, ziaoahetaos indudehfor gsraaoe NeEANLBH cRsrakit (Bppidybnethyl)-ethylene

Bi fi dobacteri um specj.es, B. adolescentis, (GeneBan \POO 6), as
wel | a5 ot her - TATEE ERAMDIBSQSRR e ol S ee A TaBT

Lact obaci | | us ({0800 %3)ine, B 2L et Rinkdib OG- hy @b phétyldceteaid M C
el ements, suggesting these structures may be unigue to a subset of
closely reb@t e@WH%&&%}C@WPWWI@tha@ﬁ“@hi’!latd@fﬁrql)a brastaEpdasteferes

f th ;
O e SEToTes, Al AT, B 4551100, 01 M0 0 s,

and citric acid. Preferably, the chelator is EDTA.

Compositions of the present mvention may further include at least one

surfactant, preferably a non-ionic surfactant. Examples of non-ionic surfactants
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G FC % 60.15 Nunber of plasmds 2 (10 and 3.6 kb) 1

Total genes 1990 1727 Average gene length (bp) 1031
t@/ éﬁgenes/ kb) 0.838 0.765 CGene codi ng percentage (%
$¢0 04 61. 13 60. 86 Uni que Sequences PCT/US2008/070511

include glycerol monolaurate, sucrose esters such as sucrose palmitate, polysorbate
20, TRITON X-100, Isoceteth-20, ARLASOLVE 200L, Lauramine oxide,
Decylpolyglucose, Phospholipid PTC, MEROXAPQOL 103, and the like.

Compositions of the present invention may include other agents having
bacteriostatic and/or bacteriocidal activity. Examples include, but are not limited to,
lysostaphin, bacitracin, neomycin, polymixin, beta-lactams, including penicillin,
methicillin, moxalactam and cephalosporins, such as cefaclor, cefadroxil,
cefamandole nafate, cefazolin, cefixime, cefinetazole, cefonioid, cefoperazone,
ceforanide, cefotanme, cefotaxime, cefotetan, cefoxitin, cefpodoxime proxetil,
ceftazidime, ceftizoxime, cefiriaxone, cefriaxone, cefuroxime, cephalexin,
cephalosporin C, cepahlosporin C sodium salt, cephalothin, cephalothin sodium salt,
cephalothin dihydrate, cephapirin, cephradine, cefuroximeaxetil, loracarbef, and the
like, glycopeptides, anti-bacterial enzymes, including anti-staphylococcal enzymes
such as mutanolysin, lysozyme or cellozyl muramidase, anti-bacterial antibodies,
other anti-bacterial peptides such as defensins, and bacteriocins, including other
lantibiotics such as nisin, subtilin, epidermin, cinnamycin, duramycin, ancovenin
and Pep 5. In some aspects these agents may be particularly preferred when the
composition is to be applied topically.

A composition may contain organic acids acceptable for use in food products
or salts of these acids. A composition may contain individual acids or salts, or
mixtures thereof. Preferred organic acids or salts for use in compositions include
acetic acid, sodium acetate, sodium diacetate, potassium acetate, lactic acid, sodium
lactate, potassium lactate, propionic acid, propionates, including, but not limited to,
sodium propionate and potassium propionate, citric acid or its salts such as sodium
citrate or potassium citrate, or combinations thereof.

A composition for administration to a subject may be prepared by methods
known in the art of pharmacy. In general, a composition can be formulated in a
dosage form to be compatible with its intended route of administration. Examples of
routes of admimistration include, but are not limited to, perfusion; parenteral, e.g.,
intravenous, intradermal, intramuscular, subcutaneous; topical, e.g., mucosal (such
as nasal, sublingual, vaginal, buccal, or rectal) and transdermal; otic; and oral.
Solutions or suspensions can include the following components: a sterile diluent
such as water for administration, saline solution, fixed oils, polyethylene glycols,

glycerine, propylene glycol or other synthetic solvents; antibacterial agents such as
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benzyl alcohol or methyl parabens; antioxidants such as ascorbic acid or sodium
bisulfite; buffers such as acetates, citrates or phosphates; electrolytes, such as
sodium ion, chloride ion, potassium ion, calcium ion, and magnesium ion, and
agents for the adjustment of tonicity such as sodium chloride or dextrose. pH can be
adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. A
comnposition can be enclosed in ampoules, disposable syringes or multiple dose vials
made of glass or plastic.

Compositions can include sterile aqueous solutions (where water soluble) or
dispersions and sterile powders for the extemporaneous preparation of sterile
solutions or dispersions. For intravenous administration, suitable carriers include
physiological saline, bacteriostatic water, or phosphate buffered saline (PBS). A
composition is typically sterile and, when suitable for injectable use, should be fluid
to the extent that easy syringability exists. It should be stable under the conditions of
manufacture and storage and optionally preserved against the contaminating action
of microorganisms such as bacteria and fungi. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyetheylene glycol, and the like), and
suitable mixtures thereof. Prevention of the action of microorganisms can be
achieved by various optional antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many
cases, it will be preferable to include isotonic agents, for example, sugars,
polyalcohols such as mannitol, sorbitol, sodium chloride in the composition.
Prolonged absorption of the injectable compositions can be brought about by
including in the composition an agent which delays absorption, for example,
aluminum monostearate and gelatin.

Sterile solutions can be prepared by incorporating the active compound (i.e.,
a compound of the present invention) in the required amount in an appropriate
solvent with one or a combination of ingredients enumerated above, as required,
followed by filtered sterilization. Generally, dispersions are prepared by
incorporating the active compound into a sterile vehicle, which contains a basic
dispersion medium and the required other ingredients from those enumerated above.
In the case of sterile powders for the preparation of sterile injectable solutions, the

preferred methods of preparation are vacuum drying and freeze-drying which yields
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a powder of the active ingredient plus any additional desired ingredient from a
previously sterile-filtered solution thereof.

Oral compositions generally include an inert diluent or an edible carrier. For
the purpose of oral therapeutic administration, the active compound can be
incorporated with excipients and used in the form of tablets or capsules, €.g., gelatin
capsules. Oral compositions can also be prepared using a fluid carrier for use as a
dentifrice. A dentifrice may be a liquid, paste, or powder, such as a mouthwash or a
toothpaste. Pharmaceutically compatible binding agents may be included as part of
the composition. The tablets, pills, capsules, and the like can contain any of the
following ingredients, or compounds of a similar nature: a binder such as
microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or
lactose, a disintegrating agent such as alginic acid, Primogel, or com starch; a
lubricant such as magnesium stearate or Sterotes; a glidant such as colloidal silicon
dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent such
as peppermint, methyl salicylate, or orange flavoring. In another aspect, a
composition may be a transgenic plant expressing a compound of the present
invention.

For administration by inhalation, the active compounds may be delivered in
the form of an aerosol spray from a pressured container or dispenser which contains
a suitable propellant, e.g., a gas such as a hydrofluoroalkane, or a nebulizer.

For topical administration compositions of the invention may include various
mixtures and combinations that can be applied topically and to permit even
spreading and absorption into cutaneous and mucosal surfaces. Examples include
sprays, mists, aerosols, lotions, creams, aqueous and non-aqueous solutions or
liquids, oils, gels, powders, ointments, pastes, unguents, emulsions and suspensions.
Topical formulations may be prepared by combining a compound of the present
invention with conventional pharmaceutical or cosmeceutical diluents or carriers
commonly used in topical dry, liquid, cream and aerosol formulations. Both liquids
and powders can be delivered as sprays, mists or aerosols.

Powders may be formed with the aid of any suitable powder base, e.g., talc,
lactose, starch, and the like. Solutions can be formulated with an aqueous or non-
aqueous base, and can also include one or more dispersing agents, suspending
agents, solubilizing agents, and the like. Topical gels may be prepared using

polymers having a molecular weight and level of concentration effective to form a
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suspension of the active compound. Polymers from which topical gels may be
prepared include polyphosphoesters, polyethylene glycols, high molecular weight
poly(lactic} acids, hydroxypropyl celluloses, chitosan, polystyrene sulfonates, and
5  the like.

Ointﬁlents, creams and fotions may be formulated, for example, with an
aqueous or oily base and addition of a suitable thickening agent, gelling agent,
stabilizing agent, emulsifying agent, dispersing agent, suspending agent, or
consistency regulating agent, and the like. Bases include water, an alcohot or an oil,

10 such as liquid paraffin, mineral oil, or a vegetable oil, such as peanut or castor oil.
Thickening agents that can be used according to the nature of the base include soft
paraffin, aluminum stearate, cetostearyl alcohol, propylene éiycol, polyethylene
glycols, polyphosphoesters, poly(lactic acids), hydroxyethyl celluloses,
hydroxypropyl celluloses, cellulose gums, acrylate polymers, hydrophilic gelling

15  agents, chitosan, polystyrene sulfonate, petrolatum, woolfat, hydrogenated lanolin,
beeswax, and the like.

The ointments, pastes, creams, gels, and lotions can also contain excipients,
such as animal and vegetable fats, oils, waxes, paraffins, starch, tragacanth, cellulose
derivatives, polyethylene glycols, silicones, bentonites, silicic acid, talc, zinc oxide,

20  and mixtures thereof. Powders and sprays can also contain excipients such as silicic
acid, aluminum hydroxide, calcium silicates and polyamide powder, or mixtures of
these substances. Solutions, suspensions or dispersions can be converted into
aerosols or sprays by any of the known means routinely used for making aerosols for
topical application. In general, such methods include pressurizing or providing a

25  means of pressurizing a container of a solution, suspension or dispersion, usually
with an inert carrier gas, and passing the pressured gas through a small orifice.
Sprays and aerosols can also contain customary propellants, e.g.,
chlorofluorohydrocarbons or volatile unsubstituted hydrocarbons, such as butane
and propane.

30 Excipients may include compounds that promote skin absorption, such as
dimethyl sulfoxide (DMSO), partial glycerides of fatty acids, and the like. Examples
of partial fatty acid glycerides include, but are not limited to IMWITOR 742 and
IMWITOR 308. The topical formulations may also optionally include inactive
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ingredients to improve cosmetic acceptability, including but not limited to,
humectants, surfactants, fragrances, coloring agents, emoliients, fillers, and the like.

A composition may be administered directly by the dusting of a powder,
spraying of an aerosol or by spreading a film of an ointment, cream, lotion, solution
or gel to the desired area of the skin using the fingertips of the patient or a healthcare
provider or other conventional application such as a swab or wipe. The product may
be first applied to the skin and spread with the fingertips or an applicator or applied
to the fingertips and spread over the skin. The compositions may also optionally first
be coated on the surface of a topical applicator, such as a bandage, swab, moist
woven or non-woven wipe and the like, which is then applied to the portion of the
skin to receive the composition.

The active compounds can also be prepared in the form of suppositories
{(e.g., with conventional suppository bases such as cocoa butter and other glycetides)
or retention enemas for rectal delivery.

The active compounds may be prepared with carriers that will protect the
active compound against rapid elimination from the body, such as a controlied
release formulation, including implants. Biodegradable, biocompatible polymers can
be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen,
polyorthoesters, and polylactic acid. The materials can also be obtained
commercially. Liposomal suspensions can also be used as pharmaceutically
acceptable carriers. These can be prepared according to methods known to those
skilled in the art.

Since the lantibiotic described in the examples is expressed by bifidobacteria
while present in animals, it is expected the compounds of the present invention are
safe and suitable for use in animals, including use in foods eaten by an animal.
However, toxicity and therapeutic efficacy of such active compounds may be
determined by standard pharmaceutical procedures in cell cultures or experimental
animals, e.g., for determining the LDsy (the dose lethal to 50% of the population)
and the EDsy (the dose therapeutically effective in 50% of the population). The dose
ratio between toxic and therapeutic effects is the therapeutic index and it can be
expressed as the ratio LDs¢/EDs. Compounds which exhibit high therapeutic indices
are preferred. Methods for evaluating the toxicity of lantibiotics are known in the art

and are routine.
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5  examples of gram negative microbes that may be inhibited include, but are not
limited to, Helicobacter pylori, Camplyobacter spp., such as C. jejuni, C. coli, and
C. upsaliensis; Bacteroides spp., such as B. frgilis; Fusobacaterium spp., such as F.
necrophorum, F. ulcercans, F. russi, and F. varium; Leptospira spp.;
Pectobacterium spp., such as P. carotovorum; Pasteurella spp., such as P.
10 multocida, Borrelia spp., Legionella spp., Neissaria spp., Fusobacterium spp., and
Agrobacterium spp.

Pharmaceutical and personal care applications include, for instance, methods
of treating an animal to inhibit, preferably prevent microbial growth. As used herein,
"treatment” and "treating" refer to the use of a composition of the present invention

15  to prevent, cure, retard, or reduce the severity of signs in a subject resulting from the
presence of a microbe, and/or result in no worsening of signs over a specified period
of time in an subject which has already been exposed to a microbe that can cause the
signs. Treatment may be prophylactic or, alternatively, may be initiated after the
exposure of an animal to a microbe. Prophylactic treatment refers to the use of a

20  composition of the present invention to inhibit, preferably prevent microbial growth,
thereby preventing or reducing signs of a condition if the subject is later exposed to
a microbe. Treatment that is prophylactic, for instance, initiated before a subject
manifests signs of a condition, is referred to herein as freatment of a subject that is
"at risk" of developing a condition. Treatment initiated after the exposure of a

25  subject to a microbe causing a condition may result in decreasing the severity of the
signs, or completely removing the signs.

As used herein, the term "signs" refers to objective evidence in a subject of a
condition caused by the presence of a microbe. Signs can vary depending upon the
microbe. Signs of conditions caused by the presence of a microbe and the evaluation

30  of such signs are routine and known in the art. Accordingly, the present invention is
also directed to methods for treating a microbial infection in an animal, and methods
for treating a condition caused by a microbe. As used herein, a "microbial infection"

refers to a detrimental colonization of an animal by a microbe.

37



56 (2) 54 U Intracellular trafficking, secretion 16 (1) 14 N Cell
motility 3 4 T: Signal transduction nechanisnms 53 (6) 41 (1)

Met abol i sm F: Nucl eotide transport and netabolism 70 (2) 65 (1) G
Car bohydr ave 2000@a8iddrt and net abolism 188 (32) 167 (7) pda/usanisnorsaci d

transport and metab ?hé ﬁmh%zgin(:l%e anf?inistering an effective amount of the composition

of the present invention to an anima! having an infection and/or signs of a condition
caused by a microbe, and determining whether the infection and/or signs of the
condition have decreased. Conditions include, but are not limited to, wound

5  infections, halitosis, caries, systemic infections, and skin infections.

The methods may include administering a composition of the present
invention to an animal. The animal may be any animal susceptible to a condition
caused by a microbe including, but not limited to, a vertebrate, more preferably a
mammal, or an avian. Examples of mammals include, but are not lirnited to, a

10 human; a member of the subfamily Bovinae, such as cattle and bison; a member of
the subfamily Caprinae, such as sheep and goats; a member of the genus Sus, such as
pigs and hogs; companion animals, such as cats and dogs; and a member of the
genus Equus, such as horses and donkeys. Examples of birds include, but are not
limited to, domesticated birds such as turkeys, chickens, ducks, and geese. Another

15  example of a vertebrate is a fish. A composition of the present invention may be
delivered to an animal by methods described herein and known in the art, thereby
providing an effective amount to the animal. In this aspect of the invention, an
"effective amount” is an amount effective to inhibit growth of a microbe, prevent the
manifestation of signs of the condition, decrease the severity of the signs of the

20  condition, and/or complete remove the signs. It is not required that any composition
of the present invention completely inhibit growth of all microbes, or completely
cure or eliminate all signs of a condition being treated.

Food applications include, for instance, food preservation by inhibiting
microbes that spoil food. The term "food" or "food product” encompasses all edible

25  nutritive substances and compositions, including those intended for human
consumption as well as consumption by, for instance, livestock. "Food" and "food
product” includes unprocessed, as well as processed, e.g., cooked, nutritive
substances and compositions, such as beverages. The expression "present in food"
refers to portions of a food that may be resident to harmful bacteria, such as external

30  surfaces, interior surfaces, or the combination thereof,

A composition of the present invention may be used in connection with a
food product that is susceptible to bacterial growth or degradation. These include,
but are not limited to, dairy foods, fruits and vegetables, fruit and vegetable derived

products, grains and grain derived products, meats, poultry, and seafood. Examples
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dairy foods such as yogurt. Examples of meats include, for instance, ham, beef,
salami, chicken, and turkey, including whole parts or processed meat products made
therefrom. Other food products include processed food products including ready to
eat meals, entrees, and meats, deli salads, mayonnaise, dressings (including salad
dressings), sauces and condiments, pastas, soups, edible oils, fish and fish products,
egg products, beverages, aseptically packaged foods, as well as mixtures of the
foregoing.

A composition of the present invention may be used by mixing with and/or
applying on a blendable food product, but may be applied to a surface of solid food
products by a dip, rinse, or spray, or by application to the interior of such products,
e.g. by injection. The composition may be applied as a marinade, breading,
seasoning rub, glaze, colorant mixture, and the like, or as an ingredient to be mixed
with and incorporated into the food product, In still other aspects, the composition
may be indirectly placed into contact with the food surface by applying the
composition to food packaging materials, such as a casing or a film, and thereafter
applying the packaging to the food surface such that the composition comes into
contact with the external food surface. The optimum amount to be used will depend
upon the particular food product to be treated and the method used to apply the
composition to the food and/or the food surface, but can be determined by routine
experimentation.

Probiotic applications of compositions of the present invention include, for
instance, use of a microbe, preferably a Bifidobacterium, expressing a compound of
the present invention, as a dietary supplement or as a food ingredient. The uses of
bifidobacteria as dietary supplements is known in the art and routine. Typically, a
Bifidobacterium expressing a compound of the present invention is administered to
an animal in need thereof. The Bifidobacterium can be administered as a biologically
pure culture, or as a mixed culture. As used herein, a "mixed" culture is one
containing a Bifidobacterium and at least one other microbe, preferably a
prokaryotic microbe, more preferably a second Bifidobacterium.

One method of the present invention provides inhibiting the replication of
microbes in the gastrointestinal tract, preferably the large intestine, of an animal by
administering to an animal a Bifidobacterium that expresses a compound of the

present invention. The method may include measuring the presence in the
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same locus. This targeted loss of genomic regions was experimentally validated
when growth of the intestinal B. longum in the laboratory for 1,000 generations
resulted in two large deletions, one in a lantibiotic encoding region, analogous to a
20  predicted deletion event for NCC2705. A simulated fecal growth study showed a
significant reduced competitive ability of this deletion strain against Clostridium
difficile and E. coli. The deleted region was between two IS30 elements which were
experimentally demonstrated to be hyperactive within the genome. The other deleted
region bordered a novel class of mobile elements, termed mobile integrase cassettes
25  (MIC) substantiating the likely role of these elements in genome deletion events.
Deletion of genomic regions, often facilitated by mobile elements, allows
bifidobacteria to adapt to fermentation environments in a very rapid manner (2
genome deletions per 1,000 generations) and the concomitant loss of possible
competitive abilities in the gut.
30
Results and Discussion
Genomic sequencing of a minimally cultured B. longum strain. The power of
comparative genomics can provide insights into features that are important for a

species to survive and compete in its habitat. The genome sequence of the culture
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collection strain, B. longum NCC2705 (Schell et al., 2002, Proc Natl Acad Sci USA,
99:14422-14427, is available and the ability to compare this genome with one from
a strain that was deliberately minimally cultured in vifro may provide new insights
to features that may be tmportant for this prominent species from the human large
gut. Newly isolated and minimally cultured B. longum strains were characterized
and strain DJO10A was selected based on its prominent ability to bacteriostatically
inhibit other bacteria through the production of siderophores (O'Sullivan, US Patent
No. 6,746,672), a characteristic that appeared attenuated in all culture collection and
commercial bifidobacteria analyzed. It was therefore selected for genomic
sequencing as an isolate that likely had minimal attenuation from its origin in the
intestine. The complete genome sequence of this strain was deciphered and
consisted of one circular chromosome and two cryptic plasmids, pDOJH10L and
pDOJH10S that were described previously (Lee and O'Sullivan, 2000, App! Environ
Microbiol 2006, 72:527-535).

General characteristics of the B. longum DIO10A genorhe. The chromosome
of B. longum DJO10A contained 2,375,792 bp, with 60.15% G+C content and 1,990
encoded genes containing four IRNA operons, 58 tRNAs, 6 insertion sequence (IS)
families as well as one prophage (Table 1). Its genomic characteristics were
analogous to strain NCC2705, except it contained an extra tRNA_Ser: GCT encoded
on its prophage (Ventura et al, 2005, Appl Environ Microbiol 2005, 71:8692-8705).
Codon usage analysis showed that this tRNA is the most frequently used tRNA_Ser
in the prophage, while it is not the most used tRNA_Ser for the B. longum DJO10A
genome (Table 2), pointing to an evolutionary selective pressure for its presence on
the prophage. While both genomes contained tRNA’s for every amino acid, the
corresponding genes for aminoacyl-tRNA synthetases for both asparagine and
glutamine are missing, suggesting a reliance on alternative pathways for translation
with these amino acids, similar to many other bacteria (Skouloubris et al.2003, Proc
Natl Acad Sci USA 2003, 100:11297-11302, Min et al., 2002, Proc Natl Acad Sci
USA 2002, 99:2678-2683). Both these alternative pathways involve gatABC, which
is present in both genomes as well as g/tX and aspS involved in the glutamine and
asparagine alternative franslation pathways respectively, substantiating this proposed
translation route. Interestingly, the B. longum genome contains novel mobile
integrase cassettes (MIC) consisting of three different contiguous integrases flanked

by an inverted repeat and a palindrome structure sandwiched by two 1S3-type IS
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soj DL 1492 elements (Fig. 1). Analysis of the genome of B. longum NCC2705 revealed three
analogous MIC elements, located in a non-linear fashion relative to strain DJO10A
indicating these elements are indeed mobile (Fig. 9). Interestingly, analysis of the
genome sequences of another Bifidobacterium species, B. adolescentis (GeneBank
5 AP009256), as well as other intestinal bacteria, Bacteroides (AE015928),
Lactobacillus (CP000033), and E. coli (U00096), did not reveal MIC elements,
suggesting these structures may be unique to a subset of closely related

bifidobacteria.

10 Table 1. Overall characteristics of the genomes of B, longum strains DJO10A and

NCC2705.

DIO10A NCC2705
Size of chromosome (bp) 2,375,792 2,256,640
Overall G+C % 60.15 60.12
Number of plasmids 2(10and3.6kb) 1 (3.6kb)
Genes
Total genes 1990 1727
Average gene length (bp) 1031 1115
Gene density (genes/kb) 0.838 0.765
Gene coding percentage (%) 86.4 853
Gene G+C % 61.13 60.86
Unique Sequences
Strain-specific unique genes 269 117
Number of unique regions 17 6
Number of genes in unique regions 218 84
Prophage 1 1
Number of genes in prophage region 57 19
RNAs and Repeat Sequences
1RNA operons 4 4
tRNAs 58 57
Tandem repeats 22 23
Mobile Elements®
Mobile integrase cassette {MIC) 4 3
183 family 13 14
IS21 family 10 7
1S30 family g 5
1S256 family 4 7
ISL3 family 7 12
18200/605 family 1 1

%, refers to unique regions that encode functional or hypothetical genes in DNA regions > 3 kb, b,

includes fragmented elements
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égéomparison of serine codon usage between chromosomal and prophage

genes in strain DJO10A.
Non-prophage genes  Prophage genes
;'-‘::;:;no Codon Number Frequency Number Frequency
Serine ucu 2416 0.35 20 0.18
ucc! 16802 245 169 1.53
ucA 2277 0.33 33 0.30
UCG 9031 1.32 97 0.88
AGU 1837 0.27 19 0.17
AGC® 8769 1.28 324 2.94

* bold indicates the most frequent codon; ® AGCis compatible to the extra tRNA_Serin the

prophage genome.

Organization of the origin and terminus of replication. An oriC and terC
were found in identical locations in the genome of strain DJO10A and the updated
genome sequence of strain NCC2705 (Fig. 9). These regions are extremely highly
conserved in both genomes (> 99.9% identity} and consist of three oriC clusters and
a terC, which 1s consistent with the predicted replication regions from other bacterial
genomes (Mackiewicz et al., 2004, Nucleic Acids Res 2004, 32:3781-3791).
However, the location of the observed oriC region in both genomes is slightly
different from the predicted location based on genome asymmetry, a feature that has
previously been seen in the Helicobacter pylori 26695 genome (Mackiewicz et al.,
2004, Nucleic Acids Res 2004, 32:3781-3791, Zawilak et al., 2001, Nucleic Acids
Res 2001, 29:2251-2259). As well as the multiple oriC clusters, there are 7 different
types of DnaA boxes, consistent with the majority of sequenced genomes and are
proposed to be involved in controlling initiation of chromosome replication
(Mackiewicz et al., 2004, Nucleic Acids Res 2004, 32:3781-3791).

Restriction and modification (R-M) systems. The protective role that R-M
systems impart on bacteria has been compared to the immune system of higher
organisms (Price and Bickle, 1986, Microbiol Sci 1986, 3:296-299). The presence of
these systems in numerous bacteria demonstrates their important role for bacterial
survival in nature. Both of the B. Jongum genomes encode type I and two type Il R-
M systems that are highly conserved (Fig. 10). They also contain an Mrr system that
is predicted to restrict methylated DNA (usually Hhall or Pstl methylated DNA) that
is 100% conserved between both strains (Fig. 10A). The clustering of Mir with the
type I R-M system is similar to E. cofi K12 (GenBank U00096). The low identity

(40%) between the HsdS proteins in the two strains likely reflects the independent
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' divergence, as these systems evolve by changing their specificity components
(HsdS) to enable it to recognize different sequences. This is substantiated by the
existence of an AsdS gene that was inactivated by an IS256 insertion event and both
5  parts of this disrupted gene exhibit much higher conservation, suggesting the
insertion event occurred before their evolutionary divergence (Fig. 10A). Upstream
from this locus in strain DJO10A there is another restriction gene, McrA (restricts
DNA methylated by Hpall or Sssl), that is not present in NCC2705. The conserved
type Il R-M systems in both strains are isoschizomers of Sau3 Al and EcoRII which
10 restrict DNA at very frequently occurring sites (Fig. 10B and 10C). This, together
with the range of restriction systems present, may be a factor in limiting the
incursion of foreign DNA into these bacteria thus explaining the very low
electroporation frequencies reported for bifidobacteria to date.
Unique genome regions in the B. longum strains. Alignment of the genome
15  sequence of B. longum DIJO10A with that of strain NCC2705 illustrates that they are
highly conserved and collinear, except for the mobile IS and MIC elements (Fig. 9).
There is also an apparent genome reduction in strain NCC2705, consistent with
previous observations for microbes growing in a stable environment without
horizontal gene transfer opportunities and redundant genes accumulating mutations
20  before subsequent deletion (Nilsson et al., 2005, Proc Natl Acad Sci USA 2005,
102:12112-12116). There are 248 unique sequences of > 10 bp between the two
genomes, with the majority of them being short and encoding few if any genes. This
high number of unique sequences between the two strains was surprising given that
the genomes of a clinical isolate of Mycobacterium tuberculosis and one that was
25 extensively passaged for decades in the laboratory display only 86 of such regions in
genomes twice the size (Fleischmann et al., 2002, J Bacteriol 2002, 184:5479-5490).
There are 23 larger unique regions that encode functional or hypothetical genes and
range in size from 3.0 to 48.6 kb, with 17 of these unique regions present in strain
DJOI0A encoding 219 predicted genes, and 6 unique regions in NCC2705 encoding
30 84 genes (Fig. 2A). These unique regions are not clustered around the oriC and ferC
which have previously been associated with regions of intraspecies variation (Berger
et al, 2007, J Bacteriol 2007, 189:1311-1321, Molenaar et al., 2005, J Bacteriol
2005, 187:6119-6127).

45



Del eti on (NCC2705) BLDO716 BL0962 .9561 Predicted acyltransfeiase

met K i nert(

. 9085 5-adenosyl net hi oni ne synt het ase Franeshift

(NCC2705) BLD1580 BL1246 .7926 Hypothetical protein BLD1774 BLI 650
. 7408 Hypowbhetiswags4protein |ytE PCT/US2008/070511

10

15

20

25

30

One unique region in each genome corresponds to a prophage. The prophage
in strain NCC2705, which is truncated, appears to be a longtime resident of the
genome as it does not correspond with a Base Deviation Index (BDI) peak (Fig. 2A),
as this analysis predicts recent horizontal gene transfer (HGT) events. This appears
to have been replaced in the genome of strain DJO10A with a different prophage,
that is complete and inducible (Lee and O'Sullivan, 2006, App! Environ Microbiol
2006, 72:527-535) and corresponds with a significant BDI peak substantiating this
recent HGT event. The other five unique regions in strain NCC2705 contain largely
hypothetical genes or genes of diverse functions without any significant gene
clusters. However one of these regions (unique region 4’} does encode putative
xylan degradation genes, which is a function predicted to be important for
competition in the large intestine. As this region corresponds to a BDI peak, it
suggests it may be a recent acquisition by this strain and its evolution in the large
intestine would provide the selective pressure for acquiring this unique region. Of
the other 16 unique regions in the strain DJO10A, eight encode significant gene
clusters involved in functions predicted to be important for competition in the large
intestine, specifically oligosaccharide and polyol utilization, arsenic resistance and
lantibiotic production.

Oligosaccharide and polyol utilization. According to a COG functional
classification (Tatusov et al., 2000, Nucleic Acids Res 2000, 28:33-36), the highest
number of unique genes in strain DJO10A with a predicted function belongs to the
carbohydrate metabolism [G] category (Table 3). Interestingly, most of the unique
genes in the carbohydrate metabolism category are involved in oligosacchande -
utilization, which is the major carbohydrate source available to microbes in the large
intestine. In all there are 11 oligosaccharide utilization gene clusters in strain
DJO10A, of which 5 are fully present and 2 are partially present in strain NCC2705
(Fig. 11). It is noteworthy that one of these clusters (Cluster 7 in Fig. 11) contains an
ISL3 element in the NCC2705 genome at the precise location of the extra
oligosaccharide utilization genes in strain DJO10A (Fig. 3). A BDI analysis
suggested that the extra oligosaccharide gene clusters in strain DJO10A were not
acquired following evolutionary divergence from strain NCC2705, as neither
corresponds with a BDI peak (Fig. 2A). The majority of BDI peaks suggesting
recent HGT events were the same in both genomes substantiating this analysis. This

would suggest the six unique regions 6, 9, 10, 11, 15 and 17 encoding
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oligosaccharide utilization genes were likely lost from strain NCC2705 during its
adaptation to a fermentation environment. Further evidence for the loss of these
unique regions from strain NCC2705 comes from a DNA remnant of 361 bp (98%
identity) from the ushA gene within the unique region 1 that was left remaining at

5  thislocus in NCC2705 (Fig. 2B).

Table 3. COG categories for all genes in both B. longum genomes.

B. longum  B. longum

Function class Individual function categories DIOI0A NCC2705
Information I: Translation, ribosomal structure and 133 (2)° 130
biogenesis
K: Transcription 129 (18) 115 (9}
L. DNA replication, recombination, and repair 150 (20} 96 (1)
Cellular processes D: Cell division and chromosome partitioning 22 (2) 23 (1)
V: Defense mechanisms 48 (5) 48 (3)
O: Posttranslational modification, protein 51(2) 50(2)
turnover
M: Cell envelope biogenesis, outer membrane 68 (8) 67 (10)
P: Inorganic ion transport and metabolism 56 (2) 54
U: Intracellular trafficking, secreticn 16 (1) 14
N: Cell motility 3 4
T: Signal transduction mechanisms 53 (6) 41 (1)
Metabolism F: Nucleotide transport and metabolism 70 (2) 65 (1)
G: Carbohydrate transport and metabolism 188 (32) 167 (7}
E: Amino acid transport and metabolism 171 (6) 153
H: Coenzyme metabolism 44 44 (1)
I: Lipid metabolism 41 (1) 36 (1)
C: Energy production and conversion 50(1) 50(2)
Q: Secondary metabolites transport and 6 4
metabolism
Poorly R: General function prediction only 167 (20} 161 (15)
characterized
S: Function unknown 525 (142) 405 (63)
Total 1991 (270) 1727(117

2, refers to the number of genes in the unique regions of each genome as defined in the text

10 Polyols are not digestible by humans and their metabolism is believed to be
important for bacterial competition in the human large intestine and their ingestion
has been implicated in increased bifidobacteria numbers (Gostner et al,. 2006, Br J
Nutr, 95:40-50.). While strain NCC2705 does not contain genes involved in polyol
metabolism, unique region 13 of strain DJO10A is dedicated to this (Fig. 4),

15  containing genes involved in polyol recognition, transport and dehydration, and
there are also some polyol metabolism genes in unique region 11. Given that unique
region 13 does coincide with a BDI peak (Fig. 2A), it may represent gene
acquisition by strain DJO10A. Interestingly, a similar polyol locus was found in B.

adolescentis ATCC 15703 at a similar genome location (Fig. 4).

47



. 5179 Hypothetical protein ffsWfisW .4969 thidylate kinase

BLDI 753 BLI 627

. 4775 Predicted transcriptional regulator nagA nagA

. 3702 N acetyl gl ucosam ne- 6- phosphat e deacetyl ase BLD0620 BL0885
. 3620 Pr edvotend/osssyd t msfense PCT/US2008/070511

10

I5

20

25

30

Arsenic resistance. Other unique regions in strain DIO10A encode gene
clusters predicted to be involved in characteristics that would be important for
survival and competition in the human intestine. Two operons encoding ATP-
dependent arsenic resistance genes are in unique regions 5 and 7 and may be
important for intestinal survival as the human intestine contains Jow concentrations
of arsenic from the diet (Ratnaike 2003, Posigrad Med J 2003, 79:391-396). Many
intestinal bacteria such as E. cofi, Lactobacillus and Bacteroides contain arsenic
resistance genes (Fig. SA), substantiating the competitive advantage for having this
ability in the intestine. As the unique regions, 5 and 7, containing these arsenic
resistance genes do not correspond to BDI peaks (Fig. 2A), it suggests they may not
be recently acquired by strain DJO10A, but rather lost from strain NCC2705. This
theory, that adaptation to a pure-culture fermentation environment can result in loss
of arsenic resistance, was further substantiated by the exceptional arsenate
resistance of strain DJO10A which was 2,000% greater than a fermentation adapted
Bifidobacterium isolate (B. animalis subsp. lactis BB12) and 100% greater than £.
coli K12 (Fig. 5B). This would suggest that this phenotype is a competitive
advantage to intestinal isolates, but not of significance for pure-culture fermentation
environments.

Lantibiotic production. The production of antimicrobial peptides, or
bacteriocins, is an important characteristic for bacterial competition in natural
environments. One exceptionally broad spectrum class of bacteriocins is the
lantibiotics, which are post-translationally modified to form lanthionine residues and
to date none have been isolated from any bifidobacteria. A 10.2 kb gene cluster
encoding all the genes indicative of a lantibiotic was detected in the unique region
12 of strain DJO10A (Fig. 6A). It was also noted that this unique region did not
correspond to a BDI peak, suggesting a likely loss of this region from strain
NCC2705. As lantibiotic production would be very advantageous for microbial
competition in the intestine, but of no value to a microbe in pure culture, it provides
the selective pressure for the loss of this unique region 12 from strain NCC2705.

Genome attenuation of B. longum in fermentation environments. Given the
large number of unique DNA regions in the genome of strain DJO10A, that are
predicted to have been lost from strain NCC2705, it suggests that deletion of DNA
regions that are not useful may reflect the rapid adaptation of B. longum to a new

and very different environment than exists in the human large gut. This would
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suggest an elevated mutation frequency. A comparative nucleotide substitution
analysis between strains DJO10A and NCC2705 shows the majority of genes are
highly conserved (Fig. 12), which is to be expected with two closely related strains.
However, analysis of the 52 least conserved genes (listed as ‘positive selection’ in
5 Fig. 12) indicates that of the mutations that can be attributed to one strain or the

other (frameshifts, deletions, insertions and stop mutations), 11 are from strain
NCC2705 and three from strain DJO10A (Table 4). Further substantiation of an
increased mutation frequency in strain NCC2705 comes from comparing genes
encoding surface protein homologs between the two strains. A search of the

10 DJOIOA genome for LPXTG motifs, which is a signature of one class of cell surface
anchoring proteins found four potential proteins and SignalP analysis of these
proteins (BLD1468, BLD1511, BLD1637 and BLD1638) confirmed the presence of
a signal sequence in each case (Fig. 13 Additional file 10). In addition, BLASTP
analysis of these four proteins showed that they are very similar to other known

15 surface proteins containing the LPXTG motif. The NCC2705 showed three of these
gene homologs (BLD1468, BLD1637 and BLD1638), and had a predicted protein
exhibiting 99% amino acid identity to BLD1511, but was missing the LPXTG motif
due to an ISL3 insertion in the 3° end of the gene. This further highlights the rapid
evolutionary status of bifidobacteria when they are removed from the human gut

20 into pure-culture fermentation environments.
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Table 4. Substitution ratios of the 52 genes in the positive selection category.

DIOI0A NCC2705 dN:dS  Annotation Mutation

BLDI991 BLI1813 20.0673  Hypothetical protein Frameshift (NCC2705)
BLDI1477  BLI151I 14.3257  Hypothetical protein Frameshift and insertion

- {NCC2705)

PurH pwrH 12.9880  Urnidylate kinase Frameshift (NCC2705)
BLDO5I! BLO781 12.7529  Hypathetical protein Frameshift (NCC2705)
BLDO760 BL1GO7 10.5700  Predicied glycosyltransferase Frameshift (NCC2705)
nmp i 9.3214  Holliday junction resolvasome, helicase subunit

citB BL1402 7.5024  Response regulator Deletion (DJOI0A)
poa ppu 6.2668  Inorganic pyrophosphatase Deletion (NCC2705)
BLDO0332 BL149¢ 6.1532  Hypothetical protein Frameshift (NCC2705)
BLD1282 BL0O491 42133  Hypothetical protein

BLD030I BL1050 4.0425  Hypothetical protein

sof BL1492 3.8930  ATPase involved in chromosome partitioning

BLDI1365 BLOSTI 3.7661  Predicted esterase Deletion (NCC2705)
tirdd BL1465 3.6056  Antirestriction protein

chiO BL0O049 3.4507  ABC-type cobalt transport system, ATPase component

BLDOD3E BL0O026 33177  Hypothetical protein

BLD0376 BL1489 3.2395  Hypothetical protein Deletion (DJO10A)
dppD oppD 3.1112  ABC-type dipeptide/oligopeptide transport system

BLDO144 BLOI26 3.0474  Hypothetical protein

BLDI[389 BL0595 24181 Hypothetical protein

BLDO10Y BLOO9T 2.3769  Predicted aminoglycoside phosphotransferase

sHA BLO676 23202  Sortase (surface protein transpeptidase) Deletion (NCC2705)
BLDO716 BLOS62 1.9561  Predicted acyltmnsferase

metK metk 1.9085  S-adenosylmethionine synthetase Frameshilt {NCC2705}
BLDI580  BLI246 1.7926  Hypaothetical protein

BLD1774 BLI1650 1.7408  Hypothetical protein

IvtE BLI311] 17363 LysM repeat

azlC BLI669 1.6564  Predicted branched-chain amino acid permease

glgP glgP 1.5354  Glucan phosphorylase

BLDI1672 BLI1553 1.5276  Fiagellar basal body P-ring biosynthesis protein

BLDI399  BLO605 1.5179  Hypothetical protein
JisW JisW 1.4969  Uridylate kinase

BLDI753  BLIL627 1.4775  Predicted transcriptional regulator

nagd nagd 1.3702  N-acetylglucosamine-6-phosphate deacetylase

BLD0620 BLOR8S 1.3620  Predicted acyltransferase Stop mutation (DJOI10A)
DAP2 BLI64Y 1.3497  Dipeptidy! aminopeptidase/facylaminoacyl-peptidase

BLDI74) BLI614 1.3341  Hypothetical protein

toph topB 1.3066 Topoisomerase U1 Annotation difference’

{(NCC2705)

topA topA [2608 Topoisomerase |

BLDO571 BLOB37 [.2585 Hypothetical protein

BLiD0397  BL1498 [.2350  Hypothetical protein

weeld BLI151 12166  Histone acetyltransferase HPA2

pepC pepC2 1.1349  Amincpeptidase C

sdrC BLOD%4 1.1037  Predicted secreted protein containing a PDZ domain

BLDi612 BLI278 1.0894  ABC-iype transport system

BLD1568  »miBJ 1.0865 dTDP-D-glucose 4,6-dehydratase

BLDO548  BLOSIO 1.0694  Hypothetical protein

BLDI455 BL0660 1.0642  Serine/Threonine protein kinase

BLD0375  BLI483 1.0557 Hypothetical protein Deletion (NCC2705)
BLDI772  BLI1648 1.0402  Hypothetical protein

BLDI40] BLO607 1.0338  Hypothetical protein

BLDI983 BLI81S 1.0056  Hypothetical protein

8 An N-terminal extension in the annotation of TopB in strain NCC2705 does not map to any other

TopB sequence.

5 IS30 ‘jumping’ in the B. longum genome. The dynamic environment within

the B. longum cell in a fermentation environment is further substantiated by the

intriguing observation during genome sequencing from different batches of DNA

that everything was identical except for the location of some IS30 elements (Fig.

7A). This very rapid movement of an IS element within a cell has not been observed

10  previously. The movement of IS30 within the genome occurred only at specific
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sites, consistent with its insertion target specificity (Olasz et al., 1998, Mol
Microbiol 1998, 28:691-704).

Adaptation of B. longum DJO10A to a pure-culture environment. To test the
hypothesis that the switch from a variable and complex environment like the gut to a
relatively stable and simplified, pure-culture one, results in hyper IS30 activity and
rapid DNA loss of regions that are no longer beneficial to the new environment,
strain DJO1QA was grown in a typical laboratory medium without pH control for ~
1,000 generations. Isolated colonies were then screened for seven unique regions
encoding functions predicted to be useful for survival in the human gut. One of these
regions (no. 12) involved in the lantibiotic production was found to be missing from
40% of the isolates (Fig. 14) substantiating this hypothesis. Analysis of this adapted
strain, DJO10A-JH]1, shows the deletion extended over the full lantibiotic region
very similar to strain NCC2705 (Fig. 6A). It is further noted using Pulsed Field Gel
Electrophoresis (PFGE) that the 39.9 kb Xbal band containing this region is missing
from strain DJO10A-JH1 (Fig. 6B). The loss of the complete lantibiotic gene cluster
from 40% of the culture was intriguing as the cluster also encodes the immunity
gene to protect cells from the lantibiotic activity. However, analysis of lantibiotic
production by strain DJO10A showed that none occurred during growth in broth
media, and a solid surface such as agar, was needed for production (Fig. 6C) similar
to streptin production from Streptococcus pyogenes (Wescombe and Tagg, 2003,
Appl Environ Microbiol 2003, 69:2737-2747). The loss of the complete lantibiotic
gene cluster renders strain DJO10A-JH1 sensitive to this pronase-E sensitive
lantibiotic, which is also active against a wide spectrum of bacteria (Fig. 6C).
Interestingly, the lantibiotic genome region that was deleted during the adaptation of
strain DJO10A to the pure-culture environment was located between two 1S30
elements, suggesting its role in genome deletion events.

It was also noted that the pure-culture adapted strain, DJO10A-JHI, was also
missing a 140.7 kb Xbal band (Fig. 6B). It is intriguing that this band contains one
of the four MIC elements, suggesting it may have been involved. PCR analysis of
the loci immediately bordering this MIC element revealed the deletion extended
between 10 and 50 kb directly downstream from this element substantiating its
likely role in this deletion event. This further substantiated the rapid loss of DNA,
and the prominent role of mobile elements, during evolutionary adaptation by these

bacteria.
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Southern hybridization of strains DJO10A and DJO10A-JH! substantiate the
IS30 ‘jumping’ during growth in a pure-culture environment, while the positions of
the other IS elements (IS21, IS256 and ISL3) remained stable (Fig. 7B). This IS30
hyperactivity in B. longum genomes may play an important role in deletion events

5  and genome reduction during adaptation to new environments.

Competitive ‘fitness’ of the adapted B. longum strain DJO1A-JH1. The rapid
genome reduction experienced by B. longum DIO10A during pure-culture growth in
fermentation conditions suggested that the genomic regions lost may have been
important for competition in the intestine. To test if this in vitro adaptation affected

10 the ‘fitness’ of the strain, a simulated fecal competitive approach was developed.
Bifidobacteria are frequently proposed to successfully compete against members of
the clostridia and the enterobacteriae in the intestinal environment. A member of
both of these bacterial groups was selected to test the relative competitive abilities of
B. longum DJO10A and its in vitro adapted derivative, strain DJOI0A-JHI. To

15  ensure that the selected competitor strains were not attenuated in any way, new
isolates were obtained from fresh feces by plating on selective media and speciated
using a sequence analysis of the 16S rRNA gene. This resulted in the isolation of
Clostridium difficile DJOcd] and E. coli DJOecl, which were minimally cultured
prior to undergoing fecal competitive experiments with the B. Jongum strains. An in

20  vitro growth rate analysis established that E. coli DJOecl had the fastest growth rate,
followed by C. difficile DJOcdl, B. longum DIO10A-JHI and B. longum DJO10A
{(Fig. 15). The noticeable increased growth rate of B. longum DIO10A-JH1
compared to strain DJO10A substantiated that the genome reduction of strain
DJO10A-JH1 favored the in vitro growth environment.

25 Competitive growth experiments with both E. coli DJOecl and C. difficile
DJOcd!1 in a simulated anaerobic fecal environment revealed that B. longum
DJO10A had a significantly greater ability to compete against both E. coli and C.
difficile (Fig 8). The significantly greater reduction in both these groups of bacteria
by B. longum DJO10A supports the genome analysis hypothesis that the genome

30  reduction exhibited in pure-culture growth may compromise a bacterium’s ability to
compete in its original environment.

While the simulated fecal competition studies suggested that the lantibiotic
encoding genome region was important for competition in the human intestine, in

vivo studies in an intestinal model would be necessary to verify this hypothesis.
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30  GC-rich repeats was achieved by sequencing of PCR products amplified with a
hybrid TopoTaq DNA polymerase with increased strand displacement capacity.
Bioinformatic analysis. Annotation of all open reading frames (ORFs) was
carried out using Glimmer, GeneMark, JGI annotation tools and GAMOLA
(Altermann et al., 2003, OMICS 2003, 7:161-169), before manual checking of all
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greater ability to conpete against both E. coil and C. difficile (Fig
8). The significantly greater reduction in both these groups of
bacteria by B. I ongum DJO10A supports the genone anal ysis hypothesis
that the genonme 30reduction exhibited in pure-culture growth nmay
conprom se a bacteriums ability to conpete in its original

envi ronnent . While the sinmul ated fecal conpetition studies
suggested that the lantibiotic encodi ng genone region was i nportant
for conpetition in the human intestine, in vivo studies in an

i ntestinal nodel would be necessary to verify this hypothesis.

Met hods Bacterial strains and growth conditions.

Bi fi dobacteriumlongumstrain DJO QA was isolated froma healthy
young adult's feces (Islam 2006, MS thesis. 5University of

M nnesot a, Department of Food Science and Nutrition) and B. animalis
subsp. lactis BB 12 was obtai ned from Chr. Hansen (Dennmark). B.

ani ndi s subsp. lactis strains SI, 82, and 814 are genetically

di stinct isolates fromfernmented foods. Costridiumdirndl & DJOcdl
was isolated fromfresh feces by plating on Costridiumdifficile

Sel ective Agar (BD Di agnostics) and speciated using a 10 sequence
analysis of its 168 rRNA gene. E. coil DJCecl was obtained fromfresh
feces by plating on MacConkey agar (Difco) and speciated using a
sequence analysis of its 165 rRNA gene. E. coil K12 was obtained from
the American Type Culture Collection (ATCC). Bifidobacteria were
cultivated at 37C in MRS (D fco) supplenmented with 0.05%

A%
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carried out at the US Departnment of Energy Joint Genone Institute
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| anM gene was ©0b¢tian sied using PCR with LANT-F and LANT-R priners.

Probes for |S &MgRie¥owere al so PCR anplified. Probes were

DI G | abel ed 15Far! hybri difzed wi t H-0TGELCEACYRBATESDNA accor di ng i stedy
t he manuf act ur Beerse i nst ru@i ons ( ROEFAATPATSETAEFAICE gel

el ect r ophor esi sela@ibn fbad - di gest ed B. | ongum genones was perfor nmed

using a CHEF-DR I 1| Vari abl e Angl e Pul sed Field Elect rophor esi s

Syst em accor di f§°t o manufacturer's instructions (Bio-Rad). WO
2009/ 058440PCTFB52008/ 070344 Firabl & - GACBLT LIS 903 Tar get  r egi onThisstudy

Uni que region no.3 Oigo M&Bter P5CETGALECRAIHSEECH uster 5

Downstream MIC-F2 5-GTTCTTCGTCACCTCCACC.3’
MIC-R2 5-AGTAATGTCCCGAATCCTCC-3°

IS elemenis

1830 1S30-F 5"-GACAAACCCAAGACCCTCC-3 352bp  This study
1S30-R 5'-CGTGCATATCCCCATTATCC -¥’

1821 IS21-F 5'-GCCCCAAGTACAGTCTATCC-3" 681 bp  This study
IS21-R 5'-CAGAACGAACAATCGAACC-Y’

18256 18256-F 5-TGTCACAGCAGATTCTACAGG-3’ 719bp  This study
IS256-R 5-CAGCAATTCGTTCACAGC -3°

ISL3 ISL3-F 5-CGAGATCGTCGAGCTTTCC -3’ 169bp  This study
ISL3-R 5-ATCAGGGCGATGAGGTTGG -3°

a, as defined in the text ; b, Y (C/T), R (A/G), H (A/C/T), D (A/G/T), N (A/T/G/C), W (AJT)
SEQ ID NOs:26-55

Lane et al., 1985. Proc. Natl. Acad. Sci. USA 82: 6955-6959.
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7 Lantibiotic 12 Positive control (165 rRNA gene) Prinmer OLI Q015-F
QLI GO 5-R QLI AQ06-F OLI A06-R OLI A09-F OLI A09-R OLI 011-F ALl A011-R
ARS5- F ARS5- R ARS7-F ARS7-R LANT-F LANT-R Sequence"Si zeRef erence

5' - GAAATCOUGARAMBEIMNACC- 3' 1, 793 bp This study 5' - GTTCCCGET@SEMBGNGT: 3

5' - GTATGTGATGAGCGANRY riflcatiof 60 s 81 nbflofogs btd¥ePine AZRAGHEEM LHEHRICG 3

10

15

20

25

30

Comparative nucleotide substitution analysis by Nei and Gojobori’s algorithm (Net
and Gojobori, 1986, Mol Biol Evol 1986, 3:418-426) was used to identify gene
homologs. The predicted genes of both genome sequences were compared using the
local BlastN program in the NCBI toolkit and 1,590 aligned genes were used for the
nucleotide substitution analysis by Nei’s unweighted method I (Nei and Gojobori,
1986, Mol Biol Evol 1986, 3:418-426). According to the ratio of dN:dS, all matched
genes were categorized into three groups, highly conserved (< 0.035), normal, and
positive selection (> 1).

Minimal inhibitory concentration of arsenic. To determine the minimal
inhibitory concentration of arsenic, BLIM was supplemented with different
concentrations of sodium arsenite (AsO2-, 1 to 100 mM) and sodium arsenate
(AsO3-, 1 to 500 mM). Freshly grown cultures were sub-inoculated into the
arsenite/arsenate media and incubated anaerobically at 37°C for 48 hours.

Adaptation of B. longum DJO10A to in vitro fermentation conditions. B.
longum DJO10A was grown in BFM continuously up to ~ 1,000 generations. The
culture was then serially diluted and plated on BFM agar. Ten colonies were
randomly selected for analysis.

Mapping the deletions in strain DJO10A-JH]1. To find the precise location of
the deletion of the lantibiotic operon in the B. longum DIO10A-JH1 genome, PCR
was used to test for several genes within the lantibiotic operon. The two primers F3
(position 1,974,570-1,974,587 bp) and R3 (position 1,996,024-1,996,005 bp) were
used to amplify a ~ 1.8 kb region spanning the deletion and sequencing located the
precise borders (Figure 6). To map the position of the deletion in the 140.7 kb Xbal
fragment, primers MIC-F1 (position, 1,539,767-1,539,768) and MIC-R1 (position,
1,542,535-1,542,553) were used to amplify the upstream region of MIC III and
primers MIC-F2 (position, 1,543,406-1,543,424) and MIC-R2 (position, 1,545,713-
1,545,732) were used to amplify the downstream region.

Bioassay for lantibiotic activity. B. longum DJO10A was inoculated into the
center of an MRS agar plate and incubated anaercbically at 37°C for 2 days. After
incubation, molten 0.5% top agar of the same medium containing 1% of an indicator
strain was overlaid on the plates prior to incubation.

Simulated fecal competitive analysis of bifidobacteria. To access the

competitive ‘fitness’ of the wild-type B. longum DJO10A compared to its in vitro
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5' - AAGTTCACCGATGARACN- 3' 2, 001 bpThis study 5' - GTAACGCAACGARTAYTCC- 3'
5' - TCCCCAACTACATTATHGING 3' 1, 419 bp Thi s study

5' - TCAACACCATCNGCNACC- 3' 5' - ATTGECTTATTGCTNACN- 3' 736 bp Thi s study
5' - GACTGCMCANGPEMAMGDATCC- 3'  5' - ACAGT CCCAATACAGT AARACN-PETASRRS/01511

This study 5'- WTM%I@Q ﬁ—ll és:%&]&%%@% fas 3' 646
bp This study 5 - GGTAGACATACAGGITCT 'S30- F 1530- R 1521-F

1521- R | 5256- F degia@dRItigicateex pSingnts foseacm&wmmm&pwsmt was
S AT OSRNG0 E i ST ASTAREIEIN b w030
5' - CAGCAATTCGIT ReAfféckl Chstridial MIEABAT GEINAENT2T§ Mueid' (Porcine gastric type I11)

5  was added. The two competitor bacteria were added to all tubes at calculated
concentrations of 1.2 x 107 cfu/g for E. coli DIOec] and 5.1 x 10 for Clostridium
difficile DJOcdl. B. longum DJO10A was added to three tubes at a calculated
concentration of 4.0 x 107 cfiv/g and strain DJO10A-JH1 to the other three tubes at
4.4 cfu/g. Standard viable plate counts were used to calculate all bacterial

10 concentrations. After thorough mixing in an anaerobic environment, the tubes were
left at 37°C for 3 days, whereby the entire fecal samples were homogenized i-n 90 ml

peptone water to conduct an accurate serial plate count analysis.

Example 2
15 Preparation of extracted Bifidobacterum lantibiotic
B. longum strain DIO10A was grown in MRS broth supplemented with
0.05% L-cysteine-HCI (Sigma) or Bifidobacteria Low-Iron Medium (BLIM). The
broth was then used to cover the surface of an MRS agar plate supplemented with
100 mM PIPES or a BLIM agar plate supplemented with 100 mM PIPES. The plates
20 were incubated under under anaerobic conditions using either the BBL Anaercbic
system (BBL) or the Bactron II Anaerobic/Environmental Chamber (Sheldon
Manufacturing) at 37°C for 2 days. Twenty plates were used.
The cells and agar medium were crushed and the mixture was extracted with
95% methanol using routine methods. The extraction was allowed to proceed
25  overnight. The final volume was placed in a SpeedVac to remove the methanol and
concentrate the lantibiotic.
The remaining agar was removed by size fractionation using Millipore
CentriPrep filtration for partial purification. The extract was fractionated with a
Centriprep-30 (30 kDa cut-off} by centrifugation twice at 1,500 X g for 15 minutes
30  and 10 minutes, respectively, and the filtrate (<30 kDa) transferred to a Centriprep-
10 (10 kDa cut-off). This was subjected to centrifugation twice at 3,000 X g for 40
minutes and 10 minutes, respectively. The filtrate was transferred to a Centriprep-3

(3 kDa cut-off). This was subjected to centrifugation twice at 3,000 X g for 95
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5' - ATCAGGGCGATGAGGITGG -3 a, as defined in the text ; b, Y (CJfl, R
(MG, H(ACJT), D(AGT), N(AT/GJC, W(AT) SEQID NGCs: 26-55
Lane et al., 1985. Proc. Natl. Acad. Sci. USA 82: 6955-6959.

WC2009/ 058440PCT/ US2008/ 070511 I dentification of gene honol ogs
bet ween t heVPRPBHE44%ngum genomes. Conpar ati ve nucl eot PERAUS2008/070511
substitution analiysésand§s Meiuteardsp&aivelyoThe faacdbgadisblbmon(BlaD kBavas

gene hombl ogs. ' BT £ SLEAHE LT UBePGBhons sequences were
conpared using the |Tieaon@hastdNamitigicants rtudpbaieliGBl ifaeadidély tesid usind 90

al i gned genes wer,e.used for the nucl eotide t nal ysi s by
et 00 el gnt eaCRERE e b4 WA eaRoHoR Tk Tkt b v Srbolensied
1986, 3:418-426ith AIRBY, ﬁhd‘egwélboﬂshﬁlllﬁﬁdtérs)clﬁﬁntdﬂie@ﬁidl@bﬂeaﬂﬁﬂﬁ@QﬂlegeneS
wer e categori Ze{qlgl nto three %r ou conserved

S hl.
normal, and posM{dRE UEOLES P hee Spf’)‘cn'd ‘ﬁ'?rﬁFlelp}?ﬁ?ddf‘fll‘}r‘Vland allowed
concentration oOfo difse gl thd] iguiteih @lie i dliewdsipBndITTRE Plades Woikh bO&Myed with
concentration of arsenic, BUM was supplenented with different
concentrations UfM#YERsenite (AsO2-, 1 to 100 mM) and sodium

arsenate (ASOB' 1 trhe34ibIND inhivi@S ik YroBHIOWNthE MHHCMEOH AW 2 luteus, L
sub-i nocul at§ into _the arsenite/arsenate nedi a and i ncubat ed

anaer obi cal P cltsy & QUEGHS. SREIHISTINES - A SR¢ap PAtGeH S f1R HEREY WPDJ 010A

toin vitro fermﬁm@ddcﬁmn&@mﬁmwQ:@ﬁmglﬁasah@ﬂ%@m&eeﬁw& 13 SAEIble o
BFM conti nuously up 000 enerations. The culture was then

serially dil utetPrahee %P’Htt i Brtthedgaibiotearill aeh iohbie. arurginpsgndom y
sel ected for analysis. Mapping the deletions in strain DJO10A-JHL. To
find the precise |location of 20 the deletion of the lantibiotic
operon in the B. | ongum DJO OA- JHL gen®PISCR was used to test for
several genes within the Heatr}bs@arfe&b&x&@&é@ﬁzfdélea&emga;&rbadmrS F3
(position 1,974,570-1, 974,587 bp) and R3 (position
1,996, 024- 1, 996, 005 Hyanibiotic fie® ¢xampletips Plgoed in a boilinactpterdgihder 10
spanni ng_t he_dekjiiedindiich éﬁ%ﬂ&dtﬂ%hﬂ?&.@@f&ﬁ@n ﬂ@ﬁsaa%ﬁ 3)% &l %g(the

e

(Figure 6). To map the position, of deletion in the .

25f ragment, pr i RgcdontenEThy lpguqticors a%{"SB@er'PGI?mif@SgW@B?S and M C- R1
(position, 1,542,6535-1,542,553) were used to anplify the upstream
regi on of MCIII and primers MCF2 (position, 1,543,406-1, 543, 424)
and M CR2 fbosition, 1,545, 713- 1, 545&?18'@)84mere used to anplify the

downstream regi on. Bi um
DJO10A was i nocul at ed()@ﬁtt%g%t“t g{a%@giﬂr}? g}g}%&d@?&w& aéjﬂérg ntf)‘%gt?g and

i ncubat ed anaer obi catqj salutig of thgprojeolidip snzyates wereinmpatsaes HHowsol t en
0.5% top agar of theesaERAbPesoH il B ngea%%m 1§1ﬁ'éid&f ecafnﬁ}l—ff'n

was overlaid on the plates prior to’incubation.
conpeti tive analysi & agpnagitfatign ba46ey Pan! (T%mﬁ(;f@léss t he conpetitive

"fitness the wil FIRA i hEr O
WO2009/ 058?1%0 PCT/ US%%I%%{@Q%E%?LA ﬁgg’gg’i‘ﬁ%gﬁ%m i Vﬁe@gﬁg?gnﬁ%fb@%ﬁ% H1
a sinul ated i n Rposphatefopeied at 9151§t59i5ﬂ°\9\7ast ageneshogod of TFI0A/ink 60 mg/ml).
experinments for each_ i CC d
in 10 g sterilized e(gﬁés i % ((g:i)l)cid'cé@hm;%}egr&mmg\%\%l CE %ﬁg@%bﬁ
Rei nf orced O ost§:i287Glat Mma(ml%'dhﬂ (020 gg/mlici n (Porci ne gastric

tubes. &t cal oul at ed SiRass K BAATRNO VA JRAREG R ML BN e
DJCecl and B 1 3¢°TCT atarcediatist of @00 k¥m! (200 mg/ml).
Trypsin (MP biochemical (ICN) No. 15021310), pH 7.6, 25°C, was used at
the concentration 4750 U/ml (50 mg/ml).
Thermolysin (Fluka No. 88303), pH 7.2, 37°C, was used at the concentration

6000 U/ml (150 mg/ml).
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difficile DIJOcdl. B. |ongum DIJO10A was added to three tubes at a

cal cul ated concentration of 4.0 x 107 cfii/g and strain DJO10A-JHL to
the other three tubes at 4.4 cfii/g. Standard vi able plate counts
were used to calculate all bacterial 10 concentrations. After

t hor ough miWPRYPOF4Hn anaer obi ¢ environment, the tubesPGREBRNIBETSIRL
37C for 3 days, wher ehyhinkedeiitioliRrsfof@2llansiBidtit #6mRinEHIOD BRGSEE ZadcH N

90 m peptone water o conduct an accur serial plate count. . .
anal ysis. ExanpP¥ey Temress tef’%’ﬁ’eﬁfve@%ﬁ‘ﬁ gé‘f %etﬂa‘BfefllgaB’ﬁJ%ﬁftﬂéﬂr%ﬁfﬁﬁblonc as

| anti biotic folloRs: Beps1@BMIF T3AW ) plod4dd BLOONET 1 OV o iy MBS RO AW (102
suppl emented w 0. 05% !ﬁqé@ﬁ@@ﬁ HC1 (S gma or Bifidobacteria
Low | ron Medi umdlpigyase i d% epddbsraplysine? gt (8c e
of an MRS agar Fl])éﬂaﬂapfdd@Ntﬁﬁﬁ@ﬁa%ﬁ:ﬂ’@ﬁohas@@OPﬂMﬁbﬁE%r%erﬁloﬁJsﬂnM@Qar
pl ate suppl enmented with_100 %PI PES. The plates 20 were incubated
under under anadlcBBAES & 3h&: FROHEPIFE PR IRINE HEhYRAEYPSBLOT ARRER 35T

system (BBL) or jdcliguddag 5@ The 1%66%&6@10[1&”@& estie 20D §dnple was
( Shel don Manuf acturl}@g) at _37C for 2 days., Twenty plates were used.

The cells and agataiedittRtiheradel sarde "é%‘%i‘“?‘ﬁ@t%‘&l?%]#@% fendOnmipyte

wi th 95% net hangj reﬂ@téﬂeb@k&olﬁ@eﬁ%&ﬁag&mt The extraction was all owed
to proceed 25 overni he final vol une was EI aced in a SpeedVac to

remove t he ARt hanol g%’fh S@BHEE’H% tegiedtor ardivitypainaipediffasion method, ¢l of the

remai ni Ng agar Wagis aRves: mnﬁbtmte%@%otﬁeeﬁim MR DMl bé mer e
CentriPrep filtration for partial purification, The extract was
fractionat ed wi #HiCRlOCERMT | ?@ﬁtasf@d? 2B RLIRSAVasERSHIVE Yo pepsie &4 PHi2) erstei on
twice at 1,500 XoHad® (alph1?1)4HaGSensicdB e bkt Hbfe tively,
and the fil trateo(a<830 (ﬁ@i t)ransfee?rec? toea 8enfi%i g@%‘%ﬁ‘%ﬁ% k Da
cut-off). This was subj ected to centrifugation twice at 3,000 X g for
40 ninutes apd 10 mmtceﬁplefe%&?oeaﬂe\sﬁmypat&&epa‘taﬁ5 ffbfiohE 3nd hidsdishd ed

toaCentrlprepS cut-off). This was subject
centrifugation a1 trgmcq;ly@ggla}(legnqimal G ludigge, for instance, nucleotide sequence

2009/ 058440PCTT§$%%@Q§/:191?10§ G@i‘xﬁﬁﬁk Gd ﬁ‘é}geqigé’lcﬂnﬂ% §eid seéﬁ&géa&to]n‘{s@ ods i in,

The fractionated solutionh (3-1 Da) was Collected and concentrate
by SpeedVac nachEnéwissProt, P IRBFCM,@M sk onsdrem drinotated cofimg regions in

resuspended, an@eﬁmgh@p\@fqu)tcggl%ge SI ng a diffusion l?%%gmﬁ‘%‘i

pl ates were made wth MRS or "BUM an ip pl ement ed 5vmth and a
well of 5 mPli mlmmetemcmemm betweenihg disdosyfe efdkspresenttappliogtion dnd igtr ed

mcroliters of gggosﬁ}gﬁﬁﬁﬁgﬁﬁhokﬁﬂédtgi %bﬁﬁﬁ‘ﬁér@ R 8GEdndeNmE Hﬁﬂx\ﬁh{ of?iﬂed

allowed to diffuse untrl was gohe.
wer e then over | prpesgt mphqfﬁtlphehalllrﬁdvmtﬁp fmgomgmctaﬂhieddsmntlpmquamples

inhibited the gﬁ&%gbn%vetnqgr dé%?ﬂ%gﬂ#g&stﬁ@ I?éc(g]?}{ l\llxlél?llé&gg}g%n‘}ﬂanons are to P

10l actis, S. auretts . mar cescens

vul garis. The | bantrideisiopd ﬂienhﬁamniﬁhe inventibi is npY lirgitedite thgierasbdetdily slndwr&nd
assay; howeyer i Lt he |

The Lant by 25| odhiel, B0 BAGRIBl R 8 °ﬁe§’%ﬁ!‘3§§§*§£ 20l 0RRau bR IRl
resi stance of eixwendgion defirgil by thelzéaemer um ' anti biotic The

lantibiotic from ex%gmécfgf)glem&e Ig(ylgiquda“ NIUITIDELS xprgssg%qsgrﬁ{tlespgft h for 10

m nutes and then tes or ‘activi Ion nethod and
M |istens as t¢vennonmt&;atolﬂcub1wagms, afrdm) fpalnmsebnroﬂhe spemﬂsmmumnd/ea:m&'a&r

boiling for 10 Qb@\i?@emoo fhﬂieg) in all Eir?slt ces%y%'eatl 1¥ns l‘aTg:'o qf,, the

extracted Bilidobactensm
30 Accordingly, unless otherwwe indicated to the contrary, the numerical parameters

set forth in the specification and claims are approximations that may vary depending
upon the desired properties sought to be obtained by the present invention. At the

very least, and not as an attempt to limit the doctrine of equivalents to the scope of
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Stock solutions of the proteolytic enzynmes were prepared as foll ows.
Pepsin (Sigma No. P6887) was dissolved in 2 nMTris.HC1 or water at
pH 2, 37C watzee/zenasentrati on of 34600 Wi (10 ng/ m ). RSAQo@nsost

(Sigma No. P5147) .was dissolved.in 20 m\ Tri r e
but for at ph 7.8 48R, SR REmUE bl Alel Yiolis P g y 8o EEBRERTRY
a- Chynot rypsi n rfufibghsf rBorte@4ibdBicamaisgintiagd by wgdyihgoditharsMolndisg feblsliquas.
pH 7.8, 25C, at a concentratjon of 5100 Ilim (100 [me. .

Prot ei nase K (Si grm Nopudsandmg that fiediumetical sanges hPir seffingfpthyths
30 37C, at a copcRNEERIIraR ifhenfBR Gre'dbPloxlnddd@ndYBeunerical valuesldey R%thfin
(MP biochenical (ICN) No. 15021310), pH 7.6, 25C, was used at the
concentrati én 4rewetific graniEes argrepgifed as preciselpris patsible isdl qumagieal wabies,

o P A el et R o=

m croliters of dehietidiafoundinchéicrebpentiveteginginecairmasntsised i n each assay.

The proeolytic enzy re added to separate,100.m s . of e

Fant bl oti & as fol | OVABBELRIOTENforeghacepTig g Giaa Bhous oy be yseg to
U); a- Chynot r ypsiinshe 2Qafing of thd Zexthhat PIOWEIRASAlINE, uRBssd sAsddndd) ;
trypsin, 20 pi (95 U); and thernolysin, 201.1.1 (120 5 U). Sanples
contai ni ng pepsin, Pronase E, Proteinase K, or Thennolysin were

i ncubated at 37C, and sanpl es contai ning a-Chyrnotrypsin or Trypsin
were incubated at 25C. The incubation was for 24 hours. After

di gestion, the sanple was neutralized to pH7.5, and all sanples were
i ncubated in boiling water for 10 mnutes to renove the proteolytic
enzyme activity. 10Each sanple was tested for activity using the

di ffusion nethod, 50 pi of the sanple containing the inactivated
proteolytic enzyne, and M hans as the indicator strain. The
extracted lantibiotic was sensitive to pepsin (at pH 2) and to
pronase E (at pH7.5), and insensitive to the other 4 proteolytic
enzynmes. 15The conpl ete disclosure of all patents, patent
applications, and publications, and electronically available materi al
(i ncluding, for instance, nucleotide sequence subm ssions in, e.g.,
GenBank and Ref Seq, and am no acid sequence submi ssions in, e.g.,

Sw ssProt, PIR, PRF, PDB, and translations from annotated coding
regions in GenBank and RefS eq) cited herein.In the event that 20any
i nconsi stency exi sts between the disclosure of the present
application and the disclosure(s) of any docunent incorporated herein
by reference, the disclosure of the present application shall govern.
The foregoing detail ed description and exanpl es have been given for
clarity of understanding only. No unnecessary |imtations are to be
understood therefrom The invention is not limted to the exact
details shown and 25descri bed, for variations obvious to one skilled
in the art will be included within the invention defined by the

cl ai ns. Unl ess otherw se indicated, all nunbers expressing
guantities of conponents, nolecular weights, and so forth used in the
specification and clains are to be understood as being nodified in
all instances by the term"about." 30Accordingly, unless otherw se
indicated to the contrary, the nunerical paranmeters set forth in the
specification and clains are approxi mations that nay vary dependi ng
upon the desired properties sought to be obtained by the present
invention. At the very least, and not as an attenpt to limt the
doctrine of equivalents to the scope of WO
20091058440PCT1US20081070511
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the clains, each nunerical paranmeter should at |east be construed in
|l ight of the nunber of reported significant digits and by applying
ordi nary roundi ng techni ques. Not wi t hst andi ng that the
nunerical ranges and paranmeters setting forth the broad scope of the
i nvention are approxi mations, the nunerical values set forth in 5the
specific exanples are reported as precisely as possible. A

nuneri cal val ues, however, inherently contain a range necessarily
resulting fromthe standard deviation found in their respective
testi ng NERASH LIRS is: Al'l headi ngs are for the conveni ence of
t he reader and should not be used to limt the neaning of the text
that follows the heading, unless so specified. What is clained is:
1. An isolated biol ve comnmpound co r|S|n .an am no acid
sequence.  wher hRTIaISRpiRlo Sl Cadiiu cono §38hd t he
ani no aci d asatereid ssiqusaoe) wheoent i@ ap@mq@m@f‘etm ty,

wher ei n t hectopponddand thetaminac beidsequayce b SFEQOIDMNO 24r ypsi n- at

25 C. for thxﬁéouf Seaﬁnﬂo%'eiﬂ%h %E@ﬁ&eﬂmﬁé ESmpound is not

prol i ne-al ap on m@efoill yal i ne-
s 8 %‘;%%eggéag ne vaI | n%'é ?4% (g-;]i lnggi 2?1; ne

Xaa7- Xaa8-V qz?isrg

-~ Xaal | - Xda 2 pBFRE ad@l@ &wgne el a s EURHE1 | 2, 3,
4, 5, 6, 8X acafi IR 9@ epiny seXppe-alapimeary deassi-ani ne, or
al ani ne, Xé‘é&ag-mhlmdm%wélmac‘mhmﬁé@@l&ttﬂlrglmslgfléuﬁm%r al ani ne,
and Xaa9 amdadihear Xaarh XeddegiiprineyatguragnicreXadil delysim@but yri ne,
or 2-am nobuhdrd Kaadi, @, 3, 425, Bh&,ifnl atlate khohdaidepehyleatlyi ve

conpound ofsefhal M HeMhEFGAANIRE @f”a'l'éhﬁ@ %ﬁmumcgnaflﬁ%ecormound

conprises at, ﬁg}s‘s;s @1 Q,E %9(31&[ 0Alf.no acid
sedbence o %F%ﬁp N%@ et A bR e ve

of inhibitf a G?anlne ative mcrobe in condltlons t hat do
not damage t ¢ dpolated binlogicallycaci yencraapernd of eleape 1 4.
The i sol at edheiean she eming anddisgquene ol tlae obmpicuind Gomtpaissisn t he
conpound i mii kbass guewtdnseirvanve. swisdtitutmiSerft dhé aampimd eusid or a
SalnDneIIas&qpencedgsﬂmpﬂpaqtnged bi ol ogi cally active conmpound of
claim1 wher @ ”Iﬁ@%s@&'fﬂ@@llﬁgléﬂﬁbﬂyt SctvOWompbuid Gra1ResHt 1 ve

21%[ ggﬁy:—g ccus L H%oﬁ%mn@ ﬁ? H§8§ﬁ'rbscﬁz§’1% te tﬁg OCC“S SPp-
bi ol ogi cal 1Y .v@ﬁcd By ?mﬂ? sinfp tﬁ’ﬂs 6 i s
produced by ePPimh meL ra‘\aﬁe sg?eatgﬁa% HBGYR |y active

conpound oﬂnEFQ ﬁ}l wherein the am no acid sequence of the conpound
and the am no acid sequence of SEQ ID NO 21 have at | east 95%
identity. 8. An isolated lantibiotic, wherein the lantibiotic
inhibits growth of a G amnegative mcrobe in conditions that do not
damage the outer nenbrane of the G am negative m crobe, wherein the

| anti biotic is not inactivated by digestion with trypsin at 25 C. for
24 hours. 9. The lantibiotic of claim8 wherein the lantibiotic
conprises an am no acid sequence, wherein the am no acid sequence of
the lantibiotic and the am no acid sequence of SEQ I D NO 21 have at

| east 80% i dentity, and wherein SEQ ID NG 21 is proline- alanine -Xaa
1 -l eucine- Xaa2-phenyl al ani ne- al ani ne-val i ne- Xaa3-val i ne-I euci ne-
Xaa4- val i neXaa5- phenyl al ani ne- Xaa6- al ani ne- Xaa7- Xaa8-val i ne-
Xaa9-val i ne-val i ne- XaalO- ar gi ni ne-| euci ne-al ani ne- Xaal 1-

Xaal2- gl yci ne- aspar agi ne- Xaal3-|ysine, where Xaal, 2, 3, 4, 5, 6, 8,
and 11 are each independently serine, didehydroal anine, or al anine,
Xaa7, 12, and 13 are each independently cysteine or al anine, and Xaa9
and 10 are each independently threonine, didehydrobutyrine, or
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4. The isolated biologically active compound of claim 3
wherein the compound inhibits growth of an E. coli, a Serra-
tia proteus, or a Salmonella spp.

5. The isolated biologically active compound of claim 1
wherein the compound inhibits growth of a Gram positive
microbe Lactobacillus spp., a Lactococcus spp., a Strepto-
coccus spp., a Staphylococcus spp., or a Bacillus spp.

6. The isolated biologically active compound of claim 1
wherein the compound is produced by a Bifidobacterium.

7. The isolated biologically active compound of claim 1
wherein the amino acid sequence of the compound and the
amino acid sequence of SEQ ID NO:21 have at least 95%
1dentity.

8. An isolated lantibiotic, wherein the lantibiotic inhibits
growth of a Gram negative microbe in conditions that do not
damage the outer membrane of the Gram negative microbe,
wherein the lantibiotic is not inactivated by digestion with
trypsin at 25° C. for 24 hours.

9. The lantibiotic of claim 8 wherein the lantibiotic com-
prises an amino acid sequence, wherein the amino acid
sequence of the lantibiotic and the amino acid sequence of
SEQ ID NO:21 have at least 80% identity, and wherein SEQ
ID NO:21 15 proline- alanine -Xaal-leucine- Xaa2-phenyla-
lanine-alanine-valine- Xaa3-valine-leucine- Xaa4-valine-
Xaa5-phenylalanine- Xaa6-alanine- Xaa7- Xaa8-valine-

Xaa9-valine-valine-  Xaal O-arginine-leucine  -alanine-
Xaall- Xaal2-glycine-asparagine- Xaal3-lysine, where
Xaal, 2,3, 4, 5, 6, 8, and 11 are each independently serine,
didehydroalanine, or alanine, Xaa7, 12, and 13 are each inde-
pendently cysteine or alanine, and Xaa9 and 10 are each
independently threonine, didehydrobutyrine, or 2-aminobu-
tyric acid.

10. The isolated lantibiotic of claim 9 wherein the Gram
negative microbe is an E. coli, a Serratia proteus, or a Salmo-
nella spp.
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11. The isolated lantibiotic of claim 9 wherein the amino
acid sequence of the compound and the amino acid sequence
of SEQ ID NO:21 have at least 95% identity.

12. A composition comprising the isolated biologically
active compound of claim 1 and a food product.

13. A composition comprising the isolated biologically
active compound of claim 1 and a pharmaceutically accept-
able carrier.
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