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The potential to produce a lantibiotic was first recognized from the genome
30  sequence of the Bifidobacterium longum strain described herein; however, initial
attempts at detecting a lantibiotic produced by the strain were unsuccessful. Further
experiments were required before growth conditions were found that caused a

lantibiotic to be produced. Subsequently, bioassays were used to test its spectrum of
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30 identity. The Gram negative may be an E. coli, a Serratia proteus, or a Salmonella
spp. In some aspects it is preferably not a P. aeruginaosa.
The present invention provides a composition with a lantibiotic and a food
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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Sal nonel | a spp. The present invention provides a
W@ vposs4to on wWith a [ antibiotic and a phar naceRt /081008070511

acceptable.carrier, erein the |antibjotic includes

* he RGP BUGPPGTE T LT AR B Ty GPbR Koo TG 4R Fo0d product
negat in¥godd HHARE drh SRS ARASThERAtIBIOH O Ry dARBQntRENO acid
outer nenbrane of the G am negative mcrobe. The _

| anséduicntel whengin the emindeacahseqnense o4 dedanfdyeierand, the amino acid

wherein th ' id s t he l.ant L hi Of

el S D DBAREh L SRS 2 e B! T e ram
NO oy fradtbe a8 &S toBQ%el- @Bt Irbius, Dhe SEhaienegst | ve

may be an E. coli, a Serratia proteus, or a_Sal nonell a

spp. TheTpe pisasnt invsveon Promidss 8 0pPesiticfekithp{abgiptic gpd a
proguci . ri b T t.hods

ey e 0 RTBH S  SU LD RSLE hBy R
condhdradersstis of inibdignd giowpli oflaiGrang negdtiaairiliobd incgonditions that do
wherein the Bifidobacterium produces a Iant'bi?fic..,.
ThenAetarBae Hgy utsl mremerang R the 6r9me apgivRgugmRae. The lantibiotic may

antieRla@Gh Gmidd R ' ' | lantibiotic

Ay LS, A Q0
Theapt ths emiind avwksequenceall SEQ Mr NGdZisorzS FQMD iND:32 heve at least 80%

produced he net hod. t hod, f or producing a

Pt e G Meaeh Gy Bban dc sl e G A e or @ Salmonella
[ ncgﬂges a pol ynucl eoti de encodi ng a pol ypepti de,

wherein the am no acid sequence of the polypeptide and

t he ani ndhapiestns atygrtiweales proEdes mefjode for pro g|thy compounds
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pol ypepti de. The m crobe may further include a

pol Piedeses atlinibidice bB¢ mgthed s fyeper igdudeiselatingthedaypibiotic. The

SE : , | ,
SECP BNy ke Hitpdne BER AN A B Wi, on a
NO: sutfice OFhegresentinnattioanlsohiecledds.a [Titodigicqwbdgediy the method.
i ncl ude W t he Bifidohact.erium eferably B.

2 ongum Sisteddp prademern EaEPiotis maviho ki groR i Lgicrobe that

| ncluaRss ApRohydeRidt dBcdiROHEA o dYidE RendiBh ARG miAB@cid sequence
nmet hod may” further include isolating the ]E)J.(I)\It&peptl de
Ny

f or of the palypeptisy ans threamtino Acidisedneaceoiaa iIp NSx 21 haBEQ 1D NO:22

i nc] udes. an alcohol.. such. net hanol . Further ... :

or o BBy DR TP KPS Pl e rosnoa b WAGE bpngiions suiab
usi R plodikinB it pdt Spephd &ehb aherary thengictobe pastidic&ight pélypeptide.
| ant i gi otic to a food f)roduct, wherein tﬁe | anti biotic

25 ncThrieicrebreneh Birdier weluge ip @obmuslapiidsi aredngp sakyRersidegelected
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a sEPPaMEmar nsluds gratyne iy lﬁéﬁdaéa%%@r%rahﬁ% 9%%“%, otta

surface. The present invention also includes a polypeptide produced by the method.
30  The method may further include isolating the polypeptide, for instance by extraction
with a composition that includes an alcohol, such as methanol.
Further provided by the present invention are methods for using 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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conprising the lantibiotic into contact wwth the food
product. The adding may include adding the |antibiotic
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The present invention further provides a Bifibobacterium that produces a
lantibiotic. 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
30  negative microbe. The Gram negative may be an E. coli, a Serratia proteus, or a
Salmonella spp. The Bifidobacterium may be encapsulated or in tablet form, for
instance, and may be present in a food product. The present invention also provides

method that includes administering a Bifidobacterium to an animal in need thereof,

wherein the Bifidobacterium will produce a lantibiotic that has the characteristic of

5



The term "and/ or" nmeans one or all of the listed
el ements or a conbination of any two or nore of the
wo p@vesBied enents. The words "preferred” and  PCT/US2008/070511
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seveimberphasesed Witlghautngdie ganpbisaatluds, 1, §ufi, dahes 3, 3.80, 4,

provi ded through lists of exanples, which exanpl es can
be ¥#<$&d)-i n various conbinations. In each instance, the

recited lkér%%lg%?éfﬂ(ﬁisdigﬁ(l)s}ég Rereth ﬁlgtp&x@llﬁ@&_t (ﬁgér?ft_@ sQf)Q%l%el %ﬁg may

shoul d not interpreted as an exclusive |ist
DESERIdAThEM {DranyHEAsH I CURES Ahdjuas epiiropintgaamy zatiboratiof of two or

nobi l e i ntegrase cassettes. (MC) in B. | ongum DJA CA
24 A)mQWdSt?H@@ga?" ,CO(‘%)“?te‘%‘“F‘éﬂt r,‘eoﬁglﬁ'nd 3 refer to three
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25  examples, which examples can be used in various combinations. In each instance,
the recited list serves only as a representative group and should not be interpreted as

an exclusive list.

BRIEF DESCRIPTION OF THE FIGURES
30 Figure 1. Organization of mobile integrase cassettes (MIC) in B. longum
DJO10A. (A) and NCC2705, (B). Orfs 1, 2 and 3 refer to three contiguous, but
different xerC integrase genes. P, a conserved 20 bp palindrome
(TTAAACCGACATCGGTTTAA (SEQ ID NO:24), which has an 11 bp extension
in MIC II1. IR, 96 bp inverted repeat (IR)



(SEQ ID NO 25)), that has a 3 bp extension in MC |
and I'l, a 5 bp extensionin MCIIl and a 1 bp
we@zioenssdan in MC 1, 2 and 3. IS, insertion sSepLENSMNS/070511

o aear e e ARGl R Cr R i BB rerract

NCCZHST@EeComES TANE ATE TICRYT PISCOGRATIM AEGITE GBGGTTAT
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or i SEQED N&):85)as thati dia Sdtpesktangiogrie dHCdrang ik 2 3l @xéension in
r ef t icte gene t om r.eqi .th
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f, GIPaspigul® 2. Cahbee uhfq@BS@dSﬁs ONFase dediatiéNAdex (BDI) analysis
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gl uphthe ﬁelogigw AAl&d Oﬁseetné} NGGr genm@psaﬁ%}]quegmons of each genome
Sy ngﬁfeﬁﬁg 1r¥ t%g td}Y E}évrﬁﬁr?oek‘édn ‘?F? 1005‘&1011% A 'oﬁ@ dhfi @&@3)% ¥nd1cated by

ATP ronectin type , am nopepti dase C,
k, gtebh hirdss. Mlettks refer 1orpaechctreﬂ ga&mheﬂotypmﬁm eeglcms with

fatty aci d_synt hase. gani atl on of t uni g
r egfight 1%%%&?%58 f}}%aqed’é%?ﬂ“dﬁ g zenges. b ONLS?- e‘mféﬁ?n

10 NAi5R P@I‘i’ Ak”DPaEJ‘ec @I\?A’Ba@ﬁ%mn& Lethh e, HRM6V19§88e hydrolase, e,
remai nfng at the predicted St on T onaron T

NCCElnGiinSkyntliziseibete chone fl a@RFStR Wdlisgathetaso rgrppruyatedaenase, h,

bet ween bot h rase ca ett . -
F GEE AR o1 n - TorBc b e Ha AR RS oly subtilisin-
gengk ettt Brotcasb el WaeRet WO fiy dcRNGMMaGE (BB Saanization of the
DJA OA-uni que S%gnes in unique region 10 are col ored

dar kmgmeely:glon W}l]zgethﬁ Beatiemedn 3G1sbrcBNr sampntaidicatrd by the
t her o n {5 %% SJnL rgrﬁgl?x{n%e tml rgdlctggldéetl?rkl'g&?tlon in

€ECIl
a g%rl oS| ase ressor

ABCNCﬂlGOi &9%&%@1(&&@0@% indatade cdnSdn kye beseeh doingenomes.
agll, glycosidase; WA, threoni ne dehydratase; SIR2,
NAD? dRiRgrags FELS. deacetyl ase; glyH glycosyl

hydr ol asgy, iy cofhRRi el ocf }9at1 Rk rl!ltlll%dtgﬁ rg‘éné"c:luster 7 between

Or gani zat i"on “of gnesmvo I'n polyol metabolismin
t hetwmB.quegureginomed. DI 4 - uauqne paes @Auagee egiopdili sorolored

2075 7875k B TSP SRRt BLoi DK AL s e

hong)10994%it8en8s, o- Ik oS hader D |L§@Ikty§é fopldsdn, MRIBIIE ABC-type
region 13 an correspondln? honol ogs in B

ad olrasperh systenTOE3 15783 yp ngd@leel& aght sBydosidagss iz afhesenine

o 45859 80 8P Rsk AR SRR, By s

con@pehﬁﬂ)tmagrpao@ﬁlquences of Bifidobacterium | ongun
DIA OA, Bacillus subtilis 168 (Kunst et al., 19
25Nat ur e 19gre 436usaamiion gf gefBéé%V@}V@ﬂdléEOIb’ﬁ]éflﬁ%‘flé?m ErtBpunique

200804258 afth LROLpAREE Ep e RAGAEHD Saloegus region in 5.

( I\/b&ﬂ)rlé}kl@taetAmc 1 Prasc ANahb afAdadienBOBs éﬂSPndl@fﬁecﬂlﬁi@\ﬂzeen homologous
1g56?1%s6 ) RFs shade%rglgc&ua% rom um uKeI rggngf Zagcrin correspondmg homologs
in B. adolescentis ATCC 15703.

30 Figure 5. Arsenic resistance of selected bacteria. (A) Genetic organization of
arsenic resistance gene clusters compiled from the completed genome sequences of
Bifidobacterium longun DJO10A, Bacillus subtilis 168 (Kunst et al., 1997, Nature
1997, 390:249-256), Bacteroides thetaiotamicron VP1-5482 (Xu et al., 2003,

Science 2003, 299:2074-2076), Lactobacillus brevis ATCC 367 (Makarova et al.,
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al ., 2003, Proc Natl Acad Sci USA 2003,
100: 1990- 1995), L.johnsonii NCC 533 (Pri dnore et al.,
W(ima/osszu(oc Nat| Acad Sci USA 2004, 101 : 2512-PS/U20881070511

1'99 %ci{%até%g{gfggg}é% 1%; l%g &1+ Q%g lgq%,eqrgly Cl’lli?rlﬁtg’lt mj){g?eseé@ezem et

by fiheoss tBve %?zl/faag SELGOADH RS 80:SPH)- V@’s)dygbmomz NCC 533
sporilation, b, indicates a pl'asm d sequénce, arsR

r epfm? efaarlsAQO%d’gemNtztéAs@d Bl A4 200AT Pals 5 12-2¥1gBand E. coli
r
o 80 BRhLs BA  FREE T P 895 o 8Putomen

Lompat iseREsQf byaths eid-6pde iR r%&@ﬁﬁiﬁas@@pbwd:»( duﬁn@spdr@lragblﬁn b,
DIAd OA with fermsntatl on adapted B. animalis

| actnidivates palasysid Equersci agRd rapaRsSOh 26541 AREN{5¢ aﬁﬁtéﬁ@ﬁwATPase
C’ &8 Céi”seank%%ffﬁ u'ﬂﬁ\%)at s® ra?sse%g%ggddc s aglr vﬁ@&”@&ﬂager%ﬁqe hyp,

van Kranen I ron

M Ch)@i@k}iﬂtlcﬁ%&enﬂ(ﬂ) (l(ﬂﬁﬁafilsaﬁef arscﬁllgtﬂsstaﬁce haivitiy i 8t loegum
prodi ction gum DJA QA Lg'%ganl zation
t heDf@he4 w@tfre@n@%@auaﬁl@m%ﬁq%ma@g? Poctisgsipinsy ‘grfﬁﬂfrﬁ“d

e
1 LA R GG, SRR B0 Kool
f ol (vaniKngndnB3( «t ef, éZrOOﬁpAppzi EyuwmlMsscefsolcﬁOOES/Solzm 1230).
el enent s that e.an

f d t t h
genone. Tiggreo. gﬁ‘@ﬂ%‘ty}&rrogi%ﬂa? &Be 8#&9 pté%agnzanon of
el efeMntibidpk eﬁ%cﬁ ikt hﬁ‘é I‘ég@ﬁllﬂ%f@c‘l r%'mﬂz%ﬁﬂ'(ﬁ\ £rﬁi"_t%)

anal ysi s of Xbal -di gested total rom B. | ongum
DJ Gaspondling gnbmpﬁ@cmlgnq mn‘,tra@aw?% @h@DJO10A-JH1. The A or B

e R e DL B SS BPER 8D s

pr ofbugd komistiycadBon |1@ﬂ@lgﬁh(ﬂﬂé3'l% V@eh@na&bﬂ’ iatiestebd @a@ﬁeﬁﬂéd{ 1S30
DJCJ QAJH as indicator bacteria. ur e 7 | S30

J uPtp A (B)ﬁ’qlswé Firddh Q%E@ptr@hor@pﬁg@ aysis @ﬁa(bal -digested
I
o PR bl P D10 e 3 R ‘yaﬁg*é Qe S9RTBIO10A-
D:] QHA- Wh—lltedarl oT\'hsanglga% bandsonssing diooadteni EéOif[ 0AdH1. (C) Bioassay
el e nts ent | rect
(G oGRS TG PRI U2 FEi DT RID St TS Do pIO10A-

el efeniSinhiabr Yeigidetected in sonme sequenci ng cl ones
prepared from DJO OA genom ¢ DNA. The asterisk under

A6 | ndl cﬁges% B33 ‘alrepregt inwbs gerionsi A d. fangrmddil OA. (A) Genome

u B I ul ted
o Bre PO AR CRAne il A e P e
So Ulhb&ﬁfbrmfdbblt&il satn DIO(0A-Ght . TR graySiré\gs mﬂ;w&she five elements
specific for four different 1S element famlies. (1)

25 efidentified Iytirechseanenci®)ofldiQd04 geomicPNA.- Jite WhiteragRes
II gglb&%%t% ‘[ﬁ)ea ggtlon of%‘lt]egle% tPQtR)(I&% Q?%?ﬁje@% §09nec‘§%§ﬁérfc 1fg clones

enen S as ustra
Si mprepdredi frb@dal O Wenpelontic Wﬁaﬂaie)astleﬁsloﬁn@r Al6andjuares this element

) Ow%n?sggglf;o?n some sequencing clones of DJO10A DNA. (B) Nrul digested
genomic DNA from DJO10A shown in the left gel and its Southern 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 DJO10A and its
in vitro adapted derivative, strain DJO10A-JH1, against Clostridium difficile and E.
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in vitro adapted derivative, strain DIA OA-JH ,
against Costridiumdifficile and E.coli. (A) Viable
w@edob/ossaemt s of E. coli DJCecl at the begi nni npCDUS100&070511
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30  lipopolysaccharide biosynthesis protein; TagG, ABC-type polysaccharide/polyol
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polysaccharide/polyol phosphate transport system, ATPase component; MdoB,

phosphoglycerol transferase; ProP, permease; Acyl-Est, acyl esterase. It should be



phosphogl ycerol transferase; ProP, pernease; Acyl-Est,
acyl esterase. It should benoted that the glycosyl
whgapossse gene in cl uster 7 was annot at ed as PCT/US2008/070511
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EC | f t
O e SO B T o R e

i ndmm@meer@gwntlﬂ fane & YGSWRNA g@ntlél gene. ‘Breoarchv Bdicptes theylantibiotic
ISRCM rre du umu%;e regﬁh 19Wat l?s%% ks %g?roﬁﬁgao bﬁ‘&AfJ?ﬁagB) Southern

|ve experi nmen erlavve

i nO}ﬂUi ﬁia@@m&ism@% lfaIIiMl’prf)Heec&idl the Eé(ﬁVWﬂlgedtéd,lge@Sme&ﬂarleﬁgum
E. coli DJQecl; trian Clostridiumdifficil

DJ NS G 1 eand IO {}ﬂlhﬂﬂiﬁd o Seplt! Gng camaisenedan s
B. %Qﬁgﬂéﬂ‘@gn%ouf' gure 16. Portion of genom c

sequence o ongum DJA QA (Genbank Accessi on No.
CP000605)igirediSuGiavghtcherel anRCM oieilicimenitbe favg bgeera used in the

C| u SEQ.1 D NQ,23 P thin SE

20 R P BB TS ASOY APTGTeTaa( BT T I Lich fige from
pol ﬁf&%gﬁ Hd@neNeade @é}hﬁ%E Yol POt D thédglds, CTU4ELB0NIIESIle
1979747 - 1980907 (SEQ I'D NO. 32 and the pol ypeptide

encloleeflt hlecrlew {o8E@ IDDONOA4)H mluéld@mqnééﬁ 1lggupO10A.

1905417 550 300 B PRSI ST g

( SEL:deRiNONS) CROW 6O Heinplativped ladeblen@e@keﬁldgr@ne bms(esEsEQ ID
| D NO 8)) nucl eoti des 1982200 - 198293@3( g
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Bgf@gg& taﬁg 21%1)2)?%%8%1% %régg%h%%gg)%%) B NNQZ}, hb1eBAgkst 99747 -

1980907 (SEQ ID NO:3) and the polypeptide encoded thereby (SEQ ID NO:4);
nucleotides 1981217 - 1981417 (SEQ ID NO:5) and the polypeptide encoded
thereby (SEQ ID NO:6); nucleotides 1981501 - 1982160 (SEQ ID NO:7) and the
30  polypeptide encoded thereby (SEQ ID NO:8); nucleotides 1982200 - 1982937 (SEQ
ID NO:9) and the polypeptide encoded thereby (SEQ ID NO:10); nucleotides
1983009 - 1986110 (SEQ ID NO:11) and the polypeptide encoded thereby (SEQ ID
NO:12); nucleotides 1986161 - 1986979 (SEQ ID NO:13) and the polypeptide
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NO 12); nucleotides 1986161 - 1986979 (SEQ ID NO 13)
and t he pol ypepti deencoded thereby (SEQ ID NO 14);
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30 The prepeptide is processed by dehydration to result in an intermediate.
Serine residues may be dehydrated to form didehydroalanine. Thus, with reference
to SEQ ID NO:6, the serine amino acids at position 36, 38, 42, 45,47, 49, 52, 61 or

a combination thereof, may be dehydrated to form didehydroalanine. Preferably, the

serine amino acids at positions 47, 49, and 61 are dehydrated to form
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serine am no acids at positions 47, 49, and 6 1 are
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agﬂ l%m?é' & £8 i %?ﬁél@l@ Ch oy - \Mi‘l'h@oﬂhe@evé?irne valine- Xaa9-
i dehydrobutyrine. A preferred exanple of an
| nt ergme0é-tueinpall aniep tad €0-raystelnet ghyeifie-aspatagene- cysteine-lysine (SEQ

deh n of certain amno acids is
ﬁsm ﬂ]g) Seri ne-1sol euci ne- Aspar gi ne-Qd ut am ¢

aC| d- Lysi ne- Seri ne- 1 sol euci ne-
Val i ne-3 ycine-d utam c ] )
aci tthssrXamd. Bredy b, dninfel(@raeash indenendently|saHng @ aci d-

2@ ilug{_d%)zﬁlg{léﬂge %'IR? B{arzlg %%h@&cﬁrﬁﬁ%ﬂ&nﬂy threonine or

LeudideRydrbisie o e eA @e}féﬂrﬂﬁexaﬁcfp@& ofi aneintdapedi agipnBpeptide resulting
Aspartic acid-Aspartic acid-

d y@Pﬁ’emVQF}FWé@tﬂnm%ﬂﬁpéml%acé@Sdﬁ| ne-serine-| euci ne-s

eri ne- phenyl al ani neal ani ne-

val i ne-serine-valine-I| euci ne-serine-valine-di dehydr oal

ani Maat}phmnyJSaﬁae}[soMicﬂehymba@meaGIutmic acid-Lysine-Serine-Isoleucine-

él aS(J Hﬁlg lgftglﬁégﬁg%g{lélgcﬁﬂé@nhg Eh y?a(? 8%{ 1rc| atd- sparp ic acid-
ar gi Biigs-5 i ABnaleallaARe K PehndicRalRiHi61n & KdngidMere@idhine-
ci neapar agi ne- cysteine-lysine (SEQ | D NO 20). The

poI yp@q@ma ’@brepemgﬁlwtge%rr@mrteh/ésm&méma@tﬁp asfid-departir acid-
| i n gsle%éﬁ?ngée ;Ergh %ﬁfﬁ%esgmtleoleua{lg] sérme ;ﬁlteg%alamne-

Di d@llamé&lauﬁetgérﬁle «aﬁﬁewﬁmemﬁn@ealmeQﬁ&agfaﬁbalmﬂeopmylalanme-
2-am nobutyric acid (Abu) when used to form

3@ hi didehatrodlpnirerglanipetdystghistsgane- aﬁn@odlé@yembutynne -valine-valine-
di dSﬁgﬁj};&%@ﬁ&-argmme—leucme-alamne-dldehydroalamne-cysteme -glycine-

aparagine-cysteine-lysine (SEQ ID NO:20).
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resi dues may be processed to form al ani ne when used to
forma thioether |inkage with another am no acid, and

W@ yBvessae r esi dues may be processed to form al BEN/I82008/070511
when use - St ol W StteRBRtRERo acids i

t t

am no ac?géS%QSﬁg@gg%ghggbservéﬁﬁhﬂgﬁéntﬁgfotﬁcs, 0 acias i
| anfilihenproeesaatioForme thiyétharitrtkiagesi brev ceasedaie smissadids.
fromthe formation of thi ether | i nkage beI en. .
di  DideandroRyHBe Heidies ™ B preseised RO Ry pRe P dais acid (Abu)

fur fRel L RS BRREIHRYe(If: BANARSHREINRRR aliid @dﬂ 'B@de@?ﬁr@ﬁlamme

The expected cleavage site is between am no aci ds
an dreSﬁueﬂnhﬁbe ptoeesxa@ea ®rmesanine VED UsBl NGoén matbﬂOb@er linkage

e R ST IR RN tiBen o om atnin

f ol |,awi REISE NS BiocRcR lihREzAl @A eXaRline AU IS been
Xaa2- phenyl al ani ne- al ani ne-val i ne- Xaa3-val i nel euci ne-

Xaadbsgeeil rlnelanb(buascqo &@rﬂypellna ANt &-medad Bniemingwssidyesapsult from
S Bl o 9% e YRU A GRSl phgane- e

cin Cl neaspar agl

10Xaal 3- | yShagrotssE€d pdDyhptidd )s ﬁ)zhﬁérq)r&&ﬁied <2 cleaa,vagie bdbwed, two
8, and 11 are each independently serine,
di dehipg@rsissadhn éxpe@?edéﬂe@ﬁagﬁesltey@aqwemam@ﬁdwlﬂs 33 apd 34. Other
eac r
achchndenends gbbg rgggg%fmag b8us@l BErin AMockaRd pepithe.
d| dehydr @lmst ybompourxdronhamemb utvy:nmcm mey baveAhpfadosnmged
exanpl e of a conpound of the present invention is
pr of94HEIE] ani ne- seri ne-1 euci ne-seri ne-phenyl al anme- al a
191 ne-val i ne-serine-val i nel euci ne-
serine-val i ne-al ani ne- phenyl al ani ne-di dehydr oal ani ne-a
| anpmhncalakamnnéwrl tlenecine- Xaa2-phenylalanine-alanine-valine- Xaa3-valine-

\3/12: ngglg?a%y a|lil gk%agaﬁ)qgﬁyﬁgamne— y(aaaé nleamne— g‘aep?O gyaag vaﬁne-

al agh4vevainaiiallge-Ok340 Degiaellagimealahiagi Xer | yXhale - g phae-
I D NO 22). A conpound may have at |east 1, at |east 2,

at dspareeing: Xaal tlyase (SEQAP NQR4) 5, at |east 6
hi oet her cross links. Preferably, a conpound of the
present invention has at |least 1, nore preferably at
| eagher?d Xaabsk, 3p4.e5, 6r 8hind 13 x¢ exh 1hdaplesdenﬂm eerorepgiglehydroalanine,
l'inks can he bet ween any r.esi positions Xa
1, "o alging Xag), s o | bimesachigdenondany SairE ol maEG e
%“]d 10 de DN GQERhAGLT Qﬁeoﬁhgfcﬁﬁé}%%bu%ﬁg &Qoa?rﬁmbb\ﬁ?nc acid.
i ncludes one cystelne rfesid I.e’, or
of ShE@febedNxaiple &f m@ﬁmunéd)f@mnpieet mﬁ/eraloaﬂomound of
he present invention is SEQ ID NO 22 with thioether
cross links between the anmino acids at positions 14
( Xaﬁroﬁ}le anRfind Beflir@Rudihe-sBRR- §< ANBladthel A@and Odlirkndrid@ valine-
Xaa 12), and positions 28 (Xaa 11) and 32 (Xaa 13). A
conh@@@m@fs@fnet\r?élnmabaslmphehylehmr@rﬂlfﬁﬁﬁydmﬁrbﬂm@ealanme -alanine-

pOl Q’eglag L V3 ne %1 tlgy%ﬁoﬁuqanréetrxg e V%EE%E a%qqﬁ%ﬂjg%ﬁq’guja%ne -leucine-

alanine- alanme alanine-glycine-aparagine-alanine-lysine (SEQ ID NO:22).

2

30

A compound may have at least 1, at least 2, at least 3, at least 4, at least 5, at
least 6 thioether cross links. Preferably, a compound of the present invention has at
least 1, more preferably at least 2, most preferably 3 cross links. The cross links can

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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i nstance, a conpound of the present invention may
i ncl ude those having structural simlarity with

w@p@vhss44@n no aci d sequence. The simlarity iBCT/US2008/070511

10 ec effidtnandimile6ying e

ref g? m?gggo%jiﬁﬁlr H% c%knb%ﬁaﬁnoh Ije%e¥a %ﬁbﬁc@mﬁ{ﬁhhﬁdes one

det alignin e reS| ues o two am no

aci dyseqeleasms i(d.,. Xeaa, 7, a2 c@nidi af$HE) HriNG2 B drefetpdena@ple of a
and the am no aci d sequence S NOs: 19, 20, 21,

or ﬁ@rp?laldoc&thwrfw He epifie %tEQf TN i TS s ks

al 0BGl tERRh Scifl altddSitions £4 (“b@thcﬁ%nd 9 §Q§aé 17‘) Bbdifiss 24 (Xaa
or both sequences are permtted 1 n making

al i goyenit29 (Xaorldgrand ponpensAdzXat Heé) mﬂﬁ?e(rXa@fBb denti cal

am no acids, aIthgﬁ% t he am no aci ds |1n eagh Sﬁgueqﬁe h
must nonét FEIRRLEd PRI PRESER TPHE IPHB}aé’dS? uds plypeppdes other than
cangidatisiall BOSEG 10 NGAUONEE 21l Sort e prd Ay 8% @ ID NO:21. For
sequence bei ng conpared to an am no acid sequence

pr esr@rﬂncq: i camparihof tée Peesedduesntien may dicleds thps haping structural

cid segugnce be IS
tr o6y THBBAEHGFhF SR kil e ERoRulB gt &
%@neﬁﬂly@ﬁ%ﬂﬂnﬁﬁﬂ Iby aligni@p Zbé’fﬁilﬂ@@df Yhe two

synt hesi zed. Preferab two am no acid sequences are
conﬁ@rr@oﬁlcu%fiqqge&q%(lsagmndidap govnQ ¥ peduenss apgthe amino acid
pac 239 Mpdi
o oo BT 3> FER B 2l oo e b} A3 vical
by Taineseus,alelg tht lengtB%Eb’BthMr&qumod:s baistin £99Q or both sequences
174: 247- 250),,, an ,avallable through the World W
vwbarefp&mit%e%we ing tha HliE0 e EEHeds pgtlweﬁ%eaﬁ%laﬁr gy identical
14 heallhlﬁfo' RNR! alftRAbE he a?rﬁnc?h&&@fﬁ%@lll %eﬂ&f&ﬁﬁﬁgﬁé@ﬁbless remain in
Nat i onal Institufes of Health. Preferably, the default
val theg r.frwer arder BAASﬁdlﬁatsaanmhacp@smmemmls theragning edd sequence
i ncl udi n = BLOSUNB2;
ot BH12R BB o 2ok equePePRal o i Sigh oCig shmenee, such
= 18 SHQMBNGE 1= ABcandidtcobih® il ls¥quehtd yaY bOBolatdd ki a

ngarlson of two am no acid sequences u3|ng t he BLAST
sea ftdoaw@@ﬂwmmﬁm@tqu@@rcgd usingirgogpibinant echrdgegsy @hegically

I nven

2§ o} %}%g}n'a{l a?lg/ synthe ﬁ%ﬁ%; ﬁ%rabglp b de@ﬂ&wdzt EJ sehﬂ&c% Qx%%mnpared

30

aci dsipgthe BESTHIA M gogitlah 11& #asiCa@ (jb%laugb n\ﬁerﬁﬁm tl0.2 defadisdry W), or
at | east 81% am no acid |dent|ty

82%
aci thei Gaflastyprogian ebihe BiAgy ! a%rﬁ%cha%gw ﬁSt qsgrab S4by Tatusova,
| ea t %%MWO@ZBY Eieti p@@t ﬁ7ﬂ24ﬁ§56)eﬁ§fav§§d@1@mr&%hatﬁé Sorld

[ dent It east 86% anino acid i'dentity, at |east
87%0Nade W:ebaﬁlr dnstabeati thy jntemnet setasmﬂﬂ%nadrbm theadatenal Center for

'detit , At st 89°/amn ac' [ tity, ast

oo Piadchbo Ry iR RRatRy VARRP pEBlfestsd Hlh v pr b He defaut
| depdridsyfor At BLA&St2 %r@q%’&dﬂx@et&@ lafb @sd@Nhélhding Matdieast
93% ani nho acid ident at | east 94% ami no acid

i deRLOSYM6d; opeagap tAm 1A oexdensipr ghorrenaliy = at gapeasimpoff 50,

?ge/%rﬁa Irg{:tn—? Cv{/?rgl e né d’ orﬂ%ﬁgal? a%tlte?wé/on rqq 0 gorrall arlsf)n of two amino

| eagdid S@fUerdds lﬂ@mg@thlLﬂsmsédrNh h1goShR, hﬁld‘tﬁﬁl mﬂn?lan@fls referred to
21, or 22, preferably SEQ I D NO: 21.

s "identities." Preferably, a compound of the present invention also includes
polypeptides with an amino acid sequence having at least 80% 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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A compound of the present invention having structural
simlarity to SEQ ID NGs: 19, 20, 21, or 22,
wee@bessld y SEQ | D NO: 21, may include one or nRCEUS2008/070511

Con%gé %&lﬁ&lﬁqq@&lt% 81& %%96}]( ég@ ﬁggﬁgg Vag%ei%\%tg%%egmmo acid

subsdentitit, boRadt 91Viygmiealatid iddneitys ubknsttoats aninofacindentity, at least
am no acid for notherthat is a nenber of the s . .

cl ag's 7 grgpo ésaéﬁ@ ity lens A FTRAGHH 1 P! Qf@ft {50 amino acid
Pr Ot &infe a%ss% gk arna{ma *aa'a 1@éht1§maf‘f%a§@*7‘% BEInERGIANGerdi®y, At least

groupi n am no aci ds having a particular size or
Shaoatt zemlnetamd idstith oast letsa P§%, annyid rag hidditity toySEQAANSDs: 19,

hydr.ophi licit C be substituted for

ano@ﬁe& ﬁ'?éréj}%tfﬁagpyv\ﬁﬁi@%ééﬁst antially altering the
secondar y @mgiRhd befHelREKnShT&RHhBvIAL sRudi@lay RRRkIiH&o SEQ ID
For the purposes of this invention, conservative am no

aC| NQub320 8t i, preterady SRR NOrHs ulay ifigledn @xchange

ues. fromwt
Fol EORRATE SRBETG Fut Bkt S D%y 19. 20,21, o
1yal 2218 uonsaﬂ@nbe sstﬁﬂfu@ﬁ eypiegll athie RhBdInG o df%n@ Bﬁlllrn)sa)ad for
Class |1I: , Ala, Val, Leu, He, Ser, and Thr

(r esn@b@rﬁb@tnga gieniisaet de saae laspRar Wm%#td&weﬂéma@n in the art
h
ﬁ 3: Fér)o elpb%§ﬁer{ﬁlgélr¥] S};Q;Y E%ngg{é) alc@jlye&yrggﬁ %@%ﬁﬁﬂé bP%hnino acids

( r ehﬁ‘ﬁﬁg Ibanmgulﬁtlklfzelbf ﬂmrﬁeﬂdrﬂhﬂ g;uslh ekectzihgd, hgdrppldbasty, dhd/or

or am de u
c onhmrﬁpmb}c@r)&én @ﬁ%ﬁri;\b) be a%%te%for qijogher ﬁﬁ i fifout
re [ )t
14 N o%&?@%ﬁ&lﬂf&té&’@% the @c’gﬁdfg% Qﬂch/‘)ir etergn d@éﬁlcwr% gf 2 e%lg%eﬁnga For the
hy dpayphsssiod the$ thyextian, nerservatias smivolacid @h@ltuﬁ'@q@ areadgfined to

SRR A S B RO S

cl asme®s af RsidQts: 0148 Tedlyt Al atal MRkl 3hdIECHEFrbREti@gThiRhatic side
aci ds, including am no aci ds not coded for in the

st aflna; Glesrelli Clye Odre Vahd-aueBe Ser, r?gdfTrhé frepieganting aliphatic and
2(5 nsgﬁ;}g&%f hg? %;iylt &%ﬁlts ag{igs{rs Iﬁmfl sgratcull(?ﬁ*h {ﬁ ﬁ@s&%é‘ﬁ’ydroxyl

som |C|a ani’ no aci
consige viadindy eCrsBl:i A ystand MerenephReningsaltur- aintzamyig s1de chains);
| ocati on greferably at position 1, 2, 4, 6,

10, iafs V'j_ u, 55D, Agn aanbGl arbggyl 05 gml%grogp/corggmngflde chains);
33, s F1: CI‘?@bAf?éﬂdqdn’gy t(FhS)E&QIfltl ba%@ dthQQS)Z ElasU ARG Aa,

concer ni ng enot ypi cal y silent” amno
aci 8res Wps thiyt,utd, dng Lies, Pircoaridddet (reprBemirez Ietdrephobiclsd®0zhains);

2o R B AR o B Lo SR b GBS o
subgtd Gt (r@Rsch@lg SXRRIR chBAW. Thetlates altéln%@ h%@d th@turally
there are two nai n approaches for studyi

ng t
t ol e¢carreg amma aplds,yp@lpdma emsEyardsowt £ aﬂrfah@léhe Jthvedard genetic
first, metho t
i S90S BHE P, B ke SeRaFRRa R Y Biotldflopan amino
nat si@lbus else Gl QR artlfi@alsRG a6 dc:la@m &ﬁ@&v&@\%sugﬁﬁ&ﬁémmay be
engi neering to i ntroduce am no acid chan

36 pepIpInE ApSTIosaA. BFICEOIGhBEP e Zafich ekt 410k, 15, 17, 20
SCreens 59 Jlsdentif ¥1 33 o1 a combination thereof of SEQ ID NO:21.

Guidance concerning how to make phenotypically silent amino acid
substitutions is provided in Bowie et al. (1990, Science, 247:1306-1310), wherein

the authors indicate proteins are surprisingly tolerant of amino acid substitutions.
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sequences that maintain functionality. As stated by

the authors, these studies have reveal ed that proteins
W@e@osss4pr i singly tolerant of amino acid substPCTUSING 070511

Theg&“&& Fe fB%%Q@[ral 'd?gél&@tt&t W& 5&69@3%& rﬁﬁ@aclhbé(ﬁ!r ¥tudying

to be per@1é3|ve at ‘a certain position o e protein.

For thexealepines ofmpd]yjmaptide decuendecto abargzer Elsd filtsemethed uélies on the

nonpol ar si de chai ns ereas few features of su

si dérOGFﬁéi"%§V‘élP%01b @h@bmﬁh utalRs Qs ather egcReted Qu%ectedaby natural

pheg@éaﬁeh T\Aé sYecéAd foadh *a§ésl @H&ﬂ@&@@%@@%ﬁb&e@ altho acid

Bow e et a references ci therein
Pr etlematd at spemﬁ@pqwm obh ctoned geresadtsclienty ensdreams itgidentify

bi ol ogi cal |,y acti ve,. ere bi.ol o

act TG g b RS FureDa Bt b1 by TeiRet ey suties have
act peybAiyd tHaﬁp@ﬂe@nst J‘@Eurbﬂﬂh?tytt&eﬁﬁlpw dni@b ada shbdin@@iner The

m crobe. Wien the lantib ic to be tested for

bi ohwhors Arthee indigatg/whish jshanggs Qriedd@kyetd be;weenlﬁslw diFecertain

PO PR e RoldTRe 8 S ¥Thod B B AL SelFNiResitERfite non-

10 or palaipeiid if whedess fequTeatbbetoﬁ@@r@ce 81dé&h§1ns hre gahér@M\y
for repllcatlon of the m crobe and production of the
| aneqmseryed- OQther el phgiofypi¢aty sHepisubntisgtions areyresrghed in Bowie et
BLI train, preV|oust grown on a
di fiefe %&r?%%g&%%h&?ﬁ%%%ﬁh is suspended in a nolten
top agar Pref@ﬁbly nstoamneend 0f Gfopagant inestiop dubiekbgmaby atthe. As

plate that cq t ins _the.mcrobe oduci n "

P antaEE o Do e etve THEPRHBL GrmHaR Savis "biological
1531 1 2eRiysRAnE ‘?ﬁht Yrﬁﬁlylts %?H\R/tﬂ St a‘iﬂiﬁdh@ﬁbxl Yidstdetirh tRe lantibiotic to
concentration that wl d visible growth in 1 to 2
dayle fested fie tachisglndeicbfntyalsl bamg ddiced bp a@mgmbn,goreferably a

anc OrEeatetren e PRt A ot RS LORRE wRE g YRRy plae
gr oydninedbatddefor H PSRt Gtingd, F& iRstarldee2 alSeRCAloof fok Feplication of
i ndi cator strain around the m crobe inocul ated in the

mi déieeniefobe hed produetianpfiteeleatbiptie Pirferablye theqeprRlaigas MRS or
I [ [ 4 :
2(@e %gnl\glblgg;h 1 él Vclgtog sfoi)%ﬁ gﬁrgﬂhﬁﬂg%{o\% e<¥r} % émc gét?ll(t)?fa?e JBY broth, is
st r aispended irt hﬁfoﬁelma)p dpar, dorhiastencef 0.5% dgadiaadpoured blven' the plate
in the center of t pl at e. en_the | t|b|o

t esthaeoiingihe rfaapg%mm&ew%r ARDIQESP he LI The amdum ot
pur fntilc%ﬁi)r s@alﬁ A& IR%aRE beUE ¢ nﬁ'l‘catlltﬂl%dﬁé‘d"&t%rcoﬁfterﬁ@tléig fHat will yield

pl ate, and a sol ution “éontaimning an isolated or
pu rv1‘subbacgrbwth indi tot2 daysaythb@ebseddedf 4 kantllhetlhptoeiualng microbe. The
wwdto@ffsei

to .t he aga xt,
251 B pems el etk Pypon bibiea et o BPie (Hiat 87 gRagonditions o
br ofifbw koS8 BEMEectitdlodstiaR]. 188 abRAcAGRhe indRatdr BFAIARERIN the
0. 5% agar, and poured over the plate that contains the

| s olngareld iopeybated fni thel niddle iothetmlate mrlh@tqs(&pﬁ 1igaede i§ producing a
and .harden th
un dlgl}\ﬂ\{eb%ﬁ%mtg%hogo%l%al gF il g’TP% \Rfah mgy B% 951%%18% C" ?e%%%&@ﬁowth of
St I @k Madiddiér selpebeRcRimiyiee 4 ALl 08ho indidakdistraiaria theckehtee of the
ni crobe i nocul at ed in the
30 plate.
When the lantibiotic to be tested for biological activity is isolated or purified,
a hole may be cut in the center of an agar plate, and a solution containing an isolated

or purified lantibiotic may be added to 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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m ddl e of the plate indicates the mcrobe is producing

a lantibiotic with biological activity. The plate may
wheoogosgalet el y devoid of growth of the indi catPeT/US2008/070511

straq| I o, L hdi t 1Al

i PrBen @l ib JEiefTih e Bl RGN 030 bR FR PRVl e plate

knovnt tenthiay thesaaedoiopoied ddntidadticy Thy toagaamis tllgwado cool and

negative m._crohes, but typically the biological o

act Pindes, agd g latg iy ot dundet turenth N mar G dpicator

reggkdi erite BEARE of e IANBASART A6 FHROSH B i chidfd in the

lantibiotic. The lantibiotic of the present Invention

hasniddit ofjihe platasiklioates yheagairetstis grodneing gdaritiveotigivatioipelmgical

in the.absence of danmage .to the .quter r.ane.. i
bR o SiEisSha s e ek davoid At B ih o6 U Jgdicator strain,or
bi oliReH &&) b&& hh¥id Yo iRt &f @b abh ¥hAQneer WhdRplate.

conditions that do not damage the outer nenbrane of a
gr am negaemny éanibotighere k8awh t baugisoingrsolpgiclipgayity against gram

i nst ance, i.nc usj of hel at or ;in.the di
L OnpERESs b b P Bl ARG R s the outer
10S MBiehbralR@Che di@AtnegiNGOIBIAL ICIDHSE BERre HPOSYIEHEO
sub- | et hal antinjcro%i als that effect the . .
| i plapBbipsacwrmtihotisofithepissant invariiy asdlolegipal |agi vty against
nmc . [ i gat i.on.
| RRNENESEPAR IR 2 BURCELEHmARM B¢l membrane.
bi ohogirdiaklyaaisiivg tvitethead Iastibigi @hasrtégiagiceleactivity Blpesferably done

but typically the biological, activity exists only if.
t heuﬁ%gﬁ?rfdé'é‘zﬂsit{;aé dRin} RAEednETHBEBETPETR O hgram fegalive

1 £ ONGRREBAKLANSoHtidnb SrdI@IL R hRbdnee liRAsiBh 6f #8iRGhtdn the
inhibit a grampositive mcrobe (Hllman, U S. Patent

Ap piiediatn, subj20D201BdREor Fherobatut donidisions obesnidiie shock, heat,

present i nvention has biol qgj ca ctivit i ns ram

PeoRiLeth F e dnas  pIsCR PG B8PAEh e

at Iiﬁt%og@a&aﬂﬁa@@ﬂhé atifePMemBr2E Sfubaethhindicea Bl espdsatd)and

i nclude, for instance, M crococcus | euteus, _ _

Lactubbaded seniraton; bikestsgpsome lonfteidesrakpaymsto have some biological
t aph: i ndi i . i . .. .

2 RS9 SR SELA Gl Ol ot BB 28l ot gy v

pr esdnif thogent haatiad sicrblesis tthposet ar kigh@rdoatdnaatiafs of the
bei ng resistant to _heating to 1000C for %O nm nut es,
&

i nalehlikighethappresssd &w{hﬁg& GPYROEIIYR FPRe JhpEan. HiS- prfont
2 aﬂg%l%95§§@02%1§§1%%hélaﬁagiggﬁgh}fe AGEAMAT &R oR Yias biological

pr ot tic digestion wt notrypsi n, protelnase
K, datiypyiaggins gt hegativk ysémbesTdnd grompositide ingcrpbasdileheded at
ve an isoelectric point of 9.5 and a nol ecul ar

to ha
25wei‘3ﬁ§afa? CoU§9UHI9B,) t ons. The present invention al so

provi despetdhet ihd ol @ik hIRRDFdrd8Sanc AMPYkoccus leuteus,
intending to be limting, production of a conpound of

t helLqraweas lpstisedtaplococors. pmstadéwhy BEC DeMNderaRlis, By coll,

a n}crobe such as _a gi fidobacterium is facilitated by

7 erratia marcéscens, and Proteus vulgaris.

A compound of the present invention also has the characteristics of being
30  resistant to heating to 100°C for 10 minutes, inactivated by proteolytic digestion

with pepsin at pH 2 and pronase E at pH7.5, and not inactivated by proteolytic
digestion with a~-Chymotrypsin, proteinase K, trypsin, and thermolysin. The
compound is predicted to have an isoelectric point of 9.5, and a molecular weight of

3291.8 Daltons.
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ot her pol ypeptides. The naturally occurring versions
of these 7 pol ypeptides are encoded by a set of coding
WO e@posE40 ncl udi ng the codi ng regi on encodi ng PEEUS2008/070511

natural | Wh@%fé%ﬂti 09{)& ﬁfsQé?c%\ndé%@lelr Rolugd(spolg%?tih&?w&hout

expressi on eac pol ypept ts In
t he ipendlog ta lwnliofting, wodpoiondf afcompownst dnbepreSaQidviention, for

o %%a%gﬁ@;egg @ﬁ’\%éﬁf@ﬁ{ %%E@ae{ Hehes e%e‘%gggqtéﬁzg#l S5 hlitated by 7
trangdy ‘1351'y95btf31'e§ t"[’h@'n@ﬁlrhlyr&%ﬁm(n?‘:v@rsﬁ(gs N@riftke 7 %olypeptldes are

response fegdul ator a prepeptid
frodiehé¢asiad byn spiolfycpdipiireg o SEQuilDg NG 0011®)g reglomdcddymm@e

D KA oLl Pront hio S bR, dhaBfe HB R S RGR these 7

16) pol @pttdeé}aﬁlﬂl@ it e pReUREPHF A& rhfouRd e ﬁis@@lcé ®EQ ID NO:22.
|nclu rotease capability to cleave the prepeptide.

Al so i nc hessd polynaptidesare AtesoAnsEreSybE Py ol apohen iskigem

I
seotT BN Gia ol Y il TR REERARHRAR lesponse
1SEQrddal gz (SE), IDSEQ:8)Da PhIpepttftie noddifidz@oh PolNgkptide. (SEQeID NO 10), a
SI mlarity is referred to as structural simlari

s Guddyt mgl spzyyae EYHR AR APy 2hkrp gRMHBItY Rl yp@sidg &%@Qﬁp NO:14),
t he
e SR AR hpRALRIRE D ooy, The AABLHE BIfHFRA i
NO PredBied thhd‘Ll@leﬁlproﬁE@ daDaH\IﬁIy&p CBE@ 1thR*@eﬁ@de 85-1(@ ihBluded in
NO 12,. SEQ | D NQO, 14, s, des
abog)“@ lnwgpa@m%ypeaﬂ %ﬂ %gé ra@tu Slfrﬂ @t%yﬁﬁ&e gpinp peid

15 nve R A ID‘NO@GS?E o YRt § SIDVMI(t)@ 8f EITBNQIO SEQID
aci d&fsue uenc SEEQ%1aV| ng (Peast SOW]?Q;m no aci dQI dentit Q

at Né}iél BINRANChb4, adeﬁQ JeNG: t(y Thﬁtsmda@w igferand tn@s structural

acid i.denti l.ea 83% o aC| ntit t . .
" SRR s oot B dnfiGile FSE0h g Rl pyino acid
| depdqubivces &ite. | £aatid8R%nand Aad @é‘qdéndcdiﬁﬂtthé Nmm@tacldesaﬁﬁence of
87% ami no acid identit at | east 88% am no aci

i deRERH, Ne¥2, SEASID B AHQE 28 SRRAPING:, 10a$EQé]a§‘iO 12, SEQ
$0% ic6h A %
g N e
_930/:31@_m:mﬁ tl&ciindentdﬁmﬂsogmcluéds ﬂoﬂi}ﬁﬁptl&é%lﬁfﬂrmrllﬂﬁ lacid sequence
OoBaH G 1561 BTPEHET £8P0 1o RUEes0 Y Uk b 2B A, at leas
I depddqtahin@hcill /RTiHI§RATRIY, AGHS aélg ‘?cﬂatn'tl %ﬁt l‘éﬁst @El% ammo acid

| east 99% am no aci'd identity to
NO. mentﬁEQltllﬁaSNEj% andEdididaatity] &, 1e®E®%Dﬂh® acm@ ld&SE(y at least

23 B hbieBHh 8 %9@ Sr o AFvadiRe g P b e RO GeBho acid

SEQdefithMQit4easSISY, la i hdid idekdyl B2 18Kt 9 199, ampksShdi®idN¥ekity, at least
12, SEQ I D NO 14 or SEQ 1D NO 16 may include one or

mor 2% ey vead ideatityupidedst 03 Yecuminefcid eng B aldlgesé 94% amino acid

T i

97% amino acid identity, at least 98% amino acid identity, or at least 99% amino

30  acid identity 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. 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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A pol ypeptide having structural simlarity to SEQID
NO 2, SEQID NO 4, SEQID NO8, SEQID NG 10, SEQ ID
WO0ASS48EQ | D NO 14, or SEQ ID NO 16 pref er abPgT/n82008/070511
a0t NOLYSEO IBINGHCSEG 1B 0bA00gESAD oGt KES 18PNBAUNE: SEQ ID
l]S\]I:DQ 1%% 5\‘;@ V\ﬁetgher aqp())o%gept i ge hgwen rSEQ
strmhlmﬁal simlarity to SEQ I D NO 2, SEQ ID NG 4, SEQ

ID NO 8, SEQ ID NG 10, SEQ ID NO.12, 'S | . 0

SEQ I D Némf@%sée ppng st t%@ﬁnﬁama%tegﬁldgﬁgf Sed’fo NO4,
exXPRESSITNY O SERS 11H R@: PolSeend Ndes$2 \@H@II@‘N@H & 8EQ ID NO:16
am no acid sequence in a m crobe, preferably

8i f pridtrallydes avtivitwiof bradueing afeslogiaally @ltllvy cogopaumdiof $EQ ID

et NIEPb oiRbn o FRBoEhedi R R By & BPOR:2 sk

For 1hnad-anseQ IDfN@: 899%@&%@@ BEY m_ng@t UskEor@ NO:14, or SEQ
S|mlar|tyto SEQ 2isto betestedfor

act ININQ:16 hes &ﬁélyltbéale Rpdeemuned by expeessingwine pf BE@olypeptides with

N 4y 5REQLIRN R 5Tk B A Gillop SRR o B Rl Pwitn he

1@r ovthetinlerall g obelirtih@pslysapitidad land Heemtingpriatiee kibtologtally
a conmpound of the present invention, If the cell
pr oa%}ef@scoalpewp%fdhepwaw Yy cBlign warediced dior {nsapoe. ifgpolypeptide

t hehﬁ\ﬁﬁ% ﬁﬁloﬂﬁhly L8 SEge[D th?lsﬁg by &%féﬁ'f&eacﬂaﬂl NOmay be

structu sim arlt NO 2, is active
Pol yxpredsedin desl \ﬂn}eSBQd@emO 4 IS\E@’IID B @ S8 By OMh: 8Ie§3Q ID

2o YOLE) SR P NS NEE RO BPAE o

mol YARE Icsncﬁ%m sgftalﬂé‘ edremd ﬂ)t@&%t% ARohPBGdf t8E hREENt invention.
ri bonucl eotides or deoxynucl eotides, and includes both

douHithe ce\hm0éuq¢g heomppurtudimpNbiclesigalRNAYity then the tested
pOl ¥(21LIC| ]e,d e ° e olypeptlﬁdﬁ \ﬂHCl t?lg)ctturalﬁss‘} anctgq gd{:ﬁy NPDQZ is

nct1To
squ@n,ees and non- COdI ng sequences such as regul atory
sequences. Codi ng sequence, non-codi ng sequence, and
regul atory sequence are defined below A
2¢pol pg)gg L8944 can be obtained directly froma natural
sourc or can be prepared with the aid of
r econbi n@hd pressnr yvehtian alary proheles peilynmcé@mdeq pesferably isolated

poI otide can | i near or rcul ar .i,n topol o

obily RRACRUIET 06 s nosEn. 1oy néwfeatl% feiegrogmolymeric
v ecfo(?lrrl ofSMERAfes %@ ax%xf%ﬁgtﬁséx%r BbocdRIAE Kb nucRbtides, and
fragnent. One pol ynucl edtide of the present invention
| ncinlqhhéss BEDdpIbINANdShglastrinded D@t@s andBNA1 & poly9Blestide may

2o GG A e S Ean e G N e U for instance

shogddindequardes, sheaen-thdh e 6h@04sirdgu1 806,0% G Ihcds. Coding
pol ypepgtjl ge represent ed b%/&g% no acids 3%1 66 of tlSE I D

NO Sqrenagoton-¢adingesgquencead negyl dony wauase gertedined below. A
di S&l?&fcﬁjeo%ﬁe §51Q)e! (Q)tgf%d &Jecﬂglﬂ;on‘rf‘ Htural source, or can be prepared

with the aid of recombinant, enzymatic, or chemical techniques. A polynucleotide
30  can be linear or circular in topology. A polynucleotide can be, for example, a
portion of a vector, such as an expression or cloning vector, or a fragment.
One polynucleotide of the present invention includes SEQ ID NO:17
(nucleotides 1981316 - 1981417 of SEQ ID NO:23), which encodes the polypeptide
depicted at amino acids 34-66 of SEQ ID NO:6. It should be understood that a
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i ncl udes the class of polynucl eotides encodi ng such a

pol ypeptide as a result of the degeneracy of the
w@emenssascode. For exanple, the naturally occup€i/ng008/070511

nuc IRIe

t hoPEPabdE BN R utloerkicchiBa By nfREaGRIBES B SEQ ID
pol Waeptsd ithe lindiedng tHehmckotidwsegaete sleglosat s SHEpilo Nl 1 Atbut also

am no_aci 6 of SEQ | D NO
pol Wmeegﬁ clss o bhRioH tlé%?rtepgleg Mg § PabyPPRikle as aresult of the
poI YBRRALIEE optfheggﬁetﬁrc%ﬁg Nford Y ?fe' 42 daﬂﬁ:!tl}id&cﬁll?'f?l%%ucleotlde

havi ng structur simlarity w t he nucleoti d
SeqseeecediEGHONDI NG but pne eebst ofi tha p]assyof rslc}feefleér gegdences
to as truct r al rity and i.s deter b . .

.t SR ey BB e R S taphite BB g amino acids 34-
(i. géofgﬁglﬁMQprtlde sequence of the candi date

sequence and the nucl eotide sequence of SEQ ID NO 17

to opt i nPtteer phlynneledsites eficodigrit bielakically hebripgbpepti the

t he t hs f t heir .sequences e th
seqnenteeapEn el Rt R IR AR Dl Bl Sy debite

101 dedqubieeFISPG BENCIET. MTheREehilffty hafeadd folsd mtctudzﬁ%lmﬂamy and
although t he nucl eoti des in each sequence nus
nonBtdskragied by mhigning the W@ﬂvesmfdﬁewomﬂmuclemlé%r{aP gdieducleotide
seq

MGG e SR LU EAIEL L LR B w7

f r oto @ptibiiké the magiber (bﬁ,ltientmal m}eobéespaimtgnﬂne (ﬂenlgélsm)gthelr sequences;

reconbi nant techni ques, or cheni cal nzynmati cal
syngHs<R sisher op %ti]éF‘é‘EﬂnﬁeS FABCTHULY tm @a@ ArBentLp eyder to

1$ oggﬂ[rﬁl‘%e WRI Rt St %&Eﬁlu@le@ @&%ﬁmﬁ‘gh e R15H s in each

pa version 10.2, Madi son or the the Blastn
pr ogerqamoefmttsh ROIBIIAKFs 2orEA e thedlpgener divier. Aasandedaty selquehce is the

by Tatuso et a F ohj o] Le 199

V155 ne anoisoap P 1 SEF Bugh citaipReapitgacauence may
Vi bpe fsOTatddTrdn® B Befi Rlbat R LINE@hAEbe SroticddBisitoatdtbiRht

the National Center for Biotechnol ogy |nformation,

Nat feshzfivasnetdhemicatly of em@maﬁlﬁallwy@ﬂ@mm yPrefaneblyepauugleotide

20/ al %{eﬁgegcgg @lcomglaéﬁ-{ls %ﬁﬁglpﬂr ﬁg&{ltﬁ{n inEGHT clézﬁge z(vers1on

I NC ng rewar or ms
-2, I@D,el‘{?[a@aﬁh WH)J ak the t‘Ee Blas&D(ﬁrengtrmf tﬂ(ﬁBL{A@ﬂ"&ﬂ deyirch aPgorithm, as
gap x rdsi ze =

. d
opt @eéﬁlalpqd))?y ?W%Oé(% al ks H‘é’lcﬁ(&ﬁﬁﬂa’reﬁslgW ]f74t'1%%8 730), and
nucleatid %@&%’f}@ WOQ‘I‘I(PWIHIQV\IQBefO$§'Q§-EC§ %9 bhtah 8t mtamed

structural arity is refefred to as "identities.
Pr ebethabNaiona Grotey fucBieachudo gynbifudesion, Namnlnebhnstdetes of Health.

h I t d
25 e b ey e At worston e Cyh S, f Pt ael et dactuding
| deftyatd/for Alatdreastpe33ty M%l%ﬁtbﬁi& -D A g"a?! peiddityl=e8i%ktension

84% nucl eoti de identity, | east 85% nucl eoti de
i degdpirepaltat 2| gapst ds@%fﬁuéo,eazpmie M emrdsize = ht, apdaptionally,

870%]'?%";: l °9 ltglfh%ecglgg)t%plt bl nggll%otzéee 88%n?c%% Jls%)%ihg%LA T search

i de ["'eas
90%1 gmhemﬂrﬂmlalemmbmy 1§Eefélﬁéﬂstb af lPdeﬂthlﬁ?dse'OPﬂeﬁQably,

30 I de;otl;/rsuycieo?lﬁie lmecﬁlsdtes g %?f:lgcgjt?dleesgcgllleglge lllgv?rrlg allttlgést 80% n%glegtlde
identity, at least 81% nucleotide identity, at least 82% nucleotide identity, at least
83% nucleotide identity, at least 84% nucleotide identity, at least 85% nucleotide
identity, at least 86% nucleotide identity, at least 87% nucleotide identity, at least

88% nucleotide identity, at least 89% nucleotide identity, at least 90% nucleotide
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93% nucl eotide identity, at |east 94% nucl eoti de
identity, at |east 95% nucl eotide identity, at |east
wOswnssalkeot i de identity, at |east 97% nucl eot PCEUS2008/070511

i de

| ea Eééngéf A)aﬁih:%%tgg‘%ln %?é gﬁﬁeﬁtyy q?ﬁ Q@%vl%) k%eot?d'f 1@$ntlty, at least
Pr ef%%ahjcje,ouée mlaﬁﬂltgpzttllemt equadeetideademyy,sit taastt W/ahucleotide
simlarity 17 encodes ompound .of the

pr e ddsht ﬁ’i/lé?‘ﬁlt ng %WH@G }5116’6tlltédg‘"ftg%ﬂ5t 27% inggF?/t“% 186nmy’ at least
Opt '99%6}Hc}’eot1§e f?i%th?u&] ae@éagtd@% ﬁga&atﬁﬁhdén%ty R'SHEYD AD:17.
structural simlarity with i'ncl udes an
addiPréfenably, muadlenide deqxwecmlmvcu@ dtmmaltfddlmnhamg fabeQyD3NO:17

or u treamo NO 17. Thi 0 equence
encRLeST R I o bOSER BT Ps THaE TG D

term nal opeehAR, 9{)01@1’1@019&%%&!&@@1 tb Ntthal g kB IRMRUsimilarity with
duri ng processing .e., amino acids 1-33 of SEQ I D

NO §EQThENE: Ww@bleléw aﬂe@damam@tﬂoad@@bqa@nq@d@@é@tmu@@dlqely 5'or

- 99 fSE sholdbeundr t

pol Vﬂ ot 85‘% n od #Thls %po Ofllﬁlesﬁﬁuedle rerécﬁiagssaeﬂggée pglﬁle

1@ Beré@pbsliind to3Be @fmrﬁ&@ﬂn@al’\l@@@n oS theGirepebtiild @dt it @erhéveed during
nucl eoti de sequence di sclosed at nucleotides 1 - 99

SEQPTORENDE! € bURInglagisil nt Qfo’G@sQ RGP aEfsES%flucleotldes are disclosed
ol h
P2 AHELPTHPSor gty 16 8957 8 AL MPERIL A8pFcy pmucicor

[ SObl&HOddlgpquWp.ephé@tdpdE&lte(hb}den@ dchiz 1a3d oftSE@ MIiN{D is not

regi.on he prepeptide include those havin

str E&“&g in e rpfled {4t SFaYGneR displessii i PaEeT S 4 %8&# SEQBP NO3,
lf‘ucbl‘?toiléodiﬁélu&s thOSa&f of%%@nh@egge% enddBnSéuthla g;e olyp¥ptide a3 2 result

referred to as structural” simlarity and is t’"érm ned
by afﬁhgrdcg@etaheot"éslgﬂu@@ @iet he two pol ynucl eoti des

.e., n 0 S nce o e candi date
sequence ﬁ?f& kfg?dte%ogyrﬂlézge%gges %O%flg %@(ﬂnf 1B f§GPae! gegion of the
deSFfebQﬁQieQ@&M% th&¥ea@ Tty ctusdl §iniBarip@ vith ied @R1dotiee sequence of
i ncl udes a nucl eoti de seguence havi ng at | east 80%

nuc hededtiges dQPnOf SﬁQ I8 NDep dthe sm%emclsééﬁerr@é tq getituctuyal
t YA
ﬂﬁuc%le o%hgﬁ ;8 d | A y?’lééj?y lrllgé‘ﬂ%é @1% g/esz%ugF 8@?{5 é‘§’§ 6‘818/nucleot1des (i.e.,

at ﬂea&bk&&% sta:qaéneebf dﬁ daniditite kyquente dndasicle8686s 1 - 99 of SEQ ID
nucl eotide identity, | east 87% n cleotl eld

nt NS geraR et eetoraing Juely 2 pg b Saaideggp s mitteoiide
n uc%e%ﬁ%ﬁc@%a\zﬂ% 1e‘é§f 8094 mllc@é)%tde 9&1@1?’ ol 18k '8@‘% ﬂu@%@ﬁ&é Mentity, at

east 91% eotide i1dentity, | east
n ucleeﬁt&zehenumwe identipt af leas 83 %mmud@xdtnt@tg atd@st 84%,
st 94

Suchadiige b riiy o BEEp kiR 830l audepegs denit

at heast 3 P4 b6l ®olbsiRy] Aokl 8896 ndéledtRRSUerBYlat least 89%
nucl eotide identity, or at |east 99% nucl eoti de

i demqlwldﬁ adentity, etitea&ﬂQQ%lnucleggd@fdeSEQ 3tdeayy B/ nyplgotide identity,

pres ent. on ¢hud e i
B LR AP oo
f achihdiéotide idnacy et legn 99% @c(‘e@ﬁ@@iﬂﬁﬂtl@f atllst PR R@Bleotide identity,
i nvention

30 at least 97% nucleotide identity, at least 98% nucleotide identity, or at least 99%
nucleotide identity to nucleotides 1 - 99 of SEQ ID NO:5.
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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These pol ynucl eotides include SEQ ID NO 1, SEQ ID
NG 3, SEQIDNO7, SEQD NG9, SEQIDNO1 1, SEQID
wWO09aR44@nd SEQ I D NO 15. These pol ynucl eot i PEBUS2008/070511

CUNEIBIRG RIS TRND s TR

r espeliisiedtides klicosia SEQUII DN Ou BHT Do : 4 &HQ &D NO:8, SEQ ID

ggl(g&r%céj%o@ i enCOdﬁ@ﬁ hD I\%E@X,Pq%rd)}ﬁl@%g ) R eqs %stne@dtn/f . It should
SEQpL Qg(%%to thatsgﬁ g tﬁ%ﬂdé%nco‘?ﬁngﬂzg) g&:p't\#ge rép@eskﬁte@g% SEQ ID

limted to the nu e sequence closed at SE
NO NO: 7,%@HDN@43SESEQN@8NSEQ IDSEQ: 1IDSNQ D, NSEIQ BBQ ID

e NS S RECTRS: (158 15561 | RIcH &)&F&gg‘e@iﬁﬂ@&awacg%éﬂ%?d at SEQ

pol yperd.ii IeE@IDaNh 8s BEQ 10f thﬁ s@gpﬁﬁﬁtﬁ@){sm IH ®:11, SEQ ID
genetic code. O her pol'ynucleoti des encodi ng on of the

7 pdIGpapriSEESID N&X 1, ot dlbq mckhidexihe skiss @ﬁ'pc@jfnualeotldes encoding

d of t ' ' havi
R e T e
16EQ I D NOtHer pSIs&ud1EbtNGE 8ncodkR dnd e 7 polSb&Ytides ek Rcilitate
SEQ ID NO 1 £7°SEQ ID NO 13, or SEO I D NO'15. The

si nPrRPIStop Gfe commperndel the pesenstinyeation aiclude hasahpvipe sieptural

is

vot STEHERE, PG AR EILAR (bR G SECEHERORL STRPIS M-, 850 1D

canwmatﬁ@elqmeesmdmm 1Sk dabiNie: 139@@@@1)0«‘0 SEQhe
escri bed abovaialélprefe

d
poI ?%éﬁ@’o&s FRfETPhi afglEctyr ar@b ig éatﬁawesd Rygligng the
14t l‘e@ﬁ%@s Sk %k&?ﬁﬁ%tl‘dgée@:t g Lfe n@éle#tﬁi@%g%&ﬁc/@ of the candldate

nucl eoti de 1 dent | east”’82% nucl eot | dentit
at S@lasmce&ﬁ%thmmcmtldd seqmdlmﬂqftSﬁQ HY NCebjsts dgeipbbed above.

nuc eld st 85% nucl eoti de i.denti o
o R R S b R O o R o gy R

n UCh&%dti@@ idehaRL bt Mast 831% ﬁ@&bn&@%eﬁu@l 809¢4s6€2% chabrebide identity,

at | east 89% nucl eotide identit [ east 90%

nucitdenst §&0ingelepiidg/identity] a deast W@h@l@@@@tlﬂﬁéﬂm aeleastidy o
2@t +§c§‘§ottlgg%(§)/é’gﬂﬁ{f lael%ét %5%1' nql%mbhgé( 5906 é/' §q§ | ag?”/ glelclteottlde identity,

nucl eotide rdentity, a east o

at htdest 8%%@1@6ﬂ1(ﬁﬂlﬁblﬁﬂy,l aﬂemtsu 895 nadledtRrI8er®iboat least 90%
nucleotldeldent st 97% nucl eoti de i dent

at Pedeotidogbentitye Ptels%%t 8é%| rw@}?prlflfg/ldeaﬁltysl%t lpasg&d”% glg%eotlge identity,
n uc Ng@ésk 9*%{% 6@1@1@5‘31&63’18&91 %Qléag Wi n&cleo?ﬁ% 1&&)&1 a@kea?@@%

SEQ}LIdIEoN@e 1d1&ﬁt1tyPatelfsat ablonuckotide 1dentty de I%qﬁaﬂ% aacleotide identity,
AT AEIERALE - MR X
NO: SES.IDAOSEQEHRDNGD: 71%15 I\D R@:0 M@ e NGt Y, SEQ ID NO:13, or

produci ng a conpound of D NG 220 Testing for such
act PEQ) NQ:1dePeefeiably, abm)eotldﬁ spauepneibiang trwtusdl sithdarity to

S TR PSS g . s

phageNCe ps B §EQAID WOt 15 haird the activity of producing a compound of SEQ
30 ID NO:22. Testing for such activity is described above.

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
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19 PRI ReRIck dRmahistha B ra%%@félét V@(Yt@ﬁtrh%nln‘éfudéa cB@Qﬁ‘Pégl

t hereof. As used herein, coding region” refers to a

nuc kbeotlinge péypeptideot ﬂhapre@m aaiestion pod frpepeitdeerenfdAs used

rcalrRrohy i ERiohb Fiin e Bu i RBRERi B Cencodes a polypepice

pol yixk Pihiefl @lacdd @nded tirdakhireSoflbppeiadirBgl it6 6 RBudices expresses
generally determned by a translation start codon at

i t st enggeled pabyraptideahle hoyndariey o codihgrfesion atesgegeraliyid
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suchiead a sel ection marker, vector replication rate,
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eukakyahp Goﬁs%lukts sucihis S%BleEScH MAKYE Q/E&Br &Phéa‘?lg&ﬁ 'r£t¥ and the like.

i ncl udes”regul at ory sequences operabl
c odbwmitpbledigpisoeells Aor @gmhgbocgprwmgehﬂ:@ect@s hermmrfireptoikahs'ote or

equence. th regul at es expression of a coding region
23 & Ko e £l operably Iinked. Nonlimting exanples

of regul 3h@kNreSESHERERDpliHEANIBIRIR 4t8ry sequences operably
transcrlptlonlnltlatlon sites, trans ation start

Si t lenkedtte theslodinigangion.op regufatery seqneneeisminvaleotide sequence that
t (hqéreer %p% ﬁ)lé%rtgés(s?gnoofr ESC{r'nIS rte%lo% rtée \lf\lfli(utﬁ:%pp St I ogllgn n%:(? ﬁonhmltlng
examples of regulatory sequences include promoters, transcnptlon initiation sites,
30  translation start sites, translation stop sites, and terminators. "Operably linked" refers
to a juxtaposition wherein the components so described are in a relationship
permitting them to function in their intended manner. A regulatory sequence is

"operably linked" 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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permtting themto function in their intended manner.
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of the present vention i s present” in one vector, the
pol When heot ihde enempylybecl ertglanif fedresentinyvepenonpresend in one

operably linked to.the sane prompter | ocated upstre
of YT BOISBRUFHISCT B gt FaPnEHG PR and OpabiS Hilked to

Al t §EBhL ¥RIYoter TBERed HRRAN S TR RHINTBYoioh Ve oIIJ_eron.
expression of the polynucl eotides. For instance, The

vecAbernptinel o dure thanrene peorheiet mee {ifiveogrpresaian oy thermol ygekgotides.
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23 B AT TRe NS TREEROTO GFeRP g el o amples of a

| NVERLEOR g lighcRlafseLERed 8t d EFeb LR CH S k%ﬂﬂa&jfcg? ampicillin,

conpounds ‘of the present invention. A netho
pr ochlamgheni conpwanydliod, nedrey@nesdreruthropsiets. on

Methods of making

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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may i nclude growi ng a Bifidobacteriumunder conditions
sui tabl e for producing the conpound. Typically, such
weendioss4ans may i ncl ude growi ng the Bifi dobactRCT/Uus20081070511
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D LAl ol 2L Lo, 0 Ll M D, ey

r Oubbtﬁf?}e@ﬁ@nkﬁﬂ%whdhat hetBéds foS6Rainfn@ra BifgbRRERium from an
Kullen et al., 1997, FEM5S M crobiol. Lett,

154i@Vid@@3re ropte andikpawn it arfsee far iBstanrs, §vban etphy 1997,
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UL, T 0y 2D B Axsestl g R, Ol i by
enzygiginé Aletiab | AOPRCLSEL AL 1A adBYitiBF BG4tb a6 PRGIPNEIeS Of
30  phosphoketolase, a diagnostic enzyme for bifidobacteria, or by molecular analysis of
the 16s TRNA gene or the recA4 gene as described by Kullen et al. (1997, FEMS
Microbiol Lett., 154:377-383).
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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the 16s rRNA gene or the recA gene as described by
Kullen et al. (1997, FEMS M crobiol Lett.,

WA 2009878448B883) . Once a microbe such as a Bifi doPemUS200816M0511
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e EGRDAEE S nce. di Thgar bt oy BieTDHge B i B Frenton can
| NVBAKLSMiIEAT PAnAIES &Fith. e dfePibl A AP0l fiu6ibii @ is amplified by the
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syn ; . i d si
e
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as OMIGA program, (Oxford Molecular, Ltd., Oxford, UK). Factors that can be
considered in designing primers include, but are not limited to, melting
temperatures, primer length, size of the amplification product, and specificity.

Primer length is generally between 15 and 30 nucleotides, but can be shorter or

longer if desired. The conditions for amplifying a polynucleotide by PCR vary
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30 invention, a lanl of the present invention, a lanT of the present invention, or a
combination thereof. Preferably, microbe may include a coding region encoding
SEQ ID NO:2, SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO:10, SEQ
ID NO:12, SEQ ID NO:14, SEQ ID NO:16, or a combination thereof. A compound
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methanol extraction. Additional methods may be used for further isolation and/or

30  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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30 (EDDHA), desferrioxamine methanesulphonate (desferol), transferrin, lactoferrin,
ovotransferrin, biological siderophores, such as xcatecholates and hydroxamates,
and citric acid. Preferably, the chelator is EDTA.

Compositions of the present invention may further include at least one

surfactant, preferably a non-ionic surfactant. Examples of non-ionic surfactants
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conposi tion can be formufated in a
30 1ntravenous, 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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prepared by incorporating the active conpound (i.e.
30  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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30 Powders may be formed with the aid of any suitable powder base, €.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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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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and the EDs (the dose therapeutically effective in 50% of the population). The dose
30 ratio between toxic and therapeutic effects is the therapeutic index and it can be
expressed as the ratio LDso/EDsy. 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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present invention. A conposition
30  survival of the microbe in the composition, or may allow better delivery of the
microbe to the large intestine.
Such compositions that include a microbe that expresses a compound of the
present invention are often orally administered to an animal. It is known in the art

that bifidobacteria can be incorporated into different types of food products. In
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the present invention and inhibited include, but are not hmited to, members of the
30  family Enterobacteriaceae, such as Citrobacter spp., Edwardsiella spp.,
Enterobacter spp., Erwinia spp., Escherichia, such as E. coli (e.g., H7:0157),
Ewingella spp., Klebsiella, such as K. pneumoniae spp., Plesiomonas, such as P.
shigelloides spp., Proteus, such as P. vulgaris spp., Providencia spp., Salmonella

Spp., Serratia, such as S. marcescens spp., Shigella spp., and Yersinia, such as Y.
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of such signs are routine and known in the art. Accordingly, the present invention 1s
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.
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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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fish and fish products, egg products, beverages

asepithaaf FVOM%Q@W fh@dcel I pradughelnsti othar %?H?F@sﬂlﬁfco?“ﬁésmon
or P

1§00 SR A PHROR APT e WG Y R8s Y

f oodomp@:sdmt to fdmd parchygmglmmmlalsemch @s a caung acefiof, agdtheieafter

f ood products a di rinse ray, or by. .

appPPRANE Gif Haﬁ iorfg% quérsugﬁc%ﬁﬁﬁ H}ﬁ’f %G@WOXIEO@ corges nto

i nj eGlhQWith the eﬁ@r‘ﬁ@%’oﬁ s @i FBYhdEptRRB kfuAStode used will depend

mar i nade, breadi ng, seasoning rub, glaze col or ant

mi xtlpmethe andictlhefdodipsodust tods tanatqdmg ¢let mpthod gsddeto gy dhe

28 e RS RO S DR S5 B IR Ry vt
pl aggtrinthatiepnt act with the food surface by appl yi ng
the conposition to food packaging materials, such as

casi ng oProRidticlapplicatigns ¢ diongp 9pfﬁéeqtﬁ1éventlon lnclude for
paﬁ'lé] a%n | 8%16 %12 Prlglécrgl?e 8?6?%%@2% B%an&ﬂﬁz%ﬂﬁztém} )Q()?per?sr?l g a co Gpound of

S ur f}ﬁ@eseﬂhﬁv@m‘ohmm dsmpndupplenteet erssd fadd 1ngdﬁm11ﬁdf he uses of

pon the particular food product tao be trﬂefgited.an(% the11
2ot hifobadieria s B PUPHEME opingR thepart el oyl Typically, a

andips 1bhGelian QXﬁr%sflr?gCe? co%gung 3P RS réRRERTERE iP¥dministered to

routrne experi nentation obi oti c "applications of
conpositiabinsneed tlteh@fpﬂ%@zﬁtlobammn cml tierpeliminlisteredaas a biologically
i nstance, use of a mcrobe, pre

Bi f PHSEHEREr P12 BREH WETRg A5 UE Eihn Gpixed culture s one

containing a Bifidobacterium and at least one other microbe, preferably a
30  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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the present invention, as a dietary supplenent or as a

food ingredient. The uses of bifidobacteria as dietary
wGapphssents is known in the art and routine. PCT/US2008/070511

Typi cal | a_Bifidobact.erium.ex SSh N

TRt PR SEhT R BEERE) P FOROUI B presnce

needf thaexiedbe inlihe aBintdl dAbagkhehistamedT thepgdabat:atier gdicates

as a biologically pure culture, or as a mxed culture.

As inhéhitiorepiiha repdicatifnaddhe mifrelia thagasiemtshpalitiaetyf the animal.
Bi f i dOba‘i‘”Bg é’pg%@gf&&t@s LS regﬁgah%h et bmn%;ﬁ?gg ’i?clude those
preferably pr okaryotic mcrobe, nore preferably a
secondedif thdghaedietesting trinef artiiod] ohei the Rifi@denterium is

i nvention provides inhibitin% the replication o

. f -
mi cAHBERSHR.1ERE YErebruh R as titiedhoadrig die sasiraipiss il ragtpdier the
| ar ge: ) 7 i ' AR bRGsihOa abx dof
o B P 5B B 4 e
t hetheressent inventientchoalso Hhesateth hodethed/ for ndtikitieg the establishment of

measuring th presence.i? thegﬁitnoiptestinal tract of
t hedMIEBHE 5 SHROUHATIHAL EAf! OWHEFE R decr ease in the

1P esenceaQbikPSroBiotE @Plidaloh RIS ARthods foRfestablishing a
adm ni stration of the Bifidobacteriumindicates o
i nhiBifidoberiersim floe ineplaniaali Jchof flarhés expesteb qompetiively inhibit
gastrointestinal tract . of the ani .. The - -
o o GAbuBe st bl TRl AR B Jggromtestinal
t hoggctP MBS @Hthddnélb@esgastifisterih € & dnnalimbir BB idobacadrium that
ani mal when the Bifidobacteriumis adm nistered, and .
m cexpesses heampguadohthequercatiny entione  pmiethor alse Shlyfies measuring
ragt i st LR L sFighSder dPod of 1
1" B Sk e oL S RRBRh R LT e s R pH R s LhdRod of time
i NV &iloivaine thandaisardienus difidabaaterenftaa fsaonsidériedid baeptablished

the establishment of a m crobe jn e roi nt esti nal

L1 2t oA RS S IERGRO St e ARB PGt s per gram
i nchpdess PRIFBANS, 04nesl &bl /13138 oBldultdRRaG IR hh Wiant,

flora in an animal. Such a flora is expected to

c onpetudinga iynmatirichprematvee, abinantry infhntotlhe praseeimpgibed ¢am be

stabl.ish the . as a flora in the :

2o B et R T3 T o Bt R ngg,and in humans ha
adnmfieta théiondrhabiht@fhdlgloramBufficd ® afoh efstanoe, tdi@thea or by drug
expresses a conpound of the present invention. The
net Hexmghsioclogiag aadkiote sty 9y cheeothpi@agence in t he
gastrointestinal tract of the Bifidobacteriumover a
period of tine follow ng the adm nistration. A
Bi f i dobatThepiesdit idvenidor 5 iltusasicdéyable foblobvéngstalpldésshedto be
in an_ani mal when there is at |east about 106, of t%f

195’ are to

2B f P@@?ﬁ%@‘?de@?ﬁ}ﬁ? PRESRIAL esIn ey HiRteEIRlss FReYs: BRE PEICK
t heb@ﬂﬁ&ﬁ}e&&idﬁo&%l?ﬂ%c@%ﬁﬂée With UL HAABPI RS 8RR invention as set

i nf ant, Ing an i muature, premature, or mature

i nf &mth hefdim. present net hod can be used to establish a

Bi fi dobacteriumflora in a healthy human, and in

humans that have had their normal intestinal flora

nodi fied by, for instance, gkampges or by drug

treatment including antibiotic therapy or
3@henot her apy.

Example 1
Bifidobacteria are frequently proposed to be associated with good intestinal
health primarily because of their overriding dominance in the feces of breast fed

infants. However, clinical feeding studies with exogenous bifidobacteria show they
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The present invention is illustrated by the foll ow ng
exanples. It is to be understood that the particul ar
wex@aphsas) materials, anounts, and procedures BCEUSMOHET0511

S B  Rh ASEELEEORS 1 L v

Exagpdven dutBié tidqleact eria are frequently proposed to be
associated with good intestinal health primarily

because dp ferarthonnserstaidyg o grnsitertienyaiiop et meg dg ogurring in
bre %%do@§&6ﬁ§éﬁ@}§i \a/'élg‘ﬂﬁ}’rﬁcﬁ .’theccl:%nyvlv&t@ %g%@@éé&ﬂe&% W@ Shtestinal

W t h exogenous bi obacteria s nN"t remain in

§ he idohite HifidbaceriggdstdurgDi QYA they wae senicaiipetitired & the
fitness when grown outside the gut. To further the .
und&PeaRTIi(iFsS BAn 4@ sERSTRICRE) BRY) SRmEed it t%«}f_r Fgylture collection
occyrtihNg bik: b Nicdobas tefid (?m%élntsé‘ﬁ Fe%eal%c@ﬁfe%: nadmkHat

conpl ete genone sequence of an intestinal isolate, ‘
Bi f exlobiat leph senuknsegdentiDd Gk Gt fidrathe presense of habhigue DNA regions

cul tured | | abor.at or. than 20 td .
e blat o BRr A e, BB BERRL A RRE e
161 I 8dgonsBncd RAPHNCERI@rse flicok FlofOihe DIVRBAGRNnome and

col i near genones that exhibited hleg sequence

i denn¢ frgm NKEBTAS, tagodedh sensrabestsre pregfcterizio baiiejodvedadiverse traits
regions i train DJQ OA and six jn.s ' -
wni Py iRty i L0 ohlntnl Y S A0 olbiaddgrice and

pr obelybsutfzatlby, @Feicfrenigincennd eingbiotit pesduttien. Bd@n these
genone and_one from NCC2705, encoded gene cl usters
pr eHlGHR EREQRS BeTs FHEgPfedibY A bafevdsyiglion fndiex anglusis forhane been

150 ngisgly@[ht%ﬁﬁ&ﬁgirgiﬁlN@ﬁf‘ﬁ"}d'S. HREE is &B?[gliltidlt&ﬂg}l ¥DNA remnant
ol i gosacchari1 de and polyol utilization, arsenic
r esistrawitieinand of thetregibnt dtidl rpmethirgg indhe gGeuernf NCEH®Sat the
uni que yegi ons were su sted by a base deviati .
| ndsmalERy JhE EEeled e BE SIS aaT, e BrgRe f bpyalidated
st r §inBn MK 8P RRgkestab Bl BrsyP ol BBUAREAGYFYr BO6MN enerations

remmant fromw thin one of the regions still remaining
i n tdseltggeindwe loke NEe2WG50Re intaHantduetic dngedisg repiprs analogous to a

arget.ed | . of ' i Qns ri t V.
20,51 PR Rty SIRTNE RS i mliRe Lo T Rl ¥powed o
t hesigaBehatreduted 06mpetIRQ aBRIME 6 BthilesetiofStthinedaingt Co&ridium
e deletions, one in a lantibiotic encodi i on

| ar o . : S SILon,
anallfislssnd & sobridsidelesl 19808 M8 RERESALV &35 swhich were
Si i ' t it i hbG@M e other deleted
r egg)£ c%g cg%glgﬁeinl%geﬂ[%%l '1%ib;é %&?{W&V | elﬁ gﬁ%efrﬂlblst § a][llenO o deiee
agaragidn Kdréstd b doweinctlis$ 6 mobik: derderts, teralad mobtile integrasechssettes
regi on_was between t I S30 ements whjch wer .
2&&\@%@%@%& ﬁ%ﬁ%@%@%@&e %e%ﬁeélm%% WmAEngEC dpietipmevents.
the genofigiefher gén!&ﬁﬁc el gk eshdnagdinn A Aab Stk AcNMelallows
class of nobile elenents, terned nobile’integrase
casbiitdbbacteria 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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(MO substantiating the likely role of these elenents
in genone deletion events. Deletion of genomc

wo egpos40 of ten facilitated by nobil e el ement SPCHUSO&070511
bi fi deob I d [;0 j t .
R e R
genepautIn$342ana dvhabtoneiodt beility foasmpafe thzgehdthe with one from
conpetitive abiljities in the gut. Results and . .
Di sédgainghataas dtiberaielyuBienally SrtuEcdn vitiInpy PEYIqeieainsights
B. | ' T : ' ] 1
can R hEA b oD s [FOERERE LR HSRONL Faman lage
f or gat. deedy Bslated and mvininealBnahltodpe t@gim sttasistvedoe tlatracterized
The genone nce of the cylturecoll]ectian strain, .
. PORGHT RECIHOB R Sekeiet bited gp Its PAODRETPHY ReibqctcAlogitically
SCI i 9 o8 det b2l thddal th_e'pﬁmﬁl\éﬁbllfl @ﬂi@er@ﬁ%résﬂ@'?ﬁlibdnt, VIS Patent

to conpare this genone with one froma strain that was
del NoebA#€6Y2)rh nharadtbysticuhat appairédatientated meall pultod epélection and

[ i ght's. f eat. t be. | tant f .
i eoBrstneiepgRheE Ty b nEhoidn BRek ot als
10 sokafuefcianes &1 RblaR thM_l%%%ﬂ@ﬂn&laﬂaQBﬂiéﬁbﬁ o fSoYiB & the

characterized and strain OA was sel ected based on
i t s ingessinenEtetcoatnldte gonoms fsaeense pbdattiaemppydgeimicsidiand

ot her_bac iLa thr h [ f 1S

(O &R sle\:/éacﬁff on “g%}?‘g %{xloxhgsonge{ %%Lé?/éf%q?tf% g)l?sllrggg, 86‘&53#}& and
chapBCIJEn DS that wehadesafipdaredodly @reahé @'Sullivdnl, 2004, UppEEnviron
col lection and comrercial bifidobacteria analyzed. It

was Migepber 8P, Jé1R8dt8d) f or genom ¢ sequenci ng as an

j5solate ?@ﬂ ral dSEIYerRBEs SPRL BBk, @4 B163bA YandhO MHelcBromosome

originin the intestine. The co et e genone sequence
of bhBslosguaDIOWS cderined &38d, 783 dpcwitk 68116t Gf Conetent and 1,990

ci rcul ar . chronosone d crypti m ds DOIH OL
andeHOGBLEORS PR s B UTh PBER b8 Ibae! § e B amienee (S
O Sl phili¥asl wel PREoneAROphaEBR VT dbBN1 M1§ Eelingik cRAQ&eristics were
72:527-535). Ceneral characteristics of the B. | ongum

DJ iAo gpen dnerai TNE TP draxsentet eontaBied| apregtrmtBy &1 8r: GCT encoded
ont ai..ned 375,792 b ih,60.,15% cant
2 ’9661%31(‘:06)5%%6 (éfeeﬁlgura P Mosny gpg nwro%ogébé?g@]sg?7‘1‘%13392-8705).

§e Eontanrni g rour °f
t RNAS dorBudaps efidlyastoeagd e ¢hi§ IOV Afiaelnas fraguentll usalstRNA_Ser
one prophage (Table 1). Its genom ¢ characteristics
ver & BA arongags vhwediis aphthremostessd tRNAeper for thedhfaieHPO10A

an QRN% i REOGGHo Ry sdiSctRE € for it
(Ve g%ﬁ% f a@%@ﬁ@%ﬁxg pl %nv? ro I\fcc r O%P%F\QIZ O%TS1 ,S p7resence on
1: 86R2r&tAg}.. Whibelboth gsagecsanataysidsRYAGyvED evbrgtantihe geid, the
tRNA is the nost frequentl d tRNA Ser in the .
25 oBHEGBOTGiRF BGISF for ARREY iR Surthlans ??fmﬁ?_ gppraghye and
t he o BanhiQB GMRNEE Qo GRARETE rdikald 61 Alorn ARk PhitGys Bor@Anslation
evoﬁut lonary selective pressure for its presence on
t he witholdsa gmindtidse sipoiah tmamneth edotesia hskpul Rks st #163003, Proc
eV e 3T S, #2009 900:11207-11302, Min et al., 2002, Proc Natl Acad Sci
USA 2002, 99:2678-2683). Both these alternative pathways involve gatABC, which
30 s present in both genomes as well as g/tX and aspS involved in the glutamine and
asparagine alternative translation 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 IS3-type IS
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correspondi ng genes for am noacyl -t RNA synt het ases for

bot h asparagi ne and gl utam ne are m ssing, suggesting
w@20ehssamce on alternative pathways for transleCT/082008/070511

with th ' i.ds im | ar n [

N

100 adaldgfié MICIgd@RentM1dcagdd iala.nond(82; faBlioe rdNaivie td\staadn DJO10A

Sci . USA 2002, 99:2678-2683). Both these alternative .

pat HkSpEng est demgais ascndedineepiied Figr 8k dierestinghpagalysis of the

gen . ye ;

o1 e ERgtices S Bll B AR BRI ER J aydsbis (GeneBank
Pat ARAYS? Yo s exclli ag ekher irgediabldnicicaitj Bagrterhides pABRIGSRE),
translation r Int erestingl he. B. 1 on enone
contartacbyd P el apﬁ%e@%wd@%é)s Gidiag eHepIC Slemens,
CONSl Skl tRdse kRN &6red Hafy%re%ﬁqu‘é QNE LGEUSt dSAERAERERS
flanked by an inverted repeat and a palindrore
st r bdtdab&tgmndwi ched by two | S3-type | Sel enents (Fig.

1). Analysis of the genonme of B. | ongum NCC2705

reveal ed three anal ogous M C el enents, |ocated in a
1MonThb1Bea0vEas bhARctERtRE b¥ e tenshésA B, BV Atrains DIO10A and
i ndi cating these elenents are indeed nobile (Fig. 9).

I nt élﬁélitmggl y, analysis of the genome sequences of
anotter—Birf+dobacter+unrspectes; hJO‘fWIXUi Ubbb!t\fié 705
(CenoRank, ARY0gR06) . as well as otiigrdynt eb_tlqumo
bacperiigcBact eroi des (AEA 5928) 4okact obaci ldoys

( CPRAORBIbiasraind E. coli (U00096), xdichniok kbyevieak kil C
el ements, suggesting these structures may be unique to
a sabset of closely related bifidobacteria. Table 1.
OveFadlgenghar act eri stics of the genéffes of B. 17dhgum
st r Avarse @@t (aind NCC2705. DIA OAONCC2705 SilZe of

chr GF6Epe B, 375, 792 2, 256, 648 veral | <§+7 5% 60
15 BY° SPURATAre0r) pl asmi ds 2 (10 jdild 3 6 kb):T (3 6
kb) “G&nes “Tot al genes 1990 1727 Average gene 1 éngth
(PPYnidR3dudddd CGene density (genes/kb) 0 838 0 765
GengGOgichE ugleGaRt age (%) 86 4 8563 Gene G+G1%6 1 13
60 Béndnirguiguegeqguences Strai n-speai7fi c uni ques genes

269Nunbér dYgenbein wdue tigioggue regi ons' 21§ 6 84
Prophage 1 1
Number of genes in prophage region 57 19
RNAs and Repeat Sequences
rRNA operons 4 4
tRNAs 58 57
Tandem repeats 22 23
Mobile Elements®
Mobile integrase cassette (MIC) 4 3
IS3 family 13 14
IS21 family 10 7
IS30 family 9 5
1S256 family 4 7
ISL3 family 7 12

1S200/605 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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Nurmber of genes m uni que regions 218 84 Prophage 1 1
Nunber of genes m prophage region 57 19 RNAs and
wepeass4s8equences r RNA operons 4 4 t RNAs 58 57PTHIS®NS/070511

repeat.s .22 23 Mbi El e .
oo B2 Critty gt SR Soagh Bk cPulSRHoSS e ap prophase
| S3Pedeaim $tyaiPDIONGRE6 famly 4 7 ISL3 famly 7 12

| S200/ 605 famly 1 1 a refers-to unigue regions—that
engogg fgnc_tl onal or hypatdagtdpraat ccg@neBrophagelddfs r egi ons

> [

Conpari son of '%‘é‘h n@oe@dOﬂux1maageeqb®tw\eEmnlehrEmmsramal

and ﬁl ophage-en DI Non=p agg genes
Prophage genes , 2Nu Fi eqygncy er s
Frequency Serine &416%%5 20 5%8 U?:E??GSO%?% 45
169 1 53 UCA 2277 0 g%g; 33 @03’50 UCG; 9031 1982 97 (Qg 88
AGU 1837 0 27 19 0 LGAGC '135769 1028 32412. 94 habd

i ndi cates the nost fy®auentgyg@odon, 18 AGC3gs conpali bl e
to t B84 Bt ik A\ et bcﬁloﬁ neqer 1@&%Q%lew@ﬁﬁa tRNA Ser in the
Organl zation of the origin and term nus of |epI|cat|on
An BPFeEE¥ ™ Fer C wei e found in identical |ocations in
3§ he genonme of strain DJA OA and the updated genone

sequence of strain_NCC2705 Fi .9) These regions

ext r emel PrEERAGN ebhE SFEIP ﬁer%B’P‘_%? %}ﬂﬂﬁﬁ@gm DYy’ lg@ﬂd terC

i depbid MhnARAdGRREI BEatRhs e e Rh&o LISt BIG16M8nd 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

10 aterC, which is 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.,

15 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).

20 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. longum genomes encode type I and two type II R-

25 M systems that are highly conserved (Fig. 10). They also contain an Mrr system that
is predicted to restrict methylated DNA (usually Hhall or PstI methylated DNA) that
is 100% conserved between both strains (Fig. 10A). The clustering of Mrr with the
type I R-M system is similar to E. coli K12 (GenBank U00096). The low identity

(40%) between the HsdS proteins in the two strains likely reflects the independent
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aterC, which is consistent with the predicted
replication regions fromother bacterial genones

W@ Maokssawh cz et al , 2004, Nucleic Acids Res 2POHPSBHS/070511
3781 31 R BE RNl
reglméé)rg]1 tr?r?% fi_ﬁ%gl‘\?%éneoImE\%,\/tf ?§4t8ﬁ ﬁg%‘by&%lrgspﬁllééﬁt rom tL onary

pr edivetRdcd, ac &Iels@iystbafs&dobfﬁ bg&hﬂ@n@&ymp&cnfyc;lt)e‘components
feature that has previ ouslé been seen

Hel (e erablsf by iecomerssli %rﬁBhSéq‘e%E%LTBWEEUk@faHHPth by the

2 O 0 11 n~an
bl 56 R A5 5 g s o

svel paasottthis diwhteppencaxhibitohudtlegler cotreratian, engestmg the

di fferent t es of oxes, onS| st ent

mej SRFTpn i @amﬁ?@sﬂm o Iall%fwéilw%e&{sg@%gt@e gUpstream
I NV @louedid 1B &R s IDI0H 0lANthére 84 ArdhcP besBIUHOARSATB/IcrA (restricts
replication (Mackiewicz et al , 2004, Nucleic Acids

Res D200 etlg2ataTy HB7Io Dy SRk theit istrico preasd @G 7854 Thsreonserved

( R M gfgesi\gﬁtlﬁggﬁtg Hp%gé %%%é%grgg%é%nzo a?rs of %u%sl a%g%coRH which

1§ysfr<%mc@b1~m aNRSry Heg@dhils BecurRhi GieesdRid. ﬂ)BKh@lOGﬁgﬁls together
M crobi ol Sci 1986 3 296-299) The presence of these

sy steiigh¢ range q‘éqe@t@@h@ra@;‘;tsmsaar@p@ﬁb Hey fostadactphigy lmiting the
| MDSLLRAR, GObEiLanNBAGaRl. BUKl YRk (bR G BOLlof!

ones enco ype Il
SySEEﬂﬁoﬂdﬂﬁton&‘f@ubmcgdfﬁ ryp@rcaalsfef Mﬁdolﬁd%k@ia]t@)iat@h ey als o
contain an Mr systemthat redi ct ed t restri
met hyl at &@l@mep%aéﬁ@%ﬁsm&eﬁ ?”glt‘?tqtraﬁﬁt {papey o %ﬁa&)gemme

Srh age [0 0% . G @r%?zﬁf Y RSh e ()vWﬁ %t %%tpamc' N"@Zﬁ’%S (Il s@atk®Mat they are

usterln Mr wth the type | RRMsystemis
Si n‘ihi@iy ¢(1msﬁ'ved)hnd ddllirRat, GeexPa fik tOMOBIB) 1STdNe! M&_{\}velements (Fig. 9).
identity (409 bet enthe pr ot ei
St AP 1 PRy R TL TR T8 Ba RGO GG 01 S pent it
thi $rdv¥YRE obsdRrdonY fdr@Ricidbed BOSEnSinlAitdbie &Qhﬂoﬂﬂdeﬂgwuhout
their evolutionary divergence, as these systens evol ve
by bhxam;utai@emm@ansfewepmur@mqs;ﬂné orpeAu EsnEasayulaigng mutations

Lo reco nt, [

2828 et o SRR ML L S PP MR RG TRty L oo
was 1ppagt i2vetie d) H}he&rhré SeHtnigisegtiemas efrend babdtweeh fthe two
parts of this disrupted ene exhébl t%ﬂuch hi her

congetaasi wih tfseu@@legtx ?fg $RECINAS die Tedf areggnes. This
bef ?{rggla Q?Jef OFIY ﬂé’Hch BV EE OB SR (fFdifs wgc@sAv)rpnsmg given that

Ups romt cus in strain DOOOA there is
anotiegenomss of acd:hmasal petnte oﬂ\My@b@cﬁestmltszCWs and one that was

t hyl at | t hat
2@%}%@%&\? }ﬁgg%g)%géjpp&faf > ég)tl}q 1a}g€)arﬁ}i0§3§,g1[s@ﬁ;é8 lﬁ/%%) ootfﬁuax regions in
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2005, 187:6119-6127).
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by this strain and its evolution in the | arge
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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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).
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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
25 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.
30 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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10  previously. The movement of IS30 within the genome occurred only at specific
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media, and a solid surface such as agar, was needed for production (Fig. 6C) similar

20 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

25  strain DJO10A to the pure-culture environment was located between two IS30
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

30 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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kb Xbal Egrr}l%et?t?\pet garz)vr\]/{hn(gcpernln%ntrs %\gth%oth fsz' cnoilzsﬁ}élegcl and C. difficile
DJOcd] 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
0  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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Lane et al., 1985. Proc. Natl. Acad. Sci. USA 82: 6955-6959.
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mmt@mww&@mon@fms@@ss&w weRSyPIReentehwatiridgrent

TR AT e 4 A | BN IS arsenare

CETATT ACAOGARH T Aty Froved! bulbpesTiers ssit ud)jcu]lakhﬂntl@ the

5' GGT AGACATACAGGITCTCC -3 t RNA
genél)seriléf‘éﬂlﬁfnste SRS ED S 1Y 805 Lot FERairey
? ani | 165, aﬁém%%@ 516104 1o 1n]ﬂgct?:§)£er%hf%hbﬁeo&ﬂtlons B.

bi ot| c opeion Foiwaid F3 5' -
' Thirgustidyl 0A 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-JHI. To find the precise location of
20  the deletion of the lantibiotic operon in the B. longum DJO10A-JHI 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
25  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
30  center of an MRS agar plate and incubated anaerobically 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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20  were incubated under under anaerobic conditions using either the BBL Anaerobic
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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arsenite/ arsenate nedi a and i ncubated anaerobically at
37C for 48 hours. Adaptation of B. longum DIO QA to in
WO aop054¢0 ment ati on condi tions. B. | ongum DJO EAT/wex08/070511
gro | 10000 5LOND
TroPhuitl IO ERM S RUTEH P, FachobEh GRARIRS oRDa wes
BFMcalgRted ahé Ros@honicé by \Bpeal Vaamekahing. selected for

anal ysi s, Mpping the deletions in strain DJ
To find & hecwceeﬁr%d Fatahoi orestHEnd, & B?fnsécl)ﬁﬁéféested using
l ang kRN Cra@[ﬂg(ﬁ qﬁ[‘ga'r Bla‘ieﬁ%vé?e 1ﬂa@@g}1‘ﬂml\@go%'biﬂ an@%ﬁﬂ;ﬂ@mented

CR was used to test for several genes within the
5 antiithiPdPES, amgdervei] ofTheiltimstepy ¢utents t3m{ddésafteadnplate. One

T obeiBshincadgioneoprrre FoubROE eknlpradjn gl gnd allowed

kb [RAFOL SRARNY NEid PEhE Rlef R0l ATHeeMENGER Thdnasal@ed with
the precise borders (Figure 6). To map the position of

t hethdahdititonstiam.t he 140. 7 kb Xbal fragment, priners

M C- Fl ST 3 /- 39 8

(pOSI ti Oﬁg % gﬁlft%ggﬁi?egig %rg %Mgtglg %Idslgém SMal%S%( l?uteus L
16 he/ MBSty eamut el etdiMECchA, |S MU PEABEI 1G] Mv@z‘gﬁt?zs The

(position, 1, 543, 406- 1, 543, 424) and M G R2 (position,

1, skstiviegc dil BAHITELY. gaarecinesedn s ATFAY:iToy e felt is not possible to
d owP(ﬁ]C[l%% %%ﬁ‘l&%@da& kh%?ﬁx%a}?nt{b?%lc! \glﬂtI{OIP er?l'i&FP %M(/)%ﬁ%a

I'nocul’ated into the center
MRS agar plate and incubated anaerobically at 37C for
2 days. After incubation, nolten 0,5%top agar of the
same medi um cont ai ni ng 1% of "R I8di cator strain was

jpverlaid on tbi%atnieﬁgeéc&fﬂesafm&@d Bi}ﬁz&ap@&mm lantigibat ed
fecal conpetitive analysis of fi dobacteria. To

access t hke kotipetit fnomeeXafnpﬂm%weS ploted ina hwillings wytpebath for 10

Ing U D]Odéﬁ?ng% %6%\91’[ Hltls?nglat %{sg({angggt?mﬁg VrllclM leuteus as the
f ecaldicaies k& VWaise deNEIbepeds active @hbﬁ@dlﬁn§fb@€!0|nﬂ'ﬁlﬁt%§ for
each strain were used. Each experinent was conducted

in 10 g sterilized feces in an anaerobi c chanber, to

268’”' ch 0.38 g Reinforced O os ﬁ}h@h Medi um (RCM and

02 g nmucin (Porcine gastric pe I1l) was added. The
two conpet iPk@eolpac ugdlysis akahe eaetded Rifdaddcrdruhémtibtotic
cal cul ated concentrations of 1.2 x 107 cfu/g for

coli DJ o%f@Fk spintiensolhe proteplyitic engdpes Werg Ry dRrediag .fqﬁlfws
DI Gedl RIDER7 éggcﬁde(f i A AREEH{ HeeS: Rhteflat pH 2,

calculate‘?coc ntration 0o x 107 cfu/g and strain
DIBOL, ath cdrmemtmmootdﬁé%@(hlr}eel (thhr@mé)t 4.4 cfulg.

251 " bt BIPRR I OHERA R LY DA VRS RGN, Fs T 70 ™M

an ﬁ%ﬁﬁ&@bﬁff@rravmwmbc dtheohtdestive b5 408ft/nat(s@a&m).
for' 3 days, whereby the entire fecal sanples were

honogeni e-éthymotgpsiniSigeptNm &44aPewas &ssobieduie 80 gV Tris- HCl at pH
aCC%.%%SQ’CS etre{ gc!ncgntrattlon 0%“5'%0 Bpml (}iﬁb ?ng/ml)

Proteinase K (Sigma P2308) was dissolved in 10 mM Tris-HCl at pH 7.5,
30  37°C, at a concentration of 6000 U/ml (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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Exanpl e 2 Preparation of extracted Bifidobacterium
lantibiotic B. longumstrain DIA QA was grown in MRS
whe@vlssuppl emented with 0. 05% L- cystei ne- HCOl R¥&S/ysmps/070511

or Bifidepag ggéﬂeglﬁgx%lh %@f (B Bk ?#:rlo )?\aﬁ%?eafg’g@g fsed in each

was t hen use 0O cover € surrace o
pl ausaguidht proeotyad emdyintes Wade addeBltPEpacite B0BIsMfalgalkantibiotic as

B aPop HoAiior U RASERBbR LAl i IBT ABYPSR. 20 l (102

t
e| aperfr)o a§‘7BEnV| gggg'r@aﬁ% a%(edr?@@s[ﬁg gt %n%%{no% ul (120
:Man UF) aSatnyprlengpntaiming Wipsﬁm rPr@aadaﬁsPro’d'amt i»( pt Eh@mq}\ﬁrrewel €
used. The.ce and a ushed

RS TR Ik s ol ot AR el A S R

et fRdBated S 2% TREINCOFh110B v B b OBt ukO AP RGBS on, the sample was
overni ght. The final volume was placed in a SpeedVac

t o nertolieed toepHrkd Hadall samiles oreceimcubated intheiling water for 10 minutes
I an |b|ot| r was renoved by size

fr atticBIvat berPrﬁtgPﬁ'g I?/PW”?%%C g'e}&ent riPrep filtration

16 or part Eadh puipld vadtek@a foreaviextiiae the WeBudisra@tihonatogd of the
wth a Centrlpre -30 (30 kDa cut-off)

by
censamilagentpighgt tr@cma@ B@GOWIQ eRBYma @nﬁ% dedesan ghe
10 L S PR B0 A b KB

was prubjee {2 @ HT7%) Czemttlmefnsngaé tothe biliee @ padte yROEhz¥mgs.f or

40 m nutes and 10 m nutes, respectively. The filtrate
was transferred to a Centriprep-3 (3 kDa cut-off).

1Jhis WaSTﬁéJ pérﬁ@%%%lgc@osﬁﬁ{%f" Alf gaedtd Bﬁeﬁt"ﬁpﬁﬁcz@bn§ ’aQQ Bubfications,

g for 95m nute m nut es, respectively.
f r aetd dnctanicaiglausiiable h3tetial (ll@a)dm@@mosttare@t md:l@nde sequence

concent.rated by SpeedVac The. concentr at ed

O SO Ipae s BE TR R TS nd i LR Fapdbf Gypmissions in,
usi Bg. dwdisPfdisPIRN PREL PDB. aiDRinsRlieheFomehotaREd @oink Regions in
MRS of BLIM and suppiemented with PIPES, and a wel [ of

5 wglenlzmﬂq @ldsttfﬁ‘tq)wﬁ?d)h@Iﬁ@ are Hepeoptedhicteigeraceln thpgvent that
2N PAISIALL LELR 1Rl A EUSABATETE 1,8 BBl AbbcalfBh Eind the

pl ac |'owe unt

|'i qaisclobute(shef awgldocumsntdoaeporifee hpleht @sref@ercel theisclosure of the
overlayed with the_indicator strain, TherJgantl biotic
i nhPissenéaPRlifation shallreoyern; ke foregaing detailaddgsarptin and Sxamples

ls.e UL Sl Seetr wlef'i“l}(glJ cgar}:f e?éf&ndn%rﬂﬁﬁ?' T@‘@ﬁﬁ%c&sax‘gz/ 131?134’[ ons are to

mar cesc gar| S [ ant1 bi ot
not bé mﬁdebst@od?hemﬁurru ghaas@niion shiosliagsdip, thh oy detpil§ thown and

oS bR B TP A TAE G A R v
invention defined by the claims.

Unless otherwise indicated, all numbers expressing quantities of
components, molecular weights, and so forth used in the specification and claims are
to be understood as being modified in all instances by the term "about."

30  Accordingly, unless otherwise 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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Heat resistance of extracted Bifidobacterum
lantibiotic The lantibiotic fromexanple 2 was pl aced

WO p00a/0883id | Nng wat er bath for 10 m nutes and t heeT/US®DE0511
for ﬁe Ctlél}{’ll tééc ?ﬂnﬂg E{FLelI@%x 559 ge andul¥kd | nq h@ HBthe
as I'n 1ca o 'St antl |ot|c was act
af t anmber dfirggried Glgﬁﬁidﬁhﬁmgﬁﬁand@wml)engiorlarmt)emjuydung techniques.
anal ysis_of the extracted Bifidobacterum |l antibiotic

Stock solNgtYEkngmethel thy BHBYIGH TaReey Y RetamyRlse setling forth the
pr eBﬁfa@@ccﬁ% Jrald 1ﬂ%t1oﬁ%p§éﬂﬂ)r&§fngﬂ%s'\@1e nlaﬁi%ﬁzg)l WBRs set forth in
di ssolved’'in 2 or water at pH 2, 37C, at a
fondenpeafic emm;ﬂesISaﬂrﬁ @@otj/edrhs Qltelseﬂg/asrm)ssﬂhr grhsendical values,

(Sigma No.. P5 was di Sso

50 FRI piioSBRAEE st  Gieg teesirny Aaulige Hgnt hESlanfira
CO"Q&HM&HO%H f thap QQpddint: te(sﬁ@é) ¥ thent@- Chynot rypsin
(Sigma No. C4129) was dissolved in 80 mM TrisH C at

pH 7.8, 2Hdeadingnarederdbacemtehisncod! the oodeyand shqud not be used to

Pr ot ei na K 8 S d| solv
o prt el 8T et Wi e hedtiRe FhERRGIB lb
Um (200 nmg/m). Trypsin (NP blochenlcal (1 CN) No.
15021310), pH 7.6, 25C, was used at the concentration
4750 UmM (50 ng/ M ). Thernol ysin (Fl uka No. 88303),
pH 7.2, 370C, was used at the concentration 6000 U ni
(150 ng/m).One hundred mcroliters of the lantibiotic
fromexanple 2 was used in each assay. The proeol ytic
enzynmes were added to separate 100 m s of the
lantibiotic as follows: pepsin, 5 mM (173 U); pronase
E, 20 M ( 1 10 U); a-Chynotrypsin, 20 m (102 U);
proteinase K, 20 m (120 U); trypsin, 20 m (95 U);
and thernmolysin, 20 m (120 U). Sanples contai ning
pepsin, Pronase E, Proteinase K, or Thernolysin were
i ncubated at 37C, and sanpl es cont ai ni ng
a- Chynotrypsin or Trypsin were incubated at 25C. The
i ncubation was for 24 hours. After digestion, the
sanpl e was neutralized to pH7.5, and all sanples were
i ncubated in boiling water for 10 m nutes to renove
the proteolytic enzyne activity. Each sanple was
tested for activity using the diffusion nethod, 50 m
of the sanple containing the inactivated proteolytic
enzyme, and M |leuteus 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. The conpl ete discl osure
of all patents, patent applications, and publications,
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and el ectronically available material (including, for

i nstance, nucl eoti de sequence subm ssions in, e.g.,
w@eBasid4@nd Ref Seq, and ami no aci d sequence PCT/US2008/070511

SUbQ@e§Qﬂﬁ§nk is: € 0. Swi ssProt, PIR PRF, PDB, and

translations Trom annotated codi ng regi ons in GenBank

and RefSeq) cited herein are incorporated by

reference. In the event that any inconsistency exists

bet heen f\ﬁésqﬁtg(ébw&ﬁl@lldfa%%coa?@éléﬁ90185&1{1% g HoAGH!

t he gj 0 ~ : [ (=15 ;

by P Ehuklrthe Fni NI ERGUERR o URSPERRLA % RELRESD acid

appkéquandearf SEGalld Ngo¥Ehave af heastf e gehnty. det ai | ed

description and exanpl es have been given for clarity

of understandi ng only. No unnecessary limtations are

to be unggLaboad Hi('ﬂ%éigglﬁ)o. ltivyaﬁmb&ylﬁlmfi Piiml SwhRGkin the

limted to the exact details shown and descri bed, for

var paltypentisle sbwposes at teagirmae skidehad ve pubshiatian of fielamipeacid

i ncl uded withi Anvention defined by the clains.
UnI§§§65Fﬁg$€%ggsFﬁﬁ?Qated, al | nunbers expressing
guantities of conponents, nolecular weights, and so

forth used in the specification and clains are to be

unddr st obe islatsdiigjogisally aaiteicpmapynd ¢ Hamcleyhegingthecompound
term” ! .. AT t rer Indi -

to PPNtk ot M e R B B ARG P n

t hecafietdkitleatdb oot daithgeltiad oteranembyape okihadirmanegithatmicrobe.
may vary dependi ng upon the desired properties sought

to be obtained by the present invention. At the very

| eagt, affl 0% ADIABgRAN PAM eQ:Qm}abtmdtoﬁcﬁ@m%ﬁ&bﬂﬁh@éompound
equi valents to the s%ope of the clainms, each nunerica

par amdtisrgrentbulfdn &t coleasterteiagomsts, ged Sibmdrehspof t he
nunber of reported significant digits and by applying

ordi nary roundi ng techni ques. Notw thstandi ng that the
nuMer i cairhé APEES A gRANPIRE e LEMPSId JTe1di@rt Whérb®@ the compound
broad scope of the invention are approxinmations, the
nunmmhitdiglgrerathied s Grem Hositivh migrobp éagpladifusspax afigfpesscus spp., a
arecreported as preci;sely a 0SSl AL numerica

Vot LMt BB BT B Y B G dEd she

necessarily resulting fromthe standard devi ati on

found in_their respective testing neasurenents. AJL
heali ngsThg sokpisd higlagiceiy ative sedPemd ¢l amddupergidhe compound

shoyl it the meaning of the text
baelilh g of .

thaﬁlg% %%§§?E§%ﬁ%ad%ﬁg, unl ess so specified. Wat is

claimed is: 1. An isolated biologically active

conpound, conpri.si ng an_.am no .aci d, sequence, wherein
t hg]? ani nO QEPGSIHEY HYRRRSIBS HFH%?%?S o] aﬁH&C?YFeCOé‘?ﬂoHBd of

aci g, 9eausNs SR pralrfet! D NO 21 have at | east 80%
identity. 2. The isolated biologically active conpound

of claim 1l wherein the pol ypeptide conprises at | east
one,conservative substi.t.utjon of e.am no _aci d
se q% enc eg ézpmg%%inbc?@%m&g 2 1socfate(§ QIOIO g1caﬂy a8l compound of

claim 1 and a pharmaceutically acceptable carrier.

9. An isolated polynucleotide comprising: (a) a nucleotide sequence encoding a
polypeptide, wherein the amino acid sequence of the polypeptide and the amino acid
sequence of SEQ ID NO:21 have at least 80% identity, or (b) the full complement of

the nucleotide sequence of (a).
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3. The isolated biologically active conpound of claim
1 wherein the conpound conprises the characteristic of
WO pdwoloss4isng growmt h of a Gram negative m crobe PEI/US2008/070511
conditions that do not danage the outer nenbrane of
the Gram negative mcrobe. 4. The isol ated
bi oll@gi caht ysohedd podymmohepodmne diinc evharedh thhendeotidersequence
compound inhibits growth of an E. cqli, a S ia.
pr ofRA9SEs HPOlyPeRidRBHBPTIYNG g aMHN0 $HE PRSP S ot
bi ol ogi cal |y active conpound of claim21 wherein the
conpound inhibits gromh of a G am positive m crobe
Lact bbacil pagnsirptide tanprotmrtbassobpel polanSiaotige otdeioug operably

spp,., St gphyl .ococcus .spp., or a Bacillus spp. 6. The
isOPBV%HDﬁﬁgﬁ%@Pgﬁpﬂ§gﬁ@€$V%q$3ﬁﬁound of claim1l

wherein the conpound is produced by a Bifidobacterium

7. A conposition conprisLn% the isol ated biologically

act 1%e cénysstamdomprighathnisolaind pelynedertiesdgleim °8. A
conposition conprising the isolated biologically

active conpound of claiml1l and a pharnaceutically

accept ablheceflabmpaking %he bblaicd pbBhademideysTutdiact i de
conprising: (a) a nucl eotide sequence encodi ng a

pol ypepti de, wherein the am no acid sequence of the

po| ept i i g . > Q. .

o $0 R PR Lo B A RRATOGE S B Ry P of « Gram
conptgarnieamiabbé meconditioaothatdo se@qgiaenge thefoufea mebthrarkhe the Gram
i sol at ed pol ynucl eotide of claim9 wherein the
nucl&BtiVeB1gRBeience encodes a pol ypeptide conpri sing

the ami no acid sequence SEQ ID NO 21 . 11. A

pol ynucl eoti de conprising the isolated polynucl eotide _
of t$.ai nlBe bptbiabt pf ¢tlaimk &4 wherein the lantibiadigeamprises an amino acid

regul atory sequence. .12. . A vector .conpri sing t . .
| corC e SICRE B g rog AR Agpd e amino acid
CONMRIgushde® fIIRE) I RICAL BHavRQk Wasdepidedetyof claim 9. 14.

An isolated lantibiotic, wherein the lantibiotic

inhibits growh of a G am negative mcrobe in

f ﬁgij ! g%ﬁﬁgggﬁe\ﬁgg%{hgétbcg@%@ 1%%&{%%2{1? g?%? fl%é@@y@fnicrobe is an

cl aEnedld a\sbeusgh prdaths, bensalbiontlicspponpri ses an am no
aci d sequence, wherein the am no acid sequence of the
compound and the am no acid sequence of SEQ I D NO 21

have; at !a%ﬁgpo%%% !c&ﬁ?%éi%a lal‘@bio-ﬁﬁ%nh 39b&H §i¥duct, wherein the

lanti'biotic of claim erein the G am negative

mi claobkiotis campiises tlod ¢haraateSetic af inhibprngt grawth @ra @ram negative
Sal nonel | a spp.. 17. conposition c ri sin .
2! TR0eLt B SBioR po SRR ALABPERHTHAR & e Gram ncgative

microbe.

18. The composition of claim 17 wherein the lantibiotic is present on the surface

of the food product.

19.  The composition of claim 17 wherein the lantibiotic is present in the food

product.
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| anti biotic conprises the characteristic of inhibiting

gromh of a G amnegative mcrobe in conditions that
waelooonoss4danmage the outer nmenbrane of the G am PEDESI008070511

c Q.b.6' Tillg coxIBc?sit?&fmc@diltn' lofr\vl‘?efreiﬁlftﬁé 1Zh iowgg&ﬁﬂ)r'& £ B®amino acid

lantrbiotic 1's present on the surface of the 005

pr oskimbnce]l Fherbhethe anpasicid siquaiceolf diemudtibisdeansi the tieo acid

lantibiotic is present in the food product.20. The

conPERFRGESH SER B KO b Feéﬁtng()?/gk?féfﬁé% i bi otic

conprises an am no acid sequence, wherein the am no

aci d sequence of the lantibiotic and the am no acid

seqlenceTbé c@rEsitDnND cRdmhidweheatin IS tan8 08gatidemidrolye is2n £

1. The c osition of ¢claim17 wherein the G am
negﬁ%ﬁ@égggefgﬁge?%05ﬁ8@2“W8%7ﬁﬁb Serratia proteus, or
a Sal nonella spp. 22. A conposition conprising a

|l anti biotic and a pharmaceutically acceptable carrier,
whe?2i n frenipasitichicompusiog Apanitidwictahé a phampeewicaly peceptable

o D A B B AR REOB bt FE PRl By oo
t heGam ReReigatlivebaiéddRions that do ABtdaatigt Be qut@ahudhbigne of the
a lantibiotic, conprising: growing an isol ated

Bi f Cerobaegaéive He9hdler conditions suitable for

produci ng the lantibiotic, wherein the Bifidobacterium
produces a lantibiotic. 24. The nmethod of claim 23

wher®i n Aheethodr pepduoingrailsgdhigicwsmpridihe

Bi fi dobacteriumon a surface. 25. The nethod of claim :
23 wher ePi e BSP r g SR Higas sigblegOr producing
| antye iRl dticPhAGYREHe BY;doBE DL A BRRIueEs £lapiifibad. 27. A

met hod for producing a’lantibiotic, conprising:

growi ng a m crobe conprising a pol ynucl eoti de encodi ng

a pol ypeptide,c risi n_anj,no _acid sequence, .
oot b PhemERPR oF dei 2 sl ar e BOPYRB e v b
theggmka@j@gbaoﬁggu@m%e of SEQ ID NG 21 have at | east
80% i dentity, wherein the mcrobe is grown under

condi tions suitable for producing the pol ypeptide, and
whesgi n e _m - i 2 e
et fod of erangl 358 2SN ERL G ARIRER L p e )
conprises a pol ynucl eoti de encodi ng a pol ypepti de
selected fromSEQ ID NO 2, SEQ ID r 4, SEQ I D NO 6,
SEQ4 D NOlgntibagts prosiuges! v theqireses O NeRID23-SEQ | D NO. 14,
SEQ I D NO 16, or a conbination thereof.29. The net hod
of claim 27 wherein the growi ng conprises grow ng the
m c2bbe A method for producing a lantibiotic, comprising:

growing a microbe comprising a polynucleotide encoding a polypeptide
comprising an amino acid sequence, wherein the amino acid sequence of the
polypeptide and the amino acid sequence of SEQ ID NO:21 have at least 80%
identity, wherein the microbe is grown under conditions suitable for producing the

polypeptide, and wherein the microbe produces the polypeptide.

28.  The method of claim 27 wherein the microbe further comprises a
polynucleotide encoding a polypeptide selected from SEQ ID NO:2, SEQ ID NO:4,
SEQ ID NO:6, SEQ ID NO:8, SEQ ID NO:10, SEQ ID NO:12, SEQ ID NO:14,
SEQ ID NO:16, or a combination thereof.
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on a surface. 30. The nethod of claim 27 wherein the

m crobe is a Bifidobacteriumspp. 31. The nethod of
w@ek@pwos870 wherei n the isolating conprises extrBCL/US2008/070511

with a conposition conprising an al cohol. 32. The

met hod of claim 31 wherein the al cohol is nethanol.

33. 2 nethechedfodudichagnm & 7Ivarerdib et growa@npripsiseseraddigne microbe

the lantibiotic to a food product, wherein the

| anP BiSBH#< conpri ses the characteristic of inhibiting

grow h of a Gram negative mcrobe in conditions that

do not damage the outer nenbrane of the G am negative

m cBobe. TB4mefiod ofretahn @7 ofhecdimihmB2rokiees & Bifidohectadati ngp.

conprises applying the lantibiotic to the surface of

the food product. 35. The nethod of claim 34 wherein

t hes| ant iThé Rletifodio? cRRR LY &helYn el i8R @nipisbPE&@rabhiorPwith a

casing, film or packaging material conprising the

| antdhpe@sitian jompoisggrnadiohel. t h t he food product. 36.

The met hod of claim 33 wherein the adding conprises

adding the lantibiotic to the food product. 37. The

met Bpd ofThéemaihod 38 clahie Beiwhetdie tHealddhbl i@tnheghdnsl.a f ood

preservative. 38. A dentifrice conprising a

bi ol ogi cal |l y active conpound conprising an am no acid

segyence LAt 00, ACH , e ..
compsund i Rl e BRI EEh I R RGBS 1MRigis o @ ood
havprodtict] @Aatin8b&bandbidtic tympides tied ¢chatdeersoapbuhidbiting growth of a
conpri ses the chajacteristic of inhipiting growh of a

G ahiie geaa1iye THFTEP o BeconAItiopn Hiet fORQ! dargee Hs i “bf‘é‘ﬁ%{@‘ée of the
t hegplh GEetRERIG06: Of the Gram negative mcrobe. 39 The

dentifrice of claim38 wherein the dentifrice is a
nmout hwash or a toothpaste. 40. A nmethod of using a

 antj biotjc c ri.sin dm ni.steri.ng a conposi tion
combi st RoE HEPAReT BPBE e "0 i M e o TREve P b the
subjagGbiolat e siiFaclof HeSfSo®pro@ict Nfection by a mcrobe
that is inhibited by the lantibiotic, and wherein the

| anti biotic conprises the characteristic of inhibiting
growth o . C o . e
Seoth Ch AT O SRS RIS, P
m cswhee ofla dasing) @lmEdripackapingohaieial3B mphisingitite fahbiotic into
conposition is admnjstered topically. 42. The nethod
of Qa8 hinloPdPFPdURe conposition conprises a

pharmaceutically acceptable carrier.

36.  The method of claim 33 wherein the adding comprises adding the lantibiotic
to the food product.

37.  The method of claim 33 wherein the lantibiotic is a food preservative.

38. A dentifrice comprising a biologically active compound comprising an
amino acid sequence, wherein the amino acid sequence of the compound and the
amino acid sequence of SEQ ID NO:21 have at least 80% identity, wherein the
compound comprises the characteristic of inhibiting growth of a Gram negative
microbe in conditions that do not damage the outer membrane of the Gram negative

microbe.
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43. The nethod of claim40 wherein the animal is a
human. 44. An isolated biologically active

w@eiogpssato de, wherein the am no acid sequence PET/UR®08/070511
pol ypepti de and the am no acid sequence of SEQ ID NG 2
have at |east 80%identity. 45. An isol ated
pol gaucl &at deeifaocofilgio 3heh@einthepértidecdos achaitimwabh.or a
46. A conposition conprising a Bifibobacteriumthat
pr otREESTS. | anti biotic, wherein the lantibiotic
conprises the characteristic of inhibiti ng gromh of a
Gram negative mcrobe in conditions that do not damage
t he4out eA mrethbd ahesind a tahebiGtianvmpgabg vénimistaroige. codiposition

The conposition of. claim.46 ereip the Blfldoba t.

s CORBEDE, BN SriTEb HOGEE s B P gk of an
whegtdlioh B SGRIRDRIthdt QinhiMi kN 8Y tIEIARHISES aRd HA8@in the lantibiotic
product. 49 A nethod conprising adm nistering a

Bi f retoprasss érd dharacisriatic @ﬁm}n@ltlngrgrw@obftar@naébmegammmr@be in

the Bifid t |
conprISHERTRE B it Potterioao geaRErinnE Pt i Mk Nspmigrobe
G am negative mcrobe in conditions that do not darrage

the outer nmenbrane of the Gram negative m crobe.
41.  The method of claim 38 wherein the composition is administered topically.

42.  The method of claim 38 wherein the composition comprises a

pharmaceutically acceptable carrier.
43, The method of claim 40 wherein the animal is a human.

44. An isolated biologically active polypeptide, wherein the amino acid sequence
of the polypeptide and the amino acid sequence of SEQ ID NO:2 have at least 80%
identity.

45. An isolated polynucleotide encoding the polypeptide of claim 44.

46. A composition comprising a Bifibobacterium that produces a lantibiotic,
wherein the lantibiotic comprises the characteristic of inhibiting growth of a Gram
negative microbe in conditions that do not damage the outer membrane of the Gram

negative microbe.

47.  The composition of claim 46 wherein the Bifidobacteriumis encapsulated.
48.  The composition of claim 46 wherein the composition further comprises a
food product.
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49. A method comprising administering a Bifidobacterium to an animal in need
thereof, wherein the Bifidobacterium will produce a lantibiotic that comprises the
characteristic of inhibiting growth of a Gram negative microbe in conditions that do

not damage the outer membrane of the Gram negative microbe.
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