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GDKTKVVVDLAQIFTVQELKERAKVFAKPIGASYQGILDQLDLVHQAKGRDAQI
AASFELNKKINDYIAEHPTSGRNQALTQLKEQVTSALFIGKMQVAQAGIDAIAQTRPELAARIF
MVAIEEANGKHVGLTDMMVRWANEDPYLAPKHGYKGETPSDLGFDAKYHVDLGEHYADFK
QWLETSQSNGLLSKATLDESTKTVHLGY SYQELQDLTGAESVAQMAFYFLKEAAKKADPISG
DSAEMILLKKFADQSYLSQLDSDRMDQIEGIYRSSHETDIDAWDRRYSGTGYDELTNKLASA
TGVDEQLAVLLDDRKGLLIGEVHGSDVNGLRFVNEQMDALKKQGVTVIGLEHLRSDLAQPLI
DRYLATGVMSSELSAMLKTKHLDVTLFENARANGMRIVALDANSSARPNVQGTEHGLMYRA
GAANNIAVEVLQNLPDGEKFVAIYGKAHLQSHKGIEGFVPGITHRLDLPALKVSDSNQFTVE
QDDVSLRVVYDDVANKPKITFKGSLGGGGSGGGGSCAGNRVRRSVGSSLSCIPAASWEAI
EHRSKEMASAVARDTEYTKSLPNRHPKGPTWSEAHTTSTSTHARVSAKSGAHVAVGAFAV
GSWIYGMSETFANKNVTTLDKAAATVAIVPGIGHALGIAAALEHHDIEGVVVNAISIAALAAAQ
VWPVVGEIVDAALLAEQLVEVLVHVFRASTTEPAYSPGHKTQPFGGGGSGGGGSAEAKYAK
EKYNAYYEIWQLPNLTKYQKAAFIGKLQDDPSQSSELLSEAKKLNDSQAPKGGGGSGGGG
SNAVPNLRGDLQVLAQKVARTRQALVPRGSAWSHPQFEK
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GDKTKVVVDLAQIFTVQELKERAKVFAKPIGASYQGILDQLDLVHQAKGRDAQI
AASFELNKKINDYIAEHPTSGRNQALTQLKEQVTSALFIGKMQVAQAGIDAIAQTRPELAARIF
MVAIEEANGKHVGLTDMMVRWANEDPYLAPKHGYKGETPSDLGFDAKYHVDLGEHYADFK
QWLETSQSNGLLSKATLDESTKTVHLGY SYQELQDLTGAESVQMAFYFLKEAAKKADPISG
DSAEMILLKKFADQSYLSQLDSDRMDQIEGIYRSSHETDIDAWDRRYSGTGYDELTNKLASA
TGVDEQLAVLLDDRKGLLIGEVHGSDVNGLRFVNEQMDALKKQGVTVIGLEHLRSDLAQPLI
DRYLATGVMSSELSAMLKTKHLDVTLFENARANGMRIVALDANSSARPNVQGTEHGLMYRA
GAANNIAVEVLQNLPDGEKFVAIYGKAHLQSHKGIEGFVPGITHRLDLPALKVSDSNQFTVE
QDDVSLRVVYDDVANKPKITFKGSLGGGGSGGGGSCAGNRVRRSVGSSLSCERKTLDKLD
RKKIETRAKQVISKLAQDGDLRRELPRRTTTGHAHEEVRGVLAKSRGALHEIHGAATTVAMP
LATVAWVEDMARVFREKNATTLDKAATVSEIVPVAGQVLGMADGIAHRDAETVAVNAVVLA
AIAVSQAVPVVGELVDLGLTAYAVVDVVVRLFGPAREVPITQESYWPAYSPGHKTQPFGGG
GSGGGGSAEAKYAKEKYNAYYEIWQLPNLTKYQKAAFIGKLOQDDPSQSSELLSEAKKLNDS
QAPKGGGGSGGGGSNAVPNLRGDLQVLAQKVARTRQALVPRGSAWSHPQFEK
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AASFELNKKINDYIAEHPTSGRNQALTQLKEQVTSALFIGKMQVAQAGIDAIAQTRPELAARIF
MVAIEEANGKHVGLTDMMVRWANEDPYLAPKHGYKGETPSDLGFDAKYHVDLGEHYADFK
QWLETSQSNGLLSKATLDESTKTVHLGYSYQELQDLTGAESVQMAFYFLKEAAKKADPISG
DSAEMILLKKFADQSYLSQLDSDRMDQIEGIYRSSHETDIDAWDRRYSGTGYDELTNKLASA
TGVDEQLAVLLDDRKGLLIGEVHGSDVNGLRFVNEQMDALKKQGVTVIGLEHLRSDLAQPLI
DRYLATGVMSSELSAMLKTKHLDVTLFENARANGMRIVALDANSSARPNVQGTEHGLMYRA
GAANNIAVEVLQNLPDGEKFVAIYGKAHLQSHKGIEGFVPGITHRLDLPALKVSDSNQFTVE
QDDVSLRVVYDDVANKPKITFKGSLGGGGSGGGGSCAGNRVRRSVGSSLSCELAKDKAR
DILSEAGNEVSLPQRDSDGLSKQEITATAEATRSKLGTGVHGAVSAAMVADWAHDVARTFA
DPKATKLDKAAAVTAIAPVIGQAVNIADGIQHHDKKTIVVNSLVLAAVVAAQAVPAVGEVVDA
AIVADFVVEKLVGWFTPTAKPGPEHVAPAY SPGHKTQPFGGGGSGGGGSAEAKYAKEKYN
AYYEIWQLPNLTKYQKAAFIGKLQDDPSQSSELLSEAKKLNDSQAPKGGGGSGGGGSNAY
PNLRGDLQVLAQKVARTRQALVPRGSAWSHPQFEK
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GDKTKVVVDLAQIFTVQELKERAKVFAKPIGASYQGILDQLDLVHQAKGRDQI
AASFELNKKINDYIAEHPTSGRNQALTQLKEQVTSALFIGKMQVAQAGIDAIAQTRPELAARIF
MVAIEEANGKHVGLTDMMVRWANEDPYLAPKHGYKGETPSDLGFDAKYHVDLGEHYADFK
QWLETSQSNGLLSKATLDESTKTVHLGYSYQELQDLTGAESVQMAFYFLKEAAKKADPISG
DSAEMILLKKFADQSYLSQLDSDRMDQIEGIYRSSHETDIDAWDRRYSGTGYDELTNKLASA
TGVDEQLAVLLDDRKGLLIGEVHGSDVNGLRFVNEQMDALKKQGVTVIGLEHLRSDLAQPLI
DRYLATGVMSSELSAMLKTKHLDVTLFENARANGMRIVALDANSSARPNVQGTEHGLMYRA
GAANNIAVEVLQNLPDGEKFVAIYGKAHLQSHKGIEGFVPGITHRLDLPALKVSDSNQFTVE
QDDVSLRVVYDDVANKPKITFKGSLGGGGSGGGGSCAGNRVRRSVGSSLSCKVNWKDAY
DRSMNIAQDIDGSAEFRATAPARPAAGKAMPEADVTRLVSTSEDFLEKSTKTSGVKKALKAI
NNQKMISWGSLLSNALANSHTWSDKNATNLDKAYAVWGGVPVLGEVIGIASGIDKQDAESIA
VNTLSLVGIVAATVCPPLGATVEFVMIGYTAIKLMLSWFTVETIPAYSPGHKTQPFGGGGSG
GGGSAEAKYAKEKYNAYYEIWQLPNLTKYQKAAFIGKLQDDPSQSSELLSEAKKLNDSQAP
KGGGGSGGGGSNAVPNLRGDLQVLAQKVARTRQALVPRGSAWSHPQFEK

GADDVVDSSKSFVMENFSSYHGTKPGYVDSIQKGIQKPKSGTQGNYDDDW
KGFYSTDNKYDAAGY SVDNENPLSGKAGGVVKVTYPGLTKVLALKVDNAETIKKELGLSLTE
PLMEQVGTEEFIKRFGDGASRVVLSLPFAEGSSSVEYINNWEQAKALSVELEINFETRGKRG
QDAMYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNKMSESPN
KTVSEEKAKQYLEEFHQTALEHPELSELKTVTGTNPVFAGANYAAWAVNVAQVIDSETADN
LEKTTAALSILPGIGSVMGIADGAVHHNTEEIVAQSIALSSLMVAQAIPLVGELVDIGFAAYNFV
ESIINLFQVVHNSYNRPAYSPGHKTQPFGGGGSGGGGSAEAKYAKEKYNAYYEIWQLPNLT
KYQKAAFIGKLQDDPSQSSELLSEAKKLNDSQAPKGGGGSGGGGSNAVPNLRGDLQVLAQ
KVARTRQALVPRGSAWSHPQFEK
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YANDAVIADQSKTVDSFTSYHGAKPESFESVLAGIKKPESGSQGNHDPEWK
GFYTTDNKHAAAGY TVSDESVMTGKAGGVVKVTYPGKTRVLAVKPLSATELKTYLGLAADK
PLIDQLNNKDFINKFGEGASRVVLQMPFADGTSDVEYIHNWEDATQLQVATEVRFDNLGKR
GQDEMNRYMNLANCPSVSAVRVKRNPAKLCLSKVKWEQVREKSKKIIDNVKDNPEFMKKL
SAHHERGSAPTTEKITALHNELLDHESFSALKGARSSAGTAATAASAAAWGLAVAQAFTNP
KADDLTKATAVLSAVPGLGQALGIADGIKHHNTEEIVVQSISLTALIAAQAIPVVGELVDFGLLA
YQLVESIIDLTRQLSVITANPPTEVTHSSKLAGGGGSGGGGSAEAKYAKEKYNAYYEIWQLP
NLTKYQKAAFIGKLQDDPSQSSELLSEAKKLNDSQAPKGGGGSGGGGSNAVPNLRGDLQV
LAQKVARTRQALVPRGSAWSHPQFEK
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VEVTYPGLTKV LALKVDNAET [KKELGLSLTEPLMEQVET
EEFTKRFGDGASRYVLELEPFARGS SSVIY INNWE QAKATS
VELE INFETRGKRGODAMY Y MAQACAGNRVRRSVGESLS
CTNLIWDVIRDKTETKT ESTEEHGP TKNKMSESPNKTVSE
FXAKQYTLEEFHOTATENPELSELKTVT GTNPVIAGANYAA
WAVNVAGVT DS ETADNLEKTTAALS TT.PGTGSVMGTADGA
VHHNTERE IVAQSTALSS IMYAQA T PLVCGELVY DTG EAAYNE
VEST INLFQUVVHNS YNRPAYS PGITKTO PFLADGY AVSWNT
VEDS TTRTGFQGESCHD TKITAENTPLPIAGVLLPTT PGK
LDVNKSKTHISVNGRKI FMRCRAL DGDVITCREKSPVYVG
NGVHANLHVARHRESSEKIHSNE [ SSDE1GY LGY OKTVIH
TEVNSKLSLETELIKS

2BV KE
By || 5] GenBank
55 BRE=
1 e GADDVVDSSKS FVMENF SSYHGTKPGYVDSIOKGLUKPKS | WP_072564851 1
_"/ ']fyf GTOGNY DDDWKGEY STDNKYDAAGYSY DNIEN P1LiS GKA GGV EE ﬂE

2 F-RbG1 947 R~
(Austwickia
chelonag)(CT1)

YANDVVLKDQS TTVDST TSYHGAKPES FNAVLTG TKKPEK
GEQENNDPDWKGEY T TDNEHAAAGYTY SIES VLS GKAGGY
VRVTYPGKTRI TAVKELSAALTIKGKLO LDSAKPL. TDOLND
KSFLEKYGDGANRVVLKMPFADGTEDSERF THNWEDAK QLS
VETEVREDNLGKRGODAMNS Y MNMANC PSTS AVRAKRS PG
KICLSKINWENVREKADALTKKVIADKEIMDKLS THIORG
EAPSVERTTALHNATLEHESE SATKGARASGEVGARASTA
AWGVAVAQATT DPKADALTKTAATLSVVIPGLGCATLGTADG
TKHENTEETVVOST STAGLLARQAT PVVGEAVDF GLLYY(Q
LVET IVDLATH LSS AAANPPTEAT DSVRPAY SLGLRAGWEK
TEERDAKLHTGE PYGMKFQR IV LSAREGEKETPFVRAAVAVD
SKFLKINGPRS FYVONG TKTPMACFETEGNLAFCRPERPT
FLSSESPATIHLSYVINEHENGT TKNP TV LGOR TVENK
VITANEVSLVYKVDESSNTL

2 AR 9E7-$0R~
(Austwickia
chelonag)LK16-18
(CT2)

YANDAVIADOSKTVRSF TSYHGAKTPES FESVIAG TKKPES
GSOGNHDPEWKGEY TTHNKHAAAGY TV SIESVMT GKAGGY
VKVTYPGKTRVIAVKPLSATETKTYLG TAADKIL TDOLNN
KDFTNKFCEGASRYVIOMPEADCGTSDVEY THNWE DATOTO
VATEVRE DNLGKRGODEMNRY MNLANC PSVSAVEVERNEA
KLCLSKVEWEQVREKSKKT I DNVK DNPE FMEKLS AHHERG
SAPTTEKITALHNELLDHESEFSALKGARSSAGTAATAASA
ARWG LAVAQAT TNPEADDLTKATAVLS AVPGTGOAT.GTAD
GIKHHENTEEIVVOSISLTALIAAQOATPVVGE LVDFGLLAY
DLVESTTIDLTROLSVITANPPTEVTHS SKLAKSNGLLAGW
KTEQDGVLSLGAPHOMKTOLT SMSAEKGOET PFTGAMTAYV

WP_162873017.1
Y64-L603
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KKDLTLTVNTPRVFVVONGTRT PLRCSAAGETTTF CRPNHP
VWLSEQHOATLHLS YVT QENE SER TINPTVDTLGOKTVIN
KVSTANKVSLV YEVDRSNKL

35 FARO vt TIE GAFASPISPAT DKEKSKVVENFTSYHGTKHOY TENVLKGT | WP_219106995.1
(Austwickia sp.) NEPETGSQGNHDPDWKGFY T DSKYAAAGY TPEEENPMSG | G27-N663
TVS 96-490-78B KACGVVEVSYTGKTKTLATLKDMPAGKT KGHLGLD PRKPLT
(CT3) EQIKDOEF INKYGEGADRVVLOMPEAE GSSEVEY TNNWDN

AKDLEVE PEVRFDQHGKRGODAMYEYMALAS CES AGKAKR
SVSKTCLSNTKWERVROKSER L TKKTLKDRENVKKAVQERK
EGVKPTS DULONLIKAL TOHE SFKETLK SVISNGVEAMDAR
NAALWGANVARVES DK SDGLERKATAALAAYV PGLGAVMGY
ADGVTHHNTEEVVVOSVALAGFIAAQATPVVGEIVDIGVL
AYOFVEGVT DLSROMMT SNARGTAEKROVVD TKDANGLSG
GWLTPODSKIHLEPHYGTKIQRLAVSANGDHNLP [ TGIKT
SINPKFININESGSE IVONGLKVEPMNCSEEASKTEAVCLP
VHETWLTDENNAT [ HVS YOTKSPEGSR IDNPRLE VWG IM
HTEEGPKTNT TNLGY SV DQEMPCY SSTKFENGGD YVGRLA
VNSKDOKVTHS KMSGMR DKDK VDL SATNSGEVLT TE TS PT
GOGAPTPGPSTRYCSDAGTRASTEKSWG TKDKATTL.GFN
BIEEAL Y
EH | BT FA A VRS V—AEFFE
EE f=I& GenBank
HRES (B
22 RE
1)

3 F-AROfyEP-hOf— LEKINWENVREKADALTKKEVITADKEIMOKLS TITITORGEAP | BEFBS 2
(Austwickia SVEKTTALHNALLEHES FSALKGARASCKVGAAABTAAWG | L204-N378
chelonae)(CT1-T) | VAVAQAT TDPKADATTK TAATTSVVFGLGOALGT ADG TKH

ENTERTVOSTSLAGLLAAQA L PVVGEAVDFGLLVYQLVE
TIVDLATHLES ARAN

4 AMLT" IR T e | LPVDWDKVEEKAKATAKKYAQDARHVERLPKRSPKGPTHG PSJ28985.1
S FREFHL, EAHSTAE LTHAKVREVSGAHVAASAAGVGTWVYGMAKTES | 1L231-D394
(Streptosporangium | DENATTLIKVAVTGAVY FGLGOALGTADGTQHGD FEATAV
nondiastaticum) NAVALAALARAQVVPVVGEVV DAVILTEQLVEVLVDVIRT

ATAD

5 AbLT kel iRE 1 PAASWEA L EHRSKEMASAVARDTEYTKSLPNEI PKGFTW | SDT83331.1
(Streptomyces sp.)TLI | SEAHTTSTSTHARVSAKSGAHVAVGAF AVGSWIYOMSETF | 1198-E362
053 ANKNVTTLDKAAATVALVPGI GHALGT AAALEHHDIEGVY

VNAT STAALAARQVVPVVORET VDAALLARQLVEVIVITVIR
ASTTE
gooooao
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6 ArT Tl ERFE T.STMDGERKVTKGAQSVADTIKGHGNT.QPLVKRTRAEPRTG | WP_160159328.1
(Streptomyces sp.)| QYTPPTRQOTDDATSAAQRVAPGVDTAMKAT.GSAJATAGE | L631-G801
SLEN-118 ALDVSQGEPLRAAADVTAMLPRIGPGLONALGLADS TVHD
DPEG TAVNATGLGAF TVAGATL PYTGELADLGFAAYAL TET
LKSMFAGPTLG
7 AT RS EAEE 1 FVDWDKVEEKAKATAKKVAGDAEHVERLPKRNFPKGETHG | WP_168096531.1
(Streptomyces sp.)| EAHSTAELTHAKVRAVSGAHVANTAAGVGTWVYGMAKTTS | L241-DA04
AAS DEDATTLDKVAVTGAVY PGLGOALGTADG TQHGD PEAVAY
NAVALAALAAAQVVPVVGEVV DAATL LT EQLVEVLVDVFRT
ATAD
8 AMT hTfER- LPVEWDKVEEKAKATAKKVAQDAEHVERLPKENPKGPTWG | WP_078659863.1
gt I —r1o743 EAHSTAELTHAKVRAVSGAHVAATAAGVETWVYGMAKTES | L231-D394
(Streptomyces DEDATTLDKVAVTGAVY PGLGQALGTIADG TQHGD PEAVAYV
roseoverticiliatus) | yavataALARAGVVPYVGEVY DAALT TEQTVEVLVIVIRT
ATAD
9 AT R B Fo oL | ELAKDKARDLLSEAGNEVE LPORDSIGLEKQEITATARAT | JZ58907.1
(Streptomyces REKLGTGVHCAVSAAMVADWAHIVARTFADPKATKILDKAA | E225-A383
piniterrag) AVTALAPVIGEAVRTADGT QHHDKKTTVUNS LVLAARVVAA
QAVPAVGEVVDAATVADFVVEKLVGHF TPTAKPG PEHVA
10 AkLT" kelER LPVDWDKVEEKAKA TAKKVAQ DAEHAERLPKRNPKGPTWG | WP_079110321.1
(Streptomyces) EAHS TARLTHARKVREVSGTHVAATAAGVGTWVYGMAKTES | L181-D344
MBT76 DEDATTLIKVAVTGAVY PGTGOALG TADG IQHGD PEAVAV
NAVALAALAAAQUN PYNVGEVY DAV LLT EQLVEVLVDY FRA
ATAD
11 AT F AR Sty | LPVOWDKVERKAKATAKKVAQDARHVEKLPKRSPRGPTWG | WP_120757473.1
(Streptomyces EAHSTAE LSHAKVREVSGAHVAASAAGVETWVYGMAKTES | 1227-D390
Klenkii) DEDATTLUKVAVTGAVY PGLGQALGIADG IQHGDPEA [ AV
NAVALAALAAAQVVPYVGEVV DAVLLTEQLVEVL VDV FRT
ATAD
12 AT RTLER GTNVAAYKATDT EKL TKDVYEDPNFSDLKNRTGGPOKDKIT | WP_095582082.1
TEE L7s5Y LKGY YERLKPEVETLRPTKACVSSAVCARGATSWATIGVAD | G232-Q399
(Streptomyces APTSENVESFDKAMVTATVEGLGECVGIANATDERDPEG
albireticuf)) LIINTISMAALMASARY BVIAPTGYAL DAGLAAAQGVATV
LEYLETGO
13 AT B57 1744 | KYNWKDAYDRSMNTAQD IDGEARFRATAPARPAAGKAMPE | WP_133259917.1
FS37 ADVTRIVSTSEDFLEKS TKTSGVKKALKATNNOKMISWGS | K246-1421
(Streptacidiphilus | 11SNALANSHTWSDENATNLIKAY AVWGEVPVLGEV TG IA
pinicola) SGIDKODAESTAVNTLS LVGLVARTVC PELGATVEFVMIG
YEATKEMLSWETVET
14 $A/35A° T p /75 | LDUMEKIKTESQRIVKQLTEEHPRLOSHSKNAVIDKEKIOK | WP_0T3156187.1
(Seinonelia TYNDYAPKTDKLSSTKEGVSRATTATNTASWAAGIARTES | | 252-T416
peptonophila) NKNADGTDKAARVTATT FGT.O0AVG TANG TERHD CEATAT
NETALSALVWAQAT PIVGE TADVVEAGLITAGELAGLIOS
VSPDT
gooooao
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15 OvE" SEYDL - 777 oA ERKTLDKLDRKKTETRAKOVT SKLAQDGDLRRELPRRTTT | WP_189053160.1
(Longimycelium GHAHEEVRGVL.AKSRGATHETHGAATTVAMPLATVAWVED | E248-W426
tulufanense) MARVFREKNAT TLUKAATVSE TVPVAGOVT GMADGTAHRD
AETVAVNAVVLAATAVSOAVPVVGETVDLGL TAY AVVIVY
VRLFGPAREVP TTOESYW
16 FANB AT LSNTKWERVROKSEELT KK LK DDENVEKAVQERKEGVEPT | WP_219106995.1
(Austwickia sp.) SODLONLHKAL IDHESFKELKSVISNGVEKAMDAANAALWG | L233-R407
TVS 96-490-78 ANVARVESDSK SDGLEKATAATAAVPGT.GOVMGY ADGVTIT
(CT3-T) HNTEEVWVOSVALAGFT AAQA T PVVEE TVDT GVLAYQFVE
GVIDLSROMMT SNAR 10
17 F-AbryEF b0~ LSKVEWEQVRE KSKK L1 DNVKDNPEFMEKKLSAHHERGSAP | WP_116115734.1
(Austwickia chelonae) | TTEKITALHNELLDHESFSALKGARSSAGTAATAASAAAW | L267-N442
LK16-18 GLAVAQAFTNPKADDLTKATAVLEAVPGLGQALG TADGIK
(CT2-T) [ANTEETVVOS ISLTALTARQAT PYVCELVD TGLLAY QLY
ESTIDLTROLEVITAN
36 SL7 9T5-FIOE"#7 | GLNWGSIREKAVDKAKSVTSDKKF INSLPERGKNSPANKN | EIZ2913133.1
(Klebsiella DINT TYESSANHSTLKGGSEV THKASLLLWVANTADVLTS | G211-R376
aerogeries) N3SSTLDKATATTIGIVPGIGDAFS LADSTEHDIVEGT TTS
STALAATTVAQAVPVVGELVDTALLTEAATS SLYNV T SNY
TOSTCR
37 AT PofEREE ANTLOWEKVRSRAKETARCVADDSEHVSGT PERRARGLTKS | MCH0551590.1 20
(Streptomyces sp.)| EAHAVAERTHAKVSEVSGTRVAATARGVGTWAYGMAQTET | A228-A392
MUM 1784 DORATTLOKVAVTTATVPGVENALGIADGIELIHD PEAVAYV
NAVA LAALVAAGAVPVVGELY DTVLLTEQG TVETFVNT FOR
ATAA
38 SOSTF-HUET 45 ETADSLGRLFHOGMT IAGEAVAELDLEEALKSOKVAKGDA | MBB4677777.1
(Crossiella RAVVAGKVAAVGKOVGKSSALAKFKEVLEPSKGVIALWAY | E56-C217
cryophila) SALYTLAQEDV STVDKAEAVLAIVPILGPLESFGNSYRKE
DVEGMVI STVALAATLIAFLE PPVGAG IGVE LAV YQVVEA
FC
39 FOFYRYTHE SLVKGKTOAQAVEAVEDLFENSKTVATSLVADSDMADATE | WP_143261759.1
(Allokutzneria sp.) DAKKAAKVEVA PPV DRVKKVI DPLVEKALKSKSFANTKAG | S60-C220
NRRL B-24872 KYLKNAQPSKAGIALWAATTYVATFLIDGSSSASDKAVAAVG 30
[TRPVVGOLAST THTTTKDPEDVEG I VTGT TG LAAAY [T TA
(5
40 FOSYRYT= Tl —% KATGATRESARKFVANTISKSERATTTTAASNDYKSSMEGT | WP_156051914.1
(Aliokutzneria SESFAKLRKAARE TKKP TPTADTKKLLTPHLIKY STVKDFK | K78-G240
albata) KYFTNLKPSQGSAATWLYNLAATVANEESSKADV AVAANG T
[ PYVGOVAATANSYSQGIVEGTVISAT ALAANTA TAVGAG
41 ART  fefbRFE CUIGVRDHAEVARKHOERLEANIGDDVEYVITLDEIEKNPK | WP_199893204.1
(Streptomyces sp.)| SLLSPLRETNGVLNDAAAAELGAKDIEATSTRVIEALGRD. | C260-P481
AV19 TRAVIGTSTTT TLLARVARAGRAART.GAKATPY VG TAAT
GYATARDVKAG DY ANLAFDEV ARG LOVAMVAQPE LV LTE
PVIFAEQLAQT VY DETAGWFKRGEQLDHDRKGWD SAAEDL,
40
.
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VEHRTGOWRDHLVGOALOKLE P
4?2 AT T tAEE COWGDDGVAHTORERLRACGG DVE YVTSLERFERNPRALL | WP_147264604.1
(Streptomyces sp.) | SPLRETNKVINDAASAE LGAKDFETFSARVGAAFSROLRA | C231-P449
NRBC_110611 VOGLTTDIGLLAGY GROVERAGDLGVRVLEY VG L AVTGYA
VAEBAKAGDYANLAFDS VARG LOVAMY AQPEVAPLLEPAL
TARQTAQLVYNEVAGHT AEQKOTEHDRAQWD GAVKDL VAN
RITOWRDRLVGOAVOELEP
43 AT hef R CGIAARDDAKVARTHOERLRAQGADVE YVIS LELFEKNEK | WP_209513619.1
Sl o ALMSPLRETSKVLNGAAAAELGAKDFEAFSTOVTEALGRD | C232-P453
(Streptomyces LKAVHGLTTDT GLLAEVGRRVGRAGELGVKL LPY AGTAAT
syringium) GYAVAEDAKAGDYGNLAFDSVAEGLOVAMVAQPE LTPLLE
PALLAEQLAGLVYDEVAGWIAEQKGLAIDRGOWD DAVKDL
VAHRDTOWRNR LEGOALOETIP
a4 Sa=p LI RIGKAALAKATAEADADACK I LKDPSFKPPHPAPHOKLTD | RJQB9589.1
(Pseudonocardiaceae) | AFLIQVANDIAKRVSALHPGARDLIGLCKGLAKALKGYIS | R276-F454
B YIM PH GVIAGTONAR T AESARG SNEGDLEKVESALG PTPTVGDTA
21723 GTVNAAARGDAVETVKNVELTLGLSMVS VAFP PLAPVADAY
AFVLEVAVFLGKYLWGLLE
45 TOF/ERFAH 5 STSQNOT DOAVADACATAHGV I DD PRAFTETLPELAKGOVLS WP_143218892 1
VIR 4 BEORLAALANGVAQDVAAANSGGERATVPAYVTRALSKATP | $322-L515
(Actinokineaspora | a1arHcImATT KVSAVE GUTTEGNGAT AKVT SUVGPYTVT,
bangkokensis) GSLAGIVNEAVGT SARD PPAA TAQKALETAKNVAGVALTY
MATAFPRFAPVAALATAAWEVGAALGK YLLGFLL
46 AT bR CETADGGDTARECKOPCEGROATE SDSTRGRNPQGERGPA | MBF6055834.1
I-0557" {53 RAGK PVADEEWVARVORERTARHGSIVEYVTSVARTEKNP | C280-R449
(Streptomyces KAVLSPLRETHTTTNKARDK P TAARY FAFASKAAEAMSK
eurocidicus) DLEGYOARSTDSTVLAKVGAKLARGGS TAVKVGRPVLKER
LIRSSAASSE
47 AR b ET- GTGREDGEFSSEGREGAVTEE DLEGIPQRVVELNRSRTAR WP_169790908.1
Ny HGADVDYVTSLDALAAN PKAV LI PLRNSSQTLDAALGKSH | G270-A425
(Streptomyces T IVDEFDRFSATL TQSFGRDLOAVENT. STSERLT S8 TEKG
pathocidini) ARAGGHGLLKVVPRAGY ANSSAALAED IKSGENG DA
48 R Feftre SADTARTHRER LRAHGDDVEY VTS LAE FEKN FKATLLSPLE | WP_157868472.1
FFuF TR ETCKVINTAGNACT SAGDFETTSARVGTATERDLRARIET, | S241-A389
(Streptomyces TTRTGELLARVG ARAGRAARLGAKAL PRVG TANTG YAVARD
caatingaensis) VKSGDYANLAFDSVAEGL.OVAMTAQPETA
BRERMBIUESI—L
Egj Lt 52 V=2
18 E 7 YEn BE7HR | GOKTKVWVDLACIFTVOELKERAKVEAKPIGASY CGILDY | WP_011081430.1
(Vibrio vulnificus) | LOLVHOAKGRDOIAASFELNKKINDY LARIPTSGRNQALT | G3580-14089
(RRSP) QLKEQVTSALF LGKMOVAQAG IDA TAQ TREE LAARLEMVA
TIEEANGKHVGL TDMMVRWANE DPY LAPKHGY KGE TPSDLG
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FODAKYHVDLGE HYADFKOWLE TSQSNGLLEKATLDESTKT
VHLGYSYQELQDLTGRAE SVOMAFY FLEEAAKKAD PTEGDS
AFMTTILEKFADOSYLEQTDSDRMRQTEGTYRESSHETD T DA
WRERYSGTGYDELTNKLASAT GVEEQLAVLLDRPRKGLLIG
EVHGEDVNGLR FVNEQMDALKRKQGVTV IGLEHLR SRLAQP
LIDRYDATGVMESE LEAMLKTKHL VT LFENARANGMR TV
ALDANSSARFNVOGTEHGLMY RAGAANNIAVEVLONLFDG
EKFVATYGKAHLQSHKG IEGFVPGTTHRL DL PALKVS RSN
GIIVEQDDVSLREVVYDDVANKPELTIKGSL

AEAKYAKEKYNAYYE IWOLPNTTKYQKAAFTGRLODDPSG
S8EL LSEAKKLNDSQAPK

Nazari >
(2019)

NAVPNLRGDLOVLAQEVART

DiCara &
(2007)

GDEKTKVWVDLAQTFTVOELKERAKVEAKPE TGASY QGT LG
LDIVHQAKGRDOQTAASTEINKKINDYT ARNP TSGRNQATT
QLKEQVTSALF TGKMOVAQAG DA TAQTRPE LAART FMVA
IEEANGKIVGLTDMMVRWANE DPY LAPKHGYKGE TPSDLG
FDAKYHVDLGEHYADFKOWLE TSQSNGLLSKATTLUESTKT
VHLGYSYOELODLTGALR SVOMAT Y MLKEAAKKADPISGDS
AFMTTLLKKIADQSY LEQLDEDRMDQTEGTYRSSHETD T A
WDRRYSGTGYDELTNKLASAT GVDEQLAVLLDDRKGLLIG
EVHGSDVNGLREVNEOMDATKKQGVTVIGLEALRSDLAQP
LIDRYLATGUMESSE LEAMLETKILIVT LTENARANGMRTV
ALDANSSARPRVOGTEHGIMY RAGAANNTAVEVLONLPDG
EKEVATYGKAH LQSHKG TEGEVPG I THRLDL PALKVEDSN
QFTVEQDDVSLRVVYDDVANK PKT TFKGSLGGEESGEE6S
CAGNRVEREVGSSLECINLEW BV IRDKTKTE TES LKEHGE
TENKMSESPNKTVSEEKAKQY LEEFHOTALEHPE LSELKT
VTCTNPVFAGANYAAWAVNVAQVT DSETADNTEKTTAATS
1LPGIGEVMGIADGAVHHNTEETIVAQS IALSSLMVAQALP
LVGETVDTGFAAYNTVE ST INLFQUVITNSYNRPAYSPGHE
TOPFGEGESGEEGSAEAKYAKERYNAY YETWOLPNLTKYQ
KAAF TGKLODDPSQSSE L LSEAKKT.NDSQAPKGG GGE GGG
GENAVPNLRGDLOVLADKVARTROALY PRGSAWS HPO FEK

BEAL

GDETKVVVDLAQIFTVOELKERAKVIAKP IGASY OGLLDG
LOILVHQAKGRDOTAASTFEINKKINDYTAEHP TSGRNQALT
QLEEQVTEALE TGKMQVAQAG TDATAQTRPE LAART FMVA
TEEANGKHVGL THMMVRWANE DPY LAPKHGYKGETPSDLG
FOAKYHVDLGEHYADFKOWLE TSQSNGLLSKATLDESTKT
VHLGYSYOELQDLTGAE SVOMAFY FLKEARKEADPTSGDS
AEMILLKKFAROSY LEQLDEDRMEQTEGIYRSSHETDI DA
WDRRYSGTGYDELTNKLASATGVEEQLAVLLDDRKGLLIG
EVHGSDVNGLEFVNEQMDATKKOGVTYV IGLEHLRSDLAQP
LIDRYLATGVMESE LSAMLKT KHLDVT LI ENARANGME TV

FZLTL
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ATLDANSSARPNVQGTEAGLMY RAGAANNTAVEVLONLPDG
EXTVATYGKAHLOSHKGTEGF VPGTTHRLDL PALKVEDEN
OFTVEQDDVSLEBRVVYDDVANKPK T TFRGSTGGGGSGEGES
CAGNRVRREVGESLSCLSK T NWKNVREKADA LTKKVHARK
EFMRKLSTHHORGEAPSVERT TALHNALLEHESF SALKGA
RASGKVGANAS TARWGY AVAQAFT DPKARAL TKT AATL SV
VPGLGOALGIADGIKHENTEE IVVQSI SLAGLLAAQATPV
VEEAVRRGLEVYQLVET IVELATHLSS AAAN PAY SPGHK'T
QFTGEEEEGEEEEARAKYAKE KYNAYY HIWOLPN LTKY QK
AATTGKLODDE BSOS SELLSFAKKLNDSOAPKGGGGEGEGG

SNAVENLREGDLOVLAOKVARTROALVEPRGEAWSIIPOFEK

GDKTKVVVDLAQLFTVQELKERAKVIAKP1IGASY QGLLDQ
LDLVHOAKGRDOIAASFELNKKINDY LAEHPTSGRNOALT
QLKEQVTSALF JGKMOVAQAG I DA TAQTREE LAARIFMVA
1TEEANGKHVGLTDMMVEWANE DPY LAPKHGY KGE TP3DLG
FDAKYHVDLGEHYADFKOWLE TSQOSNG LLSKATL DESTKT
VHLGYSYQRLODLTGAR SVOMATY TTKTAAKKAD PTSGDS
AFMI LLEKFADOSY LSQLDEDRMDOTEGTYRSSHETDTDA
WDRRYSGTGYDELTNKLASATGVDEQLAVLL DDREGLLTG
EVHAGSDVNGLRFVNEQMDALKKOGVTVIGLE HLRSDLAQP
LITDRYLATGVMSSE LEAMLKT KHLDVT LFENARANGMR TV
ALDANSSARPNVOGTEHGLMY RAGAANNTAVEVLONLPDG
EKFVATYGKAH LOSHKG TEGFVPG T THRLDL PALKVS DEN
QFTVEQDOVSLRVVYDDVANK PR T TFRGSTGGGGSGGGES
CAGNEVERSVGESLOCLSKVEWEQVREKSKK I TDNVKDNP
EFMKKLSAHHERGSAPT TEKT TALHNE LLDHEST SALKGA
REBAGTAATAASAAAWG LAVAQAF TNPKADD LTKATAVLS
AVPGLGOALGT ADGTKHANTERTVVOS TSTTATTAAQATP
VVGE LVDFGLLAYOLVEST I DLTROLSV I TANPAYS PGHK
TOPYGEEESGEEEEAAKYAKEKY NAY YE TWOLPNLTKYQ
KAAF TCKLODDPEQSSE LLEE AKK LNDSQAPKGGGGSGEG
GENAVPNLRGDLOVLAQKVARTROALV PRGSAWS LIPQI'EK

HELL

GDKTEKVVVDLAQI FTVOELKERAKVIAKP TGASY QGTTDG
LDLVYHOAKGRDOTAASFELNKKINDYT AKHPTSGRNOQALT
QLKEQVTSALE [GKMOVAQAG [DATAQTRPE LAART FMVA
[EEANGKHVGL TDMMYRWANE DPY LAPKHGY KGE'TPS DLG
FDAK YHVDLGEHYADFKOWLE TSOSNCGLLSKATLDESTKT
VHLGYBYQELODLTGAR SVOMALR Y T KEAAKKADPISGDS
AFMI LIKKIADQSY LSQLDSDRMDOIEGL YRSSHETD I DA
WDRRYSGTGYDELTNKLASAT GVDEQLAVLL DERKGLLIG
EVHGSDVNGLRTVNEGMDATKKQGVTVIGLEHLR SDLAQP
LIDRYLATGVMSSE LEAMLKTKHLDVT LIEN ARANGMRIV
ALDANSSARPNVOGTEHGLMY RAGAANNTAVEVLONLPDG
ERFVATYGKAH LOSHKG IEGKVPG ['THRLDL PALKVSDSN
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OFTVEQDDVSLRVVYDDVANKPK T TFEGSTGGGGSCEGES
CAGNRVRREVGESLECTL AN TKWERVROKSEE LIKKLKDRE
NVKKAVQERKE GVKPTS DDLONLUKAL TDHE STKELKSVH
SNGVKAMDAANAALWGANVARVES DSKSDGLEKATAALAA
VPGLGOVMGVA DGV THENTERVVVOSVALAGF TAAQA T PY
VOELVRLIGVLAYQFVEGVI DLSROMMI SNAR PAY SEGHKT
QOPFGGEGEGEEGEAEAKYAKEKYNAYY EIWQ LEN LTKY QK
AAFTGKLODDPSOSSEL LSEAKKLNDS OAPKGGGGSGEGE
SNAVENLRGDLOVLAOKVART ROA LVERGSAWSIH POFEK

26

RRSP-T(S 4Ly4{
(8. klenkii)-ZHer3-
A20 B 5

GDRTEVVVDLAQT FTVOELKE RAKVIFARPTGASYOGT LD
OLDLVHOAKGRDOQT AAS FELNEKINDY LAEH PTSGRNOA
LTOLKEQVTSALI L GKMOVAQAGL DALAQTRPELAARTL
MVATEEANGKHVGLT DMMVRWANE DFY LAPKHGY KGETP
SDLGFDAKYHV DLGEHY ADFKOWLETS QSNGLLSKATLD
LETKTVHLEYS YR LOD LTGARSVRMA Y L KR A NKIKAD
PISGDEAEMILIKKTADOSYLSOLDSDRMDOIEGTYRSS
HETDIDAWDRRYSGTGY DELTNKLASATGVDEQLAVLLD
DRKGLLIGEVHGS DVNG LRFVNEQMDALKEQCVTVIGLE
HIRS DLAQPLI DRY TATGVMS SELSAMLKTEHLDVTLTE
NARANCGMRTVATLDANES ARPNVOGTEHCGTMY RAGARNNT
AVEVLONLPDGEKFVAT YOKAHLQSHKGTEGFVPGITHR
LDLPALKVSDENQFTVE DDV SLEVVY DEVANKPKITHK
GELEGHGEGGEEECAGNRVRR SVGSSLECLPYIWDKV Y
KAKATAKKVAQDATHVE KL PKRS PEGE TWGEAIS TAELS
HAKVEEVSGAHVAASKAGYGTWY YGMAKTT'S DKDATTLD
KVAVTCAVVPGLGOALGTADG TOHGDPEATAVNAVATARA
LAARQVY PYNGEVY DAV LLTEQLVEVLVDVE RTATADEPA
YSPGIKTOPFGGOGESGAGCSATAKYAKTKYNAYYETWQL
PNLTKYQRAAF [GKLODDPEOSSE LLSEAKK LNDSQAPK
GGEESGEEEENAVPNLRGDLOVLACKVARTROALVEPRGS
AWSHPOFEK

#FHEL

27

RRSP-T(S .18
TLIOS3)-ZHer3-
A20 H

GDKTKVWVDLAQT FTVQELKERAKVFAKP TGASY QG T DY
LDILVHOAKGRDOTAASFEINKKTNDY T AEHE TEGRNQATT
QLKEQVTEALE TGKMOVAQAG THATAQTRIE LAART FMVA
[ ERANGKHVGL TOMMVRWANE DPY LAPKHGY KGE'TPSDLG
FDAK YHY DLGEHYADFKOWLE TSOSNG LLSKATL RS TKT
VHLGYEY DR LODLTGAR SVOMARY FLEEAAKKAD PTSGDS
AEMI LLKKFADQSY LSO LDEDRMDOIEGT YRSSHETDIDA
WORRYSGTGYDELTNKLASAT GVDEQLAVLL DDRKGLLIG
EVHGSDYNGLEFVNECMDALKKQGVTY LGLE HLRSDLAQE
LIDRYLATGVMSSE LEAMLKT KHL DVT LEENARANGMR TV
ALDANSSARPNVOGTEHGLMY RAGAANNIAVEVLONLEDG
ERTVATYCKANTOSIKG TEGEVPG T THRLOT, PALKVE DSN
QFTVEQDDYSTRVVY DDVANK PK 1 TFKGSLGGEGSGGGES
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CAGNRVRRSVGESLSCT PRASWEATEHRSKEMAS AVARDT
EYTKELPNRAPKGPTWSEAHT TETSTHARVS AKS GAHVAV
GAFTAVGSWI YGMSETFANKNV TTLDKAAATVATVEGT GHA
LGIAAALEHHD THGVVVNALS LAALAAAGQVV PVVGE TVDA
ALLAROLVEVLVHVERASTTE PAYSPGHK'TOPFGGGGSGE
GUSARAKYARERYNAYYEIWOLPNLTEYORKAAF T GKLODD
PEOSSELLSEAKKLNDS QAPKGGGGESGGGESNAVEPNLRGD
LOVELAQKVARTROALVPRGSAWSH POFEK

RRSP-T(L. Y7742
(L. tulufanense))-
ZHer3-A20 ¥ &Y

GDRTEVVVDLAQT FTVOELKERAKVFAKP IGASY QG 1 LDO
TL.DIVHQAKGRDOTARSFEINKKTNDY T ARHP TSGRNQALT
QLEEQVISALE [GKMOVAQAG [ DA TAQTRPE LAARL FMVA
1EEANGKHVGLTDMMVEWANE DPY LAPKHGYKGETESDLG
FDAKYHVDLGE HYADFKOWLE TSOSNG LLSKATLDESTKT
VHLGYSYQLLQDLTGAE SVOMAF Y FLKEAAKKADPLSG0S
AEMI LLKKFADOSY LSQLDSDEMDQ 1 EGTYRSSHETD L DA
WDRRYSGTGYDELTNKLASATGVDEQLAVLL DDRKGLLIG
EVHGSDVNGLR FYNEQMDATKKOGVTV IGLE HLRSDLAQP
LIDRYLATGVMSSE LSAMLETKAL DVT TRENARANGMR TV
ALDANSSARDPNVQGTENGIMY RAGAANNTAVEVL ONLIPDG
TKIVATY GKAH LQSHTKG TEGEVPG T THRLDL PALKVS DSN
OFTVEQDDVALRVVY DDVANK PK L TFKGEIGGGGSGGGES
CAGNRVRREVGESLSCHRKTLDKLDREKIETRAKOV [ 8KL
AQDGDIRRELPRRTTTGHAHREVRGV AKSRGALHE THGA
ATTVAMPLATVAWVEDMARVF REKNAT TLOKAATVSEE TVP
VAGOVLGMADG IAURDAETVAVNAVVLAA TAVSOAVEVVG
EIVDLGLTAYAVVDVVVRLFG PARTVE TTOESYWFAY SPG
HKTOPFGGGGS GGGOSARAKY AKEKYNAYYE TWOLPNLTK
YOKAATTCGKLODDPS0S SELLSEAKKTINDSQAPK GGGGSG
GOGSNAY PNLRGDLOVLACKVARTROA LV PRGSAWSH POF
BK

BEGL

GDKTKVWVDLAQT FTVORLKIRAKVFIAKD TGASY QGTT.DG
LDLVHQAKGRDOTAASFEINKEINDY T ARHP TSORNQALT
QIKEOVTSALT TGEKMOVAQAGTDATAQTRPE LAARTFMVA
TERANGKHVGL THMMVRWANE DPY LAPKHGY KGETPSDLG
FDAKYHY DLGEHYADFKOWLE TSQSNCG LLSKATLDESTKT
VHLGYSYOELODLTGAR SVOMAFY FLKEAAKKAD PTSGDS
AEMI LLKKFADOSY LSQLDSDRMDO TEGT YRESSHETDT DA
WDRRYEGTGYDELTNKLASAT GVDEQLAVLL DDRKGLLIG
EVHGSDVNGLRE FVNEQMUDALKKOGVTVIGLE HLRSDLAQP
LIDRYLATGVMSSE LEAMIKTKHLIVT LYENARANGMRIV
ALDANSSARPNVOGTEHGLMY RAGAANNTAVEVLONLEDG
EXKI'VATYCGKAH LOSHKGIEGFVPGITHRLDLPATLKVEDEN
QFTVEQDDVELRVVYDDVANK PKT TFKGSLGGGOSGGGGS
CAGNRVRRSVGESSLESCE LAKDKARD I LSEAGNEY SLIPORD

FEGL

29 RRSP-T(S.t" ZFL
(S. piniterrae))-
ZHer3-A20 £ &Y
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SDCLESKQETTATAERATREKLG TEGVHEAVIAAMVALWAHDY
ARTFADPKATKLDKAAAVTAT APVIGOAVNT ARG TOHHADEK
KTTVVNS LVLARAVVARQAVPAVGEVVDAATVADTVVERKTV
GWE'T PTAKPGPERVAPAYS PGHKTOPFGGGGSGEGGSAEA
KYAKERYNAYYETWOLPNLTKYQKAAE IGKLORRPSQSSE
LLSEAKKLNRS QAPKGGGGEGGGGSNAVENLRGI IOV LA
KVARTRQALVPRGSAWS HPQFEK

GDKTEVYVVDLAQT FTVOELKE RAKVFARKPTGASY QGTLDG
LDLVHOAKGRDOTAASFELNKKINRYTAEHP TSGRNQALT
QLEEQVTSALF TGEMOVAQARG TDATAQTRPE LAARTFMVA
LEEANGKHVGLTEMMYRWANE DPY LAPKRGY KGE TPS LG
FDAKYHVDLGE HYALFKOWLE TSQSNG LLSKATL DESTRT
VHLGYSYORLOBLTGAESVOMAFY FLKEAAKKALPTESGDS
AFMI LLEKFADQSY LEQLDSDRMEGIEGLYRSSHETD TDA
WDERYSCGTCYDELTNKLASATGVLECLAVILLDDRKGLLIG
TVHGSDVNGLEFVNEOMDA LKKOGVTY IGLEHLR SDLAQP
LIDRYLATGUMESE LEAMLKTKHLDVT TIENARANGMR TV
ALDANSSARPNVOGTENGLMY RAGAANNTAVEVLONLPDG
ERIVATY CKAHLOQSHEG TEGFVPGT THRLDL PALRKVSDSN
QFTVEQDIVSLREVVYDDVANK PE I TFKGSTGGGGSGHGGS
CACNRVRRSVGESLECKVNWK DAY DRSMNIAQD] DGEAEF
RATAPAR PAAGKAMPEADVTRLVSTSE DFLEKSTKTSGVEK
KALKATNNOKM [ SWGSLISNATANSHTWS DENATNLDKAY
AVVGGVPVLOGEVIGTASGIDEQDAESTAVNT LELVGT VAR
TYCPPLGATVE FVMIGY TATKIMLSWI'TVET ITPAYSPGHK
TOPFGOGGSOGGOGEARAKYAKEKYNAY YIL TWQLPNL TRY(
KAAR TCRLODDPSOSSE LLSEAKK LNDSOAPKGG GGS GGG

JSNAVINLEGDLOVIAQEVAR TROATV PRGEAWS IPQTEK

BELL

GADDVVDSSKS TVMENT SSYHGTKPGY VDST OKG TOKTPKS
GTOGNY DDDWKGEY STONKYDAAGY SV DNEN PLIS GKAGGY
VEVTYPGLTRVLALKVDNAET TKKELG LSL T PLMEQVGT
EETTRRTGDGASRVVLSLFFAEGE SSVEY TNNWE QAKALS
VELE TNTETRGERGODAMYEYMAQACAGNRVRREVGSSTS
CTNLDWDVIRDKTKTKIBS LKFHGP TKNKMSESPNKTVS

EEAKOYLEEFHOTALEH PELSELKTVIGTNPVFAGANYAA
WAVNVAQVI DS ETADNLEKTTAALSLLPGIGEVMGLADGA
VHHNTEE IVAQSTALSS IMVAQA L PINGELVDIGEARYNE
VESI INLFOVVINSYNRPAYSPGHKTOPIGGGGES GGGGEA
EAKY AKEKYNA YYE IWOLENLTKY OKAATTGKLODDESQS
SELLSEAKKLN DEOAPKGEGGEEGEEGENAVENLE GDLOVL

AQKVARTROALVPRCGSAWSIPOFTK

ZAGL

YANDAVIADOSKTVDSFTSYHGAK PESFESV LAG TKK PES
GEQGNHDFPEWKGFY T TDNKHAAAGY'TV SDESVMT GKAGEV
VEVTYPGK TRV LAVKPLSATE LKT YLG LAADKPL TDO LINN

FZAaL
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KDFINKFGEGASRVVLOMPFADGT S DVEY THNWE DATRLC
VATEVRF ONTGKRGODEMNRYMNTANC FSVS AVRVERNFA
KLCLSEVKWEQVREKSKRT TDNVKDNPEFMERLAS AHHERG
SAPTTEK T TALHNE LLDHESFSALKGARSSAGTANTAASA
AAWG LAVAQAF NP RADDRLTKATAVLSAV PG LGOALG TAD
GIKHHNTERTVVOS TELTALT AAQATPVVGE LV FGLLAY
QLVESIIDLTROLSVITANPPTEVTHS SKLAGGGGEGGEGEG
SAEAKYAKERKYNAYYETWOLPNLTKYOKAAE TGKLQDDPS
QSSELLSEAKKLNDSOAPRGGGGSGGEGGENAVENLRGDLO
VLAQKVARTROALVPRGSAWS HEQIEK

33 (B LS CACNRVRRSVGESLSC E
VATV EED)IY
e EER
9% CY I77(C
diphtheriae) B8 3
A
34 T M Muich< PAYSEGHKTQPF SBUL
- C.¥" 777(C.
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INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2022/051225

A. CLASSIFICATION OF SUBJECT MATTER

IPC: CO7K 19/08 (2006.01), AGIK 47/64 (2017.01), AGIP 3500 QU06.01), CO7E 14/35 (2006.01),
CO7K I4/36 (2006.01), CH7K 14/195 (200601}  (more IPCs on the last page}

CPC: COTK 14/36 (2020.01), AG6IK 47/64{2020.01), AGIP 35/00 (202001}, COTK 14/35(2020.01),
CO7K 14/195 (2020.01), CO7K 16/00 (2020.01)  (more CPCs on the last page)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Keywords used across the whole IPC and CPC.

Minimum documentation searched (classification system followed by classification syrabols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

immunotoXin.

Electronic database(s) consulied during the intemational search (name of database(s) and, where practicable, search terms used)

Databases: Google, Scopus, Questel Orbit, STN {CAPLUS, REGISTRY), GenomeQuest.
Keywords: Avstwickia chelonae, diphtheria toxin, translocation domain, cancer, Ras/Rapl-specific endopeptidase (RRSP), neoplasm, and

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™® Citation of dociment, with indication, where appropriate, of the relevant passages Relevant to claim No.
A SHAFIEE, F. et AL, "Targeted Diphtheria Toxin-Based Therapy: A Review Article" . Frontiers 5 and 22-26 (insofar as they
in Microbiology, 18 October 2019 {18-10-201%), Vol. 10, pp. 1-23, IS8N 166430ZX, <doi pertain to Group 1);
X 10.3389/fmicb.2019.02340> 1-4,6,21,27-35, 38, 39, 54, 60-
91 (insofar as they pertain to
Group 1)
VIDIMAR, V.ET AL, "An engineered chimeric foxin that cleaves activated mutant and wild- 5 and 22-26 (insofar as they
type RAS inhibits tumor growth”. PNAS, 21 July 2020 (21-07-2020%, Vol. 117(29), pp. 16938- pertain to Group 1);
16948, 1SSN 00278424, <doi: 10.1073/pnas. 2000312117 1-4,6,21,27-35, 38, 39, 54, 60-
91 (insofar as they pertam fo
Group 1)

Further documeniz are listed in the eontinnation of Box C.

[0 See patent family annex.

#  |Special categories of cited documents:
“A” |document defining the general state of the art which is not considered
to be of particular relevance
“D"" |document cited by the applicant in the international application
“E” |earlier application or paieni bat published on or after the international
filing date
“L” |document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of ancther citation or other
spocial reason {as specificd)
‘0" |document referring to an oral disclosure, use, exhibition or other means
“P” |document published prior to the internztional filing date but later than
iLe priority date claimed

“T* |later document published afier the iniermational filing date or priority
date and not in conflict with the application but cited to nnderstand
the principle or theory underlying the invention

“X” |document of panticular relevance; the claimed invention cannot be

considered novel er cannot be considered to involve an inventive

siep when the document is aken alone

“Y" |document of panticular relevance; the claimed invention cannot be

idered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” |document member of the same patent family

Date of the actual completion of the interational search
24 November 2022 {24-11-2022)

Date of mailing of the imternational search report
25 November 2022 (25-11-2022)

Name and mailing address of the ISA/CA
Canadian Intellectual Property Office

Place du Portage I, C114 - 1st Floor, Box PCT
50 Victoria Street

Gatinean, Quebee K1A 0C9

Facsimile No.: §19-953-2476

Authorized officer

Darryl Jones (873) 354-9761
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C (Continmation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category® | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

LI, Z. et AL, "HER2targeting recombinant protein with trnmcated pseudomonas exotoxin
A translocation domain efficiently kills breast cancer cells". Cancer Biology and

X Therapy, | August 2008 {01-08-2008), Vol. 7(8), pp. 1226-1231, ISSN 15384047, <coi:
10.4161/cht.7.8.6261>

MANSFIELD, MLI et AL, "Identification of a diphtheria foxindike gene family bevond
the Corynebacterium gerus™. FEBS Letters, 16 August 2018 (16-08-2018), Vol. 592(16),
X pp. 2693-2705, ISSN 00145793, <doi: 10.1002/1873-3468.13208>

5 and 22-26 {insofar as they
pertain to Group 1);
1-4,6,21,27-35, 38, 39, 54, 60-
91 (insofar as they pertain o
Group 1)

5 and 22-26 (insofar as they
pertam to Group 1);
1-4, 6, 21,27-35, 38, 39, 54, 60-
91 (insofar as they pertain to
Group 1)
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INTERNATIONAL SEARCH REPORT brternational application No.
PCT/CA2022/051225
Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the miermnational application, the mternational search was carmed out
on the basis of a sequence listing:

a X forming part of the infernational application as filed.

b. O furnished subsequent to the international filing date for the purposes of international search (Rule 137er. 1{a)),

accompanied by a statement o the effect that the sequence listing does not go beyond the disclosure in the
international application as filed.

2. O With regard io any oucleatide end/or amino acid sequence disclosed in the international application, this reporthas been
established to the extent that a meaningful search could be carried out without a WIPO Standard ST.26 compliant
sequence listing.

3. Additional comments:

Torm PCI/ISA210 {continuation of first sheet (1)) (Yuly 2022)
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ATIONAL SEARCH RT International application No.
INTERN RERO PCT/CA2022/051225
Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of the first sheet)

This mtemational search report has noi been esiablished in respect of certain claims umder Article 17¢2)a) for the following reasons:

1. O Claim Nos.:
because they relate to subject matter not required o be searched by this Authority, namely:

2. 0 Claim Nos.:
because they relate to parts of the infernational application that do not comply with the prescribed requirements to such an extent that
no meaningful international search can be carried out, specifically:

3. 0 Claim Nos:
because they are dependent claims and are not drafied m accordance with the second and third sentences of Rule 6.4{a).

BoxNo. III Observations where unity of imvention is lacking (Continuation of item 3 of first sheet)

This Intemational Searching Authority found multiple inventions in this international application, as follows:

Group I: Claims 6, 38 and 39 (all completely); and claims 1-5, 21-35, 54 and 60-91 (all partially} xelate to a recombinant polypeptide
comprising (a) 2 cargo molecule, (b) a translocation polypeptide, and {(c) a targeting moiety (claims 1-6, 21-35, 38, 39, 54 and 60-82), a nucleic
acid encoding the recombinant polypeptide (claim 83), and compositions {claims 84 and 85}, methods of delivery or treatment (claims 86 and
89), and uses {claims 87, 88, 90 and 91) comprising the recombinant polypeptide, wherein said translocation polypeptide comprises the CT1
translocation domain defined by SEQ ID NO:3 from the Austwickia chelonae protein defined by SEQ ID NO: 2 or 2 translocation domzin that
is at least 304 identical SEQ ID NO:3.

Continued on extra sheet

1. O As all required additional search fees were timely paid by the applicant, this infemational search report covers all searchable claims.

2. [0 Asall searchable claims conld be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. O Asonly some of the required additional search fees were timely paid by the applicant, this international search report covers only
those claims for which fees were paid, specifically claim Nos.:

4. B No required additional search fees were timely peid by the applicant. Consequently, this international search report is restricted to the
mvention first menfioned in the claims; it is coverad by ¢laim Nos.:
6, 38 and 39 (all completely); and claims 1-5, 21-35, 54 and 60-91 (all partially) which relate io & recombinant polypeptide comprising (&) &
cargo molecule, {b) a translocation polypeptide, and (c) a targeting moiety, wherein said translocation polypeptide comprises the CT1
translocation domain defined by SEQ 1D NO:3 from the Austwickia chelorae protein defined by SEQ ID NO: 2 or a translocation domain that
is at least 80% identical SEQ ID NO:3. {(Group 1)

Remark on Protest O  The additional search fees were accompanied by the applicant’s protest and, where applicable, the payment
of a protest fee.
[0 The additional search fees were accompanied by the applicant's protest but the applicable protest fee was not
paid within the time it specified in the invitation.

U No protest accompanied the payment of additional search fees.

Form PCTASA/210 (continuation of first sheet {2)) (July 2022)
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INTERNATIONAL SEARCH REPORT Intemnational application No.

Information on petent family members PCT/CA2022/051225

Continvation of Box No. Il Observations where unity of invention is lacking

Group 2: Claims 7, 10, 11, 13, 14 and 44 (all completely), 45 (completely in regards to SEQ ID NO:11), and 1-3, 5, 21-35, 54 and 60-91 (all
partially) relate to a recombinant polypeptide comprising (2) a cargo molecule, (b) a tranglocation polypeptide, and (¢} a targeting moiety, a
nmucleic acid encoding the recombinant polypeptide {claim 83), and compositions {claims 84 and §5), methods of delivery or freatment (claims
86 and 89), and uses (claims 87, 88, 90 and 91} campriging the recombinant polypeptide, wherein said translocation polypeptide comprises a
translocation demain defined by one of SEQ ID NOs: 4, 7, 8, 10 and 11 {which have greater than 95% identity to each other) or a translocation
domain that iz at least 80% identical thereto.

Group 3: Claims 8, 46 and 47 (all completely) and 1-3, 5, 21-35, 54 and 60-91 (all partially) relate to a recombinant polypeptide comprising
(2) a cargo molecule, (b) a translocation polypeptide, and (¢) 2 targeting moiety, a nucleic acid encoding the recombinant polypeptide (claim
33}, and compositions {claims §4 and 85), methods of delivery or treatiment (claims 86 and 899, and nses (claims 87, 88, 90 and 91}
comprising the recombinant polypeptide, wherein said translocation polypeptide comprises a translocation domain defined by SEQ ID NO: 5
or A translocation domain that is af least 80% identical thereto.

Group 4: Claim 9 (completely) and 1, 2, 5, 21-35, 54 and 60-91 (all partially) relate to a recombinant polypeptide comprising (2) a cargo
molecule, {b) a translocation polypeptide, and (¢} a targeling moiety, a nucleic acid encoding the recombinant polypeptide (claim 83), and
compositions (claims 84 and 85), methods of delivery or treatment (claims 86 and 89), and uses (claims 87, 88, 90 and 91) comprising the
recombinant polypeptide, wherein said translocation polypeptide comprises a translocation domain defined by SEQ ID NO: 6 or a
translocation domain that is at least 80% identical thereto.

Group 5: Claims 12, 50 and 51 (21l completely) and 1, 2, 5, 21-35, 54 and 60-91 (all partially) relate to 2 recombinant polypeptide comprising
(2) a cargo molecule, (b) a translocetion polypeptide, and (¢} & targefing moiety, a nucleic acid encoding the recombinant polypeptide {claim
83), and compositions {claims 84 and 85), methods of delivery or treatment (claims 86 and 8%), and uses {claims 87, 88, 90 and 31}
comprising the recombinant polypeptide, wherein said translocation polypeptide comprises a tramslocation domain defined by SEQ IDNO: 9
or 4 translocation domain that is at least 80% identical thereto.

Group §: Claim 15 (completely) and 1, 5, 21-35, 54 and 60-91 (all partially) rclate to a recombinant polypeptide comprising (&) a cargo
molecule, {(b) a translocation polypeptide, and {c) a targeiing moiety, a nuckeic acid encoding the recombinant polypeptide {claim 83), and
compositions (tlaims 84 and 83), methods of delivery or treatment (claims 86 and 89), and uses (claims 87, 88, 90 and 91) comprising the
recombinant polypeptide, wherein said translocation polypeptide comprises a translocation domeain defined by SEQ ID NO: 12 ora
translocation domain that is at least $0% identical thereto.

Group 7: Claims 16, 52, 53, 58 and 59 (all completely) and 1, 2, 5, 21-35, 54 and 60-91 ¢all partially) relate fo a recombinant palypeptide
comprising (a) a cargo molecule, () a translocation polypeptide, and (c) a targeting moiety, a nucleic acid encoding the recombinant
polypeptide (claim £3), and compositions (claims 84 and 85), methods of delivery or treatment (claims 86 and 39, and uses (claims 87, 88, $0
and 91} comprising the recombinant polypeptide, wherein said translocation polypeptide comprises a translocation domain defined by SEQ 1D
NO: 13 or a translocation domain that iz at least 80% identical thereto.

Group 8: Claim 17 (completely) and 1, 5, 21-35, 54 and 60-91 (all partially) relate to a recombinant polypeptide comprising {a) a cargo
molecule, {b) 8 translocation polypeptide, and (¢} a targeting moiety, a nucleic acid encoding the recombinant polypeptide {claim 83), and
compositions (claims 84 and 83), methods of delivery or treatment (claims 86 and 89), and uses (claims 87, 88, 90 and 31) comprising the
recombinant polypeptide, wherein said translocation polypeptide comprises a translocation domain defined by SEQ ID NO: 14ora
translocation domain that is at least 0% identical thereto.

Group 9; Claims 18, 4B, 49 and 55-57 {all completely) and 1, 2, 5,21-35, 54 and 60-91 {all partially) relate to a recombinant polypeptide
comprising (a) a cargo molecule, (b) a iranslocation polypeptide, and (c) a targeting moiety, a nucleic acid encoding the recombinant
polypeptide (claim 83), and compositions (claims 84 and 85), methods of delivery or treatment (claims 86 and 89}, and vses (claims 87, 88, 90
and 91} comprising the recombinzant polypeptide, wherein said translocation polypeptide comprises a translocation domain defined by SEQ 1D
NO: 15 or a translocation domain that 1z at least 80% identical thereto.

Gronp 10: Claims 19, 42 and 43 (all completely) and 1-3, 5, 21-35, 54 and 60-91 (all partially) relate to a recombinant polypeptide
comprising (a) a cargo molecule, (b) a translocation polypeptide, and (c) a targeting moiety, a nucleic acid encoding the recombinant
polypeptide (claim 83), and compositions {claims 84 and 85), methods of delivery or treatment (claims 86 and 89%, and vses (clnims 87, 88, %0
and 91} comprising the recombinant polypeptide, wherein said translocation polypeptide comprises a translocation domain defined by SEQ 1D
NO: 16 or a franslocation domain that is at least 80% identical thereto.

Group 11: Claims 20, 40 and 41 (all completely) and 1-5, 21-35, 54 and 60-91 (all partially) relate to a recombinant polypeptide comprising
(n) & cargo molecule, (b) a translocation polypeptide, and (¢} & targeting moiety, a nucleic acid encoding the recombinant polypeptide {claim
83), and compositions {claims 84 and 85), meihods of delivery or freaiment (claims 86 and 89), and uses {claims 87, 88, 90 and 91}
comprising the recombinant polypeptide, wherein said translocation polypeptide comprises a translocation domain defined by SEQ ID NO: 17
or a translocation domain that is at least 8% identical theretn.

Form PCT/ASA210 (patent family annex ) {July 2022)
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International application No.

INTERNATIONAL SEARCH REFORT PCT/CA2022/051225

Continvation of Box No. Il Observations where unity of invention is lacking

Groups 12-22: Claims 1, 2, 21-35, 54 and 60-91 (all partially) relaie to a recombinant polypeptide comprising (a) a cargo molecule, {b) a
translocation polypeptide, and (c) a targeting moiety, a nucleic acid encoding the recombinant polypeptide (claim 83), and compositions
(claims 84 and 85), methods of delivery or treatmenit (claims 86 and 89), and vses (claims 87, 88, 90 and 91) comprising the recombinant
polypeptide, wherein said translocation polypeptide comprises a translocation domain defined by one of SEQ ID NOs: 3641 and 4448 or a
translocation demain that is at least $0% identical thereto, wherein each of SEQ ID NOs: 36-41 and 4448 represents a separate invention.

Group 23: Claims 1, 2, 21-35, 54 and 60-91 (all partially) relate to a recombinant polypeptide comprising (a) a cargo molecule, (b) a
translocation polypepiide, and (c) a targeting moiety, a nucleic acid encoding the recombinant polypepiide (claim 83), and compositions
(claims 84 and 85), methods of delivery or treatment (claims 86 and 8%), and uses (claims 87, 88, 90 and 91) comprising the recombinant
polypeptide, wherein said translocation pelypeptide comprises a translocation domain defined by one of SEQ ID NO: 42 or 43 {which have
81.98% identity to each other) or a translocation domain that is at Jeast 80% identical thereto.

Group 24: Claims 36 and 37 {all completely); and clatms §3-91 (all partially) relate to a recombinant polypeptide comprising (a) a cargo
molecule, {b) a translocation polypeptide, and (c) a targeting moiety comprising the sequence of SEQ ID NO: 22 or a sequence at least 80%
identical thereto, a nucleic acid encoding the recombinant polypeptide (claim 83), and compositions (claims 84 and 85), methods of delivery
or treatment (claims 86 and 39}, and uses (claims 87, 88, 90 and $1) comprising the recombinant polypeptide. The recombinant polypeptide
defined by SEQ 1D NO: 22 camprises the diphiheria toxin {DT) translocation domain from Corynebacterium diphtherige (SEQ ID NO: 1). 1t
isnoted claims 36 and 37 depend on any one of claims 1 to 4, but claims 1 to 4 do not define a translocation domein from Corynebacterivm
diphtherige.

Reference is made to the following documents:

D1: SHAFIEE, F. et AL, "Targeted Diphtheria Toxin-Based Therapy: A Review Article”. Frontiers in Microbiology, 18 October 2019 (18-10-
2019}, Vol. 10, pp. 1-23,I1SSN 1664302X, <doi: 10.3389/fmicb.2019.02340>

D2: VIDIMAR, V.ET AL, "An engineered chimeric toxin that cleaves activated mutant and wild-type RAS inkibits tumor growth”. PNAS, 21
July 2020 21-07-2020), Vol. 117{29), pp. 16938-16948, ISSN 00278424, <doi: 10.1073/pnas.2000312117>

D3: L1, Z. et AL, "HER 2-targeting recombinant profein with runcated pssudpmonas exotoxin A wranslocation domain efficiently kills breast
cancer cells". Cancer Biology and Therapy, 1 Angust 2008 (01-08-2008), Val. 7(8), pp. 1226-1231, ISSN 15384047, <doi:
10.4161/cbt.7.8.6261>

D4: MANSFIELDy, MLJ. et AL, "Identification of a diphtheria toxin-like gene family beyond the Corynebacterium genus™, FEBS Leiters, 16
August 2018 {16-08-2018), Vol. 592(16}, pp. 2693-2705, ISSN (0145793, <doi: 10.1002/1873-3468.13208>

D1 reviews diphtheria toxin based therapies for targeted treatment of cancers. D1 disclogses immunotoxin fusion proteins comprising a
diphtheria toxin {IDT) moiety, comprising an A fragment that includes a catalytic domain that stops protein synthesis within eukaryotic cells
and a portion of the B fragment comprising a fransmembrane domain, fused to a fargeting moiety (see Table I).

D2 discloses a pan-RAS biologic inhibitor composed of the RAS-RAP1-specific endopeptidase (RRSP) fused fo the protein delivery
machinery of diphiheria toxin {IDT). The disclosed chimeric foxin comprises RRSP fused to the DT B fragmeni that includes both a
translocation domain and a receptor-binding domain (see Figure 1).

D3 discloses a recombinant polypeptide comprising constititively active grmnzyme B (ImmunoGrB), the translocation domain of
Psceudomonas exotoxin A (PEAIL), and an antibody targeting mouety (see Figure 1).

D4 discloses a diphtheria toxin (DT ) like gene family in several bacterial lineages outside of Coryriebacterium, including Austwickia and
Streptomyces, including the Austwickia sequence (WP_040322835.1) having 85.84% identity te SEQ 11 NO:3. These DT-like genes form
sister lineages in the DT phylogeny and censerve key DT features including catalytic and translocation motifs (see Table 1 and Figures 3-5).

As required by PCT Rule 13.1, the application shall relate to one mvention only or to a group of inventions so lmked as to form 2 smgle
general invenfive concept. The common inventive concept linking the inventions of Groups 1-24 is seen as a recombinant polypeptide
compiising (a) a cargo molecule, (b) a translocation polypeptide, and (¢} a targeting moiety. However, this concept is already independently
knovwn from D1 and D2, which disclose different immunotoxin fusion proteins comprising the DT translocation domain. The inventive
coneept linking the inventions of Groups 1-23 is seen as a recombinant polypeptide comprising (a) a carge molecule, (b) a translocation
polypeptide, and (c) a targeting moiety, wherein the translocation domain is net from DT. However, this concept is already known from D3
which discloges a recombinant polypeptide comprising the translocation domain of Peeudomonas exotoxin A (PEAIT). Furthetrmore, D4
discloses several DT-like genes encoding peptides which comprise alternate catalytic and translocation motifs that share conservation with
DT. Ti follows, the features a recombinant polypeptide comprising (a) a cargo molecule, {b) a translocation polypeptide, and (c) a targeting
moiety or said recombinant polypeptide wherein the translocation domain is not from DT were already known in the art, and cannot serve as a
single general inventive concept a posterori linking the claimed subject matter.

Therefore, the requirement of wnity of invention referred to in PCT Rule 13.1 has not been fulfilled because there is no technical feature
amony the alleged inventions identified above that defines a contribution over the prior art and the claimed inventions are not linked so as to
form a single general inventive concept.
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