1 Description Title of Invention: ANTIBACTERIAL PHAGE PEPTIDES AND METHODS OF USE
THEREOF REFERENCE TO RELATED APPLICATION [1]This application claims the benefit of U.S.
Provisional Application No. 61/104594. filed October 10, 2008, which is incorporated herein by
reference in its entirety. FIELD OF THE INVENTION [2]The present invention is directed to isolated
and chimeric polypeptides of bacte- riophage origi'n having antibiotic activity and use thereof in the
treatment and control of bacterialinfections. Specifically, the present invention is directed to the use of
a novelantibacterial polypeptide derived fromﬂsemitiplti]gfms/% and chimeric constructs thereof,
and their useio,r he téiatment and control of infections caused by gram-positive bacteria, including

Staphylococctd@g el diyentioro WV dBALCTBPRIA o T HS G Er §dIES A NP viruses
that ifically infect and | b ' t Hdhot-usi hole ph i for th
at specifically infect and lyse TR i@ym ‘(ﬁm whole phage viruses for the

treatment of bacterial infectious diseases, was introd X e, who discovered phage
around 1920. In théRdSgiREN CE(ROPRIBIcATER ARREI XA 16DOUS studies of the application of
phage for therapy in mgﬁiﬁ@?imhﬁ%bﬂiﬁrﬁ%@ﬁ-df‘&%ﬁrﬁ%%%%ﬁ@a%rﬁﬁ%@%??H)Zﬁ@ﬂage
products for humarhpéeolcn{%léglﬂp ﬂ)%geqprgparatlons for &%?éln%d'ff srent sicknessescaused by
Staphylococcus sp.. E. Ol and other pathtgeniCISaRIEE FHEULS N FAfO AL Hh&RTSHized to treat
infections that cauﬂ%&&fe@%mw%m, vaginitis, acute chronic upper-respiratory tract
infections afid mastoltidpectariavéatidanauaiwati theacavalehantiiqlitsdptied@4 0= dhe

- development of phagehased Ihetapsyticsdeslingd in the,Western orgvV ne of the most important
factors that contribu}{%’ftj‘%’stheé eC,Iine“% il‘inteﬁé%ﬁﬁ%&gpgdtﬁ%??ﬁ%ﬁ% e Wee tenr’relmvtv%? 1WA the

problem of credibili®y "FHE B EEHIN YPRs GRS e FE SRS pRismtipr bsrilitscted erthsinse 4@ thevtack of
well-established prekstibier send! grahygepdiadions driverfebedanithtthee F§dsObasmibehimentation of the value

of phage therapy. ManyiolgherssiratatatiutegRindwelionat RhrassanpigieRGRNgRsAlS0
complicated the |nly%ﬁ%1§qu{ir@es§ﬂ% ;{(alllgtl?ﬁht}o gPﬁ%%f%Q&r‘gﬁyéBL\z/erse stabilizers and preservatives

were used in attempts t rease the viabi e phage erapéfjtics. However, without a good
understanding of uﬁ%’&%ﬁ%@ﬂa@&wﬁm@ bility in response to various physical and
chemical ajints, maduweefitphipg (phigajsradedsianrapagribelyimpiteal e Bhagspregasations

resulted in a negatmerﬁa‘;@stmﬁ@@aﬁagﬁhigyw@]foﬁ%%fg%ggm&%m @9%&&%@3@; gcvft%ﬁmﬁoi S dexic to

humans. Another pc[.them related tg ph g%{:ﬁro [ n 2 was the purity grade of the commercial
preparations of these Viruse: ?fﬁféog'l‘fﬁg% P presa e ‘sf.cﬁﬁﬁfﬁﬂiﬁ)%‘ﬂ%’éé“éﬁdﬁ?&iﬁ@ Hom
well-established co§fiamrsahtise Wrieatistdhesandrothmiovs shidies pt trsippditaforasd hisatefoof the
host bacteria treateissafthitheuphagasof émterestnlius, the preparalinne hashbasisiialeompgpents,

including endotoxigfdfial equifihaY BRAEISR AIREIR hAlisnRRled wlh ifiese Preparalions,

particularly those receiving intravenpus admint ) wever, the use acteriopnage for
therapeutic ends c%sﬁﬁﬁﬁg_gé’fbsi{ﬁ? WRACSHTDidcs o amlintbeicRathe eeagdnsierizofesnd in the former
Soviet Union wherereratadantovenci bidinssl vectsefs Jnfgchidhetise afsantibieties qsisint sisainis,of bacteria,
inte_Lgst_ in phag't; bg@,eﬁéjﬂ“ﬁema@mﬁsm@ﬁwwﬁpbmggfama?{@%ﬁoﬁyﬁmﬁgmk@ﬁhr‘x‘ﬁ%@_!iBlﬁSSGS 0}:
antibiotics mpay be ) t bacteria wi tually, develop resistance to the new
drugs has ﬁtﬁensifi dﬁ \faeas%gg&}r?{feto@r%éﬁ%i%%%%ﬁgﬁé%séﬁt%emfglﬁia?% fgf"' ggﬁ‘{%ﬁf#éua?fd) =4ting bacterial
infections. There agﬁfg? RETaRaLs dac hnedina be MYiesiegnotaige Preseltin aragisaneran farters
environment: 1) thdigewstibewddovheatimiiphafe@}the phegofiensiphising Wetwifieaiysingsisolated
from bacteriophagez ebizeins esimSTHC LRSI %efﬁm?ﬂwgg?%hﬁgﬁf%m@e&?bo"C f
inhibitor of key en | nthesis, of bacterial peptidoglycan. [6] Among'the most promising o
the strategies curr§ %%niﬂdﬂe%]égl?gfg}%}ﬁ?gﬁrléegﬁgféseﬁigﬁgg B’ﬂégé}?;ﬁ%‘?f&' ﬁ%ﬂﬁﬂg@ﬁfﬁfﬁ%ﬁ@ can be
used as therapeutféea@%?{?éfsﬁié’ﬂé'é‘%‘i"‘d%ﬂfiH@d*%ﬁ%%lﬁéﬁﬁ? Hietignotidiany pechiditonlgbéxogenous
lysins to susceptibike grafgsositi elvactenspbarpaisen seopeaisiiyaig mdhe @bseaca&tarch
bacteriophaee (Loeffigkieb pha@ORrapsiance:294:Bi5erd e pa el ot ke 2002 %aiué%“ge%%“'%g)-
Microscopic imag?&?&?gﬁ&?@% 6&%?‘89 rWéthk&a Igﬂgrilndg:t?te r[_ﬁat these enzymes exeruse% eir lethal
effect by digesting peptidoglycan leading to tHe formaton of horssah Hadir&aRd ¢BfsHared with the
external environmAtdiAS 4 %é’@f%ﬁ’ﬁégﬁéﬁﬁ%?fé’%t@ﬁﬁﬁiaﬂﬁ%ﬁ’tlf‘?epbaﬁt@@iailwauiIoses its
structural integrityrhiiasaidshhmiextngsiun ofitheot yhe piasedients ediabne anshByRerapiGdysis. [7]
calsing ySis of th. Faciatat caliel g ol S e
causing lysis o rial ce ring cell divisio e pha sins destr peptidoglyean
directly. exercisin&ﬁ%?%%%pé?rgg%ebggﬁé]g 5%?%‘?%%%’538&1%@?%%&&%?E%%%?ﬁ%g%%%pé@bwd@&roy the
cell wall of bacteria that are not growing and are insensitive to many antibiotics. When simultaneously
administered, two lysins that have differing target sequences may attack the peptidoglycan in multiple
regions, presenting a synergistic effect. 181There is a clear need for further investigation of lysin
enzymes as potential therapeutic and prophylactic agents of use, in vivo, to eliminate pathogenic
bacteria without affecting the normal surrounding flora. Due to serious problems of resistant 3 bacteria

in hospitals, particularly Staphylococcus and Pneumococcus sp., these enzymes can be an immediate
heneafit in thece twvnec nf anvirnnmenie TQOTHowevaer mocet vrveine dicerovveread tn AdAate are enecifie to



7 amelioration of symptoms of a disease or disorder associated with infection by a Gram-positive
bacteria in a subject in need thereof. The subject recgiving a pharmaceutical composition of the
invention may be a mammal (e.g., bovine, ovine, caprine, equid, primate (e.g., human), rodent,
lagomorph) or avain (e.g.. chicken, duck, goose). In the context of the present invention, ‘'treatment’
refers to both therapeutic treatment. and prophylactic or preventative measures, wherein the object is

to eliminate, lessen, decreasethe severity of, slow the progression of or prevent the symptoms or
underlying cause (e.9 ?’%&F&%ﬁa‘fﬁﬁ%gﬁ% %%gg‘g{g. Q | Iv%ﬁ?‘?"{Hg“ﬁa %ﬁ?ﬁigg\lﬁ%nih%‘?ﬁﬁgedisorder. The
pharmaceutical cofiff8EHBIBHRIABS phaditimwntiorsnalnssiase o o terabiidhed spmprmsaimgement of
infections associatee WithedSyagraamd pdsitiveunatteianinatddingavb Litsaet ke ddor Siaghylococcus
aureus, S. epidernpighdSyiavieLatse §Fiﬁ?e%féﬁ'"lﬁuélﬁ‘&‘é%@kﬂ}&!{énﬁnmmﬁalscoﬁf}‘%ﬁ%%mt'cus’_S-
sitnulans, S. xylosgb{\iélé%o%% C%’&;‘Fﬂﬁ% CSO%Z%S :Hélgs, B. %umllus. Enterococcus faecalis, E. hirae,
E. faecium E. avi urr, andk COmbIations thereot Ihe pranfacatttAr Lo Satfene i iso be used
to treat conditions BfcHisieRPAB N R TR ATE eI {BR M iRfenns hadminiging o Hmpeimiteduts,
post-operative enddiihtamiis,enfiocheditisytiniaationaaiubejcaniyal migryplsfustiemmngstpgnia,
osteomylelits, wouypetinlatianze da IRERPSUIREBh RS, seRiceminyfogdRoieoning and
meningitis. [22)In ?%E Ain embodiments, the invention provides for the use of lysin po?ypeptldes asa
single agent therapy. In"another embodiment, the lysin polypeptides of the present invention may be
combined With one 8Yithdhe Tissint arohiciemsispbis ofhectrin bttstingtage B8#dIBS: such as
with lysins from bagterizphaggafritdd8der Mie80 % @thdaghraskaealineicRMIePtideDeln yet other
embodiments, the joyangiay lmgg?gg&,ggp{hgg%ﬁ&gf“qﬂ)@%%gmpgg%qﬁ% oracfive fragment, variant,

derivative, or chim ric,c}?n_stru .tihe ehof,‘ln combination with a stang or experlmerl_tgwreatment for
Gram-positive bactetfdl TAtdRHEH" 1 fi $eP SohBAuFRReh SR MU MRS RarEibpg@dise of a
lysin protein. chiméeiiias heataoal onfaetions frimeant tireithenertiatraegibefm chiegpbaly-soniligated to
still another therapkeitigisd MleculRicitn Bapiifenon NOR-PRIBIVR EYLOIaR): gyg&}ppm{ylg%igp therapy
may enhance the gffi _ erimental treatment. Examples of therapeutic agents
GEARne L IRRRhOL SR AL LeBiheR SIATReS {,’

that are particularly uséful in combinatfon with a pude of ehtion are ant: inafatory
agents, standard CREHBHPIIEERITISA iR garriaheliy nbibitenind keyrmtatieep&endiins, bacitracin,
methicillin, cephal&ispbeins ployatsh peplfidoliyc@e- fadroxil, cefamandole nafate. cefazolin. cefixime,
cefmetazdie} cefoniaidonginpaisagiemealeranise sealataNmfeRaI0IRINA SRINEIRNERIoXtN,

cefpodoxime, proxetjl,.c idir izaxime ftriia};xcon cefriaxone moxalacﬁtam, cefuroxime,
cephalexin, cephgl%ﬂ%éﬁ?é%%% $a§§§88ﬁﬁaéﬂsdgﬁ am aﬁ%@é’ﬁﬁ‘iﬁ&tmﬁfaggﬁtﬁca?eﬁﬁ’%Hfﬁn‘?rsalt,

osporin | um sa . .
cephaphin, cephr&8IHRNea GRS aRiibipticHrEhs addiom afiAxosraramiyiam oreseapiiblemafate and
chelating agents).£T4e-positbinbticertherapissenconpias dedshytihe ibventiast mayehepfapmulated into a
single pharmaceuticairaent ROSHION, GF Y Deradministered iRSaRArd850Mpgsitions as part of an
overall treatment rggimeng §23lIHe bharmaceutical compositions of the invention may be administered
by any method knOWf?}% t%%@r@ﬁ?t%%%i or A Fﬁiﬁ#s%%‘t‘?’gﬁ %?déﬁ bR LRSS via oral or

parenteral (e.g., ifAAYRGEXFaRtOsE bl sifavdnotise sina ertidegi amnenging et he
pharmaceutical céompesitionSholdhen e sehwalleOtimparedywads chbeusedifaiviadindi@nalinside
non-therapeutic uses skeiomaHYAGISHR! BRCMRHUROSIRRIGE WAl SR A QlaRliigns for use on

solid surfaces to evg&tlttﬁlset&ogri\izqation} Gram- ,QSLtive%tr)?chterla} (efg*, as a disinfectant’or
anti-infectant). 125]The present invention is afso aieCtsd e RERHHE YRR heptides for
antibiotic &fd/or tarRtkPerisiip ardeneintiss afrherfteplalmmenin deminiseis ereatingsedntiguous
amino acid sequepresiofiptieastéing O;siSo2fe2iasidlemindengthdran kR IR MRs2, or 4, or 6
for antibiotic and/@fglargeting. arbvitySal ikiot] dlor. i ctivity measured by the peptide's
ability to inhibit bagterial iﬁ%v?ﬁyug %fr?g?ﬁqgﬁi%}%&l]tﬁr%%géﬁeﬁ%{g%ﬂ%%ﬁEj%g]ﬁ?‘i?l%dsr DRAWINGS
[26] Figure | shows A algHHeRt of the KPS harralsrrbite sl wallpitedriolhaiage ophage P8,
Twort, and (1)11. ErP¥ IS A86 A6 dTve 8RS RN 2otibiopes seibensendopeptisiasedmninaies, are
indicated by boxesvq2y§ifsighuesa2adifaitgaehemalcrepsasaniation al gxpigssigygetors pa-30 (a)
and pET-29 (b arl,q,_g)ipﬁg@],&g}g,r?,%gug@ﬁlg | ,@&M}{gg@g&BlotS of the insoluble (a) and soluble (b)

fractions eIIuIarﬁégragts rFsu tln%_}rorp ”h uction of l_,%/s87 expression in E. coli IM109 cells
transformed with the PCE {* SISEMIE T RE BARdIWETRSARE Gbly HRiFRy ¥ea it poeB htibody. Lane |
represents JIM10SEEIRSWitHBdtRIItac ceanmia aferia Houre efinthattipathbgamés Reedarrespond to
1M109 cells with w@©hpidfiridpdie o halusroandisk Mok Sifd nel ation. fRAIEgWerdishaws the
results of SDS-PAGE of Lys87His6 samples purified on Ni-NTA column after staining with Coomassie
blue. Lane | represents cellular extract. Lane 2 represents the wash buffer that was passed over the
column during purification. Lines 3-14 correspond to fractions collected during purification of the
H1s6-Lys87 fusion protein. [30] Figures 5a and 5b show the soluble and insoluble fractions of cellular
extracts resulting from the induction of Lys87 in E. col. BL21(DE3)pLysE transformed with plasmid

pCC2 after coloring with Coomassie blue (a) and after immunodetection with 9 anti-His6 antibody (b).
I ane 1 renreacante the inenlithle fraction | aneac 2-4 correenond tn the inenlithle fraction and lIaneace A-Q



12 linear portion of a polypeptide constituting a given domain, such as catalytic domain, may be
removed from the rest of the protein without destroyigg its enzymatic capability. A chimeric nucleic
acid or chimeric polypeptide comprising sequences derived from two or more different lysin genes or
polypeptides can be referred to as a ‘chimeric lysin' or ‘chimeric lysin construct'. [45] As used herein,
the term 'host cell refers to the particular subject cell transfected with a nucleic acid molecule and the
progeny or potenti%ggreg %g)lﬁg‘f sy h a c,ellT P{o eny ¢ fsuch a cdgg mﬁ not be identical to the parent
cell transfected with the RUCISIE acit ROTSCUTE qUatd MBS BHUIERS A inftinces that may
occur in succeedirftfGERETSEDAS B inBefiioResethanibrse iy rsial gvisenfecitto the host cell genome.
[46] As usd@lherein How¢eemminscbsibinditionarefors dadhe speificmosgethan eneipmmphyiastic and/or
therapeutic agent. FRe45erah H8i LR IhOFARINALO R OE MK (e alliddhe REdRT Avhigh prophylactic
and/or therapeutics?%i%%%_rg agégigi%g%r%? tgagesuﬁ-% Wit:ht a djtsease or.dis rtg%r A first prophylactic
or therapeutic agent can’be admin stered phorio (8. .:}' Cr%ir%‘fﬁé’sr?liggcﬁfﬁhfg , h‘ﬁmftes, 45 minutes,
1 hour, 2 hours, 4 FSGHSed BoBRSumOREERsPBaE hethskilgprtmecoeri{ishcetd RBOTs T evdsdk, 2 weeks,
3 weeks, 4 weeks Miavelaks] B4EERE). Tiveekse, ahdR weaeke heibiepeoncdmitantlyiamithndr

subsequent to (€.thevRIMiIH Gy hRIMAVIRS, BOTRDWRRARMIRKESnd MNP IRYER: AN OUrS, 6 hours,
12 hours, 24 hours, 48 h%Jrs 72 hours, 9 arg‘%%rs 1 week, 2 vi.geks_. Fweeks. 4 w evlg, 5 weeks, 6
e

weeks, 8 weeks, oI eals. %\f‘f‘érﬁﬁ@bée bmlnls{?g SrrOFACS ABFS BalsngiRest g PR agent

* (different from the 9785 PIEIp HARBHE Hr pRSFEDEIOST BaEHH Yoln RATifatarihn Badisvasedodidorder. [47]
As used herein, thectepmsrinoicieiebisiciss arich huicl@itide semueraesainetids BNAd@ aelecplerie.J.,
CDNA or genornic s, RMAHRIPEES 45 0ol 0T SOTIATRN5.ALBAA and RNA molecules
chimeric DNA and%%g&g&uég , ﬂ%@gﬁﬁ? molecules; and analogs of DNA or RNA
molecules. Such & b g , xample, nucleotide analogs, which include, but
are not limitél to, indbireroentiipiemibhasdiseSettv avdegsirdr @ispagpeprides DRNAerRMAgaolecules
comprising modifiegs BackbpnasthatisndpanefirahaitRHiznio e MHUAGHESiSHS Piase i example,
nuclease resistan%,%@n JPQ&?%&% 2 }iniqtg tgc%ros%s c[gl, éger(') mhra FE‘Sd h‘f c:§ucle|(_: acids or
nucleotide sequences cah be single-s rarufed, d’ouBfe;s ran éd;en%%%pac%n?gl 67??I§hgle-stranded and
double-stranded pRRHBRRLIAHIHRBRYCEIGIR PhATEgRateR A nenbior sheferatnerirer double-stranded
DNA. [48] As usedrhesgimthecfermditprepissladtiecigahtindeuidorop irlastisageatsidiefer. togpolypeptides
of the invention, witiginsRpdeeSBriinIRR;PEYERIDR ERUDERL ManRgERARLOkamAligration of one

or more symptoms aag,%g’%iF J (gd \gzitgrll”izrzlf%cgi% b ia.Gr m-posi iv% bacterla:_£49 As used herein, the
terms 'therapeutic agent and thetapedtic Agenta reter 1ot S denfae s Pre v Entigrtitat can be
used in the preverdtBf Gesimércatiadadémed desinemdlondrorda eriorendyodisems tica disease
or disorder or of thibamderkying! campesifdshe dideciaecarsisordaréR. o thnfestionRyod hadigra). [S01As
used herein, the (asGdeARAL RN TierIaRMAH LGRS IR ASONI C%Esh(%fé?&“tic agent

i e

sufficient to result(iéhﬁ@ lioration of one or more symptoms of a disease or disorder (e.d., a disease or
disorder associated with infection by Gram-positive bacteria) in a subject or to result in a reduction in
total bacteldl burddh fEAbEE diErents tha rgsent inseationtkiediensied awlyreptdesemtlaad ‘treating'
refer to the amelidratiobaofeanghaga¥0reFEYSIBR Mkics poBigdeaNs Wk RBiNIBCHRIA LY@ HRM-pOSsitive

bacteria or to the ggdugHERIRR cteriglhnrden. ilts from ¢he administration of one or more
polypeptides of the inventio 52?#QW Felana i L %‘Zggg’i&ys%ﬁﬁﬁaﬁ%‘/or inhibit

Javention, he term ‘antibiotic activity' re gé?é’to the ability to'k (
the growth or reproduelion of 2 FRRPSBYYS I AR RUPP SQTHRILE S NerePsty SaH #ReAsiRnicrobial
activity'. In certain&Hersdi et ABidacoteantpidioiins aopnlitpdptassefabe drivyreisturing
Gram-positive bacteripraecartiigménrstaridardriaefiviquest (SEQ I Naid CHIR ofi PR-AgRRlates),
contacting the culg [ tides, of the.inventi nd.monitoring cell growth after said
- contacting. For exﬁgﬁﬁn%lﬁgggﬁgﬁtﬂ%ﬁﬁémgg € ﬁ@?gﬁ.’%ﬁﬁr’e" s%cﬁ‘él BEGROWNFS Boptical
density ('OD') repfSSERYARANS LHELPOMENT BYP6HR ity GrowrofteeetificotHerie Mireexposed to
one or more conceaRIsHSIBf B mbaddrepotpaptatsrafrhadnvientiolyprmditee I@Dnmanitored
relative to a contraindtace ReeepasesiODIsalabve. (e HCotohsulwsissopenpatative ofa
polypeptide exhivgiag aiibigyis A bnle B RbIis g RGN, Simlarly, baciepal colonies
can be allowed to form on an agar plate, the P ate exposed to a po ypep‘t)lée of tHe invention, and
subsequent growthi "3% BB SR BYSSRLPE SRS RIEBFASIplshins) Deharsis s &7267 colonies, or
decreased total nATHBBAS §Fcansnres iidiebte & PoRyspticheméth dmtiibtic activity. A fragment, variant,
or derivatiiejof a lyircqrolirpepticdiravinghapibieticpreansimicapbial eetvineefe f ipthadiggment
having the catalytic ability to bring about host bacterial cell death, or to the fragment having such
catalytic ability as well as targeting activity towards the host, as defined below. The term ‘targeting
activity' refers to the ability of a lysin polypeptide to direct catalytic activity, such as antibiotic or
antimicrobial activity, to a given bacterial host cell. Targeting activity may be associated with a
particular region or domain of the polypeptide, such that, e.g., a chimeric construct comprising a

targeting domain of a first lysin polypeptide, native to a first host species, can direct the catalytic
activvitvy er11ch ace the antibiotiec activiitny of the chimerie concetriiet to hactaerial calle nf firet hnet eneciac



patch. They may also be administered by the pulmonary or rectal routes. They may 19 also be
administered by the ocular route. For ophthalmic useg the compounds can be formulated as
micronized suspensions in isotonic, pH adjusted, sterile saline, or, preferably, as solutions in isotonic,
pH adjusted, sterile saline, optionally in combination with a preservative such as a benzylalkonium
chloride. Alternatively, they may be formulated in an ointment such as petrolatum. 1691For

administration in tablet fqrm, the tahlets may.c in excipients such as micrq- crystalline cellulose,
lactose, sodium cit?%f_ze\:?caalam Y %?%ﬁ6%%%@3?0iﬁﬁﬂ‘%ﬁ%%ﬁré?é’?fﬁﬂeﬁ%ﬁg’fla}Efnf’@grants such
as starch (preferab®PiOHfrAGHS Tt G EI CTAS BRI SorigRNstarch §lyestiate Theoddmamellose sodium
and certain complepoBificpiieis, raayche divtatifvorh nrdistsassChodspealiy ioyipy iFekdae where a
hydroxypropylmethylgeluloge: iRt susiymiRpeRl I osa diEGh Y GOagn A latin AD dracacia.
Additionally, Iubrlc%%%?ggqaent such as ma e&urggstea}%e. stearic acid, glyceryl behenate and talc
may be included. 1 s2ges Uh A B SHG i CENERIRFRHS V§"8fﬁrﬁécﬁ‘n§?mé’@éﬁ‘figél?e%ﬁbsitions
of the present invehitits§ FEPOSrd dpe Aty Babiabop anitittic usdyiThegaios imination lofstveific
appropriate dosagembdditenss, ddroinisération] ypapelewishiprine skibefiap ardinamsmhysician. Animal
experiments can ployideceipp/erondangesion fis detel poatianehelieriher oses hman herapy.
Interspecies scaling of effective doses can be performed by orie of ordinary s‘iq ,t[he art foJTlowmg the
principles describe 6?/”[%7!'8?5&‘?{?," 5 BEREA AR AN R GRRSRRRS SR RN R YR okinetics
in Tavicokinetics aftIMNEH T figaDstblvprAeiRr Jerbeisivetad S BRHED, e anforvBress fhdew York 1989,
pp42-96 (hereby inegrpenatestiay eigsanaevinhis aRIRIY alhiarRe e MsR Y fldTrpelypeptides of
the present inventigh haye-aalbiatls asiiibaRaainsl R nuRRIBh U amPosiiye ‘i’yﬁlﬁgg%%gfﬁem'ud'”g

J s Eafy D, 1,
Staphylococcus aureus, and inclu In resistant strdins ofgtaph us aureus.

: ing'many meth
Therefore, the polyBaERfeE S??H@?f’r‘gs‘éﬁ? i%’\%ﬁ‘ﬁgﬂdr‘fﬁ%Q’Eé‘éﬁ'ﬁq‘?ﬁé‘ﬂ%ﬂ?%ﬁ‘réﬁﬁﬁ%fections
associated with baReBmgRigamktwiigien dnhags dytibsagtse (eith 4t deuibfdlie, 65 Gntitfcrohial #ikiyity) in
both humans and apimaiszvsnesambeniment: Bmesitieas AR RERRALIPE AHAMMAYRE used to
treat an infection %ﬂﬁgﬁcplﬁﬂﬂ@ QDR f('ihcf" f&ll{gﬂgjg! §It?ﬁeh¥x%%onccu§e§%3@é§i dS S(ilgldéar_mldls. S.

auricularis, S. capifis..S. haemolyticus, S. horn! is, . saprophyticus, S. simulans, 5. X§i0sis,
Micrococcus Sens?%’géhaﬁg%ﬁﬁﬂé?@eﬁ%ﬁﬁg,I?rh@béé’é(&ﬁ?fﬂé%ﬁ%?@ﬂﬁ@é?and E. faecium. In
certain emblddimentEhetiavsoligepsides ohtirestwpr e leradedsbaezinbiteahtiipilypeptidetisfiideobial
activity (e.g., lytic kiingiaelivityhpemio &pminraatNe haGiaba b haclerahalas.nelclagsified as

either Gram-positye, gt GIAN AEARN 18,40

Hggcergn%o ,j,rﬂ,e”ts1$h§ gglyw;@og the invention may
be used to treat or manage-infections associated with non-Gram-posiive badiena: 20 [72] Examples

of diseases that ar&8AISELH IRt PebgERlp SEfTIeeRt bt antig s srdae trwitilytic
pharmaceutical corfipagisiohstpf ahd/ preseiniguention dpchal e Grutapesitdtdibaited10;. post-operative
endophtalmitis, endleganedilis ol sfesiins. e FABIRIRRY Qi Brs eI IfeHing (g 9. diabetic

foot ulcers), pneumania, osteomylelitis,.sepsis. mastitis and meningitis. [ isinfectant and Apfi-infective
Use [73] Nearly a%ﬁc’:%g?ii Fpgat ollgjé:hds" 1?1 e&l%t%sénmﬁi:%%rglf’ﬁlé’mg?éaleengh mfuﬁ&%?%ﬁﬁ%?eﬁ
respiratory. intestifal uFdgenitiiRamaTs et THE intessine tlemblusicls tsrsivespiisnsfraiithe
reservoir, sometintesitheonlylrezervaicifor mbodipatitogadic:bacteria éopirdsibrihecenvirapment (e.g.
pneumococe, stapiRsaseiaRd EeRIANRTU.TRERAI N YdaY BRiF(ERIYGR kAR esioned t
control the carrier é&@&%‘jﬁ’f B,%tho%egi%(?g%C(}F{fi,a'j,'{'\,o‘ﬁ’&‘,’fr’ studies have shown that by reducing or
eliminating this reservoir m e w_%r%ent‘s suc asehospitals and nursing homes, the incidence of
infections b these HatteRs wRPHEaRetiatidiheda vErapT e Yidtypeidesrisf thelgeasiht invention
may be used in antnfasiige conipositionsgfienceatraliiing grssynesity efhaaieres i0okiding S.eaureus,
in order to preventgk kpdvar&e, deNRlaPMERIAE S8HRYR I RRIRDR,dR gzﬁg 190 40 458 i compositions
for application to ucous rig%%t%{i?qegdlfgﬂ%skn3or.lﬁ/€|n consfruct of the present invention may also be
incorporated into fofmMUTAtIONS SUCH As Sprayé BrOmATTEAR 157 ASHIFONERYLBRIRBRIOR: dF &ram-positive
bacteria on the skiR§HY StErdoiREscrrderss Milighsstetvditnenstesh R greseideniention also
encompasses diagndsticanidtiadgsifnredetesmising dfarausiivecgeniimacmteniaNofegion. In one

embodimen, the GleiagcTAHLAGT AL Res K Balales I  bagtelilanigelion end
measuring the SU%%%PthHIt to the antm%lcrob{)a(l)ld?e%des fthﬁ}{present Invention, wherein
ce M-

susceptibility to the PolyPeptide TRaitates the presarte B ¢ AR SolRRBTERAN IR T8 lack of
susceptibility indidBt&84HAR tyrdss Rew WenbastssPoreNe RS feYRE epmpoivingpdymivis@riam-negative
or non-responsive Breingubsitvimbacierig)cpinkin o fabidiMatidais 1761 The invention also encompasses
variants of the lysin polypeptidcs, or active fragments or derivatives thereof, isolated from
bacteriophage F87s/06. In certain embodiments, the invention encompasses an amino acid sequence
variant of SEQ ID NO:2, or active fragment or derivative thereof. Amino acid sequence variants of the
polypeptides of the invention can be created such that they are substitutional, insertional or deletion
variants. Deletion variants lack one or more residues of the native protein which are not essential for

function (e.g., antimicrobial and/or targeting activity). Insertional mutants typically involve the addition
nf matarial at a3 non- 21 tarminal noint in the nolvvnentide <tibetitiitinnal vvariante tvvynicallvy contain the



insertions. [86]Chimeric polynucleotides of the invention encompass nucleotide: sequences encoding
chimeric polypeptide of the invention, such as chime#c polypeptides comprising a targeting domain of
a lysin isolated from phage F87s/06 fused to a catalytic domain of a lysin isolated from phage FI 70/08
or F168/08. The invention also encompasses polynucleotides that hybridize under high stringency,
intermediate or lower stringency hybridization conditions, e.g., as defined supra, to chimereic

polynucleofgs that ARCGE. SR AMREINE N E YBTLRA S LA Ier palynycieotdes may

be obtalned by reco Ba%{ts hnl ues, as ar nown an routinely practlce he art

Recombinant chim&f; %ch M%h?@%réﬂé‘lﬁ “j?ﬂr‘lméh‘ﬁ/\?ﬂitﬂpﬁf(?%abéﬂéétyor portions
thereof, which origﬁﬁdfﬁféﬂdéépfﬁﬁfseﬁaha@bmrﬁgﬁ Fhésdridivtlial) ségtibltesityipicaliyegdrespond to

coding sequences:fﬁreﬁ;édmgtimkHWHn@iqeaﬂh@ﬁmaﬁﬁnﬁ‘éﬂﬁseﬂﬂ%&iﬁﬁJﬁ'é&ﬁa‘ihaéﬁhe chimeric
polypepiide encodgs. i UsiornRiBis anlng (SRR e v Rty JReIe R liptcoding,

sequence, or pOI‘tIOﬂ thereof, m 0|ne In.frame EO a second co sequence, or portlorfthereof

a
which typically is a&ﬁ%’\?&af Vs W it St BVEASE %%?e‘?fs‘i’Br?gﬂﬁﬂa‘H%éﬁﬂ‘F%‘ﬁ%gﬁ’\ﬁ}ﬂH‘Eﬁe
conventional meth¥itlbPehainigasHifibeitganies, and mdniteriogssB geomitafjenesiscrmeshinag’ In this

method, DNA can Ber extifije specififiagmestmbydasHiction andenusiaases-agting af 4gstriction en-
donuclease recognifien, SHERANHHS eBRSH L9514 &%mg Gingoliaay ﬂ? i nB'q‘) ﬁﬂﬁ: fragment can

be substituted with a heterologous o Ing compat s'In order to e parental
DNA. See, e.g., V\/%%é”é? -ROTER &F 3¢H%‘f§”§§ CIRBEY, NS iTO5T SONSEaH AP RE I BRR BN IARE entirety.

[88] Alternatively, Paingstajssiabhésvmolving PERDaghwusadasuehoasctherovarapeextension PCR
method. See, e.g. Hd&c&séﬁ(ﬁbaélélx%?& 22880 6@!@%'RH@%@Q§@%P¥%%&%I@Q§%H%QQ the
polymerase chaln SSAEIIRR-BEIE &' B SIERERSAPABIEI Y [eference I entiely. Several

variations of this PCR approach kiown and have been tised to generad ehiterad ’such
approach, for exaﬁ?ﬁ?qmm%@&iﬁé&l&)‘é‘ﬁ%‘ﬁ OISR F@W%%ﬁéﬁl@%ﬁﬁ@?ﬁ%%s in the
absence of restriciofypeptidnes ihetineaistepsid iha cosupriionalRECE diepolosiag primaes partially
oTplelmel(nt)ary atmcgcé@RWMﬁhh%@@@%Hﬁ?m&@%ﬁbﬁbﬁfﬁ t@r%@cﬁ%§fé§if iRl %ﬁiﬁbﬁ}@f&higefic
molecule; (ii) a se where t ragments generated in the first step arc fused using
the complem ntar‘%/gg%}gﬁﬁ?zéggf tﬁ)q é{gg “aln |||§;n° thifd s m mvolvmg PCR amplification of the
fusion protﬁb@i The RASBRRABIGHYC %&@hﬁﬁéﬁéﬁ%@b‘{ﬂ}t Wﬁ‘bﬂ%ﬂﬁ’é"mﬁé@rﬁf&mﬁ(med PCR
fragments. See, edgsenkatheiretal (x08p)cAunpdifipdcovaylapwextengion RGRmethatHecreate

chimeric genes n i, SoSRRGRalPSiEAlIATRARHE o1 FOIATLIClngY T RENUANS: L ANGED- 657

hereby incorporat ference in its entlr t atlon angd/or PCR-base
approaches may glgc%’gé? t%vgreda%gl% iR |mele‘r)f’énpo‘¥§/}%cféo%ld9§sy(§f gg?é’?&hﬂ ﬁﬁ'o‘f?l?f&i)’]‘

Alternatively a nuciés8 AR FRFBEMPIGIEHMERE B O] s iiesriayrplecne mic ityssthakesided. For

example, using théidesired simirozacic acdriencitiof thedthin esim@aiypeptide of the invention, the

corresponging nUC'Q%%&@HH%U&%H)@%%@%@@%W!S@M?Q{Q&G@E&P&p”d?gg é%%@d?to
inan

replicable cloning yeatars usin % know ods.in t rt. Recomb Xpression of
/ention ?Hﬁceéarral & ei}{ésécalr i Gk H? diga AR Stah &9Mvention

Molecules of the Inventlon
(e.g., a polypept|d%ob‘r”ﬁﬁbt&%pw&@é’%?l@iﬁ“ﬁﬁ‘&ﬁt?b@'dé\wmw@%M@mmmvmam‘ or
fragment thereof) paisspedashibinethvineiveatoistoutieipeodyciion eiltbainelqeyespiasabedpoduced
by recombinant DblhigehRaeuusin RGeS PRI A MERAde WRIch fpsvel

known to those skllled &}thgeart %é?f’ e us construc ex ressmn vectors ontalnln the cod ing
t

sequences for the mAISCUIes s \%’HU %rﬁﬂ’&’% Hi 408 Ffﬁ?&@i}ﬁﬁéﬁélt%ﬁ‘??ﬁﬂ'slatlonal
control signals. THEY&HBYREUR ssRsde iorcarnbinpie Mantresies ansprasni N Actechoiias synthetic

techniques, and imvileganéteqesonbicatioga @w&rdemmﬂalﬁwm@éﬁf:b@lqgﬁa dpserpedsin

Sambrook et al., 1% ;MelGellar fnRg. 4 dﬁkﬁﬁ@é%ﬁ%&l\ﬁ&%%%oﬁcurrem ﬁP Laor

Laboratory, Cold ﬁg{ln% a{bor Y and Ausubel et al. eds., 1 rotoc ﬁwM‘oIecuIar
Biology, John Wiley" oy on%lI %ﬁdé%}!é%g%'ﬁvéctor comprising the nucleotide sequence of a

molecule id&htified be PRPREHERSIDE N He0BeRion fezmmiset srdefel nad o privbstededty by conventional
techniques (e.g., eletitddorationn iposomalisansiaction oﬁﬂ@&%ﬁe@h@ﬁﬂﬂ@l@@@?%%ﬁ@@ and the
ransfected cells idihan by RLMMGANYINIALIEIIIRNRS 18 RQUNES INBIRIEEY GR.Of e

e

invention. In specific embodi ents the ression qf the i’no ecules o invention 15 regulated by a
constitutive. an induGHiS bFA RIS B §8$£OBF8WB%%P% ﬁé‘éﬁ'ﬁé‘%’déﬁﬁi@ﬁfﬁ‘ﬂ‘n‘g Ypression vector
is pQE-30 (QiageH)\6PHRT Po@iVeNEeayah hgopi Faid metkedliemprédng 6xpréwsitigamdotecules
identified by the methods of the invention may be either bacterial cells (non susceptible to the lysin
protein, lysin construct, or-fragment thereof of the invention) such as Escherichia coll. A variety of
host-expression vector systems may be utilized to express the molecules identified by the methods of
the invention. Such host-expression systems represent vehicles by which the coding sequences of the
molecules of the invention may be produced and subsequently purified, but also represent cells which

may, when transformed or transfected with the appropriate nucleotide coding sequences, express the
mnolaciileae nf the invvention in ittt Thece inchiide biit are not limited to microoraaniceme crich ac



Sample type 0 Line D Observation s D | Staphylococc us aureus 0 H1 Purulent Exudates STA hospital
2 Staphylococc us aureus 0 H2 Drain Exudate STA hospital 3 Staphylococc us aureus D H2 Wound
exudate STA hospital MRSA 4 Staphylococc us uureus 0 H2 Wound exudate STA hospital MRSA 5
Staphylococc us aureus 0 H3 Exudate from Dialysis catheter STA hospital 6 Staphylococc us aureus
0 HI Purulent exudate STA hospital - 7 Staphylococc us aureus 0 113 Exudate from Pressure ulcer

STA hospital MRS 4,8i@aP WasRchHauisus it B S%a;%mm%r@éﬁw%&% ATENesRIR! °
Staphylococc us aureus 0 H2 Exudath from skin, STA hospita g%)\ Staphyl ococc us au&éus HI
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(11) recovery of said protein from said medium. In certain embodiments, the nuclexc
acid sequence encoding the polypeptide of the invention is operably linked to a het-
erologous promoter. 'Heterologous' as used herein refers to a combination of elements
not naturally occurring.

[19] In another specific embodiment, the invention relates to a method for recombinantly
producing a chimeric polypeptide of the invention, or active fragment thereof, said
method comprising (i) constructing a chimeric nucleic acid encoding a chimeric
polypeptide of the instant invention: (ii) culturing in a medium a host cell comprising

 the chimeric nucleic acid, under conditions suitable for expressing the chimeric
polypeptide; and (iii) recovering the chimeric polypeptide from the medium. In certain
embodiments, the chimeric nucleic acid sequence encoding the chimeric polypeptide
of the invention is operably linked 10 a heterologous promoter. In certain preferred em-
bodiments, the chimeric nucleic acid comprises a sequence derived from a bacte-
riophage F&7s/06 tysin protein and a sequence derived from a heterologous lysin
protein, such as a sequence from bacteriophage F170/08 or F168/08 that has antibiotic
or antimicrobial activity. The sequence derived from phage F875/06 may comprise a
targeting domain. while the sequence derived from phage F170/08 or F168/08 may
comprise a catalytic domain that has antibiotic or antimicrobial activity against S.
aureus, for example, when targeted thereto.

[20} The present invention encompasses pharmaceutical compositions comprising
polypeptides isolated or derived from bacteriophage F87s/06, in particular isolated or
chimeric polypeptides having antimicrobial and/or antibiotic activity. The pbarma-
ceutical compositions of the invention may additionally comprise a pharmaceutically
acceptable carrier, excipient, or stabilizer. In specific embodiments, the pharmaceutical
compositions comprise a polypeptide having the amino acid sequence of SEQ ID NO:
2. In another embodiment, the pharmaceutical compositions comprise a polypeptide
that is a variant, derivative or fragment of SEQ ID NO: 2. wherein the variant,
derivative or fragment retains antimicrobial and/or targeting activity against a Gram-
posilive bacteria, e.g.. 5. aurens. In other specific embodiments, the pharmaceutical
compositions comprise a chimeric polypeptide having the amino acid sequence of SEQ
ID NO: 4 or 6. In another embodiment, the pharmaceutical compositions comprise a
chimeric polypeptide that is a variant, derivative or fragment of SEQ ID NO:4 or 6.
wherein the variant, derivative or fragment retains antimicrobial and/or antibiotic
activity against a Gram-positive bacteria, e.g., 5. aureus.

[21] In specific embodiments, the pharmaceutical compositions of the invention are an-
tibiotic compositions or therapeutic compositions for the treatment, prevention, and/or



12 Staphylococc us aureus 0 H4 Exudate from Pressure ulcer STA hospital MRSA 13 Staphylococc us
aureus D H5 Exudate from wound STA hospital MRSA 14 Staphylococc H5 Exudate from STA am-
MSSA 32 us aureus D Umb cal cord bulatory 15 Staphylococc us aureus D 143 Exudate from
Pressure ulcer STA hospital MRSA 16 Staphylococc us aureus D 146 Exudate from Pressure ulcer
STA am- bulatory MSSA 17 Staphylococc us aureus D H5 Exudates STA am- bulatory MRSA 18

Staplzylococc us apetis Rt Fegm'g from R STASREPIRMBSALS iaRhyagoge us aureus D

145 Exudates STAG?H]n bulz%t% 0 *QQJOCC us c eusag)ﬁﬁ)Exud?E_ee Jggm Sakln ar%_hospnal -

21 Staphylococc ug alFeue'd PL?RB%& ESREdAR subise ga ph
ceutical composition of the invention may be a mammal (e.g., bovine, ovine, caprine,
equid, primate (e.g., human), rodent, lagomorphj} or avain (e.g., chicken, duck, goose).
In the context of the present invention, "treatment’ refers to both therapeutic treatment
and prophylactic or preventative measures, wherein the object is 1o eliminate, lessen,
decreasethe severity of, slow the progression of or prevent the symptoms or underlying
cause (e.g., bacterial infection) associated with the pathological condition or disorder.
The pharmaceutical compositions of the present invention may be used in the treatment
or management of infections associated with any gram-positive bacteria, including, but
not limited to Staphylococcus aureus, S. epidermidis, S. auricularis, S. capiris, §.
haemolyticus, S. hominis. S. saprophyticus, S. simulans, S. xylosis, Micrococcus luteus.
Bacilus subtilis, B. pumilus. Enterococcus faecalis, E. hirae, E. faecium E. avium, and
combinations thereof. The pharmaceutical compositions may also be used to treat
conditions or disorders associated with bacterial infections including, but nor limited
to, post-operative endophtalmitis, endocarditis, infections of the central nervous
system,pneumonia, osteomylelitis. wound infections (e.g., diabetic foot ulcers),
mastitis, septicemia, food poisoning and meningitis,

[22] In certain embodiments, the invention provides for the use of lysin polypeptides as a
single agent therapy. In another embodiment, the lysin polypeptides of the present
invention may be combined with one or more lysins from a bacteriophage other than
bacteriophage F875/06, such as with lysins from bacteriophage F170/08 or F168/08,
¢.g., 1o produce chimeric polypeptides. In yet other embodiments. the invention
provides for the use of a lysin polypeptide, or active fragment, variant, derivative, or
chimeric construct thereof, in combination with a standard or experimental treatment
for Gram-positive bacterial infection. In still other embodiments, the invention
provides for the use of a lysin protein, chimeric construct, or active fragment of either.
that has been chemically conjugated to still another therapeutic molecule (e.g., peptide
or non-peptide cytotoxin). Such combination therapy may enhance the efficacy of the
standard or experimental treatment. Examples of therapeutic agents that are par-
ticularly useful in combination with a polypeptide of the invention are anti- in-
flammatory agents, standard chemotherapeutic antibiotic agents (e.g.. penicillin,
synthetic penicillins, bacitracin, methicillin, cephalosporin, polymyxin, cefaclor. Ce-
fadroxil, cefamandole nafate, cefazolin. cefixime, cefmetazole, cefonioid, cef-
operazone, ceforanide, cefotanme, cefotaxime, cefotetan, cefoxitin, cefpodoxime,
proxetil, ceftazidime, ceftizoxime, ceftriaxone, cefriaxone moxalactam, cefuroxime,
cephalexin, cephalosporin C, cephalosporin C sodium salt, cephalothin, cephalothin
sodium salt, cephapirin, cephradine, cefuroximeaxetil, dihydratecephalothin,



Staphylococc us aureus D H5 Exudate from Umbical cord STA am- bulatory MSSA 13 Staphylococc
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position or may be administered in separate compositions as part of an overall
treatment regimen.

[23] The pharmaceutical compositions of the invention mway be administered by any
method known in the art suitable for administration of an antibiotic compound (e.g.,
via oral or parenteral (e.g., inhalation, intramuscular, intravenous, or epidermal
delivery).

24} The pharmaceutical compositions of the present invention may also be used for tradi-
tionally non-therapeutic uses such as antibacterial agents in cosmetics, or in sprays or
solutions for use on solid surfaces to prevent the colonization of Gram-positive
bacteria (e.g., as a disinfectant or anti-infectant).

{25] The present invention is also directed to methods for screening peptides for antibiotic
and/or targeting activity. In one embodiment the method comprises screening
contiguous amino acid sequences of at least 6, 10, 15, 20 or 25 residues in length from
SEQ ID NO: 2, or 4, or 6 for antibiotic and/or targeting activity, said antibiotic and/or
targeting activity measured by the peptide's ability to inhibit bacterial growth in agar or
liquid culture.

BRIEF DESCRIPTION OF THE DRAWINGS

[26] Figure 1 shows an alignment of the N-tenninal region of Lys87 with the endolysins
of phage P8, Twort, and ®11. The conserved residues known to be present in en-
dopeptidase domains are indicated by boxes.

{27} Figures 2a-2¢ are schematic representation of expression vectors pQE-30 (a) and
pET-29 (b and ¢). _
[28] Figures 3a and 3b are Western Blots of the insoluble (a) and soluble (b) fractions of -

cellular extracts resulting from induction of Lys87 expression in E. coli IM109 cells
transformed with the pCC1 plasmid. The bands were detected using an anti-His6
antibody. Lane 1 represents IM109 cells without the pCC1 plasmid after 4 hours of
induction. Lanes 2-6 correspond to IM109 celis with pCC1 plasmid after 0, 1, 2, 3, and
4 hours of induction.

[29] Figure 4 shows the results of SDS-PAGE of Lys87His6 samples purified on Ni-NTA
column after staining with Coomassie blue. Lane 1 represents cellular extract. Lane 2
represents the wash buffer that was passed over the column during purification. Lines
3-14 correspond to fractions collected during purification of the His6-Lys87 fusion
protein.

{307 Figures 5a and 5b show the soluble and insoluble fractions of cellular extracts
resulting from the induction of Lys87 in E. col. BL21(DE3)pLysE transformed with
plasmid pCC2 after coloring with Coomassie blue (a) and after immunodetection with
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[37] Figures 6a and 6b show sample of concentrated and-diluted samples of Lys87 after
purification from inclusion bodies. Lane 1 corresponds to concentrated Lys87 and lane
2 corresponds to diluted Lys87.

[32) Figures 7a and 7b show analysis of Lys87 samples eluted after purification on the
AKTA FPLC system using Coomassie blue staining {(a) and Western Blot (b).

[33] Figures 8a and 8b show the nucleic acid sequence (SEQ ID NO:1) and its encoded
amino acid sequence (SEQ ID NO:2), respectively, of a lysin peptide isolated from
bacteriophage F87s/06.

(34] Figures 9a and 9b show the nucleic acid sequence (SEQ ID NO:3) and its encoded
amino acid sequence (SEQ ID NO:4), respectively, of the chimeric construct
lysin170-87. Sequences deriving from gene lys/ 70 are in bold; sequences from gene
[ys87 are in plain text; vector born sequences are in italics.

[35] Figures 10a and 10b show the nucleic acid sequence (SEQ 1D NO:5) and its encoded
amino acid sequence (SEQ ID NO:6), respectively, of the chimeric construct
lysin168-87. Sequences deriving from gene lys /68 are in bold; sequences from gene
lvs87 are in plain text: vector born sequences are in italics.

{36] Figures 1 1a and 11b shows SDS-PAGE analysis of the purification process of Lys
170-87 (a) and Lys 168-87 (b). M stands for Molecular weight marker; SF, total
soluble fraction; FT, affinity column flowthrough; AF, fraction corresponding {o the
affinity peak; D, desalted enzyme preparation.

137] Figure 12 shows three examples illustrating the results obtained for Lys168-87 and
Lys170-87 when assayed for their activity on lawns of target bacteria.

138] Figure 13 shows lytic activity of Lys168-87 and Lys 170-87 on cells of S. aureus
strain 566/07 suspended in a liquid medium (25 mM Phosphate-Na buffer pH 6.5, 250
mM NaCl). Each enzyme was added at 10 pg/ml concentration. The control is a cell
suspension added of enzyme storage buffer. The presented data correspond to the
average of three independent experiments .

DETAILED DESCRIPTION OF THE INVENTION
Defiritions

139] As used herein, the term ‘fragment’ refers to a peptide or polypeptide comprising an
arnino acid sequence of at least 5 contiguous amino acid residues, at least 10
contiguous amino acid residues, at least 15 contiguous amino acid residues, at least 20
contiguous amino acid residues, at least 25 contiguous amino acid residues, at least 40
contiguous amino acid residues, at least 50 contiguous amino acid residues. at least 60



Exudates STA hospital MRSA 34 46 Staphytown: us aureus D 115 CeBuilds exudate STA am-
bulatory MSSA 47 Staphylococc us aureus D H5 Exua#late from wound D MRSA 48 Staphylococc us
aureus D 115 Exudates STA hospital MSS A 49 Staphylococc us aureus D 115 Exudate from wound
STA hospital MRSA 50 Staphylococc us aureus D 115 Exudates STA hospital MSSA 51 Staphylocoec
us auretts D H5 Exudate from wound STA hospital MRSA 52 Staphylococc us auretts D 115 Exudate
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ues, at least contiguous 125 amino acid residues, at

contiguous 100 amino acid resi
least 150 contiguous amino acid residues, at least contiguous 175 amino acid residues,
or at east contiguous 200 amino acid residues of the amino acid sequence of a second
polypeptide. In a specific embodiment. the fragment is a functional fragment in that it
retains at feast one function of the second polypeptide {e.g., antimicrobial or antibiotic
activity, or targeting activity). .

[40] As used herein, the term 'isolated’ in the context of a peptide, polypeptide or fusion
protein refers to a peptide, polypeptide or fusion protein that is substantially free of
cellular material or contaminating proteins from the cell or tissue source from which it
is derived, or substantially free of chemical precursors or other chemicals when
chemically synthesized. The Janguage 'substantially free of cellular material’ includes
preparations of a peptide, polypeptide or fusion protein in which the peptide,
polypeplide or fusion protein is separated from cellular components of the cells from
which it is isolated or recombinantly produced. Thus, a peptide, polypeptide or fusion
protein that is substantially free of cellular material includes preparations of a peptide,
polypeptide or fusion protein having less than about 30%, 20%, 10%, or 5% (by dry
weight) of heterologous protein (also referred to herein as a ‘contaminating protein’).
When the peptide, polypeptide or fusion protein is recombinantly produced, it is also
preferably substantially free of culture medium, i.e., culture medium represents less
than about 20%. 10%, or 5% of the volume of the protein preparation. When the
peptide. polypeptide or fusion protein is produced by chemical synthesis, it is
preferably substantially free of chemical precursors or other chemicals, i.e., it is
separated from chemical precursors or other chemicals which are involved in the
synthesis of the peptide, polypeptide or fusion protein. Accordingly such preparations
of a peptide, polypeptide or fusion protein have less than about 30%, 20%. 10%, 5%
(by dry weight) of chemical precursors or compounds other than the peptide,
polypeptide or fusion protein of interest.

[41] As used herein, the term 'isolated' in the context of nucleic acid molecules refers to a
first nucleic acid molecule which is separated from other nucleic acid molecules which
are present in the natural source of the first nucleic acid molecuie. Moreover, an
isolated’ nucleic acid molecule, such as a cDNA molecule, is substantially free of other
cellular material, or culture medium when produced by recombinant techniques, or
substantially free of chemical precursors or other chemicals when chemically syn-
thesized and may be free of ¢DNA or other genomic DNA molecules, e.g., where it has
been isolated from other clones in a nucleic acid library.

[42] The term "purified’ means that the fysin or chimeric lysin construct has been
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partially, substantiaily, or completely removing impurities such as precursors or other
chemicals 1nvolved in preparing the lysin or chimeric lysin construct. One of ordinary
skill in the art will appreciate the amount of purification necessary for a given use. For
example, isolated protein meant for use in therapeutic compositions intended for ad-
mimstration to humans ordinarily must be of high purity in accordance with regulatory
standards (e.g., of higher punty than isolated proteins for laboratory use).

[43] As vsed herein, the term 'derivative’ in the context of polypeptides refers 1o a
polypeptide that comprises an amino acid sequence which has been altered by the in-
troduction of amino acid residue substitutions, deletions or additions. The term
'derivative’ as used herein also refers to a polypeptide that has been modified. i.e., by

‘the covalent attachment of any type of molecule to the polypeptide. For example, but
not by way of limitation, polypeptides may be modified, e.g., by glycosylation,
acetylation, pegylation, phosphorylation. amidation, derivatization by known
protecting/blocking groups, proteolytic cleavage, linkage to a cellular ligand or other
protein, etc. A derivative polypeptide may be produced by chemical modifications
using techniques known to those of skill in the art, including, but not limited to specific
chemical cleavage, acetylation, formylation, metabolic synthesis of tunicamycin, etc.
Further, a derivative polypeptide may contain one or more non-classical amino acids.
A polypeptide derivative may possess a similar or identical function as the polypeptide
from which it was derived, or it may possess an improved function. The term 'derived'
as used in reference to a polypeptide 'derived’ from an organism may also refer to
isolation of a polypeptide directly from said organism (e.g. bacterial cells or phage).

144] As used herein, the term ‘chimeric’ refers to a construct derived from two or more
heterologous sources. A chimeric gene or chimeric nucleic acid, for example, can
comprise sequences derived from a first nucleic acid combined with sequences derived
from a second nucleic acid, where the first and second nucleic acids are native to
ditferent types of bacteriophage. The sequences from each nucleic acid typically
correspond to coding sequences for a functional domain of the respective encoded
polypeptides. The heterologous nucleic acid sequences may be combined in frame,
e.g., by recombinant means, so as lo encode a fusion protein or chimeric polypeptide,
which can be expressed thereform under appropriate conditions. A chimeric
polypeptide can be engineered to include the full sequence of two or more native
proteins, or only a portion of either. Chimeric polypeptides generally are created to
impart functionality from each of the original proteins to the resulting chimeric
polypeptides. The dual (or higher order) functionality of fusion proteins is made
possible by the fact that protein functional domains are generally modular, such that a



MSSA 69 Staphylococe us aureus 0 HI Bronchial aspirate STA hospital 70 Staphylocoec us aureus O
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pability. A chimeric nucleic acid or chimeric polypeptide comprising sequences
derived from two or more different lysin genes or polypeptides can be referred to as a
‘chimeric lysin’ or 'chimeric lysin construct'.
[45] As used herein, the term 'host cell’ refers to the particular subject cell transfected with
a nucletc acid molecule and the progeny or potential progeny of such a cell. Progeny of
such a cell may not be identical to the parent cell transfected with the nucleic acid
molecule due to mutations or environmental influences that may occur in succeeding
generations or integration of the nucleic acid molecule into the host cell genome,
(46} As used herein, the term 'in combination’ refers to the use of more than one pro-
phylactic and/or therapeutic agent. The use of the lerm 'in combination' does not
restrict the order in which prophylactic and/or therapeutic agents are administered to a
subject with a disease or disorder. A first prophylactic or therapeutic agent can be ad-
ministered prior to (e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes, ! hour, 2
hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2
weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks before), con-
comitantly with, or subsequent to {e.g.., 5 minutes, 15 minutes, 30 minutes, 45
minutes, | hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72 hours, 96
hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks
after) the administration of a second prophyniactic or therapeutic agent (different from
the first prophylactic or therapeutic agent) to a subject with a disease or disorder.
147] As used herein, the terms 'nucleic acids’ and 'nucleotide sequences' include DNA
molecules (e.g., cDNA or genomic DNA), RNA molecules (e.g.. mRNA), com-
binations of DNA and RNA moiecules, chimeric DNA and RNA molecules, or hybnid
DNA/RNA molecules. and analogs of DNA or RNA molecules. Such analogs can be
generated using. for example, nucleotide analogs, which include. but are not limited to,
inosine or tritylated bases. Such analogs can also comprise DNA or RNA molecules
comprising modified backbones that lend beneficial ariributes to the molecules such as.
for example, nuclease resistance or an increased ability to cross cellular membranes.
The nucleic acids or nucleotide sequences can be single-stranded, double-stranded;,
may contain both single-stranded and double-stranded portions, and may contain
triple-stranded portions, but preferably are double-stranded DNA.
[48] As used herein, the terns ‘prophylactic agent' and ‘prophylactic agents’ refer to
polypeptides of the invention, which can be used in the prevention, treatment,
management or amelioration of one or more symptoms associated with infection by a
Gram-positive bacteria.
{49] As used herein, the terms "therapeutic agent’ and 'therapeutic agents’ refer to
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the underlying cause of the disease or disorder {e.g., infection by a bacteria).

[50] As used herein, the ter 'therapeutically effective amount' refers to that amount of a
therapeutic agent sufficient to result in amelioration of one or more symptoms of a
disease or disorder (e.2., a disease or disorder associated with infection by Gram-
positive bacteria) in a subject or o result in a reduction in total bacierial burden in said
subject.

[51] As used herein, the terms ‘treat’, ‘treatment’ and 'treating’ refer to the amelioration of
one or more sympioms associated with an infection by Gram-positive bacteria or to the
reduction in total bacterial burden that results from the administration of one or more
polypeptides of the invention.

[52] The term ‘antibiotic activity' refers to the ability to kill and/or inhibit the growth or
reproduction of a microorganism and can be used interchangeably with ‘antimicrobial
activity'. In certain embodiments, antibiotic or antimicrobial activity is assessed by
culturing Gram-positive bacteria according to standard techniques (e.g., in liquid
culture or on agar plates), contacting the culture with polypeptides of the invention and
monitoring cell growth after said contacting. For example, in a liquid culture, the
bacteria. e.g., S. aureus, may be grown to a optical density (OD') represemative of a
mid-point in exponential growth of the culture; the culture exposed to one or more con-
centrations of one or more polypeptides of the invention and the OD monitored relative
to a control culre. Decreased OD relative to a control culture is representative of a
polypeptide exhibiting antibiotic activity {e.g., exhibits Iytic killing activity). Similarly,
bacterial colonies can be allowed to form on an agar plate, the plate exposed 1o a
polypeptide of the invention, and subsequent growth of the colonies evaluated related
to control plates. Decreased size of colonies, or decreased total numbers of colonics
indicate a polypeptide with antibiotic activity. A fragment, variant, or derivative of a
lysin polypeptide having antibiotic or antimicrobial activity refers to the fragment
having the catalytic abiliry to bring about host bacterial cell death, or to the fragment
having such catalytic ability as well as targeting activity towards the host, as defined
below.

[53] The term ‘targeting activity' refers to the ability of a lysin polypeptide 1o direct
catalytic activity, such as antibiotic or antimicrobial activity, to a given bacterial host
cell. Targeting activity may be associated with a particular region or domain of the
polypeptide. such that. e.g., a chimeric construct comprising a targeting domain of a
first lysin polypeptide. native to a first host species, can direct the catalytic activity,
such as the antibiotic activity, of the chimeric construct to bacterial cells of first host
species. As used herein, targeting activity 'towards’ a particular host cel] or bacterial
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‘against' the host cell or bacterial species.

[54] Generally, where fragments, variants, or derivatives of a lysin polypeptide isolated
from phage F87s/06 are concerned, ‘antimicrobial activity' or ‘antibiotic activity' refers
to both functionalities, that is, to the catalytic and targeting activities to bring about cell
death of gram-positive bacteria, e.g., §. aureus, the native host for phage F87s/06.
Where fragments, variants, or derivatives of a [ysin polypeptide isolated from phage
F170/08 or F168/08 are concerned, 'antimicrobial activity' or 'antibiotic activity' refers
to only the catalytic activity to bring about host cell death, e.g., when said fragment is
otherwise targeted to the host cell.

[55] In one aspect, this invention is directed to polypeptides isolated from a phage that
infects gram-positive bacteria. The polypeptides have antimicrobial (e.g., Iytic) and/or
targeting activity against one or more strains of Staphylococcus aureus. In one em-
bodiment, polypeptides are provided that exhibit antimicrobial and/or targeting activity
against methicillin resistant strains of Staphylococcus aurens (MRSA). In addition,
polypeptides having antimicrobial and/or targeting activity against one or more
bacterial pathogens such as Staphylococcus epidermidis, S. auricularis. S. capitis, S.
haemolyticus., S. hominis, S. saprophyticus, S. simulans, S. xylosis, Micrococeus luteus,
Bacilus subtilis. B. pumilus, Enterococcus faecalis, E. hivae  E. faecium and E. avium
are provided herein.

[56] Preferably. the polypeptide of the invention is isolated from bacteriophage F875/06,
which infects the host S. aureus. In one embodiment. the polypeptide comprises an
amino acid sequence having at least 60%. 65%, 70%, 75%. 80%, 85%, 95%, 90%.,
5%, 96%, 97%. 98%, 99%, or greater sequence identity to SEQ ID NO: 2, which
polypeptide exhibits antibiotic and/or targeting activity against S. aureus. Sequence
identity with respect to the polypeptide sequences disclosed herein is defined as the
percentage of amino acid residues that are identical in a candidate sequence of the
same length (i.e., consists of the same number of residues) as the amino acid sequences
of the present invention. The present invention also encompasses variants, derivatives
and/or fragments of SEQ ID NO: 2 retaining antimicrobial activity and/or targeting
activity.

[57] In another aspect, this invention is directed to isolated polypeptides of the present
invention recombinantly fused or chemically conjugated (including both covalently
and non-covalently conjugations) to therapeutic agents, e.g., small molecules or het-
erologous polypeptides, to generate fusion proteins or chimeric polypeptides. The
fusion does not necessarily need to be direct, but may oceur through linker seguences
or through chemical conjugation. Non-limiting examples of therapeutic agents to
which the polypeptides of the invention may be conjugated are peptide or non-peptide
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action upon the host cell. As used herein, 'lysin' is used interchangeably with

‘endolysin.’

[59] In one embodiment, the chimeric polypeptides Lys170-87 and Lys 168-87 comprise
an amino acid sequence having at least 60%, 65%, 70%, 75%. 80%. 83%, 95%, 90%,
95%, 96%, 97%, 98%, 99% . or greater sequence identity to SEQ ID NO: 4 or SEQ ID
NQO: 6, respectively, which chimeric polypeptide exhibits antibiotic or antimicrobial
activity against S. aureus. Sequence identity with respect to the chimereic polypeptide
sequences disclosed herein also is defined as the percentage of amino acid residues that
are identica] in a candidate sequence of the same length (i.¢., consists of the same
number of residues) as the amino acid sequences of the present invention. The present
mvention also encompasses variants, derivatives and/or fragments of SEQ 1D NO: 4
and SEQ ID NO: 6 retaining antimicrobial activity and/or antibiotic activity. In par-
ticularly preferred embodiments, the chimeric polvpeptides and variants, derivatives.
and/or fragments thereof improve the properties of Lys 87 in terms of increased
solubility, vield, stability and/or lytic performance.

Awmtibiotic Compositions

{60] The isolated and chimeric polypeptides of the present invention may be administered
alone or incorporated into a pharmaceutical composition for the use in treatment or
prophylaxis of bacterial infections caused by gram-positive bacteria, including Staphy-
lococcus aureus. In such embodiments, the pharmaceutical composition may be an an-
tibiotic composition. The polypeptides may be combined with a pharmaceutically ac-
ceptable carrier, excipient, or stabilizer. Examples of pharmaceutically acceptable
carriers. excipients and stabilizers include, but are not limited 1o, buffers such as
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SDS-PAGE and Western B “Pﬁ% c0|I BL2 DE E(p were prepare accordlng to the
previously describd®BRSREG BAGRHR R & & YOMHPERRR the OD (600nm) was 0.6. Expression of
the lysin wd8then indbieshimpriseeltpingdesod @WMS@W@V@IW@MIH@MbWW&Tm{;mm 25C
with agitation. Aftehinetobsigiistheiticluie ﬁbﬂﬁhﬁﬁﬁaﬂt@f@t@%%f@ﬁ%]@hﬁﬂe&@c’ﬂ%ﬂ*&r Fhamnysigs at 4 C.

The supernatant w iy yster. M er mix with
Protease Inhibitor g%::;ﬁtgyl? X[%?%Z%% gg%ﬁ&?é?%@é%ﬁ%g FEeé]c\e'%stml I“a ﬁ IT:E{a(:lf:}ooarls nﬁso e’

manufacturer's mst‘ﬂ%?f E8 HEfes tﬂ)éﬁ Fahtrirthsdasin QPEf"&FFd AABOOK § f5E B Eninutes.
After centrifugatiord@maig gidhadyain ipas phage Fédsdifdative peitdy ie Sospém flechith bisRBBax. The

samples were thenpaesirfugedsagam ek Gvand ihét,iQ@@ &&@EAQmIWSI;EQQQQd,}@Bg@mammg

inclusion bodies co\;);a.lm PolysBd, 4 les were analyzed. and a L ys87 purified
by SDS-PAGE and Weﬁ& rn Blot u[15§|Pur az?ttltg’n o} usﬁ)iegcawrﬁ'f‘ '20 lﬁﬂﬁ a é !f_y587 was

purified using a Ni-RHFAROIAHR @Va‘fﬁgﬂ'} tﬂ*h&‘?\ﬁrﬂﬁﬁc?‘ég‘f‘?\?fé%eﬁ‘fbﬁéﬂ"éﬁfﬂgc iﬁﬁﬁ?zﬂﬁfﬁé’ﬂdded to the
column. The coluntidgas thenaieshest withiBRenfBa$ iadiasbd fartiis@hmid FRIZIP D4in30Gaidd NaCl, 20

mM imidazole in 1 dopfaghisiHagewmig it fidg8.6) 1pIRLAMNSIAIB LA MIPRGHMEINM PPER G Ihe
cellular extracts prgg@@glagﬁgmmg/sgq 1hg gg&g}pﬂ%& egeribed, rotocg)[!l?(‘j \t/r\]/:gfere Il"\en lo ded onto with

a peristaltic pump set. at low The column was then washed ashButfér to remove

nonspecific proteln%agﬁﬂ &?rﬁﬁ%?ﬁf&éﬁ‘Tﬁ%’ﬂﬂf{éWWé‘%%@ﬁ"’éﬁﬂﬁﬁ%% ‘iﬁ@ﬁé!ﬂlﬁ’fheﬂsmg an
elution buffer (50 rﬁmcwazwﬁm Soplirint MaB| a288stdonitiegy|ehie fresefdistitedwatendispH 8.0)

and collected in 1. 5mnhéfmw@m&uzﬁfct@@mq%m&p@ﬁ&%P@MM@R%LP&%CHMP!»%MS'S of
Lys87 samples putifigd by NizNTA.Ghro J%%f%%u?égr%yﬁ r1 A H%el du%cn[ L HIL Lgh Grade Regenerated

Cellulose Tubular Membrane was pre the-manu ufers MetIEHoNE T he samples
were dialyzed agaﬂ?éiefdﬁd%ﬁrlﬂ\fﬁg’é CE)Y Wﬁﬁ%‘i‘%@l‘wl?‘ﬂe&%é}‘ﬂmﬁ’aﬂﬁs enfrAgERaYitation.
The previous procedtife ks rape stdddingimpintibtotakinouioatieo tipedeache ty 84 hduts: 045 After
dialysis the lysin wiagsrgmoved from the interior of the membrane and stored at 4"C.A sample was

~analyzed DS-P d the amou ein w ified using Bradford
assay. 1156 @unﬂcﬁcﬁg&%y{ gg%r%pr#?f! usfgrf] 36 }leosn ‘[@ngi’usmrﬁq%ggy ?ﬁ%?ﬁﬁ%gf_"ysw were
resuspended in 10¥ASASPHHRD SRy %WBW‘?@*S%’W%WW@@@ E®/mift anskioriethpH 8.0, 100
mM NaCl, 0.1% sdbinrhagttidepirgOB MG aidtfER HatessiThomsampibsiteichtivenaritifuged at

15,000 rpm, for 10d6}5&btﬁa§s§tr?quﬁmT&lﬁ@é@QU&@MzWé&é%@&Y@dm?em% WRSPoRIBERR UGG repeated
seven times. For tW a&le\g%s sam? 1siwere laced. in a.solution of 50 mM Tris-HC1 pH 8.0, 100
DR s Jue

mM MCI and cent Yom for 10 minutes at 2 AIE ARG R ke Yeli%y SDS-PAGE
and Western Blot. Wi@i"’lﬂéﬁﬂﬁ’t’&ﬂon of Lys87 with Urea [159] The inclusion bodies containing Lys87
were dissd¥eld in a SbiuplsndsotivaVcTnpoti@ing k8 B AD0AMAMEG ithMklibegnnd ARG o of

distilled water anddwha&d @wmmm wpRagel naaa%&m&muemgﬂwnseﬁ%?Fak?s'% yyere
centrifuged at 15, (?F(?]) F de__(lr),m rglp s 0{ e 5 e}ant %\f talnlng th atured Lys87 was
retained and the amount o %roteln r%eagurédub chec htabhs gﬁéﬁ & T’h‘é p‘fe at 280 nm. A
sample of the supSPREEIHEFF BN WépéﬁﬂﬂfcﬁrﬂilVfé%‘@y%BS'PN@ECaWWéQié‘ﬁﬁfB?bt [160]
Refoldim, of t_ys8fujpenjidtheptienaiy e zin8y Samphe waskeifgdeehbyaplaningdipesampie in 150 ml
of refolding buffer (k0 sAMc it babRetal:P. 10 Fdvh DT Aaat iR Gna%rdeesal JMMRT T, 100
mM NaC1, 0.005% Tween-20 in 200 ml of water). Denatured Lys87 was added to the re-folding buffer
drop by drop over a period of approximately 30 minutes. The solution was then incubated 16 to 24
hours at 4 C. The solution was then centrifuged at 15,000 rpm for approximately 30 minutes at 4 C.
The supernatant was retained and stored at 4 C. The supernatant was then analyzed by SDS-PAGE
and Western Blot. The quantity of Lys87 was determined by measuring the absorbance at 280 nm.
[162] Purification of Lys87 using FPLC [163] Lys87 expressed from pCC2 was purified from the

inchiicion hodiec 1icina a AKTA EPI C chromatnaranhy evetem (Amercham Rincerieancec) Prior tn




[177] Both the impure Lys87 isolated from the inclusion bodies and the Lys87 purified using the AKTA
FPLC system were tested for lytic activity in several clinical isolates of gram-positive bacteria. The
assay was carried out according to the protocol described in the Experimental Methods section. Table
li shows that the Lys87 isolated from the inclusion bodies inhibited growth in all of the gram-positive
bacteria tested except Streptococcus sp. As expected the lysin did not exhibit lytic activity against the
gram-negative bacteria E. coll. Table Il verifies that the purified Lys87 isolated using the A_KTA F_PLC
system has the sani@\eangls. dolypirensevipdoiitherianipurtht yeBipistisne chiobe tesiusishibddies using a
subset of the isolatésraf dialiediiedqi@bi afiRitidn WitichAsiioroatatysthérisalatad ffomy neiksien Bodies

e e Ll S A L SO BB
aphylococcu . hyloco D [o] .
Staghilococcus aufgﬁgglﬁg‘l]i%wgégﬁ%%%Fé’ﬂ'??f‘%&smﬁfﬁﬂﬂ'@t‘&i&@{@éﬁf%@ﬂmﬂf8 Staph

viococcus aureus Dadisiapinioegucbichrenbeformul@Staphylocentos:hoensD ++ 11
Staphyloco¢66ls aureBs: kbpital dppliemiviasaeesis R e poibpcba RIAMMAGeSGHAEREE Ray b 14

Staphylococeus aufgis et poil20hy QERERISAUPLR 1O RARIYIGRASCUS Qg3 £) -+ 17
Staphylococcus aureus D 1§31,Sta5)hg/lo O%lelg auEeusd ++ 19 ’.}a ) y olcoclzcus aureus ++'4 D 20
Staphylococcus aufﬂélugllﬁlogi gud, an aiconol base iiguid, a water soluble g€l a ofion, an omntment, a

nonaqueous liquid base, a mineral oil base, a blend of mineral oil and petrolatum,
lanolin, liposomes, proteins carriers such as serum albumin or gelatin, powdered
cellulose carmel, and combination thereof. A topical mode of delivery may include a
smear, a spray, a time-release patch, a liquid absorbed wipe, and combinations thereof.
The polypeptide of the invention may be applied to a paich either directly or in one of
the carriers. The patches may be damp or dry, wherein'the lysin or chimeric lysin is in
a lyophilized form on the patch. The carriers of topical compositions may comprise
semi-solid and gel-like vehicles that include a polymer thickener, water, preservatives,
active surfactants, or emulsifiers, antioxidants. sun screens, and a solvent or mixed
solvent system. U.S. Patent No. 5,863,560 discloses a number of different carrier com-
binations that can aid in the exposure of skin to a medicament.

[67] As indicated, the therapeutic agent of the present invention can be administered in-
tranasally or by inhalation and is conveniently delivered in the form of a dry powder
inhaler or an aerosol spray presentation from a pressurized container, pump, spray or
nebuliser with the use of a suitable propeliant. e.g. dichlorodiflucromethane, trichlo-
rofluoromethane, dichlorotetrafluoroethane, a hydrofluoroalkane such as i.1,1,2-
tetrafluoroethane (HFA 134A.TM.) or 1,1.1,2,3,3,3-heptafluoropropane (HFA
227EA.TM.). carbon dioxide or other suitable gas. In the case of a pressurized acrosol,
the dosage unit may be determined by providing a valve to deliver a metered amount,
The pressurized container, pump, spray or nebuliser may contain a solution or
suspension of the active compound, ¢.g. using a mixture of ethano! and the propellant
as the solvent. which may additionally contain a lubricant, e.g. sorbitan trioleate.
Capsules and cartridges (made, for example. from gelatin) for use in an inhaler or in~
sufflator may be formulated to contain a powder mix of the agent and a suitable
powder base such as lactose or starch.

{681 For administration in the form of 4 suppository or pessary, the therapeutic com-
positions may be applied topically in the form of a gel, hydrogel, Iotion, solution,
cream, ointment or dusting powder. The therapeutic agent of the present invention may
also be dermally or transdermally administered, for example, by the use of a skin
patch. They may also be administered by the pulmonary or rectal routes. They may
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preferably, as solutions in isotonic, pH adjusted, sterile saline, optionally in com-
bination with a preservative such as a benzylalkonium chloride. Alternatively, they
may be formulated in an ointment such as petrolatum.

[69] For administration in tablet form, the tablets may contain excipients such as micro-
crystalline cellulose, lactose, sodium citrate, calcium carbonate, dibasic calcium
phosphate and glycine, disintegrants such as starch (preferably corn, potato or tapioca
starch), sodium starch glycollate, croscarmellose sodium and certain complex silicates,
and granulation binders such as polyvinylpyrrolidone, hydroxypropylmethylceliulose
(HPMC). hydroxypropylcellulose (HPC), sucrose, gelatin and acacia. Additionally, Tu-
bricating agents such as magnesium stearate, stearic acid, glyceryl behenate and talc
may be included.

[70] Dosages and desired drug concentrations of the pharmaceutical comipositions of the
present invention may vary depending on the particular use. The determination of the
appropriate dosage or route of administration is well within the skill of an ordinary
physician. Animal experiments can provide reliable guidance for the determination of
effective doses in human therapy. Interspecies scaling of cffective doses can be
performed by one of ordinary skill in the art following the principles described by
Mordenti, J. and Chappell, W., "The use of interspecies scaling in toxicokinetics' in
Toxicokinetics and New Drug Development, Yacobi et al., Eds., Pergamon Press, New
York 1989, pp42-96 (hereby incorporated by reference in its entirety).

Therapeutic Use

{71] The polypeptides of the present invention have antibiotic activity against a number of
gram-positive bacteria, including Staphylococcus aureus, and including many me-
thicillin resistant strains ofStaphylococcus aureus. Therefore, the polypeptides of the
present invention may be used in methods of treating infections associated with
bacteria against which it has Iytic activity (e.g., antibiotic or antimicrobial activity) in
both humans and animals. In one embodiment, compositions of the present invention
may be used to treat an infection caused by one or more of the following Staphy-
lococcus aureus, S. epidermidis, S. auricularis, S. eapitis, S, haemolvticus, S. hominis,
S. saprophyticus, 8. simulans, S. xviosis, Micrococcus huteus, Bacilus subtilis, B.
pumilus, Enterococcus faecalis, E. hirae, and E. faecium. In certain embodiments, the
polypeptides of the invention may also exhibit antibiotic or antimicrobial activity (e. £,
lytic killing activity) again Gram-negative bacteria or bacteria that are not classified as
either Gram-positive or Gram-negative. In such embodiments, the polypeptides of the
invention may be used to treat or manage infections associated with non-Gram-positive
bacteria.
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be treated with pharmaceutical compositions of the present invention include, but are
not limited to, post-operative endophtalmitis, endocarditis, infections of the central
nervous system, wound infections (e.g., diabetic foot ulcers), pneumonia, os-
teomylelitis, sepsis, mastitis and meningitis.,

Disinfectant and Anti-infective Use

(73] Nearly all bacterial pathogens infect at 2 mucous membrane site (upper and lower
respiratory, intestinal, urogenital and ocular). The mucous membranes themselves are
often the reservoir, sometimes the only reservoir for many pathogenic bacteria found in
the environment {e.g. pneumococci, staphylococei and stxeptoceeci)ﬁ There are very
few anti-infectives that are designed to control the carrier state of pathogenic bacteria.
However, studies have shown that by reducing or eliminating this reservoir in envi-
ronments such as hospitals and nursing homes, the incidence of infections by these
bacteria will be markedly reduced.

[74] The polypeptides of the present invention may be used in anti-infective CoMmpositions
for controlling gram-positive bacteria, including S. aureus, in order to prevent or
reduce the development of serious infections. In addition to use in compositions for ap-
plication to mucous membranes, the lysin or lysin construct of the present invention
may also be incorporated into formulations such as sprays or ointments for controlling
colonization of Gram-positive bacteria on the skin and other solid surfaces.
Diagnostic Methods

{75] The present invention also encompasses diagnostic methods for determining the
causafive agent in a bacterial infection. In one embodiment, the method comprises
culturing bacteria isolated from a bacterial infection and measuring the susceptibility to
the antimicrobial peptides of the present invention, wherein susceptibility to the
polypeptide indicates the presence of Gram-positive bacteria and the lack of suscep-
tibility indicates the presence of non-responsive bacteria (e.g., non-responsive Gram-
negative or non-responsive Gram-positive bacteria).

Amino acid Variants

|76} The invention also encompasses variants of the lysin polypeptides, or active
fragments or derivatives thereof, isolated from bacteriophage F&7s/06. In certain em-
bodiments, the imvention encompasses an amino acid sequence variant of SEQID
NO:2, or active fragment or derivative thereof. Amino zcid sequence variants of the
polypeptides of the invention can be created such that they are substitutional, in-
sertional or deletion variants. Deletion variants lack one or more residues of the native
protein which are not essential for function (e.g., antimicrobial and/or targeting
activity). Insertional mutants typically involve the addition of material at a non-



66 Staphylococcus aureus D +++ 67 Staphylococcus aureus D ++ 68 Staphylococcus auretes D ++ 69
Staphylococcus aureus D +++ 70 Staphylococcus aureus D + 71 Staphylococcus aureus D +++ 72
Staphylococcus aureus D + 73 Staphylococcus aureus D ++ 74 Staphylococcus aureus D ++ 75
Staphylococcus aureus D +++ 76 Staphylococcus aureus D +++ 77 Staphylococcus aureus D +++ 78
Staphylococcus aureus D ++ 79 Staphylococcus epidermidis D 80 Staphylococcus epidertnidis D 81
Staphylococcus epidennidis D + 82 Staphylococcus epidermidis D + 83 Staphylococcus epidermidis D
++ 84 StaphylococtE BRI PoiypsPS s AyhsEBtms hrantangicallppomrigghstaphylococcus
capitis D 87 Staphylcbargus! capitisibo 83d for another at one or more sites within the protein, and

may be designed to modulate one or more properties of the polypeptide, such as

stability against proteolytic cleavage, without the loss of other functions or properties.

Substitutions of this kind preferably are conservative, that is, one amino acid is

replaced with one of similar shape and charge. Conservative substitutions are well

known in the art and include, for example, the changes of: alanine to serine; arginine to

lysine; asparagine to glutamine or histidine: aspartate to glutamate; cysteine to serine;

glutamine to asparagine: glutamate to aspartate; glycine to proline; histidine to as-

paragine or glutamine; isoleucine to leucine or valine; leucine to valine or isoleucine;

lysine 1o arginine; methionine to leucine or isoleucine; phenylalanine to tyrosine,

leucine or methionine; serine to threonine; threonine to serine; tryptophan to tyrosine;

tyrosine to tryptophan or phenylalanine; and valine to isoleucine or leucine.

[77] Once general areas of the gene are identified as encoding the particular lysin protein,
or active fragment, as described herein, point mutagenesis may be employed to identify
with particularity which amino acid residues are important in the antibiotic activities.

Thus, one of skill in the art will be able 1o generate single base changes in the DNA
strand to result in an altered codon and a missense mutation.

[78] Preferably, mutation of the amino acids of a protein creates an equivalent. or even an
improved, second-generation molecule. For example, certain amino acids may be sub-
stituted for other amino acids in a protein structure without detectable loss of function (

e.g.. antibiotic and/or targeting activity). In making such changes. the hydropathic
index of amino acids may be considered. The importance of the hydropathic amino
acid index in conferring interactive biologic function on a protein is generally un-
derstood in the art. It is accepted that the relative hydropathic character of the amino
acid contributes to the secondary structure of the resultant protein, which in turn
defines the interaction of the protein with other molecules, for example, interaction
with a peptidogivcan within the outer coat of a Gram-positive bacteria. Each amino
acid has been assigned a hydropathic index on the basis of their hydrophobicity and
charge characteristics; for example: isoleucine(+4.5); valine(+4.2): leucine(+3. 8) :
phenylalanine(+2.8): cysteine/cystine(+2.5); methionine(+1.9); alanine(+1.8):
glycine(-0.4); threonine(-0.7); serine(-0.8); tryptophan 0.9); tyrosine(-1.3);
proline(-1.6); histidine(-3.2); glutamate(-3.5); glutamine(-3.5); aspartate (-3.5); as-
paragine (-3.5); lysine (-3.9); and arginine (-4.5). It is also understood in the art that the
substitution of like amino acids can be made effectively on the basis of hydrophilicity,
Like hydrophobicity, values of hydrophilicity have been assigned to each amino acid:
arginine (+3.0); lysine (+3.0); aspartate (+3.0 + 1); glutamate (+3.0 = 1); serine (+0.3);
asparagine (+0.2). glutamine (+0.2); glycine (0); threonine (-0.4); proline (-0.5 £ 1);
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[79]

(80}

[81]

(-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5) and tryptophan (-3.4).
Equivalent molecules may be obtained by substitution of one amino acid for another
where their hydrophilicity indices are within & 2, preferably £ 1, or most preferably + 5

~ of each other.

Chimeric Constructs

The invention also encompasses chimeric polypeptides derived from bacteriophage
F87s/06. which chimeric polypeptides exhibit antibiotic activity against a Gram-
positive bacterium, e.g., . aureus. The chimeric polypeptide may be derived from a
lysin isolated from phage F87s/06, or fragment or variant thereof, which is recom-
binantly fused to a heterologouos lysin. In a particular embodiment, the invention in
directed to chimeric polypeptides where at least one domain of a lysin isolated from
phage F87s/06, or fragment or variant thereof, is substituted with at least one domain
of a heterologous lysin, or a fragment or variant thereof. Preferable chimeric constructs
include the substitution of a catalytic domain of a lysin isolated from phage F§7s/06
(Lys 87) with a corresponding catatlytic domain of a lysin isolated from either phage
F170/08 or F168/08 (Lys170 or Lys168), which has antimicrobial or antibiotic activity
against 8. aureus. Even more preferably, the chimeric lysin comprises a tareeting
domain of Lys 87 recombinantly fused to a catalytic domain of Lys 170 or of Lys168.

In certain embodiments, the chimeric polypeptide comprises the amino acid sequence
SEQ ID NO:4 or SEQ ID NO:6, or a i"fagment of either having antimicrobial or an-
tibiotic activity against . aureus. In other embodiments, the chimeric polypeptide
comprises a fragment. variant or derivative of SEQ ID NO:4 or 6, wherein the
fragment. variant or derivative has antibiotic activity or antimicrobial activity against a
Gram-positive bacteria, e.g., S. aureus. Amino acid sequence variants of the chimeric
polypeptides of the present invention can be created as described above with respect to
isolated polypeptides of the invention, for example, by substitutions, insertions,
deletions, and the like, preferably to generate further improved second- (or third- or
more) generation molecules. In particularly preferred embodiments, the chimeric
polypeptides and variants, derivatives, and/or fragments thereof, show improved
properties with respect to increased solubility, yield, stability and/or lytic performance,
compared to the native isolated polypeptide.
Combinatorial Therapy

The present invention further provides compositions comprising one or more
polypeptides of the invention and one or more differing prophylactic or therapeutic
agents. and methods for wreatment of bacterial infection in a subject in need thereof,
e.g.. preventing, treating, delaying the onset of, slowing the progression of or ame-



Streptococcus A D 110 Streptococcus B B 53 (+++) = strong lytic activity, (++) = medium lytic
activity, (+) light lytic activity, (-) = no lytic activity [ | 79 Table III - Lytic activity of FPLC purified Lys87
54 [Table 3] {Table J No. O Species 0 Lytic Activity D%75 Staphylococcus aureus D ++ 76
Staphylococcus aureus 0 +++ 77 Staphylococcus aureus 0 +++ 78 Staphylococcus mucus 0 ++ 83
Staphylococcus epitiermidis 0 85 Staphylococcus auricularis 0 ++ 88 Staphylococcus capitis 0 91
Staphylococcus haemolyticus 0 ++ 92 Staphylococcus ho minis 0 +++ 94 Staphylococcus
sarophyticus 0 97 Bisgimgl oco o wsostmmy ety 13s@8aBhphyl actefus o/ tgsisdth-98sMiarococcus luteus

0 +-H- 100 Bacillus,gettiis &mﬁnk@rigaaﬁiiiumui@twmitm&t% B A6k Qr 193 EBipiRaassus faecalis

0 ++104 Emeroco%ﬂ%g@m:&%ﬂﬁ%ﬁ AR Isr%tecl?;de but are not himited to, peptides,
polypeptides, fusion proteins, nucleic acid molecules, small molecules, mimetic agents.

synthetic drugs, inorganic molecules, and organic molecules. Any agent which is
known to be useful, or which has been used or is currently being used for prevention or
treatment of infection by a gram-positive bacteria or for the prevention, treatment or
amelioration of one or more symptoms associated with an infection by a gram-positive
bacteria, can be used in combination with the antibiotic or antimicrobial polypeptide in
accordance with the invention described herein.

{82} In certain embodiments, 'in combination’ refers to the use of a fusion protein or
chimeric polypeptide, wherein an isolated polypeptide of the invention is covalently or
non-covalently joined to another polypeptide, as described above. Preferable fusion
proteins include chimeric polypeptides of Lys87 with one or more heterologous lysins,
such as Lys170 or Lys168 from Enferococcus sp. phages. Substitution of the native
Lys87 catalytic domain by the corresponding domain from either Lys170 or Lys168
produces Lys170-87 and Lys168-87, respectively. The chimeric constructs show
increased lytic performance compared to native Lys87. with respect w Gram-positive
bacteria and in particular with respect o §. aureus.

Polynucleotides Encoding Polypeptides

{83] The invention provides polynucleotides comprising a nucleotide sequence encoding a
polypeptide of the invention. The invention also encompasses polynucleotides that
hybridize under high stringency, intermediate or Jower stringency hybridization
conditions, to polynucleotides that encode a polypeptide of the invention. ‘High
stringency conditions’ can include, but are not limited to, those that (1) employ low
ionic strength and high temperature for washing, for example 0.015 M sodium
chloride/A}.0015 M sodium citrate/0.1% sodium dodecyl sulfate at 50°C; (2) employ,
during hybridization, a denaturing agent, such as formamide, for example, 50% (v/v)
formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/
50 mM sodium phosphate buffer at pH 6.5 with 750 mM sodium chloride, 75 mM
sodium citrate at 42°C; or (3) employ 50% formamide. SXSSC (0.75 M NaCl, 0.075 M
sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate,
3XDenhardt's solution, senicated salmon sperm DNA (50 pg/mL.). 0.1% SDS, and
10% dextran sulfate at 42°C, with washes at 42°C in 0.2XSSC (sodium chloride/
sodium citrate} and 50% formamide at 55°C, followed by a high-stringency wash
consisting of 0.1 XSSC containing EDTA at 55¢C. ‘Moderately stringent conditions’ are
described by, but not limited to, those in Sambrook et al., Molecular Cloning: A
Laboratory Manual. 2.sup.nd Ed.. New York: Cold Spring Harbor Press. 1989, and



+++ 0 106 Enterococcus tecium 0 + 107 Emerococcus avium 0 + 0 108 Streptococcus pneumon!a 0
109 Streptococcus A0 110 Streptococgus S.D.- 0 5% 4(i) = strong Iyrig act.ivity, (++) = medium lyric
activity, (+) light lyric activity, (-) = no lytic activity Example 4 - Determination of MIC of Lys87 for S. .
aureus 1180]Isolate 77 was used to determine the minimum inhibitory concentration (MIC) of Lys87 in
S. uureus. The assay was carried out according to the protocol described in the Experimentgl Mef[h_ods
section. The MIC of Lys87 for S. aureus was determined to be 30 me/1111. Example 5 - Lytic activity
of Lys87 in liquid congfpsig 1 e ndiwasiinsoiolid ayrebbrbitdioftiopssnditiheid sacieperasicarried out
according to the méthadsrdeabrinddiatbgpless cangentraianttbacseehad sbaurifiad tysgic was found to
Table IV, 56 [Table ) oy e O e butter
(Toatt;é%(l)\)/'s?au[ rcis%@ ) ga%%? ! %‘B’ﬁ“l@%ﬁg%‘a‘%‘%é’(‘fgdé Ve RST0sE #9605 0,970
0.995 1.240 70 0.988"1509672 PEOPBte @507 0HEX Padurdisogaion. 196 1a7e360:e10:k 263 1.412
40 0.910 1.202 1.4bip#43 Gi&ifule@4Reared salmon spermi DNA, followed by washing the filters in
IXSSC at about 37-50°C.
[84] The polynucleotides may be obtained. and the nucleotide sequence of the polynu-
cleotides determined, by any method known in the art. For example, a polynucieotide
encoding a polypeptide of the invention may be generated from nucleic acid from a
suitable source (e.g., bacteriophage F875/06). If a source containing a nucleic acid
encoding a particular polypeptide is not available, but the amino acid sequence of the
polypeptide of the invention is known, a nucleic acid encoding the polypepiide may be
chemically synthesized and cloned into replicable cloning vectors using methods well
known in the art.
[85] Once the nucleotide sequence of the polynucieotide of the invention is determined,
the nucleotide sequence may be manipulated using methods well known in the art for
the manipulation of nucleotide sequences, e.g., recombinant DNA techniques, site
directed mutagenesis, PCR, etc. (see, for example. the techniques described in
Sambrook et al., 1990, Molecular Cloning. A Laboratory Manual, 2d Ed., Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY and Ausubel et al., eds., 1998, Current
Protocols in Molecular Biology, John Wiley & Sons. NY, which are both incorporated
by reference herein in their entireties), to generate polypeptides having a different
amino acid sequence, for example to create amino acid substitulions, deletions, and/or
insertions. '
{86} Chimeric polynucleotides of the invention encompass nucleotide sequences encoding
chimeric polypeptide of the invention. such as chimeric polypeptides comprising a
targeting domain of a lysin isolated from phage F87s/06 fused to a catalytic domain of
a lysin isolated from phage F170/08 or F168/08. The invention also encompasses
polynucleotides that hybridize under high stringency, intermediate or lower stringency
hybridization conditions, ¢.g.. as defined supra, to chimereic polynucleotides that
encode a chimeric polypeptide of the invention
{87} Chimeric polynucleotides may be obtained by recombinant techniques, as are wel!
known and routinely practiced in the art. Recombinant chimeric polynucleotides
typically are created by joining two or more genes, or portions thereof, which
originally coded for separate proteins. The individual sequences typically correspond
to coding sequences for a functional domain of each of the respective proteins, such
that the chimeric polypeptide encodes a fusion protein having dual functionality. For



1.472 50 0.896 1.271 1.486 55 0.879 1.307 1.515 60 0.845 1.338 1.536 70 0.869 1.373 1.572 80
0.851 1.394 1.600 100 0.816 1.417 1.618 170 0.809 1.479 1.620 Example 6 - Construction of
chimeric genes [183.IThe chimeric endolysin genes I§§170-87 and lys168-87 were constructed to carry
the coding sequences for the CD domains of Lys 170 or Lys 168, respectively, fused to the cell wall
binding domain (CWI3D)-encoding sequence of lys87. The technique of Overlap-Extension by
Polymerase Chain Reaction (OE-PCR) was used. See, e.g., Ho, S.N., Hunt, H.D., Horton, R.M.,
Pullen, J.K., and PeasmpleR: {it989)liGiteqliractost putagenesist hyaves Rpextansion using the

polymerase chain reaghianoitledined. S s ERrArh RIS datailk Pl ucieotide
sequence of the chimgrlc enes and of the DppRry sequence o 're%t#g'ng products, Sp&cifically,

Figures 9a and 9b sFow the nudeit aci Sequence EEY TONG: 3 At RYReoq8Y RS SLid
sequence (SEQ IDNREHPE raEPRIaGivanFs orlifd BMirptseteanstrgerdgisimering 7Igbigueribed 8¥Fiving
from gene lys 1 70 enetin holdrsepueficésdmomgsne dysiimasneiimpl i€ 5k f/ v estei ek Nen-
sequences are In it Sitliatye Fis G4 Anand HAb AU RERCIRIEAR seaange (SEQ ID

NO:5) and its encoded. aming acid sequence (SEQ ID.NO:6), respectively, of thé chimeric construct
lysinl68-87. Sequergggémér%ﬁ\%?ﬁ%qﬁgﬁrﬁ%"e%ﬁes%éigg%}?ﬁ %%%&rgg%ﬁgf‘ﬁgglf?&ﬂgg@%’ﬁ}% &&in plain
text; vector born sefUBHEES H&hifHIehenarmpbONAE RpreasiotVaHa walificaniotiot 15y8170-87 and
Lys168-87 [184]Thél Ebimardcemesipsiit0 Brefackiys 168s8huvere cloned in the expression vector

pIVEXS_.Sd Ktﬁq;che Amaﬁaia@@nc@aoum@;%iaggqepmemgthq@%@tﬂs R L%uéqgézwgivd 9 fisedto
recombinant plasm . 7 -87, respectively. The chimeric endolysins produce
from these construégsegsiﬁageg/%é%%gng%&é& qtgf?ngl‘neéla&{gﬁgioﬁ*gf‘ﬂegﬁgr‘fb"ﬁ‘éﬁ’?@ iBlies
(PGGGSHHHHHHj’}’ﬁfﬁﬁ&ﬁ’&%ﬂ%ﬁfﬁ?@'a&ﬁﬁR@Phé@?é%ﬁﬁaﬂﬁﬂﬁé‘ﬁéﬁ@t}d@@ﬁaﬁ’érﬁbﬁi&é@ﬂh’y in-
irrununo-detection ermgtatficitypudéicatiom af teiehzyinesa(Rigisesi anetil TR kppadabhese constructs

were used to transiaiewHheHaIRIHANSIAID REAdSA0Ias ke s SRR, HISkanG.and Santos,

M.A. (2000). The N inal. region of the Oenococ oeni bacteriophage f0g44 lysin behaves as a
"bona fide signal p%&%%ﬁ%@ﬁ‘g@cﬁgr%lglﬂxg%n 88 gﬂcﬁlsg-?ncﬁfﬁfteo?y?né%’r%g?ﬁ??a?éé&%ﬁ&“ﬁﬁiefactivity on
oenococcal cells. FEBHEEROT 18D 8D Susa SEPsiRi @ aiersrpia SR i Pusipeaprimgraparoalites a

source of T7 RNA polyphenesamyponhttiefhealinddetiadjacenefregniing dinains e 5rebib ardiSF168-87)
where grown in LBtm@lmf%elem@m@Mﬁ&wmglmé;%my'Wﬁ%&g@é&%@%m until
the cultures opticakgee SJ{tht gQO&r&%Cﬁ)IIDHGQQ)Crea Qeg {.8;1.0. At this r]JCOin“t cultures were
therrnoinduced (42C. 30 miRt With agitation) and ten 16 10’ incUBAtRFoP AR st A iPig6] Cells
were recovered by@éﬁtﬁ?@dﬁﬁ%”éﬁg’ggwHé‘éfiﬂnlqéé'ﬁlﬁhﬁ'mﬂsﬁ%”s BrrfBraAREB piivdeppes pH
6.5, 500 mM NaCla thbngtyicereip buiiMiDFiThate Rfemid imidaral ©CIC aliswane. digrupiedrpen

sonication and the-saluhleragfianfitared HEpugR.L-RaAPERMIRHLS @&@L%?éiam{a&r'gé%mﬁ'm HP
0

(GE Healthcare) ¢ n.coupled to FPLC s steméaAKT , GE thcare). The column was washed
st with 1015 col Sl e o SR e AR 6 DA oI B 93 BERBE B (same
composition as buff§PRYREEhbYslRB FIds NG Hus it digatior AndtoRER Sesadvec ofleinant
column-bound protpiproavbes mhjtéd ined singlastap aithean gitinribulgs a0@0 Hiawing the same
composition as buffgrAvgxcept that imidazole was at a concentration of 500 mM. The fractions

containing pure enzymes were poaled, concentrated, and changed to the enzyme storage buffer
(50 inM PrisTta pr ST SRR e e At Py FPEBEallg colurn
(GE Healthcare). PY8fsstshdot piaranininsingcherdrsigesneninerecid atqanetoathoOtmearti use.
[187]The methodojodypdeidribethaboeetabiovieddiiesprodiugtinriediigRamausts.ftbge ASghimeric
enzymes in their sgighiedatmvAfEs Higadl rol [ ' zymes jn a highly
pure state were otgg(i)r&}ed-l éjégggjéqetsnl J%%%H 1q%§étgr>}<‘§m%lge&gb%%Elli/{g‘dsq?f%)jgf%%g%ng rI1%/3168-87
lytic activity | 88To stud?/ e Tyne ac?ivf{y of the chimeric endolysins different quantities of the pure
enzymes (10, 5, 1 Resembinant KxpsessiasohMelemtespbtiscloventisnrface of a soft agar medium
containing [9iaible ta@mmﬁmmc@cmtﬁq@m&mm%g M&%z&%ﬁi@@ﬁ&[@ﬁx?é?féﬁ?&.@{lget %acteria were
grown in appropri i ' =0.8-1.0 and concentrated 100-fold in fresh media. One
hundred microliteﬁﬁﬁ%ggﬁ%%%g’ﬁg#%%@mbgﬁgbﬂ eg in1bFfo s%ff—é%’%{’rtrr'ﬁé’d‘{ﬁlfﬁ?fz%rlnM
Phosphate-Na bu#é’lgﬁﬁ"é. ¢ %Eﬁ@lqﬁ@b‘@‘m Qyarspidgotsaaadustiva st dermotesslprocedure
guaranteed a honfaenesirdsert demseclabinaof Rivdetcbastena. iFhe rethtiigudynieAtivitnobtained with
the various enzylm.e*t.aMeuhﬁt& wa&mu@imm\ew%ua@@lswm@%méiaﬁ- R simeasioasand |
transparency of lysi ight i ion . The bacterial strains tested were:
101 Stains of 5. o S QU Spe e eS8 B SR  of
S.saprophyticus, 4 of Ewerococcus spp.,1 of Micrococcus luteus, 2 of Streptococcus pyogenes, 1 of
Bacillus subtilis, 1 of Bacillus licheniformis and 2 of E. coll. These bacterial strains were isolated during
years 2005 to 2009 from clinical samples (including blood, urine, skin lesions and medical devices) in
different Portuguese hospital and clinical settings, except for the Micrococcus and Bacillus strains

(ATCC strains). 11901Lytic activity of Lys170-87 and Lys168-87 against S. aureus strain 566/07 was
alen avvaliiated in a2 licdiid medinim (25 mM Phnenhate-Nla hiiffer nH A B 250 mNM NacCl Ciriltrireec nf the
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and appropriate transcriptional and translational control signals. These methods
include, for example, in vitro recombinant DNA techniques, synthetic techniques, and
in vivo genetic recombination. (See, for example, the techniques described in
Sambrook et al., 1990, Molecular Cloning, A Laboratorv Manual, 2d Ed.. Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY and Ausubel et al. eds., 1998, Current
Protocols in Molecular Biology, John Wiley & Sons, NY).

An expression vector comprising the nucleotide sequence of a molecule identified by
the methods of the invention can be transferred to a host cell by conventional
technigues {e.g., electroporation, liposomal transfection, and calcium phosphate pre-
cipitation) and the transfected cells are then cultured by conventional techniques to
produce the molecules of the invention. In specific embodiments, the expression of the
molecules of the invention is regulated by a constitutive, an inducible or a tissue.
specific promoter. In specific embodiments the expression vector is pQE-30 (Qiagen)
or pET-29(a) (Novagen).

The host cells used to express the molecules identified by the methods of the
invention may be either bacterial cells (non susceptible to the lysin protein, lysin
construct, or fragment thereof of the invention) such as Escherichia coli. A varety of
host-expression vector systerns may be utilized to express the molecules identified by
the methods of the invention. Such host-expression systems represent vehicles by
which the coding sequences of the molecules of the invention may be produced and
subsequently purified, but also represent cells which may, when transformed or
transfected with the appropriate nucleotide coding sequences, express the molecules of
the invention in situ. These include, but are not limited to, microorganisms such as
bacteria that are not susceptible to the lysin protein, lysin construct, or fragment of the
invention (e.g., £. coli and B. subrilis) transformed with recombinant bacteriophage
DNA. plasmid DNA or cosmid DNA expression vectors containing coding sequences
for molecules encompassed by the invention; yeast (e.g.. Saccharomyces Pichia)
transformed with recombinant yeast expression vectors containing sequences encoding
molecules encompassed by the invention; insect cell systems infected with re-
combinant virus expression vectors (e.g., baculovirus) containing the sequences
encoding molecules encompassed by the invention; plant cell systems infected with re-
combinant virus expression vectors (e.g., cauliflower mosaic virus {CaMV) and
tobacco mosaic virus (TMV)) or transformed with recombinamt plasmid expression
vectors (e.g.. Ti plasmid) containing sequences encoding molecules encompassed by
the invention; or mammalian cell systems (e.g., COS, CHO, BHK, 293, 293T, 3T3
cells. lymphotic cells (see U.S. 5,807.715), Per C.6 cells (human retinal cells
developed by Crucell) harboring recombinant expression constructs containing
promoters derived from the genome of mammalian cells (e.g., metallothionein

D
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promoter) or from mammalian viruses (¢.g., the adenovirus late promoter; the vaccinia
virus 7.5K promoter)).

In bacterial systems not susceptible to the lysin protein, lysin construct, or fragment
of the invention, a number of expression veciors may be advantageously selected
depending upon the use intended for the molecule being expressed. For example, when
a large quantity of such a protein is to be produced, for the generation of pharma-
ceutical compositions of a polypeptide, vectors which direct the expression of high
levels of fusion protein products that are readily purified may be desirable. Such
vectors include, but are not limited, to the E. coli expression vector pUR278 (Ruther et
al., 1983, EMBO J. 2:1791. hereby incorporated by reference in its entirety), in which
the protein sequence may be ligated individually into the vector in frame with the lac Z
coding region so that a fusion protein is produced; pIN vectors (Inouye & Inouye,
1985, Nucleic Acids Res. 13:3101-3109; Van Heeke & Schuster, 1989, . Biol. Chem.
24:5503-5509; each of which is hereby incorporated by reference in its entirety); and
the like. pGEX vectors may also be used to express foreign polypeptides as fusion
proteins with glutathione S-transferase (GST). In general. such fusion proteins are
soluble and can easily be purified from lysed cells by adsorption and binding to a
matrix glutathione-agarose beads followed by elution in the presence of free gluta-
thione. The pGEX vectors are designed to include thrombin or factor Xa protease
cleavage sites so that the cloned target gene product can be released from the GST
maoiety.

In an insect system, Autographa californica nuclear polyhedrosis virus (AcNPV) is
used as a vector to express foreign genes. The virus grows in Spodoptera frugiperda
cells. The polypeptide coding sequence may be cloned individually into non-essential
regions (e.g.. the polyhedrin gene} of the virus and placed under control of an AcNPV
promoter (e.g., the polyhedrin promoter).

In mammalian host cells, a number of viral-based expression systems may be
utilized. In cases where an adenovirus is used as an expression vector, the polypeptide
coding sequence of interest may be ligated to an adenovirus transcription/translation
control complex, e.g., the late promoter and tripartite leader sequence. This chimeric
gene may then be inserted in the adenovirus genome by in vitro or in vivo recom-
bination. Insertion in a non-essential region of the viral genome (e.g., region El or E3)
will result in & recombinant virus that is viable and capable of expressing the
polypeptide molecule in infected hosts (e.g., see Logan & Shenk, 1984, Proc. Natl.
Acad. Sci. USA 81:355-359, hereby incorporated by reference in its entirety). Specific
initiation signals may also be required for efficient translation of inserted coding
sequences. These signals include the ATG initiation codon and adjacent sequences.
Furthermore, the initiation codon must be in phase with the reading frame of the
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desired coding sequence to ensure translation of the entire insert. These exogenous

 translational control signals and initiation codons can be of a variety of origins, both

natural and synthetic. The efficiency of expression may be enhanced by the inclusion
of appropriate transcription enhancer elements, transcription terminators, etc. (see,
Bittner et al.. 1987, Methods in Enzymol. 153:51-544, hereby incoporated by reference
in its entirety).

For long-term, high-yield production of recombinant proteins, stable expression is
preferred. For example, cell lines which stably express a polypeptide of the invention
may be engineered. Rather than using expression vectors which contain viral origins of
replication, host cells can be transformed with DNA controlled by appropriate ex-
pression control elements (e.g.. promoter, enhancer, sequences, transcription ter-
minators, polyadenylation sites, eic.), and a selectable marker. Following the in-
troduction of the foreign DNA, engineered cells may be allowed to grow for 1-2 days
in an enriched media, and then are switched to a selective media. The selectable
marker in the recombinant plasmid confers resistance to the selection and allows cells
to stably integrate the plasmid into their chromosomes and grow to form foci which in
turn can be cloned and expanded into cell lines. This method may advantageously be
used to engineer cell lines which express the polypeptides of the invention. Such en-
gineered cell lines may be particularly useful in screening and evaluation of bacterial
species susceptible to the polypeptides of the invention.

A number of selection systems may be used, including but not limited to the herpes
simplex virus thymidine kinase (Wigler et al., 1977, Cell 11: 223), hypoxanthine-
guanine phosphoribosyltransferase (Szybalska & Szybalski, 1992, Proc. Nail. Acad.
Sct. USA 48: 202}, and adenine phosphoribosyltransferase (Lowy et al., 1980, Cell 22:
817) genes can be employed in tk-, hgprt- or aprt- cells, respectively. Also, an-
timetabolite resistance can be used as the basis of selection for the following genes:
dhft, which confers resistance to methotrexate (Wigler et al., 1980, Proc. Natl. Acad.
Sci. USA T7:357, O'Hare et al,, 1981, Proc. Natl. Acad. Sci. USA 78: 1527): gpt, which
confers resistance to mycophenolic acid (Mulligan & Berg, 1981, Proc. Natl. Acad.
Sci. USA 78:2072); neo, which confers resistance to the aminoglycoside G-418 {
Clinical Pharmacy 12: 488-305; Wu and Wy, 1991, 3:87-95; Tolstoshev, 1993, Ann.
Rev. Pharmacol. Toxicol. 32:573-596; Mulligan, 1993, Science 260:926-932; and
Morgan and Anderson, 1993. Ann. Rev. Biochem. 62:191-217; May, 1993, T/B TECH
11(5):155-215). Methods commonly known in the art of recombinant DNA technology
which can be used are described in Ausube] et al. (eds.). 1993, Current Protocols in
Muolecutar Biology, John Wiley & Sons, NY: Kriegler, 1990, Gene Transfer and Ex-
pression, A Laboratory Manual, Stockton Press, NY: and in Chapters 12 and 13,
Dracopoli et al. (eds), 1994, Current Protocols in Human Gepetics, John Wiley &
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Sons, NY.; Colberre-Garapin et al., 1981, J. Mol. Biol. 150:1; and hygro, which
confers resistance 1o hygromycin (Santerre et al., 1984, Gene 30:147).

The expression levels of a polypeptide of the invention can be increased by vector
amplification (for a review, see Bebbington and Hentschel, The use of vectors based

cloning, Vol. 3 (Academic Press, New York, 1987). When a marker in the vector
system expressing an polvpeptide is amplifiable, increase in the level of inhibitor
present in culture of host cell will increase the number of copies of the marker gene,
Since the amplified region is associated with the nucleotide sequence of the
polypeptide, production of the polypeptide will also increase (Crouse et al., 1983, Mol,
Cell. Biol. 3:257).

Once a molecule of the invention (i.e., a polypeptide) has been recombinantly
expressed, it may be purified by any method known in the art for purification of
polypeptides, for example, by chromatography (e.g., ion exchange, affinity, and sizing
column chromatography), centrifugation, differential solubility, or by any other
standard technique for the purificadon of polypeptides or antibodies.

The following examples illustrate but do not limit the invention. Thus, the examples
are presented with the understanding that modifications may be made and still be
within the spirit and scope of the invention.

EXAMPLES
Experimental Methods

The following bacterial stains were used for cloning and sequencing purposes, E. coli
JMI09 and E. coli BL2I(DE3)pLysE (Novagen, San Diego).

The bacteria were grown in both LB broth (10 g tryptone, 5 g yeast extract, 5 ¢ NaCl,
1 mL of IN NaOH, in 1 L of distilled water) and LB agar (10 ¢ tryptone, 5 g veast
extract, 5 ¢ NaCl, 15 g of agar in 1 L of distilled water) or 2x YT (16 g tryptone, 10 g
veast extract, 5 g NaCl, in I L of distilled water) at 370C, Where necessary, the an-
tibtotics kanamycin and ampicillin were added to the growth medium as selection
markers,

Bacteriophage F87s/06 was isolated from a clinical isolate of Staphylococcus aureus
(isolate number 77 of Table I) by induction with mitomycin.

The expression vectors used were pQE-30 (Qiagen, Hilden, Germany) and pET-29(a)
{Novagen). Plasmid maps are represented in Figure 2 a), b) and ¢). The recombinant
plasmids pQE-30/L.ys87 and pET-29(a)/Lys87 used to express the protein of interest
were designated pCC1 and pCC2, respectively. The bacterial isolates used in the
clinical assays of the present experiment are listed in Table I.

1. Table I. B
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[Table }
No.D Species D [Provenience |Sample type |Line D Observation
B b sD
1 Staphylocece |H1 Purulent STA -
us aureus Exudates hospital
2 Staphylococc [H2 Drain STA -
us aureus Exudate hospital
3 Staphylococe |H2 Wound STA MRSA
us aureus b exudate hospital
4 Staphylococe (H2 Wound STA MRSA
us awreus B exudate hospital
5 Staphylococe {H3 Exudate fromISTA -
us aureus B Dialysis hospital
catheter
6 Staphylococc [H] Purulent STA -
us aureus D exudate hospital
7 Staphylococe {H3 Exudate from|[STA MRSA
us aurets B Pressure hospital
ulcer
8 Staphylococe |H4 Exudate fromSTA -
us aureus B Pressure hospital
uicer
9 Staphylococe |H2 Exudate from|STA MRSA
us aureus B skin hospital
10 Swaphylococe {H1 Pus STA -
us aureus hospital
11 Staphylococe {HS Exudates STA am- MSSA
us aureus b bulatory
12 Staphviococe |H4 Exudate from|STA MRSA
us anreus D Pressure hospital
ulcer
13 Staphylococe [HS Exudate from|STA MRSA
us aureus B wound hospital
14 Staphyiococe |H5 Exudate from|{STA am- MSSA
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us aureus B Umbical bulatory
_ cord .
5 Staphylococce |H3 Exudate from |STA MRSA
us aureus b Pressure hospital
ulcer
16 Staphvlococe |H6 Exudate from|STA am- |MSSA
us aureus B Pressure bulatory
ulcer
17 Staphylococc [HS Exudates STA am- MRSA
' us aureus D bulatory
18 | Staphylococc |H4 Exudate from|STA MRSA
us aureus b wound hospital
19 Staphylococc |H5 Exudates STA am- -
us aureus P bulatory
20 Staphylococe |H5 Exudate from|STA -
us aureus D Skin hospital
21 Staphvlococe |HS Abscess STA am- |-
us aureus P exudate bulatory
22 Staphyvlococe [HS Exudate from|STA am- |MSSA
us aureus D Umbical bulatory
cord
23 Staphylococe [HS Pus STA am-  [MSSA
us aurets D bulatory
24 Staphylococc |H7 Pus STA -
us aureus hospital
25 Staphylococc |H7 Pus STA -
us aureus hospital
26 Staphvilococe [H3 _ Philegmon |STA MRSA
us aureus D pus hospital
27 Staphylococe {(HS Exudate from|STA MRSA
- us aireus D Foot hospital
28 Staphyiococe |HA Exudate from|STA MRSA
us aureus P Pressure hospital
ulcer
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29 Staphylococe {HS Exudate from|STA MRSA
us aurens D ulcer hospital

30 Staphylococe [HS Exudates STA MRSA
us awrens hospital

31 Staphyviococc [HS Exudates STA -
us aureus P hospital

32 Staphyvlococe |HS Exudates STA MRSA
us aureus P hospital

33 Staphylococe tHS Exudate from|STA am- |-
us aureus wound bulatory

34 Staphvlococe {HS Exudates STA -
usaureus B |7 hospital

35 Staphviococe [H5 Exudates STA am- MSSA
us aurens bulatory

36 Staphylocoec |HS . |Exudates STA -
us aureus b hospital

37 Staphylococe |H5 Exudates STA MSSA
us aureus D hospital

38 Staphyvlococe {HS Exudates STA MRSA
us aureus b hospital

39 Sraphylococe [HS Exudate from|STA MRSA
us aureus B wound hospital

40 Staphvlococe |HS Exudates STA MSSA
us aureus ¥ hospital

41 Staphvlococe [HS Exudates STA MSSA
us aureis B ' hospital

42 Staphylococc |HS Exudate from|STA MRSA
us aureus P wound hospital

43 Staphylococe HS Exudates STA MRSA
us qurens P hospital

44 Staphvlecocc |H5 Exudate from|STA am- MRSA
us aureus D wound bulatory

45 Staphviococe |[HS Exudates STA MRSA
us aureus hospital
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46 Staphylococe (HS Cellulitis STA am- |MSSA
us aureus B exudate bulatory

47 Sraphylococe [HS Exudate from|D MRSA
us aureus D wound

48 Staphylococe |H5 Exudates STA MSSA
us aureus B hospital

49 Staphviococe [H3 Exudate from|STA MRSA
us aureus P wound hospital

50 Staphylococe |HS Exudates STA MSSA
us aureus P hospital

51 Staphylococe |HS Exudate from|{STA MRSA
us aurens B | wound hospital

52 Staphvlococc |HS Exudate from{D MSSA
us aureus B wound

33 Staphyiococe 1H8 Urine STA am- -
us aureus bulatory

54 Staphylococe |H8 Urine STA am- -
us aureus D bulatory

55 Staphylococe |H6 Exudate from|STA am- |-
us aureus B ulcer bulatory

36 Staphylococe |H2 Sputum STA -
us aureus B hospital

57 Swaphyiococc {H2 Ascities STA MRSA
us aureus hospital

58 Staphylococe {H1 Blood STA -
us aureus B culture hospital

59 Staphylococe |H2 Catheter tip |STA -
us aureus b hospital

60 Staphylococe |H2 Blood STA R-Oxa
us aureus P culture hospital

61 Staphylococe |H3 Pus STA -
us awreus B hospital

62 Staphviococc [H] Bronchial STA -
us aureus D aspirate hospital
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63 Staphvlococe (H3 Sputum STA MRSA
us aureus D hospital

64 Staphviococc |H4 Exudate from|STA -
us aureus P Skin lesion  |hospital

635 |Staphvlococe [H2 Pus STA S-Oxa
us aureus b hospital

66 Staphviococc {H4 Urine STA -
us aureis B hospital

67 {Staphylococe |H2 Pus STA MSSA
us aureus b hospital

68 Staphylococe [H2 Exudate from{STA MSSA
us aureus B trochanter  (hospital

69 Staphylococe HI Bronchial STA -
us aureus p aspirate hospital

70 Swaphylococe |HS Exudate from|{STA MRSA
us aureus b eye hospital

71 Staphylococe [HS Blood STA MRSA
us aureus P culture hospital

72 Staphvlococe (H4 Exudate from{STA MRSA
us aierens p Pressure hospital

' ulcer

73 Staphylococe {HS Exudate from{STA MSSA
us aureus P skin hospital

74 Staphviococe [H4 Sputum STA MRSA
us aureus P hospital

75 Staphvlococe - B ATCC ATC -
us aureus P

76 Staphylococe [H8 Urine STA am- -
us aureus b bulatory

77 Staphylococe |[H2 Synovial STA -
us anreus P fluid hospital

78 Staphylococc |H6 Urine STA am- -
us aureus P bulatory

79 Staphyvlococe |H2 Blood _|SCN -

(MRS
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us epi- culture hospital
dermidis

80 Staphylococe |H3 Exudate from|SCN -
us epi- Dialysis hospital
dermidis P catheter

81 Staphylococc (H5 Blood SCN am- |-
us epi- culture bulatory
dermidis D

82 Staphylococe [H7 Urine SCN -
us epi- hospital
dermidis B

83 Staphylococe |H4 Urine SCN -
Yy epi- hospital
dermidis P

84 Staphylococe [HS Catheter SCN -
us epi- hospital
dermidis D

85 Staphvlococe |H1 Blood SCN .
us au- culture hospital
ricitlaris D '

86 Staphylococe |HI Pus SCN -
us capitis D hospital

87 Staphvlococc |HS Blood SCN am- |-
us capitis P culture bulatory

88 Staphyilococe |HS Drain ftuid  |SCN -
us capitis o hospital

89 Staphyiococe |HI Sputum SCN -
us hospital
haemolyticus
b

90 Staphylococe |HS Catheter tip |SCN -
s hospital
haemolyticus
b

91 Staphyvlococe |H7 Urine SCN -
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us hospital
haemaolyticus
D .

92 Staphylococe |HS Bloaod SCN am- -
us hominis P culture bulatory

93 Staphylococe |H4 Sputum SCN -
us hominis D hospital

94 Staphyiococc |H2 Urine SCN R-Oxa
us sapro- ' hospital
phyticus D

a5 Staphylococe {H7 Urine SCN Multiresisten
1us sapro- hospital te
phyticus D

96 Staphyiococe |H4 Urine SCN -
78] hospital
Saprophyticu
b

97 Staphyiococe H1 Blood SCN -
ws simulans P culture hospital

98 Staphylococc |HS Blood SCN am- |-
us xylosis D culture bulatory

99 Micrococcus |- D ATCC ATC -
luteus B

100 Bacillus -b ATCC ATC -
subtilis B

101 Bacilius -b ATCC ATC -
pumitus P

102 E. coli D -b ATCC ATCC E. coli

ATCC
25922

103 Enterococcusi- B Endometriu |- -
faecalis D m

104 Enterococcus |HB Urine EN am- -
sp. bulatory
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105 Enterococcus Cip Cl -

hirae P
136 Enterococcus | H2 Urine EFM -
faecium D hospital

107 Enrerococcus |HS - ENA am- |-
avium B bulatory

108 Streprococcu |H4 sputum STR -
§ neumonia B hospital
109 Streptococcu |H5 Pharyngeal (STR -
sAD exudate hospital

110 Streptococcu [HS Blood STR am- -
sBDB culture bulatory

Table [ lists the clinical bacterial isolates used to test the antibacterial activity of SEQ
ID NO: 2. The following abbreviations are used: ATCC - American Type Culture
Collection; CIP - equivalent of ATCC; ECO - £. Coli; EN - Enterococcus sp.; ENA -
Enterococcus avium; EFM - Enterococcus faecium;, EFS - Enterococcus faecalis,
MRSA - methicilin resistant Staphylococcus aureus, STA - Staphvlococeus aureus;
SCN - Staphylococcus Coagulase Negative; STR- Streptococcus; R-Oxa - Resistance
to oxacilinia: S-Oxa- Senisitive to oxacilina. The bacterial isolates were obtained from
a hospital in the Lisbon area, a hospital in Alto Alentejo, and a hospital in Algarve.

Bioinformatic Analysis of the putative Lysin protein from phage F87s/06

Analysis of target DNA and amino acid sequences was carried out by using ExPASy
(Expert Protein Analysis System) of the Swiss Institute of Bioinformatics. Additional
analysis was also carried out using the programs Translate Tool, Prosite and ProtPram.
The homology of the target amino acid sequences with sequences in the UniProt
Knowledgebase database were performed using FASTA3. Sequence alignments were
performed using ClustalW. Both programs can be accessed through the European
Molecular Biology Laboratory - European Bioinformatics Institute (EMBL-EBI)
website. The determination of the secondary structure of the target sequence was
carried using the program FoldIndex.

Purification of phage F87s/06

A preparation of stock phage F87s/06 was carried out using the protocols described
n Carlson K., 2005, 'Working with bacteriophages: common techniques and method-
ological approaches,’ in Kutter, E. Sulakvelidze, A. (eds.) Bacteriophages: Biology and
Applications, 5% ed. CRC press (‘Carlson:’ hereby incorporated by reference in its
entirety ).
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The stock phage F87s/06 was concentrated by precipitation with PEG according to
the protocol described in Yamamato et al., 2004, PNAS 101:6415-6420 (hereby in-
corporated by reference in its entirety) and Carlson.

The phage F875/06 stock was incubated in 1 M NaCl for one hour at 4°C with
agitation. Next, PEG 8000 (AppliChem, Cheshire, MA) was added gradually unti} a
final concentration of 10% (p/v) was reached. The composition was then incubated
overnight at 4°C. After the incubation period the composition was centrifuged at 10000
X g for 30 minutes at 4°C, The sediment was then re-suspended in SM (0.05 M Tris-
HCl at pH 7.4, 0.1 M NaCl, 10 mM MgSO, and gelatin at 1% p/v) and centrifuged
again at 1000 rpm at 4°C for 10 minutes. The supernatant containing the suspended
phage was saved for further purification.

Purification of phage F87s/06 was achieved using a CsCl gradient as described by
Carlson.

Removal of CsCl from the phage stock was achieved through dialysis. A dialysis
membrane Cellu.Sep H1 High Grade Regenerated Cellulose Tubular Membrane
(Cellu.Sep, River Street, USA) was prepared according to the manufacturer's in-
structions. The dialysis consisted of a first incubation of 30 minutes in 100 mM Tris-
HCl and 3 M NaCl (pH 7.4) at 4°C. This was followed by a second incubation of 30
minutes in 100 mM Tris-HCI and 0.3 M NaCl (pH 7.4) at 4°C. After dialysis, the
suspended phage was removed from the interior of the dialysis bag and stored at 4°C.

Extraction of phage DNA

Phage F87s/06 DNA was obtained from the stock phage purified on CsCl. To 35 ml of
the purified phage was added 20 mM EDTA at pH 8.0, SDS at 0.5% (p/v) and
Proteinase K at a final concentration of 40 ug/mi. The mixture was then incubated at
56°C for one hour. This was followed by successive extractions in
phenol:chloroform:alcohol at a proportions of 25:24:1, until the interface between the
aqueous and organic phases was clear. The aqueous phase was then treated with an
equal volume of chloroform and centrifuged at 13.0000 x g for 10 minutes at 4°C. The
aqueous phase was once again removed and the DNA was precipitated by adding two
volumes of absolute ethanol andincubating for thirty minutes at 20°C. The samples
were then centrifuged at 11,000 x gfor 30 minutes at 4°C. The pellet was then washed
with 70% ethanol at roomtemperature and re-suspended in 50 ul of ultra-pure water
{Gibeo. California). The DNA concentration was then determined by measuring the
absorbance al 260 nm in a ND-1000 Spectrophotometer. The integrity of the isolated
phage DNA was then analyzed by electrophoresis on a 1% agarose gel.

The phage F875/06 DNA was then sequenced and the open reading frames (ORFs)
coding for amino acid sequences were identified using the tools describe under the
Bioinfomatics Analysis section. In addition the homology of phage F87s/06 DNA was
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compared (o existing sequences using the program FASTA3.

Preparation of Competent Cells

In order to prepare competent cells, LB broth was inoculated with competent E. cali
and incubated overnight with agitation of 135 rpm at 37°C. The following day, 5 mi
from the culured LB broth was added to 200 m! of fresh LB broth. The culture was
incubated with agitation at 37°C unti] an optical density (ODgy) of 0.7-0.8 was
reached. The optical density was measured on a UV/Vis Spectrometer UVA (Unicam).
The celis were then centrifuged for 20 minutes at 5,000 rpm at 4°C. After removal of
the supernatant, the pellet was re-suspended in 10 mi of a 10% glycerol solution
previously cooled in ice. The volume was then brought to 50 ml by adding more of the
10% glycerol solution and centrifuged again at 5,000 rpm for 20 minutes at 4°C. After
removal of the supernatant, the pellet was re-suspended as described before and cen-
trifuged an additional time. The pellet was then fcsuspendad in the residual 10%
glycerol solution that remained in the tube after decantation. The samples were then
aliquoted and stored at -80°C.

Transformation of Competent Cells by Electroporation

In order to a transform the competent E. coli cells, an aliquot of competent cells was
removed from storage at -80°C and thawed at 4°C for 10-20 minutes. Then 1 ul of
plasmid DNA was added 1o 25 pl of competent cells. The suspended cells were then
transferred to an electroporation cuvetie (Electroporation Cuvettes Plus model No. 610,
BTX, Holliston, USA) and electrdporated in a Gene Pulser Xcell System (Bio-Rad,
Hertfordshire . UK. ). The parameters used for a 1 mm cuvette were as follows:
electric impulse - 10 uF, Resistance - 600 Ohms and Voliage - 1800 V. Immediately
after electroporation the cells were resuspended in 1 ml of LB broth and incubated at
37°C for 1 hour with agitation at 135 rpm. Then the cells were centrifuged at 13.000
rpm for I minute at room temperature. The cells were then resuspended in 50 ul of LB
broth and plated on a Petri dish containing LB agar (50 ul/plate) and the necessary
selective markers. The plates were incubated overnight at 37°C.

Extraction of Plasmid DNA (Minipreps)

After selecting for transformed bacteria, the DNA plasmid of interest was extracted
according to the protocol described in Sambrook and Russel, 2001, Molecular cloning:
a laboratory manual, 3~ ed., Cold Spring Harbor Laboratory Press (hereby in-
corporated by reference in its entirety). A determination of DNA concentration was
then made on a ND-1000 Spectrophotometer by measuring the absorbance at 260 nm.
The integrity of the isolated DNA was then analyzed by electrophoresis and visu-
alization on a 1% agarose gel.

Electrophoresis of DNA

Electrophoresis was performed on a 1% agarose gel which is capable of separating
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fragments between 0.5 and 10 Kb. The agarose was dissolved in TRE 0.5 x (108 g
Tris, 55 g boric acid, 20 ml of 0.5 M EDTA at pH 8.0 in 1 L of distilled water),
followed by the addition of the ethidium bromide at a final concentration of 0.5 pg/m.
DNA samples were prepared for loading onto the gel by addition of 6x loading dye
(20% Ficoll 400, 0.1 M Na,EDTA pH 8.6, 1% SDS, 0.25% bromophenol blue and
{.25% xylene red). Electrophoresis was conducted at 100 mA, for 1 hour in TBE 0.5 x.
GeneRuler™ | kb DNA Ladder Mix (Fermentas, Maryland, USA) was used to
determine the size of the bands after electrophoresis was complete.

[126] Construction of Plasmids

[(12mn Plasmids pCC1 and pCC2 were constructed by inserting the sequence of cDNA cot-
responding to the isolated lysin of phage F87s/06 (Lys87) into vectors pQE-30 and
pET-29(a}. The fragment of DNA corresponding to the gene for the lysin of phage
F87s/06 was amplified by PCR using the primers; §7F
(CGGGATCCAAAACATACAGTG, SEQ ID NO:3) and 87R
(CTAAGAAGCTTAAAACACTTCTTT, SEQ ID NO:4); 87F and 87R 1
(CGCTCGAGAAACACTTCTTTCAC, SEQ ID NO:5), respectively. The PCR
reaction was set up using the following conditions: puReTaq Ready-to-Go PCR Beads
{Amersham Biosciences, U.K.), 200 ng of genomic DNA from phage F87s/06, the
primers at afinal concentration of 0.4 pmo1/ul and ultra-pure water to 2 final volume of
25 pul. Thefollowing thermocycler conditions were used: 1 minute at 95°C for 1 cycle,
I minute at 95°C +1 minute at 57°C + 1 minute at 72°C for 30 cycles and 5 minutes at
72°C for one cycle, _

[128] The vectors pQE-30 and pET-29(a) were digested with restriction enzymes Bam HI,
Hind 11l and Bam HI and Xho 1 (Fermentas), respectively. The restriction digest
mixiure was prepared according to the manﬁfacturer’s instructions. The fragment of
DNA resulting from the digestion of the vectors as well the amplified DNA of Lys87
were run on & 1% agarose gel. The DNA was then purified from the gel using the High
Pure PCR Product Purification Kit (Roche, Germany) according 1o the manufacturer's
instructions.

1129] The purified vector DNA and the cDNA encoding the Lys87 were combined in a
ratio of 1:5 moles along with 1 of T4 DNA ligase (New England Biolabs, Frankfort,

' Germany) 10 x ligation buffer (50 mM Tris-HCI, 10 mM MgClL, 10 mM DTT, | mM
ATP, pH 7.5 at 25°C) and ultra-pure water at a final volume of 20 ul. The ligation
mixure was incubated overnight ar 22°C followed by transformation of E. colf strain
JM109 and BL21(DE3)pLysE. The transformation was done according to the protocol
described previously. -

[130] Transformants were selected by plating in a Petri dish containing LB agar and the re-
spective selection marker. Colonies of transformants containing pCC1 and pCC2
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detected on the Petri dish were the used to inoculate LB broth containing the ap-
propriate selection marker and incubated overnight. The cultures where then cen-
trifuged and the DNA extracted as described previousty.

Correct insertion of the cloned fragment was determined by digestion of the re-
combinant plasmid using the same restriction enzymes used to construct the plasmids,
All methods and procedures for cloning the Lys87 fragment were done according to
standard protocols.

Sequencing

Recombinant plasmids containing the DNA of interest corresponding to the DNA of
Lys 87 were sequenced by Macrogen (Coreia do Sul).

Expression and Determination of the Solubility of Lyvs87

To express Lys87, the IM109 and BL32(DE3)pLysE transformed with pCC1 and
pCC2, respectively, were used to inoculate 5 ml of 2 x YT broth containing the ap-

propriate selection markers. The cultures were incubated overnight at 37°C with
agitation until a OD (600nm) of 0.6 was obtained. Expression of the lysin was induced
by the addiiion of 1 mM to 0.5 mM of IPTG. This was done approximately after in-
cubation for 4 hours at 37°C with agitation. Samples of E. coli IM109 {pCC1) were
taken at 0, 1, 2, 3 and 4 hours from the point of induction. Samples of E. coil
BL2I{DE3)pLysE (pCC2) were taken at 0, 2 and 4 hours from the point of induction.

After incubation was complete, lysis of the E. coli IM109 cells was achieved by the
addition of lysosyme (Sigma-Aldrich) at a final concentration of 0.1 mg/ml and I ul of
Protease Inhibitor Cocktail Set I (Calbiochem, USA) followed by freezing and
thawing. The sample was exposed to five cycles of freezing and thawing. The sample
was then centrifuged at 14,0000 x g for 10 minutes at 4°C. After centrifugation the su-
pernatarnt. was removed and the pellet re-suspended in 500 1o of PBS 1 x.

In order to lyse the £. coli BL2I(DE3)pLysE (pCC2), the sample was centrifuged at
13.200 rpm for 10 minutes at 4 °C. The supernatant was removed and the pellet was
re-suspended in 150 ul of BugBuster Master Mix (Novagen) in addition to 1 ul of
Protease Cocktail Inhibitor Set I. Lysis of the cells was carried out using the BugBuster
Master Mix according the manufacturers instructions. After lysis, 500 ! of each
sample was centrifuged at 14,000 x g, for 10 minutes at 4 °C. After centrifugation, the
supernatants was removed and the pellet resuspended in 500 j) of PBS 1 x.

Al of the samples were analyzed by SDS-PAGE and Western blot in order to
determine the activity of Lys87.

SDS-PAGE

In this work, 15% polyacrylamide gels were used. The resolving gel was prepared by
adding 6.25 ml Protogel, 3.35 ml Protogel Resolving Buffer (National Diagnostics,
Georgia, USA). The stacking gel was prepared using 650 Protogel, 1.25 ml Protogel
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Stacking Buffer (National Diagnostics), 3 ml distilled water, 50 4] APS 10%. and 7.5
TEMED. Protein samples to be analyzed where then denatured by placing them in 6 x
denaturing buffer (0.35 M Tris-HCl at pH 6.8, 10.28% DS, 36% glycerol. 0.6 M DTT
and 0.012 % bromophenol blue) and heated at 100 °C for 10 minutes. The gel was run
on a Mini-PROTEAN Tetra Cell (Bio-Rad). While the samples were in the stacking
gel the voltage was maintained at 140 V. Afier the samples entered the resolving gel
the voltage was increased to 200 V. Precision Plus Protein™ Standards Dual Color of
Bio-Rad and PageRuler™ Prestained Protein Ladder of Fermentas were used as
maotecular weight ladders.

Transfer to Nitrocellulose Membrane

In order to visualize the protein bands on the SDS-PAGE gel, the gel was immersed
in a solution of Coomassie stain for 1 hour at ambient temperature. The gel was then
transferred to a destaining buffer (10% acetic acid, 10% methanol in 1 L of distilled
water) [0 remove excess stain.

The gel was then placed in 1 x transfer buffer (48 mM Tris, 39 mM glycine, 0.04%
SDS, 10% methanol, and 1L of distilled water) at ambient temperature. The proteins
where then transferred from the gel to  nitrocellulose Hybond C (GE Healthcare,
Germany) using a Mini Transblot Module (Bio-Rad). The wansfer took place at 200
mA for I hour.

Western Blot

The nitrocellulose membrane was the blocked in PBS 1 x, 5% milk protein, 0.05%
TWEEN™ 20 overnight at 4 °C. The membrane was then washed 5 times in PRS Ix,
(.05% Tween 20 at room temperature. The membrane was then incubated for 1 hour
with agitation at room temperature in a solution containing PBS Ix, 2% milk protein,
0.05 % Tween 20 and anti-His6 antibody conjugated to peroxidase diluted 1:5000
(Roche). The membrane was then washed three times for 15 minutes in a solutions of
PBS Ix, 0.05% Tween 20 at room temperature.

The protein of interest was detected using the ECL™ Plus Western Blotting
Detection System (GE Healthcare) following the manufacturer's instructions. The
membrane was then exposed to Amersham Hyperfilm ECL and developed in an AGFA

Preparation of the bacteria listed in Table I were grown on BHI and incubated with
15 ! of the insoluble fraction from cells expressing Lys87, soluble fraction from cells
expressing Lys87, or purified Lys87. A 100 mM Tris-HCI buffer at pH 7.0 was used as
a negative control. All of the bacterial isolated, except those belonging to the genus
Swreptococeus where tested by the previous protocol. To test the lytic activity of Lys87
in bacteria from the genus Streptococcus, an inoculating foop was used to transfer



A) 815/06 Staphy +++ +++ +/- ID /ococc us. aureus (MRS A)

[149]
1150

[151]

[152]
[153]

[154]
[155)

44

bacteria from a liquid culture onto a blood agar plate. After plating the Streptococcus
bacteria, a 15 pl sample of Lys87 in 100 mM Tris-HC! at pH 7.0 was added to the plate
and incubated overnight at 37 °C.

Preparation of cell extracts for the purification of Lys87

Induction of expression of Lys87 in £. coli IN109 (pCC1) was done according to the
previously described protocol for hours in a bacterial culture of 500 ml. The bacteria
were lysed in a French press at a pressure of 10,000 1b/in?. The cell Iysate was then
incubated at 4 °C for 30 minutes followed by centrifugation at 4000 x g for 10 minutes
at 4 °C. After centrifugation, the supernatant was retained and used to purify Lys87. A
sample was also analyzed by SDS-PAGE and Western Blot.

E. coli BL2I(DE3)pLysE(pCC2) were prepared according to the previously
described protocol. The bacieria where grown until the OD (600nm) was 0.6. Ex-
pression of the lysin was then induced by the addition of 0.5 mM IPTG followed by in-
cubation overnight at 25°C with agitation. After induction, the liquid cultures were
centrifuged at 11,000 rpm for 40 minutes at 4 °C. The supernatant was removed and
the pellet resuspended in 5 ml of BugBuster Master mix with Protease Inhibitor
Cocktail Set I at a dilution of 1:1000. The cells where lysed according to the manu-
facturer's instructions. The samples were then centrifuged at 4 °C and 14,000 x g for 10
minutes. After centrifugation, the supematant was removed and the peliet resuspended
in 5 ml of PBS Ix. The samples were then centrifuged again at 4 °C and 14,000 x g for
10 minutes. The pellet containing inclusion bodies containing Lys87 was stored at 4
°C. The samples were analyzed and a Lys87 purified by SDS-PAGE and Western Blot.

Purification of L.vs87 using a Ni-NTA column

Lys87 was purified using a Ni-NTA column (Qiagen). The Ni-NTA resin was stored
at 4 °C prior to be added to the column. The column was then washed with 50 mi of
wash buffer (50 mM Na2ZHPO,, 300 mM NaCl, 20 mM imidazole in 1 L of distilled
water at pH 8.0) using a peristaltic pump at medium speed. The cellular extracts
prepared according to the previously described protocols where then loaded onto with
a peristaltic pump set at low speed. The column was then washed with 50 mi of
washbuffer to remove nonspecific proteins and other impurities. The protein was then
eluted from the column using an elution buffer (50 mM Na;HPO, 300 mM NaCl, 250
mM imidazole in 1 L of distilled water at pH 8.0) and collected in 1.5 ml fractions. All
of the fractions were analyzed by SDS-PAGE.

Dialysis of LysR7 samples purified by Ni-NTA Chromatography

A Cellu.Sep HI High Grade Regenerated Cellulose Tubular Membrane was prepared

according to the manufacturer's instructions. The samples were dialyzed against 1000
volumes of 50 mM Tris-HCl pH 7.5 overnight at 4 °C with slight agitation. The
previous procedure was repeated again untif total incubation time reached 24 hours.
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After dialysis the lysin was removed from the interior of the membrane and stored at
4°C.A sample was analyzed by SDS-PAGE and Western Blot and the amount of

Inclusion bodies containing Lys87 were resuspended in 10 mi of a Triton X-100
wash buffer (0.5% Triton X-100, 50 mM Tris-HCl pH 8.0, 100 mM NaCl, 0.1%
sodium azide in 100 mil of distilled water). The samples were then centrifuged at
15,000 rpm, for 10 minutes at 4 °C. The supernatant was removed and the wash steps
were repeated seven times. For the final wash the samples were placed in a solution of
50 mM Tris-HC] pH 8.0, 100 mM NaCl and centrifuged at 15,000 rpm for 10 minutes
at4 °C. A sample was analyzed by SDS-PAGE and Western Blot.

Denaturation of Lvs87 with Urea

The inclusion bodies containing Lys87 were dissolved in a solution of 50 mM Tris-
HCI pH 8.0, 100 mM NaCl, 8 M Urea and 100 m} of distilled water and incubated
overnight with agitation at 4 °C. The following day the samples were centrifuged at
15,000 rpm for 30 minutes at 4 °C. The supernatant containing the denatured Lys87
was retained and the amount of protein measured by checking the absorption of the
sample at 280 nm. A sample of the supernatant and pellet were both analyzed by SDS-
PAGE and Western Blot,

Refolding of Lys87

The denatured Lys87 sample was re-folded by placing the sample in 150 ml of
refolding buffer (100 mM Tris-HCl at pH 7.0. 10 mM EDTA at pH 8.0, 5% glycerol,
1mM DTT, 100 mM NaCl, 0.005% Tween-20 in 200 mi of water). Denatured Lys8§7
was added to the re-folding buffer drop by drop over a period of approximately 30
minutes. The solution was then incobated 16 to 24 hours at 4 °C. The solution was then
centrifuged at 15,000 rpm for approximately 30 minutes at 4 °C. The supernatanl was
retained and stored at 4 °C. The supernatant was then analyzed by SDS-PAGE and
Western Blot. The quantity of Lys87 was determined by measuring the absorbance at
280 nm. '

Purification of Lys87 using FPL.C

Lys87 expressed from pCC2 was purified from the inclusion bodies using a AKTA
FPLC chromatography system {Amersham Biosciences). Prior to purification the
sample was denatured according to the previously described protocol. In order to
purify the fusion Lys87-His6 protein, a His-trap (GE Healthcare) was used in
connection withthe AKTA FPLC. Purification of all samples was monitored by
racasuring the absorbance of the cluate at 280 nm.

Initially the purification column was equilibrated with 10 ml of buffer A (50 mM Na,
PO,12H20, | M NaCl, 8 M Urea, 20 mM imidazole). Next, the sample of denatured

6
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Lys87 was loaded on the column. The column was then washed with Buffer
Acontaining 60 mM imidazole to remove impurities that had been retained on the
coluran. The tysin was then eluted from the column using a linear gradient of 60 to 500
mM of imidazole in 10 m! increments resulting in collection of 7 fractions of 1.2 ml
each, The fractions containing the protein of interest were analyzed with SDS-PAGE
and Western Blot.

[165] Concentration of Lys87

[166] The proteins of interest were concentrated on an Amicon Centrifugal Filter Device
(Millipore, USA} according to the manufacturer's instructions. The Amicon Cen-
trifugal Filter Devices were also used to exchange the buffer of the protein samples.In
this mode, 12 mi of a 100 mM Tris-HCl buffer at pH 7.0 was added together with
asample of Lys87. The column was then centrifuged for 30 minutes at 5,000 rpm at 4
°C. Concentrated sample of Lys87 were analyzed by SDS-PAGE and Western Blot in
order to confirm the integrity of the purified protein. The concentration of Lys87 was
determined using a ND-1000 spectrophotometer measuring the absorbance at 280 nm
and using a Bradford assay.

{167] Determination of the minimum inhibitory concentration of Lys87

[168] Isolate 77 of table T was used to determine the minimum inhibitory concentration
(MICy of Lys87 in S. aureus. An isolated colony of isolate 77 was used to inoculate 5
ml of BHI media and incubate overnight at 37 °C with agitation at 135 rpm. Using
serial dilutions, it was determined that the mean number of cells was between ap-
proximately 10° to 10*, Various concentrations of Lys87, ranging from 10 to 100 po/mi
were plated in a 96 well round bottom with hid (Sarstedt. USA). To each well was
added 100 ui of bacterial cell culture. A sample comprising only sample buffer and
another sample comprising only bacterial culture were used as negative controls. The
samples were incubated overnight at 37 °C. The next day15 pl of each sample,
including the controls, were spotted on BHIA media plates. The plates were incubated
at 37 °C overnight

F169] Evaluation of Ivtic activity of Lvs87 in liquid media,

[170] Evaluation of the lytic activity of Lys87 in liquid media was carried out according to
the protocols described in Fischetti, 2003, Ann. NY Acad. Sci. 987:207-214: Loessner
et al., 1998, FEMS Microbiol. Lert. 162:265-274; Loeffler et al., 2001, Science
294:2170-2172 and Takae et al., 2005, Microbiology 151:2331-2342 (each of which is
hereby incorporated by reference in its entirety). S. aureus isolate 77 was used to

inoculate 5 ml of B HI media. The culture was allowed to grow overnight at 37 °C
with agitation at 135 rpm. The next day the pre-inoculate was used (o prepare & hguid
culture with an ODgy between 0.8 and 1. The decrease in OD was measured after the
addition of a determined amount of lysin. Concentrations of Lys87 purified using
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AKTA FPLC of 50 ng/ml, and 100 pg/ml were tested. Negative controls received an
equal volume of 100 mM Tris-HCl at pH 7.0 in place of buffer containing lysin, Lysin
or control was added to a 1 ml liquid culture sample with 2 ODy,y, between 0.8 and 1.
The samples were incubated at 37 °C with gentle agitation and the OD at 600 nm was
measured after 2 hours.
Example 1 _

[171] Isolation and Characterization of Bacteriophage F875/06

[172] Bacteriophage F87s/06 is a double stranded DNA virus. The virus's genome had not
been previously isolated an characterized. Genomic DNA was isolated from a stock of

phage F87s/06 obtained from a clinical isofate of Staphviococcus aureus (isolate No.
77 of Table I). The genomic DNA of phage F87s/06 was isolated, cloned, and
sequenced according to protocols described in the experimental methods section, Se-
quencing of the bacteriophage genome allowed identification of potential open reading
frames (ORFs) within the genome. The putative ORFs of bacteriophage were
translated into their corresponding amino acid sequences and the amino acids
sequences were used to search the UniProt Knowledgebase using the program
FASTA3. Alignment with other known lysin proteins from other bacteriophages
allowed identification of the phage F87s/06 lysin protein (Lys87) (SEQ ID NO: 2y and
its corresponding gene sequence (SEQ ID NO:1). Analysis of the amino acid sequence
revealed the presence of a CHAP domain. This domain is found in numerous protein
sequences and is generally associated with bacterial domains of the SH3 type. The
CHAP domain is also known to be associated with endoiysins which have been experi-
mentally shown to have endopeptidase and amidase activity against peptidogliycan.
Figure 1 shows an alignment of the N-terminal region of Lys87 with the know lysins
of phages P68, Twort and ®11. The alignment shows that Lys87 shares several
conserved residues that are known to be associated with endopeptidase activity.
Example 2

[173] Cloning and Expression of Lys&7

f174] Two different strategies were used based on prokaryotic expression systems utilizing
a histidine tail to allow purification of the expressed lysin. Figure 2 shows a vector
map of the two expression vectors used. In the first strategy, the cDNA sequence
encoding Lys87 was ligated into the expression vector pQE-30 (pCC1). As shown in
Figure 3, the results achieved with this expression vector were very low and the lysin
itself was insoluble. The results obtain by purification of Lys87His6 using the Ni-
NTAsystem were not satisfactory (Figure 4). Lastly, the samples of purified Lys87 did
not show any lytic activity in strains of S. aureus.

[175] As the previous strategy was not effective, the expression vector and purification
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strategy were altered. The new expression vector used was pET-29(a) (pCC2) which
has a sequence encoding for a tail fusion of 6 histidines to the C-terminal domain of
Lys87.This vector also utilizes a T7 promoter for the direct expression of the protein of
mterest. The use of pCC2 resulted in an increased expression of Lys87 as compared to
pCCl (Figure 5). While the amount of lysin expression improved significantly, as with
the previous strategy, the lysin was expressed in the form of insoluble aggregates or
inclusion bodies. In an attempt to solubilize the inclusion bodies and recover the
purified protein of interest, the inclusion bodies were solubilized by successive washes,
followed by denaturation of the lysin in urea, followed by renaturation and’ con-
centration of the protein. As can be observed in Figure 6, the successive washes of the
inclusion bodies, while eliminating some of the undesired proteins, did not remove
them totally.

In order to improve the purity of the Lys87 obtained after the initial purification and
solublization process, Lys 87 was further purified using AKTA FPLC chromatography
systern. The samples eluted during the purification process indicated a reduced number
of undesired proteins and an increased amount of lysin (Fig. 7a and 7b).

Example 3 - Analysis of Lytic Activity of Lys87

Both the impure Lys87 isolated from the inclusion bodies and the Lys87 purified
using the AKTA FPLC system were tested for Iytic activity in several clinical isolates
of gram-positive bacteria. The assay was carried out according to the protocol
described in the Experimental Methods section. Table If shows that the Lys87 isolated
from the inclusion bodies inhibited growth in all of the gram-positive bacteria tested
except Sireptococcus sp. As expected the lysin did not exhibit lytic activity against the
gram-negative bacteria E. coli. Table IIT verifies that the purified Lys87 isolated using
the AKTA FPLC system has the same range of lytic activity of the impure Lys87
isolated from inclusion bodies using a subset of the isolates of Table IL

Table 1I - Lytic Action of Lys87 isolated from Inclusion Bodies
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[Table }
No. B Species D Lytic Activity D
1 Staphviococcus aureus B [ +++
2 Staphylococeus aureus B |+
3 Staphylococcus aureus D |+4+4
4 Staphylococcus aureus D {++
5 Staphylococeus aureus B [+
6 Staphylococcus aureus B |+++
7 Staphvlococcus aureus P |++
8 Staphylococcus aureus D |+
9 Staphvlococcus aureus B |++
10 Staphvlococeus aureus B |4+
il Staphylococcus aureus B 44
12 Staphylococcus aureus B |+
13 Staphylococcus aureus B |+++
14 Staphylococcus aureus B 4+
15 Staphylococcus aureus B |44+
16 Staphylococcus aureus B |++
17 Staphvlococcus aurens © |+
I8 Staphvlococcus aureus ®  |++
19 Staphyviococcus aureus ©®  [+++ P
20 Staphyvlococcus aureus B ++
21 Staphvlococcus aureus D |+++
22 Stuphvlococcus aureus B |+
23 Staphviococcus aureus D |+++
24 Stapliylococcus aureus B |44+
25 Staphylococcus aureus B {444
26 Staphviococcus aureus B |+
21 Staphylococeus aureus B |++
28 Staphylococcus aureus B |+
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29 Staphylococcus aureus B 1++
30 \Staphvlococcus aureus B 1+

31 Staphylococcus aureus B +++
32 Staphylococcus aureus B |++
33 Staphylococcus aureus B |++
34 Staphylococcus aureus B |++
35 Staphylococcus aureus B ++
36 Staphyvlococcus aureus B [+++
37 Staphylococcus aureus B [+++
38 Staphylococecus aureus |+
39 Staphylococcus awreus B |+
40 Staphvlococcus aureus D +++
41 Is taphvlococeus aureus D |+
42 Staphvlococcus aureus B i++
43 Staphylococcus aureus B [4++
44 Staphylococcus aureus D |++
43 Staphylococcus aureus B |++
46 Staphviococcus aureus B j4++
47 Staphyvlococcus aureus B |++
48 Staphvlococcus aureus B (+++
49 Staphviococcus aureus © |+
50 Staphylococcus aureus P [+++
51 Staphviococcus aureus |+
52 Staphylococcus aureus B [++
53 Staphviococcus aureus B |+
54 Staphvlococcus aureus B |++
35 Staphviococcus aureus ©  i++
36 Staphvivcoccus anreus B [++
57 Staphviococecus aureus B |+
58 Staphylococcus aureus B |+
59 Staphviococcus aureus B [++
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60 Staphylococeus awreus B |+
61 Staphylococcus aureus D |+
62 Staphylococcus aureus B [+++
63 Staphylococcus aureus ®  j++
64 Staphvlococeus aureus D |+++
65 Staphylococcus aureus B |++
66 Staphyiococcus aureus B 44+
67 Staphvlococcus aureus B |++
68 Staphvilococcus aureus B |++
69 Staphyvlococeus aureus B |+++
70 Staphylococcus aureus B |+
71 Staphylococcus aureus B [+4-+
72 Staphylococcus aurens D |+
73 Staphylococcus aureus B |++
74 Staphylococcus aureus D |++
75 Staphviococcus aureus B |+++
76 Staphylococcus aureus B |+++
77 Staphvlococcus aureus B [+++
78 Staphvlococcus aureus B 14+
79 Staphylococcus epidermidis |+

b
80 Staphylococcus epidermidis i+

b
81 Staphylococcus epidermidis |+

b
82 Staphylococcus epidermidis |+

b
83 Staphvlococcus epidermidis |++

b
84 Staphvlococcus epidermidis | ++

b
85 Staphviococcus auricularis |4+
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b
36 Staphylococcus capitis |+
87 . Staphylococcus capitis ) |+
88 - Staphylococcus capitis |+
89 Staphyiococcus +

haemolyticus P

90 Staphylococcus +
haemolyticus D

91 Staphylococcus +
haemolyticus B

92 Staphylococcus hominis B |[+4++

93 Staphylococcus hominis D |+++

94 Staphvlococcus sapro- ++

phyticus B

95 Staphviococcus sapro- bt
phvticus B

46 Staphytocaccus sapro- ++
phyticus D

97 Stuphvlococcus simulans D [++
98 Staphviococcus xvlosis B |++
99 Micrococeus luteus P oot
100 Bacillus subtilis B ++
101 Bacillus pumilus P ++
102 E colib -
103 Enterococcus faecalis® - |+
104 Enterococcus sp. +
103 Enterococcus hirae D +
106 Enterococcus faecium® |+
107 Enterococcus avium B +
108 Streptococcus pneumonia B |-
109 Streptococcus A D -

110 Streprococcus BB .
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(+++) = strong lytic activity, (++) = medium lytic activity, (+} light lytic activity, {-) =
no Iytic activity
[179] Table I - Lytic activity of FPLC purified Lys87
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[Table 3]
{Table ]
No. D Species & Lytic Activity D
75 Staphylococcus aureus D [++
76 Staphylococcus aureus D [+++
77 Staphylococcus aureus ©  |+++
78 Staphylococcus aureus B |++
83 Staphylococcus epidermidis |+
B
83 Staphylococcus auricularis [++
b
88 Staphylococcus capitis B 1+
91 Staphviococcus ++
haemolvticus B
92 Staphvlococcus hominis D |4+
94 Staphylococcus sapro- ++
phryticus B
97 Staphviococcus simulans D |++
98 Staphylococcus xvlosis B [++
99 Micrococeus luteus et
100 Bacillus subrtilis B ++
101 Bacitlus pumilus D +++ D
102 E coliD -
103 Enterococcus faecalis D et
104 Enterococcus sp. +
105 Enterococcus hirae B +++ D
106 Enterococcus faecium P +
107 Enterococcus avium D +b
108 Streptococcus preumonia B -
109 Streprococcus A B -
110 Streprococcus B D -b
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(+++) = strong lytic activity, (++) = medium lytic activity, (+) light Iytic activity, (-) =
no lytic activity
Example 4 - Determination of MIC of Lys87 for S. aureus

Isolate 77 was used to determine the minimum inhibitory concentration (MIC) of
LysB7 in §. aureus. The assay was carried out according to the protocol described in
the Experimental Methods section. The MIC of Lys87 for S. aureus was determined to
be 30 mg/ml.
Example 5 - Lytic activity of Lys87 in liquid culture

Evaluation of the Iytic activity of Lys87 in liquid media was carried out according to
the methods described above. A concentration of 50 mg/ml of purified Lys§7 was
found to be sufficient to inhibit the growth of S. aureus in liquid culture. The results
are shown in Table I'V.

Table 1V.
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[Table 4]
[Table
Time (min) S. aureus + Lys87 'S, aureus + sample - |S. aurcus (OD600)
(OD600) buffer (OD600)
0 0.967 0.932 1.190
5 0.965 0.960 1.205
10 0.970 0.983 1.220
15 0.970 0.995 1.240
20 0.963 1.026 1.280
25 0.950 1.080 1.330
30 0.930 - {1116 1.378
35 10.910 1.163 | 1.412
40 0910 1202 1.450
45 0.897 1.240 1.472
50 0.896 1.271 1.486
35 0.879 1.307 ' 1.515
60 0.845 1.338 1.536
70 0.869 - 11,373 1.572
80 0.851 1.394 : 1.600
100 0.516 1.417 1.618
120 0.809 1.479 1.620

Example 6 - Construction of chimeric genes

[183] The chimeric endolysin genes 1ys170-87 and 1ys168-87 were constructed to carry the
coding sequences for the CD domains of Lys170 or Lys168, respectively, fused to the
cell wall binding domain (CWBD)-encoding sequence of lys87. The technique of
Overlap-Extension by Polymerase Chain Reaction (OE-PCR) was used. See, ¢.g., Ho,
S.N., Hunt, H.D., Horton, R.M., Pullen, ].K., and Pease, L.R. (1989). Site-directed mu-
tagenesis by overlap extension using the polymerase chain reaction. Gene. 77: 51-59.
Figures 9 and 10 depict the details of the nucleotide sequence of the chimeric genes
and of the primary sequence of resulting products. Specifically, Figures 9a and 9h
show the nucleic acid sequence (SEQ ID NO:3) and its encoded amino acid sequence
(SEQ ID NO:4), respectively, of the chimeric construct lysin170-87. Sequences
deriving from gene Jys/70 are in bold: sequences from gene lys87 are in plain text;
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vector born sequences are in italics. Similarly, Figures 10a and 10b show the nucleic
acid sequence (SEQ ID NO:5) and its encoded amino acid sequence (SEQ ID NO:6),
respectively, of the chimeric construct Iysin168-87. Sequences deriving from gene
fvs /68 are in bold; sequences from gene /ys87 are in plain text; vector born sequences
are in italics.

Example 7 - Expression and Purification of Lys170-87 and Lys168-87

The chimeric genes /vs/70-87 and [ys/68-87 were cloned in the expression vector
pIVEX2.3d (Roche Applied Science), under the control of the inducible promoter Pr,
giving rise to recombinant plasmids pSF170-87 and pSF168-87, respectively. The
chimeric endolysins produced from these constructs display a vector-encoded, C-
terminal extension of 11 amino acid residues (PGGGSHHHHHH), which constitute a
linker region and hexahistidine tail employed for immuno-detection and affinity pu-
rification of the enzymes (Figures 9 and 10).

These constructs were used to transform the expression strain CG61 (Sio-José. C.,
Parreira, R., Vieira, G. and Santos, M.A. (2000). The N-terminal region of the
Oenococcus oeni bacteriophage fOg44 lysin behaves as a bona fide signal peptide in
Escherichia coli and as a cis-inhibitory element, preventing lytic activity on

- oenococcal cells. J. Bacteriol. 182: 5823-5831), which carries plasmid pGP1-2 and that

provides a source of T7 RNA polymerase upon thermal induction. The resulting strains
(SF170-87 and SF168-87) where grown in LB medium supplemented with 100 pg/mi
of ampicillin and 30 pg/ml kanamycin until the cultures optical density at 600nm (OD

) reached 0.8-1.0. At this point cultures were thermoinduced (42°C, 30 min, with

agitation) and then left to incubate for 14 hours at 16°C.

Cells were recovered by centrifugation and suspended in 1/50 volume of lysis buffer
A (20 mM Heppes pH 6.5, 500 mM NaCl, 1% glycerol, 1 mM DTT and 20 mM
imidazole). Cells were disrupted upon sonication and the soluble fraction filtered
through 0.22 um before its application in a HisTrap™ HP (GE Healthcare) column
coupled to FPLC system (AKTA, GE Heathcare). The column was washed first with

- 10-15 column volumes of lysis buffer A and then with the same volurne of lysis buffer

B (same composition as buffer A except that the imidazole was at a concentration of
50 mM). The column-bound proteins were eluted in a single step with an elution buffer
again having the same composition as buffer A except that imidazole was at a con-
centration of 500 mM. The fractions containing the pure enzymes were pooled, con-
centrated, and changed (o the enzyme storage buffer (30 mM Pho-Na pH 6.5. 500 mM
NaCl, 25 % glycerol, | mM DTT) using a HiTrap™ Desalting column (GE
Healthcare). Preparations of pure chimeric endolysins were maintained at -20 °C unti}
usc.

The methodology described above allowed the production of high amounts of the
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chimeric enzymes in their soluble form. After the purification protocol, high yields of
the enzymes in a highly pure state were obtained (Figures 11a and 11b).
Example 8 - Analysis of Lys170-87 and Lys168-87 lytic activity

To study the lytic activity of the chimeric endolysins different quantities of the pure
enzymes (10,5, 1, and 0.2 pg), in a 5 ul volume, where spotted on the surface of a soft
agar medium containing viable target bacteria (a total of 123 strains was tested). The
different target bacteria were grown in appropriate media until QD = 0.8-1.0 and
concentrated 100-fold in fresh media. One hundred microliters of this cell suspension
was incorporated in 10 m! of soft-agar medium (25 mM Phosphate-Na buffer pH 6.5,
250 mM NaCl, 0.7% agar) and poured in a Petri dish. This procedure guaranteed a ho-
mogeneous and dense lawn of target bacteria. The relative lytic activity obtained with
the various enzyme amounts was qualitatively evaluated by registering the dimensions
and transparency of lysis halos, after overnight incubation at 37 °C.

The bacterial strains tested were: 101 strains of S. aureus (of which 39% were
MRSA), 5 of S. epidermidis. 3 of S. haemolyticos, 3 of S.saprophyticus, 4 of Ente-
rococcus spp., 1 of Micrococcus luteus, 2 of Streptococcus pyogenes, 1 of Bacillus
subtilis, | of Bacillus licheniformis and 2 of £, coli. These bacterial strains were
isolated during years 2005 to 2009 from clinical samples (including blood, urine, skin
lesions and medical devices) in different Portuguese hospital and clinical settings,
except for the Micrococcus and Bacitlus strains (ATCC strains).

Lytic activity of Lys170-87 and Lys168-87 against S. aureus strain 566/07 was also
evaluated in a liquid medium (25 mM Phosphate-Na buffer pH 6.5, 250 mM NaCl).
Cultures of the S. sureus strain 566/07 were grown until exponential growth phase (OD
o0 = 0.3-0.4), recovered by centrifugation and concentrated 2-fold in the liquid
medium. Ten micrograms of each purified enzyme (in a 5 pl volume) were then added
to one ml of this cell suspension and cell lysis was monitored by registering QD
values at different time points after endolysin addition. One milliliter of the cell
suspension added of 5 pl of enzyme storage buffer served as negative control.

The ability of the chimeric enzymes to lyse viable bacteria incorporated in a soft-agar
medium was evaluated as described above. Briefly, different amounts of the enzymes
were spotted on a dense lawn of viable, target bacteria (123 bacterial strains tested) and
lytic activity was monitored by the appearance of lysis halos after overnight incubation
at 37 °C. Figure 12 presents a few examples of the results obtained.

The results showed that the chimeric lysins were able to lyse strains of all the tested
bacterial species, except of the Gram-negative species E. coli, as expected (Tables V
and VI). Table V depicts the relative activity of Lys168-87 and Lys170-87 in 123
bacterial strains.

Table V
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Strain {Bacter |Lytic D B b b b b
ID ial activit

specie |y a)
B b Lysi6 D b Lysi7 b b b

8-87D 0-87

32 Lysin |10 5 0.2 10 5 1 0.2
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In Table V, 'Lytic activity ' indicates the sensitivity of each strain to the lytic action
of the chimeric enzymes, which was evaluated based on a relative scale ranging from
turbid/small (+/-) to clear/large (+++) lysis halos; resistance 1o lytic action is indicated
as (-). 1518/05> represents the host strain of phage F168/08; and 926/05¢ represents
the host strain of phage F170/08. Notably, of the 40 MRSA strains tested only 1
{862/06) presented resistance to both enzymes (Table V). Interestingly, when the
activity of both enzymes was tested against S, aureus strain 566/07 in a liquid medium,
as described above, Lys170-87 showed a higher Iytic efficiency when compared to
Lys168-87 (Figure 13}, and in contrast to the results obtained in soft-agar medium
(Table V).

Table V1 below compares the lytic activity of Lys168-87 and Lys]170-87.

Table V1
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[Table 6}
[Table ]
Bacteria {Lytic b b b b b b b
] species [ Activity o
(NG of |(%)a)
strains)
b Lysle8- B b D Lys!70- |D b b
87 (ug) 87 (ug) H

b 10 3 1 0.2 10 5 1 0.2
S. 96 94 85 59 94 78 44 30
aureus
(101y -

S epi- |100 100 80 |60 80 60 20 0
dermidis
(3)
S. 160 100 100 100 100 100 100 160
haemoly
ricus
(3}
S 67 67 67 67 67 67 167 33
saproph |
ylicus
(3)
Enteroc {100 75 50 50 160 100 100 50
occus
spp. (4)
M. 100 100 100 100 100 100 100 100
luteus
(1
Str 100 100 50 0 100 100 50 0
pyogene
s (2)
Bacillus {100 100 100 50 100 100 100 100
spp . '
(2)
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(2)
[197] Lytic Activity (%) shows the percentage of stains of each bacterial species that were

{198]

sensitive to the lytic action of the different amounts of Lys168-87 and Lys]70-87
tested. Considering S. aureus strains, the major target for which Lys170-87 and
Lys168-87 were designed, it was observed that more than 90% of the tested strains
were sensiiive to the lytic action of 10 pg of either lysin (Table VI). In the described
experimental conditions, and for the same amount of enzyme, Lys168-87 appeared to
exhibit stronger lytic action against S. aureus when compared to Lys170-87 (Table
v,

Having described the invention with reference to particular compositions, method for
detection, and source of activity, and proposals of effectiveness, and the like, it will be
apparent to those of skill in the art that it is not intended that the invention be limited
by such illustrative embodiments or mechanisms, and that modifications can be made
without departing from the scope or spirit of the invention, as defined by the appended
claims. It is intended that all such obvious modifications and variations be included
within the scope of the present invention as defined in the appended claims. 1t should
be understood that any of the above described one or more elements from any em-
bodiment can be combined with any one or more element in any other embodiment.
Moreover, when a range is mentioned. it should be understood that it is contemplated
that any real number that falls within the range is a contemplated end point. For

‘example, if a range of 0.9 and 1.1 g/kg is given, it is contemplated that any real number

value that falls within that range (for example, 0.954 to 1.052 g/kg} is contemplated as
a subgenus range of the invention, even if those values are not explicitly mentioned.
All references referred to herein are incorporated by reference in their entireties.
Finally, the above description is not to be construed to limit the invention but the
invention should rather be defined by the below claims.
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Claims

[Claim 1] An isolated lysin protein from phage F87s/06, or a fragment
thereof having antimicrobial and/or targeting activity
against S. aureus.

[Claim 2] The isolated lysin protein of claim 1, said protein comprising the
amino acid sequence of SEQ 1D NO:2, or a fragment thereof
having antimicrobial and/or targeting activity against S. aureus.

[Claim 3] An isolated first protein having at least 85% sequence
identity to a second protein of the same size, wherein said
first protein has antimicrobial and/or targeting activity
against S. aureus and said second protein has the amino

acid sequence of SEQ ID NO:2 or a fragment thereof.

[Claim 4] The isolated first protein of claim 3 having at lest 95% sequence
identity to said second protein.

[Claim 5} A nucleic acid comprising a nucleotide sequence encoding the
protein of claim 1, 2, 3 or 4.

{Claim 6] The nucleic acid of claim 5 comprising the nucleotide sequence
of SEQ ID NO:1 or a fragment thereof. 7

{Ciaim 7] A vector comprising the nucleic acid of claim 5.

[{Claim §]} The vector of claim 7 that is an expression vector.

[Claim 9} A host cell comprising the vector of claim 8.

[Claim 10] ' A pharmaceutical composition comprising an isolated Iysin

protein derived from phage F87s/06, or fragment thereof having
antimicrobial and/or targeting activity againstS. aureus. and a
pharmaceutically acceptable carrier.

{Claim 11} The pharmaceutical composition of claim 10, wherein said
isolated lysin protein comprises the amino acid sequence of SEQ
1D NO:2, or a fragment thereof.

{Claim 12] A pharmaceutical composition comprising a pharmaceutically ac-
ceptablecarrier and an isolated first protein having at least 85%
sequence identity to a second protein of the same size, wherein
said first protein has antimicrobial and/ortarg'cti.ng activity against
S. aureus and said second protein has the amino acid sequence of
SEQ 1D NO:2 or a fragment thereof.

{Claim 13] The pharmaceutical composition of claim 12 wherein said
isolated first protein has at least 95% sequence identity to said

second protein.
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[Claim 14]

[Claim 15}

[Claim 18]

{Claim 17]

[Claim 18]

[Claim 19]

[Claim 20}

IClaim 21}

[Claim 22}

[Claim 23]

[Claim 24]

[Claim 25]

[Claim 26]

A method for treating a bacterial infection in a subject in need
thereof, said method comprising administering to said subject a
therapeutically effective amount of the pharmaceutical com-
position of any one of claims 10-13.

The method of claim 14 wherein said bacterial infection is an
infection by a Gram-positive bacteria.

The method of claim 14 wherein said Gram-positive bacteria is a
Staphylococcus, Micrococcus, Bacillus, or Enterococcus.

The method of claim 15 wherein said Gram-positive bacteriaisa
Staphylococcus.

The method of claim 17 wherein said Staphylococcus is Staphy-
lococcus aureus.

A method of screening peptides for antibiotic activity, said
method comprising screening sequences of contiguous amino
acids at least 6 residues in length from SEQ ID NO:2 for an-
timicrobial and/or targeting activity against liguid cultures of S.
aureus. '

The method of claim 19 wherein said sequences of contiguous
amino-acids are at Jeast 10 residues in length.

A method for recombinantly producing the protein of any one of
claims 1-4, said method comprising: (i) culturing in a2 medium a
host cell comprising a nucleic acid encoding said polypeptide,
under conditions suitable for the expression of said polypeptide;
and (1i) recovery of said polypeptide from said medium.

A chimeric polypeptide comprising the protein of any one of
claims 1-4 wherein a catalytic domain of said protein is sub-
stituted with a catalytic domain of a heterologous lysin protein.
The chimeric polypeptide of claim 22 wherein said hetorologous
lysin protein comprises a lysin protein from phage F170/08 or
phage F168/08 having antimicrobial activity against . aureus.
The chimeric polypeptide of claim 23, said chimeric polypeptide
comprising the amino acid sequence of SEQ ID NO:4 or a
fragment thereof having antimicrobial activity against S. qureus.
The chimeric polypeptide of claim 23, said chimeric polypeptide
comprising the amino acid sequence of SEQ ID NO:6 or a
fragment thereof having antimicrobial activity against 8. aureus.
A chimeric third polypeptide having at least 85% sequence
identity to a fourth polypeptide of the same size wherein said
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third polypeptide has antimicrobial activity against $. aureus and
said fourth polypeptide has the amino acid sequence of SEQ ID
NO:4 or a fragment thereof.

{Claim 27) The chimeric polypeptide of claim 26 wherein said third
polypeptide has at lest 95% sequence identity to said fourth
polypeptide.

[Claim 28] A chimeric fifth polypeptide having having at least 85% sequence

identity to a sixth polypeptide of the same size wherein said fifth
polypeptide has antimicrobial activity against S. aureus and said
sixth polypeptide has the amino acid sequence of SEQ ID NO:6
or a fragment thereof,

[Claim 29} The chimeric polypeptide of claim 28 wherein said fifth
polypeptide has at lest 95% sequence identity to said sixth
polypeptide.

[Claim 30] A nucleic acid comprising a nucleotide sequence encoding the
chimeric polypeptide of any one of claims 22-29.

[Claim 31] The nucleic acid of claim 30 comprising the nucleotide sequence
of SEQ ID NO:3 or a fragment thereof.

[Claim 32} The nucleic acid of claim 30 comprising the nucleotide sequence
of SEQ ID NO:5 or a fragment thereof.

[Claim 33] A vector comprising the nucleic acid of claim 30.

[Claim 34} The vector of claim 33 that is an expression vector.

[Claim 35] A host cell comprising the vector of claim 34.

{Claim 36} A pharmaceutical composition comprising and a pharma-

ceutically acceptable carrier and the protein of any one of claims
1-4 wherein a catalytic domain of said protein is substituted with
a catalytic domain of a heterologous lysin protein to give a
chimeric polypeptide.

[Claim 37] : The pharmaceutical composition of claim 36 wherein said het-
orologous lysin protein comprises a lysin protein from phage
F170/08 or phage F168/08 having antimicrobial activity against
S. aureus.

[Claim 38] The pharmaceutical composition of claim 37 wherein said
chimeric polypeptide comprises the amino acid sequence of SEQ
ID NO:4 or a fragment thereof having antimicrobial activity
against S. qureus.

[Claim 39] The pharmaceutical composition of claim 37 wherein said
chimeric polypeptide comprises the amino acid sequence of SEQ
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++ ++ 78[194]in Table V. 'Lytic act vity aY indicates the sensitivity of each strain to the lyric action
of the chimeric enzymes, which was evaluated based on a relative scale ranging from turbid/small (+/-)
to clear/large (+++) lysis halos; resistance to lyric action is indicated as (-). 1518/05' ' represents the
host strain of phage F168/08; and 926/05" represents the host strain of phage F170/08. Notably, of the
40 MRSA strains tested only 1 (862/88) et ehidirrsgatdhrraabasthecipyrsairkasivly. Interestingly,
when the activity of both enzymes Wagavestédzagmnst S. aureus strain 566/07 in a liquid medium, as
described @h@ve4bys!70-87 showed & hﬁﬁc%&&@fﬁsmmzmh%&ﬁ e %&X@&ﬁﬁﬁ@ (fgure 13),
and in contrast to the results obtalned | ft -agar m Tab \5;51[ ¥J below compares
the lytic activity of Lys 168-87 and Lys gf % @ a%fe a e %‘f&?ﬁ § species
(NO of strains) Lytic Activity (%)a) D P s¢aygnce identity to a fou po!ypepude of lhe same size,

wherein said third polypeptide has antimicrobial activity against

§. aureus and said fourth polypeptide has the amino acid
sequence of SEQ ID NO:4 or a fragment thereof.

[Claim41] The pharmaceutical composition of claim 40 wherein said third
polypeptide has at lest 95% sequence identity to said fourth
polypeptide.

[Claim 42] A pharmaceutical composition comprising a pharmaceutically ac-

ceptable carrier and a chimeric fifth polypeptide having at least
85% sequence identity to a sixth polypeptide of the same size
wherein said fifth polypeptide has antimicrobial activity against
S. aureus and said sixth polypeptide has the amino acid sequence
of SEQ ID NO:6 or a fragment thereof.

[Claim 43] The pharmaceutical composition of claim 42 wherein said fifth
polypeptide has at lest 95% sequence identity to said sixth
polypeptide.

[Claim 44] A method for treaii'ng a bacterial infection in a subject in need
thereof, said method comprising administering to said subject a
therapeutically effective amount of the pharmaceutical com-
position of any one of claims 36-43.

[Claim 45} The method of claim 44 wherein said bactenial infection is an
infection by a Gram-positive bacteria,

[Claim 46] The method of claim 45 wherein said Gram-positive bacteria is a
Staphylococcus, Micrococcus, Bacillus, or Enterococcus.

[Claim 47] The method of claim 46 wherein said Gram-positive bacteria is a
Staphylococcus.

{Claim 48] The method of claim 47, wherein said Staphylococcus is Staphy-

lococcus aureus,

[Claim 49] A method of screening peptides for antibiotic activity, said
method comprising screening sequences of contiguous amino
acids at least 6 residues in length from SEQ ID NO:4 or SEQ ID
NO:6 for antimicrobial activity against Hquid cultures of 5.
AUrews.

{Claim 50] The method of claim 49 wherein said sequences of contiguous
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amino acids are at least 10 residues in length.

[Claim 51] A method for recombinantly producing the chimeric polypeptide

- of any one of claims 22-29, said method comprising: (i) con-

structing a chimeric nucleic acid encoding said polypeptide; (ii)
culturing in a medium a host cell comprising said chimeric
nucleic acid, under conditions suitable for the expression of said
polypeptide; and (iii) recovery of said polypeptide from said
medium. |
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percentage of stains of each bacterial species that were sensitive to the lytic action of the different
amounts of Lys 168-87 and Lgs 170-87 tested. Considering S. aureus strains, the major target for
which Lys170-87 and LyslGS-é?y%@é@gﬁ%@‘z (Fas b9t frattifore than 90% of the tested
strains were sensitive to the lytic action of 10 mg of either lysin (Table VI). In the described
expefilt@ntal-tGAURGISSMARERTGT-the same amount of enzyme, Lysl 68-87 appeared to exhibit stronger
lytic aglion agAIRSSTAMFRUSSWREN SosMPREd AL ME B hETableYDredA98]Having described the
invention with reference to particular compositions, method for detection, and source of activity, and
propé%é%’of %?Fec”ﬁ’\%égg, and the like, it will be apparent to those of skill in the an that it is not
intengegbthaithe invention be limited by such illustrative embodiments or mechanisms, and that
modiiif%ionspcan t%&-:- made withqut departing from the scope or spirit of the invention, as defined by
the appeﬁdedaéig?msr.‘ ¥ i in&hded that all such obvious modifications and variations be included
withinZhe>scape of the present invention as defined in the appended claims. It should be understood
that ééiﬁft gbove described one or more elements from any embodiment can be combined with
any ene®r meierelemanign apy<oter embodiment. Moreover, when a range is mentioned, it should be
undeﬁg%od t?at it is contemplated that any real number that falls within the range is a contemplated

end ge Zfﬂa%xé%%iﬁEcraa&%éﬁag@ga{}ga%g]%%?Q is.Qiyve g}lkg 395‘%%@39:?{'6(1 that gny real number

value that falls within that range (for example, to 1.052°9 IS contemplated as a subgenus
rang® GeHE FhFe FHOAT SR iCHoSE Valde e ABE K Slicia Fentioifed tadtrederencebfeferred to

hereirc agadneespgratest Ryt iarersain el quiirsties Finalhadhe @99&/&95%%”““” fgfot to be

construed to limit the invention but the invention should rather be defined by the below claims. 81

Claifis®R 13267t BRSNS PP phagE EGRT8B? orPe 945 in 99 ¥ Hidving arttflicrobial and/or
targeting @ity ageinat Scaureitsgtbedsotaigst tisia peatein ofglaigylaseid protein ggpprising the
aminoaggg% g@qtusec%%% totftSEQE!D NO:ZC, Qora fra {nent thereof having antimicrobial and/or targeting
activity Against s aureus An St d st ot R A fPA R 585 Al idAce identh to a second
proteiatabtua sant iz whersgt said ficstprateindaas antigianahiak and/agdacgeting agvity against S.
aure ' tei ami id. se ce of SEQ |D NO:2 or a fr ent thereof.
e f e ot e e A L Sl M40 i socor protein. A
nucléie2agiehedm pAsiig B aa dleslidecssquenttadagodinganetpasieinashgaigrt, 2, 3 0§40 The nucleic
acid ef claima2 upRiisingdhe gheieade sRIUePEeQf ?%&%74\491&9%%34@9{““ thgggof. A vector
claim

comprising the nucleic acid of claim 5. The vector o that is an expression vector. A host cell

compRERTG IREVECRASTCR-inT 8- WA cEbTR B O rRpOsigsAcombitdhgtan isolatdfBsin protein
derivead frargaphageaic 875106, Ordirgtigat thereaidgyuing antimicrobighapgiat fargetingactivity
agair%stsca%ugegs -S‘”éj a %harmaceuticall acceéptable carrier. The pharmaceutical composition of claim
10, wHeréin &4 ?scﬁa?ga %iﬁ%ar%?gﬁ% nﬁﬁcﬁg & the amino acid sequence of SEQ IDRO:2, or a
fragment thereof. A pharmaceutical composition comprising a pharmaceutically acceptablecarrier and
an is@%ﬁ@d Zé { protein having at least 85% sequence identity to a second protein of the same size,
whetginsaicbfiist protein has antimicrobial and/ortargeting activity against S. aureus and said second
proteififas thrRcaftiherhais sediieife of SEQ ID NO:2 or a fragment thereof. The pharmaceutical
compggijion of claim 12 wherein said isolated first protein has at least 95% sequence identity to said
second protein. 82 [Claim 14]A method for treating a bacterial infection in a subject in need thereof,
said Jfigth¥d éré’rﬁpﬂginéeédﬁ%i‘r‘lié‘t@iﬁ‘g" @o@&idﬁ%@oﬁéﬂ{ éfﬁe?ﬁﬁeﬁﬂ%ﬁ%ﬂeﬁémive amount of the
pharmaceutical composition of any one of claims 10-13. [Claim 15]The method of claim 14 wherein

said bacterial infection is an infe(;]tion by a Gram-positive bacteria.
Arg Tyr Ile Sgp Phe Asp Gly Tr ;gr Gly Tyr GIn Cys Ala Asp Leu
30

Ala val égp Tyr Ile Tyr Trp hgu Leu Glu Ile Arg Met Trp Gly Asn
45

Ala %%s Asp Ala Ile Asn ?En Asp Phe Lys Asn Met Ala Thr val Tyr
60
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[Claim 16]The method of claim 14 wherein said Gram-positive bacteria is a -
Staphylococcus,Micrococcus, Bacillus, or Entero coccus. [Claim 17]The method of claim 15 wherein
said Gram-positive bacteria is a Staphylococcus. [Claim 18]The method of claim 17 wherein said
Staphylococcus is Staphy- lococcus aureus. [Claim 19]A rEn_ethod of screening peptides for antibiotic
activity, saj I i g‘é‘éﬁjﬁ‘é £ 6 Eﬁﬁs Btino acids at least 6 residues in
Ienggzﬁo%%sﬁ%mggﬁﬁaﬁﬁ%?ﬁgan gr%ﬁ?ﬁg%i\%tyaag%ﬁg ﬁquid cultures of S. mucus.
[Claim 20]The method of claim 19 wherein said sequences of contiguous amino acids are at least 10
residygs iy lergth-ffdaim 2114 mathegforieoambinanty,praducing Hhe nigiein of any one of claims
1-4, said method compgising; (i) culturing in agaedium a host cell coggrising a nucleic acid encoding
said polypeptide, under conditions suitable for the expression of said polypeptide; and (ii) recovery of
said pojyReptisenons Seid wrdinRe. [Glaime22kA ehimeric RolyReptide,camprising the protein of any
one of claims 1-4 Wh@rein a catalytic don¥&h of said protein is s@ib8tituted with a catalytic domain of a
heterologous lysin protein. [Claim 23]The chimeric polypeptide of claim 22 wherein said hetorologous
lysin pnoteite cosnprisesradysirapreteineiiont phage Ash7 Q408 oy phagect68/@8 having antimicrobial
activity against’3. aureus. [Claim 24Fife chimeric polypepti# of claim 23, said chimeric polypeptide
comprising the amino acid sequence of SEQ ID NO:4 or a fragment thereof having antimicrobial
activithragiaitrs. alieedsg [€rainky26]Tre ighinteric olypeptide: ofietaim28ysaid chimeric polypeptide
comprisi the amino acid sequé?nrbe of SEQ ID NO:6 Eﬁg fragment thereof having antimicrobial
activity against S. aureus. [Claim 26]A chimeric third polypeptide having at least 85% sequence

ident? o Brfotirth ipolypepticks of thePsantd aisd mqﬁem?ga}@?sglhmwpo{xg@eptide has antimicrobial
activity'against S. aureus and said fourth polypeptide has the amino acid gquence of SEQ ID NO:4 or
a fragment thereof. iCIaim- 27]The chimeric polypeptide of claim 26 wherein said third polypeptide has
at 1e& 9596 Sddfertds @%gm‘f? ocgé(iosf’d'uh}ﬁqu ety [Chifh 281 A¥hiRiéric fifth polypeptide having
having at least 85% sequence identity to a sixth polypeptide of the same size wherein said fifth
polyps%ptige hgé an 'microbip activityAei\%ainst S, aureus ?nd said sixth po%ypeptide has the amino acid
sequence bt SEQ i%é@% 61 fralymie tﬂ;‘n?ré%ﬁ (SR ﬁg'ﬁHe%ﬁirﬁ?e?ic BBlypeptide of claim 28
wherein said fifth polypeplide has at lest 95% sequence identity to said sixth polypeptide. [Claim 30]A
nucleic acid c risi ide seq encoding the chimeric polypeptide of any one of claims
22-2%1%0%%m2§l}5‘[1)14ﬁ£ %&Te#ggg%%oéée&lﬁ%?ggngsns?;% t 6 L%E%&F(Ee\g@quence of SEQ ID NO:3 or
a fragment thereof. [Claim 321The nucleic acid of claim 30 comprising the nucleotide sequence of
SEQJR, N@»5 Araragmgnithensof. djaim 3314 vegton copmprising the nyeleic acid of claim 30. [Claim
34]The vedtbr of claim 33 that is?af expression vector.3@aim 35]A host cell comprising the vector of
claim 34. [Claim 36]A pharmaceutical composition comprising and a pharma- ceutically acceptable
carrign angsghe protein ef amrgnel of elaimspl-Awheneina cataldin,dprain of said protein is substituted
with &2@atalytic domain of ad#terologous lysin pro&in to give a chimeric pélypeptide. [Claim 371The
pharmaceutical composition of claim 36 wherein said het- orologous lysin protein comprises a lysin
proteingrans phiage fd 1@08 de phageysl 68/0847aving antimicrobial activity against S. aureus. [Claim
38.1The pharmaceuticafeéomposition of claim?3® wherein said chimeric polypeptide comprises the
amino acid sequence of SEQ ID NO:4 or a fragment thereof having antimicrobial activity against S.
auredglP€laitn 39]The pharmaceutical composition of claim 37 wherein said chimeric polypeptide
coméé%ggt émino acid sequence of SEQ ID NO:6 or a fragment thereof having antimicrobial
activityiagainstiS faufeliss¢glaimad0]A pharmaceutical composition comprising a pharmaceutically ac-
cept@\< >garrier and a chimeric third polypeptide having at least 85% sequence identity to a fourth
polypeptde af thesarae-sizgsmhergirgsaid third polypeptide has antimicrobial activity against S.
aure%%()and said fourth polypeptidc has the amino acid sequence of SEQ ID NO:4 or a fragment

ther mn 4 ' 0 iti f claj herein said third polypeptide has at
Mg S e S T U R

com @SRt eOPRatEIATTESI F HEISEpab R CaRtet anch hcglsipastic fithasshaeptide hahdfAg at least 85%
sequeneh idertiteia fyshdh Palvpsitide i seme sizagybseein said fifth palypeptidg; has

antimicrobial activity against S. aureus and said sixth polypeptide has the amino acid sequence of

SEQYI MNEA6 T SFrAGHIERTtHE SO TEIAirA ASEIE PhARAEEIRRGIXSHFISIE6N of cldf? 42 wherein
said fifkypelypeptidedrasajdessQa¥ seguancs idaatitytasaid sy th-eolypsgiide. [Cladgnd4]A method

for treating a bacterial infection in a subject in need thereof, said method comprising administering to
said &UBIEef & therapeutically aHEEvE l‘fn%ﬁﬁfggogtgé%qpﬁ%?ﬁ%&éﬁﬁcﬁ?%ﬂﬁ??ﬁ?sition ofS8fy one of
claims 36-43. [Claim 451The method of claim 44 wherein said bacterial infection is an infection by a
Gram-positive bacteria. [Claim 46]The method of claim 45 wherein said Gram-positive bacteria is a
Staphylococcus, Micrococctts, Bacillus, or Enterococcus. [Claim 47]The method of claim 46 wherein
said Gram-positive bacteria is a Staphylococcus. [Claim 48]The method of claim 47, wherein said

Staphylococcus is Staphy- lococcus attreus. [Claim 49]A method of screening peptides for antibiotic
activvitvy eaid methnd comnricina ecrreaninA cadilieancac Of contiadriniie aminno acide at leact A recidiiac in



85 [Claim 51] amino acids are at least 10 residues in length. A method for recombinantly producing the
chimeric polypepiide of any one of claims 22-29, said method comprising: (i) constructing a chimeric
nucleic acid encoding said polypepride; (ii) culturing in a medium a host cell comprising said chimeric
nucleic acid, under conditions suitable for the expression of said polypeptide; and (iii) recovery of said

polypeptide from said mediunt* PATO £ 8925691 e¥fen 68 Dbt > SPY5.txt SEQUENCE LISTING

<110zat usoguedicameniagola a2tz A HBAGTERYALRHAGH P EBIIRESAND MEHJODS OF USE
THEREgO%E <%§0> PP1.41012/09 <160> 6 <170> Patentln version 3.5 <210> 1 <211> 756 <212> DNA

<2135 BAdEiopage FE 796 L0 I Atg e At et e SGHRAE Ha S48 L AR fracgttgdttcaaggtag

atatager6Ott tya oy g taggtatyg giica g tacd gty ca gattgua g tigattacat ttadtggligt 2 ttagaastta gaatgtgggg

aaatgcaaaa dafgcaatea ataac a 80 gcaacagtat atgaaaacac accatcgttt cacaaa
tagg%a gt ggctg%attt240 acc?aagaaégéggf%%tégg%]gcg @ggatac%agt aﬂfﬁgﬁtécé %&ﬁ%&%@g tggta% aca300

aacciatgopasitfgeRea6aghEIARYECYGRM Y Chrimaty auttydaRdgttaB60 cottygyata attéstacgg
ctotagieas digliaga siaRyiatan aagte 00 92 q dRawaaia aggicacaaq lagagliaaa ccaggtgete

aaaaagcagt cggtaaatct480 gcaagtaaaa taacagttgg aagtaaagcg ccttataacc ttaaatggtc aaaaggtgct540

tattttdA{F EHAEEa 2 68 gt HadiPGe i Cag tescRRat ey atgaGiat oI agtatnct atagdfcga
tgttggacagragipiaiaey caacigoaap allaaiatatean Golttioaqs Halpeatag dipgiaiegc atttatigga acaatcataa
tgagtg&ata?ZO tgg;a%%?%a #gttggé%tgggaaa_?aagt ttttaa756 <210> 2 <211> 251 <212> PRT <213> '
Bactériophsge £8 7908 Lhdo s 98 Thir T SEF Gitr AP AR RN Leu Arg Tr§¥%r Gin Gly
151015 Arg Tyr lle Asp Phe Asp Gly Trp Tyr Gly Tyr GIn Cys Ala Asp Leu 202530 Ala Val Asp Tyr lle
Tyr ﬁ‘% eu g%t Glu lle Arg met Trp Gly Asn 354045 Ala Lys Asp Ala lle Asn Asn Asp Phe Lys Asn
Met Ape J:hr Tyr 505560 PAT_41012.09_Sequence_Listing_5T25.txt Glu Asn Thr Pro Ser Phe Val
Pro Gt Glywdp aall Afegtsnrhe 65707580 Thr Lys Gly lle Tyr Lys GIn Tyr Gly His lle Gly Leu Val
Phe Ags859095 Gly Gly Asn Thr Asn Gin Phe Leu lle Leu Glu Gin Asn Tyr Asp Gly 100105110 Asn
Ala A2 3Bhr Bye ke Lysdoaudhigd rp AgpiASITiYsAyr Gly cys 115120125 Thr His Phe lle Arg Pro Lys
Tyr Ly&)%er gz‘lu Gly Leu Met Asn Lys 130135140 lle Thr ASn Lys Val Lys Pro Pro Ala Gin Lys Ala Val
Gly Lys Ser 145150155160 Ala Ser Lys lle Thr Val Gly Ser Lys Ala Pro Tyr Asn Leu Lys Trp
1651 T R3aS6r v.ysIGly AlaPfigr Rive Yesnikla LYs hASeGlyalensalyAdasEhr 180185190 ser Ala Thr
Arg 'Fyr Gly Asp Asn Arg Thr Asn Tyr Arg Phe sp Val 195200205 Giy Gin Ala Val Tyr Ala Pro Gly Thr
Leu lle Tyr Val Phe Glu lle 210215220 lle Asp Gly Trp Cys Arg lle Tyr Trp Asn Asn His Asn Glu Trp lle
2252‘33’(92@524@5117r%4is‘3®ru5@1'"g fem eV Y VBl Sl aF Phe 945260 K21 03e3 <211> 894 <212> DNA
<213> Artificial Sequence <220> <223> Synthetic - Lysin 170-8%<400> 3 atggcaggag aagtatttag
tagcttgatt acaagtgtaa atcctaaccc aatgaacgca60 ggtagcl&gta atggtatcac tatcgacacc attatcctac

- atcat&Htdt %A}.@%@é&aﬁ!%mr Thr an Lys Asp va a ﬁgt Asn Thr Trp

Leu %gu Gly Gly Gly Ala Gly Thr ser Ala His Tyr Glu Cys Thr Pro
55 60

Thr Glu Ile Ile Gly Cys val Gly Glu Gln Tyr Ser Ala Phe His Ala
65 70 75 80

Gly Gly Thr Gly Gly Ile Asp val Pro Lys Ile Ala Asn Pro Asn Gln
85 90 95

Arg ser Ile Gly Ile GTu Asn val Asn Ser Ser Gly Ala Pro Asn Trp
100 105 110 '

Ser val Asp Pro Arg Thr Ile Thr Asn Cys Ala Arg Leu val Ala Asp
115 120 125

Ile Cys Thr Arg Tyr Gly Ile Pro Cys Asp Arg Gln His val Leu GI
130 135 J 140 Y

His Asn Glu val Thr Ala Thr Ala Cys Pro Gly Gly Met Asp val Asp
145 150 155 160
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aaagatgttg ctatgaacac atggctatta ggtggtggcg caggtacatc tgctcattat180 gaatgtacac caacagaaat
tattggatgt gtcggtgagc agtattcagc attccatgcc240 ggaggtacag gtggtataga cgttcctaag attgctaacc
ctaatcaacg ttcaataggt300 attgaaaatg taaactcgtc aggagcacct aattggtctg tagaccctag aacaattaca360
Page 2 PAT_41012.09_Sequence_Listing ST25.txt aattgtgctc gtttagtggc agatatttgt acacgttatg
gtattccgtg tgaccgacaa420 ca@&t‘é@éﬁc%%ﬁ%@%?%@?a&& daeayeathie ccggaggtat ggatgtagac4so
gaagttgtac gtcaagctca acagttcatg gcaggaggct ctaacaatgc agttaagccg540 gagccaaaag ttaaaccacc
tgctcaaaad hoktctitiadatcideaalnt éaf’é’&c%ao‘\éﬂg@b)aéi&)faégCgéé!ﬂta‘\@accttaaa tggtcaaaag
gtgcttattt taatgcgaaa66b atcgacggct taggtgctac ttcagccact agatacggt]g7 ataatcgtac taactataga720
ttcgatgttg gacaggctgt atacgcgcct ggaacattaa tatatgtgtt tgaaattata780 gatggttggt gtcgcattta ttggaacaat
cataé‘t%% tadgéi’é’i‘tg{@(ga ‘Eéﬁg%‘@%tfé{éwaa]ttggagé@ 55@@%&0‘58@90@@&3& ¥ttatcatc atcatcatca ttaa894
<210> 4 <211> 297 <212> PRT <213> Artificial Sequence <2205 <223> Synthetic Construct - Lysin

170-8? <4OO>S4FM§]I A|S€fl GIX Glu Val Ighevs?r ier Leu lle Thr Ser Val Asn Pro Asn 151015 Pro Met
Asn Rid GRPSE§Arg Ast GIy e T Jgpash Thriiefie 255852 BLPHIZ Hi8*Rsn Ala Thr Thr Asn Lys

Asp Val Ala Met Asn Thr Trp 354045 Leu Leu Gly Gly Gly Ala Gly Thr Ser Ala His Tyr Glu Cys Thr Pro
505560 Thr le.lle G| Val Gly Gip_Tyr Ser Ala Phe His Ala 65707580 Gly Gly Thr Gly Gly
lle Aé"ébva %??éy%%ﬁe%% (A‘Cé?{ é\a‘lﬁA?ﬁ |n98§§?) %rﬁ%éeﬁ% é?)r/’ 12’ 616%Asn Val Asn Ser Ser Gly
Ala Pro Asn Trp 100105110 ser Val Asp Pro Arg Thr lle Thr Asn Cys Ala Arg Leu Val Ala Asp
115220125 ey ScThr g0 Tk GhelIeRr YR ASRAVG IS Yl Loy Gl 130135140 His Asn Glu
val TheBAla Thr Ala Cys Proz@&ty Gly met Asp val Axi5145150155160 ag;mg
PAT_41012.09_Sequence_Listing_5T25.txt Glu Val Val Arg Gin Ala Gin Gin Phe Met Ala Gly Gly Ser
Asn Ase A6p W1 ER Al Y al 1y ProrGiuREo ks ¥ Lafs-PraPra Ala,Bigdys Ala val 180185190 Gly
Lys Ser Ala Ser Lys lle2#hr Val Gly Ser Lys Alé®ro Tyr Asn 195200285 Leu Lys Trp Ser Lys Gly Ala
Tyr Phe Asn Ala.Lys lle Asp Gly Leu 210215220 Gly Ala Thr Ser Ala Thr Arg Tyr Gly Asp Asn Arg Thr
Asn Phe Ar 2262302356240 Pher AsalGly Qin Ala ViabTysAladdreGlyaghr Leu lle Tyr Val
245250255 Phe Gf&lle lle Asp Gly Trp C$&°Arg lle Tyr Trp Asn £&h His Asn 260265270 Glu Trp lle
Trp His Glu Arg Leu lle Val Lys Glu Val Phe Pro Gly 275280285 Gly Gly SerHsHsHis His His His
290208: <p103 B <P H828& kP 1 DAIA K21 82 Aficial Seguenbe «22051%223> Synthetic - Lysin
168-87 <4OO>2%5atggttaaat taaatgatgftszgcttagctat gtcaacgga@: ?gtcggaaa aggcgtggac60 gctgatggat
ggtatggtac tcaatgtatg gacttgacag tagacgttat gcaacgcttc120 ttcggatggc gcccgtacgg taatgcaatt gecttggttg
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acca@bétgggcéa'gd’é"gbc{:‘ﬁo*ﬁéc@éég*éhstéégtaccac aagctctaca caaatcaaag ctggtgacgt tatgatatgg240
ggcttaggat actatgctca atacggtcac acaggaattg caacggagga tggaagagct300
<210> 5
<211> 828
<212> DNA
<213> Artificial sequence
<220>
<223> Synthetic - Lysin 168-87
<400> 5
atggttaaat taaatgatgt acttagctat gtcaacggac ttgtcggaaa aggegtggac 60
gctgatggat ggtatggtac tcaatgtatg gacttgacag tagacgttat gcaacgcttc 120
ttcggatgge geccgtacgg taatgcaatt gecttggttyg accagectat cccagcagge 180
Ttccaaagaa tccgtaccac aagctctaca caaatcaaag ctggtgacgt tatgatatgg 240
ggcttaggat actatgctca atacggtcac acaggaattg caacggagga tggaagaget 300
gacggaacct ttgtcagtgt tgaccaaaac tggattaacc caagccttga agtaggeagt 360
ccagcagctg ctatccacca caatatggat ggtgtctggg gagttatccg accaccttac 420
gaggctgaat caaagcctaa accacctgca ccaaaaccag ataaaccaaa tctaggacaa 480
aaagttaaac cacctgctca aaaagcagtc ggtaaatctg caagtaaaat aacagttgga 540
agtaaagcgc cttataacct taaatggtca aaaggtgctt attttaatge gaaaatcgac 600
ggcttaggtg ctracttcage cactagatac ggtgataatc gtactaacta tagattcgat 660



gacggaacct ttgtcagtgt tgaccaaaac tggattaacc caagccttga agtaggcagt360 ccagcagctg ctatccacca
caatatggat ggtgtctggg gagttatccg accaccttac420 gaggctgaat caaagcctaa accacctgca ccaaaaccag
ataaaccaaa tctaggacaa480 aaagttaaac cacctgctca aaaagcagtc ggtaaatctg caagtaaaat aacagttggas540

agtaaagcgc cttataacct taaatggtca aaaggtgctt attttaatgc gaaaatcgac600 ggcttaggtg ctacttcage
cactagatac ggtgataatc gtactaatla tagatciat8 et Pige 4 PATI4IGF2 09 Sequence_Listing ST25.txt

gttgosicape cigipianpt geciggaacodiaatalatgaigiigsantigtaggiaaty 20 tagigisgca titatiggaa caatcataat
gagtggatat ggcatgagag attgattgtg780 aaagaagtgt ttcccggggg gggttctcat catcatcatc atcattaa828 <210>
b <P TYAIEIES DL R H55 1 SETACATAAT SEGUaNREr b AR COHES Sy AR EDNstruct ®ysin 166-67
<400zaeghtattgdl itysdagggen dgpp MalkbeucSecaltyaVal Asa€lysl ew Val Gly 151015 Ly Gly Val Asp
Ala Asp Gly Trp Tyr Gly Thr Gin Cys Met Asp Leu 202530 Thr Val Asp Val Met Gin Arg Phe Phe Gly
Trp Ao §yr Gly Asn 354045 Ala lle Ala Leu Val Asp Gin Pro lle Pro Ala Gly Phe Gin Arg lle

5055 J2%g ?F‘l_f; Thr Ser Ser Thr Gin lle Lys Ala Gly Asp Val met lle Trp 65707580 Gly Leu Gly Tyr Tyr
Ala G Tr Q&W%qu Glydledila Thr Glu 859095 Asp Gly Arg Ala Asp Gly Thr Phe val Ser val Asp
Gin Asn Trp lle 100105110 Asn Pro Ser Leu Glu Val Gly Ser Pro Ala Ala Ala lle His His Asn
1151"23%@5 met.A ly.Val Trp Gly Val le Arg Pro Pro Tyr Glu Ala Glu Ser 130135140 Lys Pro Lys
Pro P16 Ala P)r‘?o L)%g %%ocxlg})tﬂ%%roﬁ%sﬂ Eeﬁg%lgg/%in 145150155160 Lys val Lys Pro Pro Ala Gin Lys
Ala vet@#y L§s Ser Ala ser Lys 165170175 lle Thr Val Gly Ser Lys Ala Pro Tyr Asn Leu Lys Trp Ser
Lys Gbt 180185190.01aFyraBhe Asn AR Ly #6 ASRiCleLeu Bly Alg Tr Ser Ala Thr 195200205 Page
5 PAT_41012.09_Seguence_Listing_ST25.tx0Arg Tyr Gly Asp AsnArg Thr Asn Tyr Arg Phe Asp Val
Gly Gin Ala 210215220 Val Tyr Ala Pro Gly Thr Leu lle Tyr Val Phe Glu lle lle Asp Gly 225230235240

Trp Gys Ang e TyksfsmisreiiisAgn feiu &1p He T Rlig Iy ¢S290 29y Arg Leu lle Val Lys Glu
Val Phe Pro Gly GI9 Gly Ser His His His 260265270 His His His3R75

Thr val égp val Met Gin Arg de Phe Gly Trp Arg Pro Tyr Gly Asn
45

Ala Eée Ala Leu val Asp ggn Pro Ile Pro Ala Gly Phe GIn Arg ITe
60

Arg Thr Thr Ser Ser Thr Gln Ile Lys Ala Gly Asp val Met Ile Trp
65 70 75 80

Gly Leu Gly Tyr ggr'A1a GIn Tyr Gly Sgs Thr Gly Ile Ala Thr Glu
95

Asp Gly Arg Ala Asp Gly Thr Phe val Ser val Asp Gln Asn Trp Ile
100 105 110

Asn Pro Ser Leu Glu val Gly Ser Pro Ala Ala Ala Ile His His Asn
: 115 120 125

Met Asp Gly val Trp Gly val Ile Arg Pro Pro Tyr Glu Ala Glu Ser
130 135 140

Lys Pro Lys Pro Pro Ala Pro Lys Pro Asp Lys Pro Asn Leu Gly Gln
145 150 155 160

Lys val Lys Pro Pro Ala GIn Lys Ala val Gly Lys Ser Ala Ser Lys
165 170 175

Ile Thr val Gly Ser Lys Ala Pro Tyr Asn Leu Lys Trp Ser Lys Gly
. 180 185 190

Ala Tyr pPhe Asn Ala Lys Ile Asp Gly Leu Gly Ala Thr ser Ala Thr
195 200 205
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Arg
val
225
Trp

Arg

His

PAT_41012.09_sSequence_Listing_sT25.txt

Tyr Gly Asp Asn Arg Thr Asn Tyr Arg Phe Asp val Gly GlIn Ala
210 215 220

Tyr Ala Pro Gly Thr Leu ITe Tyr val phe Glu ITle Ile Asp Gly
230 235 240

Cys Arg ITe Tyr Trp Asn Asn His Asn Glu Trp Ile Trp His Glu
245 250 255

Leu ITe val Lys Glu val Phe Pro Gly Gly Gly Ser His His His
260 265 270

His His
275
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