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COMPOSITIONS AND METHODS FOR THE PRODUCTION OF COMPOUNDS

Background

Polyketide natural products are produced biosynthetically by polyketide synthases (PKSs}), e.g.,
type | polyketide synthases, in conjunction with other tailoring enzymes. Polyketide synthases (PKSs) are
a family of large, multi-domain proteins whose catalytic functions are organized into modules to produce
polyketides. The basic functional unit of polyketide synthase clusters is the module, which encodes a 2-
carbon extender unit, e.g., derived from malonyl-CoA. The modules generally present in a polyketide
synthase include i) a loading module; ii) extending modules; and iii} releasing modules. Within the
module, the minimal domain architecture required for polyketide chain extension and elongation includes
the ketosynthase (KS), acyl-transferase (AT) and the ACP (acyl-carrier protein} domains, and the specific
chemistry of each module is encoded by the AT domain and by the presence of the B-ketone processing
domains: ketoreductase (KR}, dehydratase (DH), and enoylreductase (ER) domains. Polyketide
synthase biosynthesis proceeds by two key mechanisms: polyketide chain elongation with a polyketide
synthase extending module and translocation of the polyketide intermediate between modules.
Productive chain elongation depends on the concerted function of the numerous catalytic domains both
within and between modules.

Combinatorial biosynthesis is a general strategy that has been employed to engineer polyketide
synthase (PKS) gene clusters to produce novel drug candidates (Weissman and Leadlay, Nature
Reviews Microbiology, 2005). To date, these strategies have relied on engineering PKS domain
deletions and/or domain swaps within a module or by swapping an entire module from another cluster to
produce a chimeric cluster. The problem with this approach is that protein engineering of the polyketide
megasynthases via wholesale domain and/or module replacement, insertion, or deletion can perturb the

“assembly line” architecture of the PKS, thus drastically reducing the amount of polyketide synthesized.

Summary of the Invention

The present disclosure provides compositions and methods for use in combinatorial biosynthesis
of polyketides without a significant loss of compound production by module swapping between polyketide
synthase genes. Bioinformatics approaches may be used to predict module interface compatibility and
therefore, the likelihood that a heterologous module may be swapped into a PKS gene. The resulting
compatibility information may be used to engineer a polyketide synthase with an increased likelihood of
functioning in assembly-line polyketide biosynthesis.

Accordingly, in one aspect, the disclosure provides an engineered polyketide synthase that
includes one or more heterologous modules with altered enzymatic activity relative to a reference
polyketide, wherein the engineered polyketide synthase is capable of producing a polyketide when
expressed under conditions suitable to allow expression of a compound by the engineered polyketide
synthase and wherein the one or more heterologous modules do not substantially inhibit polyketide
translocation during polyketide biosynthesis.

In another aspect, the disclosure provides an engineered polyketide synthase including one or
more heterologous modules with altered enzymatic activity relative to a reference polyketide, wherein the

engineered polyketide synthase is capable of producing a polyketide when expressed under conditions
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suitable to allow expression of a compound by the engineered polyketide synthase and wherein the one
or more heterologous modules include linking sequences which are compatible to the linking sequences
of the modules adjacent thereto.

In another aspect, the disclosure provides an engineered polyketide synthase including one or
more heterologous modules with altered enzymatic activity relative to a reference polyketide, wherein the
engineered polyketide synthase is capable of producing a polyketide when expressed under conditions
suitable to allow expression of a compound by the engineered polyketide synthase and wherein the
polyketide expression level of the engineered polyketide synthase is at least 1% (e.g., at least 1%, at
least 2%, at least 3%, at least 4%, at least 5%, at least 6%, at least 7%, at least 8%, at least 9%, at least
10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%, at least 100%, at least 110%, at least 120%, at least 130%, at least 140%, at least 150%) of
the polyketide expression level of the reference polyketide synthase.

In some embodiments, the polyketide expression level of the engineered polyketide synthase is
at least 1-10% (e.g. at least 1-10%, at least 11-20%, at least 21-30%, at least 31-40%, at least 41-50%, at
least 51-60%, at least 61-70%, at least 71-80%, at least 81-90%, at least 91-100%, at least 101-110%, at
least 1111-120%, at least 121-130%, at least 131-140%, at least 141-150%). In some embodiments, the
engineered polyketide synthase includes one or more heterologous modules with native linking
sequences.

In some embodiments, the engineered polyketide synthase may include one, two, three, or more
heterologous modules. In some embodiments in which the engineered polyketide synthase contains
multiple heterologous modules, the heterologous modules may be adjacent in the engineered polyketide
synthase. In some embodiments in which the polyketide synthase contains multiple heterologous
modules, any of the modules may be separated by one or more native modules in the engineered
polyketide synthase.

In some embodiments of any of the above described aspects, at least one of the one or more
heterologous modules is an elongation module which modifies a B-carbonyl unit in the variable region of
the polyketide.

In some embodiments of any of the above described aspects, at least one of the one or more
heterologous modules includes a portion having at least 90% identity to any one of SEQ ID NO: 1-174.

In some embodiments of any of the above described aspects, at least one of the one or more

heterologous modules includes a portion having the sequence of any one of SEQ ID NO: 1-174.

SEQ ID NO: 1

QPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPVDRGWDVDGLYDPDPDVPGKSYTVEGGE LDAVTGEDAPEE
GISPREALAMDPQORLVLEASWEAFERAGIEPGSVRGSDTGVEMGAFPGGYGTGADLGGEGMTGGAASVLSGRVSYE
FGLEGPAMTVDTVCSSSLVALHOQAGYALRHGECSLALVGGVIVMSTPQTEFVEFSRORGLAADGRCKAFSDDADGTGW
SEGVGVLLVERLSDAQARGHNILAVVRGSAVNQDGASNGLTAPNGPSQORVIRQALANAGLTGADVDVVEAHGTGTT
LGDPIEAQAVIATYGODRDOPVLLGSLKSNLGHTQAAAGVSGVIKMVMALONGVVPRTLHVEEPSRHVDWTAGAVEL
VIENQPWPELGRARRAAVSSEFGLSGTNAHVILESAPDQPPAPSTDSPVSAVTAGVVPLPISAKTLPALADLEDRLRT
YLTTTPDTDLPAVASTLATTRSLEFEHRAVLLGEDTVIGTAIPDPRVVEVEPGQGWOWQOGMGSALLTSSTVEAERMAE
CAAALSEFVDWDLLTVLDDPSVVDRVDVVQPACWAVMISLAAVWQAAGIHPDIVLGHSQGEIAAACLAGAISLPDAA
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RIVAQRSQLIAHQLGHGAMASISLPADDIPTTDQVWIAAHNGTSTVIAGDPQAVEAVLATCETRGARVRKINVDYAS
HTPHVEQIRTELLDITTGIEAHTPAVPWLSTTDNTWIDQPLDPTYWYRNLREPVREFGPAIDLLOTODNNLEIEISAS
PVLLOTMDNAATVATLRRDEDTTHRLLTAFAEAHVHGATINWPTVLDTTTTPVDLPTYPFQRORYWATSNGHPADLT
PEALLKVVRDSAAMVLGHASADTVPTATAFQELGLDSLTAVELRNSLTKATGLRLPATMAFDYPTPDALAARL

SEQID NO: 2
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAITDEFPTDRGWDTDTLEDPDPDTPGKTYTVHGGE LDDVAGEDAPEE
GISPREAVAMDPQORLVLESSWEAFERAGIQPDSIRGSDTGVEMGAYPDGYGIGADLAGEGVTAGAGSVLSGRVSYFE
FGLEGPAMTVDTACSSSLVALHQAAYALRQGECSLALVGGVIVMPSPRTF IEFSRORGLAADGRSKAFADAADGTGE
SEGVGVLLVERLSDAQAKGHNILALVRSSAVNQDGASNGLTAPNGPSQORVIQSALAGAGLTSADVDVVEAHGTGTT
LGDPIEAQAVLATYGQODRDRPVLLGSLKSNLGHTQAAAGVSGVIKMVMALQHNTVPATLHVDAPSRHVDWTAGAVRL
ATENQPWPETNRPRRAGVSSEGVSGTNAHVILEQAPAASPVEPVDTTDVVVPLVVSARSSGSLSDQADRLAALVGSP
DAPALTSLADALLTRRIVESQRAVVVAGSHEQAAAGLRALAAGDSHPALVTGAAGPARVVLVEPGOGSOQWAGMGAEL
LDASPVFAARIAECAEALRPWVDWSLDEVLRGDASADVLGRVDVVQPASFAVMVGLAAVWESAGVRPDAVLGHSQGE
IAAAYVAGALSLTDAAKIVAVRSRLIAARLGRGGMASVALAPEEAAKLGRTELAAVNSPASVVIAGDAEALDETLAM
LEGEGVRVRRVAVDYASHTPHVEELEQSMAEALADVRSROPRVRELSTVIGDWVTEAGALDGGYWYRNLRQPVREGP
AVASLAEAGYTVEVEASAHPVLVQPVAETLDRTDAVVIGTLRRODGGLPRLLTSMAELEVGGVPVNWPVLLPAGAVR
GWVDLPTYAFDHOQRYWLENRELTPEALLKLVCGRAAAVLGHVDADAVPVAAAFRDLGVDSLTAVELRNSLAKATGLR
LPATLVFDYPTPTVLAGRL

SEQID NO: 3
EPLAIVGMACRLPGGVLSPEDLWRLVESGGDAISGEFPVDRGWDVENLEDPDPDAAGRTYAVRGGE LDGAAGEDASEFE
GISPREAQAMDPQORLVLEVSWEAFERAGIEPGSVRGSDTGVEMGAYPGGYGMGTDLGGEGMT SVAVSVLAGRVSYFE
FGLEGPAMTVDTACSSSLVALHQAGSALRQGECSLALVGGVIVMPTPQTEFVEFSRORGLAADGRCKAFADAADGTGE
SEGVGVLLVERLSDAQARGHNILAVVRGSAVNQDGASNGLTAPNGPSQORVIQSALAGAGLTSADVDVVEAHGTGTT
LGDPIEAQAVIATYGODRDOPVLLGSLKSNLGHTQAAAGVSGVIKMVMALONGVVPRTLHIDEPSRHIDWTAGAVEL
VITENQSWPETGRDRRAAVSSEFGISGTNAHVILESAPAQPVPPVDTPVSDVTAGVVPLPISARTVPALADLEDRLRAY
LTTTPETDLPAVASTLAMTRSVFEHRAVLLGEETVTGIAVSDPRVVEVESGOGSQRVCGMGEELAAAFPLEFARLHRQV
WDLLDVPDLEVDDTGYVQPALFALQVALFGLLESWGVRPQAVLGHSVGEVAAGYVAGVWSLEDACTLVSARARLMQA
LPAGGAMVAVPVSEEQARAVLVDGVEIAAVNGPASVVLSGDESAVLRVAEGLGRWIRLSASHAFHSVRMEPMLEEEFR
QVASELTYREPRIVMAAGEQVITPEYWVRQVRDTVREGDQVAAFGDAVELEIGPDRTLSRLIDGIAMLDGDDEVRAA
VAALAVMHVQGVGVDWPAILGTTTGRVLDLPTYAFQHERYWMVIQELSPEALLKIVRDSAAMVLGHANADTVPTATA
FOELGLDSLTAVELRNSLTKATGLRLPATMAFDYPTPAALAGRL

SEQID NO: 4

EPLAIVGMACRLPGGVSTPEDLWRLVESGTDAITDEFPTDRGWDTDDLEDPDPDTPGKTYTVHGGE LDDVAGEDASEFE
GISPREALAMDSQORLVLEASWEAFERAGIEPGSVRGSDTGVEMGAYPDGYGIGVDLGGEGATAGAGSVLSGRLSYF
FGLEGPAMTVDTACSSSLVALHQAGSALRQGECSLALVGGVIVIANPQIFVEFSRORGLAADGRCKAFADNADGTGE
SEGVGVLLVERLSDAQARGHNILALVRSSAVNQDGASNGLTAPNGPSQORVIRQALANAGLTGAEVDVVEAHGTGTT
LGDPIEAQAVLATYGODRDOPVLLGSLKSNLGHTQAAAGVSGVIKMVMALRHDTVPATLHIDEPSRHIDWTAGAVEL
VIENQPWPVLDRPRRAAVSAFGVSGINAHVILESAPDQPPASATDTPAPAVTAGVVPLPISAKTVPALADLEDRLRA

YLTTTPETDLPAVASTLATTRSLEFEHRAVLLGEDTVIGTTIPDPRIVEVEPGOQGWOWQOGMGSALLTSSTVEFAERMAE
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CAAALSEFVDWDLLTVLDDPSIVDRVDVVQPACWAVMISLAAVWQAAGIHPDIVLGHSQGEIAAACLAGAISLPDAA
RIVAQRSQLIAHQLGHGAMASISLPADDIPTTDKVWIAAHNGTSTVIAGDPQAVEATILATCETRGARVRKINVDYAS
HTPHVEQIRTELLDITTGIEAHTPTVPWLSTIDNTWIDQPLDPTYWYRNLREPVREFGPAIDLLOTODNNLEIEISAS
PVLLOTMDNATTVATLRRDEDTTOQRLLTAFAEAHVHGATINWPTVLNTTTTPVDLPTYPFQRORYWATSNDRLNGRT
SVEQHRIMVELVLAHATSVLGHESPDAIAPDRAFKDLGMDSLTAIELRNHLVAETGVRLPATTAFDHPTADDLAKRL

SEQID NO:5
EPIAIVSMSCRAPGGVDSPESLWRLVESGTDAITDEPGDRGWDVAGLYSPDPTGYKTYCVQGGE LDAAADEDAAFEG
ISPREALGMDPOQORLLLETSWEAIERARIDPRSLPGRNVGVYVGGAAQGYGVGAIDQORDNVITGSSISLLSGRLSY
ALGLEGPGVIVDTACSSSLVALHLACQALRQRECSMALVSGVSVIPTPDVEVEEFSRORGLAADGRCKSESASADGTI
WAEGVGVLVLERLSEATRLGHRVLAVVRGSAVNSDGASNGLTAPNGVSQQRVIRQALTGAGLTAADVDVVEAHGTGT
KLGDPIEAEAILATYGQODRSTPVCLGSLKSNIGHAMAASGVLAVIKMVEAMRHGLIPRTLHVEEPSPHVDWASGDVA
LLTENQPWPDDAKLRRAGVSSEFGLSGTNAHVVLEQYRAPAAPDITTTEHQPLAWTLSARDPKALREQAGRLHAALTE
SPRWRPLDIGYSLATTRSNEAHRAVAVGSDRELLRALSKLADGSAWPALVTATAKDRRVAYLEDGQGSQRPDMGSGL
YERFPAFARAWDRISAEFGKHLDHSLTDVYLGRGDAATADLVDDTLYAQAGLETMEIALFELLAEWGVRPDEVSGHS
IGETAAAYAAGVLSLEDVTKLIVARGRALRQVPPGAMVALRAGEDEAREFLGRTGAALDLAAVNSPTSVVVSGASEA
VAGFRARWTESGREARTLNVRHAFHSRHVEAVLGEFREVLESLTEFRTPALPVVSTVIGRLIEPTELSTSEYWLRQVR
QTVRFHDAVRELSGQGVGTEVEIGPSGALASAGLECLGDEASFHAVORPGSPGDVCLMTAVAELHAGGTTVDWATVL
AGGRATDLPVYPFQHGSYWLAPARPSAPEEPRTMLELVRLEAAIALSITDPGLIADDSSELDLGEDSISALRLSNRL
AAVIGLDLPPSLLFDHPTPAELAARLD

SEQID NO: 6
EPLAIVGMACRLPGGVSSPDDLWRLVASGTDAISEFPADRGWDVDNLYDPDPDAPGKTYTVLGGE LDGVAGEDASEFE
GISPREALAMDPQORLMLEVSWEAFEHAGIPPRSVRGSDTGVEMGAFPSGYNAGLEEFGMTGDAVSVLSGRVSYFREG
LEGPAITVDTACSSSLVALHQASSALRQGECSLALVGGVIVLATPQTEFVEFSRORGLALDGRSKAFADAADGAGWAE
GVGVLVVERLSDARAKGHQIWGVIRGSAVNQDGASNGLSAPNGPSQORVIRQALANAGLAPHEVDVVEAHGTGTMLG
DPIEAQAVIATYGODREQPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQHDTVPATLHVDAPSRHVDWTAGAVELVT
ENRPWPETGRVRRAGVSSFGISGTINAHVILESAPEQPASPPEAVAPVVASDRVPLVISAKTPAALAEMENRLRAYLA
AAPGADPRAVASTLATARSVEFEHRAVLLGENTITGTVAGADPRVVEVEPGOQGWQOLGMGRALRESSPVEAARMAECA
AALSEFVDWDLETMLDDPAVIDRIDVLOPACWAVMMS LAAVWQAAGVRPDAVIGHSQGEIAAACVAGALSLRDAART
VALRSQLLAREMGHGVMAAVALPADDIPLVDGVWIGARNGPSSTVISGTPEAVEVVVAACEERGARVRRITAAVASH
SPLGEKIRTELLGISASIPSRTPVVPWLSTADGIWIEAPLDPAYWWRNLREPVGEGPAVDLLOARGENVELEMSASP
VLLPAMNDAVIVATLRRDDDTPDRMLTALAEAHAHGVIVDWPRVEFGSTTRVLDLPTYAFEHQRYWAVNGRPADLTPE
ALLKLVCGRAAAVLGHVDADAVPVAVAFRDLGVDSLTAVELRNSLAKATGLRLPATLVEFDYPTPTVLAGRL

SEQID NO: 7

EPLAIVGMACRLPGGVLSPEDLWRLVESGGDAISGEFPVDRGWDVENLEDPDPDAAGRTYAVRGGE LDGAAGEDASEFE
GISPREAQAMDPQORLVLEVSWEAXERAGIEPGSVRGSDTGVEMGAYPGGXGXGTDLGGEGMTSVAVSVLAGRVSYFE
FGLEGPAMTVDTACSSSLVALHQAGSALRQGECSLALVGGVIVMPTPQTEFVEFSRORGLAADGRCKAFADAADGTGE
SEGVGVLLVERLSDAQARGHNILAVVRGSAVNQDGASNGLTAPNGPSQORVIRQALANAGLAGAEVDVVEAHGTGTT
LGDPIEAQAVIATYGODRDOPVLLGSLKSNLGHTQAAAGVSGVIKMVMALRHDTVPATLHIDEPSRHIDWTAGAVEL

VTENQSWPETGRDRRAAVSSFGISGTNAHVILESAPAQPVPPMDTPVSAVTAGVVPLP ISARTVPALADLEDRLRAY
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LTATPETDLPAVASTLAVIRSVFEHRAVLLGEETVTIGIAVSDPRVVEVESGOGSQRVCGMGEELAAAFPLEFARLHRQV
WDLLDVPDLEVDDTGYVQPALFALQVALFGLLESWGVRPQAVIGHSVGEVAAGYVAGVWSLEDACTLVSARARLMQA
LPAGGAMVAVPVSEERARAVLVDGVEIAAVNGPASVVLSGDESAVLRVAEGLGRWIRLSASHAFHSVRMEPMLEEEFR
QVASELTYREPRIVMAAGEQVITPEYWVRQVRDTVREGDQVAAFGDAVELEIGPDRTLSRLIDGIPTLHGDDEQHAV
VAALAELHVQGVPIDWSSILGVNPARVDLPTYAFQHERYWMVIQELSPEALLKIVRDSAAMMLGHPNTDATIAATTAFE
RDLGVDSLIAVELRNSLAKATGLRLPATLVEDYPTPTVLAGRL

SEQID NO: 8
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAITDEFPTDRGWDTDDLEDPDPDTPGKTYTVHGGE LDDVAGEDASEFE
GISPREAQAMDPQORLVLEAAWEAFERAGIEPGSVRGSDTGVEMGAYPGGYGIGVDLGGEGATAGAGSVLSGRLSYFE
FGLEGPAMTVDTACSSSLVALHQAGSALRQGECSLALVGGVIVIANPQIFVEFSRORGLAADGRCKAFADSADGTGW
SEGVGVLLVERLSDAQARGHNILAVVRGSAVNQDGASNGLTAPNGPSQORVIRQALANAGLAGAEVDVVEAHGTGTT
LGDPIEAQAVIATYGODRDOPVLLGSLKSNLGHTQAAAGVSGVIKMVMALONGVVPRTLHADQPSRHIDWTAGAVEL
VIENQPWPELGRPRRAAVSAFGVSGTNAHVILESAPAQPVPPVDTPVSAVTAGVVPLPISARTVPALADLEDRLRAY
LTATPETDLPAVASTLATTRSVFEHRAVLLGEDTVTIGTAIPDPRIVEVESGOGSQRVCGMGEELAAAFPLEFARLHRQV
WDLLDVPDLDVDDTGYVQPALFALQVALFGLLESWGVRPQAVIGHSVGEVAAGYVAGVWSLEDACTLVSARARLMQA
LPAGGAMVAVPVSEEQARAVLVDGVEIAAVNGPASVVLSGDEAAVLRVAEGLGRWIRLSASHAFHSVRMEPMLEEFR
QVVSRLTYREPRIVMAAGEQVITPEYWVRQVRETVREGDQVAAFGDAVELEIGPDRTLSRLIDGIAMLDGDDEVRAA
VAALAVMHVQGVGVDWPAILGTTTGRVLDLPTYAFQHERYWMANNGRPADLTPEALLKVVRDSAAMVLGHANADTVP
AATAFQELGLDSLIAVELRNSLAKATGLRLPATMVEFDYPTPAALAGRL

SEQID NO:9
EPLAIVGMACRLPGGVSSPEDLWRLVESGEFDAITGEFPTDRGWDVDNLYDPDPDAPGKSTTLHGGE LDDVAGEDASEFE
GISPREAVAMDPQORLAMEVSWEAFERAGIEPGSVRGSDTGVEMGAYPGGYGIGAELGGEMLTGRAGSVLAGRVSYE
FGLEGPAMTVDTACSSSLVALHQAAYALRQGECSLALVGGVIVMPTPVMEVEEFSQOONLADDGRCKAFADSADGTGW
SEGVGVLLVERLSDAQARGHNILAVVRGSAVNQDGASNGLTAPNGPSQQORVIRSALTSAGLTTADVDVVEAHGTGTT
LGDPIEAQAVLATYGODRDOPVLLGSLKSNLGHTQAAAGVSGVIKMVMALONGVVPRTLHVEEPSRHVDWTAGAVEL
VITENQSWPETGRARRAAVSSEGESGTNAHVILESAPAQPVPPMDTPAPTVITGVVPLPISAKSLPALADLEDQLRAY
LTATPETDLPAVASTLAMTRSVFEHRAVLLGEETVTIGTAIPDPRIVEVESGOGSQRVCGMGEELAAAFPLEFARLHRQV
WDLLDVPDLDVDDTGYVQPALFALQVALFGLLESWGVRPQAVIGHSVGEVAAGYVAGVWSLEDACTLVSARARLMQA
LPAGGAMVAVPVSEEQARAALVDGVEIAAVNGPASVVLSGDEAAVLRVAEGLGRWIRLSASHAFHSVRMEPMLEEEG
QVASELTYQEPRIVMAAGEQVITPEYWVRQVRDTVREGDQVAAFGDAVELEIGPDRTLSRLIDGIAMLDGDDEVRAA
VAALAELHVQGVPIDWPAILGTTTGRVLDLPTYAFQHOQRYWAASTWLAGLAPEEREGALMKVVRDTAAVVLGHADAG
TIPVTAAFKDLGLDSLTAVELRNSLAKSTGLRLPATMVEDYPTPASLAARLD

SEQ ID NO: 10

EPLAIVGMACRLPGGVESPEDLWRLVESGTDAISGEFPADRGWADLSLRGGEF LGDAAHEFDAAFFGISPREALAMDPQO
RLILEASWEAFERAGIEPGSVRGSDTGVEMGAF SGGYGAGADLAGEGVTAGAVSVLSGRVSYLEGLEGPAVIVDTAC
SSSLVALHQAGHALRQGECSLALVGGVTIVMPTPDIFVEFSRQGGLASDGRCKAFADAADGTSWSEGAGVLVVERLSD
AERRGHTVLALVRGSAVNQDGASNGLTAPNGPSQORVIQAALANAGLTPHEVDVVEAHGTGTRLGDPIEAQAVIATY
GRDREHPLLLGSLKSNVGHTQAASGVSGLIKMVMALRRGTVPRTLHVDEPSRHVDWTAGAVQLAIENQPWPETGRPR

RAAVSSEFGVSGTNAHVILEGVPEEPADSEEPAGLTPLLISAKTPAALAEFEDRLRARLTTEPNLSAVASTLVRTRSL
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FDHRAVLLDGETVSGMAEPDPRVVEVESGOGSQRAGMGDDLAAAFPVEAKIRQOVWDLLDIPDLPVDETGHAQPALFE
ALQVALFGLLDSWGVRPDALVGHS IGELAAGYVAGIWSLEDACALVSARARLMETLPPGGVMVAVPVSEEQARAVLT
DGVEIAAVNGPASVVLSGEETAVLOQAAAALGGRSKRLATSHAFHSARMEPMLDEFRAVAEQLTYGSPRIPMAVGDGP
DYWVRQVRDTVRFGEQVAAHDGAIFVELGPDGSLARLVDGIAVLDREDEPRAALTALARLHVRGVKVDWP IAAGRRE
LDLPTYPFOQRORYWAETPTARRAPTDLLTLVRDTTATVLGYPDNTAVIPTTAFTDLGIDSLTAIELRNNMATTTGLR
LPATLVEFDYPTPATLAARLD

SEQ ID NO: 11
EPLAIIGMACRLPGGVITPEDLWQLVETGTDAISGEFPTDRGWDVESLYDPDPDAAGKSYCVEGGE LDAVADEDASEE
GISPREALAMDPQORLILETSWEAFERAGIDPADARGSDTGVEMGAFTSGYGADLEGFGGTAGALSVLSGRVSYFRFEG
LEGPAATVDTACSSSLVALHQAGYSLRHGECSLALVGGVIVMATPRTEFVEFSRORGLASDGRCKAFGDTADGTGWSE
GVGVLLVERLSDAERNGHRVLAVVRSSAVNQDGASNGLTAPNGPSQORVIQAALDNAGLAPQDVDVVEAHGTGTTLG
DPIEAQAVIATYGONREQPLLLGSLKSNVGHTQAAAGVSGVIKMIMALRHGVVPRTLHVDEPSRHVDWTAGAVHLVR
ENQPWPDVDRPRRAGVSSEFGVSGINAHIILESPPSQPAPEPAPALSPLVISAKTPQALAAYEDRLRTYLTAAPSTDA
RALAVTRSLEFEHRAVLLGEDTVIGTALTEPRVVEVEPGOGWOWLGMGAALMESVVEAERMAECAAALSEFVDWNLIT
VLNDPAVIDQVDVVQPACWAVMVSLAAVWOAAGVRPDAVIGHSQGEIAAACVAGAISLRDAARIVALRSRLISERLG
KGAMASITLPADQITLAEGAWIAAYNGPTSTVVAGTPOQAIEQMHGERVRRIAVDYASHTPHVEQIRAELLDLTTDVS
SOQTPTLPWYSTVDGTWIDSPLDGDYWYRNLRQPVGEHPAVQTLOALGETVEVEVSASPVLLPAMDDAVT IATLRRDE
GTILTRMHTALAEAHVLGVTIDWPTIVLGVITRHVDLPTYAFQRORYWVAELASLGPAERERALRKLVSDTAAGILGHA
DSGIVPVIAAFRELGVDSLTAVELRNGLAKATGLRLPATMVEDYPTPQALADRL

SEQ ID NO: 12
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAIADFPADRGWDVESLYDPDPDAAGKSYCVRGGE LAAAAEFDAAFE
GISPREALAMDPQORLVLETSWEAFERAGIEPGSVRGSDTGVEMGAFAGGYGAAVEGEFGATAGATSVLSGRVSYFEFEG
LOGPAITVDTACSSSLVALHQAGYSLROQGECSMALVGGVIVMATPQSEVEFSRORGLAPDGRCKAFADTADGTGWSE
GVGVLLVERLSDAERNGHRVLAVVRSSAVNQDGASNGLSAPNGPAQORVIRQALANAGLAAADVDVVEAHGTGTTLG
DPIEAQAVLATYGQODRERPLLLGSLKSNVGHTQAAAGVSGVIKMVMALRHGVVPRTLHVDEPSRHVDWTAGAVHLVT
ENQPWPDTDRPRRAGVSSEFGVSGTINAHVIIEGSPTSSPVAEPSGDVLPLVVSAKTPOQALTAYEDRLRAFLAAAPVTD
TRAVASTLAVIRSLFEHRAVLVGDNTVIGTALAEPRVVEVEPGOQGWOWLGMGAALMESVVEFAERMAECAAALGEEVD
WDLLAVLDDSAVVDRVDVVQPACWAVMVSLAAVWODAGVRPDAVIGHSQGEIAAACVAGAISLRDAARIVALRSRLI
SERLGKGAMASITLPADQITLAEGAWIAAYNGPASTVVAGTPDAIEQMOGDRVRRIAVDYASHTPHVEQIRAELLDL
TAEVGSRTPTVPWYSTVDGTWIDSPLDGEYWYRNLROQPVGEHPAVQTLOALGETVEVEVSASPVLLPAMDDAVTVAT
LRRDEGTLTRMHTALAESHVLGVSIDWPHVLGDTGERMLDLPTYAFERHRYWSTARRNPSIAPDDLLTVVRDSAAVV
LGYADGGAVPVIGAFKDLGIDSLTAVELRNGLAKATGLRLPATVAFDYPTPQALAARL

SEQID NO: 13

EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAITGEFPADRGWAEYSFQGGE LDDAADEDAAFFGISPREALAMDPQO
RLVLETAWEAFERAGIEPGSLRGSDTGVEMGAYPGGYGIGADRAGEFGATAGAGSVLSGRVSYFEFGLEGPAVIVDTAC
SSSLVALHQAGHALRLGECSLALVGGVTVMATPDTEVEEFSRQGGLAADGRSKAFADSADGAGEFAEGAGVLLVERLSD
AQRHGHOVLALVRGSAVNQDGASNGLTAPNGPSQORVIQAALDNAGLTAAEVDVVEAHGTGTTLGDPIEAQAVIAAY
GOGRGEPLLLGSIKSNVGHTQAAAGVSGVIKVVMALRHGVVPRTLHVDEPSRHVDWTAGAVRLATENQSWPETGRPR

RAGVSSEFGISGTNAHVILEGVPEEPAGHEEPAGLTPLLISAKTPAALAEFEDRLRAYLTTEPSLPAVASTLARTRSL
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FDHRAVVLDGDVVRGVAEPDRRVVEVESGOGSQRAGMGDDLAAAFPVEAKIRQOVWDOLDIPDLPVDQTGYAQPALFE
ALQVALFGLLDSWGVRPDALVGHS IGELAAGYVAGIWSLEDACALVSARARLMOQALPPGGVMVAVPVSEQQARGALT
DGVEIAAVNGPASVVLSGDEAAVLRAAAALGGRSKRLATSHAFHSARMEPMLDEFRMVAERLSYGSPRISMAVGDGP
DYWVRQVREAVRFGEQVAAHDGAVEVELGPDGSLARLIDGIAMLDRDDEPRAALTALARLHVQGVKVDWP IGAGRRV
DLPTYPFQROQRYWIDRPTARRAPTDLLTLVRDTAATVLGYPDSSAVPATTAFKDLGVDSLTAIELRNGMATTTGLRL
PATLVFDYPTPAALAARL

SEQ ID NO: 14

EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPTDRGWAEHSFQGGE LDGAGDEDAPFFGISPREARVMDPQO
RLVLEASWEAFERAGIEPGTVRGSDTGVEMGAYSGGYAAGADLAGFAATAGAGSVLSGRVSYFEFGLEGPAVIVDTAC
SSSLVALHQAGHALRQGECSLALVGGVTVMATPDLEVEFARQQGLAADGRCKAFADNADGTGWSEGVGVLLVERLSD
AERNGHRVLAVVRSSAVNQDGASNGLTAPNGPSQORVIQAALDNAGLTPADIDVVEAHGTGTTLGDPIEAQAVIATY
GOTREQPLLLGSLKSNVGHTQAAAGVSGVIKMVMALRHGVVPRTLHVDEPSRHVDWTAGAVQLAVENQPWPNTGRPR
RAGVSAFGVSGTNAHVIIEGSPTPSPVAEPSGDVLPLVISAKTPOQALTAYEDRLRTYLNATPEIDTRAVASTLAVTR
SLEEHRAVLLGDNTVSGTALTEPRVVEVEPGOGWOWLGMGAALMESVVEAERMAECAAALSEFVDWNLITVLNDPAV
VDQVDVVQOPACWAVMVSLAAVWODAGVRPAAVIGHSQGEIAAACVAGAISLRDAARIVALRSRLIGERLGRGAMASY
ALPADEIALVDEVWVAAYNGPASTVIAGAPDAIEQMLGDRVRRIAVDYASHTPQVEQIRAELLDLTAEVSSQAPTVP
WYSTVDGTWIDGPLDSDYWYRNLROQPVGEFHPAVEALGGLGETVEVEVSASPVLLPAMDDAVIVATLRRDEGTLTRMH
TALAEAHVLGVTIIDWPAVVGDTGERMLDLPTYAFQHHRYWITATARLEGRTGAEKHRLLLDIVLANAATVLGHDTAD
TIASDKPFKDLGIDSLTAVELRNSLARATELRLPATTAFDYPTPEALATRL

SEQ ID NO: 15

EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAITGEFPADRGWPDDSROGGE LDDAADEDAAFFGISPREALAMDPQO
RLVLEAAWEAFERAGIEPGSLRGSDTGVEMGAYPGGYGIGADQAGEGTTAGAGSVLSGRVSYLEGLEGPAVIVDTAC
SSSLVALHQAGHALRLGECSLALVGGVTVMGTPDIFAEFSRQGGLASDGRCKPFADAADGTGWAEGVGVLLVERLSD
AERHGHOQVLAVVRGSAVNQDGASNGLTAPNGPSQORVIQSALIQAGLAPHEVDVVEAHGTGTTLGDPIEAQAVIAAY
GODRAQPLLLGSIKSNVGHTQAAAGVSGVIKMVMALRHGVVPRTLHVDEPSRHVDWSAGAVRLATESQPWPDTGHPR
RAGVSSEFGISGTNAHVILEGVPEEPADTGEPSGLVPLLLSAKTPAALTHLEDRLRAYLTTEPNLPAVASTLAQTRSL
FDHRAVLLDGDVVRGVAEPDRRVVEVESGOGSQRAGMGDDLAAAFPVEAKIRQOVWDLLDIPDLPVDETGHAQPALFE
ALQVALFGLLDSWGVRPDALVGHS IGELAAGYVAGIWSLEDACALVSARARLMOQALPPGGVMVAVSVSEEQARAVLT
DGVEIAAVNGPASVVLSGEETAVLOQAAAALGGRSKRLATSHAFHSARMEPMLDEFRMVAERLSYGSPQIPMAVGDGP
DYWVRQVRETVRFGEQVAAHDGGIFVELGPDGSLARLVDGIAVLDRDDEPRAALTALARLHVQGVKVDWP IAAGRRV
LDLPTYPFQHORYWATRPAARRAPTDLLTLVRDTAATVLGYPDSSAVPATTAFKDLGVDSLTAVELRNNLATSTGLR
LPATLVEFDYPTPATLAARLD

SEQID NO: 16

EPLAIVGMACRLPGGVSTPEDLWQLVESGTDAISGEFPADRGWDDYPYQGGEF LTTAADEDAAFFGISPREALAMDPQO
RLILEASWEAFERAGINPADARGSDTGVEMGAEF SAGYGDDRDDSPATAGAVSVLSGRVSYEFEFGLEGPAMTVDTACSS
SLVALHQAGYSLRHGECSMALVGGVIVMATPRTEVEFARQGGLAEDGRCKAFADTADGTGWAEGVGVLLVERLSDAE
RNGHRVLAVVRSSAVNQODGASNGLTAPNGPSQORVIQAALDNAGLAPQDVDVVEAHGTGTTLGDPIEAQAVIATYGO
NROQOPLLLGSIKSNVGHTQAAAGVSGIIKMIMALRHGVVPRTLHVDEPSRHVDWTAGAVRLVTENQPWPDADRPRRA

GVSSEGISGTNAHIILEGVPEEPAQPDESPELTPLVISAKTAPALTQFEARLRSYLTTEPALSAVASTLAQTRSLED
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HRAVLLGGDTITGVAEPSPRVVEVESGOGSQRAGMGDELAAAFPVEAKIRQOVWDLLDIPDLPVDETGHAQPALEAL
OVALFGLLDSWGVRPDALIGHSIGELAAGYVSGIWSLEDACALVSARARLMOASPPGGAMVAVPVSEQQARAVLTDG
VELAAVNGPSSVVLSGDETAVLQAAAALGGRSKRLATSHAFHSARMEPMLDEFRAVAEQLSYRSPQIPMAVGDGPEY
WVRQVRDTVREGEQVAAHDGAIFVELGPDGSLVRLIDGIPMLDRDDEPRAALTALARLHVRGVNVAWP IAADRRELD
LPTYPFORERYWSTASLSALAPAEREQALRKVVSDSSAMVLGYAEGRAVAPTAAFKDLGVDSLTAVELRNSLTKATG
LRLPATIVEFDYPTPGALAVRL

SEQ ID NO: 17
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISREPADRGWDVDGLYDPDPDAPGKSYSVEGGE LDAVADEDAAFRE
GISPREALAMDPOQORLILEASWEAFERAGIEPGSLRGSDTGVEMGAYSSGYGIGADIPGLGVTIAGAVSVVSGRVSYE
FGLEGPAVIVDTACSSSLVALHQAGHALRRRECSLALVGGVIVMATPEGEVEFSRORGLASDGRCKAFADTADGTSW
SEGAGVLVVERLSDAERHGHOVLAVVRGSAVNQDGASNGLTAPNGPSQORVIQAALANAGLTPHEVDVVEAHGTGTR
LGDPIEAQAVIATYGQARGEPLLLGSIKSNVGHTQAAAGVSGVIKMVMALRHGVVPRTLHVDEPTRHVDWTTGAVRL
ATENQPWPETERPRRAGVSSEGVSGTNAHI ILEGVAAEPAQPGESPELTPLLLSAKTPAALTHLEDRLRAYLTTEPN
LPAVASTLAQTRSLEDHRAVLLGGETVIGVAEPDPRVVEVESGQGSQRAGMGDDLAAAFPAFAKIRQQOVWDQLDIPN
LPVDETGHAQPALFALQVALFGLLDSWGVRPDALVGHSIGELAAGYVAGIWSLEDACALVSARARLMOALPPGGVMV
AVSVSEEQARAVLTDGVEIAAVNGPASVVLSGEETAVLOAAAALGGRSKRLATSHAFHSARMEPMLDEFRAVAEQLS
YGSPRIPMAVGDGPDYWVRQVRDTVREGEQVAAHDGAIFVELGPDGSLARLIDGIAVLDRDDEPRAALTALARLHVR
GVKVDWPIAAGRRELDLPTYPFQHOQRYWIDSRPTARRAPTDLLTLVRDTTATVLGYPDNTAVIPTTAFTDLGIDSLT
AIELRNNMATTTGLRLPATLVFDYPTPATLAARLD

SEQID NO: 18

EPLAIIGMACRLPGGVITPEDLWQLVETGTDAISALPTDRGWADHPYQGGEF LTTAADEDAAFFGISPREALAMDPQO
RLILETSWEAFERAGINPADAHGSDTGVEMGAYSGGYGIGADLAGEGATAGATSVLSGRVSYFEFGLEGPAITVDTAC
SSSLVALHQAGHALRHGECSLALVGGVTVMATPDIFVEFARQRGLAADGRCKAFADTADGTGWAEGVGVLLVERLSD
AERNGHRVLAVVRSSAVNQDGASNGLTAPNGPSQORVIQAALDNAGLTPADIDVVEAHGTGTTLGDPIEAQALIATY
GONREQPLLLGSLKSNIGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDKPSRHVDWTAGAVRLLTESQPWPDTDRPR
RAGVSSEFGVSGTINAHVIIEGSPTPSPVADPSGDVLPLVISAKTPAALAAYEDRLRTYLNATPEIDTRAVASTLAVTR
SLEEHRAVLLGEDTVSGTALTEPRVVEVEPGOGWOWLGMGAALMESVVEFAERMTECATALSEEFVDWNLITVLNDPAV
IDOQVDVVQPACWAVMVSLAAVWOAAGVRPDAVIGHSQGEIAAACVAGAISLRDAARIVALRSRLISERLGKGAMAST
TLPADQITLAEGAWIAAYNGPTSTVVAGTPQATEQMHGERVRRIAVDYASHTPHVEQIRAELLDLTTDVSSQTPTLP
WYSTVDGTWIDSPLDGDYWYRNLRQPVGEFHPAVQTLQALGETVEVEVSASPVLLPAMDDAVTIATLRRDEGTLTRMH
TALAEAHVLGVIIDWPHVLGDTGERMLDLPTYAFQHHRYWITAARLTGRTTAAQHRLMLDEVLGNVAAVLGHGSAGD
VAPDKPFKELGMDSLTSVELRNSLAKATGQRLPATIVFDHPTADALATYL

SEQ ID NO: 19

EPIAIVSMACRVPGGVISPEGLWRLVESGTDAISEFPGDRGWDVANLYSPDPDAPGKSYSLOQGGE LDGAAAFDASEE
GISPREALGMDPQORLLLETSWEAVERARIDPKSLRGRDVGVYVGGAAQGYGLGAAEAQRDNLITGGSISLLSGRLS
YALGLEGPGLTVDTACSSSLVALHLAAQALRQGECSLALVSGVSVMPTPDVEVEEF SRORGLAADGRCKSEFAAAADGT
SWSEGVGVLLLERLSDARRLGHEILAVVRGTAVNSDGASNGLTAPNGASQQORVIRQALASAGLGPADVDAVEAHGTG
TKLGDPIEAEAILATYGKDRPTPVWLGSLKSNIGHTMAASGVLGVIKMVESMRHGVLPRTLHVDEPSPHVDWAAGDV

ALLTSNQPWPAGRKPRRAGVSSFGLSGTNAHVVLEQYRMPAAPVITKEAGPLPWVLSAQTPEALRERAGQLATALAG
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DPAWHPLDVGYSLAATRSTFAHRAVVVGGDREFVRTLGKLADGAGWPGLTTGVAKSRRIAFMEDGOGTOQRLAMGOGL
YARFPAFTRTWDTVSAEFAKHLDHTLTDVYLGGGGTAAAELVDDPLYAQAGIFAVEVALVELLAEWGVRPDVVTGHS
IGEAAAAYTAGMESLADVTALITARGAALRSAPPGAMLALRAGEPEVRDFLDRTGAALDVAAVNGPAAVVVSGAPDA
VAGFASAWTASGRECROQLKVRRAFHSRHVEGVLGDFRTIVLKSLTEFRTPALPIVSTVIGRLIDPAEMGTPEYWLSQVR
QPVREFQDAVGELAGQGVSAFLEVGPSGTLASAGMECLDASFHALLRPRPAEDIGVLTALAELYAGGTAVDWATVLAG
GRPVDLPVYPFQHOSYWLRSAPDEPRTVLEMVHLEVASILGITDPDAVQODDSSELELGEDSLSGVRLRNRLTQVTGL
TLPATLLFDHDTPSALATELD

SEQ ID NO: 20
EPLAVVGMACRLPGGITSPEELWELVEDGGDAVGDEPTDRGWDVAALHAAAESATSRAGALMGAADEDAAFFGISPR
EATALDPQORILLEIAWEAIERAGIKADVLRGIDTIGVEVGGEYYGYGAGADLGGEGAYSTQPAVLAGRLSYFEFGLEG
PAVTVDTACSSSLVALHQAGQALRAGECSLALVGGVIVMASPQSEVEEFSROGGVAPDGRCKAFADAADGTGEFAEGAG
VLVVERLSDAERNGHTVLAVVRGSAVNQDGASNGISAPNGPAQORVIRQOALGSAGLAPADVDVVEAHGTGTVLGDPI
EAQAVLATYGQGREVPLLLGSLKSNIGHAQAAAGVAGVIKMVMAMRRGVVPRTLHVDEPSSHVDWITGAVELLTEAR
PWPESDRPRRAGVSAFGVSGINAHVILEEVAESSVRSGGSSGLVPLPVSARTESSLAVOVERLGAYVRSGADLSAVA
DGLVRERVVFGHRAVLLGESTVAGVAEGELRTVEVEFPGOGSOQWVGMGRELMGASEVEAARMRECAAALEPHTGWDLL
DVLGEAVVADRVEVLOPASWAVAVSLAALWQAHGGTPDAVIGHSQGEIAAASVAGALSLEDAARIVALRSQTIAARL
GRGAMASIAIPSAEVEVMEGVWVAARNGPSSTVIAGDPAAVEQVLARYEAEGVRVRRIAVDYASHTPHVEAIQDELA
EVLEGVTAQVPTIPWWSTVDSDWVTEPVDDDYWYRNLROQPVAMDTAIGELDGSLEIECSAHPVLLPALDQERTVASL
RTDDGGWERFLTALAEAWTQGADVDWTILVEPAPHRLDLPTYPFDHKRYWLLERLGAMTGADRDAALLTLVRDCAAA
VLGHVDAAGVPADAAFKDLGVDSLTAVELRNRLAAATGVRLPATLAFDHPTPRAIASRLD

SEQ ID NO: 21
EPLAIVGMACRLPGGVASPGDLWOMLDSGGDAVTGEPVDRGWDPSGLTGGPDADRGGEFLSDAADEDAAFFGISPREA
LAMDPQORILLETTWEAFENAGIVPGTLRGSDTGVEMGAFSYGYGVGADLGGEGSIGVOPSVLTGRISYFYGLQGPA
FTVDTACSSSLVALHQAGHALRHGECSLALVGGVIVMANPDGEVEFEQOQGGLSPDGRCRAFADAANGTGWAEGAGVL
VVERLSDAERNGHTVLAVVRGSAVNQDGASNGLSAPNGPSQORVIRQALANAGLGAADVDVVEAHGTGTVLGDPIEA
QAVLATYGQGREVPLLLGSLKSNIGHAQAAAGVAGVIKMVMAMRRGVVPRTLHVDEPSSHVDWTAGAVEVVTEARPW
PESGRVPRAGVSSEGVSGTNAHVVLEGAPEPSSGAEASSGGGLVPLPVSARTESSLAVOQVERLGAYVRGGADLGAVA
DGLVRGRAVFDRRAVLLGESTVAGVAVEGARTVEVEFPGOGSOQWVGMGRELMGVSEVEAARMRECAAALEPYTGWDVL
DVLGEAVVADRVEVLOPASWAVAVSLAALWQAHGVVPDAVVGHSQGEIAAACVAGALSLEDAARVVALRSQTIAARL
GHGAMASIALPASAVEVMEGVWIAARNGPESTVVAGDPAAVERVLARYEAAGVRVRRIAVDYASHTPHVEAIQDELA
DVLGGITSSAPDISWWSTVDSGWVIEAVGDDYWYRNLROPVAMDTAVSELDGSLE IECSAHPVLLPALDQERTVASL
RTDDGGWDRFLTALAQAWTQGADVDWITLIEPAQHRLDLPTYPFDHKRYWLOPAGARNEVARHTDLLTLVRQKAAAL
LGHAGPEDVPEDAAFRQLGVDSLIAVQLRNGLNEATGLRLSATLVEDYPTPRALAGRI

SEQ ID NO: 22

EPVAIVGMACRLPGGVISPEDLWRLVASGTDAITEFPADRGWDVDALEDPDPDAVGRSTTRHGGE LTEATGEDAAFFE
GISPNEALAMDPQORLVLETSWEAFEHAGIVPDTLRESDTGVEMGAFHQGYGAGRDLGGLGVTATQTSVLSGRLSYFE
YGLOGPAVIVDTACSSSLVALHQAAQALRSGECSLALAGGVIVMATPGSEVEFSRORGLSPDGRCKAFADSADGTGE
AEGVGVLVVERLSDAERNGHTVLAVVRGSAVNQDGASNGLSAPNGVAQORVIRQALANAGLNGTDVDAVEAHGTGTV

LGDPIEAQAVLATYGQEREVPLLLGSVKSNVGHTQAAAGVAGVIKMVMAMRRGVVPRTLHVDESSSHVDWSAGAVEV
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VIEARPWPESGGARRAGVSSEGVSGTNAHVILEGVAESSVRSGGSSAGLVPLPVSARTESSLALOQVERLGEYVRGGA
DLGAVADGLVRGRAVEGRRAVLLGESTVAGVAVEGARTVEVFPGQGSOWVGMGRELMGVSEVEAARMRECAAALEPH
TGWDVLDVLGEAVVADRVEVLOPASWAVAVSLAALWQAHGVVPDAVVGHSQGETIAAACVAGALSLEDAARVVALRSQ
TIAARLGHGAMASIALPASAVEVMEGVWIAARNGPESTVVAGDPAAVERVLARYEAAGVRVRRIAVDYASHTPHVEA
IQDELADVLGGITSSAPSVPWWSTVDSGWVTEPVDDDYWYRNLROQPVAMDTATGELDGSLE IECSAHPVLLPALDQE
RTVASLRTDDGGWERFLTALAEAWTQGADVDWITLIEPAQHRVDLPTYPFDHKRYWLOPARRTVRTGEDSGRDLLAV
VCGATAAVLGHADASEIGPATAFKDLGIDSLSGIRLRNSLAETTGVRLSATAVEDHPTPDALAARL

SEQ ID NO: 23
EPLAIVAMACRMPGGVDTPEDLWRLVESGGDAITEFPTDRGWDLAALYDPDPDAIGKVSVRHGGE LAGAADEFDAEFRE
GISPREALAMDPQORLILEVSWEAFERAGILPASVRGSDAGVEMGAFTQGYGAGVDLGGEGATGTPTSVLSGRLSYY
FGLEGPSVIVDTACSSSLVALHQAARSLRSGECSLALVGGVIVMATTTGEVEFSRORGLAPDGRAKAFADTADGTSE
AEGAGVLIVERLSDATRLGHPVLAVVRGSAVNSDGASNGLSAPNGPAQRRVIERALDDAGLVPGDIDAVEAHGTGTR
LGDPIEAQALEAAYGLDRVHPLLIGSLKSNLGHTQAAAGVAGVIKMVLAMRHGVLPRTLHVDEPSRHVDWGGGVRLL
RRNEPWPVTGRVRRAGVSSEFGISGANAHVVIEAGPPAAPATLPATEPVPEGVVWPVSARTPDGVRDVAGRLVALTAP
AAATGHSLATTRTAMRHRAVVPARDAEAFARGEEVPGVVRGTADVTIDARAVEVEPGOGSQWDGMGAELLATEPVEAR
RLGECAEALAPYTGWDLLDVIARRPGAPALDRVDVVQPVSFAMMVALAELWRSRGVAPAAVVGHSQGEVAAACVAGY
LTLDDAAKVVALRSRLVATELGHGGMVSVPPADFDAAAWAGRLEVAAVNGPAS IVVAGAADAVEELLAATPHARRIA
VDYASHTAHVETIRDALLDALADLTPGAPEVPFEFSTVDEAWLDRPADAAYWYDNVRRPVREFGAATARLAELGYRVEV
EASPHPVLTTALADTLAGHPNTAVIGTLRRGDGGARRFTSSLAELWVRGVPVSWPSGESRRVPLPTYPFRRDRYWID
ABEAAPTAARDMLELVRTSAALVLGHRDAHAIEPTRAFKEVGEFDSLTGVELRNRLADATGLTLPATLVEDHPTAQALA
AHLD

SEQ ID NO: 24
EPLAIVGMACRLPGGVASPEDLWRLLESGGDGITTEFPGDRGWDVEALYDPDPEHPGTSTVRHGGE LSGAGDEDAGE'E
GISPREAVAMDPQORVVMETSWEALEYAGIDPHTLRGSDTGVEMGGYFYGYGSGADRGGEGATSTQTSVLSGRLSYFE
YGLEGPAVIVDTACSSSLVALHQAGQOSLRTGECSLALVGGVIVMASPSGEVDESQORGLAPDGRCKAFAEAADGTGE
AEGSGVLVVERLSDAERHGHRVLAVVRGSAVNQDGASNGLSAPNGPSQERVIRQALANAGLOPSDVDAVEAHGTGTR
LGDPIEATALLATYGODRATPLLLGSLKSNIGHTQAAAGVAGIIKMVLAMHHDTLPSTLHVDTPSSHVDWTAGTVEL
LTDARPWPETSRPHRAAVSSEGVSGTNAHVILESHPRPTPAPDTGSSTHPVPLLISARTPRALSEHTTRVSAFLDAG
GGDERAVASALLTRTAFTHRAALIGTDLITGTAVPDRRLVWLESGOQGSQRPGMGDELAAAYDVEFARTRRDVLDALQV
PAGLDIHDTGYAQPAVFALQVALSAQLDAWGVRPDALVGHSIGELAAAYVAGVWSLDDACALVSARARLMOALPPGG
AMAAVIASERDALPLLREGVEIAAVNGPASIVLSGDEDAVLDVAARLGREFTRLRTSHAFHSARMEPMLDEFRDVAQR
LTYHEPKLPMAAGADCATPEYWVRQVRDTVRFGEQVAAYDGAALLEIGPDRNLARLVDGIPVLHGDDEARSAMTALA
RLHTGGVAVDWPEVIGAAPTHLNLPTYPFERTRYWLGSRDRIAGLTAADAEKAALAVVRECAAAVLGHEGPARIEAT
ATFKELGVDSLTAVRLRNAFTEATGVRLPATAVEDFPTPQAVAAKL

SEQ ID NO: 25

EPLAIVGMACRLPGGVASPEDLWRLLESGGDGITAFPADRGWDVEALYDPDPEHPGTSTVRHGGE LSGAGDEDAGE'E
GISPREATIAMDPQORVVLETSWEALEQAGIVPGTLRGSDTGVEMGAFSDGYGLGTDLGGEGATGTQTSVLSGRLSYFE
YGLEGPAVIVDTACSSSLVALHQAGQOSLRTGECSLALVGGVIVMASPGGEVEFSQORGLAPDGRCKAFAEAADGTAF

AEGSGVLVVERLSDAERRGHRILAVVRGSAVNQDGASNGLSAPNGPSQERVIRQALANAGLRPSDVDAVEAHGTGTR
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LGDPIEATALLATYGODRATPLLLGSLKSNIGHTQAAAGVAGIIKMVLAMRHGSLPRTLYVDTPSSHVDWTAGGVEL
LTDARPWPATTGPRRAAVSSEGVSGTNAHVILEAHAAPEPPALDSPVVEPSASLEFATELTPLPVSARTSEAVDGOVQ
RLREHLATHPGDDPRAVAAALLATRTDFPHRAVLLGDGVVIGTALTAPRTVEVEPGOGSOWLCGMGRKLMAESPVEAA
RMRQCADALAEHTGRDLIAMLDDPAVKSRVDVVHPVCWAVMVSLAAVWEAAGVRPDAVIGHSQGEIAAACVAGAISL
EDGARLVALRSALLVELAGRGAMGSIAFAAADVEAAAARIDGVWVAGRNGTATTIVSGRPDAVETLIADYETRGVWY
TRLVVDCPTHTPEFVDPLYDELQRIVAATTSRAPEIPWESTADERWIDAPLDDEYWERNMRNPVGEFAAAVAAAREPGD
TVFIEVSAHPVLLPAINGTTVGTLRRGGGADRLLDSLAKAHTVGVAVDWAAHDAATGTADLPTYAFHHERYWIEPAE
RLPDLSRKEQEQVLLDVVRDTAATLLGHADARAVTATAAFKDLGVDSLTALGLRDRLAEALGIPLPATLVEDHPAAG
TLSRHL

SEQ ID NO: 26
EPLAIVGMACRLPGGVASPDDLWRLLESGGDGIGAFPGDRGWETGADGRGGEFLSGAAGEDAAFFGVSPREALAMDPQ
ORVVLETSWEALEHAGIDPHTLNGSDTGVELGAFFQGYGIGADFDGYGTTSIHTSVLSGRLSYEFYGLEGPAVTVDTA
CSSSLVALHQAGOSLRTGECSLALVGGVIVMASPAGFADESEQGGLAPDGRCKAFAEAADGTAFSEGSGVLVVERLS
DAERHGHRILAVVRGSAVNQDGASNGLSAPNGPSQERVIRQALANAGLOPSDVDAVEAHGTGTRLGDP IEATALLAT
YGOHRTTPLLLGSLKSNIGHTQAAAGVAGIIKMVLAMHHDTLPPTLHVDTPSSHVDWITGGVELLTDARPWPTTTGP
RRAGISSEFGVSGTINAHVILESPTPVPSPGAEPGARPVPLPISARTPEALDEHTIRIRAFLDDNPGADHVAVAQTLAR
RTPFEHRAVLLGDTLITADPNAGSGPVVEVYSGOSTLHPHTGROQLAATYPVEFADAWGEVLGHLDADQGPATHFAHQTL
ALTALLRSWGIAPHAVIGHSLGEISAACAAGVLSLGDASALLAARSRLMDELPAGGAMVIVLTSEENALRALRPGVE
IAAVNGPHSVVLSGDEGPVLAVAQQLGIHHRLPTRHAGHSARMDPLVAPLLEAASGLTYHQPRIATIPGDPTTAAYWA
ROVRDOQVRFQAHAERYPGATFLEIGPNQDLSPVVDGIPTQTGTPDEVOQALHTALARLHTRGGVVDWPTVLGGDRAPV
ALPTYPFQHKDYWLRATELAVLPDDERADALLAFVRNSTATVLGHLGAEDIPATATFKELGIDSLTAVQLRNALTTA
TGVRLNATAVFDFPTPRALAARL

SEQ ID NO: 27
EPLAIVGMACRLPGGVASPEGLWRLVASGTDAITEFPADRGWDVDALYDPDPAIGKTEVRHGGE LDGATGEDAGEEG
ISPREALAMDPQORVLLETSWEAFESAGITPDSARGSDTGVE IGAFSYGYGTGADTNGEGATGSQTSVLSGRLSYEY
GLEGPSVTVDTACSSSLVALHQAGQSLRSGECSLALVGGVIVMASPGGEVEEF SRORGLAPDGRAKAFGAGADGTSEA
EGAGALVVERLSDAERHGHTVLAVVRGSAVNSDGASNGLSAPNGPSQERVIRQALANAKLTPADVDAVEAHGTGTRL
GDPIEAQALLATYGODRATPLLLGSLKSNIGHAQAASGVAGIIKMVQAIRHGELPPTLHADEPSPHVDWTAGAVELL
TSARPWPGTGRPRRAAVSSEFGVSGINAHIILEAGPVKAGPVEAGPVPAAPPSAPGEDLPLLVSARSPEALDEQIGRL
RTYLDTRPGVDRAAVAQTLARRTHFAHRAVLLGDTVITTSPSHQADELVEVYSGQGTQHPAMGEQLAAAFPVEAETW
HDALRRLDDPDPHDPTRSQHTLEFAHQAALTALLRSWDITPHAVIGHSLGEITAAYAAGILSLDDACTLITTRARLMH
TLPPPGAMVIVLTGEEEARQALRPGVE IAAVNGAHSVVLSGDEDAVLDVAQRLGIHHRLPAPHAGHSAHMEPVAAEL
LATTRRLRYDRPHTAIPNDPTTAEYWAEQVRNPVLFHAHTQQYPDAVEVEIGPGODLSPLVDGIALONGPANEAHAL
RTALARLEFSRGATLDWPLVLGGASRHDPDVPSYAFQORPYWIESARLAELPDADRDTALSTLVMDATAAVLGHADAS
EIGPTTTFKDLGIDSLTAIELRNRLAEATGLRLSATMVEDHPTPRVLAAKL

SEQ ID NO: 28
EPLAIVGMACRLPGGVISPEDLWRLVASGTDAITEFPTDRGWDIDRMEDPDPDAPGKTYVRHGGE LSEAAGEDAAFE
GISPREAWAMDPQORVILETVWEAFENAGIVPDTLRGSDTGVEMGAF SHGYGAGVDLGGEGATATONSVLSGRLSYFE

FGMEGPAVTIDTACSSSMVALHQAAQSLRDGECSLALAGGVIVMPTPLGYVEFCRORGLAPNGRAKAFAEGADGTSE
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SEGAGVLVVERLSDAERNGHTVLALVRSSAVNQDGASNGISAPNGPSQORVIRQALDKAGLTPADVDVVEAHGTGTP
LGDPIEAQATIIATYGODRDTPLYLGSVKSNIGHTQTTAGLAGVIKMVMAMRHGLLPKTLHVDEPSSHVDWSAGAVEL
LTEARPWPDSDRPRRAGVSSLGISGTNAHVILEGVAESSVRSGGSSGLVPLPVSARTESSLALQVERVGEYVRGGAD
LGAVADGLVRGRAVEDRRAVLLGESTVAGVAVEGARTVEVEPGQGSOQWVGMGRELMGASEVEAARMRECAAALEPHT
GWDVLDVLGEAVVADRVEVLOPASWAVAVSLAALWQAHGVVPDAVIGHSQGE IAAACVAGALSLEDAARVVALRSQT
IAARLGHGAMASIALPASAVEVAEGVWIAARNGPESTVVAGDPGAVERVLARYEAAGVRVRRIAVDYASHTPHVEATL
EEQLADVLGGITSSAPDISWWSTVDSGWVIEPVGDDYWYRNLROQPVAMDTAISELDGSLEIECSAHPVLLPALDQEH
TVASLRTDDGDWDRELTALAQAWTQGAPVDWITLIEPAPHRLDLPTYPFDHKRYWIEAAARLAGHTAAEQRRVMQEV
VLRQAAAVLAYGLGEQVAADRPFRDLGFDSLTAVDLRNRLAAETGLRLPTTVVESHPTAEALATHL

SEQ ID NO: 29

EPIAIVAMACRLPGGVISPEELWRLVESGTDAITMAPGDRGWDLDALYDPDPDAVGKAYNLRGGE LEGAAEFDAAFE
DISPRESLGMDPOQORLLLETAWEAIERGRINPASLHGREIGVYVGAAAQGYGLGAEDTEGNAITGGSTSLLSGRLAY
VLGLEGPSVIVDTACSSSLVALHLACQGLRLGECELALAGGVSVLSSPAAFVEFSRORGLAADGRCKSEGSGADGTT
WAEGVGVLVLERLSDAERLGHTVLAVVRGSAVTSDGASNGLTAPNGLAQQRVIRKALAAAGLTAADVDLVEGHGTGT
RLGDPVEADALLATYGONRQEPVWLGSLKSNIGHATAAAGVAGVIKIVQAIGAGTMPRTLHADEPSPAVDWTAGRVS
LLTGNRPWPDDERARRAAVSAFGLSGTNAHVILEQHRPEPVAPRPPREEPRPLPWVLSARTPAALRAQAARLRDHLA
AVPDADPLDIGYALATSRARFTHRAAVVATSSDEFRAGLDSVADGVEAPGVVGGTARERRVAFLEDGQGAQRVGMGR
ELHGRFPVFAAAWDEVSDAFGKHLEHSPTDVEFHGEHGDLAHDTLYAQVGLETLEVALLRLLEHWGVRPDVLVGHSVG
EVTAAYAAGVLTLADATALIVARGRALRALPPGAMTAVDGSPAEVGAFTGLDIAAVNGPSAVVLTGSPDDVTAFERE
WAAAGRRAKRLDVGHAFHSRHVDGALDDEFRTVLESLSEFGAARLPVVSTTTGRDAAGDLATPEHWLRHARRPVLEADA
VRELADLGVNMEVAVGPSGALASAASENTGGSAGTYHAVLRARTGEENAALTAVAELHAHGAPVDLAAVLAGGRPVD
LPVYPFQHRSYWLAPDDLTVAEIVRRRAAALLGIADPGDVDADTTFFALGEFDSLAVQRLRNQLTAATGLDLPTAVLE
DHDTPSALTAYL

SEQ ID NO: 30
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPTDRGWDVENLYDPDPDASGKSYCVQGGE LDAAAGE DAGE'E
GISPREALAMDPQORLVLEVSWEAFERAGIEPGSVRGTIDTGVE IGAYPGGYGAGAGTELEGYGTTSGPSVLSGRVSY
FEGLEGPAITVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMATPDVETEFARQRGLAADGRSKAFSDSADGAG
FSEGIGVLLVERLSDAQAKGHQVLAVVRSSAVNQDGASNGLTAPNGPSQORVIQAALGNAGLTTAEVDVVEGHGTGT
TLGDPIEAQALLATYGODRERPLLLGSLKSNIGHTQAAAGVSGVIKMVMALRHGLVPRTLHVDEPSSHVDWTAGAVE
LVITANQPWPDADRPRRAGVSSEGVSGTNAHVILESAPSTQAVDDVRPVETPVVGSELVPLVLSAKTLPALSGYEDRL
RAYLAGSPGVDLRAVASTLAVTRSVEEHRAVLLGDDTVIGTAVIDPRVVEIFPGOGSQRAGMGEELAAAFPVEARIH
QOVWDLLDVPDLEVNETGYAQPALFALQVALFGLLESWGVGPDAVVGHSVGELAAAYVSGVWSLEDACTLVSARARL
MOALPPGGVMVAVPVPEDEARAVLGEGVEIAAVNGPSSVVLSGDEAAVLRAAATLGKWMRLATSHAFHSARMEPMLD
EFRAVAERLTYQTPHLTMAAGEQVITPDYWVRQVRDVVRFGEQVASFEDAVFVELGADRSLARLVDGVAMLHGAHEA
QAAISALAHLYVNGVIVDWPAVLGDVPGRVLDLPTYAFQHORYWLEGWLAALTPAEREKALLKLVSDGAATVLGHAD
TSTIPVIGAFKDLGINSLTAVELRNSLAKATELRLPATLVEDYPTPATLAARLD

SEQ ID NO: 31
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPTDRGWDVENLDSAGKSYRAEGGEFLDAAAGEDASEFEFGISPR

EALAMDPQORLVLEVSWEAFERAGIEPGSLRGSDTGVEMGAYPGGYGIGADLGGEGATAGATSVLSGRVSYFEGLEG
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PAFTVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMATPQTEVEEFSROGGLASDGRCKAFADAADGTGWAEGVG
VLLVERLSDAQAKGHQVLAVVRSSAVNQODGASNGLTAPNGPSQORVIQAALSNAGLTTAEVDVVEAHGTGTTLGDPI
EAQALLATYGODRERPLLLGSVKSNLGHTQAAAGVSGVIKMVMALRHGLVPRTLHVDEPSRHVDWSTGAVELVTENQ
PWPETGRPRRAGVSSFGISGTINAHVILESAPSAQVVENTVVESAPEWVPLVVSARTOQSALADYEDRLRAYLAGSPGV
DLRAVASTLAVIRSVEFEHRAVLVGDDTVTGSAVSDPRVVEVEFPGOGSQRAGMGEELAAAFPLEAQIHQQOVWDLLDVP
DLEVNETGYAQPALFALQVALFGLLESWGVRPDAVIGHSVGELAAGYVCGVWSLEDACTMVSARARLMOALPAGGVM
VAVPVSEDEARAVLGEGVEIAAVNGPLSVILSGDEAAVLRAAATLGKWTRLATSHAFHSARMEPMLEKFRAVAEGLT
YRTPRLTMAAGDQVATAEYWVRQVRDVVRFGEQVASFEDAVFLELGADRSLARLVDGIAMLHGDHEAQAATISALAHL
YVNGMAVDWPAVLGDVRGRVLDLPTYAFEHQRYWLEGWLAVLAPAEREKALLKLVRDSAALVLGHADASTIPVAAAFE
KDLGIDSLTAVELRNSLAKATGLRLPNTTVEDYPTPAILAARL

SEQ ID NO: 32
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPTDRGWDAESLYDADPDAPGKSYCVEGGELDNASSEDAGEE
GISPREALAMDPQORLVLEVSWEAFERAGIEPGSIRGTDTGVEMGAYAGGYGAGADLGGEFAATASATSVLSGRVSYFE
FGLEGPAITVDTACSSSLVALHQAGYALRQGECSLALVGGATVMATPQSEFVEFSRORGLASDGRCKAFADAADGTGW
AEGVGVLLVERLSDARRNGHQVLAVVRSSAVNQODGASNGLTAPNGPSQQORVIQAALSNAGLAAHEVDVVEAHGTGTT
LGDPIEAQAVLATYGODRERPLLLGSLKSNIGHTQAASGVSGVIKMVMALQHHTVPRTLHVNEPSRHVDWSAGAVEL
VRENQSWPEGDRPRRAGVSSEGVSGTNAHIILESAPAQSAEEVOPVEVPVVASDVLPLVVSAKTHSALTEAEDRLRA
YLTASPEADMPAVASTLAVTIRSVEFEHRAVLLGDDTVIGTIGTAMSDPRVVEVEPGOGWOWLGMGSALRESSVVEAERM
AECAAALSDEVDWDLETVLDDPAVVDRVDVVQPASWAVMVSLAAVWQAAGVRPDAVIGHSQGEIAAACIAGAVSLRD
AARIVTLRSQAIARGPAGRGAMASIALPAQEIELADGAWIAAHNGPASTVIAGTPEAVDLVLTAHEAQGTRVRRITV
DYASHTPHVELIRDELLHITAGIGSQVPVVPWLSTVDGTWVEGPLDAEYWYRNLREPVGEAPAISQLOAQGETVEIE
VSASPVLLOAMDDDAVIVATLRRDDGDATRILTALAQAYTHGVIVDWPAILGTTTTRALDLPTYAFQHORYWLNNRL
TGRTSVEQHRVMLELVLGEAASVLGHGSPDAIATDTSEFKDLGMDSLTAIELRNRLMAETGLOQLPATMVEDYPTANAL
ATHL

SEQ ID NO: 33
EPIAIVAMACRVPGGVSSPEGLWRLVESGTDVISGEFPTDRGWDVEGLEDPDPDAPGKSYCVQGGE LDTAADEDAPEE
GISPREALGMDPQORLLLETTWEAIERARIDPKSLRGRDVGVYVGGAAQGYGVGVDQORDNGITGSSVSLLSGRVSY
ALGLEGPGVIVDTACSSSLVALHLASQALRQRECSLALVSGVSVMS SPAMEVEEFSRORGLSSDGRCKSEFAASADGTI
WSEGVGVLVVERLSDARRLGHRELAVVRGSAVNSDGASNGLTAPNGASQQRVIRQALAGAGLTASDVDVVEAHGTGT
KLGDPIEAEAILATYGQERSTPAWLGSLKSNIGHTMAASGVLGVIKMVEAMRHGSLPRTLHVDDPSPHVDWISGSVA
LLTEHQPWPDDAKPRRAGVSSEGLSGTNAHVVLEQYQAPAPSVIPVIPVIPVIPVIPNEPRPLAWVLSAQSPKALRE
QAGRLYASLAEAPEWNSLDIGYSLATTRSDFAHRAVAVGSGREFLRALSKLADGASWPGLTTATAKARRVAFLEDGO
GAQRLGMGKELYDSSPVEFARAWDTVSAGFDKHLDHSLTDVYFGEGGSTTAELVDDTLYAQAGIFAMEVALEGLLEDW
GVRPDEFVAGHSIGEATAAYASGMLSLEHVTTLIVARGRALRATPPGAMVALRAGEEEVRAFLDOQTGAALDLAAVNSP
EAVVVAGEPDAVAGFEAAWAASGREARKLRVRHAFHSRHVEAVLDEFRTTLESLKESAPALPVVSTVIGQLIEPDEM
GTPEYWLRQVRQPVREQDAVRELAEAGVGTEFVEIGPSGALASAGMECLGGDASFHAVLRPRSPEDVCLMTAIAELYA
GGTAIDWAKVLSGGRAVDLPVYPFQHOSYWLAPAEPSYADEPRTMLELVHMEVASVLGMTDPGVILDDSSELELGED
SLSAVRLRNRLSKATGLDLPSTLLEFEHPTSAELASHLD
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SEQ ID NO: 34
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPTDRGWDVEGLEDPDPDASGKSYCVRGGELDSVGGEDASEE
GISPREALAMDPQORLLLEVSWEAFERAGIEPGSVRGSDTGVEMGGEPGGYGAGADLEGEGATAGAASVLSGRVSYFE
FGLEGPAITVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMATPQSEFVEFSRORGLASDGRCKAFADAADGTGW
AEGVGVLLVERLSDAQAKGHQVLGVVRGSAVNODGASNGLSAPNGPSQQORVIRAALSNAGLTTAEVDVVEAHGTGTT
LGDPIEAQAVLATYGODREQPLLLGSLKSNIGHAQAAAGVSGVIKMVMALRHGLVPRTLHVDEPSRHVDWSAGAVEL
VITENQSWPVTGRPRRAGVSAFGVSGTNAHVILESAPAQASEEAQPVVIPVVITPVVASELVPLVVSAKTESALAEVEG
RLRAYLAVSPGVDLRAVGSTLAVARSVFEHRAVLLGDDTVIGIVIGTAVSDPRVVEVEPGOGWOWLGMGSALRGASY
VEAERMAECAAALGEFVDWDLEFAVLDDPAVVDRVDVVQPASWAVMVSLAAVWEAAGVRPDAVVGHSQGEIAAACVAG
AVSLRDAARIVTLRSQVIAGLAGRGAMASVALPAHEIELVEGAWIAACNGPASTVIAGEPDAVDRVLAVHEARGVRV
RRITVDYASHTPHVELIRDELLNITAGIGSQAPVVPWLSTVDGTWVEGPLDAEYWYRNLREPVGEDSAVGELRAQGD
TVEVEVSASPVLLQAMDDDVVSVATLRRDDGGAARMLTALAQAFVEGVIVDWPAVLGNAPGRVLDLPTYAFEHQRYW
LKSRWLARLAPVEREKALLKVVCDGAATVLGHADASTIPAAGAFRDLGVDSLTAVELRNRLAKATGLRLPATLVEDY
PTPTALAARL

SEQ ID NO:35
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAVSGEFPTDRGWDVEDLEGPAAGDSYRLRGGE LDAAGGEDASEEGIS
PREALAMDPQORLVLEVSWEAFERAGIEPGSVRGTIDTGVEMGAYPGGYGIGADLGGEFGTTAGAVSVLSGRVSYFEFEGL
EGPAFTVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMATPQTFAEFARQGGLAGDGRSKAFADSADGAGE SEG
VGVLLVERLSDARRNGHQVLAVVRGSAVNQDGASNGLTAPNGPSQQORVIQAALNNAGLTTAEVDVVEAHGTGTTLGD
PIEAQALLAAYGQODRERPLLLGSVKSNLGHTQAAAGVSGVIKMVMALRHGLVPRTLHVDEPSRHVDWSEGAVELVTE
NOSWPDTGRPGRAGVSSEFGISGTINAHVILESAPSAQTVENTVVESAPEWVPLVMSARTOQSALADYEGRLRAYLAGSP
GVDLRAVASTLAVIRSVEFEHRAVLMGDDTVIGSAVSDPRVVEVEPGOGSQRAGMGEELAAAFPVEAQIHQQVWDLLD
VPDLDVNETGYAQPALFALQVALFGLLESWGVGPDAVVGHSVGELAAAYASGVWSLEDACTLVSARARLMOALPAGG
VMVAVPVSEDEARAVLGEGVEIAAVNGPSSVVLSGDEAAVLRAAAGLGKWIRLATSHAFHSARMEPMLEEFRAVAER
LTYQTPHLTMAAGEQVITPDYWVRQVRDVVREFGEQVASFEDAVELELGADRSLARLVDGIAMLHGDHEAQDAT SAMA
HLYVSGVAVDWPAVLGDVRGRVLDLPTYAFQHERYWLEGRWLAALAPAEREKALLKLVSDGAATVLGHADASTVPVS
AVFRDLGVDSLTAVELRNRLAKATGLRLPATLVFDYPTPTALAARL

SEQ ID NO: 36

EPLAIVGMACRLPGGVASPEDLWRLVESGTDAVSGEFPTDRGWDVEDFDSAGKSYRAEGGELDAAAGEDASEFEFGISPR
EALAMDPQORLLLEVSWETFERAGIEPGSVRGIDTGVEMGAYPGGYGIGADLGGEFGATAGATSVLSGRVSYFEGLEG
PAFTVDTACSSSLVALHQAGYALRQGECSMALVGGATVMATPELETEF SROGGLASDGRCKAFADSADGTGWAEGVG
VLLVERLSDAQAKGHQVLAVVRSSAVNQODGASNGLTAPNGPSQORVIQAALSNAGLAAYEVDVVEAHGTGTTLGDPI
EAQAVLATYGODRERPLLLGSLKSNIGHTQAASGVSGVIKMVMALQRGLVPRTLHVDEPSRHVDWSAGAVELVRENQ
SWPDTEGPRRAGVSSEGVSGTNAHVILESAPAQPAEEAQPVVTPVVASELVPLVVSAKSQSALTEAEGRLRAYLAAS
PGVDTRAVGATLAVARSVFEHRAVLLGDDTVITGTGTAMSDPRVVEVEPGOGWOWLGMGSALRDSSVVEAERMAECAA
ALSDEVDWDLETVLDDPAVVDRVDVVQPASWAVMVSLAAVWEAAGVRPDAVIGHSQGEIAAACIAGALSLRDAARIV
SLRSQVIAGLAGRGAMASIALPAQDVELAEGAWIAAHNGPASTVIAGAPEAVDRVLAVHEARGVRVRRITVDYASHT
PHVELIRDELLHITAGIGSQAPVVPWLSTVDGIWVEGPLDAEYWYRNLREPVGEFAPAIRQLODQGETVEIEVSASPV
LLOAMDDDVVSVATLRRDDGGAARMVTALAQAYVQGVIVDWPAVLGNVPGRVLDLPTYAFEHQRYWLKSWLAALAPA

EREKALLKVVCDSAAVVLGHADARSIPAAGAFKDLGVDSLMAVELRNRLVKATGLRLPATLVEDYPTPAALAARL
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SEQ ID NO: 37
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAVSGEFPTDRGWDLEDLEDPDPEAAGKSYCVQGGE LDAAAGEDAGE'E
GISPREALAMDPQORLLLEVSWEAFERAGIEPGSVRGSDTGVE IGAFPVGYGVGEDREGYGATSGPSVLSGRVSYEE
GLEGPAITMDTACSSSLVALHLAAQALRNGECSMALAGGVIVMATPEVETEFARQRGLASDGRCKAFADSADGAGE'S
EGAGLLLVERLSDARRNGHQVLAVVRGSAVNQDGASNGLTAPNGPSQQORVIQAALINAGLTTAEVDVVEAHGTGTTL
GDPIEAQAVLATYGQGRERPLLLGSLKSNIGHTQAASGVSGVIKMVMALQRGLVPRTLHVDEPSRHVDWSAGAVELV
RENQSWPDSEGPRRAGVSSEGVSGTNAHVILESAPAQPAEEAQPVVTPVVASELVPLVVSAKTESALTEVEGRLRVY
LAASPGVDTRAVASTLAVIRSVFEHRAVLLGDDTVIGTGTAVSDPRVVEVEPGOGWOWLGMGSALRDSSVVEAERMA
ECAAALSEFVDWDLEAVLDDPAVVDRVDVVQPASWAVMVSLAAVWQAAGVRPDAVIGHSQGETIAAACVAGVLSLRDA
ARIVTLRSQATIAGLAGRGAMASIALPAQDVELVEGAWVAAHNGPASTVIAGAPEAVDRVLAVHEARGVRVRRIAVDY
ASHTPHVELIRDELLDITAGIGSQAPVVPWLSTVDGTWVEGPLDAEYWYRNLREPVGEFAPAVSQLOVQGETVEVEVS
ASPVLLQAMDDDVVSVATLRRDDGGAARMLTALAQAYTQGVAVDWPAVLGTTTAQVLDLPTYAFQHRRYWVEWLAAL
APEEREKALLRVVCDGAATVLGHADVGSIPVIAAFKDLGVDSLTAVELRNRLAKATGLRLPATLAFDYPTPTALAAR
L

SEQ ID NO: 38
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPTDRGWDVEHLYDPDPDAPGKAYCVQGGELDSAGGEDASEFE
GISPREALAMDPQORLVLEASWEAFERAGIEPGSLRGTDTGVEMGAYPGGYGIGADLGGEGATAGAVSVLSGRVSYFE
FGLEGPAVIVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMATPQSEFVEFSRORGLAGDGRCKAFADAADGTGW
AEGVGVLLVERLSDAQAKGHQVLAVVRGSAVNODGASNGLSAPNGPSQQORVIRQALANAGLTTAEVDVVEAHGTGTT
LGDPIEAQALLATYGODRERPLLLGSVKSNLGHTQAAAGVSGVIKMVMALRHGLVPRTLHVDEPSRHVDWSEGAVEL
VITENQPWPDADRPRRAGVSSEFGISGTNAHVILESAPSTQAVDDVRPVEAPVVASEWVPLVVSARTLPALVEYEGRLR
AYLAGSPGVDMRAVGSTLAVIRSVEFEHRAVLMGDDTVIGSAVSGPRVVEVEPGQGSQRAGMGEELAAAFPVEARIHQ
QVWDLLDVPDLEVNETGYAQPALFALQVALFGLLESWGVGPDAVIGHSVGELAAGYVSGLWSLEDACTLVSARARLM
QALPPGGVMVAVPVSEEEAKAVLCEGVEIAAVNGPSSVVLSGDETAVLRAAAALGKSTRLATSHAFHSARMEPMLDE
FRAVAERLTYQTPRLPMAAGEQVITPDYWVRQVREPVREGEQAASCGDAVEVELGADRSLARLVDGVAMLHGDHEAQ
AATSALAHLYVNGVIVDWPAVLGDVPGRVLDLPTYAFQHORYWLEGWLAALAPEERAKALLKVVCDTAATVLGHADA
RTIPMTGAFRDLGIDSLTAVELRNGLAKATGLRLPATLVFDYPTPTVLAARL

SEQ ID NO: 39

EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPTDRGWDAESLYDPDPDAPGKSYCVEGGE LDNAASEDAGEE
GISPREALAMDPQORLVLEVSWEAFERAGIEPGSVRGTDTGVEMGAYAGGYGAGADLGGEFAATASATSVLSGRVSYFE
FGLEGPAFTVDTACSSSLVALHQAGYALRQGECSLALVGGATVMATPQSEFVEFSRORGLASDGRCKAFADAADGTGW
AEGVGVLLVERLSDARRNGHQVLAVVRSSAVNQODGASNGLSAPNGPSQQGVIRQALANAGLTPAEVDVVEAHGTGTT
LGDPIEAQAVLATYGODRERPLLLGSLKSNIGHTQAASGVSGVIKMVMALQHHTVPRTLHVNEPSRHVDWSAGAVQL
VRENQSWPEGDRPRRAGVSSEGVSGTNAHIILESAPAQSAEEVOPVEVPVVASDVLPLVVSAKTHSALTEAEDRLRA
YLTASPEADMPAVASTLAVTIRSVEEHRAVLLGDDTVIGTIGTAVSDPRVVEVEPGOGWOWLGMGSALRDSSVVEAERM
AECAAALSDEVDWDLEAVLDDPAVVDRVDVVQPASWAVMVSLAAVWQAAGVRPDAVIGHSQGEIAAACIAGALSLRD
AARIVTLRSQVIAGLAGRGAMASIALPAQEVELAEGAWIAAHNGPASTVIAGTPEAVDLVLTAHEAQGTRVRRIAVD
YASHTPHVELIRDELLDITAGIGSQAPVVPWLSTVDGTWVEGPLDAEYWYRNLREPVGEFAPAVRQLODQGETVEIEV

SASPVLLOAMGDDAVIVATLRCDDGGAARMLTALAQAYTQGVAVDWPAVLGTTTARVLDLPTYAFQRORYWVEWLAG
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LAPEERAKALLKVVCDTAATVLGHADARTIPLTGAFKDLGVDSLTAVELRNSLTKATGLRLPATLVEDYPTPTALAV
RL

SEQ ID NO: 40
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAVSGEFPTDRGWDLEDLEDPDPEAAGKSYCAEGGE LDAAAGE DAGE'E
GISPREALAMDPQORLLLEVSWEAFERAGIEPGSVRGSDTGVE IGAFPVGYAAGAAREGYGATAAPNVLSGRLSYEF
GLEGPAITMDTACSSSLVALHLAAQAVRNGECSMALAGGVIVMATPEVETEFARQRGLASDGRCKAFADSADGAGE'S
EGAGLLLVERLSDARRNGHQVLAVVRGSAVNQDGASNGETAPNGPSQORVIQOALANAGLTTAEVDVVEAHGTGTTL
GDPIEAQAVLATYGODREQPLLLGTLKSNIGHTQAAAGVSGVIKMVMALQHDTVPRTLHVNEPSRHVDWTAGAVELV
TENQSWPVIDRPRRAGVSAFGVSGTINAHVILESAPAPSVNNAQPVETPVVASELVPLVISAKTLPALTEHEDRLRAY
LAASPEADMPAVASTLAVIRSVFEHRAVLLGDDTVIGTGAAVSDPRVVEVEPGOGWOWLGMGSGLRGSSVVEAERMA
ECAAALREFVDWDLEAVLDDPAVVDRVDVVQPASWAVMVSLAAVWEAAGVRPDAVVGHSQGETAAACVAGAVSLRDA
ARIVTLRSQVIAGLAGRGGMASVALPAHEIELVEGAWIAARNGPAATVIAGEPDAVDRVLAIHEAQGVRVRRIAVDY
ASHTPHVELIHDELLGVIAGVDSQAPVVPWLSTVDGTWVEGPLDAEYWYRNLREQVGEFDPAVSQLRAEGDTVEVEVS
ASPVLLOAMDDDAATVATLRRDDGDAARMLTALAQAFVEGVIVDWPAILGTATPGVLDLPTYAFQHOREWAERWLAR
LAPVEREKALLKVVCDGAATVLGHADASTIPATAAFKDLGIDSLTAVELRNGLAKATGLRLPATLVEDYPTPTALAA
RL

SEQ ID NO: 41
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAVSGEFPTDRGWDVGDLEGPAAGDSYRLRGGE LDAAGGEDASEEGIS
PREALAMDPQORLVLEVSWEAFERAGIEPGSVRGTIDTGVEMGAYPGGYGIGADLGGEFGATASATSVLSGRVSYFEFEGL
EGPAITVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMATPQTFVEFARQGGLAGDGRSKAFADSADGAGE SEG
VGVLLVERLSDAQAKGHQVLAMLRSSAVNQDGASNGLTAPNGPSQQORVIQAALSNAGLAPHEVDVVEAHGTGTTLGD
PIEAQALLATYGODRERPLLLGSVKSNLGHTQAAAGVSGVIKMVMALRNGLVPRTLHVDEPSRHVDWSVGAVELVTE
NOSWPDSGRPRRAGVSSEFGISGTINAHVILESEPPAQVVENTVVEPAPEWVPLVMSARTOQSALADYEDRLRAYLAGSP
GVDLRAVGSTLAVIRSVEFEHRAVLLGDDTVIGTAVSDPRVVEVEPGOGSQRAGMGEELAAAFPVEARIHQQVWDLLD
VPDLEVNETGYAQPALFALQVALFGLLESWGVGPDAVIGHSVGELAAGYVSGLWSLEDACTLVSARARLMOALPAGG
VMVAVPVSEEEAEAVLCEGVEIAAVNGPSSVVLSGDEAAVLRAAATLGKWTRLATSHAFHSARMEPMLEEFRAVAEG
LTYRTPRLTMAAGDQIATAEYWVRQVRDVVRFGEQAASCGDAVEVELGADRSLARLVDGVAMLHGDHEAQAATISALA
HLYVSGVAVDWPAVLGDVPGRVLDLPTYAFQHORYWLEGRWLAALTPEERAKALVKVVCDSAATVLGHADASTIPVT
AAFRDLGVDSLTAVELRNSLTKATGLRLPATLVFDYPTAGALAARL

SEQ ID NO: 42

EPLAIVGMACRLPGGVESPEDLWRLVESGTDAISGEFPTDRGWDAENLEDPDPDAAGKSYCLEGGE LETAANFDASEFE
EISPREALAMDPQORLVLEASWEAFERAGIEPGSVRGSDTGVEMGAFPGGYGIGADLEGYGATSGLNVLSGRLSYFEFE
GLEGPAVTVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMATPHTEVEFSRORGLASDGRCKAFADSADGTGWS
EGVGVLLVERLSDAQAKGHQVLAVVRGSAVNQODGASNGLSAPNGPSQQORVIRQALANAGLTIAEVDVVEAHGTGTTL
GDPIEAQALLATYGODREQPLLLGSVKSNVGHTQAAAGVSGVIKMVMALRNGLVPRTLHVDEPSRHVDWSEGAVELV
TENQPWPETGRPRRAGVSSEFGVSGINAHVILESAPPAQVVDNTVVESAPEWVPLVMSARTOSALADYEDRLRAYLAG
SPGVDLRAVASTLAVIRSVEEHRAVLMGDDTVTGTAVSDPRVVEVEFPGOQGSQRAGMGEELAAAFPVEARIHQQOVWDL
LDVPDLEVNETGYAQPALFALQVALFGLLESWGVRPDAVVGHSAGELAAAYVSGVWSLEDACALVSARARLMQALPA

GGVMVAVPVSEEEAEAVLCEGVEIAAVNGPSSVVLSGDEAAVLRAAAGLGKWTIRLATSHAFHSARMEPMLEEFRAVA
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EGLTYRTPRLTMAAGDQVATAEYWVRQVRDVVRFGEQVASFEDAVFLELGADRSLARLVDGVAMLHGDHEAQAATISA
LAHLYVNGVTIDWPAVLGGVPGRVLDLPTYAFQHERYWAEAWLAALAPAEREKALLKLVSDGAATVLGHADASTIPV

TAAFKDLGIDSLTAVELRNSLAKATGLRLPATLVEDYPTPTALAARLD

SEQ ID NO: 43
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPTDRGWDVENLYDPDPDAPGKSYSVRGGE LDAAANFDASEE
GISPREALAMDPQORLMLEVSWEAFERAGIEPRSVRGSDTGVE IGAYPGGYGIGVDEFEGEGATAGAASVLSGRVSYFE
FGLEGPAFTVDTACSSSLVALHQAGYALRQGDCSLALVGGVIVMATPQTEFVEFSRORGLSADGRCKAFADSADGTGW
AEGVGVLLVERLSDAQAKGHQVLGVVRGSAVNODGASNGLSAPNGPSQQORVIRAALSNAGLAPHEVDVVEAHGTGTT
LGDPIEAQALLATYGQGRGEPLLLGSLKSNIGHTQAAAGVSGVIKMVMALQYGLVPRTLHVDEPSRHVDWTAGAVEL
VGENQPWPETGRPHRAGVSSEFGISGTNAHVILESAPAQPAEEAQPVVIPVVASELVPLVVSAKTESALTEVEGRLRA
YLAASPGVDTRAVASTLAVTIRSVEFEHRAVLLGDDTVIGTIGTAMSDPRVVEVEPGOGWOWLGMGSALRDSSVVEAERM
AECAAALSDEVDWDLETVLDDPAVVDRVDVVQPASWAVMVSLAAVWQAAGVRPDAVIGHSQGEIAAACIAGAVSLRD
AARIVTLRSQAIAGLAGRGAMASIALPAQEIGLADGAWIAAHNGPASTVIAGAPEAVDRVLTAHEAQGARVRRIAVD
YASHTPHVELIRDELLDITAGIGSQAPVVPWLSTVDGTWVEGPLDAEYWYRNLREPVGEFAPAVROQLOAQGETVEVEV
SASPVLLOQAMDDDAVIVATLRRDDGDATRMLTALAQAYTHGVIVDWPAILGTTTTRALDLPTYAFQHERYWAEAWLY
GLAPEERAKALLKLVSDSAAAVLGHADARGIPATGAFKDLGVDSLTAVELRNTLTKATGLRLPATMVEDYPTPADLA
ARL

SEQ ID NO: 44
EPLAIVGMACRLPGGVSSPEELWQLVESGGDAISPEFPTDRGWDLETPYRGGEFLTDPAGEDAGFEFGISPREAVAMDPQ
ORVLLEASWEAFERAGIKPDSLRGSDTGVEVGGESQGYGTGADLGGEFGATSTQTSVLSGRLSYEFYGEEGPAVTIVDTA
CSSSLVALHQAASSLHIGECSLAVVGGVIVVATPGGEVEFARQGGLALDGRCKAFADAADGIGLAEGVGVLLVERLS
DAQRNGHTVLAVVRGSAVNQDGASNGLSAPNGPSQORVIRQALANARLTPADIDVVEAHGTGTRLGDP IEAQATILAT
YGODRDOPLLLGSLKSNIGHTQAAAGVAGVIKIVMAMRHGTAPRTLHADEPSRHVDWSAGAVELLSENRLWPETDRP
RRAAVSSEFGVSGTNAHVILESAPAESAEGPAGCMGSESMGSESGPVVVVLSAKSASALAGOQEERLRAYLASGADVRAV
AAGLARRSVFEHRSVILGDSTVSGVAAGVPRVVELFPGOGTOWAGMGADLLESSPVEAARMRQCAAELSKYTDWDLE
TALSDPALLDRVDVVQPVSWALMVSLAALWQHCGVQOPDAVIGHSQGEIAAACVAGALTLODGARLITGRSALIAHLS
GRGTIMASIALPADDLTLPDDVCIAAVNGPATTIIAGPTPAIEHLLATYEASNIHTRRIPVDYPSHTPHVEDLHDPLL
AITTHLTPHTPTTPWLSTVDNIWIHTPPHPDYWYRNLRHPVQLAPAITTLTHPHPTHLIEISTHPVLLPAIDTTTTL
TTTATLRRNHGTPHQLLTSLAHAHTHGATINWPALLGNPPTATTADLPTYPFQHKRYWLOQDTERVAGLPAAEREQVV
VKAVCETAAVVLGHAHADDILATTLFKDLGVDSLIAVELRNRLAADAGLRLPATLVEFDYPTPHALATWL

SEQ ID NO: 45

EPLAIVGMACRFPGGVSSPEDLWRLVESGGDAISDIPADRGWDLETPYRGGEFLADAGGEDAGFEFGISPREALAMDPQ
ORVLLETSWEALERAEIEPGSLRGSDTGVEIGGESQSYGIGADLGGEFGTITGIQTSVLSGRLSYFEFGEFEGPAFTVDTA
CSSSLVALHQASSALRQGECSLALVGGVIVLADPSGEVEFARQGGLAADGRCKAFADTADGTSLAEGVGVLLVERLS
DAQRNGHTVLAVVRGSAVNQDGASNGLSAPNGPSQORVIRQALANARLTPADIDVVEAHGTGTRLGDP IEAQATILAT
YGODRDOPVLIGSLKSNIGHTQAAAGVAGVIKMVMAMROGTVPRTLHVDEPSHHVDWTAGSVOPITONQEWPQAGRYV
RRAGVSSEFGISGTNAHVIIEGVPVAEPVVVADSGVVPLVLSARTPGALLEQEERLRAYLACGADVRAVAAGLARRSY
FEHRSVLVGDTIVVSGTAADARLVLVESGQGSQRAGCGMGEELAARFPVEFAETHORVWDLLDVGPGLDVDDTGYAQPALFE

ALQVALFGLLESWGVRPDVLIGHSIGELAAACVSGVWSLODACALVSARARLMOQALPAGGVMAAVPVSEAEAEAVLR
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EGVEIAAVNGPASIVLSGDEDAVLQAAASLGRETRLSTSHAFHCARMDPMLDEFROQVAESIAYQPPRIAMAAGDQVI
TPDYWVRQVREPVRFGDQVAAHADAVFLEIGPDRHLARLIDGIPTLSVDEVQSAMTALGELHVRGIDVDWATLLGTT
PATPTDIPTYPFQHKHYWIDNRRISGLEPAERGOQALLEIVREAAAVVLGHTDAREIAPTTAFRDLGIDSLTAIELRN
RVATETGLRLPATLVFDHPTPTTLATWI

SEQ ID NO: 46
EPLAIVGMACRLPGGISSPEDLWQLVQSGGDAITDLPTDRGWDLTHLYDNDAPPVYRGGELTDAGDEDAAFFGISPR
EALAMDPQORILLETSWEAFERGGINPEAIRGSNTGVE IGGESYGYGTGADLGGEGATSTQTSVLSGRLSYFYGEEG
PAVIVDTACSSSLVALHQASSALRQGECSLALAGGVIVMATPAGEEEFARQGGLAADGRCKAFSDTADGTGWAEGVG
VLLVERLSDAQRNGHTVLAVVRGSAVNQDGASNGLSAPNGPSQORVIROQALANARLTPADIDVVEAHGTGTRLGDPI
EAQAILATYGODRDOPLLLGSLKSNIGHTQAAAGVAGIIKTVMAMRHGTAPRTLHADEPSRHVDWSAGAVELLSENR
LWPETDRPRRAAVSSEGVSGTINAHVIIEQPPHTPAPEAERTTGLDVVPWLLSARTPAGLRAQAEQVSSLNEDFANIG
FSLATTRTPMEHRAVVVADVSGISEAAVEAGGGSPTDVVSGLANVRGKTIVEVEPGQGCGAQWAGMGAELFATSPVEAER
MTECAAAFAALVDWSLIDVLQQOREGAPSPDRVDVVQPLSFAVMVSLAALWKSHGVVPDAVIGHSQGEVAAACVSGAL
SLSDAATVVALRSRVIAQLAGHGGMVALPATEFAAEYWAGRLELAAVNGPASVVVAGEPEALEELLAENPNARRIPV
DYASHTSRVERIREELTGLLSGLAPRQPIVPEFYSTVDNOQWLDKPLDAEYWYRNLRQTVRFADAVHGLADAGERAFVE
VSPHPVLTSSMRDILDERETTAVVIGTLRRDAHGVREEVRSLARLWVSGESVDWSGLEGNGPRRIPLPTYPEFQRNRY
WLOAELDLVRTHAAAVLGHAGPEAVAADHPFRDLGVDSLIAVELRNRLAAETGLRLPATLVEDYPTPRALAAWLD

SEQ ID NO: 47
EPLAIVGMACRFPGGVSSPEDLWRLVETSGDAISDIPADRGWDLETPYRGGFLIGAAGEDAGFEFGISPREALAMDPQ
ORLLLEISWEALERAGINPESVRGSDTGVEVGGSSYGYGVGADLGGEFGATSTHISVLSGRVSYEFEGEEGPAFTVDTA
CSSSLVALHQASSALRQGECSLALVGGVIVMATPAGFEEFARQGGLAADGRCKAFSDTADGTSLAEGVGVLLVERLS
DAQRNGHTVLAVVRGSAVNQDGASNGLSAPNGPSQORVIRQALANARLTPADIDVVEAHGTGTITLGDP IEAQATILAT
YGODRDOPVLIGSLKSNIGHTQAAAGVAGVIKMVMAMROGTVPRTLHVDEPSHHVDWTAGSVOPITONQEWPQAGRYV
RRAGVSSEFGISGTNAHVIIEGVPVAEPVVVADSGVVPLVLSARTPGALLEQEERLRAYLACGADVRAVAAGLARRSY
FEHRSVLVGDTIVVSGTAADARLVLVESGQGSQRAGCGMGEELAARFPVEFAETHORVWDLLDVGPGLDVDDTGYAQPALFE
ALQVALFGLLESWGVRPDVLIGHSIGELAAACVSGVWSLODACALVSARARLMOQALPAGGVMAAVPVSEAEAEAVLR
EGVEIAAVNGPASIVLSGDEDAVLQAAASLGRETRLSTSHAFHCARMDPMLDEFROQVAESIAYQPPRIAMAAGDQVI
TPDYWVRQVREPVRFGDQVAAHADAVFLEIGPDRHLARLIDGIPTLSVDEVQSAMTALGELHVRGIDVDWATLLGTT
PATPTDIPTYPFOQHKHYWIDNTRISGLEPAERGOQALLEIVREAAAVVLGHTDAREIAPTTAFRDLGIDSLTAIELRN
RVATETGLRLPATLVFDHPTPTTLATWI

SEQ ID NO: 48

EPLAIVGMACRLPGGISSPEDLWQLVQSGGDAITDLPTDRGWDLETPYRGGEFLTDPAGEDAGFEFGISPREALAMDPQ
ORVLLEASWEAFERAGIKPDSLRGSDTGVEVGGESQGYGTGADLGGEFGATSTQTSVLSGRLSYEFYGEEGPAVTIVDTA
CSSSLVALHQASSALRQGECSLALAGGVIVMATPAGFEEFARQGGLAADGRCKAFADTADGTGWAREGVGVLLVERLS
DAQRNGHTVLAVVRGSAVNQDGASNGLSAPNGPSQORVIRQALANARLTPADIDVVEAHGTGTRLGDP IEAQATILAT
YGODRDOPLLLGSLKSNIGHTQAAAGVAGIIKTIVMAMRHGTAPRTLHADEPSRHVDWSAGAVELLSENRLWPETDRP
RRAAVSSEFGVSGTNAHVILESAPAESAEGPAGCMGSESMGSESGPVVVVLSAKSASALAGOQEERLRAYLASGADVRAV
AAGLARRSVFEHRSVILGDSTVSGVAAGVPRVVELFPGOGTOWAGMGADLLESSPVEAARMRQCAAELSKYTDWDLE

TALSDPALLDRVDVVQPVSWALMVSLAALWQHCGVQOPDAVIGHSQGEIAAACVAGALTLODGARLITGRSALIAHLS
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GRGTIMASIALPADDLTLPDDVCIAAVNGPATTIIAGPTPAIEHLLATYEASNIHTRRIPVDYPSHTPHVEDLHDPLL
AITTHLTPHTPTTPWLSTVDNIWIHTPPHPDYWYRNLRHPVQLAPAITTLTHPHPTHLIEISTHPVLLPAIDTTTTL
TTTATLRRNHGTPHQLLTSLAHAHTHGATINWPALLGNPPTATTADLPTYPFQHKRYWLOQDTERLTTQSSVEQHRLM
LDLVTSHAAAVLGHSSAAAITTIDTPFRDLGEFDSLTAVELRNRVAADTGLRLPATLVENHPNADALTQYL

SEQ ID NO: 49

DPIAIVAMACRLPGGVSSPEDLWRLVETGTDAIGPFPTDRGWDTELYPVPDAPGKTYCVEGGEFLTGAAEFDAAFEDI
SPREALAMDPOQORLLLETSWEAVERARINPKSLCGKDVGVYVGAAAQGYGLGAGDQTEGTAITGGSTSLSSGRVSYA
LGLEGPAVIVDTACSSSLVAMHLAGQALRQGECSLALVGGVSVMASPALFVEFSRORGLAADGRCKSESDAADGTNW
AEGVGVLILERLSDAQRNGHPVLAVIRGSAINSDGASNGLTAPNGLSQORVIRQALTAAGLRPEDVDAVEAHGTGTR
LGDPVEAEAILATYGONREQPLLLGSLKSNIGHAAAASGVAGVIKMVQAMRNGVLPRTLHIDEPSSQVDWT SGNVAL
LTESRPWPDEDKPRRAGVSSEGISGTNAHIVLEQYRAAEPEDRPGDGPGERRPVAWVLSGKSPAAVRAQAGRLRAHL
VGTQGWRPVDVGYALATTRADFAHRAVAVGSGPEF LHALEKLAEGASWPRLTTNRASARRVAFLEDGQGTQRLGMGR
ELHOQRFPAFAEAWDTVDAEFAPYLDRSLTEVEEFSDGGSGLMDDTLYAQAGLFAVETALFRLLAGWGVRPDEVAGHSA
GEITAAHVAGVLSVIDAVRLIVARGQALRLAPPGAMASVRSSAQEVRDE IAQSGLPVDLAAINSPGSVVVAGSPETI
AEFEGAWTASGROAKRLAVRHAFHSRHVDGVLDEFRAALGGCREGVAELPLVSTATGELASPDELGTPEHWLRHARQ
TVRFODAIRALTEQGVDTEVEIGPSGTLASAGMECGGGTAAFHAVMRARQPEEVSLMTAVAELYAGGTPVEWSRVLD
GRSVVDLPVYPFQROPYWLAPADELSQPEQOKALLELVKAEAAVLLGITDATAIEDDARFLELGFDSLSATRLRNQL

AKATGLALEQTLLFDFPTPAALAAHL

SEQ ID NO: 50

EPLAIVGMACRLPGGVSSPEDLWRLVESGGDVISDEPTDRGWDTTGEDSSE IRGGE LTDAGGEDAGEFGISPREAVA
MDPQORLVLETSWEVLERAGIEPGSLRGSDTGVE IGGESQGYGAGADLGGEFGATGTQTSVLSGRVSYYLGLEGPAVT
VDTACSSSLVALHQAASALRQGECSLALVGGVIVMATTHSEFVEFARQGGLSSDGRCRSFADSADGTGWAEGVGVLLY
ERLSDARRSGHPVLALVRGSAVNQDGASNGLSAPNGLSQORVIRQALATAGLDAADVDVVEAHGTGTVLGDPIEAQA
ILATYGQGREEPLLLGSLKSNVGHTQAAAGVAGVIKMVMAMROQGTVPRTLHVDEPSHHVDWTAGRVELLTENRPWPQ
AGRVRRAGVSSEGISGTNAHVIIEGVPVAEPVVVADSGVVPLVLSARTPGALLEQEERLRAYLACGADVRAVAAGLA
RRSVFEHRSVLVGDTVVSGTAADARLVLVESGOGSQRAGMGEELAARFPVEFAETHOQRVWDLLDVGPGLDVDDTGYAQ
PALFALQVALFGLLESWGVRPDVLIGHSIGELAAACVSGVWSLODACALVSARARLMOALPAGGVMAAVPVSEAEAE
AVLREGVEIAAVNGPASIVLSGDEDAVLOAAASLGRETRLSTSHAFHCARMDPMLDEFROQVAESIAYQPPRIAMAAG
DOVITPDYWVRQVREPVRFGDQVAAHADAVFLEIGPDRHLARLIDGIPTLSVDEVQSAMTALGELHVRGIDVDWATL
LGTTPATPTDIPTYPFOQHKHYWIDNTRISGLEPAERGQALLEIVREAAAVVLGHTDAREIAPTTAFRDLGIDSLTAL

ELRNRVATETGLRLPATLVFDHPTPTTLATWI

SEQ ID NO: 51

EPLAIVGMACRLPGGISSPEDLWQLVQSGGDAITDLPTDRGWDLETPYRGGEFLTDPAGEDAGFEFGISPREALAMDPQ
ORVLLEASWEAFERAGIKPDSLRGSDTGVEVGGESQGYGTGADLGGEFGATSTQTSVLSGRLSYEFYGEEGPAVTIVDTA
CSSSLVALHQASSALRQGECSLALAGGVIVMATPAGFEEFARQGGLAADGRCKAFADTADGTGWAREGVGVLLVERLS
DAQRNGHTVLAVVRGSAVNQDGASNGLSAPNGPSQORVIRQALANARLTPADIDVVEAHGTGTRLGDP IEAQATILAT
YGODRDOPLLLGSLKSNIGHTQAAAGVAGIIKTIVMAMRHGTAPRTLHADEPSRHVDWSAGAVELLSENRLWPETDRP
RRAAVSSEFGVSGTNAHVILESAPAESAEGPAGCMGSESMGSESGPVVVVLSAKSASALAGOQEERLRAYLASGADVRAV

AAGLARRSVFEHRSVILGDSTVSGVAAGVPRVVELFPGOGTOWAGMGADLLESSPVEAARMRQCAAELSKYTDWDLE
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TALSDPALLDRVDVVQPVSWALMVSLAALWQHCGVQOPDAVIGHSQGEIAAACVAGALTLODGARLITGRSALIAHLS
GRGTIMASIALPADDLTLPDDVCIAAVNGPATTIIAGPTPAIEHLLATYEASNIHTRRIPVDYPSHTPHVEDLHDPLL
AITTHLTPHTPTTPWLSTVDNIWIHTPPHPDYWYRNLRHPVQLAPAITTLTHPHPTHLIEISTHPVLLPAIDTTTTL
TTTATLRRNHGTPHQLLTSLAHAHTHGATINWPALLGNPPTATTADLPTYPFOQRRREFWAERISGLEPAERGQALLET
VREAAAVVLGHTDAREIAPTTAFRDLGIDSLTAIELRNRVATETGLRLPATLVFDHPTPTTLATWI

SEQ ID NO: 52
EPLAIVGMACRLPGGISSPEDLWQLVQSGGDAISDEFPTDRGWDLTHLYDNDAPPVYRGGELTDAGDEDAAFFGISPR
EALAMDPQORLILETSWEVLERAGIEPGTLRGSETGVEVGGETQGYGTGADLGGEFGMTSGHSSVLSGRVSYFEGEEG
PAVTIVDTACSSSLVALHQASSALRQGECSLALVGGVIVMASPQGETEF SROGGLSPDGRCKAFADAADGTGWAEGVG
VLLVERLSDAQRNGHTVLAVVRGSAVNQDGASNGLSAPNGPSQORVIROQALANARLTPADIDVVEAHGTGTTLGDPI
EAQAILATYGODRDOQPLLLGSLKSNIGHTQAAAGVAGVIKMVMAMRHGTAPRTLHIDEPSRHIDWITGSVALSTENQ
PWPETGHPRRAGVSAFGVSGINAHVVLEGVPVAGPPEEDVEPGVVPLLISAKSRPALMEQEQRLRTYLDGSQTDIRA
VAATLAHARSVEFEHRSVLVGDTVVSGTAADARLVLVESGQGSQRAGCGMGEELAARFPVEFAETHORVWDLLDVGPGLDV
DDTGYAQPALFALQVALFGLLESWGVRPDVLIGHSIGELAAACVSGVWSLODACALVSARARLMOALPAGGVMAAVP
VSEAEAEAVLREGVEIAAVNGPASIVLSGDEDAVLOAAASLGRETRLSTSHAFHCARMDPMLDEEFRQVAES IAYQPP
RIAMAAGDQVITPDYWVRQVREPVRFGDQVAAHADAVFLEIGPDRTLARLIDGVPLLSKEDEVQAALVALAELHVRG
VPLEWSTVIGGMTSIVDLPTYPFRRKRYWIESAERLTTOSSVEQHRLMLDLVTSHAAAVLGHSSAAAITTDTPERDL
GFDSLTAVELRNRVAADTGLRLPATLVENHPNAGDLARHL

SEQ ID NO: 53
EPLAIVGMACRLPGGISSPEDLWQLVQSGGDAITDLPTDRGWDLTHLYDNDAPPVYRGGELTDAGDEDAAFFGISPR
EALAMDPQORILLETSWEAFERGGINPEAIRGSNTGVE IGGESYGYGTGADLGGEGATSTQTSVLSGRLSYFYGEEG
PAVTIVDTACSSSLVALHQASSALRQGECSLALAGGVIVMATPAGEEEFARQGGLAADGRCKAFADTADGTGWAEGVG
VLLVERLSDAQRNGHTVLAVVRGSAVNQDGASNGLSAPNGPSQORVIROQALANARLTPADIDVVEAHGTGTTLGDPI
EAQAILATYGODRDOPLLLGSLKSNIGHTQAAAGVAGIIKTVMAMRHGTAPRTLHADEPSRHVDWSAGAVELLSENR
LWPETDRPRRAAVSSEGVSGTINAHVILESAPAESAEGPAGMGSESMGSESGPVVVVLSAKSASALAGQEERLRAYLA
SGADVRAVAAGLARRSVFEHRSVILGDSTVSGVAAGVPRVVELEFPGOGTOWAGCGMGADLLESSPVEFAARMRQCAAELS
KYTDWDLETALSDPALLDRVDVVQPVSWALMVSLAALWQHCGVQPDAVIGHSQGEIAAACVAGALTLODGARLITGR
SALIAHLSGRGTMASIALPADDLTLPDDVCIAAVNGPATTIIAGPTPAIEHLLATYEASNIHTRRIPVDYPSHTPHV
EDLHDPLLAITTHLTPHTPTTPWLSTVDNTWIHTPPHPDYWYRNLRHPVQLAPAITTLTHPHPTHLIEISTHPVLLP
AIDTTTTLTTTATLRRNHGTPHQLLTSLAHAHTHGATINWPALLGNPPTATTADLPTYPFQHKRYWLOQDTRLSALAP
AEREQALVKAVCETAAMVLGHADTREIAATTAFKELGLDSLTAVQLRDRLAAETGRKLPATLVEDYPSPQALAAWL

SEQ ID NO: 54

EPLAIVGMACRLPGGVASPEDLWRLVESGTDAITDEFPTDRGWDLDEVADQSYCLOGGEFLDNAAGEDAAFFGISPREA
LAMDPQORLVLEASWEAFERAGIKPGSLRGSDTGVEMGAYPGGYGTGADLGGEFGATAGAVSVLSGRISYFEGEFEGPA
MITVDTACSSSLVALHQAGYALRQGECSIALVGGVIVMATPQSEFIEFSRORGLAADGRCKTEFADAADGTGWAEGVGVL
LVERLSDARAKGHQILAVVRGSAVNQDGASNGLSAPNGPSQORVIRQALVNAGLSPADVDVVEAHGTGTITLGDPIEA
QALLTTYGQGRSVPLLLGSVKSNLGHTQAAAGVTGVIKMVMALRHGVVPRTLHVDEPSRHVDWSAGAVELVTSNREW
PVVDRPGRAGVSSEGISGTNAHVILEAVPSDTPASTSTDAVLPLVVSARTAPAAEDLTARLRAYLSAAPETDQRAAA

ATLALTRSVFEHRAVVLGDELVSGQAVRDPRVVEVESGQGSQRAGMGEQLAAVEPVEAEITHERVWALLDVPDGLDVD
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DTGHAQPALFALQVALSGLLESWGVRPAAVIGHSIGELAAAYVSGVWSLEDACALVSARARLMOALPPGGVMVAVPV
PEAEARAVLRDGVEIAAVNGPSSVVLSGDEDAVLOAVSGEFAKWTRLKTSHAFHSAHMDPMLDEFRAVAERLTYRRPS
VEMAAGDRVITAEYWVRQVREAVRFGDQTTAYEDAVEVEIGPGRTLARLIDGITMLHGDTEREAALTGLSQLEVRGV
DVDWATVIEDTTARILDLPTYAFQHENYWLHWLSGLTPAEREQALLTAVRENAAAVLGHADARTVPVNSAFRDLGED
SLTAIELRNSLAKATGLSLPATMAFDYPTPAVLATRL

SEQ ID NO: 55
EPLAIVGMACRLPGGVSSPEELWRLVESGVDAISGEFPVDRGWDVENLEDPDPDAAGKSYCVQGGELDSAAEFDAAFE
GISPREALAMDPQORLVLETSWEAFERAGIEPGSIKGSDTGVEMGAYQGGYGSGADLGGEGATAGATSVLSGRVSYFE
FGFEGPAMTVDTACSSSLVALHOQAGYALRQGECSLALVGGVIVMATPQSEFVEFSRORGLAVDGRSKAFADAADGTGW
AEGVGVLLVERLSDAQAKGHQILAVVRGSAVNODGASNGLSAPNGPSQQORVIRQALANASLTPADVDVVEAHGTGTT
LGDPIEAQAVIATYGODRSTPLLLGSLKSNIGHTQAAAGVSGVIKMVMALRHGVVPQTLHVDOQPSRHVDWSAGAVEL
LTSNQPWPSSERARRAGVSAFGVSGTNAHVILESAPAEPVVAEAGPVPVVSDVLPLVLSAKSAPALRALEQRLRAYD
GAAGRALATARATFDHRAVLIGDDTVIGVAVPDPRVVEVEPGOQGWOWLGMGRELRGSSVVFAERMAECAAALSEEVD
WDLFAALDDPAVVDRVDVVQPVCWAVMVSLAAVWOAAGVNPDAVVGHSQGEIAAAVVAGSLSLRDGARVVALRSQLI
KGLAGRGAMASIALPADQIGLVEGAWIAALNGPSSTVIAGTPEAVEQVLAAQDARVRRIAVDYASHTPQVEAIRDEL
LELTAGVSSQPPTVPWLSTVDNTWVEGPLPADYWERNLREQVGEFAQAVVTLGDAVEVEVSGSPVLMOSMGDAVTVAS
FRRDDGSATRMVTSLAEAYVQGVNVNWAAVLGAGTERALDLPTYPFQROHYWISLAALPPAERERALLKVVRDSAAV
VLGHADGRTVPATAAFKDLGLDSLTAVELRNSLRKATGLOQLPATLVEDYPSPVALAARL

SEQ ID NO: 56
EPLAIVGMSCRLPGGVSSPEDLWRLVESGVDAISGEFPVDRGWDAEGLEDPDPDAAGKTYCVQGGE LEAAGEFDTAFFE
GISPREALAMDPQORVLLEASWEAFERAGIGADTVRGTIDTGVE IGAYPVAYGAGVDREGYGATAAPNVLSGRLSYEFE
GLEGPAITVDTACSSSLVALHLAASALRNGECSLALAGGVIVMATPEVETEFARQRGLAFDGRSKSFADAADGAGE'S
EGAGLLVLERLSDARRNGHQVLAVIRGSAVNQDGASNGETAPNGPSQQORVIEAALGNAGLTTAEVDVVEAHGTGTKL
GDPIEAQAVLATYGODRDLPLLLGSLKSNIGHTQAASGVAGVIKMVMALRHGVVPQTLHVDEPSRHVDWSAGAVELV
TSNOQPWPSSERPRRAGVSAFGVSGINAHVILESAPVEPVVAEAGPVPVVGDVLPLVVSAKSAPALTVLEQRLRAYEA
ADEKAVAATLAAARATFGHRAVLLGGDTVIGVAVPDPRVVEVEPGOGWOWLGCGMGRELRGSSVVEAERMAECAAALSE
FVDWDLETALDDPAVVDRVDVVQPVCWAVMVSLAAVWQASGVNPDAVVGHSQGEIAAAVVAGSLSLRDGARVVALRS
QLIKGLAGRGAMASIALPAAEIDLVEGSWIAALNGPSSTVIAGTPEAVEQVLAVODARVRRIAVDYASHTPQVEAIR
DELLELTGEVVSRKPDVPWLSTVDNAWIEGPLGADYWERNLREQVGEFAQAVVTLGDAVEVEVSASPVLMOSMGDAVC
VPSLRRDDGTATRMVISLAEAYVQGVQVNWAAVLCGAGTERALDLPTYPFQROHYWALHWLARLSPAEREQALLKLVC
ESASVVLGHADAGAIPVTAAFKDLGVDSLTAVELRNSLATATGORLPATAVEDYPTPAVLAARL

SEQ ID NO: 57

EPLAIVGMACRLPGGVSSPEGLWRLVVSGSDVISGEFPADRGWGVEGLRGGE LPGAADEFDAGEFGISPREALAMDPQO
RLVLEASWEVLERAGIAPGSLRGSDTGVEMGAYPGGYGIGADLGGEFGATAGAVSVLSGRVSYFEGFEGPAMTVDTAC
SSSLVALHQAGHALRNSECSLALVGGVTIVMASPQTEVEFERQGGLAADGRSKAF SDGADGAGE SEGVGVLLVERLSD
ARAKGHQILALVRGSAVNQDGASNGLTAPNGPSQORVIRQALANASLTVADVDVVEAHGTGTTLGDPIEAQALLATY
GODRDRPLLLGSVKSNLGHTQAAAGVTGVIKMVMALRHGVVPRTLHVDEPSRHVDWSAGAVELVTSNREWPVTDRPG
RAGVSSEFGISGTNAHVILEAVPVVSAVSTGGEVQPLVVSARTAPAAEDLTARLRTYLADTPDTDQRAAATTLALTRS

VEEHRAVLLGDDTITGAAVPDPRVVEVESGOGSQRAGMGEQLAAAFPVEFAETHERVWALLDVPDGLDVDDTGHAQPA
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LEALQVALSGLLESWGVRPAAVIGHSIGELAAAYVSGVWSLEDACVLVSARARLMOALPPGGVMVAVPVPEAEARAV
LRDGVEIAAVNGPSSVVLSGDEDAVLOAVAGEFAKWTIRLKTSHAFHSAHMDPMLDEFRAVAERLTYRRPSVEMAAGHG
VITAEYWVRQVREAVRFGDQTTAYEDAVEFVEIGPGRTLARLIDGITMLHGDTEREAALTGLSQLFVRGVDVDWPAVI
EDTTARILDLPTYPFQRORYWLTPRWLAGMSPEDRRQALLRVVRDSAAVVLGHAEAGTIPPNAAFKDLGIDSLTAVE
LRNSLATATGLRLPATLVEDYPAPETLAARLD

SEQ ID NO: 58
EPLAIVGMACRLPGGVASPEDLWRLVASGTDAISGEFPTDRGWDVEGLEDPDPDVAGKTYCVQGGE LDTAARFDAAFE
GISPREALAMDPQORLVLEASWEAFERAGIEPGSLRGSDTGVEMGAFPGGYGLGADLEGYGVIGGPNAVSGRLSYEE
GLEGPAFTVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMGTPQTEVEEF SRORGLAVDGRSKSESDQADGTGWS
EGVGVLVVERLSDARAKGHQILAVVRGSAVNQODGASNGLTAPNGPSQQORVIRQALANASLTVADVDVVEAHGTGTTL
GDPIEAQALLATYGODRDRPLLLGSVKSNLGHTQAAAGVAGVIKMVMALQHGIVPQTLHVSEPSRHVDWTAGAVELV
TSNOPWPSSGRPGRAGVSAFGVSGINAHVILEGVPSNTPVSTAAGDVLPLVVSARTAPAVEDLTARLRTYLADTPGT
DORAAATTLALTRSVEFEHRAVLLGEDTITGVAVPDSRVVEVESGOGSQRAGMGEQLAAAFPVEAATIHERVWALLDVP
DGLDVDDTGHAQPALFALQVALSGLLESWGVRPDAVIGHSIGELAAAYVSGVWSLEDACALVSARARLMOALPSGGV
MVAVPVPEAEARAVLRDGVEIAAVNGPSSVVLSGDEDAVLOAVAGEFAKWTRLKTSHAFHSAHMDPMLDEFRAVAERL
TYRRPSVEMAAGDRVITAEYWVROQVREAVREGDOQTTAYEDAVEVEIGPGRTLARLIDGITMLHGENEGHAALAALSH
LEVQGVRVDWPAVLGTTAERVDLPTYPFQHEHYWARAEHWLAGLPADEREKALLKIVRDSAAAVLGHADGRTVASGA
VEKELGLDSLTAVELRNSLGKATGLRLPSTAAFDYPTPAALATRL

SEQ ID NO: 59
EPLAIVGMACRLPGGVSSPEDLWRLVESGSDAISGEFPTDRGWDVDGLEDPDPDAAGKSYCVQGGELDSAAEFDAAFRE
GISPREALAMDPQORLLLETSWEAFERAGIDPGSVRGSDTGVEVGAFPGGYGAGADIEGYGATAGPSVLSGRLSYEE
GLEGPAFTVDTACSSSLVALHQAGHALRQGECSLALVGGVIVMASPVTEVEFSRORGLAADGRCKAFGDGADGTGWS
EGVGVLLVERLSDAQAKGHQILAVVRGSAVNQODGASNGLTAPNGPSQQORVIQAALASAGLVISDVDVVEAHGTGTTL
GDPIEAQAVLATYGODRSTPLLLGSLKSNIGHTQAAAGVSGVIKMVMALRHGVVPQTLHADEPSRHVDWSAGAVELL
TSNRSWPSSERARRAGVSAFGVSGINAHVILESAPVEPVVAVAGPVPVVSDVLPLVLSAKSAPALTALEQRLRVYDG
AAGRALATARATFDHRAVLIGDDTVIGVAVPDPRVVEVEPGOQGWOWLGMGRELRDSSVVEASRMAECAAALSEFVDW
DLETALDDPAVVDRVDVVQPVCWAVMVSLAAVWQASGVNPDAVVGHSQGETIAAAVVAGSLSLRDGARVVALRSQLIK
GLAGRGAMASIALPAAEIDLVEGSWIAALNGPSSTVIAGTPEAVEQVLAVODARVRRIAVDYASHTPQVEAIRDELL
ELTAEVESRRPDVPWLSTVDNTWVEGPLSADYWERNLREQVGEFAQAVVTLGDAVEVEVSASPVLMOSMGDAVTVATL
RRDDGSALRMVTSLAEAYVQGVNVNWAAVLGAGTERALDLPTYPEFQROHYWVTAQSLAGLPAEDREKALLKIVRDSA
AQVLGHPDGRAVPAGAAF IELGVDSLTGVEMRNRLGGITGLRLPATMVEDYPTPAALAGRL

SEQ ID NO: 60

EPLAIVGMACRLPGGVSSPEELWRLVESGVDAISGEFPVDRGWDVENLEDPDPDAAGKSYCVQGGE LDTAAEFDAAFFE
GISPREALAMDPQORLVLETSWEAFERAGIEPGSLKGSDTGVYMGAFSGGYAADLEGEFGATAGATSVLSGRVSYFRFEG
FEGPAMTVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMASPQSEVEEFSRORGLAADGRSKAFADAADGTGWAE
GVGVLLVERLSDAQAKGHQILAVVRGSAVNQDGASNGLSAPNGPSQORVIRQALANASLTPADIDVVEAHGTGTTLG
DPIEAQAVIATYGODRSTPLLLGSLKSNIGHTQAAAGVSGVIKMVMALRHGVVPQTLHVDOPSRHVDWSAGAVELVT
SNOPWPSSERPRRAGVSAFGVSGTNAHVILESAPAEPVVAEVGLVPVVSDVLPLVLSAKSAPALTVLEQRLRAYEAA

DERTVAATLATARATEFDHRAVLIGTETVIGPLMTIDPRVVEVEFPGOGWOWLGMGRELRGSSVVEAERMAECAAALSDE
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VDWDLETALDDPAVVDRVDVVQPVCWAVMVSLAAVWQAAGVNPDAVVGHSQGEIAAAVVAGSLSLRDGALVVALRSQ
LIKGLAGRGAMASIALPADQIGLVEGAWIAALNGPSSTVIAGSPEAVEQVLAAQDARVRRIAVDYASHTPQVEAIRD
ELLELTAGVSSQPPTVPWLSTVDNTWVEGPLPADYWERNLREQVGEFAQAVVTLGDAVEVEVSASPVLMOSMGDAVCY
PSLRRDDGSATRMVISLAEAYVQGVNVNWAAVLGAGTERALDLPTYPFQRORYWAGHWLARLAPGERETALLKLVSE
SAAAVLGHADARSIPATAVEFRDLGMDSLTAVEVRNSLAKTTGLRLPATLAFDYPTPAVLAARL

SEQ ID NO: 61

EPLAIVGMACRLPGGVSSPEGLWRLVVSGSDVISGEFPADRGWGVEGLRGGE LPGAADEFDAGEFGISPREALAMDPQO
RLVLEASWEVLERAGIAPGSLRGSDTGVEMGAYPGGYGIGADLGGEFGATAGAVSVLSGRVSYFEGFEGPAMTVDTAC
SSSLVALHQAGHALRNSECSLALVGGVTIVMASPQTEVEFERQGGLAADGRSKAF SDGADGAGE SEGVGVLLVERLSD
ARAKGHQILALVRGSAVNQDGASNGLTAPNGPSQORVIRQALANASLTVADVDVVEAHGTGTTLGDPIEAQALLATY
GOGRSVPLLLGSVKSNLGHTQAAAGVTGVIKMVMALRHGVVPRTLHVDEPSRHVDWSAGAVELVTSNREWPVVDRPG
RAGVSSEFGISGTNAHVILEGIPSNTPVSTAAGAVLPLVVSARTAPAAEDLTARLRAYLSAAPETDOQRAAAATLALTR
SVEEHRTVLLGDDTITGAAMPDPRVVEVESGOGSQRAGMGEQLAAVEPVEFAETHERVWALLDVPDGLDIDDTGHAQP
ALFALQVALSGLLESWGVRPDAVIGHS IGELAAAYVSGVWSLEDACALVSARARLMOALPPGGVMVAVPVSEAEART
VLRDGVEIAAVNGPSSVVLSGDEDAVLOAVSGFAKWTIRLKTSHAFHSAHMDPMLDEFRAVAERLTYRRPSVEMAAGH
GVITAEYWVRQVREAVREGDQTTAYEDAVEVEIGPGRNLARLIDGITMLHGDTEREAALTGLSQLEVRGVDVDWATV
IEDTTARILDLPTYPFQHERYWLSWLVGLPPAERAKALLKTVRDSAAVVLGHQGTRAIPVDGAFRELGMDSLTAVEL
RNSLAKATGLSLSATLVEDYPTPKVLADHLD

SEQ ID NO: 62
EPLAIVGMACRLPGGVSSPEELWRLVESGSDAISGEPVDRGWDADGLEDPDPDAAGKSYCVQGGE LDTAAEFDAAFE
GISPREALAMDPQORLVLETSWEAFERAGIEPGSIKGSDTGVE IGAYPGGYGSGVELGGEGATSGAGSVLSGRVSYFE
FGFEGPAMTVDTACSSSLVALHOQAGYALRQGDCSMALVGGVIVMSTPHIFVEFSRORGLAADGRCKAFGDGADGTGW
SEGVGVLLVERLSDARAKGHOQVLAVVRGSAVNQDGASNGLTAPNGPSQORVIHAALASAGLVTISDVDVVEAHGTGTT
LGDPIEAQAVIATYGODRSTPLLLGSLKSNIGHTQAAAGVSGVIKMVMALRHGVVPQTLHVDOQPSRHVDWSAGAVEL
LTSNQPWPSSERARRAGVSAFGVSGTNAHVILESAPVEPVVAEAGPVPVVSDVLPLVLSAKSAPALRALEQRLRVYD
GAAGRALATARATFDHRAVLIGDDTVIGVAVPDPRVVEVEPGOQGWOWLGMGRELRGSSVVFAERMAECAAALSEEVD
WDLFAALDDPAVVDRVDVVQPVCWAVMVSLAAVWOAAGVNPDAVVGHSQGEIAAAVVAGSLSLRDGALVVALRSQLI
KGLAGRGAMASIALPATEISLVEGAWIAALNGPSSTVIAGSPEAVEQVLAVODARVRRIAVDYASHTPQVEAIRDEL
LELTAGVSSQLPTVPWLSTVDNTWVEGPLPADYWERNLREQVGEFAAAVQELGESVEVEVSGSPVLIQSMGDAVTVAT
LRRDDGSATRMVTSLAEAYVQGVQVNWAAVLGAGSERALDLPTYPFQRDHFWVLSLAALPSAEREKALVKIVCESAA
AVLGHTDTSAVPAAAAFKELGLDSLTAVDLRNRLRRATGLOQLPATLVFDYPTPTAMAARL

SEQ ID NO: 63

EPLAIVGMSCRLPGGVSSPEDLWRLVESGSDAISGEFPTDRGWDVDGLEDPDPDAAGKTYCVQGGE LEAAGEFDAAFE
GISPREALTMDPQORVLLEASWEAFERAGIAPTSVRGTIDTGVE IGAFPVGYGAGADHEGYTATAGVGSVLSGRLSYF
FGLEGPAMTMDTACSSSLVALHLAASALRNGECSLALAGGVIVMATPEVETEFARQRGLAADGRCKPFADAADGAGE
SEGAGLLVLERLSDARRNGHOQVLAVIRGSAVNQDGASNGLTAPNGPAQQORVIRQALANAGLNSSDVDVLEAHGTGTT
LGDPIEAQAVLATYGODRSTPLLLGSLKSNIGHTQAASGVAGVIKMVMALRNGLVPRSLHLDEPSRHVDWSAGAVEL
LTSNQPWPSSDRPRRAGVSAFGVSGTNVHVILESAPAEPVGAEAGPLPVVGDVLPLVVSAKSAPALTALEQRLRAHV

AADERAAAATLATARATEDHRAVLIGAETVIGVAAVDPRVVEVEPGOGWOWLGMGRELRGSSVVEAERMAECAAALS
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EFVDWDLETALDDPAVVDRVDVVQPVCWAVMVSLAAVWOAVGVNPDAVVGHSQGEIAAAVVAGSLSLRDGALVVALR
SOQLIAGLAGRGAMASIALPADQISLVEGAWIAALNGPSSTVIAGTPEAVEQVLAAQDARVRRIAVDYASHTPQVEATL
RDELLELTGEVVSRKPDVPWLSTVDNAWIEGPLGADYWERNLREQVGEFAQAVVTLGDAVEVEVSASPVLMQSMGDAV
CVPSLRRDDGTATRMVISLAEAYVQGVQVNWAAVLGAGTERALDLPTYPFQRERFWVLWLAGLAPQERETALLKLVC
DSAAVVLGHGDGQAIPDTTAFKDLGVDSLTAVEVRNRLAAATGLRLPATMVEDYPTPTALAARL

SEQ ID NO: 64

EPLAIVGMACRLPGGVASPEDLWRLVESGTDAITGEFPADRGWITEPGQOGGEF LADAAGEDAAFFGISPREALAMDPQO
RLLLETSWEAFERAGIAPLSLRGSDTGVYIGAYPDGYGIGADLGGEFGTTAGSPSVLSGRVSYFEFGLEGPAITVDTAC
SSSLVALHQAGYALRNNECSLALVGGVTIVMATPEVESAFALQDGLAADGRSKAFSDGADGAGE SEGVGVLLVERLSD
AQANGHQILALVRGSAVNQDGASNGLTAPNGPSQORVIRQALANASLTPADVDVIEAHGTGTTLGDPIEAQALLATY
GOGRSVPLLLGSVKSNLGHTQAAAGVTGVIKMVMALRHGVVPRTLHVDEPSRHVDWSAGAVELVTSNREWPVTDRPG
RAGVSSEFGISGTNAHVILEAVPVVSAVSTGGEVQPLVVSARTAPAAEDLASRLRTYLADTPDTDQRAAAATLALTRS
VEFEHRTVLLGDDTITGAAMPDPRVVEVESGOQGSQRAGMGEQLAAVEPVFAETHERVWALLDVPDGLDIDDTGHAQPA
LEALQVALSGLLESWGVRPDAVIGHSIGELAAAYVSGVWSLEDACALVSARARLMOALPPGGVMVAVPVPEAEARTV
LRDGVEIAAVNGPSSVVLSGDEDAVLOAVSGFAKWIRLKTSHAFHSAHMDPMLDEFRTVAERLTYRRPSVEMAAGHG
VITAEYWVRQVREAVRFGDQTTAYEDAVFVEIGPGRTLARLIDGITMLHGDTEREAALTGLSQLFVRGVDVDWATVI
EDTTARILDLPTYPFQHERYWAGRWLAGLAPDKRDAALLTMVRDSAARVLGHADGSAISPTATFRDLGVDSLTAVEL
RNRLARTAGLRLATTIVFDYPTPTALAAHL

SEQ ID NO: 65
EPLAIVGMACRLPGGVASPEDLWRLVESGTDAITGLPTDRGWDLGAVAAESYCVEGGEFLDGVAGEDAAFFGISPREA
LAMDPQORLLLETSWESLERAGIAPLSLRGSDTGVEMGAYPGGYGAGADLGGEFGTTSGAASVLSGRISYFEGLEGPA
MIVDTACSSSLVALHLAGOQALRNGECSLALVGGVIVMAAPDIFPEFARQRGLASDGRSKAFADSADGTGWSEGVGVL
LVERLSDAQANGHQILALVRGSAVNQDGASNGLTAPNGPSQORVIRQALANASLTPADVDVIEAHGTGTITLGDPIEA
OALLATYGQGRSVPLLLGSVKSNLGHTQAAAGVTGVIKMVMALRHGVVPQTLHVDEPSRHVDWSAGAVELVTSNREW
PVIDRPGRAGVSSEGISGTNAHVILEAVPSDTPAPTTTDAVLPLVVSTRTAPAAEDLTARLRAYLSAAPETDQRAAA
ATLALTRSVFEHRAVVLGEDTITGVAVPDPRVVEVESGQOGSQRAGMGEQLAAAYPVEAATHERVWALLDVPDGLDVD
DTGHAQPALFALQVALSGLLESWGVRPAAVIGHSIGELAAAYVSGVWSLEDACVLVSARARLMOALPPGGVMVAVPV
PEAEARAVLRDGVEIAAVNGPSSVVLSGDEDAVLOAVSGEFAKWTRLKTSHAFHSAHMDPMLDEFRAVAERLTYRRPS
VEMAAGDRVITAEYWVRQVREAVREGDQTTAYEDAVEVEIGPGRTLARLIDGITMLHGDTEREAALTGLSQLEVRGY
DVDWATVIEDTTARILDLPTYPFQHEHYWLRRAARTPAERAQELLKLVRDNAAAVLGHADGRTVPAAAAFRDLGVDS
LIAVELRNNLALATGLQLPTTIVFDYPTASSLAERL

SEQ ID NO: 66

EPLAIVGMACRLPGGVESPEDLWRLVESGADAISGEFPTDRGWDADGLEDPDLAVGKTYCVQGGELOTAAEFDPAFEG
ISPREALAMDPOQORLVLETSWEAFERAGIEPGSLKGSDTGVEMGAYPGGYGMGADLGGEAATAGAGSVLSGRVSYEFE
GEFEGPAMTVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMASPQSEVEEFSRORGLAADGRSKAFADAADGTGWA
EGVGVLLVERLSDAQAKGHRILAVVRGSAVNQDGASNGLSAPNGPSQQORVIRQALANASLTPADIDVVEAHGTGTTL
GDPIEAQAVIATYGODRSTPLLLGSLKSNIGHTQAAAGVSGVIKMVMALRHGVVPQTLHVDOPSRHVDWSAGAVELV
TSNOPWPSSERPRRAGVSAFGVSGINAHVILESAPVEPVGAEAGLVPVVADVLPWVVSAKSAPALRALEQRLRAYEA

ADERTVVATLATARATFDHRAVLIGTETVIGPLMTDPRVVEVEPGOGWOWLCGMGRELRGSSVVEAERMAECAAALSE
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FVDWDLETALDDPAVVDRVDVVQPVCWAVMVSLAAVWQAAGVNPDAVVGHSQGEIAAAVVAGSLSLRDGALVVALRS
QLIKGLAGRGAMASIALPADQIDLVEGAWIAALNGPSSTVIAGTPEAVEQVLAAQDARVRRIAVDYASHTPQVEAIR
DELLELTAEVLSRKPDVPWLSTVDNIWVEGPLPADYWEFRNLREQVGFAQAVVTLGDAVEVEVSASPVLIQSMGDAVT
VATLRRDDGSATRMVISLAEAYVQGVQVNWCGAVLCGAGTERALDLPTYPFQROHYWALERLGERAGTERHRLMLEVVL
GHAASVLGHSSAAALEPDRPFKDLGMDSLTAIELRNHLVAETGLRLPATMVEDFPTADALAGHL

SEQ ID NO: 67

EPIAVVSMACRLPGGVDTPEGLWRLVESGTDAISGEFPTDRGWDLTDEYSADPQGGE LTGAAEFDAGEFGISPREALG
MDPQORLLLETTWEAIERAQLDPRSLRGRDVGVYVGGAAQGYGVGEFAGEPRDNAITASSISLLSGRVSYALGLQGPG
VIVDTACSSSLVALHLACQALRQRECSLALVGGVSVIATPDVEAEF SRONGLAADGRCKSEFGAAADGTGWSEGVGML
VLERLSEATRHGHRILAVVRGSAVNSDGASNGLTAPNGOSQORVIRQALSNAGLAASDVDVVEAHGTGTRLGDPIEA
EATLATYGODRAAPAWLGSLKSNIGHTMAASGVLGVIKMVEAMRHGTVPRTLHVDEPSPHVDWSAGRVALLTENQPW
PDGAKPRRAGVSSEGLSGTNAHVVLEQHPEPASPVPARETGPVPWVLSAQSPKALQEQAGRLHAALVSDPRWHPLDV
AFSLATTRSAFTHRTAVVASGRDLLEALSTLATSATATSTTARTRRVAFLEDGQGTOQRAGMGRELYERHPAFARAWD
EVSAAFDKHLEHPLHAVYFGAGALDELVDDTGYAQAAIFTFEVALFELLHEWGVRPDEVAGHSIGEVAAAYVSGLES
LADAAQLIVARGRALRSAPPGAMAALRAGETETREFLARTGTALDVAAVNSPEAVVVSGSPEAVAEFTAAWTASGRR
ARRLNVNRAFHSRHVDGLLDDFRAVLESLTCRTDTVLPMVSTVIGRLIDPAELRTPQYWLSQVRDTVREFQDAVAELA
ANGVGVEVEVGPSSSLASAGTETLGDEAHFQALQHSRTPADPALLTALAGLHSGGVGVDWEKVLVGGRAVELPVYPE
QHRAYWLAPASTQEPATMLELVRFEVAAVLGMPDPAAVEFEETSFLELGEDSLSAVRLRNRLTRSTGVELPATLLEDH
PTPAELAAHL

SEQ ID NO: 68
EPLAIVGMACRLPGGVASPEDLWRLVESGTDAISDEPTDRGWDVEGLYDPDPDVPGKSYAVKGGE LDAAGEDAAFEG
ISPREAAAMDPOQORLVLEASWEAFERAGIEPGSVRGSDTGVEMGAMANGY GAGADLGGEGATAGAGSVLSGRISYFEE
GLEGPAMTVDTACSSSLVALHQASFALRQGECSLALVGGVIVMPTPQLEVEFARQRGLAVDGRSKAFADAADGSGE'S
EGVGVLVVERLSDAQAKGHRVLAVVRGSAVNQDGASNGLSAPNGPSQQORVIRQALDNAGLSSMDVDVVEGHGTGTRL
GDPIEAQAVISTYGODRERPLLLGSLKSNIGHAQAAAGVSGVIKMVMALRHGVVPQTLHVDEPSRHVDWAAGAVELV
TENQPWPVAERARRAGVSSFGISGTNAHVILESAPAEAASASEPVTPPSEVSVPVVASDVVPLVVSAKTPGALTDIE
ERLRGYLAAAPEADMOAVASTLAATRSVEEHRAVLLGDDTITGIATPDPRVVEVEPGOGWOWLGMGSVLRETSPVEA
GRMAECAAALREFVDWDLESVLDDPTVVDRVDVLOPACWAVMVSLAAVWQEAGVSPDAVIGHSQGEIAAACVAGAVS
LRDAARIVALRSKLIGARLGHGAMASIALPADAITLTDGAWIAAHNGPASTVIAGTPQAVDTVLAAYEAQGIRVRRI
TVDYASHSPQVEEIHTELLDATATVGSQTPAVPWLSTVDGAWVEGPLDADYWYRNLREPVREFDQAVTHLQTQGETVE
IEVSASPALTPAMNDDAITVATLRRDDDSPTRILTALAEAFVQGVGVDWPAVIGATTARVLDLPTYAFQROQRYWTLS
GLAAAERRQALAKLVRESAAVVLGHADPDSVPAAAAFKDLGVDSLTAVELRNSLGRSTGLRLPATMVEDYPTPDALA
ARLD

SEQ ID NO: 69

EPLAIVGMACRLPGGVDSPEDLWRLVESGTDAISGEFPTDRGWDLDSLYDPILGASGEFYSAQGGE LDRAADEFDASEE
GISPREALAMDPQORLVLEVSWEALERAGIEASSVRGSDTGVEMGAMANGYGIGADEGAFGMTASAGSVLSGRVSYFE
FGLEGPAMTVDTACSSSLVALHQAGYSLROQGECSMALVGGVIVMPTPQTEFVEFARERGLAVDGRSKAFADAADGSGE
SEGVGVLVVERLSDARARGHRVLAVVRGSAVNQDGASNGLSAPNGPSQORVIRQALANAGLASADVDVVEAHGTGTR

LGDPIEAQAVIETYGODRERPLLLGSLKSNIGHTQAAAGVSAVIKMVMALRHGVVPQTLHVDEPSRHVDWTAGAVEL
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ATEKLPWPASDRVRRAGVSSEGISGTNAHVILESVPAEVVSPSESSGPNLASDVVPLVVSAKTSGALVDIEERLRGY
LAAVPGVDLGAVASVLAGSRSVEFGHRGVLVGGELVSGVALSGPRVVEVESGOGSQCVCMGERLAGVEPVEAEVYGRV
WDLLDVPGSGLGVDDTGEVQPALFALQVGLEGLLESWGVRPEVVVGHSVGEVAAGYVAGLWSLEDACVLVSARARLM
QGLPGGGVMVSVSVSEERARAALVEGVEIAAVNGPSSVVLSGDEAAVVGVAEGLGGRWRRLATSHAFHSARMDPMLD
EFRVVAEGLEYREPRIVMAGGAGVVSPEYWVRQVRDTVREGDQVAAYQGDAVEVEVGPGGSLARLIDGVAVGDGEDE
VRAAVMAVAELEFVRGVDVDWPAVVGITATPVDLPTYPFQRORYWTASWLVALEPEERGOQALLRMVREGASVVLGHAD
ARAVEVDRAFRDLGVDSLTAVQVRNNLAKATGLRLPATMVEDYPTPAALAARLD

SEQ ID NO: 70
EPLAIVGMACRLPGGVASPEDLWRLVESGTDVISGEFPTDRGWDLDNLYDPDPAVGKSYCVQGYEFLDDVADEDASEEG
ISPREALAMDPOORLILEASWEAFERAGIEPGSVRGSDTGVEMGAFSSGYGIGADHSGEGMTAGAGSVLSGRISYLE
GLEGPAMTVDTACSSSLVALHQASSALRQGECSLALVGGVIVMPTPQTEFLEFARQRGLAADGRSKAFSDAADGSGE'S
EGVGVLVVERLSDARARGHRVLAVVRGSAVNQDGASNGLSAPNGPSQQORVIRQALANAGLSSADVDVVEAHGTGTRL
GDPIEAQAVIETYGODRERPLLLGSLKSNIGHTQAAAGVSAVIKMVMALRHGVVPQTLHVDEPSRHVDWTAGAVQLA
TEKQPWPASDRARRAGVSSFGISGTINAHVILESAPVHSVETDETAPMALASDVVPLVVSAKTSGALVDIEERLRGYL
AVAGSEVDLGAVASVLAGSRSVEGHRGVLVGGELVSGVALSGPRVVEVESGQGSQCVGMGERLAGVEPVEAEVYGRV
WDLLDVPGSGLGVDDTGEVQPALFALQVGLEGLLESWGVRPEVVVGHSVGEVAAGYVAGLWSLEDACVLVSARARLM
QGLPGGGVMVSVSVSEERARAALVEGVEIAAVNGPSSVVLSGDEAAVVGVAEGLGGRWRRLATSHAFHSARMDPMLD
EFRVVAEGLEYREPRIVMAGGAGVVSPEYWVRQVRDTVREGDQVAAYQGDAVEVEVGPGGSLARLIDGVAVGDGEDE
VRAAVMAVAELEFVRGVDVDWPAVVGTITAAPVDLPTYPFQRORYWIQTWLTGLASEDRRQALLKVVRDSAATVLGHAD
AGMIPATAAFKDLGLDSLTAVELRNSLGKSTGLSLPATMVEDYPTPDALADRLD

SEQ ID NO: 71
EPLAIVGMACRLPGGVASPEDLWRLVESGTDAISDEPTDRGWDVEGLYDPDPDAPGKSYAVKGGE LDAAGEDAAFEG
ISPREALAMDPOQORLVLEASWEAFERAGIEPGSVRGSDTGVEMGAFPAGYGGDREGEFGATAGAGSVLSGRVSYFEFEGL
EGPAITVDTACSSSLVALHQAGYSLROQGECSLALVGGATVMATPQTEFVEFSRORGLSVDGRSKAFADAADGTGWAEG
VGVLVVERLSDAQAKGHQVLAVVRGSAVNQDGASNGLTAPNGPSQQORVIRQALANAGLSSADVDVVEAHGTGTKLGD
PIEAQAVIATYGODRERPLLLGSLKSNIGHTQAAAGVSGVIKMVMALQHGVVPQTLHVDEPSRHVDWAAGAVELVTE
NOPWPVAERARRAGVSSEFGISGTINAHVILESAPAEAASASEPVTPPSEASVPVVASDVVPLVVSAKTPGALTDIEER
LRGYLAAASDVDMAAAASTLAATRSVEEHRAVLLGDDTITGIATPDPRVVEVEPGOGWOWLGMGSVLRETSPVEAGR
MAECAAALGEFVDWDLESVLDDPTVVDRVDVLOPACWAVMVSLAAVWQEAGVSPDAVIGHSQGEIAAACVAGAVSLR
DAARIVALRSKLIGARLGHGAMASIALPAGDVALVDGAWIAAHNGPASTVIAGTPQAVDTVLAAHEAQGIRVRRITV
DYASHSPQVEEIHAELLDATAAVGSQAPAVPWLSTVDGAWVEGPLDADYWYRNLREPVREFDQAVILLOQTQGETVEIE
VSASPALTPAMNDDAITVATLRRDDDSPARILTALAEAFVQGVGVDWPAVIGATTSRVDLPTYPFQHORYWAWLAGL
APEARGOQALLKVVRESAAVVLGHTGADTVPVIAAFKDLGLDSLTAVELRNSLGRSTGLRLPVTAVEDYPTPAALAAR
LD

SEQID NO: 72

EPLAIVGMACRLPGGVASPEDLWRLVESGRDVISDEPVDRGWDLDNLYDPDPAVGKTYCKRGGE LDAAAEFDAAFEG
ISPREAAAMDPOQORLVLEASWEAFERAGIEPGSVRGSDTGVEMGAFANEYGAGADE GAFGCGMTAGAGSVLSGRVSYLE
GLEGPAMTVDTACSSSLVALHQAGSALRQGECSLALVGGVIVMPTPQLEVGEFARERGLAVDGRSKAFSDAADGAGWA

EGVGVLVVERLSDAQARGHRVLAVVRGSAVNQDGASNGLTAPNGPSQQORVIRQALANAGLSSADVDVVEAHGTGTRL
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GDPIEAQAVIATYGODRERPLLLGSLKSNIGHTQAAAGVSGVIKMVMALRHSVVPRTLHVDEPSRHVDWAAGAVELV
TEKQPWPTSDRARRAGVSSFGISGTINAHVILESAPAQPLETDEALVPVVASDVMPLVVSAKTPDALTDIEDRLRAHL
AAAPEADMOQAVASTLAATRSVFEHRAVLLGDDTITGVAASGPRVVEVEPGOGWOWLGMGSVLRETSPVEAGRMAECA
AALREFVDWDLESVLDDPTVVDRVDVLOPACWAVMVSLAAVWQEAGVSPDAVIGHSQGE IAAACVAGAVSLODAART
VALRSKLIAHLAGHGAMASIALPADAITLTDGAWIAAHNGTASTVIAGTPQAVDTVLATHEAQGIRVRRITVDYASH
SPOVEEIHTELLDATATVGSQTPAVPWLSTVDNTWISRPLDTDYWYRNLREPVREDQAVTLLOTQGETVE IEVSASP
ALTPAMNDDAVIVATLRRDDDSPTRILTALAEAFVQGVGVDWPAVIGATTITPVDLPTYPFQRORYWTASWLAGLAPE
ARGQALLKVVRESTAVVLGHVDTETVPATAPFKDLGLDSLTAVQVRNGLAKATGLRLPATMVEDYPTPAALAARLD

SEQID NO: 73
EPLAIVGMACRLPGGVASPEDLWRLVESGTDAISDEPTDRGWDVEGLYDPDPDVPGKSYAVKGGE LDAAGEDAAFEG
ISPREALAMDPOQORLVLEASWEAFERAGIEPGSVRGSDIGVEMGAMANEYGAGADE GAFGCGMTAGAGSVLSGRVSYEFE
GLEGPAMTVDTACSSSLVALHQAGSALRQGECSMALVGGVIVMPTPQTEVEFARQRGLATDGRSKAFADAADGSGE'S
EGVGVLVVERLSDARARGHRVLAVVRGSAVNQDGASNGLSAPNGPSQQORVIRQALANAGLASADVDVVEAHGTGTRL
GDPIEAQAVIETYGODRERPLLLGSLKSNIGHTQAAAGVSAVIKMVMALRHGVVPQTLHVDEPSRHVDWTAGAVQLA
TEKQPWPASDRARRAGVSSFGISGTINAHVILESAPVHSVETDETAPMALASDVVPLVVSAKTSGALVDIEERLRGYL
AAVPGVDLGAVASVLAGSRSVEGHRGVLVGGELVSGVALSGPRVVEVESGOGSQCVGMGERLAGVEPVEAEVYGRVW
DLLDVPGSGLGVDDTGEVQPALFALQVGLEGLLESWGVRPEVVVGHSVGEVAAGYVAGLWSLEDACVLVSARARLMQ
GLPGGGVMVSVSVSEDRARAALVEGVE IAAVNGPSSVVLSGDEAAVVGVAEGLGGRWRRLATSHAFHSARMDPMLDE
FRVVAEGLEYREPRIVMAGGAGVVSPEYWVRQVRDTVREGDOQVAAYQGDAVEVEVGPGGSLARLIDGVAVGDGEDEV
RAAVMAVAELEVRGVDVDWPAVVGTITATPVDLPTYPEFQRORYWAWLTGLASEDRRQALLKVVRDSAATVLGHADARA
VEVDRAFRDLGVDSLTAVQVRNNLAKATGLRLPATMVEDYPTPAALAARLD

SEQ ID NO: 74
EPLAIVGMACRLPGGVASPEDLWRLVESGTDAISDEPTDRGWDVEGLYDPDPDVPGKSYAVKGGE LDAAGEDAAFEG
ISPREALAMDPOQORLVLEASWEAFERAGIEPGSVRGSDTGVEMGAFTNGYGTGADLDGEGATAGTGSVLSGRVSYEFE
GLEGPAMTVDTACSSSLVALHQAGYSLROQGECSMALVGGVIVMPTPQTEVEFARQRGLATDGRSKAFADAADGSGE'S
EGVGVLVVERLSDAQARGHRVLAVVRGSAVNQDGASNGLTAPNGPSQQORVIRQALANAGLASADVDVVEAHGTGTRL
GDPIEAQAVIETYGODRERPLLLGSLKSNIGHTQAAAGVSGVIKMVMALQHGVVPQTLHVDEPSRHVDWSAGAVELA
RERQPWPVAGRARRAGVSSEFGISGTNAHVILESAPVHSVETDETAPMALASDVVPLVVSAKTSGALVDIEERLRGYL
AAVPGVDLGAVASVLAGSRSVEGHRGVLVGGELVSGVALSGPRVVEVESGOGSQCVGMGERLAGVEPVEAEVYGRVW
DLLDVPGSGLGVDDTGEVQPALFALQVGLEGLLESWGVRPEVVVGHSVGEVAAGYVAGLWSLEDACVLVSARARLMQ
GLPGGGVMVSVSVSEERARAALVEGVE IAAVNGPSSVVLSGDEAAVVGVAEGLGGRWRRLATSHAFHSARMDPMLDE
FRVVAEGLEYREPRIVMAGGAGVVSPEYWVRQVRDTVREGDOQVAAYQGDAVEVEVGPGGSLARLIDGVAVGDGEDEV
RAAVMAVAELEVRGVDVDWPAVVGTITATPVDLPTYPEFQRORYWAWLTGLASEDRRQALLKVVRDSAATVLGHADARA
VEVDRAFRDLGVDSLTAVQVRNNLAKATGLRLPATMVEDYPTPAALAARLD

SEQ ID NO: 75

EPLAIVGMACRLPGGVDSPEDLWRLVESGTDVISGEFPTDRGWDLDNLYDPDPAVGKSYCVQGYEFLDDVADEDASEEG
ISPREALAMDPOORLILEASWEAFERAGIEPGSVRGSDTGVEMGAFSSGYGIGADHSGEGMTAGAGSVLSGRVSYLE
GLEGPAMTVDTACSSSLVALHQAGSALRQGECSLALVGGATVMPTPQTEVEFARQRGLATDGRSKAFADAADGAGWA

EGVGVLVVERLSDAQARGHRVLAVVRGSAVNQDGASNGLTAPNGPSQQORVIRQALANAGLSSADVDVVEAHGTGTRL
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GDPIEAQAVIETYGODRERPLLLGSLKSNIGHTQAAAGVSAVIKMVMALRHGVVPQTLHVDEPSRHVDWTAGAVQLA
TEKQPWPASDRARRAGVSSFGISGTINAHVILESAPAQPLETDEPSAPIVASDVVPLVVSAKTLDALTDIEDRLRGYL
AAASDVDMAAVASTLAATRSIFEHRAVLLGDDTITGIATPGPRVVEVEPGOGWOWLGMGSTLRETSPVEAARMAECA
AALREFVDWDLESILDDPTVVDRVDVLOPACWAVMVSLAAVWQEAGVSPDAVIGHSQGE IAAACVAGAVSLODAART
VALRSKLIAHLAGHGAMASIALPADAITLTDGAWIAAHNGTASTVIAGTPQAVDTVLATHEAQGIRVRRITVDYASH
SPOVEEIHTELLDATTTINPRTPAVPWLSTVDNTWISRPLDTDYWYRNLREPVREDQAVTLLOTRGETVE IEVSASP
ALTPAMNDDAITVATLRRDDDSPARILTALAEAFVQGVGVDWPAVIGATTARVLDLPTYAFQHOQRYWATAWLAGLAP
AERGEALLKVVSDTVARVLGHADGRTIPATAAFKELGVDSLTAVELRNRLSAATGLRLPATMVEDYPSPGALAGWL

SEQ ID NO: 76
QPLAIVGMACRLPGGVASPEDLWRLVESGTDAISDEPVDRGWDLEGLYDPASDEPGVLYCDQGGE LDAAAGEDAAFE
GISPREAAAMDPQORLVLEASWEAFERAGIEPGSVRGSDTGVEMGAMANGY GAGADLGGEGATAGAGSVLSGRISYF
FGLEGPAMTVDTACSSSLVALHQASFALRQGECSLALVGGVIVMPTPQTEFVEFARQRGLAADGRSKAFSDAADGAGW
AEGVGVLVVERLSDAQAKGHQVLAVVRGSAVNQDGASNGLTAPNGPSQORVIRQALANAGLSSAEVDVVEAHGTGTR
LGDPIEAQAVIATYGODRERPLLLGSLKSNIGHAQAAAGVSGVIKMVMALRHGVVPQTLHVDEPSRHVDWAAGAVEL
VITENQPWPVAERARRAGVSSEGISGTNAHVILESAPAEAASASEPVIPPSEASVPVVASDVVPLVVSAKTPGALTDI
EERLRGYLAAAPEADMQAVASTLAATRSVFEHRAVLLGDDTITGVAASGPRVVEVEPGQGWOQWLGMGSVLRETSPVE
AGOMAECAAALREFVDWDLESVLDDPTVVDRVDVLOPACWAVMVSLAAVWQEAGVSPDAVIGHSQGEIAAACVAGAV
SLRDAARIVALRSKLIGARLGHGAMASIALPAGAITLTDGCGAWIAAHNGPASTVIAGTPOQAVDAVLAAYEAQGIRVRR
ITVDYASHSPQVEEIRAELLDATATVGSQAPVVPWLSTVDGAWVEGPLDADYWYRNLREPVREDQAVTLLOTQGETV
FIEVSASPALTPAMNDDAITVATLRRDDDSPARILTALAEAFVQGVGVDWPAATGATTSRVDLPTYPFQHOQRYWTQT
LSGLAAAERRQALAKLVRESAAVVLGHADPDSVPAAAAFKDLGVDSLTAVELRNSLGRSTGLRLPATMVEDYPTPDA
LAARLD

SEQ ID NO: 77
EPLAIVGMACRLPGGVDSPEDLWRLVESGTDAISGEFPTDRGWDLDSLYDPILGASGEFYSAQGGE LDRAADEFDASEE
GISPREALAMDPQORLVLEVSWEALERAGIEASSVRGSDTGVEMGAFSSGYGTGSDEGAFGATSSAGSVLSGRISYE
FGLEGPAMTVDTACSSSLVALHQAGSALRQGECSLALVGGITVMSTPLTFAEFARQRGLAPDGRSKAFSDAADGAGE
SEGVGVLVVERLSDAQAKGHRVLAVVRGSAVNQDGASNGLTAPNGPSQORVIRQALANAGLASADVDVVEAHGTGTR
LGDPIEAQAVIATYGODRERPLLLGSLKSNIGHAQAAAGVSGVIKMVMALRHGVVPQTLHVDEPSRHVDWAAGAVEL
VITENQPWPVAERARRAGVSSEGISGTNAHVILESAPAEAASASEPVIPPSEASVPVVASDVVPLVVSAKTPGALTDI
EERLRGYLAAASDVDMAVVASTLAATRSVFEHRAVLLGDDTITGVAASGPRVVEVEPGQGWOQWLGMGSVLRETSPVE
AGRMAECAAALREFVDWDLESVLDDPTVVDRVDVLOQPACWAVMVSLAAVWQEAGVSPDAVIGHSQGEIAAACVAGAV
SLRDAARIVALRSKLIGARLGHGAMASIALPADAITLTDGAWIAAHNGPASTVIAGTPOQAVDAVLAAYEAQGIRVRR
ITVDYASHSPQVEEIRAELLDATATVGSQAPVVPWLSTVDNTWISRPLDTDYWYRNLREPVREDQAVTLLOTQGETV
FIEVSASPALTPAMNDDAITVATLRRDDDSPARILTALAEAFVQGVGVDWPAVIGATTARVLDLPTYPEFQRORYWAW
LTGLASEDRRQALLKVVRDSAATVLGHADARAVEVDRAFRDLGVDSLTAVQVRNNLAKATGLRLPATMVEDYPTPAA
LAARLD

SEQID NO: 78
EPLAIVGMACRLPGGVASPEDLWRLVESGTDVISGFPTDRGWDLDNLYDPDPAVGKSYCVQGYFLDDVADEDASEEG

ISPREALAMDPOORLILEASWEAFERAGIEPGSVRGSDTGVEMGAFSSGYGIGADHSGEGMTAGAGSVLSGRISYLE
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GLEGPAMTVDTACSSSLVALHQASSALRQGECSLALVGGATVLATPYGEVEISROQRGLAADGRSKAFSDAADGMSE'S
EGAGVLVLERLSDAQAKGHRVLAVVRGSAVNQDGASNGLTAPNGPSQQORVIQOALANAGLASADVDVVEAHGTGTRL
GDPIEAQAVIATYGONRERPVLLGSLKSNIGHTHAAAGVSGVIKMVMALQHGVVPRTLHVDAPSRHVDWAAGAVELV
TENQPWPVAERARRAGVSSFGISGTINAHVILESAPAQPLETGEPSAPIVASDVVPLVVSAKTPDALTDIEDRLRAHL
AAAPEADMOAVASTLAATRSIFEHRAVLLGDDTITGIATPDPRVVEVEPGOGWOWLGMGSTLRETSPVEAARMAECA
TALREFVDWDLESILDDPTVVDRVDVLOPACWAVMVSLAAVWQEAGVSPDAVIGHSQGEIAAACVAGAVSLODAART
VALRSKLIAHLAGHGAMASIALPADAITLTDGAWIAAHNGPASTVIAGTPQAVDTVLATHEAQGIRVRRITVDYASH
SPOQVEEIRAELLDATATVGSQAPVVPWLSTVDGAWVEGPLDADYWYRNLREPVREDOQAVTLLOTQGETVEIEVSASP
ALTPAMNDDAVIVATLRRDDDSPTRILTALAEAFVQGVGVDWPAVIGATTITPVDLPTYPFQRORYWTASDRLSGRTS
GDQHRIMLELVLGHAASVLGHGAADAVAADKPFKDLGMDSLTAIELRNHLVAETGLRLPATTAFDHPTADDLARRL

SEQID NO: 79
EPIAIVSMACRAPGGVDSPDGLWRLVESGTDAISGEFPTDRGWDVADLYSPDPAGYKSYCVQGGELDTAADEDAAFEG
ISPREALGMDPQORLLLEASWEAIERARIDPRSLRGRSVGVEVGGASQGYGAGADDQOOSNAITGGSISLLSGRVSY
ALGLEGPGVIVDTACSSSLVALHLASQALRQRECSLALVSGVSVMATPDVEVEFSRORGLAPDGRCKSESAAADGTG
WSEGVGVLVLERLSEATRLGHRVHAVVRGSAVNSDGASNGLTAPNGASQOKVIRQALANAGLAASEVDAVEAHGTGT
KLGDPIEAEAILATYGODRAAPVWLGSLKSNIGHTMAASGVLGVIKMVESMRHGLLPRTLNVDEPSPHVDWASGDVA
LLTENQPWPADVGPRRAAVSSEFGISGSNAHVVLEQYGEPAGPDLSDLTNTRAVNAADAPDRROQPVPLMLSARSQRAL
REQAGRLHAALAGAPDWRPLDIGYSLATTRSHETHRAVAVGSGRELLRALSKLADGADWPALTTRIAKSRRVAFLED
GOGTORLGMGSGLYAGFPVFAGVWDOQVSAAFDKHLDHSLTDVELGRDDRPAAAELVDDTLYAQAGLEF TLEVALERLL
EEWGVRPDFLAGHSIGEAAAAYAGGMESLEDVTALIVARGEALRLAPPGAMLALRASEEEVREFLGRTGAELDLAAV
NGPASVVVSGASEAVADFRARWTAAGRKARELNVSRAFHSRHVEAGLGREFREVLESLTFGTPVLPIVSTVTGQLVDP
VEMSTPEYWLROQVROPVLEFQDALRELSGOQGVNTEVEIGPSGTLASAGLECLGGDASEFHAVQQOPRSPODVGLMTAVAE
LHAGGTAVDWAKALAGGRATDLPVYPFQHESYWLAPADYAYPEEPGTMLELVRLEAAKVLGITEPDTILEETSELDL
GEDSLGTMRLRNRLSEVTELDLPATLLEDNPSPAELAAYLD

SEQ ID NO: 80
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISHEPTDRGWDLDNLYDPDPDAPGKGYRVQGGE LDAAGEDAAFFEG
ISPREAQAMDPOORLVLEASWEAFERAGIDPGAMRGSHTGVEMGAMANGY GAGADLGGEGATAGAVSVLSGRVSYLE
GLEGPAMTVDTACSSSLVALHQAAYSLROGECSLALVGGVIVMPTPOMEVEFARQRGLAADGRSKAFADAADGAGE'S
EGVGVLVVERLSDAQAKGHRVLAVVRGSAVNQDGASNGLSAPNGPSQQORVIRQALANARLAPNE IDVVEAHGTGTTL
GDPIEAQALIAAYGODREQPVLLGSLKSNIGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDSPSRHVDWTAGAVELV
TENQPWPAIDRARRAGVSSFGISGINAHVILESAPAQPVVETEEVPAPPVVASDMMPLVISAKTPSALVEFEGRLRA
YLTSTPGVDMRAVASTLAGTRSVFEHRAVLLGDETVIGPGTGAGSGVAVSDPRVVEVEPGOGSQRAGMGEQLAAVEP
VEAETHQOVWDLLDVPDPGLDTDETGYAQPSLEFALQVALFGLLESWGVRPQAVIGHSVGEIAAGYVAGLWSLRDACT
LVSARARLMOTLPTGGAMVAVPVSEKQAQAALTDGVEIAAVNGPSSVVLTGDETAVLETAAALGRSTRLTTSHAFHS
ARMEPVLDEFRTVAETLDYRTPHIPMAAGDAVVIPEYWVRQIRDIVRFGDOQVAAHENAVEVEIGPDRTLSRLTDGIA
MLHGDNETQTAITALATLHTHGVNIHWPAVIGATTARVLDMPTYAFQHORYWTTWLAGLAPEERKQALLKVVRDSAA
AVLGHAGADTVPVTAAFKDLGLDSLTAVELRNSLGKSTGLRLPATMVEDYPNPTTLAARLD

SEQ ID NO: 81
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGFPTDRGWDIENLYDPDPDAPGKGYRVQGGF LDRAAEFDASEF
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GISPREAQAMDPQORLVLETSWEAFERAGIEPGAMRGSDTGVEMGAMANGYGTGADLGAFGMTSAAVSVLSGRVSYL
FGLEGPAMTVDTACSSSLVALHQAAYSLROQGECSLALVGGVIVMPTPQTEFVEFARQRGLAADGRSKAFSDAADGAGE
SEGVGVLVVERLSDARAKGHHVLAVVRGSAVNQDGASNGLSAPNGPSQORVIRQALDNAGLSSTDVDVVEAHGTGTT
LGDPIEAQALIAAYGQODREQPVLLGSLKSNIGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDSPSRHVDWTAGAVEL
VIENQPWPAIDRARRAGVSSEFGISGTNAHVILESAPDLPVVETEETPAPVVTSDMMPLVISAKTPAALADMEGRLRS
YLTSMPGVDMRAVASTLAGTRSVFEHRAVLLGDETVIGPGTGVAVSGPRVVEVEPGOGSOQRAGMGEQLAAVEPVEAE
IHOQVWDLLDVPDPGLGADETGFAQPSLEALQVALFGLLESWGVRPQAVIGHSVGEIAAGYVAGLWSLRDACTLVSA
RARLMOTLPTGGAMVAVPVSEKQAQAALTDGVEIAAVNGPSSVVLTGDETAVLETAAALGKSTRLTTSHAFHSARME
PVLDQFRTVAETLDYRTPHIPMAAGDAVVIPEYWVRQIRDTVRFGDQVAAHENAVEVEIGPDRTLSRLTDGIAMLHG
DNETQTAITALATLHTHGVNIHWPAVIGATTTPVDLPTYAFERQRYWAWLAGLAPEERKQALLKTVRDNAAKVLGHA
DARDIAVNTAFRDLGLDSLTAVQVRNSLAKATGLRLPTTTIVEFDYPNPTALATHLD

SEQ ID NO: 82
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISDEPTDRGWDLDNLYDPDPDTPGKAHNVQGGE LDAAGEDASEEG
ISPREAQAMDPOORLVLETSWEAFERAGIDPASVRGSDTGVEMGAFGSGYGTGADLGGEGATAGAVSVLSGRVSYLE
GLEGPAMTVDTACSSSLVALHQASSALROQDECSLALVGGVIVMPTPQTEVEFARQRGLAADGRSKAFADAADGAGE'S
EGVGVLVVERLSDARAKGHRVLAVVRGSAVNQDGASNGLTAPNGPSQQORVIQSALDNAGLSSTDVDVVEAHGTGTTL
GDPIEAQALIAAYGODREQPVLLGSLKSNIGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDEPSRHVDWTAGAVELV
TENQPWPAIDRARRAGVSSFGISGINAHVILESAPDLPVVETEEVPAPPVVASDLMPLVISAKTPSALADMEGRLRA
YLTATPGVDMRAVASTLAGTRSVFEHRAVLLGDDTVIGPGVAVSGPRVVEVEPGOGSQRAGMGEQLAAVEPVEAETH
QOVWDLLDVPDPGLDTDETGFAQPSLFALOQVALFGLLESWGVRPOQAVIGHSVGE IAAGYVAGLWSLRDACTLVSARA
RLMQTLPTGGAMVAVPVSEKQAQAALTDGVEIAAVNGPSSVVLTGDETAVLETAAALGKSTRLTTSHAFHSARMEPV
LDOQFRIVAETLDYRTPHIPMAAGDAVVIPEYWVRQIRDIVREFGDOQVAAHENAVEVEIGPDRTLSRLTDGIAMLHGDN
ETQTAITALATLHTHGVNIHWPTIVGTITTPVLDLPTYAFQHORYWTSWLAGLAPEERKQALLKTVRDSAAAVLGHVG
TDTVPATAAFKDLGLDSLTAVELRNSLGKSTGLRLPATMVEDYPNPTALAARLD

SEQ ID NO: 83
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPTDRGWDIENLYDPDPALGRTYTVQGGELDIAGEDAAFEGI
SPREAQAMDPOQORLVLEASWEAFERAGIEPGSMRGSDTGVEMGAF SSGYGAEHEGEFGATAGAVSVLSGRVSYFEFGLE
GPALTVDTACSSSLVALHQAGYSLRQGECSLALVGGVIVMPTPQTEVEEF SRORGMAVDGRSKAFADAADGAGWAREGVY
GVLVVERLSDARAKGHRVLAVVRGSAVNQDGASNGLSAPNGPSQORVIRQALANAGLSSADVDVVEAHGTGTRLGDP
IEAQAVLATYGQDREQPLLLGSLKSNIGHAQAAAGVSGVIKMVMALQHGVVPRTLHVDSPSRHVDWTAGSVELVTEN
QPWPVLERARRVGVSSEFGISGTNAHVILESAPDPDVAVVEVEETPAPPVVVISAKTPSALADMEGRLRAYLAARPGY
DVRAVASTLAGTRSVEFEHRAVLLGDDTVIGTSTGTGSGAAVSGVAVSGPRVVEVEPGOGWOWLCGMGCGLRETSAVEA
GRLAECAAALSEFVDWDLLTVLDDPSVVDRVDVLOPACWAVMVSLAAVWQEAGVVPDAVIGHSQGEIAAACVAGALT
LRDAARIVALRSRLIARLAGQGAMASIALPAHEIVLGDGAVVAARNGPAATVVAGTARAVERVLAVHEKEGARVRRI
TVDYASHSPOQVEEIRTELLDILATTGSRTPVVPWLSTVDGIWTEQPLDPDYWYRNLREPVGEHPAVDTLRSMGETVE
IEISASPTLTPAMDDATTIVATLRRDNDTPQQILTALAEAHTHGVNIHWPAIIGTTTTPARVDLPTYAFQHOQRYWTSW
LAGLAPEERKQALLKMVRDSAAAVLGHAGADTVPVTAAFKDLGLDSLTAVELRNSLGKSTGLRLPVTMVEDYPNPTT
LAARLD
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SEQ ID NO: 84
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPTDRGWDIENLYDPDPDAAGTTYTVQGGELDIAGEDASEEG
ISPREALAMDPOQORLVLETSWEAFERAGIEPSSMRGSDTGVEMGAFTNGYGAGVDEGAFGGASAAVSVLSGRVSYEFE
GLEGPAITVDTACSSSLVALHQAGSALRQGECSLALVGGVIVMPTPQLEVDE SRORGLAADGRSKAFADPADGAGE'S
EGVGVLVVERLSDAQAKGHRVLAVVRGSAVNQDGASNGLSAPNGPSQQORVIRQALDNARLAPNE IDAVEAHGTGTTL
GDPIEAQALIATYGODREQPVLLGSLKSNIGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDSPSRHVDWTAGAVELV
TENQPWPAIDRARRAGVSSFGISGINAHVILESAPDPDVPVVETEETPPPPVVVISAKTPSALADMEGRLRAYLAAT
PGVDVRAVASTLAGTRSVFEHRAVLLGDDTVITGTSTGTGSGAAVSGVVVSGPRVVEVEPGOGWOWLGMGCGLRETSA
VEAGRLAECAAALSEFVDWDLLTVLDDPSVVDRVDVLOPACWAVMVSLAAVWQEAGVVPDAVIGHSQGEIAAACVAG
ALTLRDAARIVALRSRLIARLAGQOGAMASIALPAHEIALGDGAVVAARNGRAATVIAGTARAVDRVLAVHEKEGARV
RRITVDYASHSPOQVEEIRTELLDILATTGSRTPVVPWLSTVDGTWIEQPLDPDYWYRNLREPVGEFHPAVDTLRSMGE
TVEIEISASPTLTPAMDDATTVATLRRDNDTPQQILTALAEAHTHGVNIHWPAIMGATTTRVDLPTYAFQHQRYWTS
WLAGLAPEERKQALLKVVRDSAAKVLGHAGADTVPVTAAFKDLGLDSLTAVELRNSLGKSTGLRLPATMVEDYPNPT
TLAARLD

SEQ ID NO: 85
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPTDRGWDIENLYDPDPDAPGKGYRVQGGE LDRAAEFDASEE
GISPREAQAMDPQORLVLETSWEAFERAGIEPGAMRGSDTGVEMGAMANGYGTGADLGAFGMTSAAVSVLSGRVSYL
FGLEGPAMTVDTACSSSLVALHQAAYSLROQGECSLALVGGVIVMPTPQTEFVEFARQRGLAADGRSKAFSDAADGAGE
SEGVGVLVVERLSDARAKGHHVLAVVRGSAVNQDGASNGLSAPNGPSQORVIRQALDNAGLSSTDVDVVEAHGTGTT
LGDPIEAQALIATYGODREQPVLLGSLKSNIGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDSPSRHVDWTAGAVEL
VITENQPWPAIDRARRVGVSSEFGISGTNAHVILESAPAQPVVETEEVPAPPVVASDMMPLVISAKTPSALVEFEGRLR
AYLTSTPGVDMRAVASTLAGTRSVEFEHRAVLLGDDTVIGPDTGTGAGSGVAVSDPRVVEVEPGQGSQRAGMGEQLAA
VEPVFAETIHQOVWDLLDVPDPGLGADETGFAQPSLEFALQVALFGLLESWGVRPQAVIGHSVGEIAAGYVAGLWSLRD
ACTLVSARARLMOQTLPTGGAMVAVPVSEKQAQAALTDGVEIAAVNGPSSVVLTGDETAVLETAAALGKSTRLTTSHA
FHSARMEPVLDQFRTVAETLDYRTPHIPMAAGDAVVIPEYWVRQIRDTVREGDQVAAHENAVEVEIGPDRTLSRLTD
GIAMLHGDNETQTAITALATLHTHGVNIHWPAVIGATTARVLDLPTYAFERQRYWAWLAGLAPEERKQALLKVVRDS
AAAVLGHADARDIAVNTAFRDLGLDSLTAVQVRNSLAKATGLRLPTTTVEFDYPNPTALATHLD

SEQ ID NO: 86

EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISDEPTDRGWDLDNLYDPDPDTPGKAHNVQGGE LDAAGEDAAFEG
ISPREALAMDPOQORLVLETSWEAFERAGIDPASVRGSDTGVEMGAFGSGYGTGADLGGEGATAGAVSVLSGRVSYLE
GLEGPAMTVDTACSSSLVALHQASSALROQDECSLALVGGVIVMPTPQTEVEFARQRGLAADGRSKAFADAADGAGE'S
EGVGVLVVERLSDARAKGHRVLAVVRGSAVNQDGASNGLTAPNGPSQQORVIRQALDNAGLSSTDVDVVEAHGTGTRL
GDPIEAQALIATYGODREQPVLLGSLKSNIGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDSPSRHVDWTAGAVELV
TENQPWPAIDRARRVGVSSFGISGINAHVILESAPAQPVVETEEVPAPPVVASDMMPLVISAKTPSALVEFEGRLRA
YLTSTPGVDMRAVASTLAGTRSVFEHRAVLLGDDTVIGPDTGTGAGSGVAVSDPRVVEVEPGOGSOQRAGMGEQLAAY
FPVEFAETIHQOVWDLLDVPDPGLDTDETGYAQPSLEFALQVALFGLLESWGVRPQAVIGHSVGEIAAGYVAGLWSLRDA
CTLVSARARLMQTLPTGGAMVAVPVSEKQAQAALTDGVEIAAVNGPSSVVLTGDETAVLETAAALGRSTRLTTSHAF
HSARMEPVLDEFRTVAETLDYRTPHIPMAAGDAVVIPEYWVRQIRDTVRFGDQVAAHENAVEFVEIGPDRTLSRLTDG
IAMLHGDNETQTAITALATLHTHGVNIHWPAVIGATTARVLDMPTYAFQHORYWITWLAGLTPEERKQALLKTVRDS

AAAVLGHADARDIAVNTAFRDLGLDSLTAVQVRNSLAKATGLRLPTTTVEFDYPNPTALATHLD
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SEQ ID NO: 87
EPLAIVGMACRLPGGVSSPEDLWQLVESGTDAISHEPTDRGWDIDNLYDPDPDTPGKTYCVQGYFLDGIAEFDASEE
GTSPREALAMDPQORLVLETSWEAFERAGIDPASVRGSDTGVEMGAFSSGYGTGADLGGEGATAGAGSVLSGRVSYL
FGLEGPAMTVDTACSSSLVALHQAGYSLROQGECSLALVGGVIVMPTPOAFVEFSRORGLAADGRSKAFADAADGAGW
AEGVGVLVVERLSDARAKGHRVLAVVRGSAVNQDGASNGLTAPNGPSQORVIRSALDNARLAPNEIDVVEAHGTGTR
LGDPIEAQALIAAYGQODREQPVLLGSLKSNIGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDEPSRHVDWTAGAVEL
VITENQPWPAIDRARRAGVSSEFGISGTNAHVILESPPAQPVVETEEVPAPPVVASDMMPLVISAKTPSALADMEGRLR
AYLAARPGVDVRAVASTLAGTRSVFEHRAVLLGDDTVIGTSTGTIGSGAAVSGVVVSGPRVVEVEPGQGWOWLGMGCG
LRETSAVEFAGRLAECAAALSEFVDWDLLTVLDDPSVVDRVDVLOPACWAVMVSLAAVWQEAGVVPDAVIGHSQGEIA
AACVAGALTLRDAARIVALRSRLIARLAGQGAMASIALPAHEIALGDGAVVAARNGPAATVIAGTPRAVDRVLAVHE
KEGARVRRITVDYASHSPQVEEIRTELLDILATTGSRTPVVPWLSTVDGTWTEQPLDPDYWYRNLREPVGEHPAVDT
LRSMGETVFIEISASPTLTPAMDDATTVATLRRDNDTPRQILTALAEAHTHGVNIHWPTVIGTTTTPARVDLPTYARF
QHORYWTSWLAGLAPAERDEALLKMVRDSAALVLGHAGGRTIPVAAAFKDLGVDSLTAVELRNRLSAATGLRLPATL
VEFDYPNPAALAGWL

SEQ ID NO: 88
QPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISDEPTDRGWDIENLYDPDSPGEGEAYSAQGGE LDAAGEDAAFEG
ISPREAQAMDPOORLVLEASWEAFERAGIDPGAMRGSHTGVEMGAMANGY GAGADLGGEGATAGAGSVLSGRISYLE
GLEGPAMTVDTACSSSLVALHQAAYSLRQGECSLALVGGVIVMATTQTEVEFARQRGLAADGRSKAFADAADGAGWA
EGVGVLVVERLSDARAKGHRVLAVVRGSAVNQDGASNGLTAPNGPSQQORVIRSALDNAGLSSADVDVVEAHGTGTTL
GDPIEAQALIAAYGODREQPVLLGSLKSNIGHAQAAAGVSGVIKMVMALQHGVVPRTLHVDSPSRHVDWTAGAVELV
TENQPWPVTERARRAGVSSFGISGINAHVILESAPDPDVPVVETEKVPAPPVVVISAKTPSALVEFEGRLRAYLAAR
PGVDVRAVASTLAGTRSVFGHRAVLLGDDTVITGTSTGTGSGAAVSGVVVSGPRVVEVEPGOGWOWLGMGCGLRETSA
VEAGRLAECAAALSEFVDWDLLTVLDDPSVVDRVDVLOPACWAVMVSLAAVWQEAGVVPDAVIGHSQGEIAAACVAG
ALTLRDAARIVALRSRLIARLAGQOGAMASIALPAHEIALGDGAVVAALNGPAATVIAGTPRAVDRVLAVHEKEGARV
RRITVDYASHSPOQVEEIRTELLDILATTGSRTPVVPWLSTVDGTWIEQPLDPDYWYRNLREPVGEFHPAVDTLRSMGE
TVEIEISASPTLTPAMDDATTVATLRRDNDTPQOQILTALAEAHTHGVNIHWPTVMGATTTRVDLPTYAFQHQRYWTS
WLAGLAPEERKQALLKVVRDSAAAVLGHAGTDTVPVTAAFKDLGLDSLTAVELRNSLGKSTGLRLPATLVEDYPNPT
TLAARLD

SEQ ID NO: 89

EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPTDRGWDIENLYDPDPDAPGTGYRVQGGE LDRAAEFDASEE
GISPREALAMDPQORLVLETSWEAFERAGIEPGSVRGSDTGVEMGAFSSGYGTGADEGAFGATSAAVSVLSGRVSYE
FGLEGPAMTVDTACSSSLVALHQAGSALRQGECSLALVGGVIVMSTPLTFAEFARQRGLAADGRSKAFADAADGAGE
SEGVGVLVVERLSDARAKGHRVLAVVRGSAVNQDGASNGLSAPNGPSQORVIRQALANAGLSSADVDVVEAHGTGTR
LGDPIEAQAVLATYGODREQPLLLGSLKSNIGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDSPSRHVDWTAGAVEL
VITENQPWPVLERARRAGVSSEFGISGTNAHVILESAPDPDLPVVEVEETPAPVVAVISAKTPSALVEFEGRLRTYLTA
RPGVDVRAVASTLAGTRSVEGHRAVLLGDDTVIGTGPGAAVSGVVVSGPRVVEVEPGOGWOWLGMGCGLRETSAVEA
GRLAECAAALSEFVDWDLLTVLDDPSVVDRVDVLOPACWAVMVSLAAVWQEAGVVPDAVIGHSQGEIAAACVAGALT
LRDAARIVALRSRLIARLAGQGAMASIALPAHEIALGDGAVVAARNGPAATVIAGTPRAVDRVLAVHEKQGARVRRI

TVDYASHSPQVEEIRTELLDILATTGSRTPVVPWLSTVDGTWIEQPLDPDYWYRNLREPVGEFHPAVDTLRSMGETVE
32



10

15

20

25

30

35

40

WO 2018/081590 PCT/US2017/058800

IEISASPTLTPAMDDATTVATLRRDNDTPQOQILTALAEAHTHGVNIHWPTVMGATTTPVRVDLPTYAFERQRYWAWL
AGLTPEERKQALLKTVRDSAAAVLGHTDARDIAMNTAFRDLGLDSLTAVQVRNSLAKATGLRLPTTTVEDYPNPTAL
ATHLD

SEQ ID NO: 90
EPLAIVGMACRLPGGVSSPEDLWQLVESGTDAISHEPTDRGWDIDNLYDPDPDTPGKTYCVQGYFLDGIAEFDASEE
GISPREAQAMDPQORLVLETSWEAFERAGIDPASVRGSDTGVEMGAFGSGYGTGADLGGEGMTAGAGSVLSGRVSYFE
FGLEGPAMTVDTACSSSLVALHQASSALRQGECSLALVGGTTVLATPYGLVEISRORGLAADGRSKAFSDAADGMGE
SEGVGVLVVERLSDARAKGHRVLAVVRGSAVNQDGASNGLTAPNGPSQQORVIRSALDNAGLSSADVDVVEAHGTGTR
LGDPIEAQAVLATYGODREQPLLLGSLKSNIGHTHAAAGVSGVIKMVMALQHGVVPRTLHVDEPSRHVDWTAGAVEL
VITENQPWPAIDRARRAGVSSEFGISGTNAHVILESPPAQPVVEVEETPAPPVVASDMMPLVISAKTPSALADMEGRLR
AYLAARPGVDVRAVASTLAGTRSVFEHRAVLLGDDTVIGTSTGTIGSGAAVSGVVVSGPRVVEVEPGQGWOWLGMGCG
LRETSAVEFAGRLAECAAALSEFVDWDLLTVLDDPSVVDRVDVLOPACWAVMVSLAAVWQEAGVVPDAVIGHSQGEIA
AACVAGALTLRDAARIVALRSRLIARLAGQOGAMASTIALPAHEIALGDGAVVAARNGRAATVIAGTARAVDRVLAVHE
KEGARVRRIAVDYASHSPQVEEIRTELLDILATTGSRTPVVPWLSTVDGTWTEQPLDPDYWYRNLREPVGEHPAVDT
LRSMGETVFIEISASPTLTPAMDDATTVATLRRDNDTPRQILTALAEAHTHGVNIHWPTVIGTTTTPARVDLPTYARF
QHORYWTSDRLNGRTGLEQHRVMLELVLGHAASVLGHSAPDAIAADRPFKDLGMDSLTAIELRNHLVAETGLRLPAT
TAFDHPTADDLAKRL

SEQ ID NO: 91
EPIAIVSMACRVPGGVDSPEGLWHLVESGTDAISDEPTNRGWDVANLYSPDPAGYTSYCVQGGELDSAADEDATEEG
ISPREALGMDPQORLVLEASWEAIERAQIDPRSLRGSNVGVEVGGASQGYGASANEQOQOSNAITGGSSSLLSGRVTY
ALGLEGPAVIVDTACSSSLVALHLASQSLROQRECSLALVSGVSVMATPDVEVEFSRORGLAPDGRCKSESASADGTG
WSEGVGVLVLERLSEATRLGHRVLAVVRGSAVNSDGASNGLTAPNGASQQRVIRQALANAGLTASQVDAVEAHGTGT
TLGDPIEAEALLATYGODRSTPAWLGSLKSNIGHTMAASGVLGVIKMVEAMRHGLLPRTLHVDEPSPHVDWASGDIA
LLSESRPWPDGSTPRRAGVSSEGISGTNAHVVLEQYRDPAGPDTPTGSDTQTGPETTTEHGPLPLMLSARSPKALRE
QAGRLHAALVEAPRWRPLDIGYSLATTRSSFAHRAVAVGSDRELLRALSQLADGGTSPALVTATAKAGRVAFLEDGO
GTOQRLGMGSGLYERFPAFARTWDLVSAAFDKHLNHSLTDVELGRSGSVTAELVDDTLYAQAGIFTMEVALEFELLDEW
GIRPDFLTGHSIGEAAAAYGAGMLSLEDVTTLIVARGQALRLSPPGAMVALRASEEEVREFLDRTGAALDLAAVNSP
TSVVVSGAPDAVSDEFRTAWTESGREARALNVRHAFHSRHVEAGLGREREVLDSLTFRAPVLPVVSTVIGRLVEPAEM
STPEYWLRQVRQTVREFHDALRELSGRGVGTEVEIGPSGTLASAGLECLGGDAAFHAVQRPRSAEDVCLMTAVAELHA
GGTAVDWTKVLAGGRRTIDLPVYPFQHEAYWLTPAEPSYAEEPLTTLELVCSEAANVLGITEPGILLEDSSEFLDLGLD
SLGAMRLRNRLSELTELDLPATLLEFDNPNPTDLAAYLD

SEQ ID NO: 92

EPLAIVGMAARFPGGVASADDLWRLVVSGGDAIGGEFPTDRGWDLDELYDPDPAATGRSYVREGGELSDATTEFDASEE
RIGPREAKAMDPQORLLLETSWEAFEHAGIRPETLRGTATAVEAGISLODYGVLAGSDPELEGYAGTGNAPSVLSGR
LSYFYGLEGPAVTIDTACSSSLVALHLAGQSLRRDECTLAVVGGVTIVMPSPNVEVEESRORGLAPDGRCKPEFAAAAD
GTGWSEGAGVLVVERLSDARRNNRRILAVVRGSAVNODGASSGLTAPHGPSQORVIRAALAAAGLTAGDVDVVEAHG
TGTITLGDPIEAQGVLATYGDRKGAPVRLGSVKSNLGHTQAAAGVAGVIKMVQALRHGVMPRSLHIDEPSPHVDWTAG
RVELLTSNLPWPASERPRRAAVSSFGISGTNAHVILEQAFPATEPEPPEFTPVVSGPELPLIFSAKDPDALAAQTRVT

DGPGVAYALATSRSMEDHRTVRLGDMTVTGIAVIDPEVVEVEFPGOGTOWAGMGRDLMEASPVEAERMNECAAALEPY
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LDLWAAIDAPDHVETLOPASWAMMVSLAAVWQAAGVQOPAAVIGHSQGEIAAACVSGAISLODAAAVVALRSKATIAAS
LGKGAMASIPLPADAIELTGEVWVAALNGPSSTVVAGVPEAVELVRARYEGRRIAVDYASHTPHVEALRGQVVSVPS
QAPVIPWESTVDSGWVEGPLDDDYWERNLROQPVQFGPAAAGEDNAVE IEVSARPVLIPALEASVIVPSLRRDDGGPE
RMLASLAQAFVAGVPVDWITIVAPAPEVELPTYPFQGERYWIDPRTLDEVLAVVRDSAATVLGHTDPTAITPDRSEFK
DLGFDSLAAVQLRNHLLTATGVRLSATAVEDEFPTPVVLAGEV

SEQ ID NO: 93
EPIAVVGMACRLPGDVSSPEDLWRLVSEGRDAVGPEFPADRGWEPGDAAYARVGGEVTGATGEDAGFFGISPREAQAM
DPQORLLLEVAWEAFERAGIAPDELRGSDTGVEVGTYGOGYGELAVDGDAEGYVGIGNSGSVVSGRVSYFEGLEGPA
VIVDTACSSSLVALHQAAQALRQGECSLALVGGVIVMSSPLIFQEFARQGGLAADGRCKAFADGADGTGWGEGVGVL
VVERLSEAQRRGHTVLAVVRGSAVNQDGASNGLTAPNGPSQORVIRAALASAGLGVGDVDLVEAHGTGTALGDPIEA
OALLATYGSDGSPVWLGSLKSNIGHTQAAAGVAGVIKAVEAMRHGVMPRTLHVDOPSSHVDWSAGAVELLTANRPWD
SGGRPRRAAVSSEFGISGTINAHVILEESPSAPVPPEPGTAPLLLSARSPAALAQFESRTAGLRPSRDLASTLSRRALFE
DHRAVVLPDGDTVRGGVGDAPLVEVFAGQGSQRADMGSRLAEEFPVEAAAYERVWSLLDVDESLEVDHTGEFAQPALFE
AFEVALAELLGVRPDAVIGHSVGELAAAYVAGAMSLEDACRLVSARARLMQALPSGGVMVSVRVSEEAARTVLRDGV
EIAAVNGPQAVVLSGDEDAVLAAAAELGEFKRLRTSHAFHSARMEPMLEEFRAVASTVAFDEPQIALSEVPSAEYEV
ROVRETVRFGEQVAAFAPGTLEVEVGPDGSLSRLTGGVSAAEPMKALAYLWVRGVGVDWTPYIGDGRLDDAPTYPEQ
PERYWPEQRRRARHGDEFLALVTATAAVVLGHPEGTDIPADTPFQSLGLDSLSAVDLRNQLAQATGVRLSPTAVEDYP
TPRALAERL

SEQ ID NO: 94
DPIAIVGMACRYPGGVATADDLWDLVAEGGDAVGPFPVDRGWDLAALYDPDPEAAGKSYVREGGE LGGAADEDAARE
GISPREALAMDPOQORLLLETAWEAFEHAGIDPLDLRRSDTGVEVGTMAQEYGGLVIDSAHGLEGWIGTGNSQSVMSG
RLSYFFGLOGPAVIVDTACSSSLVALHQAAQALRNGECALAVVGGVIVMSSPRTFQEFSRORCGMAPDGRCKPEAAAA
DGTIGWSEGVGVLVVERLSEARRNGHAVLAVVRGTAVNQDGTSNGLTAPNGPAQQOVIRAALERAGLGVGDVDVVEAH
GIGTALGDPIEAQAILDTYGSRTGGEPVRLGSVKSNLGHTQAAAGVAGVIKMVQAMRHATMPRSLHIDEPSPHVDWA
SGAVELLTAERGWPATDRPRRAAVSSFGISGTNAHVIVEGVADPELSREASPGGPLPEVLSAPTAEALSAQETRLRR
FRVERPDVDERDIAITLAGRTGFAHRTVLIGDLTVSGVAVADRRVVEVEPGOGTOWAGMGRDLMAASPVEAERMNEC
AAALEPYLDLWEAIDSPDRVETLOPASWAVMVSLAAVWQAAGVQPAAVIGHSQGEIAAACVSGAISLODAAAVVALR
SKAIGASLGKGAMASIPLPADAIELIDEVWIAALNGPSSTVVAGAPEAVEQIRARYDGRRIAVDYASHTPHVEALRG
QVVSVPSRAPAIPWESTVDSAWVEDPLDEDYWERNLRQPVQFGPAAAGEDNAVE IEVSARPVLIPALEDAVIVPTLR
RDDGGIDRLHASVAQAWTAGADVDWAALLPAGGRRIALPPYAFTHERFWPRRPTAAGODLLTVVRTAAATVLGHRDA
ARVPADRAFKELGFDSLSAVQLRNELLTATGVRLSATAVEFDHPTAAALAEAL

SEQ ID NO: 95

EPIAIVGMACRLPGDVSSPDELWELVEAGRDAVGPEPADRGWNLSTLEDPDPDAPGKSYVREGGE LTGAGLEDADEFE
GISPREALAMDPOQORLLLEMAWEAFERAGIAPDELRGSDTGVYVGTYAQGYGELAAATAGEGEVGIGNSGSVVSGRV
SYFLGLEGPAVTVDTACSSSLVALHQAAQALRLGECSMALVGGVIVMASPLMEQEF SRORGLSPDGRCKAFAESADG
TGWGEGVGVLVVERLSEARRRGHTVLAVVRGSAVNQDGASNGLTAPNGPSQQRVIRAALASAGLTVGDVDLVEGHGT
GTALGDPIEAQALLATYGSAGSPVWLGSLKSNIGHTQAAAGVAGVIKMVQAMRHGVMPRTLHVDOPSSHVDWSAGAV
ELLTANRPWDSGGRPRRAAVSSEFGISGTNAHVILEGVPAPEPAAGDAETAPLVLSARTAPALTDLEARVSARPSSPD

LAATLAGRASEFDHRAVVLPDGEVVRGRAGAAPVVLVEAGQGSQRADMASRLAGEFPVFAAAYERVWSLLDVDEALDT
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DOTGFAQPALFAYEVALAELLNVRPDAVIGHSIGELAAAYTSGSLSLEDACRLVSARARLMOALPPGGAMVSVRVSE
EVAREVLRDGVEIAAVNGPQAVVLSGDEDAVLAAAAKLGEFKRLRTSHAFHSARMEPMLEEFRAVALTVEFREPEVA
LSEVPSAEYFVGQVRETVREFGEQVASFEPGTLEVEVGPDGSLSRLTGGVSAAEPLTALAYLWVHGVAIDWVPYLGGG
RLDLGAPTYPFQHERYWPARALAQLPPARRGRALLDLVONRVAKTLGLVRPADPGRAFTDLGETSLTALELRNSIAE
ETGLPMPASLVEDHPNARSLAGYLD

SEQ ID NO: 96
EPLAIVGMACRLPGGISSAEELWRLVAEGGDAIGPEFPGDRGWDVDALYDPDPAAGHTYTRSGGELPGATDEDAAFEG
ISPREAQAMDPOHROQLLETSWEALEHAGIDPAGLRGRDVGVEAGESGODYIAEMGVGPAEAGGYQVTGRAASVLSGR
LSYFYGLEGPAVIVDTACSSSLVALHLAGQSLRDGESSLALVGGVTVMSSPGLEVEEFSROQRGLAPDGRCKAEF SADAD
GTGWSEGVGVLVVERLSDARRNGHRILAVVRGSAVNQODGASNGLTAPNGPSQORVIRQALAQSGLSVADVDVVEAHG
TGTALGDPIEAQAVLATYGGRAGGEPVRLGSLKSNIGHTQAAAGIASLIKMVQAIRYGVMPRTLHVSEPSPLVDWAS
GRVELLTSDIPWPDGVRRAAVSAFGISGTNAHVILEEAPAPAAVPSIRPVVSGPALPLVESARDPSALAAQTRVIDG
PGVAYALATSRTMLDHRTVRLNDVIVIGIAVIDPEVVEVEPGOQGSOQWAGMGRDLMGS SPVEFAERMNECAAALEPYLD
LWAAIDAPDRVETLOPASWAVMVSLAAVWQAAGVOQPAAVIGHSQGEIAAACVSGAISLODAAAVVALRSRAIAASLG
KGAMASIPLPADAIELADEVWVAALNGPSSTVVAGALEAVEQVRARYEGRRIAVDYASHTPHVEALRGQVVSVPSQA
PAIPWESTVDSGWIEGPLDDDYWERNLRQOVQFGPAAAGEDNAVE IEVSARPVLIPALDASVIVPSLRRDDGGPERM
LASLAQAFVAGVPVDWITIVPPAPHVELPSYPFQRORHWIDMERLGQLPPGDRDREFLLDLVRDAAAAVLGHGSRETV
PASAAFKELGEDSLIAVQLRNAVSAATGVRLPATVIFDHPTPQALAALL

SEQ ID NO: 97
EPLAIVGMACKFPGGVDSPERLWEMLEAGEDVIGPEFPDDRGWDVDGGYDPDPEKAGSWYARAGGE LAGAADEDAAFFE
GINPREALAMDPOQORLLLEVAWEAFERSGIAPDSLRGTDTGVEVGTEGOGYGRLVSAGAPGLEAYSGTGNTGSVASG
RLSYVFGLEGPAVIVDTACSSSLVALHQASQSLHRGECSLALVAGVIVMSTPDSEVEFSRORGLSPDGRCKAFAAAA
DGIGEFSEGAGVLVVERLSDAQRNGHQILAVVRGSAVNQDGASNGLTAPHGPSQORVINTALTDADLTTTDIDLVEAH
GIGTTLGDPIEAQAILATYGNRTTGNPVHLGSVKSNLGHTQAAAGVAGVIKVIQAMRHATMPKSLHIDQPSPHVDWT
AGRVELLTGNRPWPATDRPRRAAVSSEFGVSGTNAHVILEERAAAEEQPPAVDGPVPLVLSARTPEALTAQEEAVRGL
STDDRHRVAPALALGRAALPHRAVLLGDSVIRGTASADDGRPVELFPGQGAQWAGMGRELMAASPVEAERMRECAVA
LAGFVDWDLFAVLDDAEALRRTEIVQPASWAVMVSLAALWESWGVHPAAVVGHSQGETAAAVVAGAIGLRDGARLSA
TRSRVLALLAGHGALASIALPAAEVEVVDGVSVAAVNGPRATLISGDPAGVEAVTARYEASGVRVRRIPADVASHSP
HVERAEETLLTALAGIEARVPGVPWLSTATGDWITEPVDERYWYRNLRSPVLEFHPAITTLRDRGHRLFLEISTHPQL
LPAMEDDLLTVGSLRRDDGGPDRMHTALAEAWAGGADVDWPAVLGAGPVRALDLPTYPFQRRREFWPEAALPPVERDR
ALVEIVRDQAAAVLGHPDAGALTPGTAFRDLGEFDSLTAVQLRNHLATATGLTLPATVIFDHPTPRALATELD

SEQ ID NO: 98

EPLAVVGMACRLPGGVASPDQLWDLVVSGGDGIGPEFPADRGWPTDDIFDPDPDAPGKTYVREGGE LDGAGEFDAAFE
GISPREALAMDPOQORLLLETSWEAFEHAGIDPAGLRGGDTGVEVGGETQAYGVGTADLEGYAATGTVGSVLSGRLSY
FYGFEGPAVIVDTACSSSLVALHQAGQALRQGECTLAVVGGVIVMPTPVVEQEF SRORGLATDGRCKAFADEADGTG
FAEGAGVLLVCRLSDARRDGRRILAVVRGSAVNQDGASNGLTAPHGPSQORVIRAALANARLGPGDVDLIEGHGTGT
TLGDPIEAQALLATHGSGASPVRLGSLKSNIGHTQAAAGVAGVIKVIQALRNGLMPRTLHAGTPSSRVDWSAGNVEL
LTSNLPWPAADRPRRAAVSSEFGISGTNAHVILEEAPAAAAVPTISPVVSGPALPLVESARDPSALAAQTRVIEGPGV

AFALATTRSMFEHRAVRIGDESVSGAAVADRRVVEVEPGOQGTOWAGMGRDLMSASPVFAERMNECAAALEPYLDLWE
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AIDSPDRVETLQPASWAVMVSLAAVWQAAGVQPAAVIGHSQGEIAAACVAGSITLODAAAVVALRSRATIAASLGKGA
MASIPLPAEQIELAGEVWVAALNGPSSTVVAGLPEAVEQVRARYEGRRIAVDYASHTPHVEALRGQVVSVPSRAPATL
PWESTVDSGWIEGPLDEDYWERNLROQPVQFGPAAGREDDAVE IEVSARPVLIPALEDAATVPSLRRDDGGGDRMLAS
LAQAFVAGVPVDWITIIPPAPFVELPSYPFQHRRYWIDSSEDALRDLVREQAAAVLGYPDPSRITPGVAFRDLGEDS
LTAVQLRNALSAATGLRLSATVAFDHPTPAALAAAL

SEQ ID NO: 99
EPIAIVGMACRLPGGVSSPDELWELVESGRDAIGPEFPADRGWNLDELYDPDPDAAGRSYVREGGE LTGAADEFDAGEE
GINPREALAMDPQORLVLEVAWEAFERAGIAPDSLRGTDTGVELGAFAGGYLTLVNGAADLEGYAGTGNSVSVLSGR
LSYVLGLEGPAVIVDTACSSSLVALHQAAQALRLGECSLAVVGGVTVMSTPDSHVEEFSROQRALSPDGRCKAFADGAD
GTGWAEGAGVLVVERLSEARRRGHTVLAVVRGSAVNODGASNGLTAPNGPSQORVIRAALASAGLGVGDVDLVEGHG
TGTALGDPIEAQALLATYGSDGSPVWLGSLKSNIGHTQAAAGVAGVIKAVESMRRGVMPQTLHVGTPSSHVDWAAGA
VELLTANRAWDSVERPRRAAVSSEFGISGTNAHVILEGVPAPEPAAGSAESAPLLLSARSAAALAQFESLTSGLRPSR
DLASTLSRRAFFDHRAVVLPGGDVVRGRVGDAPVVLVEAGQGSQRADMASRLTAEFPVEFAAAHERVWSLLDVDEGLG
IDOTGFAQPALFAYEVALAELLDVRPDAVIGHSIGELAAAYVAGAVSLEDACRLVSARARLMOALPPGGAMVSVRVS
EEAARAVLRDGVEIAAVNGPQAVVLSGDEDAVLAAAAELGEFKRLRTSHAFHSARMEPMLDEFRAVALTVEFREPEV
ALSEFVPSAEYFVROQVRETVREGEQVAAFAPGTLEVEVGPDGSLSRLTGGVSAAEPLTALAYLWVRGVGVEWTIPYVGG
GILDQGAPTYPFQRERYWVRPRLAGRTTDERDALLIDLVRDDVASVLGHSGRRRLETDRPLLELGEDSLTALRLRNR
LAAATDVALPATLIFDYPNIQATIAVHL

SEQ ID NO: 100
EPLAVVGMACRYPGGVASADDLWRLVAAGGDAVGPEFPDDRGWELESLVDPDPEAVGRSTTGQGGE LADAAGE DAAFE
GISPREATAMDPOQORLLLEVSWAALEHAGLRADALRGSATGVEMGSNGODYAGLLAGAPELEGWIGTGVSASVVSGR
LSYFYGFEGPAVIVDTACSSSLVALHLAAQSLRTGESSLALVGGVIVMTSPTVERSESROQRGLAPDGRCKAEF SAGAD
GTGWSEGVGVLVVERLSDAQRNGHQILAVVRGSAVNODGASNGLTAPHGPSQORVINTALTDADLTTTDIDLIEAHG
TGITLGDPIEAQAILATYGNRTTGNPVHLGSVKSNLGHTQAAAGIAGIIKAIQAMRHATMPRTLHIDEPSPHVDWTA
GRVELLTSNLPWPATGRPRRAAVSSFGVSGTNAHVILEEAPAPAAVPSIRPVVSGPALPLVESAKDPDALAEFQSHT
PAGEGVAYALATSRSTLDHRSVRIGDVIVIGIAVIDPEVVEVEPGOGTOWAGMGRDLMSASPVEAERMNECAAALEP
YLDLWAAIDAPDRVETLOQPASWAMMVSLAAVWQAAGVQPAAVIGHSQGEIAAACVSGAISLODAAAVVALRSKATIAA
SLGKGAMASIPLPADAIELTGEVWVAALNGPSSTVVAGVPEAVELVRARYEGRRIAVDYASHTPHVEALRGQVVSVP
SQAPVIPWESTVDSGWVEGPLDDDYWERNLRQPVQEGPAAAGEDNAVE IEVSARPVLIPALDASVTVPSLRRDDGGP
ERMLASLAQAFVAGVPVDWITIVPPAPHVDLPSYPFQHOREFWIEGRVTAAAGAERLRIMLEVVLAETATVLGHGGAA
AIGPGRAFQDLGFDSLTAVELRNRLAAATGLTLPTTLVENHPTPEALAAHL

SEQ ID NO: 101

EPVAIVGMACRLPGDVESPEDLWRLVAEGRDAVGPEPSDRGWNLGTLDDPDAAGRSYVKEGGE LAGAAHFDPAFEGI
GPREALGMDPQORILLEIAWEALEHARIAPGDLRGSETGVYVGAAAQGYGVDAPLEGNLLTGGSTSAMSGRVAYALG
LHGPAVIVDTACSSSLVALHLAAQALRHGECTLALAGGVAVMASPVLETEFSRORGLAPDGRCKAFAAAADGTGWSE
GAGLVVLERLSDAERHGHRVLAVIRGSAVNSDGASNGLTAPNGTAQRRVIRSALRAAGLGAGDVDVVEAHGTGTTLG
DPVEADALIATYGQRSDTPPVRIGSLKSNIGHTVAAAGVAGVIKMVEAMRHGTMPRTLHVDRPTPHVDWSAGAAELL
TGELPWPRGDRPRRAAVSAFGLSGTNAHLILEDVAAAAEPPAGDDSGSGSETVPLLLSADDLPAVRDOQAARLRAHLL

AHPELRMRDVAYALATTRTARPHRAAVTATERELLRELALLAAGDQGPGTQLGEAVPHRRVAFLEDGQGTQRHGMGR
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ALHQRHPVFAAAWDEVCAALDPLLDRGVAEVYFAEAGRDLADDPLYTQAGLFALEVALYRLLTSWGVIPDAVAGHSV
GEVAVAHVAGVLSLPDAASLLAARGAALRQLPPGAMAATRASEDDTRGVLPPDLDVAAVNGPEMTVVSGAEEAVDRE
VAEQAGAGROQVRRLRVGRAYHSRHVDAVLAEFGATLSALTFHEPTLPVVSTVIGRPAGAGDLTTPEYWLRHARRPVR
FGAALASLSELGMDSEFVEVGPSGSLSSMAGETVAGTEFHPLLDRRVPDE IGAAAAAGELEFTAGMALDWTAVLAGGRPI
DLPVYPFRREFYWLGARYDLMAAAVRRDALLDLVRVQVALLLGRADAIGVRDNTSFLDVGLDSLGASRLRNRLAAAT
GLTLPGGLAFDHPTPARLADHLD

SEQ ID NO: 102
EPLAIVGMACRLPGGVWSPEDLWHLVASGTDAISDEPADRGWDVEKLEDPDPDAPGKTYCVQGGE LEATAAFDAAFFE
GISPREALAMDPQORLMLEVSWEAFERAGIEPGSVRGSDTGVELGAYPGGYGAGAGADLGGEGATGGAGSVLSGRVS
YFFGLEGPAMTVDTACSSSLVALHQAAYSLRORECSLALVGGVIVMGTPHMEVDE SRORGLSVDGRCKAFADAADGT
SWSEGVGVLLVERLSDAQAKGHRVLAVVKGSAVNOQDGASNGLTAPNGPSQORVIRQALANADLAPHEVDVVEAHGTG
TTLGDPIEAQALLATYGODREQPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDEPSRHVDWSAGAV
ELVTONQPWPSSDRPRRAGVSSEGVSGTNAHI ILESAPAQPLAPSTPITGLVPLVISAKTAPALTAFEARLRSYVTA
DADLTAIAATLATTRSTFEHRAVLLGDDTVIGIATPDPRVVEVEPGOGWOWLGMGSALRETSVVEKERMAECAAALS
EFVDWDLESVLDDPAVVDRVDVVQPACWAVMVSLAATWOQAAGARPDAVVGHSQGEIAAACVAGAISLODGARVVALR
SOQLIARLAGHGAMASIALPADQITLTDGVWIAARNGPAATVIAGAPEAVDSVLAAHQDARVRRITVDYASHTPHVEK
IRDELLPMLADIDSQTPLVPWLSTVDGLE IEGPLKADYWYRNLREQVGEDTAVNQLPDSIFIEVSASPVLLPGMGDA
LTVATLRRDEGGQERLVTALAEAYVQGVAVDWAAVIYNTTALVDLPTYPFQHEHYWLDSTRLMGLAAEERDKALVAV
VRESAAVVLGHADARAIPATAAFRELGVDSLTAVQLRNSLAKATGLRLPTTLAFDYPTPAVLAARL

SEQ ID NO: 103
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISDLPTDRGWDLDNLYDPDPGAPGKSYCVQGGELDTVADEFDPAFFE
GISPREALAMDPQORLVLEVSWEAFERAGIEPGSVRGSDTGVEMGAFGNGYGIDTDGGGEGATAGTGSVLSGRVSYFE
LGLEGPAMTVDTGCSSALVALHQARYALRQGDCSLALVGGVIVMASPYTEVEFSRORCGMAADGRCKAFADAADGTGW
AEGVGVLLVERLSDAEAKGHQVLAVVRGSALNODGASNGLTAPNGPSQQORVIQAALANAGLVSADVDVVEAHGTGTT
LGDPIEAQAVLATYGODRERPLLLGSLKSNIGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDEPSRHVDWSAGAVEL
VIENQPWPSVDRPPRAGVSAFGISGINAHVILEAVPAPPFEPPTPVIGPVPLVISAKTRPALTAFEARLRAYVTADA
DLTAIASTLATTRSIFEHRAVLLGDDTVIGIAVPDPRVVEVEFPGOGWOWLGMGSALRESSVVEAERMAECAAALSDY
VDWDLESVLDDPAVVDRVDVVQPACWAVMVSLAATWQAAGVRPDAVIGHSQGEIAAACVAGAISLRDAAQIVALRSQ
LIAGLAGHGAMASIALSADQITLTDGAWIAARNGPAATVIAGAPAAVDSVLAAHEDARTRRITVDYASHTPHVEQIR
TELLDLTTDLDSRAPVIPWLSTVDVIWVEGPLDADYWYRNLREPVGEFDTAVENLPDSVE IEVSANPVLLPAMGDALT
VATLRRDAGGQTRLLTALAEAYVQGVAVDWVIVIGATPARVDLPTYAFQHOQRYWVADRLHDRPSAEQHRLMRELVQR
HAATVLGHASPDTIAADRPFKDLGLDSLTAVELRNHLVAETGLRLSATTAFDHPTADDLAGHL

SEQ ID NO: 104

EPIAIVAMACRAPGGVSSPEGLWRLVESGTDATSGEFPTDRGWDVDNLEDPDPDAAGKTYSVRGGE LETAADEDAAFE
GISPREALGMDPQORLLLETSWEAIERAQIDPKSLRGRDVGVYVGGAAQGYGIGATDOQOQENLITGSSISLLSGRVS
YALGLEGPGVIVDTACSSSLVALHLASQALRQRECSLALVSGVSVMATPDVEVEEF SRORGLAADGRCKSESAAADGT
TWSEGVGVLVLORLSEAVREGHRVLAVVRGSAVNSDGASNGLTAPNGVSQQORVIRQALAGAGLTASEVDVVEAHGTG
TKLGDPIEAEAILATYGODRDAPAWLGSLKSNIGHTMAASGVLGVIKMVOQAMRHGLLPRTLHVDEPSPHVDWARGDI

ALLTENQPWPDGTRPRRAGVSSEFGLSGTNAHVVLEEYPAPVAAAPPVIPARGGPLPWVLSAQSPNALREQAARLYAA
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LAEDPDWHPLDIGYSLATTRPGFPHRAVAVGSDREDFQRALSKLADGAGWPGLITATAAKDRRVAFLEDGQOGTQORLG
MGRGLHRRFPVFARAWDAVSAAFAKHLDHSLTDIYLGESSPTNTDLADDTLYAQAGIFTLEVALVELLODWGVRPDE
VIGHSIGEAAAAYVAGVLSLEDVTALIVARGKALRLTPPGDMVALRAGEADVRDEFLNRTGAALDLAAVNSPEAVVVS
GTPDAVADFRAAWTASGGQARNLTVRHAFHSRHVESALDEFRTTLETLTFRAPKVPLVSTATGRLVGPAELGAPEYW
LROVRQTVRFEDALRDLSGRGVGTEFVEIGPSGSLATAGLECLGDDASFHAVQRPRSPEDVCLMTAVAELHAGGTTVD
WAKVLAGGRTVDLPVYPFQHRPYWIAPASYPDEPRTMRELVRLEVAGILGLSDPSVILDDSSEFLELGEFDSLSSLRLG
NRLATVITGLDLPSTLLEFDYATPAALATHLD

SEQ ID NO: 105
EPLAIVGMACRLPGGVSTPEDLWRLVESGVDAISDEPADRGWDVANLEDPDPDAPGKTYSVRGGELDTAADEDAAFE
GISPREALAMDPQORLVLEASWEAFERAGIEPSSVRGSDTGVEMGAF SAGYGTELEGFGATAGAVSVLSGRVSYFRFEG
LEGPAMTVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMASPQSEFVEFSRORGLSVDGRCKAFADAADGTGWAE
GVGVLVVERLSDAEAKGHRIQAMVRSSAVNQDGASNGLSAPNGPSQORVIRQALANAGLTGADVDVVEAHGTGTTLG
DPIEAQALLATYGODREQPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDEPSRHVDWSAGAVELVT
ONQPWPSEFDRPRRAGVSSEFGVSGTINAHIILESAPAQPLAPSTPIPGLVPLVISAKTAPALTAFEARLRDYLTADADL
TAIAATLATTRSTFEHRAVLLGDDTVIGIAAPDPRVVEVEPGOQGWOWLGMGSALCESSVVEFASRMAECAAALSEEVD
WDLESVLDDPAVVDRVDVVQPACWAVMVSLAATWOQAAGVHPDAVVGHSQGEIAAACLAGAISLODGARVVALRSQLI
ARLAGHGAMASIALPADQIALTDGAWIAARNGPAATVIAGAPEAVDSVLAAHGDARVRRITVDYASHTPHVEQIRAE
LLAILADIDSRPPSIPWLSTVDDALVEGPLKADYWYRNLREPVGEDTAVSALQDAVE IEVSANPVLLPAMGDAATVA
TLRRDDGGQODRLLTAVAEAYVQGVAVDWAAVIGCATGARVLDLPTYAFQHORFWARAASAAGLAPEALLKVVQDSAAQ
VLGYADPGAIAVTAAFKDLGIDSLTAVEMRNTLAKKTGLRLPATLVEFDYPTPGVLAGRL

SEQ ID NO: 106
EPLAIVGMACRLPGGVSSPEDLWRLVESGGDAISDEPADRGWDIENLEDPDPDAAGKTYSVRGGE LDAAAGEDAAFE
GISPREALAMDPQORLVLEASWEAFERAGIEPGSVRGSDTGVEMGAYPGGYGTGADVGGEGATAGAVSVLSGRVSYE
FGLEGPAMTVDTACSSSLVALHQAGHALRQGECSLALVGGVIVMATPHTF IEFSROQOGLASDGRSKAFADAADGAGE
SEGVGVLVVERLSDARAKGHRVLAVVRSSAVNQDGASNGLTAPNGPSQORVIRQALANAGLTGADVDVVEAHGTGTT
LGDPIEAQAVLATYGODROKPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDEPSRHVDWSAGAVEL
VITENQPWPSVDRPRRAGVSSEGISGTNAHVILESVPVQLPVPSAGLAPLMISAKTAPALGDAEARLRGYLTADADLP
AIASTLATTRSMEFEHRAVLLGDTTITGTAAADPKVVEVESGOGSQRAGMGEQLAFPVFADIHRRVWDLLDVPDLDVD
QTGYAQPALFALQVALAGLLESWGVRPQAVIGHSVGELAAGYVAGLWSLEDACTLVSARARLMOALPPGGVMVAVPEV
SEDQARAALLEGVEIAAVNGPSSVVLSGDETAVLOVAAGLGKWIRLSTSHAFHSARMEPMLEEFRAVAEQVTYRTPV
ITMAAGAATPDYWVRQVRDTIVREGDQVAAFEGATFVEIGPDRTLARLVDGIAMLHGDDEVEAALTGLARLEVQGVPV
AWDNGARVLDLPTYPFQHORYWLDARRAASAGGDLLKMVRDNAALILGHTNPGAISETTAFRDLGVDSLTAVQLRNS
LAKATGLRLPATLVFDYPTPSVLAGRL

SEQ ID NO: 107

EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISDEPADRGWDVDNLEDPDPDAPGKTYSVQGGE LDAAAEFDAAFE
GISPREALAMDPQORLVLEASWEAFERAGIEPGSVRGSDTGVEMGAYSGGYGAGADLDGEGATAGAGSVLSGRISYF
FGLEGPAMTVDTACSSSLVALHQAGSALRQGECSLAVVGGVIVMATPDLEVEFSRORGLAADGRCKAFGDAADGTGW
AEGVGVLLVERLSDAEAKGHRVLAVVRSSAVNQODGASNGLTAPNGPSQQRVIRSALATAGLAPQDVDVVEAHGTGTT

LGDPIEAQAVLATYGODRERPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDEPSRHVDWSAGAVEL
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VIONQPWPDVDRPRRAAVSAFGVSGINAHVILESVPAVPPVPSAGPAPLMISAKTAPALGDAEARLRDYLTADADLT
AIASTLATTRSTFEHRSVIFENHTITGTAAPDPRVVEVESGOGSQRAGMGEQLAATEFPVEAEIHRRVWDLLDGPDLD
VDOTGYAQPALFALQVALVGLLESWGVRPEAVIGHSVGELAAGYVSGLWSLEDACTLVSARARLMOALPPGGVMVAY
PVPEDQARAALVEGVEIAAVNGPSSVVLSGDEAAVLOVAAGLGKWIRLATSHAFHSARMEPMLEEFRGVAEQLTYRT
PVISMAAEVATPDYWVRQVRDTVREGDQVAEFEGATEFVEIGPDRTLARLIDGIAMLHGDDEVEAALNGLARLEVQGV
PVAWDNGGRVLDLPTYPEFQRORYWAVSPEALLKAVRDSAAMILGHADPSAISETAAFRDLGVDSLTAVELRNSLAKA
TGLRLPATLVFDYPTPAVLAARL

SEQ ID NO: 108
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISDEPTDRGWDAASLEDPDPDAAGKTYSVQGGE LDAAADEDAAFE
GISPREALAMDPQORLVLEASWEAFERAGIEPGSVRGTDTGVEMGAFSAGYGARLEGFGATAGAVSVLSGRVSYLEG
LEGPAMTVDTACSSSLVALHQAAYSLROQGECSLALVGGVIVMATPQIFVDEFSRORGLAPDGRCKAFGDNADGTGWAE
GVGVLVVERLSDAQAKGHRVLAVVRSSAVNQDGASNGLTAPNGPSQORVIRQALANAGLTSADVDVVEAHGTGTTLG
DPIEAQAVLATYGQODRDRPLLLGSLKSNIGHTQAASGVSGVIKMVMALQHGVVPPTLHADQPSQHVDWSTGAVELVT
QOSQOPWPSVDRPRRAGVSSEFGISGTNAHVILESVPAQPPVPSAGPAPLMISAKTAPALGEAEARLRDYLTADADLPATL
ASTLATTRSIFEHRAVLLGDTTITGTAAADPKVVEVESGQGSQRAGMGEQLAFPVEFADIHRRVWDLLDVPDLDVDQT
GYAQPALFALQVALAGLLESWGVRPQAVIGHSVGELAAGYVAGLWSLEDACTLVSARARLMOALPPGGVMVAVPVSE
EQARAALTEGVEIAAVNGPSSVVLSGDETAVLOVAAGLGKWTIRLSTSHAFHSARMEPMLEEFRAVAEQLTYRTPTIT
MTEEVITPDYWVRQVRDTVREGDOVAAFEGATEFVEIGPDRTLARLIDGIAMLHGDDETEAALTGLARLEVQGVPVTW
DNKARVLDLPTYPFQRORYWAGWLAGLAAEERDKALVIVVRDSVAAVLGYADSRKIPVSAAFKDLGVDSLTAVELRN
SLAKTTGLRLPATLVEFDHPTLATLAARL

SEQ ID NO: 109
EPLAIVGVACRLPGGVSSPEALWQLVESGTDAISGEFPADRGWDVDNLEDPDPEASGKTYCVQGGE LDAVAEFDASEE
GISPREALAMDPQORLILEVSWEAFERAGIEPGSVRGSNTGVEMGAFGSGYGSDLEGESATAGAGSVLSGRISYFRFEG
LEGPAMTIDTACSSSLVALHQAGYALRQGECSLALVGGATVMATPQTF IEFSRORGLAADGRCKSEGDNADGTGWSE
GVGALLVERLSDAQAKGHRVLAVVRGSAVNQDGASNGLTAPNGPSQORVIRQALANAGLAPQDVDVVEAHGTGTRLG
DPIEAQAVLATYGODRERPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQHGVVPQTLHVDEPSRQVDWSAGAVELVT
ENQPWPDVDRPRRAAVSAFGVSGTINAHVILESAPAQPVAPSTPATGLTPLVISAKTAPALTASEARLRDYLTADADL
TAIAATLAATRSAFEHRAVLLGDDTVITGIAAPDPRVVEVEPGOQGWOWLGMGSALRDSSVVFAERMAECAAALSDYVD
WDLESVLDDPAVVDRVDVVQPACWAVMVSLAATWOAAGVRPDAVVGHSQGEIAAACVAGAISLRDGAKIVALRSQLI
ARLAGHGAMASIALPADQITLTDGVWIAARNGPAATVIAGAPEAVDSVLSAHGDARVRRIAVDYASHTPHVEQIRTE
LLPILADIDSQTPRIPWLSTVDDTWIEGPLGADYWYRNLREQVGEFDTAVEHLODSVEIEVSASPVLLPAMGDAITVA
TLRRDEGGODRLVTALAEAYVQGVPVDWAAVIDNTTARVLDLPTYAFQHOREFWVANLTPEALLKAVRDSAATVLGHA
DPGTIPETAAFKDLGIDSLTAVELRNSLAKTTGLRLPATLVEDYPTPGVLAARL

SEQ ID NO: 110

EPLAIVGMACRLPGGVSSPEDLWRLVESGGDAISDEPVDRGWDVDNLEDPDPDAAGKTYSVQGGE LDTAAEFDAAFE
GISPREALAMDPQORLVLEASWEVFERAGIEPGSVRGSDTGVEMGAYPGYYGIGADLDGEGATAGAGSVLSGRVSYFE
FGLEGPAMTVDTACSSSLVALHQAGSALRQGECSLALVGGVIVMATPQTYVEFSRORGLASDGRSKAFADAADGAGE
SEGVGVLLVERLSDARRHGHRVLAVVRSSAVNQDGASNGLTAPNGPSQORVIRQALATAGLSPHEVDVVEAHGTGTT

LGDPIEAQAVLATYGODRDRPLLLGSVKSNIGHTQAAAGVSGVIKMVMALQHGVVPPTLHVDEPSRHVDWSAGAVDL
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VITENRPWPDLDRPRRAGVSSEFGISGTNAHVILESVPAVPPVPSAGPAPLMISAKTAPALGEAEARLRDYLTADADLP
AIASTLASTRSTFEHRAVIFONHTITGTAAADPRVVEVESGQGSQRAGMGEQLAATEFPVEKDIHRRVWDLLDVPDLD
VDOTGYAQPALFALQVALFGLLESWGVRPEAVIGHSVGELAAGYVAGLWSLEDACTLVSARARLMOALPPGGVMVAYV
AVSEEHAQAALIKGVEIAAVNGPSSVVLSGDETAVLOVAAGLGKWTRLSTSHAFHSARMEPMLEKEFRAVAEQLTYRT
PVITMAAEVITPDYWVRQVRDTVREGDQVAAFEGATEFVEIGPDRTLARLVDGIAMLHGDDEVEAALTGLARLEVQGV
PVIWDNGGRVLDLPTYAFQRORYWATSTRWLAGLTPQERENALLKVVRDNAAVVLGHAGAGAIPATAAFRDLGVDSL
TAVELRNSLATTTGLRLPATMVEDYPTPAAVAARL

SEQ ID NO: 111
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISDEPTDRGWDVESLEDPDPDAAGKTYSVRGGE LDAAASEDAAFE
GISPREALAMDPQORLVLEASWEAFERAGIEPSSVRGSDTGVEMGAFSAGYGTELEGEFGVTAGAVSVLSGRVSYFEFEG
LEGPAMTVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMASPQSEFVEFSRORGLSVDGRCKAFADAADGTGWAE
GVGVLVVERLSDAQAKGHRVLAVVRSSAVNQDGASNGLSAPNGPSQORVIRQALANAGLTGADVDVVEAHGTGTTLG
DPIEAQAVLATYGQODREQPLLLGSLKSNIGHTQAAAGVSGVIKMVMALQHGVVPRTLHIDEPSQHVDWSAGAVELVT
ONQPWPGNDRPRRAGVSSEFGVSGTINAHVILESAPTQPALPSVIATGPVPLVISAKTAPALTAFEARLRDYLTADADL
TAIAATLATTRATFDHRAVLLGDDTVIGVAVPEPRVVEVEPGOQGWOWLGMGSALSESSVVFAERMAECATALDEEVD
WDLESVLDDPAVVDRVDVVQPACWAVMVSLAATWOAAGVHPDAVIGHSQGEIAAACVAGAISLRDGARIVALRSQLI
ARLAGHGAMASIALPADQITLTDGVWIAARNGPAATVIAGDPAAVDSVLAAHQDARVRRITVDYASHTPHVEQIRAE
LLAILSDIGSQTPVIPWLSTVDGEWVEGPLGNDYWYRNLRETVGEFDTAVGLLPDSVEIEVSASPVLLPAMGDAVTVA
TLRRDDGGLTRLLTALAEAWVQGVAVDWAIGATTARVLDLPTYAFQHOQHYWAVIGTGLTPEALLKVVQDSTAQVLGY
TDAAAIAVTAAFKDLGIDSLTAVEMRNTLAKATGLRLPATLVEFDYPTPSLLAGRL

SEQ ID NO: 112
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISDEPTDRGWDVESLEDPDPDAAGKTYSVRGGE LDAAAGEDAAFE
GISPREALAMDPQORLVLEASWEAFERAGIEPGSVRGSDTGVEMGAYPGGYGTGVDVGGEGATAGAVSVLSGRVSYE
FGLEGPAMTVDTACSSSLVALHQAGHALRQGECSLALVGGVIVMATPHTF IEFSROQOGLASDGRSKAFADAADGAGE
SEGVGVLVVERLSDAQAKGHRVLAVVRSSAVNQDGASNGLTAPNGPSQORVIRQALADAGLVSADVDVVEAHGTGTT
LGDPIEAQAVLATYGODREHPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDEPSRHVDWSAGAVNL
VIENLPWPSLDRPRRAGVSSEGISGTNAHVILESVPAQPPVSSTGPAPLVISAKTGPALTAFEARLRTYLAAASEVD
LGAVAATLATTRSVFEHRAVLLGEETIAGTAAVDPRVVEVESGQOGSQRAGMGEQLADAFPVEADIHRRVWDLLDVPD
LDVNQTGYAQPALFALQVALFGLLESWGVRPAAVIGHSIGELAAGYVSGLWSLEDACTLVSARARLMOALPPGGVMV
AVPVSEEQARGVLVEGVEIAAVNGPSSVVLSGDEAVVLOVASGLGKWTRLSTSHAFHSARMEPMLEEFQAVAEQLTY
RTPAIEMAAGEEVITPDYWVRQVRDTVREGEQVAAF SDAVEVEVGPDRTLARLIDGVAMLHGDDEPSAALTGLATLE
VOGVPVDWSAVVSGTEARVLDLPTYAFQHORYWLDRKAARRAASAGGDLLKMVRGNAALILGHADPSAIAATTAEFRE
LGVDSLTAVQLRNSLAKATGLRLPATLVFDYPTPAVLAGRL

SEQ ID NO: 113

EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISDEPPDRGWDVENLEDPDPDAPGKTYSIHGGE LDTAAEFDAAFE
GISPREALAMDPQORLVLEASWEAFERAGIEPGSVQGSDTGVEMGAYSAGYGAGADLDGEGATAGAGSVLSGRISYF
FGLEGPAMTVDTACSSSLVALHQAGSALRQGECSLALVGGVIVMATPDLEVEFSRORGLATDGRCKAFADTADGTGW
AEGVGVLLVERLSDAQAKGHRVLAVVRGSAVNQODGASNGLTAPNGPSQQORVIRQALANAGLAPHEVDVVEAHGTGTT

LGDPIEAQAVLATYGODREQPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQQGVVPQTLHVDEPSQHVDWSAGAVNL
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VIONQPWPDIDRPRRAAVSAFGVSGINAHVILESVPASPPVPSTGPAPLVISAKTVPALTAFEARLRTYLAAVPEVD
LGAVAATLATTRATFEHRAVLLGEETIAGTAAVDPRVVEVE SGQGSQRAGMGEQLAAAFPVFADIHHRVWELLDIPD
LDVDQTGYAQPALFALQVALFGLLESWGVRPAAVIGHSVGELAAGYVSGLWSLEDACTLVSARARLMOALPPGGVMV
AVPVSEEQARAVLVEGVEIAAVNGPSSVVLSGDEAVVLOVASGLGKWTRLSTSHAFHSARVEPMLEEFRVIAGQLTY
RTPVIEMAAGEQVTSPDYWVRQVRDTVREGEQVAAFSDAVEVEIGPDRTLARLIDGVALLHGDDETEAAMAGLARLE
VOGVPVDWSAVLGGTEARVLDLPTYAFQHORYWAALTPEALLKVVRDSAAMVLGHADPSAISGTAAFRDLGLDSLTA
VELRNSLAKATGLRLPATLVFDYPTPSVLAGRL

SEQ ID NO: 114
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISDEPPDRGWDTASLEDPDPDAAGKTYSVQGGE LDAVAEFDAGEE
GISPREALAMDPQORLVLEASWEAFERAGIEPGSVRGTDTGVEMGAFSAGYGAHLEGEFGATAGAVSVLSGRVSYLEG
LEGPAMTVDTACSSSLVALHQAAYSLROQGECSLALVGGVIVMATPQIFVDESRORGLAADGRCKAFADDADGTGWAE
GVGVLVVERLSDAQAKGHRVLAVVRSSAVNQDGASNGLTAPNGPSQORVIRQALANAGLTSADVDVVEAHGTGTTLG
DPIEAQAVLATYGQODREQPLLLGSLKSNLGHTQAAAGVSGVIKMVMALQHGIVPRTLHVDOPSQHVDWSAGAVELVT
ENQPWPSLDRPRRAGVSSFGISGTINAHVILESVPASPPVPSTGPAPLVISAKTGPALTAFEARLRTYLAATPDADLP
TIASTLATTRSVFEHRAVLLGEETIAGTAAVDPRVVEVESGQGSQRAGMGEQLADAFPVEADIHRRVWDLLDVPDLD
VNQTGYAQPALFALQVALFGLLESWGVRPAAVIGHS IGELAAGYVSGLWSLEDACTLVSARARLMOALPPGGVMVAYV
PVSEEQARGVLVEGVEIAAVNGPSSVVLSGDEAVVLOVASGLGKWIRLSTSHAFHSARMEPMLEEFQAVAEQLTYRT
PAIEMAAGEEVITPDYWVRQVRDTVREGEQVAAF SDAVEVEVGPDRTLARLIDGVAMLHGDDEPSAAGTALARLHVQ
GVPVDWSAVLGGTGARVLDLPTYAFQRORYWAGWLAGLAAEERDKALVTVVRDSVAAVLGYADSRKIALSASFKELG
VDSLTAVELRNNLAKTTGLRLPATLVFDHPTLAAMAARL

SEQ ID NO: 115
EPLAIVGVACRLPGGVSSPEALWRLVESGTDAISGEFPADRGWDVDNLEDPDPEASGKTYCVQGGELDTVADEDASEE
GISPREALAMDPQORLILEVCWEAFERAGIEPGSVRGSDTGVEMGAFGSGYGSDLEGESATAGAGSVLSGRISYFRFEG
LEGPAMTVDTACSSSLVALHQAGYALRQGECSLALVGGATVMATPQTEF IEFSRORGLAADGRCKSEGDNADGTGWSE
GVGALLVERLSDAQAKGHRVLAVVRGSAVNQDGASNGLTAPNGPSQORVIRQALANAGLAPHEVDVVEAHGTGTRLG
DPIEAQAVLATYGQODRERPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQHSVVPQTLHVDAPSRQVDWSAGAVELVT
ONQPWPETGRARRAAVSAFGVSGTINAHVILESAPAQPPAPSTPVIGPVPLVISAKTASALGOQAEARLRTYLADKPDA
DLAATIAATLATTRSTFEHRAVLLGDETIRGVAVPDPRVVEVEFPGOGWOWLGMGSALRESSVVEAERMAECAAALSDY
VDWDLESVLDDLAVVDRVDVVQPACWAVMVSLAATWOQAAGVRPDAVIGHSQGEIAAACVAGAISLRDAAQIVALRSQ
LIAGLAGQGAMASIALPADQITLTDGVWIAARNGLAATVIAGDPAAVDGVLAAHQDARVRRITVDYASHTPHVEQIR
TELLDLTTDISSRTPAIPWLSTVDSTWIEGPLDTDYWYRNLREPVGEDTAVNLLPDSVEIEVSASPVLLPAMGDAAT
VATLRRDDGSQTRLLTALAEAYVQGVAIDWIT IGATTARVLDLPTYAFQHORFWVANALTPEALLKVVRDSAATVLGH
ADPGTIPETAAFKDLGVDSLTAVELRNSLAKATGLRLPATLVEDYPTPSVLAGRL

SEQ ID NO: 116

EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISDEPADRGWDIENLEDPDPDAPGKTYSVQGGE LDTAAEFDAGEE
GISPREALAMDPQORLVLEASWEVFERAGIEPGSVRGSDTGVEMGAYPGYYGIGADLDGEGATAGAGSVLSGRVSYFE
FGLEGPAMTIDTACSSSLVALHQAGSALRQGECSLALVGGVIVMATPQTYVEFSRORGLASDGRSKAFADAADGAGE
SEGVGVLLVERLSDARRHGHRVLAVVRSSAVNQDGASNGLTAPNGPSQQORVIGSALANAGLAPHDVDVVEAHGTGTA

LGDPIEAQAVLATYGODREQPLLLGSVKSNLGHTQAAAGVSGVIKMVMALQHGIVPRTLHVDEPSRHVDWSAGAVEL
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VIENQPWPEHDRPRRAGVSSEGISGTNAHVILESVPAQPPVSSTGPAPLVISAKTASALGOQAEARLRTYLTVDADLP
AIAATLATTRAVFEHRAVLLGDTTITGVAADPRVVEVESGQGSQRACGMGEQLAAAFPVFADTHRRVWDLLDVPDLDV
DOTGYAQPALFALQVALFGLLESWGVRPEAVIGHSVGELAAGYVSGLWSLEDACALVSARARLMOALPPGGVMVAVA
VSEEQARTALVEGVEIAAVNGPGSVVLSGDEAVVLOVASGLGKWTRLATSHAFHSARMEPMLEEFRAVAEQLTYRTP
ATIEMAAGEQVITTPDYWVRQVRDTVREGEQVAAFGDAVEVEIGPDRTLARLIDGVAMLHGDDETEAAMAGLAKLEVEG
IPVDWSAVLGGNAARVDLPTYAFQRORYWAASLLAGLTPEERGNALLKVVRDNAAVILGHAGAAAIPATAAFRDLGV
DSLTAVELRNSLATSTGLRLPATMVEFDYPTPAAMAARLD

SEQ ID NO: 117
EPLAIVGMACRLPGGVESPEDLWHLVESGTDAISGEFPADRGWDVEKLEDPDPDAPGKTYCVQGGE LEATAAFDAAFE
GISPREALAMDPQORLMLEVSWEAFERAGIEPGSVRGSDTGVELGAYPGGYGAGAGTDLGGEGATGGAGSVLSGRVS
YFFGLEGPAMTVDTACSSSLVALHQAAYSLRORECSLALVGGVIVMGTPHMEVDE SRORGLSVDGRCKAFADAADGT
SWSEGVGVLLVERLSDAQAKGHRVLAVVRGSAVNOQDGASNGLTAPNGPSQORVIRQALANAGLAPHEVDVVEAHGTG
TTLGDPIEAQAVLATYGODREQPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQRGVVPQTLHVDOPSRHVDWSAGAV
DLTTENRPWPDTDRPRRAGVSSEFGVSGTINAHVILESAPAQPPTPSTPVIGPVPLVISAKTASALGQAEARLRDYLTA
DADLTAIAATLAITRSTFEHRAVLLGDDTITGVATPDPRVVEVEPGOGWOWLGMGSALRESSVVEAERMAECAAALD
EFVDWDLESVLDDPAVVDRVDVVQPACWAVMVSLAATWOQAAGVRPDAVIGHSQGEIAAACVAGAISLRDGAKIVALR
SOQLIAGLAGQGAMASIALPADQITLTDGVWIAARNGPAATVIAGTPSAVDSVLAAHQDARVRRITVDYASHTPHVEQ
IRTELLGILADIDSQTPLIPWLSTMEGTWVEGPLHSDYWYRNLREPVGEDTAVSLLPDSVEIEVSASPVLLPAMGDA
LTVATLRRDEGGONRMEF TALAEAYVQGVAVDWAAVIGATTARVLDLPTYAFQHEDYWLDSTRLMGLAAEERDKALVT
VVRESAAVVLGHADARAIPVTAAFRELGVDSLTAVQLRNSLAKATGLRLPTTLAFDYPTPAVLAARL

SEQID NO: 118
EPLAIVGMACRLPGGVLSPEDLWRLVESGTDAISGLPTDRGWDIDNLYDPEPGAPGKSYCVQGGELDTVADEFDPAFFE
GISPREALAMDPQORLVLEVSWEAFERAGIEPGSVRGSDTGVEMGAFGNGYGIDTDGGGEGATAGTGSVLSGRVSYFE
LGLEGPAMTVDTGCSSALVALHQARYALRQGDCSLALVGGVIVMASPYTEVEEFSRORCGMAANGRCKAFADAADGTGW
AEGVGVLLVERLSDAEAKGHRVLAVVRGSALNODGASNGLTAPNGPSQQRVIQAALANAGLVSADVDVVEAHGTGTT
LGDPIEAQAVLATYGODREHPLLLGSLKSNIGHTQAAAGVSGLIKMVMALQHGVVPQTLHVDEPSRHVDWSAGAVEL
VITENRPWPSVDRPRRAGVSAFGISGTNAHVILESAPPSPAPSTPVIGLVPLVISAKTAPALGQAEARLRDYLTADVD
LTATAATLVITRSTFEHRAVLLGDDTVIGVAVPDPRVVEVEPGQGWOWLGMGSALRESSVVEFAERMAECASALSDYV
DWDLETVLDDPAVVDRVDVVQPACWAVMVSLAATWOAAGVRPDAVIGHSQGE IAAACVAGAISLRDAAQIVALRSQL
IAGLAGHGAMASIALPADQITLTDGVWIAARNGPTATVIAGNPQAVDSVLAAHQDARVRRITVDYASHTPHVEQIRT
ELLDLTTDVGSRTPAIPWLSTVDGEWVEGPLDTDYWYRNLREPVGEDTAVGMLPDSVEIEVSASPVLLPAMGDAATV
ATLRRDDGGQTRLLTALAEAYVQGVAVDWAVGATTARVLDLPTYAFQHOQRYWVADRLHDRPGVEQHRLMRELVLRHA
ATVLGHDSPDAIAADHPFKDLGLDSLTAVELRNHLVAETGLRLSATTAFDHPTADDLARHL

SEQ ID NO: 119

EPIAIVSMACRAPGGVSSPEGLWRLVESGTDATSGEFPTDRGWDVENLEDPDPDAAGKTYSMRGGE LETAADEFDAPEE
GISPREALGMDPQORLLLETAWEAIERAQIDPKSLRGODVGVYVGGAAQGYGIGATDOOQENLITGSSISLLSGRVS
YALGLEGPGVIVDTACSSSLVALHLAGQALRQRECSLALVSGVSVMATPDVEVEEF SRORGLAADGRCKSEFAASADGT
TWSEGVGVLVLORLSEAVROQGHRVLAVVRGSAVNSDGASNGLTAPNGVSQRRVIRQALASAGLAASEVDVVEAHGTG

TKLGDPIEAEAILATYGODRAAPAWLGSLKSNIGHTMAASGVLGVIKMVEAMRHGLLPRTLHVDEPSSHVDWERGDV
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ALLTENQPWPDSTRPRRAGVSSEFGLSGTNAHVVLEEYPAPAAADPPVIPAGGGPLPWVLSAQSPNALREQAARLYAA
LAEDPDWRPLDIGYSLATTRAGFPHRAVAVGSDREEFQRALSKLADGTGWPGLITATAAKDRRMAFLEDGOGTQRLG
MGKGLHRRFPVFARAWDAVSAAFAKHLDHSLTDIYLGPSSPASAELADDTLYAQAGIFTMEVALVELLEDWGVRPDE
VAGHSIGEAAAAYTAGMESLEDVTALIVARGRALRLTPPGEMVALRGGEADVRELLORTGAALDLAAVNSPEAVVVS
GAPDAVAEFRAAWTASGRRARDLTVRHAFHSRHVESVLDEFRATLAALTFRAPALPVVSTMTGRLADPAEMGTPEYW
LROVRQTVRFEEAVRELSGQOGVGTEFVEIGPSGALATAGLECLGGDATFHAVQRPRAPEDVCLMTAVAELHAGGTAVD
WIKILAGGRPVDLPVYPFQHRPYWIAPAPSYPDEPRTMRELVRLEVAGILGLSDPSVILDDSSEFLELGEDSLSSMRL
GNRLATVIGLDLPSTLLFEYATPAALATHLD

SEQ ID NO: 120
EPLAIVGMACRLPGGVESPDDLWRLVASGTDAISGEFPRDRGWDVDNLYDPDPDAPGKTYTVLGGELDSVAGEDASEFE
GISPREALAMDPQORLVLEVAWEAFEHAGIAPRSVRGTDTGVEMGAFSSGYDAELEEFGMTGDAVSVLSGRVSYFREG
LEGPAMTVDTACSSSLVALHQASSALRQGECSLALVGGVIVLATPKTEFVEFSRORGLAGDGRSKAFADAADGAGWSE
GVGVLLVERLSDARAKGHHVLGVVRGSAVNQDGASNGLSAPNGPSQORVIRQALAGAGLSPHEVDVVEAHGTGTKLG
DPIEAQAVIATYGQDRDOQPALLGSLKSNVGHTQAAAGVAGVIKMVMALQHATVPATLHVDAPTRHVDWTAGAVELVT
ENRPWPETGRARRAAVSSFGISGTINAHVILESAPAAAPEETEPVAPVVASDRVPLVISAKTPAALTSTEDRLRAYLA
AHPGTDPRAVASTLATTRSVEFEHRAVLLGENTVTGSVAGADPRVVEVEPGOGWQRLGMGRELLAASPVEAGRMAECA
TVLREFVDWDLETMLDDPAVVDRIEVVQOPVCWAIMVSLAAVWQAAGVRPDAVIGHSQGEIAAACVSGAVSLRDAART
VIFRSDMIARMTGHGVMASVALHADDIPLVEGAWVAARNGPAATVVAGTPEAVDOQVLAACEERGARVRRITAGVASH
TPLAEHVRGELLDATGGLPSRVPDIPWLSTVDGTWVEKPLDPAYWERNMREPVGEFAPAVDLLRAQGDHVELEISASP
VLLPSMDDAVIVATLRRDDGSADRMLAALAEAHTHGVVVDWPRVLGTAGRVRGLPTYAFQHOQRYWAVSRPAVLTPDA
LLKVVRDSAATVLGYTDADSITVITAFRDLGVDSLSAVELRNNLAKSTGLRLPATLVEDYPTPADLATHL

SEQ ID NO: 121
EPLAIIGMACRLPGGITSPEDLWRLVASGSDAISDEPDDRGWDVGNLYDPDPDAPGRSTTVRGGE LDEVAGEDASEE
GISPREALAMDPQORLVLEVSWEAFERAGIEPGTVRGSDTGVEMGAYPGGYGVGADLGGEGTTAVSGSVLSGRVSYFE
FGLEGPAMTVDTACSSSLVALHQAGHALRQGECSLALVGGVIVMPTPNIFVEFSRORGLAADGRCKPFADAADGTGE
SEGAGVLLVERLSDAQTNGHHILAVVRASAVNQDGASNGLTAPNGPSQORVIRSALANAGLTTADVDVVEAHGTGTT
LGDPIEAQAVIATYGODRAQPVLLGSLKSNIGHTQAAAGVSGVIKMVMALRNGTVPRTLHVDEPSRHIDWTAGAVEL
ATENRPWPETERPRRAGVSSEGISGTNAHVILESTPTQPVEPSTPAAHPLPLPISAKTPPALAALEARLRAYLTSET
DLAAVASTLASTRAVEFEHRAVLLGDETIVGVAALDPRVVEVESGQGSQRAGMGEQLAAVEPVEFAQIHREVLDLLDIP
DLDIDQTGHAQPALFAFQVALAGLLDSWGVRPDAVIGHSIGELAAAYTIAGLWSLEDACTLVSARARLMOQALPSGGAM
VAVQATEEQARAVLIDGVEIAAVNGPSSVVLSGDETAVLOVAAELGGKSARLKTSHAFHSARMEPMLDQFROVAEQL
TYRSPVIEMAAGTTSDYWVRQVRDTVREGDQVRVHQOGSVLVEIGPDRTLARLIDGIATSHGDDEVRAVMTALAELHV
RGVAVDWPGTTSARVLDLPTYAFQHERYWLANTAAELTAADLLKAVRDSAAVVLGHADADSIPATTAFKDLGEDSLT
AIELRNRLAKDIGLRLPATMAFDYPTPAALAARL

SEQ ID NO: 122

EPLAIVGMACRLPGGVISPEDLWRLVASGTDAITEFPTDRGWDVGNLYDPDPDAPGKSTTVHGGE LEGVAGEDASEFE
GISPREALAMDPQORLVLEVSWEAFERAGIEPGAVRGSDTGVEMGAYPGGYGVGADLGGEGTTAGAGSVLSGRVSYFE
FGLEGPAMTVDTACSSSLVALHQAGHALRQGECSLALVGGVIVMPTPNIFVEFSRORGLSADGRCKPEFADAADGTGW

SEGVGVLVVERLSDARANGHRILAVVRGSAVNQDGASNGLTAPNGPSQORVIRQALANAGLTTADVDVIEAHGTGTT
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LGDPIEAQAVIATYGODRTOPVLLGSLKSNIGHTQAAAGVSGVIKMVMALQHDTVPASLHVDEPSRHVDWTAGAVEL
ATESRPWPKTGRAHRAGVSSEGVSGTNAHVILESAPTQPEEPSTPAPHPLPLPVSAKTSAALTDLEDRIRAYLTPET
DLAAVASTLASTRAMEFEHRAVLLGDETITGVAAPDPRLVEVESGQGSQRAGMGEQLAAVEPVEAQIHREVLDLLDVP
DLDIDQTGHAQPALFAFQVALAGLLDSWGVRPDAVIGHS IGELAAAYVAGLWSLODACALVSARARLMOALPPGGAM
VAVAVPEEQARAVLIDGVEIAAVNGPSSVVLSGDETAVLOVAAELGGKSTRLRTSHAFHSARMEPMLDQFROVAEQL
TYRSPVIEMAAGTTPDYWVRQVRDTVREGDQVRVHQGSVLVEIGPDRTLARLIDGIATSHGDDEVRAAMTALAELHV
RGVAVDWPGTTSARVLDLPTYAFQHRRYWVAPARRAAGRPADLTPEGLLTTVRDSAAVVLGHADASAIPATAAFQAL
GVDSLIAVELRNNLAKNTGLRLPATLIFDYPTPVDLATHL

SEQ ID NO: 123
EPLAIIGMSCRLPGGVISPEDLWRLVASGTDAITGEFPADRGWDLENLYDPDPDAPGRTTTVQGGE LDDVAGEDASEFE
GISPREAVAMDPQORLALEASWEAFERAGIEPGSVRGSDTGVEMGAYPGGYGIGADLGAFMLTGRAGSVLSGRLSYF
FGLEGPAMTVDTACSSSLVALHQASYALRQGECSMALVGGVIVMPTPVMEVEFSRORNLADDGRCKAFADGADGTGW
SEGVGVLLVERLSDALAKGHRIMAVVRGSAVNQDGASNGLTAPNGPSQORVIQSALDSAGLTTADVDVIEAHGTGTT
LGDPIEAQAVIATYGODRAQPVLLGSLKSNIGHTQAAAGVSGVIKMVMALONGVVPRTLHVDEPSRHVDWTAGAVEL
ATENRPWPEVGRARRAAVSSFGEFSCGITNAHVILESAPAQPATPSAPVAHLLPLPISAKTPPALADLEARLRAYLTPEA
DLPAVASTLASTRAVEFEHRAVLLGDETIVGIAALDPRVVEVESGQGAQRAGMGEQLAAVEPVEFAQIHREVLDLLDIP
DLDIDQTGHAQPALFAFQVALAGLLESWGVRPDAVIGHSIGELAAAYTIAGLWSLEDACALVSARARLMOALPSGGAM
VAVQATEDQARAVLIDGVEIAAVNGPSSVVLSGDETAVLOVAAGLGGKSTRLRTSHAFHSARMEPMLDQFROVAEQL
TYRSPVIEMAAGVTPDYWVRQVRDTVREGDQVRVHQOGSVLVEIGPDRTLARLIDGIATSHGDDEVQAAMTALAELHV
RGVAVDWPGTTSARVLDLPTYAFQHORYWIVSWLAGLTPEEREGALVKVVRDSAAVVLGHADAGTIPVTAAFKDLGL
DSLTAVELRNSLARSTGLRLPATMVFDYPTLGALAARLD

SEQ ID NO: 124
EPLAIVGMACRLPGGVISPEDLWRLVESGTDAVSAFPADRGWDADALYDPDPEAAGKTYCVRGGE LDGVAGEDASEE
GISPREALAMDPQORLILEASWEAFERAGIEPGSVRGSDTGVEMGAFPGSYGVDADLGGEGMTGGAASVLSGRVSYE
FGLEGPAMTVDTVCSSSLVALHQAGHALRQGECSLALVGGVIVMSTPDTEFVEFSRORGLAADGRCKAFGDGADGTGW
AEGAGVLLVERLSDAQAKGHRILAVVRGSAVNQDGASNGLTAPNGPSQORVIRSALANAGLSSADVDVVEAHGTGTK
LGDPIEAQAVLDTYGODRERPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQHGVVPRTLHADVPSROVDWTAGAVEL
VITENRSWPEADRPRRAAVSSEGLSGTNAHVILESPPDOQPTTASAPTTGPVPLPISAKTPAALADLETRLRAYLTPET
DLPAVAATLAVNRSLEFEHRAVLIGDDTITGTASTEPRVVEVEFPGOGWHWLGMGSALLASSAVEADRMAECNAALSEF
VDWDLETALDDPAVEDRVDVVQPTCWAVMVSLAAVWQHAGVRPDAVLGHSQGE IAAACFAGAISLODAARIVALRSR
LIGRLAGRGAMASVSLPPDEIPLIDGVIVAVLNGPSAVIAGAPDAVDAVLADCEARGARVRKINVDYASHTPHVEQIT
RTELLDITAGITAETPTVPWLSTVDGIWIDRPLDTEYWYRNLREPVGFGATIELLQAQGDTIFIEVSASPVLLOAID
DSIAIPTLRRDDGTPTRLLTALAEAHVHGVT IDWAKLLGSTASPVNLPTYAFQRORYWAASAAAGRPAELTPEHLLK
VVRDSAAVVLGHTDAGAIPATAAFQALGVDSLIAVELRNNLAKSTGLRLPATLIFDYPTPADLATHL

SEQ ID NO: 125

EPLAIIGMACRLPGGITSPEDLWRLVESGSDAISDEPDDRGWDVDRLEDPDPDAAGKTYTTQGGE LSEVAGEDASEE
GISPREAVAMDPQORLVLEVAWEAFERAGIEPGTVRGSDTGVEMGAYPDGYGSGTDLAGEGVTAGAGSVLSGRVSYFE
FGLEGPAMTVDTACSSSLVALHQAGSALRQGECSLALVGGVIVMPTPRTEFVEFSRORGLAADGRCKPFADAADGTGE

SEGAGMLVVERLSDAQTNGHHILAVVRASAVNODGASNGLTAPNGPSQORVIQSALAGAGLVSADIDVIEAHGTGTT
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LGDPIEAQAVIATYGODRSQOPVLLGSLKSNIGHTQAAAGVSGVIKMVMALQHDTVPATLHVDEPSRHVDWTAGAVAL
VIENQPWPRNGHARRAGVSSFGVSGINAHVIIEEAPAEPPVEPVPAADVVVPLVVSARDAIPLGDQAARLAALVEAP
DGPVLPALADALLTRRTTEFAQRAVVVAGSRDDAAAGLRALATGTAHPALVTGAAGTSGRVVLMEPGQGSQWDGMGAQ
LIGASPVFAARIADCAAALQPWIDWDLODVLRGNAPTDLLERVDVVQPASFAVMVGLAAVWESVGVRPDAVLGHSQG
EIAAAYVAGALTLADAAKVVAVRSRLIAARLGRGGMASVALSPODAAARRGRAELAAVNSPASVVLAGASEALDETL
AALEADGVRVRRVAVDYASHTGHVEELEQDLAEALADVRSQAPLVGEFRSTVIGEWVTEAGALDGGYWYRNLRQOVRE
GPAVAALAEDGYSVEVEASAHPVLVQPVTETLDRTDAVVIGSLRRODGGLSRLLTSVAEVEVGGVPVDWAGLLPAGA
GRSWVDLPTYAFDHOQHYWLPAGGTRGRSEAELLELVRGRAAAVLGHTDAGS IPATAAFKDLGLDSLTAVELRNSLAK
STGLRLPATMVEDYPTPAAVAARL

SEQ ID NO: 126
EPLAIVGMACRLPGGITSPEDLWRLVASGSDAISDLPVDRGWIVDGHEQGGEFLDEVAGEDASFEGISPREAVAMDPQ
ORLVLEVAWEAFERAGIEPGSVRGTDAGVEMGAYADGYGMGTDLGGEFGMTSVAVSVLAGRISYFEFGLEGPAMTVDTA
CSSSLVALHQAGHALRQGECSLALVGGVIVMPTPQTEVEFDROQRGLAADGRCKAFADAADGTSESEGAGMLVVERLS
DALANGHHILAVVRGSAVNQDGASNGLTAPNGPSQORVIRSALANAGLTTADVDVVEAHGTGTITLGDP IEAQAVIAT
YGONRQRPLLLGSLKSNIGHTQAAAGVSGVIKMVMALRNGTVPATLHVDEPSRHIDWTAGAVALVTENQPWPETERP
RRAGVSSEFGISGTNAHVILESTPTPPATLSAQVAHPLPLPISAKTPPALADLEARLRAYLTPEADLAAVASTLASTR
AVFEHRAVLLGDETIVGVAALDPRVVEVESGQGSQRAGMGEQLAAVEPVEFAQIHREVLDLLDIPDLDIDQTGHAQPA
LEAFQVALAGLLDSWGVRPDAVIGHSIGELAAAYVAGLWSLODACALVSARARLMOALPSGGAMVAVAVPEDEARAV
LIDGVEIAAVNGPSSVVLSGDETAVLOVAESLGGKSARLKTSHAFHSARMEPMLDQFROVAEQLTYRSPVIEMTAGY
TPDYWVRQVRDTVREGDQVRVHQGSVLVEIGPDRTLARLIDGIATSHGDDEVQAVMTALAELHVRGVAVDWPGTTSA
RVLDLPTYAFQHDHYWAHPVDRTPEALLALVRDSAAVALGHAGAATVPATAAFQSLGMDSLIAVELRNNLARSTGLR
LPATLVEFDYPTPAALATRL

SEQ ID NO: 127
EPLAIVGMACRLPGGVISPEDLWRLVASGTDAITGLPTDRGWEEDDRERGGEFLAGVAGEDASFEGISPREAVAMDPQ
ORLVLEASWEAFERAGIEPGSVRGSDTGVEMGAYPGGYGEGADLGGFALTSGSGSVLSGRVSYFEFGLEGPAMTVDTA
CSSSLVALHQAGYALRQGECSLALVGGVTIMPTPQTEF IEFERQRGLAADGRSKAFADSADGTGWSEGVGVLVVERLS
DAQANGHHILAVVRGSAINQDGASNGLTAPNGPSQORVIRSALANAGLTTADIDVIEAHGTGITLGDP IEAQAVIAT
YGODRSQPVLLGSLKSNIGHTQAAAGVSGVIKMVMALQHDTVPATLHVDRPSRHVDWAAGAVELVTENRPWPENGRYV
RRAGVSAFGVSGTNAHVILESPPDOPVKPSAPAAGPVPLPISAKTPAALAALENRLRAYLTPETDLPAVASTLATTR
AMFEHRAVLLGDDTITGTASTEPRVVEVEPGOQGWHWLGMGSALLASSAVEADRMAECNAALHEEFVDWDLETALDDPA
VEDRVDIVQPTCWAVMMS LAALWQHAGVRPDAVLGHSQGE IAAACFAGAISLODAARIVALRSQLIGRLAGRGAMAS
VSLPPDEIPLIDGVIVAVLNGPSAVIAGSPEAVDAVLADCEARGARVRKINVDYASHTPHVEQIRTELLHITAATITA
ETPTVPWLSTVDGIWIDHPLDTEYWYRNLREPVGFGATIELLQTQGDTIFIEVSASPVLLOAIDDSIAIPTLRRDDG
TPTRLLTALAEAHVNGVTIDWATVLGATGSPVDLPTYAFQHOREFWVGDRLHGRTSAEQHRIMLDLVLGHATSVLGHQ
TPDAVASDRAFKDLGMDSLTAVELRNHLVAETGLRLPATTAFDHPTADDLARRL

SEQ ID NO: 128
EPIAIVSMACRAPGCVISPEGLWRLVESGTDAIADFPADRGWDLATLYSPDPIGYTSYCLQGGELDAAADEDAAFEG
ISPREALGMDPOQORLLLETSWEAIERARIDPRSLRGRDVGVYVGGATQGYGVGAVDQORDNVITGSSISLLSGRLSY

ALGLEGPGVIVDTACSSSLVALHLASQALRQRECSMALVSGVSVIPTPDVEVEEFSRORGLASDGRCKSESAAADGTI
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WAEGVGVLVLERLSEATRLGHEVLAVIRGSAVNSDGASNGLTAPNGASQQRVIRQALASAGLNAADVDTVEAHGTGT
KLGDPIEAEAILATYGODRSSPVWLGSLKSNIGHSMAASGVLGVIKMVEAMRHARLPRTLHVDEPSPHVDWASGDVA
LLTENQPWPDGARPRRAGVSSEFGLSGTNAHVVLEQHRAPAVPVAAETVADDVPLPLLLSARHPKALRDQAARLHAAL
AEAPGWRPLDVGYSLATTRSAFAHRAVAVGSGRELLRALAKLAEGAAWPALVTGTAKAGRVAFLEFDGQGTQRLGMGR
VLHDRFPVFARAWDTVSARFDQHLDHSLTDVYLGRDTSAAALADDTLYAQAGIFTMEVALFELLAEWGVRPDLVSGH
SIGEVAAAYAAGLEFSLEDAATLIVARGRALROMPPGAMLALRASEDQVRELLDRTGADLDVAAVNSPVSVVVSGDPD
AVAAFRAEWEASERDARALNVHHAFHSRRVDAVLDEFRAVLGTLTEFRTPALPVVSTVIGRLAGPAEMSTPEYWLRQI
RRTVRFQDAVRELSGQGAGTEVEIGPSGALAAAGLECVDASFHAVORPRSPEDACLLTAVAELHAGGTAVDWAKVLA
GGRATDLPVYPFQHETYWIPPASPPADTRTMLEVVHEEAALVLGVIDPRVILDDSSFLDLGEDSLSAMRLGNQLSAV
TGLDLPPSLLEFEHPTVGELAAHLD

SEQ ID NO: 129
EPLAIVGMAARFPGGVASADDLWRLVVSGGDAIGGEFPADRGWDLEELYDPDPAATGRSYVREGGE LNDATTEFDASEE
RIGPREAKAMDPQORLLLETSWEAFEHAGIRPETLRGTATGVEAGISLODYGVLAGSDPELEGYAGTGNAPSVLSGR
LSYFYGLEGPAVTIDTACSSSLVALHLAGQSLRRDECTLAVVGGVTIVMPSPNVEVEESRORGLAPDGRCKPEFAAAAD
GTGWSEGVGVLVVERLSDARRNKRRILAVVRGSAVNODGASSGLTAPNGPSQORVIRSALAAAGLTAGDVDVVEAHG
TGTITLGDPIEAQGVLATYGDRSGAPVRLGSVKSNLGHTQAAAGIAGVIKMVQALRHGVMPRSLHIDEPSPHVDWTAG
RVELLTSNLPWPTSERPRRAAVSSFGISGTNAHVILEQAFPATEPEPSEFTPVVSGPALPLVESARDSGALATRTHLS
DGPGVAYALATSRSMEDHRSVRIGDMTVIGVATTDPEVVEVEFPGOGTOWAGMGRALMDASPVEAERMNECAAALEPY
LDLWEAIDTPDOQVETLOPASWAVMVSLAAVWQAAGVRPAAVIGHSQGEIAAACVAGSLSLADAAAVVALRSKATIAAS
LGKGAMASIPLPVEEIELIDEVWVAALNGPSSTVVAGAPDAVEQVRARYDGRRIAVDYASHTPHVEALRGQVVSVPS
QAPDIPWFSTVDSEWVEGPLDDDYWFRNLRQPVQEFGPAAARFDDAVEVEVSARPVLIPALDASVIVPSLRRDDGGPE
RMLASLAQAFVAGVAVDWITIVPPAPEVDLPTYPFQGERFWIDLDDVLAVVRDCAATVLGHTDPAAIAPDRPEKDLG
FDSLAAVQLRNHLLTVIGVRLSATAVEDEPTPAVLAGEV

SEQ ID NO: 130

EPIAVVGMACRLPGDVASPEDLWRLVAEGRDAVGPEFPADRGWELGEAAYARVGGEVTGATGEDAGFFGISPREALAM
DPQORLLLEVAWEAFERAGIAPDALRGSDTGVEVGTYGOGYGELAVDGDAEGYVGIGNSGSVVSGRVSYFEGLEGPA
VIVDTACSSSLVALHQAAQALRQGECSLALVGGVIVMSSPLIFQEFARQGGLAADGRCKAFADGADGTGWGEGVGVL
VVERLSEAQRRGHTVLAVVRGSAVNQDGASNGLTAPNGPSQORVIRSALASAGLGEFGDVDLVEAHGTGTALGDPIEA
OALLATYGSAGTPVWLGSLKSNIGHTQAAAGVAGVIKAVEAMRHGVLPQTLHADQPSSHVDWTAGAVELLTANRPWD
SAGRPRRAAVSSEFGISGTNAHVILEEFSSAPVSPEPGCGAGAAPLLLSARSAAALAEFESRVAALRPSRDLAATLAGRYV
FEFDHRAVVLPGGEVVRGRVGDAPVVEVFAGQGSQRSDMASRLAGEFPLEFAAAHERVWSLLDVDESLDVDQTGEAQPA
LEAYEVALAELLGVRPDAVIGHSVGELAAAYVAGALSLEDACRLVSARARLMOALPPGGVMVSVRVSEEAARAVLRD
GVELAAVNGPRAVVLSGDEGAVLAAAAELGEFRRLRTSHAFHSALMEPMLEEFRAVASSVEFGEPETIALSEVPSADY
FVROQVRETVREGEQVAAFEPGTLEVEVGPDGSLSRLTGGVNAAEPLTALAHLWAHGAVVDWIPYTSDGRLDTAPTYP
FOPERYWPEQRRRRARRGDSLALVIATAAAVLGHPEGTDIPADTPFQSLGEDSLSAVDLRNQLAHATGVRLSPTAVE
DHPTPRALAERL

SEQ ID NO: 131
DPIAIVGMACRYPGGVATADDLWDLVAEGGDAVGPFPADRGWDLAGLYDPDPEAAGKSYVREGGE LGGAADEDAARE

GISPREALAMDPOQORLLLETAWEAFEHAGIDPLDLRRSDTGVEVGTMAQEYGGLVIDSAHGLEGWIGTGNSQSVMSG
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RLSYFFGLOGPAVTIDTACSSSLVALHQAAQALRSGECSLAVVGGVIVMSSPRTEFQEFSRORCGMAPDGRCKPEAAAA
DGTIGWSEGVGVLVVERLSEARRNGHAVLAVVRGTAVNQDGTSNGLTAPNGPAQQOVIRAALERAGLGVGDVDVVEAH
GIGTALGDPIEAQAILDTYGSRTTGEPVRLGSVKSNLGHTQAAAGVAGVIKMVQAMRHATMPRSLHIDEPSPHVDWA
SGAVELLTAERGWPATDRPRRAAVSSFGISGTNAHVIVEGVIEPEPSREAAPSGPLPLMLSAPTAEALAEQETRLRR
FRADRPDADERDIAVTILAGRTGFAHRTVLIGELSVSGVAVADRRVVEVEPGOGTOWAGMGRDLMDASPVEAERMNEC
AAALEPYLDLWEAIDTPDRVETLOPASWAVMVSLAAVWQAAGVRPAAVIGHSQGEIAAACVAGSLSLADAAAVVALR
SKAIAASLGKGAMASIPLPAEEIELIDEVWVAALNGPSSTVVAGAPDAVEQVRARYDGRRIAVDYASHTPHVEALRG
QVVSVPSQAPDIPWESTVDSGWVEGPLDDDYWERNLRQPVQFGPAAAREFDDAVE IEVSARPVLIPVLEDAVIVPTLR
RDDGGIGRLHASVAQAWTAGADVDWAALLPAGGRRIALPPYAFTHERFWPRRPAAAGODLLTVVRTAAATVLGHRDA
ARVPADRAFKELGFDSLSAVQLRNELLTATGVRLSATAVEFDHPTAAALAEAL

SEQ ID NO: 132
EPIAIVGMACRLPGDVSSPDELWELVESGRDAIGPEFPADRGWNLSTLEDPDPDAPGKSYVREGGE LTGAGLEDADEFE
GISPREALAMDPOQORLLLEVAWEAFERAGIAPDALRGSDTGVYVGTYAQGYGELAAATAGEGEVGIGNSGSVVSGRV
SYFLGLEGPAVTVDTACSSSLVALHQAAQALRLGECSLALVGGVIVMASPLMEQEF SRORGLSPDGRCKAFAEGADG
TGWGEGAGVLVVERLSEARRRGHTVLAVVRGSAVNQDGASNGLTAPNGPSQQRVIRAALAAAGLTEFGDVDVVEGHGT
GTALGDPIEAQALLATYGAAGSPVRLGSLKSNIGHTQAAAGVAGVIKMVQAMRHGVMPRTLHVDOPSSHVDWSAGAV
ELLTANRTWEAPGRPRRAAVSSEFGISGTNAHVILEGVPAPEPAAGSAETAPLLLSARTVPALNDFEARVSARPSSPD
LAATLSRRVFEFDHRAVVLPGGEVVRGRVGDAPVVEVEAGOGSQRADMASRLAGEFPVEFAAAHERVWSLLDVDEGLAV
DOTGLAQPALFAYEVALAELLGVRPDAVIGHSVGELAAAYVAGALSLEDACRLVSARARLMOALPPGGVMVSVRVSE
EAARAVLRDGVEIAAVNGPRAVVLSGDEDAVLAAAAELGEFRRLRTSHAFHSARMEPMLEEFRAVASSVVEGEPETIA
MSEVPSADYEVROQVRETVREGEQVASFDPGSLEVEVGPDGSLSRLTGGVSAAEPMKALAYLWVRGVGVDWAPYVGGG
RLDLGAPTYPFQREGFWPTREALAQLPPARRGRALLDLVONRVAKTLGLVRPADPGRAFTDLGF TSLTALELRNSIA
EETGLPLPASLVFDHPNARALAAYLD

SEQ ID NO: 133
EPLAIVGMACRLPGGISSAEELWRLVAEGGDAIGPEFPGDRGWDIDALYDPDPDAAGRTYTRSGGE LPGAGDEDAAFFE
GISPREAQAMDPOHRQLLETSWEALEHAGIDPAGLRGRDVGVEAGESGODY IAEMGVGPAEAGGYQVTGRAASVLSG
RLSYFYGFEGPAVIVDTACSSSLVALHLAGQSLRDGESSLALVGGVIVMSSPGLEVEFSRORGLAPDGRCKAE SVDA
DGTIGWSEGVGVLVVERLSDARRNNHQILAVVRGSAVNQDGASNGLTAPNGPSQORVIRQALAQSGLSVGDVDVVEAH
GIGTALGDPIEAQAVLATYGSRTGGEPVRLGSLKSNIGHTQAAAGIASLIKMVQOSIRYGVMPRTLHVSEPSPLVDWA
AGRVELLTSDVPWPEGVRRAAVSAFGISGTNAHVILEEAPAPAEAVPSIRPVVSGPELPLVESARDADALAAQSRLT
DGPGVAHALVTARTVEDHRSVRMGDVTIVIGVATPDPEVVEVEFPGOQGTOWPGMGRDLMAASPVEADRMNECALALSPY
LDLWAAIDAPDRVETLOPASWAVMVSLAAVWQAAGVQOPAAVIGHSQGEIAAACVAGSLSLADAAAVVALRSRATIASL
AGKGAMASIPLPAEEIELVDEVWVAALNGPSSTVVAGTPDAVEQIRSRYDGRRIAVDYASHTPHVEALRGQVVSVPS
QSPAVPWESTVDSAWVEGPLDEDYWERNLROQPVQFGPAAAGEDNAVEVEVSARPVLIPALDASVIVPSLRRDDGGPE
RMLASLAQAFVAGVAVDWITIVPPAPHVDLPTYPFRRORHWIDMERLGQLPPGDRDREFLLDLVRDAAAAVLGHGSRE
TVPASAAFKELGEFDSLIAVQLRNAVAAATGVSLPATVIFDHPTPQALAVLL

SEQ ID NO: 134
EPLAIVGMACKFPGGVDSPERLWEMVEAGEDVIGPEFPDDRGWDVDGGYDPDPEKAGSWYARAGGE LAGAADEDAAFE

GINPREALAMDPQORLLLEVAWEAFERSGIAPDSLRGTDTGVEVGTEGOGYGRLVAAGAPGLEAYSGTGNTGSVASG
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RLSYVFGLEGPAVIVDTACSSSLVALHQAGRSLOSGECSLALVAGVIVMSTPDSEVEFSRORGLSPDGRCKAFAAAA
DGIGEFSEGAGVLVVERLSDARRNNHQILALVRGSAVNQDGASNGLTAPNGPSQORVITAALTDARLTTTDIDLVEAH
GIGTTLGDPIEAQAILATYGNRTTGNPVHLGSVKSNLGHTQAAAGIAGVIKAIQAIRHTTMPKSLHIDQPSPHVDWT
SGRVELLTSNQPWPATDRPRRAAVSSFGVSGTNAHVILEEQTPVEEPPPASAGPVPLALSARTPEALTAQEKAVRGL
PDGDRRRAAPALALGRAALPHRAVLLGDSVIRGTASADDGRPVELEPGOGAQWAGMGRELMAASPVEAERMRECAVA
LAGFVDWDLFAVLDDAEALRRTEIVQPASWAMMVSLAALWESWGVRPAAVVGHSQGETAAAVVAGAIGLRDGARLSA
TRSRVLALLAGHGALASIALPAGEVEVVDGVSVAAVNGPRATLISGDPAGVEAVTARYEASGVRVRRIPADVASHSP
HVERAEETLLAALAGIEARVPGVPWLSTATGDWITEPVDERYWYRNLRSPVLEFHPAITTLRDRGHRLEFLEISTHPQL
LPAMEDDLLTVGSLRRDDGDLDRMHAALAEAWAAGADVDWRAFLGSGPVRALDLPTYPFQRRREFWPEAGALPPAERE
RALVEIVRDQAAAVLGDPDAGALTPGTAFRDLGFDSLTAVQLRNHLATATGLTLPATVIFDHPTPRALATELD

SEQ ID NO: 135
EPLAVVGMACRLPGGVSSPDQLWDLVVSGGDGIGPEPGDRGWATDEIYDPDPDASGKTYVREGGE LDSAGDEDAAFE
GISPREALAMDPOQORLLLETSWEAFEHAGIDPAGLRGGDTGVEVGGETQAYGVGTADLEGYAATGTVGSVLSGRLSY
FYGFEGPAVTIDTACSSSLVALHQAGQALRQGECTLAVVGGVIVMPTPVVEQEF SRORGLAADGRCKAFADEADGTG
FAEGAGVLLVCRLSDARRDGRRILAVVRGSAVNQDGASNGLTAPNGPSQORVIRAALASARLGPGDVDLIEGHGTGT
TLGDPIEAQALLATHGSGASPVRLGSLKSNIGHTQAAAGVAGVIKVIQALRHGLMPRTLHVGTPSSQVDWSAGNVEL
LTSNLPWPATDRPRRAAVSSEFGISGTNAHVILEEAPAPAAVPSITPVVSGPALPLVESARDSGALAARTRLTDGPGV
AFALATSRSMFDHRAVRIGDLSVSGVAVADRRVVEVEPGOQGTOWAGMGRALMDASPVEFAERMNECAAALSPYLDLWE
AIDAPDRVETLQPASWAVMVSLAAVWQAVGVEPAAVIGHSQGEIAAACVAGSISLPDAAAVVALRSKATIASLAGKGA
MASIPLPPDQIDLIDQVWIAALNGPSSTVVAGSPEAVEQVRARYDGRRIAVDYASHTPHVEALRGQVVSVPSQAPDI
PWESTVDSAWVEKPLDGDYWERNLRQPVQFGPAAAREFDDAVE IEVSARPVLIPALDTSVIVPSLRRDDGGPERMLAS
LAQAFVAGVAVDWITIVPPAPFVELPTYPFQRRRYWIDSSEEALRDLVREQAAAVLGYPDPSRITPGVAFRDLGEDS
LTAVQLRNALSAATGLRLSATVAFDHPTPAALAAAL

SEQ ID NO: 136
EPIAIVGMACRLPGDVSSPDELWDLVESGRDAIGPEFPADRGWNLDELYDPDPDATGRSYVREGGE LAGAADEFDAEFRE
GINPREALAMDPQORLVLEVAWEAFERAGIAPDSLRGTDTGVELGAFAGGYLTLVNGAADLEGYAGTGNSVSVLSGR
LSYVLGLEGPAVIVDTACSSSLVALHQAAQALRQGECSLAVAGGVTVMSTPDSHVEEFSROQRALSPDGRCRAFADGAD
GTGWSEGAGVLVVERLSEARRRGHTVLAVVRGSAVNODGASNGLTAPNGPSQORVIRSALASAGLGEFGDVDLVEGHG
TGTALGDPIEAQALLATYGSAGTPVWLGSLKSNIGHTQAAAGVAGVIKAVEAMRRGVMPRTLHVDAPSSHVEWSSGS
VELLTANRPWDGVGRPRRAAVSSEFGISGTNAHVILEGVPAPEPAGTGQAPLLLSARSVSALAEFESRIAGLVPSRDL
AATLAGRAFFDHRAVILPDGDVVRGRAGGAPLVEVFAGQGSQRADMASRLAEEFPAFAAAHERVWSLLDVDEGLDVD
QTGLAQPALFAYEVALAELLGVRPDAVIGHSIGELAAAYVAGALSLEDACRLVSARARLMODLPSGGAMVSVRVSEE
AARAVLRDGVEIAAVNGPQAIVLSGDEDAVLAAAAELGEFRRLRTSHAFHSGRMEPMLEEFRLVASSVVEREPEIAM
SEVPSADYEFVRQVRETVREGEQVASEFDAGAVEVEVGPDGSLSRLTGGVSAAEPLTALAYLWVRGVGVDWAPYVGGGR
LDLGAPTYPFQRERYWVRPRLAGRTTDERDALLISLVRDDVASVLGHPDRRRLATDRPLLELGFDSLTALRLRNRLA
AATDIALPATLIFDYPNIQAIAVHL

SEQ ID NO: 137
EPLAVVGMACRYPGGVASADDLWRLVTAGGDAIGPEFPDDRGWELESLVDPDPEAVGRSTTGQGGE LADAAGE DAAFE

GISPREATAMDPOQORLLLEVSWAALEHAGLRADALRGSATGVEMGSNGODYAGLLAGAPELEGWIGTGVSASVVSGR
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LSYFYGFEGPAVIVDTACSSSLVALHLAAQSLRTGESSLALVGGVIVMTSPTVERSESROQRGLAPDGRCKAEF SAGAD
GTGWSEGVGVLVVERLSDARRNNHQILALVRGSAVNODGASNGLTAPNGPSQORVITAALTDARLTTTDIDLVEAHG
TGITLGDPIEAQAILATYGNRTTGNPVHLGSVKSNLGHTQAAAGIAGVIKAIQAIRATTMPKSLHIDQPSPHVDWTS
GRVELLTSNQPWPATDRPRRAAVSSFGVSGTNAHVILEEAPAPAEAVPP IRPVVSGPALPLVESARDSGALATRTHL
SDGPGVAYALATSRSMEDHRSVRIGDMTVIGVATTDPEVVEVEFPGOGTOWAGMGRALMDASPVEAERMNECAAALEP
YLDLWAAIDAPDQVETLOQPASWAVMVSLAAVWQAAGVRPAAVIGHSQGEIAAACVAGSITLODAAAVVALRSKATIAA
SLGKGAMASIPLPVEEIELIDEVWVAALNGPSSTVVAGAPDAVEQVRARYDGRRIAVDYASHTPHVEALRGQVVSVP
SQTPAVPWESTVDSEWVEGQLDDDYWERNLRQPVQEFGPAAARFDDAVEIEVSARPVLIPALDASVTVPSLRRDDGGP
ERMLASLAQAFVAGVAVDWITIVPPAPFVDLPTYPFQHERFWIEGRVAAATGAERPRILLEVVLAETATVLGHGGAA
AIGPDRAFQDLGFDSLTAVELRNRLAAATALTLPTTLVENHPTPEALAAHL

SEQ ID NO: 138
ELVAIVGMACRLPGDVASPEDLWRLVAEGRDAVGPEFPADRGWNLGTLDDPDAAGRSYVKEGGE LAGAAHFDPGEEGI
GPREALGMDPQORILLEIAWESLERARIAPGSLRGSETGVYVGAAAQGYGVDAPLEGNLLTGGSTSAMSGRVAYSLG
LHGPAVTIDTACSSSLVALHLAAQALRNGECTLALAGGVAVMASPVLETEFSRORGLAPDGRCKAFAAAADGTGWSE
GAGLVVLERLSDAERHGHPVLAVIRGSAVNSDGASNGLTAPNGTAQRRVIRSALRAAGLGAGDVDVVEAHGTGTTLG
DPVEADALIATYGQRPGCMPPVRIGSLKSNIGHTVAAAGVAGVIKMVEAMRHDTMPRTLHVDRPTPHVDWSAGAAELL
TGEQPWPRGDRPRRAAVSAFGLSGTNAHLILEDVAPGAASGAEPPGAADETVPLLLSADDLPAVRDQAARLRAYLLA
RPELRMRDVAYALATTRTARPHRAAVAATEREFLRELALLAAGDQGPGTQLGEAVPHRRVAFLFDGOQGTQRHGMGRA
LHORHPVFAAAWDEVCAALDPLLGRGVADVYFAEAGRDLADDPLYTQAGLFALEVALYRLLTSWGVTPDAVAGHSVG
EVAAAHVAGVLSLPDAAALLAARGAALRRLPAGAMAAIRASEADTRAVLPPDLDVAAVNGPEMTIVVSGAPDAVDRE T
AEQAGAGRQVRRLRVGRAYHSRHVDAVLAEFGATLSALTFHEPVLPVVSTVIGRPAGAGDLTTPEYWLRHARRPVRE
GAALAALSELGMDSEVEVGPSGSLSSMAGETVAGTFHPMLDRRVPDEIAVAAGELEFTAGMVLDWAAVLAGGRTIDLP
VYPFRREFYWLGARRYDLMAAAERRDALLDLVRVQVALLLGRADAIGVRDNTSEFLDVGLDSLGASRLRNRLAAATGL
TLPGGVAFDHPTPARLADHL

SEQ ID NO: 139

EPLAIVGMACRLPGGVSSPEDLWRLVESGTDATSGEFPVDRGWADSSMRGGE LDAAADEDAAFFGISPREALAMDPQO
RLVLEASWEAFERAGIEPGSVRGSDTGVEMGAF SGGYGAGADLGGEGVTAGAVSVLSGRVSYFEFGLEGPAVIVDTAC
SSSLVALHQAGHALRQGECSLALVGGVTIVMSTPDIFAEFSRQGGLASDGRCKAFADTADGTSWSEGVGVLVVERLSD
ARAKGHQVLAVVRGSAVNQDGASNGLTAPNGPSQORVIQAALTHAGLTTAEVDVVEAHGTGTTLGDPIEAQAVIATY
GRDRERPVLLGSLKSNVGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDEPSRHVDWTAGAVRLATESQPWPDTGRPR
RAAVSSEFGVSGTNAHVILEGVAEEPAQSEESSELVPLVISAKTPAALTRLEERLRAYLTAESNLSAVASTLAETRSL
FEHRAVLLGDDTIKGTAQPNPRVVEVESGOGSQRAGMGDELAAAFPVEAKIRQOVWDLLDVPDLEVNDTGHAQPALFE
ALQVALFGLLESWGVRPQALIGHS IGELAAGYVSGIWSLEDACTLVSARARLMOSLPPGGAMVAVPVSEQQARAVLT
DGVEIAAVNGPSSVVLSGDEEAVLRAAAALDGRSKRLVTSHAFHSARMEPMLDEFRAVAEQLTYRAPRIPMAVGEGP
EYWVROQVRETVREFGEQVAAHDGAVEVELGPEGTLARLIDGVAVLDREDEPRAALTALGKLHVRGVRVDWPLTSGRRV
DLPTYAFQRERYWATALTPAEREQALLKLVRDSAAVVLGYTDAVPVSGSEFKDLGIDSLTAVELRNSLATTTGLRLPA
TLVEFDYPTPATLAARL

SEQ ID NO: 140
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAIAPFPTDRGWDVEALEFDPDPDAAGKSYCVRGGE LDGVADEDASEE
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GISPREALAMDPQORLILEASWEAFERAGIDPADARGSDTGVEMGAFTSGYGADLEGEFGGTAGALSVLSGRVSYFEFEG
LEGPAVIVDTACSSSLEFALHQAGYALRQGECSMALVGGVIVMATPRTEFVEFSRORGLASDGRCKAFGDTADGTGWAE
GVGVLVVERLSDAQAKGHRVLAVVRGSAVNQDGASNGLTAPNGPSQORVIQAALHNARLTPADVDVVEAHGTGTTLG
DPIEAQAVIAAYGQGRDEPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDEPSRHVDWTAGEVRLVT
ENQSWPDTGRPRRAGVSAFGVSGINAHVILEGPPTQPPATAPQEPAPLVISAKTPAALADYEGRLRAYLAATPGTDA
RALAVTRSLEFEHRAVLLGDDTISGAAVIDPRVVEVEPGOQGWOWLGMGVALRDSSVVEFAERMTECAAALSEEFVDWDLE
AVLDDPAVVDRVDVVQPACWAVMVSLAAVWQAAGVHPDAVVGHSQGETIAAACVAGAISLRDAARVVALRSRLIGERL
GOGAMASVTILPADEISLVDGVWIAAYNGPASTVIAGSPDAVDOMVGDRVRRIAVDYASHSPOQVEQIKDELLDITADV
GSRTPTVPWESTVDGSWIEGPLDADYWYRNLROQPVGEFHPAVEALRALGETVEVEVSASPVLLPAMDDALTVATLRRD
DGTIARMHTALAEAHVHGVNVDWAAVLGVAARHVDLPTYAFQRORFWADERELASLGPAEREQALRKLVSDTAAGVL
GYADPGAVPIKAAFRELGVDSLTAVELRNGLAKATGMRLPATMVEDYPTPHALAARL

SEQ ID NO: 141
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISEFPADRGWDVENLYDPDPDAAGKSYCVRGGE LDAAAEFDASEE
GISPREALAMDPQORLILEASWEAFERAGIEPGSVRGSDTGVEMGAFSGGYGADVEGEFGATAGAGSVLSGRVSYFEFEG
LEGPAITVDTACSSSLVALHQAGYSLROQGECSLALVGGATVMAKPQSEVEFSRORGLAADGRCKAFADAADGTGWAE
GVGVLLVERLSDAERNGHQVLAVVRSSAVNQDGASNGLSAPNGPSQORVIRQALANARLTAADVDVVEAHGTGTTLG
DPIEAQALIAAYGQODREWPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDEPSRHVDWTAGAVRLVT
DNQPWPETGRPRRAGVSSEGVSGTINAHVILESPPTOPSCTEFKKPAHEPQPLIISAKTPAALADYEDRLGAYLTAAPG
VDVPAVAATLAVIRSLFEHRAVLLGDNTVIGTAITDPRVVEVEPGOGWOWLCGMGAALRGSSVVEFAERMTECAAALSE
FVDWDLEFAVLDDPAVVDRVDVVQPACWAVMVSLAAVWQAAGVHPDAVVGHSQGEIAAACVASAVSLRDAARVVALRS
RLISERLGQGAMASVALPADQIVLADGVWIAAHNGPTSTVVAGSPDAVEQMLGDRVRKIAVDYASHTPHVEQIKTEL
LGITAGIGSRTPTVPWESTVDGSWIEGPLDADYWYRNLROQPVGEDAAVGRLRALGATVEVEVSASPVLLPAMDDAVT
IATLRRDEGSITRMHTALAEAHVLGVNVDWPTLLGDTDRRALDLPTYAFQRORYWGDAAGLAPAEREQALLKLVRDS
AALVLGYAGGDAVPATDAFKDLGIDSLTAVELRNGLAKATGLRLPATLVEFDYPTPQVLAARL

SEQ ID NO: 142

EPLAIVGMACRLPGGVSSPEDLWRLVESGTDATSGEFPVDRGWADSSMRGGE LDAAADEDAAFFGISPREALAMDPQO
RLVLEASWEAFERAGIEPGSVRGSDIGVEMGAYPGGYGIGADLAGEGATAGAGSVLSGRVSYFEFGLEGPAVIVDTAC
SSSLVALHQAGHALRLGECSLALVGGVTVMATPDTEVEFARQGGLASDGRSKAFADSADGAGE SEGVGVLLVERLSD
AQRHGHRVLAVVRGSAVNQDGASNGLTAPNGPSQORVIQAALAHAGLAPHEVDVVEAHGTGTTLGDPIEAQAVIATY
GODRDEPLLLGSVKSNVGHTQAAAGVAGVIKMVMALRHGVVPQTLHVDEPSRHVDWTAGAVRLLTEKQPWPSTDRPR
RAGVSSEFGISGTNAHVILEGVAEEPAQSEDSSELVPLVISAKTPAALTQVEERLRAYLTAESNLSAVASTLAETRSL
FEHRAVLLDGHAVRGVAESNPRVVEVESGOGSQRAGMGDELAAAFPVEFAKIRGOVWDLLDVPDLDVNDTGHAQPALFE
ALQVALFGLLESWGVRPHALIGHS IGELAAGYVSGIWSLEDACALVSARARLMOQALPPGGAMVAVPVSEQQARAVLT
DGVEVAAVNGPSSAVLSGDEEAVLRAAAALGGRWKRLATSHAFHSARMEPMLDEFRAVAEQLTYRAPRIPMAVGEGP
EYWVROQVRETVREFGEQVAAHDGAVEVELGPDGSLARLIDGIATLDRDDEPRVALTALAELHVRGVDVDWPLTSGRRV
DLPTYAFQRORYWIDRAGRTPAEREQALLKVVRDSAATVLGHADGGSVGAAAAFKDLGVDSLTAVELRNSLAKATGL
RLPATLVEDYPTPAAVAVRL

SEQID NO: 143
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDATSGFPTDRGWADS SMRGGF LVAAADFDAAFFGISPREALAMDPQQ
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RLVLEASWEAFERAGIEPGTVRGSDTGVEMGAYPGGYGIGADLAGEGATAGAGSVLSGRVSYFEFGLEGPAVIVDTAC
SSSLVALHQAGHALRQGECSLALVGGVTVMATPDLEVEFARQGGLASDGRCKAFGDTADGTGWAEGVGVLLVERLSD
AQAKGHRVLAVVRGSAVNQDGASNGLTAPNGPSQORVIQAALHNARLTPADVDVVEAHGTGTTLGDPIEAQAVIAAY
GOGRDEPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDEPSSHVDWTAGAVRLVTENQSWPDTGRPR
RAAVSAFGVSGTNAHVILESSAAPSPTIPQPPSAEPMPLVISAKTPAALADYEGRLRAYLTAPGVDVPAVAATLAVT
RSLEEHRAVLLGGNTVIGTAVADPRVVEVEPGOGWOWLGMGAALRGSSVVEFAERMTECAAALSEFVDWDLEAVLDDP
AVVDRVDVVQPACWAVMVSLAAVWQAAGVHPDAVVGHSQGETIAAACVAGALSLRDAARVVALRSRLIGERLGRGAMA
SVSLPADQIVLADGVWIAAHNGPASTVIAGGAGAVDOMVGERVRRIAVDYASHTPDVEQIQTELLDITADVGSQAPYV
VPWESTVDGVWVDGPLDRDYWYRNLRQPVGFHPAVEALQALGETVEVEVSASPVLLPAMDDAVIVATLRRDEGSITR
MHTALAEAHVLGVNVDWPTVVGDTDRRTLDLPTYAFQHHRYWISAAARLDGLTAAEKHSLLLDIVLANAATVLGHHT
VDTIAPDKPFKDLGIDSLTAVELRNGLAKATGLRLPATLVEFDYPTPDMAAARL

SEQ ID NO: 144
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISDEPTDRGWADAAGAPYSPQGGEVDAAADEFDAAFFGISPREALA
MDPQORLVLEASWEAFERAGIEPGTVRGSDTGVEMGAYPGGYGIGADQAGEGTTAGAGSVLSGRVSYFEFGLEGPAVT
VDTACSSSLVALHQAGHALRQGECSLALVGGVIVMGTPDIFAEFSROGGLASDGRCKAFGDDADGTGWGEGVGILLY
ERLSDAQRHSHRVLAVVRGSAVNQDGASNGLTAPNGPSQORVIQAALAHAGLAPHEVDVVEAHGTGTTLGDPIEAQA
VIATYGODRDEPLLLGSVKSNVGHTQAAAGVAGVIKMVMALRHGVVPRTLHADQPSRHVDWTAGAVRLATENQPWPA
IDRPRRAGVSSFGISGTINAHVILEGVAEEPAQSEESSPLMPLVISAKTPAALTRLEERLRAYLAAKPETSLGAVAST
LAETRSLEEHRAVLLNGDVVRGVAEPNPRVVEVESGOGSQRAGMGDEVAAAFPVEFAKIRROVWDLLDVPDLDVNDTG
HAQPALFALQVALFGLLESWGVRPDALIGHSIGELAAGYVSGIWSLEDACALVSARARLMOALPAGGAMVAVPVSEQ
QARAVLTDGVEIAAVNGPSSVVLSGDEEAVLRAAAGLGSRWKRLATSHAFHSARMEPMLDEFRVVAEQLSYKTPRIP
VAVGEGPEYWVRQVRETVRFGEHVAAHDGAVEVELGPDGSLARLIDGIATLDRDDEPRAALTALAELHVRGVDVDWP
LTSGRRVDLPTYAFQRORYWTTAGLTRAEREQALLKLVRDTAAVVLGYGDGNAVPVTAAFKDLGVDSLTAVELRNGL
ABEAIGLRLPATLVFDYPTPATLAVRL

SEQ ID NO: 145

EPLAIVGMACRLPGGVESPDDLWRLVESGTDAITGEFPTDRGWPDVIGTSHSQHGGE LHTAADFDAAFFGISPREALA
MDPQORLILEASWEAFERAGINPADAHGTDTGVEMGAEF SAGYDADRDDSPATAGAVSVLSGRISYFFGLEGPAMTVD
TACSSSLVALHQAGYSLRQGECSMALVGGVIVMATPRTEFVEFSROGGLASDGRCKAFGDTADGTGWSEGVGVLVVER
LSDARAKGHRVLAVVRSSAVNQDGASNGLTAPNGPSQORVIQAALHNAHLTPADVDVVEAHGTGTTLGDPIEAQAVI
AAYGQODRDEPLLLGSIKSNVGHTQAAAGVSGVIKMVMALRHGVVPRTLHADQPSRHVDWNAGAVQLVTENQSWPETG
RPRRAAVSSEFGISGTNAHVILEGVPEQPAQPEPPSERVPLMISAKSTSALSQLEDRLRAYLAARPEASLGAVASTLA
TRSLEEHRAVLLDGQVVKGVAEPNPRVVEVESGOGSQRAGMGDELAAAFPVEFAKIRGOVWDLLDVPDLDVNDTGHAQ
PALFALQVALFGLLESWGVRPDALIGHSIGELAAGYVSGIWSLEDACTLVSARARLMOALPAGGAMVAVPVSEQQAR
AVLTGGVEIAAVNGPSSVVLSGDEGAVLRAAAALGGRWKRLATSHAFHSARMEPMLDEFRAAAEQLTYQTPRIPMVYV
GDGPDYWVRQVRETVREFGEQVAAHDGAVEFVELGPDRSLARLIDGIATLDRDDEPRAALTALAELHVRGVDVDWPHDG
QLVDLPTYAFQRERYWATALAALPLAEREQALLAVVSDNAAVVLGYAEGRDVIQTAAFKDLGVDSLTAVELRNTLAK
ATGLRLPATIVFDYPTPDTLAARL

SEQ ID NO: 146
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISREPDDRGWDVEGLEDPDPDAPGKSYSVEGGE LDAVADEDAAFRE
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GISPREALAMDPQORLVLEASWEAFERAGIEPGSVRGSDTGVEMGAYSGGYGIGADLPGLGVTAGAVSVVSGRVSYE
FGLEGPAVIVDTACSSSLVALHQAGHALRRRECSLALVGGVIVMATPEGEVEFSRORGLAADGRCKAFADTADGTSW
SEGVGVLVVERLSDARANGHOVLAVVRGSAVNQDGASNGLTAPNGPSQORVIQAALAHADLAPHEVDVVEAHGTGTR
LGDPIEAQAVIATYGQGRDEPLLLGSIKSNVGHTQAAAGVSGVIKMVMALRHGVVPQTLHVDEPTQHVDWTAGAVRL
ATENQPWPDTGRPRRAGVSSEGVSGTNAHVILEGVAEEPAQSERESSELVPLVISAKTPAALTRLEERLRAYLSAESN
LSAVASTLAETRSLFEHRAVLLGDDTIKGTAQPNPRVVEVESGOGSQRAGMGDELAAAFPVEARIRRQVWDLLDVPD
VSVDDTGFAQPALFALQVALFGLLESWGVRPDALIGHSIGELAAGYVSGIWSLEDACTLVSARARLMOALPAGGAMY
AVPVSEQOARAVLTGGVEIAAVNGPSSVVLSGDEEAVLRAAAALGGRSKRLVTSHAFHSARMEPMLDEFQAVAEQLT
YOAPRIPMAVGDGPDYWVROQVRETVREGDQVAAQDGAVEVELGPDRSLARLIDGIATLDRDDEPRAALTALAELHVR
GVDVDWPLTSGRRVDLPTYAFQRORYWIDSALTPAEREQALLKVVRDSAAVVLGYTDAVPVSGSEKDLGIDSLTAVE

LRNSLAKVIGLRLPATLVFDYPTPATLAARL

SEQ ID NO: 147

EPLAIVGMACRLPGGVESPDDLWRLVESGTDAITGEFPTDRGWPDVIGTSHSQHGGE LHTAADFDAAFFGISPREALA
MDPQORLILEASWEAFERAGINPADAHGTDTGVEMGAYSGGYGIGADLAGEGATSCGATSVLSGRVSYFEFGLEGPATIT
VDTACSSSLVALHQAGHALRQGECAMALVGGVIVMATPDIFVEFSRORGLAADGRCKAFADAADGTGWAEGVGVLLYV
ERLSDAERNGHRVLAVVRSSAVNQDGASNGLTAPNGPSQORVIQAALHNARLTPADVDVVEAHGTGTTLGDPIEAQA
VIAAYGQGRDEPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQHGVVPRTLHVDEPSSHVDWTAGAVRLATENQSWPD
TGRPRRAAVSAFGVSGTNAHVILESSAAPSPTIPOQPPSAEPMPLVISAKTPAALADYEDRLRAYLTNPGVDVPAVAA
TLAMTRSLEFEHRAVLLGGNTVIGTAVADPRVVEVEPGQCGWOWLGMGAALRGSSVVEFAERMTECAAALSEFVDWDLEA
VLDDPAVVDRVDVVQPACWAVMVSLAAVWOAAGVHPDAVLGHSQGE IAAACVAGAISLODAARVVALRSQAISGLSG
KGAMASIALPADQIALPDGAWIAAHNGPASTVVAGSPDAVEQMLGDRVRKIAVDYASHTPHVEQIQTELLDITAGIG
SRTPTIPWESTVDGMWVDGPLDRDYWYRNLROQPVGEFHPAVEALQALGETVEVEVSASPVLLPAMDDAVIVATLRRDE
GSITRMHTALAEAHVLGVNVDWPTLLGDTGRRTLDLPTYAFQHHRYWINGSRLIGRTTAEQHRLMLAEFVLGNVASVL
GHGSADAIAADKPEFKDLGMDSLTSVELRNSLAKATELRLPATIVFDHPTADALAAHL

SEQ ID NO: 148
EPIAIVSMACRVPGGVISPEGLWRLVESGTDAISAFPGDRGWDIANLYSPDPDAPGKSYSVQGGE LDGAAAFDASEE
GISPREALGMDPQORVLLETAWEAVERARIDPRSLRGRDVGVYVGGAAQGYGLGAAEAHRDNLITGGSISLLSGRLS
YALGLEGPGLTVDTACSSSLVALHLAAQALRQGECSLALVSGVSVMPTPDVEVEEFSRORGLASDGRCKSEFAASADGT
SWSEGVGVLVLERLSEARRLGHOQVLAVVRGTAVNSDGASNGLTAPNGAAQQRVIRQALANAGLSTADVDAVEAHGTG
TTLGDPIEAEAILATYGKDRSTPVWLGSLKSNIGHTMAASGVLGVIKMVEAMRHGVLPRTLHVDEPSPHVDWAAGEV
ALLTENQTWPGDVRPRRAGVSSEFGLSGTNAHVVLEQDEAPAAPVTITKESGPLPWVLSAQSPKALRQRAGQLATALAE
DSTWHPLDVAYSLATTRSDFAHRAVVVGADRELLRTLGKVADGAGWPGLTTGTAKARRVAFLEDGOGTQRLTMGQOGL
YGSEFPAFARAWDTVSAEFGKHLDHPLADVYFDGSGGAATADLVDDPLYAQAGIFAVEVALVELLAEWGVRPDVVTGH
SIGEAAAAYTAGMLSLSDVITLIVARGAALRSAPPGAMLALRAGEQEVRNELDGTGAALDLAAVNGPAAVVVSGAPD
AVIDFASAWTASGREARRLKVRRAFHSRHVEGVLDDEFRTALESLSFRTPLLPVVSTVIGRLIDPAEMGTPEYWLDQV
ROPVRFQEAVQELAGQGVGTEVEVGPSGTLASAGMECLDGDASFHALLRPRSAEDVGVLTALAELHAGGTAIDWPTV
LAGGRPMDLPVYPFQHOSYWLVSTDEPRTTLELVHLEVARVLGITDPDTVLDDASFLELGEFDSLGGVRLRNRLAQVT
GLTLPPTLLFDHVIPAALAAELD
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SEQ ID NO: 149
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPADRGWDVENLYDPDPEAAGKSYCVQGGELDSAGGEDASEE
GISPREALAMDPQORLVLEASWEAFERAGIEPGSLRGSDTGVEMGAYPGGYGVGADLGGEGATAGAVSVLSGRVSYFE
FGLEGPAVIVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMATPQSEFVEFSRORGLASDGRCKAFADAADGTGW
AEGAGVLLVERLSDAQAKGHQVLAVVRGSAVNQODGASNGLSAPNGPSQQRVIRAALSNAGLSTAEVDVVEAHGTGTT
LGDPIEAQALLATYGODREQPLLLGSVKSNLGHTQAAAGVSGVIKMVMALQHGLVPRTLHVDEPSRHVDWTDGAVAL
VITENQPWPDMGRPRRAGVSSEFGISGTNAHVILESAPPTQAVDDVPPAEAPVVASELVPLVISARTLPALVEYEDRLR
AYLAASPGVDVRGVASTLAVIRSVFEHRAVLLGDDTVIGTIVSDPRVVEVEPGQGSQRAGMGEELAAAFPVEARIHQ
QVWGLLDVPDLEVNETGYAQPALFALQVALFGLLESWGVRPDAVVGHSVGELAAGYVSGLWSLEDACTLVSARARLM
QALPPGGVMVAVPVSEDEARAVLGEGVEIAAVNGPSSVVLSGDETAVLOQAAAALGKSTRLATSHAFHSARMEPMLEE
FRTVAERLTYQTPRLAMAAGDRVITAEYWVRQVRDTVREGEQVASYEDAVE IELGADRSLARLVDGVAMLHTDHEAQ
AATSALAHLYVNGVIVDWTALLGDAPATRVDLPTYAFQHORYWLEGWLAALAPEERAKALLKVVRDTAATVLGHADA
RTIPVIGAFRDLGIDSLTAVELRNGLAKVIGLRLPATLVFDYPTPAVLAARL

SEQ ID NO: 150

EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPADRGWDAESLEDPDPAVGKSYCVEGGELDSAASEDAGEEG
ISPREALAMDPOQORLIMEVSWEAFERAGIEPGSVRGSDTGVEMGAYAGGYGAGADLGGEAATASATSVLSGRVSYEE
GLEGPAITVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMATPQSEVEEFSRORGLASDGRCKAFADSADGTGWA
EGVGVLLVERLSDAQAKGHQVLAVVRSSAVNQODGASNGLSAPNGPSQQOGVIQAALSNAGLAAHEVDVVEAHGTGTTL
GDPIEAQAVIATYGODRERPLLLGSLKSNIGHAQAASGVSGVIKMVMALQHNTVPRTLHVDEPSRHVDWAAGAVELV
RENQPWPGTDRPRRAGVSSEGVSGTNAHVILESAPPAQPAEEAQPVETPVVASDVLPLVISAKTQPALTEHEDRLRA
YLAASPGVDTRAVASTLAVTIRSVFEHRAVLLGDDTVIGTAVSDPRVVEVEPGOGWOWLGMGSALRDSSIVEAERMAE
CAAALREFVDWDLETVLDDPAVVDRVDVVQPASWAMMVSLAAVWQAAGVRPDAVIGHSQGEIAAACVAGAVSMRDAA
RIVTLRSQAIAGLAGRGAMASVALPAQDVELVDGAWIAAHNGPASTVIAGTPEAVDHVLTAHEARGVRVRRITVDYA
SHTPHVELIRDELLDITSDSSSQAPVVPWLSTVDGSWVDSPLDVEYWYRNLREPVGEHPAVGOLOAQGDTVEVEVSA
SPVLLOQAMDDDVVTIVATLRRDDGDATRMLTALAQAYVHGVIVDWPAILGTTTTRVDLPTYAFQHORYWVEWLAALAP
AEREKALLKVVCDSAAVVLGHADARTIPVIGAFKDLGVDSLTAVELRNSLVKATGLRLPATMVEDYPTPTALAARLD

SEQ ID NO: 151

EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAVSGEFPTDRGWDVEGLEDPDPDAAGKSYRAEGGE LDTAAGEDAGE'E
GISPREALAMDPQORLLLEVSWEAFERAGIEPGSVRGSDTGVE IGAFPVGYGAGAAREGYGATAAPNVLSGRLSYEE
GLEGPAITMDTACSSSLVALHLAAQALRNGECSMALAGGVIVMATPEVETEFARQRGLASDGRCKAFADSADGAGE'S
EGAGLLLVERLSDARRNGHQVLAVVRGSAVNQDGASNGE TAPNGPAQQORVIRQALANAGLTTAEVDVVEAHGTGTTL
GDPIEAQAVIATYGODREQPLLLGTLKSNVGHTQAAAGVSGVIKMVMALQHSTVPRTLHVNEPSRHVDWSAGAVELV
TENQSWPVIGRPRRAGVSAFGVSGINAHVVLESAPPAQSVNNAQPVATPVVASELVPLVISAKTLPALTEHEDRLRA
YLAASPGADMRAVGSTLALTRSVFEHRAVLLGHDTVIVIGTGTAVSNPRVVEVEPGOGWOWLGMGSALRGSSVVEAE
RMAECAAALSEFVDWDLEAVLDDPAVVDRVDVVQPASWAVMVSLAAVWQAAGVRPDAVIGHSQGEIAAACVAGAVSL
RDAARIVTLRSQAIAGLAGRGAMASVALPAHEIELVDGAWIAAHNGPASTVVAGAPEAVDRVLAVHEARGVRVRRIA
VDYASHTPHVELIRDELLDITAGIGSQAPVVPWLSTVDGTWVEGPLDVEYWYRNLREPVGEDSAVGQLRAEGDTVEYV
EVSASPVLLOAMDDDVVIVATLRRDDGDATRMLTALAQAFVEGVIVDWPAILGTATTRVDLPTYAFQHOREWAEGWL
ARLAPVEREKALLKLVCDGAATVLGHADASTIPATAAFKDLGIDSLTAVELRNSLTKATGLRLPATLVEDYPTPTAL

AARL
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SEQ ID NO: 152
EPLAIVGMACRLPGGVSSPEDLWRLLESGTDAVSGEFPTDRGWDVENLEGPAAGDSYRLOGGE LDAAAGEDASEEGIS
PREALAMDPQORLVLEVSWEAFERAGIEPGSVRGTIDTGVEMGAYPGGYGIGADLGGEFGATASAVSVLSGRVSYFEFEGL
EGPAITVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMATPQTFVEFARQGGLAGDGRSKAFADSADGAGE SEG
VGVLLVERLSDAQAKGHQVLAMLRSSAVNQDGASNGLTAPNGPSQQORVIQAALSNAGLAAHEVDVVEAHGTGTTLGD
PIEAQALLATYGODREQPLLLGSVKSNLGHTQAAAGVSGVIKMVMALQRGEFVPRTLHVDEPSRHVDWSAGAVALVTE
NOPWPDMGRARRAGVSSEFGISGTNAHVILESAPPTQPADNAVIERAPEWLPMVISARTOSALTEHEGRLRAYLAASP
GVDMRAVASTLAMTRSVEEHRAVLLGDDTVIGTAATDPRVVEVEPGOGSQRAGMGEELAAAFPVEARIHQQVWDLLD
VPDLEVNETGYAQPALFALQVALFGLLESWGVRPDAVVGHSVGELAAGYVSGLWSLEDACTLVSARARLMOALPAGG
VMVAVPVSEDEARAVLGEGVEIAAVNGPSSVVLSGDEAAVLOAAEGLGKWTRLATSHAFHSARMEPMLEEFRTVAEG
LTYRTPQVSMAAGDQVITTTEYWVRQVRDTVRFGEQVASYEDAVEVELGADRSLARLVDGVAMLHGDHEAQAAVSALA
HLYVNGVIVDWPALLGDAPATRVDLPTYAFQHORYWLEGRWLAALAPEERAKALVKVVCDSAATVLGHADVDSIPVT
AAFRDLGVDSLTAVELRNSLTKATGLRLPATLVFDYPTPGALAARL

SEQ ID NO: 153
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPTDRGWDVENLSDPDAAGKSYCVEGGE LATAANFDASEEGI
SPREALAMDPQORLVLEVSWEAFERAGIEPGSVRGSDTGVEMGAFPGGYGIGADLEGYGATAGLNVLSGRLSYFEGL
EGPAVIVDTACSSSLVALHQAGYALRQGECSLALIGGVIVMATPHTEFVEFSRORGLASDGRCKAFADSADGTGWSEG
VGVLLVERLSDAQAKGHQVLAVVRSSAVNQDGASNGLSAPNGPSQQORVIRQALANAGLTTAEVDVVEAHGTGTTLGD
PIEAQAVIATYGQODRDOPVLLGSVKSNVGHTQAAAGVSGVIKMVMALQHGLVPRTLHVDEPSRHVDWIDGAVELVTE
NOSWPEAGRPRRAGVSSEFGVSGTINAHVILESAPPTQAVDDVRPADAPVVASVMASELVPLVISAKTQSALAEYEGRL
RAYLAASPGVDMRAVASTLAMTRSVEEHRAVIVGDDTVSGTAATDPRVVEVEPGOGSQRAGMGAELAAAFPVEARIH
QOVWDLLDVPDLEVNETGYAQPALFALQVALFGLLESWGVRPDAVIGHSVGELAAAYVSGLWSLEDACTLVSARARL
MOALPAGGVMVAVPVSEDEARAVLGEGVEIAAVNGPSSVVLSGDEAAVLOAAEGLGKWIRLATSHAFHSARMEPMLE
EFRAVAQGLTYHAPGVVMAAGDRVMTAEYWVRQVRDTVREGEQVASYEDAVEVELGADRSLARLVDGVAMLHGDHET
QAAIGALAHLYVNGVIVDWTALLGDVPVIRVDLPTYAFQQORYWAERWLAALAPAEREKALLKLVSDGAATVLGHAD
TSTIPATTAFKDLGIDSLTAVELRNSLAKATELRLPATLVEDYPTPTALAARLD

SEQ ID NO: 154

EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPTDRGWDVENLYDPDPDAPGKSYSVQGGE LDAAAGEDASEE
GISPREALAMDPQORLMLEVSWEAFERAGIEPGSVRGSDTGVE IGAYPGGYGIGADLGGEGTTAGAASVLSGRVSYFE
FGLEGPAFTVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMATPQTEFVEFSRORGLSADGRCKAFADAADGTGW
AEGVGVLLVERLSDAQANGHQILAVVRSSAVNODGASNGLSAPNGPSQQORVIRAALSNAGLAPHEVDVVEAHGTGTT
LGDPIEAQAVIATYGQGRGEPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQHSMVPRTLHVDEPSRHVDWSAGAVEL
VAENQPWPETGRPRRAGVSSEGISGTNAHVILESAPAQSVGDTAGSTPVLVSELVPLVISAKTQPALTEHEDRLRAY
LAASPGVDIRAVASTLAVIRSVFEHRAVLLGDETVIGTAVSDPRIVEVEPGOGWOWLCGMGSALRDSSVVEAERMAEC
AAALSEFVDWDLEAVLDDPAVVDRVDVVQPASWAVMVSLAAVWQAAGVRPDAVIGHSQGEIAAACVAGAVSMRDAAR
IVILRSQATIAGLAGRGAMASVALPAQDVELVDGAWIAAHNGPASTVIAGTPEAVDHVLTAHEAQGVRVRRITVDYAS
HTPHVELIRDELLDITSDSSSQTPLVPWLSTVDGTWVDSPLDGEYWYRNLREPVGEHPAVSQLOAQGDTVEVEVSAS
PVLLQAMDDDVVIVATLRRDDGDATRMLTALAQAYVHGVIVDWRAVLGDVPATRVDLPTYAFQHORYWAEAWLVGLA

PEERAKALLKVVRDSAATVLGHADARSIPATGAFKDLGVDSLTAVELRNSLTKATGLRLPATMVEDYPTPADLAARL
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SEQ ID NO: 155
EPLAIVGMACRLPGGVSSPEDLWRLLESGTDAVSGEPTDRGWDVENLYDMAGKSHRAEGGE LDAAAGEDAGEFEGISP
REALAMDPOQORLVLEVSWEAFERAGIEPGSVRGSDTGVEMGAYPGGYGAGADLGGEFAATASATSVLSGRVSYEFEFGLE
GPAFTVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMATPELETEFSRORGLASDGRCKAFADSADGTGWARGY
GVLLVERLSDAQAKGHQVLAVVRSSAVNQDGASNGLTAPNGPSQORVIQAALSNAGLAAHEVDVVEAHGTGTTLGDP
IEAQAVIATYGOQDRERPLLLGSLKSNIGHAQAASGVSGVIKMVMALQHNTVPRTLHVDEPSRHVDWAAGAVELVREN
QPWPGTDRPRRAGVSSEGVSGTNAHVILESAPPAQPAEEAQPVETPVVASDVLPLVISAKTQPALTEHEDRLRAYLA
ASPGVDTRAVASTLAVIRSVEEHRAVLLGDDTVIGTAVSDPRVVEVEPGOQGWOWLGMGSALRDSSVVEAERMAECAA
ALSEFVDWDLETVLDDPAVVDRVDVVQPASWAVMVSLAAVWQAAGVRPDAVIGHSQGEIAAACVAGAVSLRDAARIV
TLRSQATIAGLAGRGAMASVALPAQDVELVDGAWIAAHNGPASTVIAGTPEAVDHVLTAHEARGVRVRRITVDYASHT
PHVELIRDELLDITSDSSSQAPLVPWLSTVDGSWVDSPLDGEYWYRNLREPVGEHPAVGOLOAEGDTVEVEVSASPV
LLOAMDDDVVIVATLRRDDGDATRMLTALAQAYVHGVIVDWPAILGTATTRVDLPTYAFQHOQRYWLRSWLAALAPAE
REKALLKLVCDSAAMVLGHADARSIPAAGAFKDLGVDSLMAVELRNGLVKATGLRLPATLVEDYPTPTVLAARLD

SEQ ID NO: 156
EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAVSGEFPTDRGWDVENLYDSDPEAAGKSYCVQGGE LDTAAGEDAGEE
GISPREALAMDPQORLLLEVSWEAFERAGIEPGSVRGSDTGVE IGAFPVGYGAGEDREGYGATSGPSVLSGRVSYVE
GLEGPAITMDTACSSSLVALHLAAQALRNGECSMALAGGVIVMATPEVETEFARQRGLASDGRCKAFADSADGAGE'S
EGAGLLLVERLSDARRNGHQVLAVVRGSAVNQDGASNGLTAPNGPSQQORVIRAALSNAGLSTADVDVVEAHGTGTTL
GDPIEAQALLATYGODREQPLLLGSLKSNIGHTQAASGVSGVIKMVMALRHGEVPRTLHVDEPSRHVDWAAGAVELV
RENQPWPGTDRPRRAGVSSEGVSGTNAHVVLESAPPAQPAEEEQPVETPVVASDVLPLVISAKTQPALTEHEDRLRA
YLAASPGADTRAVASTLAVTIRSVFEHRAVLLGDDAVIGTAVIDPRVVEVEPGOQGWOWLGMGSALRDSSVVEAERMAE
CAAALSEFVDWDLEFAVLDDPAVVDRVDVVQPASWAVMVSLAAVWQAAGVRPDAVIGHSQGEIAAACVAGAVSLRDAA
RIVTLRSQAIAGLAGRGAMASVALPAHEIELVDGAWIAAHNGPASTVIAGTPEAVDHVLTAHEARGVRVRRITVDYA
SHTPHVELIRDELLGITAGIGSQPPVVPWLSTVDGSWVDSPLDGEYWYRNLREPVGEFHPAVSQLOAQGDAVEVEVSA
SPVLLOQAMDDDVVTIVATLRRDDGDATRMLTALAQAYVHGVIVDWPAILGTTTARVLDLPTYAFQHORYWVKSWLAAL
APEERAKALLRVVCDSAATVLGHADIDSIPVIAAFKDLGVDSLTAVELRNSLAKATGLRLPATLVEFDYPTPTALAAR
LD

SEQ ID NO: 157

EPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISDEPADRGWDVENLYDPDPDASGKSYCVQGGELDSAGGEDASEE
GISPREALAMDPQORLVLEVSWEAFERAGIEPGSLRGSDTGVE IGAYPGGYGAGAGADLEGYGTTSGPSVLSGRVSY
FEGLEGPAITVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMATPDVETEFARQRGLATDGRSKAFADSADGAG
FSEGIGVLLVERLSDAEAKGHQVLAVVRSSAVNQDGASNGLTAPNGPSQORVIQTALSNAGLTTAEVDVVEGHGTGT
TLGDPIEAQAVIATYGODREQPLLLGSLKSNIGHTQAAAGVSGVIKMVMALRHALVPRTLHVDEPSRHVDWTAGAVE
LVIENQPWPEIGRPRRAGVSSEGVSGTNAHVILESAPPTQAEDAAQPVEAPVMGSEPVPLVISAKTLPALNAHEDRL
RAYLAASPGVDMRAVASTLAMTRSMEFEHRGVLLGDGTVSGTAVSDPRVVEVEPGOGSQRAGMGEELAAAFPVEARIH
QOVWDLLDVPDLDVNETGYAQPALFALQVALFGLLESWGVRPDAVIGHSVGELAAAYVSGVWSLEDACTLVSARARL
MOALPAGGVMVAVPVSEDEARAVLGEGVEIAAVNGPSSVVLSGDEAAVLOAAEGLGKWIRLATSHAFHSARMEPMLE
EFRAVAEGLTYRTPQVAMAAGDQVMTAEYWVRQVRDTVRFGEQVASFEDAVFVELGADRSLARLVDGVAMLHGDHEA
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QAAVGALAHLYVNGVSVEWSAVLGDVPVIRVDLPTYAFQHORYWLEGRWLAALAPAEREKALLKLVSDGAATVLGHA
DISTIPATTAFKDLGINSLTAVELRNSLAKATELRLPATLVFDYPTPAALAARLD

SEQ ID NO: 158

EPLAIVGMACRLPGGVSSPEDLWRLLESGTDAVSGEPTDRGWDVENLYDMAGKSHRAEGGE LDAAAGEDAGEFEGISP
REALAMDPOQORLVLEVSWEAFERAGIEPGSVRGSDTGVEMGAYPGGYGIGADLGGEGATASSVSVLSGRVSYEFEFGLE
GPAFTVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMATPQTEVEEFSROGGLASDGRCKAFADAADGTGWARGY
GVLLVERLSDARRNGHQVLAVVRGSAVNQDGASNGLTAPNGPSQORVIRAALSNAGLSTAEVDVVEAHGTGTTLGDP
IEAQALIATYGQDRDOPVLLGSVKSNLGHTQAAAGVSGVIKMVMALQHGLVPRTLHVDEPSRHVDWSAGAVQLVTEN
QPWPDMGRARRAGVSSEGISGTNAHVILESAPPTOQPADNAVIERAPEWVPLVISARTOQSALTEHEGRLRAYLAASPG
VDMRAVASTLAMTRSVFEHRAVLLGDDTVIGTAVSDPRAVEVEPGOGSQRAGMGEELAAAFPVEARIHQQVWDLLDV
PDLEVNETGYAQPALFAMOVALEFGLLESWGVRPDAVIGHSVGELAAAYVSGVWSLEDACTLVSARARLMOALPAGGY
MVAVPVSEDEARAVLGEGVEIAAVNGPSSVVLSGDEAAVLOAAEGLGKWTRLATSHAFHSARMEPMLEEFRAVAEGL
TYRTPQVSMAVGDQVTTAEYWVRQVRDTVREGEQVASYEDAVEVELGADRSLARLVDGVAMLHGDHEIQAAIGALAH
LYVNGVIVDWPALLGDAPATRVDLPTYAFQHORYWLEGRWLAALAPAEREDALLKLVRDSAALVLGHADASTIPAAA

AFKDLGIDSLTAVELRNSLAKATGLRLPNTTIVEFDYPTPAILATRL

SEQ ID NO: 159

EPLAVVGMACRLPGGVSSPEDLWRLVESGTDAISGEFPADRGWDAESLEDPDPAVGKSYCVEGGELDSAASEDAGEEG
ISPREALAMDPOQORLIMEVSWEAFERAGIEPGSVRGSDTGVEMGAYAGGYGAGADLGGEAATASATSVLSGRVSYEE
GLEGPAITVDTACSSSLVALHQAGYALRQGECSLALVGGVIVMATPQSEVEEFSRORGLASDGRCKAFADSADGTGWA
EGVGVLLVERLSDAQAKGHQVLAVVRSSAVNQODGASNGLTAPNGPSQQORVIQAALSNAGLAAHEVDVVEAHGTGTTL
GDPIEAQALIATYGODRERPLLLGSLKSNIGHAQAASGVSGVIKMVMALQHNTVPRTLHVDEPSRHVDWAAGAVELV
RENQPWPGTDRPRRAGVSSEGVSGTNAHVILESAPPAQPAEEAQPVETPVVASDVLPLVISAKTQPALTEHEDRLRA
YLAASPGADIRAVASTLAVIRSVFEHRAVLLGDDTVIGTAVIDPRIVEVEPGOGWOWLGMGSALRDSSVVEAERMAE
CAAALREFVDWDLETVLDDPAVVDRVDVVQPASWAMMVSLAAVWQAAGVRPDAVIGHSQGEIAAACVAGAVSLRDAA
RIVTLRSQAIAGLAGRGAMASVALPAQDVELVDGAWIAAHNGPASTVIAGTPEAVDHVLTAHEAQGVRVRRITVDYA
SHTPHVELIRDELLDITSDSSSQTPLVPWLSTVDGTWVDSPLDGEYWYRNLREPVGEHPAVSQLOAQGDTVEVEVSA
SPVLLOQAMDDDVVTVATLRRDDGDATRMLTALAQAYVHGVIVDWPAILGTTTTRVDLPTYAFQHORYWLKSRLTGRT
SVEQHRIMLELVLGEAASVLGHSSADAIATDTSEFKDLGMDSLTAIELRNRLVAETGLOLPATMVEDYPTANALAAHL

SEQ ID NO: 160

EPIAIVAMACRLPGGVSSPEGLWHLVESGTDAISGEFPTDRGWDVEGLEDPDPDAAGKSYCVQGGELDTAADEFDAPEFE
GISPREALGMDPQORLLLETTWEAIERAQIDPKSLRGRDVGVYVGGAAQGYGVGVDQOHDNGITGSSVSLLSGRVSY
ALGLEGPGVIVDTACSSSLVALHLASQALRQRECSLALVSGVSVMS SPAMEVEEFSRORGLSSDGRCKSEFAASADGTI
WSEGVGVLVVERLSDARRLGHRVLATVRGSAVNSDGASNGLTAPNGTSQQRVIRQALANAGLTASDVDVVEAHGTGT
KLGDPIEAEAILATYGQERSAPAWLGSLKSNIGHAMAASGVLSVIKMVEAMGHGSLPRTLHVDAPSPHVDWISGSVA
LLTEHQPWPDDTKLRRAGVSSEGLSGTNAHVVLEQYQAPAPPVIPVIPAPPTPVIPVIPNEPGPLPWVLSAQSPKAL
REQAGRLYASLAGDSEWNSLDIGYSLATTRSDEFAHRAVAVGSGREFLRALSKLADGAPWPGLTTATATAKARRVAFL
FDGOGTORLGMGKELYDSYPAFARAWDTVSAGEDKHLDHSLTDVCEFGEGGSTTAGLVDDTLYAQAGIFAMEAALEGL
LEDWGVRPDEFVAGHSIGEATAAYASGMLSLENVITLIVARGRALRTTPPGAMVALRAGEEEVREFLSRTGAALDLAA
VNSPEAVVVSGEPEPVADFEAAWTASGREARKLKVRHAFHSRHVEAVLDEFRTALESLKEFRAPALPVVSTVIGRLID
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ODEMGTPEYWLROVRRPVREQDAVRELAEQGVGTEVEVGPSGALASAGVECLGGDASFHAVLRPRSPEDVCLMTATIA
ELHAGGTAIDWAKVLSGGRAVDLPVYPFQHOSYWLAPAEPSYADEPRTMLELVHMEVASLLGMADPGVILDDSSELE
LGFDSLSAVRLRNRLSKATGLDLPSTLLFEHPTSAE

LAAHLD

SEQ ID NO: 170
MSRAELVRPIYDLLRANAERLGDKMAYVDSRLALTHAELAARTGRIAGHLVDMGVDRGDRVAILLGNRVENIESYLA
IARASAVAVPLNPDATEAEVAHFLSDSCGAVVVITDSAHLDDVRRTAPAVTIVLVGEERIPPGVRSFAELATAEPQQS
ARDDLGLDEAAWMLYTSGTTGTPKGVLSTOQGSGLWSAAYCDIPAWELTENDVLLWPAPLEFHSLALHLCVLATTAVGA
TARIMNGEVASEVLEELTEHPCTVLVGVPTMFRYLLGAADTFEPRTSSLKMGLVAGSVAPASLIEGFEDVEGVPLLD
TYGCTETSGSLTVNWLSGERVPGSCGLPVPGLSLREVDPISGADVADGEEGELWASGPSIMIGYHEQPEATAEVLSD
GWYRTGDLARRSETGHVTITGRIKELIIRSGENIHPHEIEAVALDVPGVKDAAAAGKRHPVLGEVPVLYVVPETGGV
DADMVLAVCRERLSYFKVPEEIYRVDAIPRTASGKVKRSSLTEEPAELLAGASGGETLHRLEWIPLELPEQAAPDGH
VVVRVDSLASDDSDLADADLADAVRDLARSWLADKRRADSTLVEVTIRRAVHTGPSDIPSPEHAAVWDAIRREQTENP
GVEVVIDVDDDDDDDDDVNDREDDDTLLPALAGLGEPQVALRDGNPLVPRLAHANTPDSGSLTIPEDRAWLLEHSRS
GTLRDLALVPADAAERPLHPGEVRISVRAAGLNEFRDVLIALGTYPGEGLMGGEAAGVVLEVGSEVSDLAPGDRVEGL
VGSAFGTVAIADRRLLGAIPDTWSEFATAASIPIVFATAYYGLVDLAGLSAGESVLIHAAAGGVGMAATQIARHLGAR
IFATASVGKQHILSEAGLEDTRIAGSRTLAFREAFLNTTDGQGVDVVLNSLSGDEVDASLDLLPRGGRELEMGKTDI
RDADRITADRPGTTYQAFDLLDAGPDRLREIIAELLPLEFAQGVLRPLPLLTWDIRKARDAF SWMSRARHTGKITETI
PROLDPGGTVLIADGSGVLTGTVARHLVAEQGVRHLLLLSRSTPDEALINELIESGARVDTAVRDVSDRAGLEQALA
GISPEHPLTAVIHTGGPAVAHESHQLHGLTKRLDLAAFVVESQDAPASVDALARRRRAEGLPTTTIAWGIPEAEAVV
VQGPLLGRAMASADSAHIVIRLNTVGLRALAAADTLPPLLRNLVGAQTDNTQQQAWSROLLAAEAAREQALRDLVRS
CVMDILGLSAADRYAPDKTFREMGIDSLTAVELRNSLAKATDLRLPATMVEDYPTPAMLVVRLGE

SEQ ID NO: 171

MSREEFIQPIHDLLRVNAERLGDKIAYADSRRELTHAELRTRTGRIAGHLVDLAVERGDRVAILLGNRVETIESYLA
IARAGAIAVPLNPDATGAEVAHFLADSGAVLVITDSAHLDDVRRAAAAVIVVLVDEGPLPAGTRSFAELATAEPPTP
ARDDLGLDEAAWMLYTSGTTGTPKGVVSTQGSGLWSAANCDVPAWELTENDVLLWPAPLEFHSLAHHLCLLATTAVGA
TARIMSGEVAGEVLHELEEHACTVLVGVPTMYHYLLGAVGEAGPRLPSLKMGLVAGAVSPPALIEGFERVEGVPLLD
TYGCTETTGSLTVNRLSGPRMPGSCGQAVPGISLREVDPHTGAEVAEGEEGELWASGPSLMIGYHGRPDATREVLSD
GWYRTGDLARRSETGHVTITGRVKELIIRGGENIHPRDIEAVALELPGVRDAAAAGKQHPVLGEIPALYLVPDADGV
DAEAVLAACREKLSYFKVPEEIYRVDAIPRTLSGKVKRAALTEAPAELLSAASGNGSLYRLEWVPAETPPAGTGGPV
AVHVTRRAVATGPADLPDQEQAATWDALRGEQTGPGGPVLIDLDGADIDDARLSALASLGEPQIVVRDDTPLVARLA
REKSPALTIPGERAWVLEPDHSGVLQELALVAADTDVRPLRPGEVRIEVRAAGLNFRDVLVALGTDLGDGVEGAEGA
GVVLETGSDVRDLRPGDRVFGLLEGGHGSIAIADRRMLAVIPEGWSFATAASVPEVEVIAYYGLVDLAGLRAGESVL
IHAATGGVGMAATQIARHLGAQVYATAGVGKQHILRDAGLGDDRIADSRTTDFREAFRDSTQGRGVDVVLNSLKGDE
VDASLDLLADGGRFLELGQTDIRDAGEIAAERPGTTYHSEFTRMNAGPDRLREIIAELLALFEQGVLRPSPVHTWDIR
HAREAFSWMSGGRHTGKMVLTMPQRIDPGGTVLIAGDSEALARIAARHLGVRHLLLDRGVADAAPDAVVCDVSDHDA
LERVLADLSPEHPLTAVIHTGGAAVIDEIRRLHDLTESLDLTDEVVESQDAPAAVEAFARSRRAHGLPVRTIAWGIP
EADPVVADEHLLGRALASAEQAQIVARVNTAGLRALTAANALPTLLRNLIRAEPEETGQSAWPHRFEAAGADREEAL

LDLIRANVVDILSLPTADRYAPDRTFREMGIDSLTAVGLRNSLAKATGLPLPTTMVEDYPTP
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SEQ ID NO: 172
MSHAKLIQPIYDLLRVNAERLGDKIAYADSRHALTYTELEARTGRLAGHLADLGVERGDRVAILLDNRVETIESYLA
IARASAIAVPLNPAAAGDELAHFLSDSGSVLVITDSAHLDDVRLVAPAVIVVRVDEDPVPPGVRSFAELVAVEPRTQ
ARDDLGLDEAAWMLYTSGTTGTPKGVVSTQGSGLWSAAFCDVPAWELTEEDVLLWPAPLEFHSLAHHLCLLATITAGA
TARIMNGEVASEVLNELEKHACTVLVCVPTMYHYLLGAVGEGESRTFSLKLGVVAGSVSPPALIEGFEKAFGAPLLD
TYGCTETTGSLTVNWLNGPRVPGSCGTAVPGVTILREVDPSTGADVADGEEGELWASAPSVMTGYHGQPEATREVLTD
GWYHTGDLARRSETGHVTITGRIKELIIRGGENIHPQEIEAAVLGLPGVRDAAAAGRPHPVLGDVPALYIVPDADGV
DADAVLAACRERLSYFKVPEEIYRVDAIPRTMSGKVKRTSLTEAPAELLAGASGSDALYRLKWVPAETPGPAATGGH
VIVRVASLRADGTELAGAARDLARSWLSDERRAGATLVEVIGRAVSAGPSDVPVPEHAAVWDAIRDEQTENPGAEVL
IDLEEAETEEPESAAPEAGDPQADTPGADDTRLSTLVALGEPQIALRDSTPLVPRLAPESSTALTTPAARAWVLEPA
RSGTLRELSLVAADTDARPLRPGEVRVDVRAAGLNERDVLIALGTYPGDGVMGGEAAGVVLEVGPEVNDLSVGDRVE
GLVIDGFGPVTITDRRLLAAMPODWSETTAASAAMAFATAHYGLVELAGLKAGESVLIHAATGGVGMAATQIAHHLG
AHIYATASSGKQHLLRAAGIDDDRIANSRTTGEFRDAFLDSTGGRGVDVVLNSLSGEFVDSSLDLLAHGGRE IEMSTD
IRDAGRIAAERPGTTYQAFHLVDADPDRLREILTELLALFDQGILDPLPVQAWDIRQAREAFSWMSRARHTGKLVLT
IPOQHIDPDGTVLITGGSGGLAGVVARHLVADKGARRLLLLSCDTLDATLAAELTESGARVDTAVCDVSDRAALAQVL
AGVSPEHPLTAIVHAGGAAVADESRQLHHLTKNRDLAAFVVESQDAPAATEAFAGIRQAEGLPVITIAWGIPEAEPV
VVGQHLLDRAMASADRAHVAARVNTAGLRALAAANALPPVLKNLVGAETDGTGHOQDWSRREFMVAEAARQQELLDLIR
TIVMEILSLPTTARYFPDRTFRENGIDSLTAVELVNSLAKTTGLRLSATMVEDYPTPTALAGRMREL

SEQ ID NO: 173
MSRLDLIRPLSESLCASAASEFGDKVAYTDSRRSVIYAELQIRTGRLAGHLAEHGVARGDRVAILLGNRVEIIESYLA
VARASAVAVPLNPDAMDAELAHFLRDSGAVVVITDLAHLEQTRGVAPAMTVVLIGDGRTVPGTSSFAELADTEPASP
ARDDLRLDEPAWMLYTSGTTGTPKGVVSAQRSGLWSAASCDVPAWDLSDEDLLLWPAPLEFHSLGHHLCLLAVVAVGA
SARIMSGFAADEVLDALREHPCTIVLVGVPTMYRYLLAAVGESGADAPALKMALIAGSVIPASLVEAFERSEFGVPLID
TYGCTETTGSVIANRLHGERVPGSCGVPVPGVEIRLVDPVIGADVPLGAEGELWAKTPSVMIGYHGQPEATGEVLVD
GWYRSGDLARRQESGHITITGRVKELIIRSGENIHPREIETVALEVPGVEDAAAAGKPHRVLGEVPVLYVVPAEAGV
DVIAVFAACREQLSYFKVPEEIYQVESIPRTPSGKVKRGLLTEQPAELLAAADGGGSLYRVEWRPAVPPGAGDTGGD
SPVVVRVDSLPADEQELLGAVRDLIHDRIADPRRTTAPLVEVTRHAVLSRNPAHAHAAVWDLVSRAQADNPGLEVLV
DADGDDAPLPSAVGLGEPRVAWRDGGLLVPRLAHPGTEALIAPESGSWLLAETGGGTLRDLALVGTDTADRVLLPGE
VRIAVRAAGLNEFRDVIVALGVVSDDRLMGGEAAGVVLDVAPDVIDLEPGDRVEGLVEGAFASVAVIDRRLLGRIPAG
WSEFATAASVPVVESTAYHALTDLVDLRPGEAILTHAAAGGVGMAATQLARHIGAKIYATASPAKQHALLGVDQVANS
RITEFRGTFLEATGGRGVDVVLNSLAGEHIDASLELLPRGGRELELGKTDLRDPRHLPAGVSYQVLNRLDSSPDRVR
EILAELLVMFERGVLRPLPVRTWDIREAPEAFSWMSRGRHLGKIVLTIPRDLDPDGTVLVTGASADHMARYLSAERG
HAHVLVSDDPAAVPATHPLTAVVHTGGDEVVSESTRLHQLTRELDLAAFAVFSQSAPASVEALVRHRRTEGLPATAV
SWGLPEAEPAPVQGALLDRTIASVEPAHVVTRVNSAGLRALANSGELPSVLRDVITPALSAKWPRPGTPRPGTPRPGT
PHPAALDQAALLDLVRESLTTIVLGLPGVESCAPDRPEFRETGLDSLTTIGLANTLSARLGRKLPATMIFDHPTPRTLA
TRLAEEL

SEQ ID NO: 174
MTPAYDVRPLPELLIANAERLGDKPAYTGLHRTVGHAELADRTRRAAGHLAGFAARGDRIALLLGNRVEMVEGYLAV
ARAAAVAVPLNPQASDAELAHFLTDSEAVAVLADAEHTEQVRRVAPGLRLVPIGEWETLATTEPDRPARDDLGLDEV

AWMLYTSGTTGAPKGVLSTQGSGLWSAYHCDVPALGLTDADVLLWPAPLEFHSLAHHLAVLAATVSGATVRLLSGEAA
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DEVLRELREEGCTLLAGVPTMYHYLLGAAGPDDEVRAPALRGAVVAGAVIPAALITAFGERFGAPLLDTYGCTETTG
SLTINRLDGPRVPGSCGVAVPGVRLRLVDPRTGDDAPEGGEGEIWASGPSLMRGYHRRPDATAEVLADGWYRTGDLA
VRAATGHITITGRVKELIIRGGENIHPREIEAVLAEVPGVADVAVAGRSHAVLGDLPVAYLVTEAGLDPAALFAACR
ERLSSFKVPEEVYRVAAVPRTPSGKIKRRELVAGPAELLATAGGAETLLRTRWTAVDVLDPASLDGWRVVHADQEVD
LGGRLDDDGPAIVVITRAVRTSADERPSASAAAAWDLVTAAQARRPGRYLLVDTDGVPGGLGAALATGEPQVAVRED
VVLVPRLEAAGETGAPVRLDGTIVLVIGEHTERVARHLRARGVIVITDDPAARPLHAVVHVGGTSGLAELAELTGCPER
AAFVVCTEDSRATADALVRAIPGGVAVGVGLPGIEPAALLPELLDRLTADGPYVVARPGSTGLRALATAGRLPAGLG
ALVDTGAAPDPDAAVRRDLVRRLIALPRRARDQALVELVWDAVRATLGAGATPGGPGOAFSEVGEDSLTSVQLRNRL
VAATGVRLSATAVFDFPTPRALADELGRVLI

In another aspect, the disclosure provides a chimeric polyketide synthase, wherein at least one
module of the chimeric polyketide synthase has been modified as compared to a polyketide synthase
having the sequence of SEQ ID NO: 175-176.

SEQ ID NO: 175

MSREEFIQPIHDLLRVNAERLGDKIAYADSRRELTHAELRTRTGRIAGHLVDLAVERGDRVAILLGNRVETIESYLA
IARAGAIAVPLNPDATGAEVAHFLADSGAVLVITDSAHLDDVRRAAAAVIVVLVDEGPLPAGTRSFAELATAEPPTP
ARDDLGLDEAAWMLYTSGTTGTPKGVVSTQGSGLWSAANCDVPAWELTENDVLLWPAPLEFHSLAHHLCLLATTAVGA
TARIMSGEVAGEVLHELEEHACTVLVGVPTMYHYLLGAVGEAGPRLPSLKMGLVAGAVSPPALIEGFERVEGVPLLD
TYGCTETTGSLTVNRLSGPRMPGSCGQAVPGISLREVDPHTGAEVAEGEEGELWASGPSLMIGYHGRPDATREVLSD
GWYRTGDLARRSETGHVTITGRVKELIIRGGENIHPRDIEAVALELPGVRDAAAAGKQHPVLGEIPALYLVPDADGV
DAEAVLAACREKLSYFKVPEEIYRVDAIPRTLSGKVKRAALTEAPAELLSAASGNGSLYRLEWVPAETPPAGTGGPV
AVHVTRRAVATGPADLPDQEQAATWDALRGEQTGPGGPVLIDLDGADIDDARLSALASLGEPQIVVRDDTPLVARLA
REKSPALTIPGERAWVLEPDHSGVLQELALVAADTDVRPLRPGEVRIEVRAAGLNFRDVLVALGTDLGDGVEGAEGA
GVVLETGSDVRDLRPGDRVFGLLEGGHGSIAIADRRMLAVIPEGWSFATAASVPEVEVIAYYGLVDLAGLRAGESVL
IHAATGGVGMAATQIARHLGAQVYATAGVGKQHILRDAGLGDDRIADSRTTDFREAFRDSTQGRGVDVVLNSLKGDE
VDASLDLLADGGRFLELGQTDIRDAGEIAAERPGTTYHSEFTRMNAGPDRLREIIAELLALFEQGVLRPSPVHTWDIR
HAREAFSWMSGGRHTGKMVLTMPQRIDPGGTVLIAGDSEALARIAARHLGVRHLLLDRGVADAAPDAVVCDVSDHDA
LERVLADLSPEHPLTAVIHTGGAAVIDEIRRLHDLTESLDLTDEVVESQDAPAAVEAFARSRRAHGLPVRTIAWGIP
EADPVVADEHLLGRALASAEQAQIVARVNTAGLRALTAANALPTLLRNLIRAEPEETGQSAWPHRFEAAGADREEAL
LDLIRANVVDILSLPTADRYAPDRTFREMGIDSLTAVGLRNSLAKATGLPLPTTMVEDYPTPAVLTARMRELLAGES
PAPARTAARAVAQDEPLAIVGMACRLPGGVSSPDDLWRLVAAGTDAISEFPADRGWDVDNLYDPDPDAPGKTYTVLG
GEFLDGVAGEFDASFFGISPREALAMDPQORLMLEVSWEAFEHAGIPPRSVRGSDAGVEMGAFPSGYDAGLEEFGMTGD
AVSVLSGRVSYFEFGLEGPAITVDTACSSSLVALHQASSALRQGECSLALVGGVIVLATPQTEVEEFSRORGLALDGRS
KAFADAADGAGWAEGVGVLVVERLSDARAKGHQIWGVIRGSAVNQDGASNGLSAPNGPSQORVIRQALANAGLAPHE
VDVVEAHGTGTTLGDPIEAQAVIATYGODREQPLLLGSLKSNVGHTQAAAGVSGVIKMVMALQHDTVPATLHVDAPS
RHVDWTAGAVELVTENRPWPETGRVRRAGVSSEFGISGTNAHVILESAPEQPVSPPEAVAPVVASDRVPLVISAKTPA
ALAEMENRLRAYLAAAPGADPRAVASTLATARSVFEHRAVLLGENTITGTVAGADPRVVEVEPGOGWQQOLGMGRALR
ESSPVFAARMAECAAALSEEFVDWDLETMLDDPAVIDRIDVLOPACWAVMMS LAAVWOQAAGVRPDAVIGHSQGE IAAA
CVAGALSLRDAARIVALRSQLLAREMVGHGVMAAVALPADDIPLVDGVWIGACNGPSSTVISGTPEAVEVVVAACEE
RGARVRRITAAVASHSPLGEKIRTELLGISASIPSRTPVVPWLSTADGIWIEAPLDPAYWWRNLREPVGEGPAVDLL

QARGENVFLEMSASPVLLPAMNDAVIVATLRRDDGTPDRMLTALAEAHAHGVIVDWPRVEFGSTTRVLDLPTYAFEHQ
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RYWAVSADRPSDAGHPMVETVVPLPASGGVALTGRVSLATHAWLADHAVRGTALLPGTAFVELVIRAATEVDCPVID
ELVIEAPLPLTQTGAVQLSTTIVGEADESGRRPVIVESQADGTDAWTRHVTATIGRAASLPDPVAWPPAQAEPVDVTG
FYDELAAAGYEYGPAFQGLRAAWSDGDTVYAEVVLAEEQAHEVDRYAVHPALLDAALQAGMVNTAGTGQGVRLPESW
NGIQVHSTGATTLRVAATPLADGWSVRAAADNGRPVATIGSLVTIRPVITDMLGSTTDDLEAVVWIEITAPEPGDPSD
VGVEFTALPEAGGDPLTQTRALTAQVLOTVOOWLAGEDRPLVVRTIGTDLASAAVSGLVRSAQSEHPGRLILVESDDEL
TPEQLAGTAGLDEPRIRIDGGHYEVPRLAREDASLTVPEDRAWLLELPGSGTLRDLRVIPTDTAERPLRWGEVRVGVY
RAGGLNFRDVVVALGMVIDPRPAGGEAAGVVLETGPGVEDLSPGDRVEGILDGGEGSVAIADRRLLAVIPDGWSETT
AASIPVVFATAYYGLVDLAGLRAGESVLIHAATGGVGMAATQIARHLGAEIYGTAGIAKQHVLRDAGLGDDRIADSR
TTGFRETEFRDSTQGRGVDVVLNSLSGDEVDASLDVLAEGGRE IEMGKTDIRDAEQITHATYRAFDLMDAGPDRVRETL
IAELLGLFEQGVLRPLPVOAWDIRQARDAFTWMSRARHIGKIVLTIPQQLDPDGTVLISGGSGVLAGILARHLVAER
GVRHLLLVSRSAPSEALISELTALGAQVETVACDVSDRVALEQVLDGVPLTAVEFHTAAALDDGVVESLTPQRVDTVL
RPKADAAWYLHELTRDADLAAFVMYSSVAGIMGAAGQGNYAAANAF LDALAAHRRREGLPALSLAWGLWEDASGLSA
GLTETDHDRIRRGGLEAIAAEHGMRLEDTATRQGEPVLLASPLNLTRQGEVPALLRTLHRPVARRAATANGRPADLT
PEALLKLVCGRAAAVLGHVDADAVPVAVAFRDLGVDSLTAVELRNSLAKATGLRLPATLVEDYPTPTVLAGRLGELL
AGGTAPVRAAVVRRAAASDEPLAIVGMACRLPGGVLSPEDLWRLVESGGDAISGFPVDRGWDVENLEFDPDPDAAGRT
YAVRGGEFLDGAAGEDASFFGISPREAQAMDPQORLVLEVSWEAFERAGIEPGSVRGSDTGVEMGAYPGGYGVGTDLG
GEGMTSVAVSVLAGRVSYFFGLEGPAMTVDTACSSSLVALHQAGSALRQGECSLALVGGVIVMPTPQTEVEEFSRORG
LAADGRCKAFADAADGTGESEGVGVLLVERLSDAQARGHNILAVVRGSAVNQDGASNGLTAPNGPSQQORVIRQALAN
AGLAGAEVDVVEAHGTIGTTLGDPIEAQAVIATYGODRDOPVLLGSLKSNLGHTQAAAGVSGVIKMVMALRHDTVPAT
LHIDEPSRHIDWTAGAVELVTENQSWPETGRARRAAVSSEFGISGTNAHVILESAPAQPVPLVDTPVSAVTAGVVPLP
ISARTVPALADLEDRLRAYLTTTPETDLPAVASTLAVIRSVEFEHRAVLLGEETVIGIAVSDPRVVEVESGOGSQRVG
MGEELAAAFPLFARLHRQVWDLLDVPDLEVDDTGYVQPALFALQVALFGLLESWGVRPEAVIGHSVGEVAAGYVAGY
WSLEDACTLVSARARLMOALPAGGAMVAVPVSEERARAVLVDGVEIAAVNGPASVVLSGDESAVLRVAEGLGRWTRL
SASHAFHSVRMEPMLEEFRQVASELTYREPRIVMAAGEQVITTPEYWVRQVRDTVREGDQVAAFGDAVELEIGPDRTL
SRLIDGIPTLHGDDEQHAVVAALAELHVQGVPIDWSSILGANPARVLDLPTYAFQHERYWMVSTGRVGGEGHPLLGW
GVPVAEAGGRLYTGRVARQDGPVLSVAAFVEMAFAAAGGRPIRELSVDALLYIPDDGTAELQTWVSEHRLTIHARYR
DTEPWIRLATAALDTTAPATTHTPHPGLITTALTLTGDEAPAIWHDLTLHTSNATELHTHITPGDDGTLTITATDTT
GOPVLTAHTATPTTIPVHTPTTPADDLLTLTWIQIPTPGPGDPTDIAVCTALPDPDGDPLAQTRTLTAQVLQSIQTT
LTGEDRPLVVHTGTGLASAAVSGLVRSAQSEHPDREILVESDDSLPQAQLAAVAGLDEPWLRITGSCYREVPRLTKTT
TATATAVSEPVWNPDGTVLITGGSGALAGILARHLVTERGVRHLLLISRSTPSTTLTDELRELGAHVDVAACDVSDR
DALARVLDGVDLTAVEHTAGALDDGVVESLTPOQRLDTVLTPKADGAWHLHELTRDRDLTAFVMY SSAAGVMGAAGQG
NYAAANAFLDALAEHRHADGLPALSLAWGMWDDTDGMTASLSGTDHRRIRRSGORAITAEHGMRLLDKASGRSEPVL
VATAMNPIPDTDLPALLRSLYPKTARKSQPIQELSPEALLKIVRDSAALMLGHPNTDAIAATTAFRDLGVDSLIAVE
LRNSLAKATGLRLPATLVEDYPTPTVLAGRLGELLAGVTPQRHATVRTGTASDEPLAIVGMACRLPGGVSSPEDLWR
LVESGIDAITDFPTDRGWDTDDLEDPDPDTAGKTYTVHGGE LDDVAGEDASEFEFGISPREAQAMDPQORLVLEAAWEA
FERAGIEPGSVRGSDTGVEMGAYPGGYGIGADLGGEGATAGAGSVLSGRLSYFFGLEGPAMTVDTACSSSLVALHQA
GSALRQGECSLALVGGVIVIANPQIFVEFSRORGLAADGRCKAFADSADGTGWSEGVGVLLVERLSDAQARGHNILA
VVRGSAVNQODGASNGLTAPNGPSQORVIRQALANAGLAGAEVDVVEAHGTGTTLGDPIEAQAVIATYGQODRDOSVLL
GSLKSNLGHTQAAAGVSGVIKMVMALONGVVPRTLHADQPSRHIDWTAGAVELVTENQPWPELDRPRRAAVSAFGVS
GINAHVILESAPDQPVPLVDTPVSAVIAGVVPLPISARTVPALADLEDQLRAYLTTAPETDLPAVASTLATTRSVEE
HRAVLLGEDTVIGTAIPDPRIVEVESGQGSQRAGMGEELAAAFPLFARLHRQVWDLLDVPDLDVDDTGYVQPALEFAL
QOVALFGLLESWGVRPRAVIGHSVGEVAAGYVAGVWSLEDACALVSARARLMOALPAGGAMVAVPVSEERARAVLVDG
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VEIAAVNGPASVVLSGDEAAVLRVAEGLGRWITRLSASHAFHSVRMEPMLEEFRQVVSRLTYREPRIVMAAGEQVTTP
EYWVROQVRETVREGDQVAAFGDAVEFLEIGPDRTLSRLIDGIAMLDGDDEVRAAVAALAMMHVQGVGVDWPAILGTTT
GRVLDLPTYAFQHERYWMANADEGHPLLGKVEHPLLGSVMALPNSDGVVLTGRISLATHAWLADHVVRGTVLLPGTG
FVEMVARAAAEVGCGVIDELLIEAPLLLPEHGGVHLSVSVGEADGAGRRPVIVEFAQADDAEVWVROVTATISPAGPA
VSLPELEVWPPVQAEPVDVSTEFYERLARADWOQWGPAFQGLRAAWRDGDT IYAEIVLADEEAREADQFLVHPALLDAA
LOTSVLKTPDDLRLPEFSWNQIEFHATGCGAAILRVAVIPVADRWIVHAADSTGRPVATIGALVSRPVTAETLGSNTDDL
FALTWIEIPTPGPGDPADVAVCTALPEPDSDPLTQTRTLTAQVLOSIQTSLTGEDRPLVVHTGTGLASAAVSGLVRS
AQSEHPDREILVECDDETLTPDQLAATAGLDEPWLRITGGHYEVPRLTKTTTAAATTVSEPVWDPDGTVLITGGSGA
LAGILARHLVTERSVRHLLLISRSTPSTTLINELRELGAHIETAACDVSDRDALARVLDGVDLTAVEFHTAGALDDGV
VESLTPQRLDTVLMPKADAAWHLHELTRDRDLAAFVMYSSAAGVMGAAGQGNYAAANAFLDALAEHRRADGLPALSL
AWGMWDDADGMTASLSGTDHRRIRRSGORAITAEHGMRLLDKASGRSEPVLVATAMNPAGEGEVPALLRTLHRPVAR
RAATTNGRPADLTPEALLKVVRDSAAVVLGHASADTVPAATAFQELGLDSLIAVELRNSLAKATGLRLPATMVEDYP
TPAALAGRLGELLAGETTPATAAVVRRATASDEPLAIVGMACRLPGGVSSPEDLWRLVESGEDAITGEPTDRGWDVD
NLYDPDPDAPGKSTTLHGGEFLDDVAGFDASFEGISPREAVAMDPQORLAMEVSWEAFERAGIEPGSVRGSDTGVEMG
AYPGGYGIGAELGGEFMLTGRAGSVLAGRVSYFFGLEGPAMTVDTACSSSLVALHOQAAYALRQGECSLALVGGVTVMP
TPVMEVEFSQQONLADDGRCKAFADSADGTGWSEGVGVLLVERLSDAQARGHNILAVVRGSAVNQDGASNGLTAPNG
PSOQORVIRSALTSAGLTTADVDVVEAHGTGTTLGDPIEAQAVLATYGQODRDOPVLLGSLKSNLGHTQAAAGVSGVIK
MVMALONGVVPRTLHVEEPSRHVDWTAGAVELVTENQSWPETGRARRAAVSSEFGESGTNAHVILESAPAQPVPPMDT
PAPAVITGVVPLPISAKSLPALADLEDQLRAYLTATPETDLPAVASTLAMTIRSVEFEHRAVLLGEETVIGTAIPDPRI
VEVESGQGSQRVGMGEELAAAFPLEFARLHRQVWDLLDVPDLDVDDTGYVQPALFALQVALFGLLESWGVRPRAVIGH
SVGEVAAGYVAGVWSLEDACALVSARARLMOALPAGGAMVAVPVSEERARVALVDGVEIAAVNGPASVVLSGDEAAV
LOIAEGLGRWTRLSASHAFHSVRMEPMLEEFGOVASELTYQEPRIVMAAGEQVTTPEYWVRQVRDTVREGDQVAARG
DAVFLEIGPDRTLSRLIDGIAMLDGDDEVRAAVAALAELHVQGVPIDWPAVLGTITTGRVLDLPTYAFQHQRYWAAST
DRPAGDGHPLLDTVVALPGADGVVLTGRISLATHAWLADHAVRGTVLLPGTGEFVEMVARAAAEVGCAVVDELVIEAP
LLLPASGGVQLSVSVGEADDAGHRPVTIVHSQADETEAWVRHVTATISPSGPIVSPPEFEVWPPAQAEPVEVAREYDE
LAAAGYEYGAAFQGLRAAWRAGETIYAEVVLAEDQTLEAARFTVHPALLDAALQANILNASGDLRLPESWGQVQEHT
TGAATLRVAVTPVADGWTIQATDDAGRPVATVGSVVARPVAGLGATAEDLFALTWNEIPAPGQGGRTVGREEDLADD
GPVPELVVEFTALPDVDADPLVRTRALTARVLEAIQRWLGEPRFADSTLVVRTGTDLASAAVSGLVRSAQSEHPDRET
LVEGDSSPVEIGLDEPWLRVDGGRYEVPRLIRLSAEPVOEAAWNPDGMVLITGGTGALAGILARHLVAENKARRLLL
VSRSVPDDALISELTELGAEVGTAVCDVSDRAALARVLAGVPSLTAVIHTAGVLDDGVMESLTPOQRLDTVLRAKADG
AWHLHELTRDRDLAAFVMYSSAAGLMGSPGOGNYAAANAF LDALAVERRAEGLPALSLAWGEWEETTGLTANLTGAD
RDRIRRGGLOTITAERGMRMEDTATQHGEPVLLAAPISPVRDGEVPALLRSLHRRGTRRGTTADASAQWLAGLAPEE
REGALIKVVRDTAAVVLGHADAGTIPVTAAFKDLGLDSLTAVELRNSLAKSTGLRLPATMVEFDYPTPASLAARLDDL
MNPRVSSTALLAELDRIEGMEDSVTEDEKQASLVKDRLSAALGKWQQISRSADVATVALANADAGEILDEFIDREFGN
PTI

SEQ ID NO: 176

MPDHDKLVEYLRWATAELHTTRAKLOQAATEAGTQPLAIVGMACRLPGGVSSPEDLWRLVESGTDAISGEPVDRGWDV

DGLYDPDPDVPGKSYTVEGGEFLDAVIGEFDAPFEFGISPREALAMDPQORLVLEASWEAFERAGIEPGSVRGSDTGVEM

GAFPGGYGTGADLGGEGMTGGAASVLSGRVSYFFGLEGPAMTVDTVCSSSLVALHQAGYALRHGECSLALVGGVTIVM

STPQTEVEFSRORGLAADGRCKAFADNADGTGWSEGVGVLLVERLSDAQARGHNILAVVRGSAVNQDGASNGLTAPN

GPSQORVIRQALANAGLTGADVDVVEAHGTGTTLGDPIEAQAVIATYGRDRDOPVLLGSLKSNLGHTQAAAGVSGVI
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KMVMALONGVVPRTLHIEEPSRHVDWTAGAVQLVTENRPWPELGRARRAAVSSEFGLSGTNAHVILESAPDOQPPAPTT
DTPVSAVIAGVVPLPISAKTIVPALADLEDRLRTYLTTTPDTDLPAVASTLATTRSLFEHRAVLLGEDTVIGTAIPDP
RVVEVEFPGQGWOWQGMGSALLTSSTVFAERMAECAAALSEFVDWDLLTVLDDPSVVDRVDVVQPACWAVMISLAAVIW
QAAGIHPDIVLGHSQGEIAAACLAGAISLPDAARIVAQRSQLIAHQLTGHGAMASISLPADDIPTTDKVWIAAHNGT
STVIAGDPQAVEAVLATCETRGARVRKINVDYASHTPHVEQIRTELLDITTGIEAHTPAVPWLSTTDNTWIDQPLDP
TYWYRNLREPVRFGPAIDLLOTODNNLEFIEISASPVLLOTMDNAATVATLRRDEDTTQRLLTAFAEAHVHGAT IDWP
TVLDTTTTPVLDLPTYPFQRORYWATSNGRSTGQGHPLLETVVALPGTDGVALTGRISLATHPWLTDHTVRGTVLLP
GTAFVELVIRAATEVNCQIIDELIIEAPLPLPQTDGVQLSVIVGEADEAGHRPVIVYSQTDESDDWIQHVTATIGPG
ASLPETAAWPPAHAEPVNVIGLYDNLAAAGYEYGPAFQGLOAAWRAGDTVYAEVTILAEEQAQETARFTMHPALLDAA
LHTIALHDTGDLHLPEFSWIRVQFHGTGAATLRVAVIPAADGWNIRATDDTGRAVATIGSLVIRPMAAETTDDLLALT
WIEIPAPEPVDPTDVVVETALPDTVEDVPAQTRALTTRVLHTIQEWLADDDRTLIVRTGTDLASAAVSGLVRSAQSE
HPGREILVESADEALTQEQLAATAGLDEPRLRITGGRYEVPRLTREDTALAVPTDRAWLLEQPRSGSLEDLALLPTD
AAERPLOAGEVRIGVRAAGMNERDVVVALCGMVIDTRLAGGEAAGVVLEVGTDVNDERPGDRVEGILEGGEGSVAICD
HRTLAVIPDGWSETTAASVPIAFATAYYGLVDLAGLRAGESVLIHAATGGVGIAATQIARHLGAEIYGTASVGKQHY
LRDAGLADDRIADSRTTDERDTFRDGTQGRGVDVVLNSLRGEF IDASLDLLVDGGREIEMGKTDIRDAAQIPDATYH
AFDLMDAGHDRLREIMTELLALFEQGVLHPMPVHAFDIRQAREAFSWMSRARHIGKLVLTIPQPIDPDGTIVLITGGS
GVLAGIVARYLVTENRARHLLLLSRSAPSASLIDELTALGAHVDVAACDVADRAALAEILDGVDLTAVIHTAGALDD
GVVESLTPOQRLDTVLTPKADGAWHLHELTRDRDLAAFIVYSSAAGVLGAAGQGNYAAANAFLDALAVHRRLEGLPGL
SLAWGLWEDASGLTADLTDADRDRIRRSGORAITAAYGMRMLDAATROQSEAILLAAPISPIQDGDVPAILRSLHRRV
GRRASVAHGHPADLTPEALLKVVRDSAAMVLGHTNADTVPTATAFQELGLDSLTAVELRNSLTKATGLRLPATMAFRD
YPTPDALAARLGELLAGEAAPKAAAAVRRATASDEPLAIVGMACRLPGGVSSPEDLWRLVESGTDAITDEPTDRGWD
TDTLEDPDPDTPGKTYTVHGGELNDVAGEFDAPFEFGISPREAVAMDPQORLVLESSWEAFERAGIQPDS IRGSDTGVE
MGAYPDGYGIGADLAGEGVIAGAGSVLSGRVSYFEFGLEGPAMTVDTACSSSLVALHQAAYALRQGECSLALVGGVTV
MPSPRTEFIEFSRORGLAADGRSKAFADAADGTGESEGVGVLLVERLSDAQAKGHNILALVRSSAVNQDGASNGLTAP
NGPSQORVIQSALAGAGLTSADVDVVEAHGTGITLGDP IEAQAVLATYGODRDOPVLLGSLKSNLGHTQAAAGVSGV
IKMVMALQHNTVPATLHVDAPSRHVDWTAGAVRLATENQPWPETNRPRRAGVSSEFGVSGTNAHVILEQAPAASPVEP
VDTTDVVIPLVVSARSSGSLSDOQADRLAALVGSPDAPALTSLADALLTRRTVESQRAVVVAGSHEQAAAGLRALASG
DSHPALVTGAAGPARGVVLVEPGQGSOWAGMGAELLDTSPVFAARIAECAEALRPWVDWSLDEVLRGDASADVLGRV
DVVQPASEFAVMVGLAAVWESAGVRPDAVLGHSQGEIAAAYVAGALSLTDAAKIVAVRSRLIAARLAGRGGMASVALA
PDEAAAKLGRTELAAVNGPASVVIAGDAEALDETLAMLEGEAVRVRRVAVDYASHTPHVEELEQSMAEALADVRSRQ
PRVGFLSTVIGDWVTEAGALDGGYWYRNLROQPVRFGPAVASLAEAGYTVEVEASAHPVLVOPVAETLDRTDAVVTGT
LRRODGGLPRLLTSMAELEVGGVPVNWPVLLPAGAVRGWVDLPTYAFDHOQRYWLENRVATDAAALGLAGADHPLLGA
IVAVPQOSGGVAMTSRLSPRNHPWLAEHTLGGVPTVPTSVLVELAVRAGDEVGCGVVEELTVDAPLLLPERGGVRVQV
IVGATDANGQRGLDIFSAPEDTGOQEAWTRHATGTLAPGGDIAADVDLSAWPPANAQPVDVIDGYDLLERAGYGYGPA
FOGVRAIWRRGEELFAEVALEPELTDTAARFGLHPALLDAAWHPELRDEVAETSPDGRRWWSQPSRWAGLRLHTAGA
TVLRVRLAPVDADSMSLOAADETGDPVLTVDSLSLCAVSADQLTTAESSDDALFRLEWTPLSKAPTAARSWVPVETG
ADVAALDGQAVVDAVMLEAAGTGDALELTCRVLEVVOAWLTLPGWDESRLVVVTRGAVGAVGDPAGSAVWGLVRAAQ
AENPDRIALLDLDGGRPVEPLLAESEPQLAIRGAEALVPRLIRAAAATDAPALEDESQTVLITGGTGSLGGLLARHL
VGRYGLRRLVLVSRRGPDAPGAYELAAELAAHGAEAALVACDLTDRDAVARLLTEHHPTAVVHAAGVSDDGVIGTLT
SDRLAYVFGPKATAARHLDELTRELLPDLAAFVTYSSISAVELGAGSGGYAAANAYLDGLMARRHAEGLPGLSLAWG
LWDQEADGGGMAAGLODITRNRMRRRGGVLSEFTPAEGMALEDAAMATDEALVVPVRLDLPALRAEAVAEGRSAPVLL
RGLVRPGRRLARTVSGGTGVLADLTPEALLKLVRGRAAAVLGHVDADAVPVAAAFKDLGVDSLTAVELRNSLAKATG
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LRLPATLVEDYPTPTVLAGRLGELLAGGTAPVRAAVVRRAAASDEPLAIVGMACRLPGGVLSPEDLWRLVESGGDATL
SGEPVDRGWDVENLEDPDPDAAGRTYAVRGGELDGAAGEDASFEGISPREAQAMDPOQORLVLEVSWEAFERAGIEPG
SVRGSDTGVEMGAYPGGYGMGTDLGGEFGMTSVAVSVLAGRVSYEFFGLEGPAMTVDTACSSSLVALHQAGSALRQGEC
SLALVGGVTVMPTPQTEVEFSRORGLAADGRCKAFADAADGTGESEGVGVLLVERLSDAQARGHNILAVVRGSAVNQ
DGASNGLTAPNGPAQOQRVIQSALAGAGLASADVDVVEAHGTGTTLGDPIEAQAVIATYGODRDOPVLLGSLKSNLGH
TOAAAGVSGVIKMVMALONGVVPRTLHIDEPSRHIDWTAGAVELVTENQSWPETGRARRAAVSSEGISGTNAHVILE
SAPAQPVPLVDTPVSDVTAGVVPLPISARTVPALADLEDQLRAYLTTAPETDLPAVASTLAMTRSVEEHRAVLLGEE
TVIGIAVSDPRVVEVESGQGSQRVGMGEELAAAFPLFARLHRQVWDLLDVPDLEVDDTGYVQPALFALQVALFGLLE
SWGVRPRAVIGHSVGEVAAGYVAGVWSLEDACTLVSARARLMOALPAGGAMVAVPVSEERARAVLVDGVEIAAVNGP
ASVVLSGDESAVLRVAEGLGRWTRLSASHAFHSVRMEPMLEEFROQVASELTYREPRIVMAAGEQVITPEYWVRQVRD
TVRFGDOQVAAFGDAVELEIGPDRTLSRLIDGIAMLDGDDEVRAAVAALAMMHVQGVGVDWPAVLGTTTGRVLDLPTY
AFQHERYWMVSTGRPGGEGHPLLGWGVPVAEADGRLYTGRVARQDGPVLPVAAFVEMAFAAAGGRPIRELSVDALLY
IPDDGTAELQTWVSEHRLTIHARYRDTEPWIRLATATLDTTEPATTHTPHPGLITTALTLTGDEAPATIWHDLTLHTS
NATELHTHITPGDDGTLTITATDATGQPVLTAHAATPTTIPVHTPTTPADDLLTLTWIQIPTPGPGDGADIAVCTAL
PDPDSDPLAQTRTLTAQVLHSIQASLTGEDRPLVVHTGTGLASAAVSGLVRSAQSEHPDREILVESDETLTPDQLAA
VAGLDEPWLRITDGRYEVPRLTKTTTTATATAVSEPVWDPDGTVLITGGSGALAGILARHLVTERGVRHLLLVSRST
PSTTLIDELRELGAHVDVAACDVSDRAALARVLDGVDLTAVFHTAGALDDGVVESLTPQRVDAVLRPKADGAWHLHE
LTRDRDLTAFVMYSSAAGVMGAAGQGNYAAANAFLDALAEHRRADGLPALSLAWGMWDDADGMTASLSGTDHRRIRR
SGORAITAEHGMRLLDKASGRSEPVLVATAMNPIPDTDLPALLRSLYPKTARKSQPIQELSPEALLKIVRDSAAMVL
GHANADTVPTATALQELGLDSLTAVELRNSLTKATGLRLPATMAFDYPTPAALAGRLGELLAGDTTPATAAVVRRAT
ASDEPLAIVGMACRLPGGVSTPEDLWRLVESGTDAITDFPTDRGWDTDDLEDPDPDTPGKTYTVHGGE LDDVAGE DA
SFEGISPREALAMDSQORLVLEAAWEAFERAGIEPGSVRGSDTGVEMGAYPDGYGIGADLGGEGATAGAGSVLSGRL
SYFFGLEGPAMTVDTACSSSLVALHQAGSALRQGECSLALVGGVIVIANPQIFVEEFSRORGLAADGRCKAFADNADG
TGFSEGVGVLLVERLSDAQAKGHNILALVRSSAVNQODGASNGLTAPNGPSQQRVIRQALANAGLTGAEVDVVEAHGT
GTTLGDPIEAQAVLATYGODRDOPVLLGSLKSNLGHTQAAAGVSGVIKMVMALRHDTVPATLHIDEPSRHIDWTAGA
VELVTENQPWPVLGRPRRAAVSAFGVSGTNAHVILESAPDQPPAPATDTPAPAATAGVVPLPISAKTVPALADLEDR
LRTYLTTTPETDLPAVASTLATTRSLEEHRAVLLGEDTVIGTTIPDPRIVEVEPGOGWOWOGMGSALLTSSTVEAER
MAECAAALSEFVDWDLLTVLDDPSIVDRVDVVQPACWAVMISLAAVWQAAGIHPDIVLGHSQGEIAAACLAGAISLP
DAARIVAQRSQLIAHQLTGHGAMASISLPADDIPTTDKVWIAAHNGTSTVIAGDPQALDTVLATCETHGARVRKINV
DYASHTPHVEQIRTELLDITTIDIEAHTPTVPWLSTIDNTWIDQPLDPTYWYRNLREPVRFGPAIDLLOQTQDNNLE IE
ISASPVLLQTMDNATTVATLRRDEDTTQRLLTAFAEAHVHGATIDWPTVLDTTTTPVLDLPTYPEFQRORYWATSNGR
PTSQGHPLLETVVALPGTHGVALTGRISLATHPWLTDHTVRGTIVLLPGTAFVELVTHAATEVNCQVIDELIIEAPLP
LPONGGVQLSVIVGEADEAGHRPVIVYSQTDESDDWVQHVTATIAPGVSSSESAAWPPAQAEPVNVTGLYDNLAAAG
YEYGPAFQGLOQTAWRDGSTVYAEVTILAEEQAQETARFTMHPALLDAALHTIALHDTADLQLPE SWRQVQFHGSGAAT
LRVAVIPAADGWNIRATDDTGQTVATIGSLVIRPMAAETINDLLALTWIEIPAPEPVDPADVVVETALPEPGSDPLA
QTRALTTRVLHTIQEWLADDDRTLIVRTGTDLASAAVSGLVRSAQSEHPGRFILVESDDETLTHEQLAATAGLDEPR
LRITDGRYEVPRLTREDTALAVPEGGAWMLDQPSRSGTLQDLRLVPTDAAERPLRPGEVRVGVRAAGLNEFRDVAVAL
GMVIDTRLIGGEGAGVVLEAGPGVEDLRPGDRVEGLLEGGEGPVAVADRRALALIPDGWSEFTTAASVPIAFATAYYG
LLDLAGLRAGESVLIHAATGGVGMAATQIARHLGADVYATASTGKQHVLRDAGLSDDRIADSRTTGEFRETERDSTDG
RGVDVVLNSLKGDFVDASLDLLVDGGRF IEMGKTDIRDAAQIPDATYRAFDLMDAGPERLREIITELLALFEQGVLR
PLPVHAFDIRQARDAFGWMSRARHIGKLVLTIPQPIDPDGTVLITGGSGVLAGIVARHLVIAEGLRNLLLLSRSAPS
EALIGELTALGAQVETAACDIADRAALARVLDGVPLTAVIHTAGALDDGVVESLDPQRLDSVLTPKADGAWHLHELT
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RDRDLAAFIMYSSAAGVLGAAGQGNYAAANAFVDALAVHRREMGLPALSLAWGLWDDTSALTAGLTDSDHDRIRRSG
ARTITAEHGMRMFDAATRQSEAVLLAAPMGP IRGEDVPALLRGLATVRQPRTRAKRDMGPERLRDRLNGRT SVEQHR
IMVELVLAHATSVLGHESPDATAPDRAFKDLGMDSLTAIELRNHLVAETGVRLPATTAFDHPTADDLAKRLLAEVGL
TPAPQRTEADIREEVVVREPAGDDSWISEPIAIVSMSCRAPGGVDSPESLWRLVESGTDAITDFPGDRGWDVAGLYS
PDPDTGYKTYCVQGGFLDAAADEDAAFFGISPREALGMDPOQORLLLETSWEAIERARIDPRSLRGRNVGVYVGGAAQ
GYGVGAIDQORDNVITGSSISLLSGRLSYALGLEGPGVIVDTACSSSLVALHLACQALRQRECSMALVSGVSVIPTP
DVEVEEFSRORGLAADGRCKSESASADGTIWAEGVGVLVLERLSEATRLGHRVLAVVRGSAVNSDGASNGLTAPNGVS
QORVIRQALTGAGLTAADVDVVEAHGTGTKLGDPIEAEAILATYGODRSTPVCLGSLKSNIGHAMAASGVLAVIKMV
EAMRHGLIPRTLHVEEPSPHVDWASGDVALLTENQPWPDDAKLRRAGVSSEFGLSGTNAHVVLEQYRAPAAPDITTTE
HEPLAWTLSARDPKALREQAGRLHAALTESPOWRPLDIGYSLATTRSNFAHRAVAVGSDREDLLRALSKLADGSAWP
ALVTATAKDRRVAYLEDGQGSQRPDMGSGLYERFPAFARAWDRISAEFGKHLDHSLTDVYLGRGDAATADLVDDTLY
AQAGLFTMEIALFELLAEWGVRPDEVSGHSIGETAAAYAAGVLSLEDVITLIVARGRALRQVPPGCGAMVALRAGEDEA
REFLGRTGAALDLAAVNSPTSVVVSGASEAVAGERARWTESGREARTLNVRHAFHSRHVEAVLGEFREVLESLTERT
PALPVVSTVIGRLIEPTELSTSEYWLROVROTVREFHDAVRELSGQGVGTEFVEIGPSGCGALASAGLECLGDEASEHAVQ
RPGSPGDVCLMTAVAELHAGGTTVDWATVLAGGRATDLPVYPFQHGSYWLAPVTRAADGAPSAGVPAPGEYARPSAP
EEPRTMLELVRLEAATALSITDPGLIADDSSEFLDLGEDSISALRLSNRLAAVTIGLDLPPSLLFDHPTPAELAARLDE

LSAADLDGAGVYALLEEIDELDDEDLDMTEEEQTAISELLTKLSAKWSR

In some embodiments, the disclosure provides a chimeric polyketide synthase where at least one
module includes a portion having at least 90% identity to any one of SEQ ID NO: 1-174.

In another aspect, the disclosure provides a nucleic acid encoding any one of the above
described polyketide synthases.

In some embodiments of any of the above described aspects, the nucleic acid encoding any one
of the above described polyketide synthases further encodes an LAL in which the sequence encoding the
LAL is operatively linked to the sequence encoding the polyketide synthase.

In some embodiments, the LAL may be a heterologous LAL.

In some embodiments, the LAL may include a portion having at least 80% (e.g., at least 80%, at
least 85%, at least 90%, at least 95%, at least 99%) sequence identity to SEQ ID NO: 177. In some
embodiments, the LAL may include a portion having the sequence of SEQ ID NO: 177. In some
embodiments, the disclosure provides a nucleic in which the LAL has the sequence of SEQ ID NO: 177.
In some embodiments, the LAL lacks a TTA inhibitory codon in an open reading frame.

SEQ ID NO 177:

MPAVESYELDARDDELRRLEEAVGQAGNGRGVVVTITGPIACCGKTELLDAAAAKSDATITLRAVCSEEERALPYALIG
QLIDNPAVASQLPDPVSMALPGEHLSPEAENRLRGDLTRTLLALAAERPVLIGIDDMHHADTASLNCLLHLARRVGP
ARIAMVLTELRRLTPAHSQFHAELLSLGHHREIALRPLGPKHIAELARAGLGPDVDEDVLTGLYRATGGNLNLGHGL
IKDVREAWATGGTGINAGRAYRLAYLGSLYRCGPVPLRVARVAAVLGQOSANTTLVRWISGLNADAVGEATEILTEGG
LLHDLRFPHPAARSVVLNDLSARERRRLHRSALEVLDDVPVEVVAHHQAGAGE THGPKAAE IFAKAGQELHVRGELD
AASDYLQLAHHASDDAVTRAALRVEAVAIERRRNPLASSRHLDELTVAARAGLLSLEHAALMIRWLALGGRSGEAAE
VLAAQRPRAVIDQDRAHLRAAEVSLALVSPGASCVSPCASGPDRRPRPLPPDELANLPKAARLCATIADNAVISALHG
RPELASAEAENVLKQADSAADGATALSALTALLYAENTDTAQLWADKLVSETGASNEEECAGYAGPRAETALRRGDL
AAAVEAGSAILDHRRGSLLGITAALPLSSAVAAAIRLCETERAEKWLAEPLPEAIRDSLFGLHLLSARGQYCLATGR

HESAYTAFRTCGERMRNWGVDVPGLSLWRVDAAEALLHGRDRDEGRRLIDEQLTHAMGPRSRALTLRVQAAYSPQAQ
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RVDLLEEAADLLLSCNDQYERARVLADLSEAFSALRHHSRARGLLRQARHLAAQCCATPLLRRLGAKPGGPCWLEES
CLPQRIKSLTDAERRVASLAAGGQTNRVIADQLFVTASTVEQHLTNVFRKLGVKGROHLPAELANAE

In some embodiments of any of the foregoing nucleic acids, the nucleic acid includes an LAL
binding site, in which the sequence encoding the LAL binding site is operatively linked to the sequence
encoding the polyketide synthase.

In some embodiments, the LAL binding site includes a portion having at least 80% (e.g., at least
80%, at least 85%, at least 90%, at least 95%, at least 99%) sequence identity to the sequence of SEQ
ID NO: 178 (CTAGGGGGTTGC). In some embodiments, the LAL binding site includes a portion having
the sequence of SEQ ID NO: 178 (CTAGGGGGTTGC). In some embodiments, the LAL binding site has
of the sequence of SEQ ID NO: 178 (CTAGGGGGTTGC). In some embodiments of the above described
aspect, the LAL binding site has the sequence of SEQ ID NO: 179 (GGGGGT).

In some embodiments of any of the foregoing nucleic acids, the binding of an LAL to the LAL
binding site promotes expression of the polyketide synthase.

In some embodiments of any of the foregoing nucleic acids, the nucleic acid encoding any one of
the above described polyketide synthases, further encodes a nonribosomal peptide synthase.

In some embodiments of any of the foregoing nucleic acids, the nucleic acid encoding any one of
the above described polyketide synthases further encodes a P450 enzyme.

In some embodiments of any of the foregoing nucleic acids, the nucleic acid encoding any one of
the above described polyketides and a first P450 enzyme, further encodes a second P450 enzyme.

In another aspect, the disclosure provides an expression vector including any of the foregoing
nucleic acids. In some embodiments, the expression vector may be an artificial chromosome, e.g., a
bacterial artificial chromosome.

In another aspect, the disclosure provides a host cell including any of the above described
expression vectors.

In another aspect, the disclosure provides a host cell including any of the foregoing polyketide
synthases, in which the polyketide synthase is heterologous to the host cell.

In some embodiments of any of the foregoing host cells, the host cell naturally lacks an LAL
and/or an LAL binding site.

In some embodiments of any of the foregoing host cells, the host cell includes an LAL capable of
binding to an LAL binding site and regulating expression of a polyketide synthase. In some
embodiments, the LAL and/or LAL binding site may be heterologous to the cell. In some embodiments,
the host cell includes an LAL with a portion having at least 80% (e.g., at least 80%, at least 85%, at least
90%, at least 95%, at least 99%) sequence identity to the sequence of SEQ ID NO: 177.

In some embodiments of any of the foregoing host cells, the host cell is a bacterium, e.g., an
actinobacterium, such as an actinobacterium selected from the group consisting of Strepfomyces
ambofaciens, Streptomyces hygroscopicus, or Streptomyces malayensis. In some embodiments in which
the host cells is an actinobacterium, the actinobacterium is S1391, 31496, or S2441.

In some embodiments of any of the foregoing host cells, the host cell has been modified to
enhance expression of a polyketide synthase. For example, the host cell has been modified to enhance
expression of a compound-producing protein by (i) deletion of an endogenous gene cluster which

expresses a compound-producing protein; (ii) insertion of a heterologous gene cluster which expresses a
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compound-producing protein; (iii} exposure of the host cell to an antibiotic challenge; and/or (iv)
introduction of a heterologous promoter that results in an at least 2-fold increase in expression of a
compound compared to the homologous promoter.

In another aspect, the disclosure provides a method of producing a polyketide by culturing any of
the foregoing host cells under suitable conditions.

In another aspect, the disclosure provides a method of producing a polyketide by culturing a host
cell engineered to express any of the foregoing polyketide synthases under conditions suitable for the
polyketide synthase to produce a polyketide.

In another aspect, the disclosure provides a method of producing a compound, the method
including: (a) providing a parent polyketide synthase sequence capable of producing a compound; (b)
determining the compatibility of at least one module of a second polyketide synthase with at least two
modules of the parent polyketide synthase; (c) producing a nucleic acid encoding a modified polyketide
synthase, wherein the modified polyketide synthase includes at least one module of a second polyketide
synthase which has been determined to be compatible with the at least two modules of the parent
polyketide synthase.

In another aspect, the disclosure provides a method of producing a compound, the method
including: (a) providing a parent nucleic acid encoding a parent polyketide synthase; (b) modifying the
parent nucleic acid to create a modified nucleic acid encoding a modified polyketide synthase capable of
producing a compound, wherein the modification produces a modified polyketide synthase including at
least one heterologous module.

In another aspect, the disclosure provides a method of producing a compound, the method
including: (a) providing a parent polynucleotide sequence capable of producing a compound; (b)
identifying one or more heterologous modules suitable for replacement of one or more modules in the
parent polynucleotide sequence; (¢) producing a nucleic acid encoding a modified polyketide synthase,
wherein the modified polyketide synthase includes at least one heterologous module identified in step (b).

In another aspect, the disclosure provides a method of producing a plurality of engineered
polyketide synthases, wherein each of the plurality of polynucleotides corresponds to an engineered
polyketide synthase, and wherein each of the plurality of polynucleotides includes one or more
heterologous modules with altered enzymatic activity relative to a reference polyketide. The method
includes the steps of: (a) providing a parent polynucleotide sequence encoding a polyketide synthase; (b)
identifying one or more modules for replacement in the parent polynucleotide sequence; (c) identifying
two or more heterologous modules suitable for replacement for each of the modules identified in step (b);
(d) generating a plurality of polynucleotides, wherein each of the plurality of polynucleotides corresponds
to an engineered polyketide synthase, and wherein each of the plurality of polynucleotides includes a
heterologous module selected from the two or more heterologous modules identified in step (c) in
replacement of each of the one or more modules to be replaced identified in step (b)..

Definitions
A “polyketide synthase” refers to an enzyme belonging to the family of multi-domain enzymes
capable of producing a polyketide. A polyketide synthase may be expressed naturally in bacteria, fungi,

plants, or animals.
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As used herein, the term “engineered polyketide synthase” is used to describe a non-natural
polyketide synthase whose design and/or production involves action of the hand of man. For example, in
some embodiments, an “engineered” polyketide synthase is prepared by production of a non-natural
polynucleotide which encodes the polyketide synthase.

A cell that is “engineered to contain” and/or “engineered to express” refers to a cell that has been
modified to contain and/or express a protein that does not naturally occur in the cell. A cell may be
engineered to contain a protein, e.g., by introducing a nucleic acid encoding the protein by introduction of
a vector including the nucleic acid.

The term “gene cluster that produces a small molecule” or “gene cluster that produces a
compound,” as used herein, refers to a cluster of genes which encodes one or more compound-producing
proteins.

The term “heterologous,” as used herein, refers to a relationship between two or more proteins,
nucleic acids, compounds, and/or cell that is not present in nature. For example, the LAL having the
sequence of SEQ ID NO: 177 is naturally occurring in the S18 Streptomyces strain and is thus
homologous to that strain and would thus be heterologous to the $12 Streptomyces strain.

The terms “homologous” or “native,” as used interchangeably herein, refer to a relationship
between two or more proteins, nucleic acids, compounds, and/or cells that is present naturally. For
example, the LAL having the sequence of SEQ ID NO: 177 is naturally occurring in the S18 Streptomyces
strain and is thus homologous to that strain.

The term “recombinant,” as used herein, refers to a protein that is produced using synthetic
methods.

As used herein, the term “reference polyketide synthase” refers to a polyketide synthase that has
a sequence having at least 80% identity (e.g., at least 80% identity, at least 85% identity, at least 90%
identity, at least 95% identity, at least 99% identity, or 100% identity) to the sequence of an engineered
polyketide synthase except to the sequence of the one or more modules which are modified.

As used here, the term “compatibility” refers to a measure of the likelihood of two adjacent
modules to form a competent module-module junction, in which polyketide translocation is not
substantially inhibited. A heterologous module may be considered compatible if it meets at least one of
the following criteria: 1) the module is present in the same module clade as one or more adjacent
modules of the reference PKS, as determined by the module-level phylogeny classification described in
the detailed description of the invention; 2) the module is assigned a score of greater than or equal to
0.90 in the inter-module covariation analysis algorithm described in the detailed description of the
invention; or 3) the module belongs to the same functional clade or sub-clade as one or more adjacent
modules of the reference PKS, as determined by the evolutionary trace methodology outlined in the
detailed description of the invention.

As used here, the term “linking sequence” refers to a sequence directly upstream or downstream
of an inter-modular junction. For example, in a single module swap, the ACP for the upstream
homologous module, the ACP and KS-AT didomain of the inserted heterologous module, and the KS of
the downstream homologous module may all be considered linking sequences.

As used herein, the term “module” refers to a region of a polyketide synthase that includes

multiple domains. Modules present in a polyketide synthase may include i) a loading module; ii)
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extending modules; and iii) releasing and/or cyclization modules, depending on whether the final
polyketide is linear or cyclic. The domains which may be included in a given module include, but are not
limited to, acyltransferase (AT), acyl carrier protein (ACP), keto-synthase (KS), ketoreductase (KR),
dehydratase (DH), enoylreductase (ER), methyltransferase (MT), sulfhydrolase (SH), and thioesterase
(TE).

As used here, the term “acceptor module” refers to a homologous module within a PKS cluster
subject to engineering by module swapping. In the resulting engineered PKS cluster, the acceptor
module is absent.

As used here, the term “donor module” refers to a heterologous module that is introduced into an
engineered PKS cluster.

As used here, the term “module swapping” refers to the exchange of one or more heterologous
donor modules for one or more homologous acceptor modules.

As used here, the term “does not substantially inhibit polyketide translocation” refers to the ability
of a heterologous PKS module to function in a biosynthetic assembly line. For example, a heterologous
loading module does not substantially inhibit polyketide translocation if the loading module is able to load
a starter unit onto its ACP domain and pass the starter unit to the KS domain of the adjacent (n+1)
extender module. A heterologous extender module does not substantially inhibit polyketide translocation
if the extender module is able to receive a starter unit or polyketide chain from the previous (n-1) module,
catalyze the addition of an extender unit, and pass the elongated polyketide chain to the adjacent (n+1)
module. In some embodiments, a heterologous module does not substantially inhibit polyketide
translocation if the engineered PKS that includes the heterologous module produces a compound in
levels that are detectable by a highly sensitive detection method, e.g., LC-TOF mass spectrometry.

An extender unit, e.g., a malonyl-CoA, is loaded onto the acyl carrier protein domain of the
current module catalyzed by another acyltransferase domain. The polyketide chain is then elongated by
subsequent extender modules after being passed from the acyl carrier protein domain of module n to the
ketosynthase domain of the n+1 module. The acyl carrier protein bound extender unit reacts with the
polyketide chain bound to the ketosynthase domain with expulsion of CO2 to produce an extended
polyketide chain bound to the acyl carrier protein. Each added extender unit may then be modified by B-
ketoprocessing domains, i.e., ketoreductase (which reduces the carbonyl of the elongation group to a
hydroxy), dehydratase (which expels H20 to produce an alkene), and enoylreductase (which reduces

alkenes to produce saturated hydrocarbons).

Brief Description of the Figures
FIGS. 1A and 1B are schematics illustrating the mechanisms by which PKS biosynthesis
proceed. FIG. 1A depicts polyketide chain elongation and B-carbonyl processing within a module. FIG.
1B depicts translation between modules.
FIG. 2A is a diagram depicting complementary bicinformatics approaches to the prediction of
functional protein-protein interactions at the module-module junction.
FIG. 2B is a phylogenetic tree resulting from multiple sequence alignments of complete FK-family

modules.
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FIGS. 2C-2E depict how inter-module residue covariation is used to generate an algorithm that
ranks module-module junction compatibility. FIG. 2C is a diagram that illustrates the upstream and
downstream module-module junctions used to determine the compatibility of a given heterologous
module. FIG. 2D is a correlation map that depicts the alignment of the ACP domain of a given module
and the KS-AT didomain of a second module. FIG. 2E depicts the compatibility score resulting from inter-
domain residue covariation analysis for a series of heterologous modules. Scores are normalized to the
homologous module for the polyketide synthase in question, which is given a score of 1.00.

FIGS. 2F and 2G depict how evolutionary trace analysis is used to predict module-module
junction compatibility. FIG. 2F is a phylogenetic tree generated by multiple sequence alignments of FK-
family KS and ACP domains, in which group-specific residues have been concatenated into functional
clades or sub-clades. The distance between modules can be used to predict module-module junction
compatibility. FIG. 2G is a schematic depicting the compatibility relationships predicted by evolutionary
trace analysis between KS and ACP domains for the FK-family.

FIG. 3A is a schematic depicting a single module swap in which a donor module replaces either
module 3 or module 4 of the PKS gene cluster that produces Compound 1.

FIG. 3B is an image of the engineered PKS that includes the heterologous module 3 from the
$17 Streptomyces strain in place of the homologous module 3 in the PKS that produces Compound 1.
The engineered PKS module 3 now includes an ER domain, and thus, the resulting compound produced
by the engineered PKS, Compound 2, is reduced relative to Compound 1.

FIG. 3C is an image depicting compounds, e.g., Compound 2, Compound 3, Compound 4, and
Compound 5, produced by single module swaps of either module 3 or module 4 in the PKS that produces
Compound 1 with compatible heterologous modules.

FIG. 4A is a schematic depicting combinatorial swapping of a dimodule unit.

FIG. 4B is a schematic depicting the synthesis of dimodule units from exogenous donor modules
by a first round of Gibson assembly. The dimodule product is shown as analyzed by DNA gel
electrophoresis.

FIG. 4C is a schematic depicting dimodule capture, amplification, and enrichment in a shuttle
vector. Dimodule units resulting from a first round of Gibson assembly are captured in a shuttle vector by
a second round of Gibson assembly. This allows for the dimodule assembly to be amplified, enriched,
and ligated into the intended PKS.

FIG. 4D is a schematic depicting the construction of dimodule libraries by combinatorial
synthesis.

FIG. 4E is an image depicting the possible resulting compounds that may be generated by an
exemplary dimodule library swapped into module 3 and module 4 of the PKS that produces Compound 1.

FIG. 4F depicts oversampling required for sufficient coverage of a large combinatorial dimodule
library. FIG. 4F is a graphical representation of the oversampling required to achieve 90% or greater
coverage of a 225 member dimodule combinatorial library. 18% of the 650 sampled clones were found to
have produced polyketide compounds resulting from the engineered PKS cluster, as determined by LC-
TOF mass spectrometry analysis.

FIG. 4G is a schematic depicting a method of preparing combinatorial dimodule libraries and

characterizing the resulting libraries using NanoPore sequencing.
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FIG. 4H is a schematic depicting the core informatics workflow for deconvoluting the sequences
of combinatorial dimodule libraries by NanoPore sequencing.

FIGS. 5A and 5B depict the construction of trimodule libraries by combinatorial synthesis. FIG.
5A is a schematic illustrating a trimodule swap of modules 4, 5, and 6 of the PKS cluster that produces
Compound 7, to produce a theoretical library size of 2,197 engineered polyketide synthases. FIG. 5b is
an image of high efficiency trimodule assembly by Gibson assembly as analyzed by DNA gel
electrophoresis.

FIG. 6A is a schematic illustrating a module swap that results in ring expansion by exchanging a
single module acceptor for a dimodule donor. The resulting expanded ring compound produced by the
engineered PKS, Compound 8, is also depicted.

FIG. 6B is a spectrogram that shows the production of an expanded ring compound, Compound
8, as analyzed by LC-TOF mass spectrometry.

FIG. 7A is schematic depicting the enzymatic domains of five PKS loading modules, including
Rapamycin and novel PKS cluster, X23. Also shown is the starter unit associated with each loading
module.

FIG. 7B depicts the compounds produced by engineered PKS clusters resulting from single
module swaps in the X23 PKS cluster. The products include Compound 11 and 12, which are produced

by an engineered PKS that contains a heterologous loading module.

Detailed Description of the Invention
The present invention describes compositions and methods for the production of polyketide
compounds by an engineered polyketide synthase that includes one or more heterologous modules. The
present invention also describes methods for predicting the compatibility of linking sequences of
heterologous module-module junctions to produce an engineered polyketide synthase that does not

substantially inhibit translocation during polyketide biosynthesis.

Compounds

Compounds that may be produced with the methods of the invention include, but are not limited
to, polyketides and polyketide macrolide antibiotics such as erythromycin; hybrid polyketides/non-
ribosomal peptides such as rapamycin and FK506; carbohydrates including aminoglycoside antibiotics
such as gentamicin, kanamycin, neomycin, tobramycin; benzofuranoids; benzopyranoids; flavonoids;
glycopeptides including vancomycin; lipopeptides including daptomycin; tannins; lignans; polycyclic
aromatic natural products, terpenoids, steroids, sterols, oxazolidinones including linezolid; amino acids,
peptides and peptide antibiotics including polymyxins, non-ribosomal peptides, B-lactams antibiotics
including carbapenems, cephalosporins, and penicillin; purines, pteridines, polypyrroles, tetracyclines,
quinolones and fluoroquinolones; and sulfonamides.

Proteins
Polyketide Synthases
Polyketide synthases (PKSs) are a family of multi-domain enzymes that produce polyketides.

Type | polyketide synthases are large, modular proteins which include several domains organized into
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modules. The modules generally present in a polyketide synthase include i) a loading module; ii)
extending modules; and iii) releasing and/or cyclization modules depending on whether the final
polyketide is linear or cyclic. The domains which generally are found in the modules are acyltransferase
(AT), acyl carrier protein (ACP), keto-synthase (KS), ketoreductase (KR), dehydratase (DH},
enoylreductase (ER), methyltransferase (MT), sulfhydrolase (SH), and thioesterase (TE).

A polyketide chain and the starter groups are generally bound to the thiol groups of the active site
cysteines in the ketosynthase domain (the polyketide chain) and acyltransferase domain (the loading
group and malonyl extender units) through a thioester linkage. Binding to acyl carrier protein (ACP) is
mediated by the thiol of the phosphopantetheinyl group, which is bound to a serine hydroxyl of ACP, to
form a thioester linkage to the growing polyketide chain. The growing polyketide chain is handed over
from one thiol group to another by trans-acylations and is released after synthesis by hydrolysis or
cyclization.

The synthesis of a polyketide begins by a starter unit, being loaded onto the acyl carrier protein
domain of the PKS catalyzed by the acyltransferase in the loading module. An extender unit, e.g., a
malonyl-CoA, is loaded onto the acyl carrier protein domain of the current module catalyzed by another
acyltransferase domain. The polyketide chain is then elongated by subsequent extender modules after
being passed from the acyl carrier protein domain of module n to the ketosynthase domain of the n+1
module. The acyl carrier protein bound extender unit reacts with the polyketide chain bound to the
ketosynthase domain with expulsion of COz2 to produce an extended polyketide chain bound to the acyl
carrier protein. Each added extender unit may then be modified by B-ketoprocessing domains, i.e.,
ketoreductase (which reduces the carbonyl of the elongation group to a hydroxy), dehydratase (which
expels H20 to produce an alkene), and enoylreductase (which reduces alkenes to produce saturated
hydrocarbons). Once the synthesis of the polyketide is complete, a thioesterase domain in the releasing
modules hydrolyzes the completed polyketide chain from the acyl carrier protein of the last extending
module. The compound released from the PKS may then be further modified by other proteins, e.g.,
nonribosomal peptide synthase. In some cases, the biosynthetic cluster harbors polyketide
megasynthases and a non-ribosomal peptide synthase (NRPS). This hybrid architecture is referred to as
hybrid PKS/NRPS.

Polyketide synthase extender modules

PKS biosynthesis proceeds by two key mechanisms: polyketide chain elongation within a module
and franslocation between modules (FIGS. 1A and 1B). The basic functional unit of polyketide synthase
clusters is the extender module, which encodes a 2-carbon extender unit derived from malonyl-CoA.
Within the extender module, the minimal domain architecture required for polyketide chain elongation
includes the ketosynthase (KS), acyl-transferase (AT) and the ACP (acyl-carrier protein) domains, and
the specific chemistry of each module is encoded by the AT domain and by the presence of the beta-
carbonyl processing domains: ketoreductase (KR), dehydratase (DH), and enoylreductase (ER) domains.

Productive chain elongation depends on the concerted function of numerous domains
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B-ketone processing domains

B-ketone processing domains are the domains in a PKS which result in modification of the
elongation groups added during the synthesis of a polyketide. Each B-ketone processing domain is
capable of changing the oxidation state of an elongation group. The B-ketone processing domains
include ketoreductase (which reduces the carbonyl of the elongation group to a hydroxy), dehydratase
(which expels H20 to produce an alkene}, and enoylreductase (which reduces alkenes to produce

saturated hydrocarbons).

Module swapping to produce engineered polyketide synthases

The present disclosure provides methods and compositions related to engineered polyketide
synthases produced by swapping modules between related PKS clusters. Polyketide translocation is
controlled by protein-protein interactions at the inter-modular junctions. In some embodiments, module
swapping is guided by bioinformatic predictions to determine which modules have the highest probability
of functioning in assembly-line polyketide biosynthesis. Multiple bioinformatics methods are used to
determine the structural information in PKS sequence alignments to predict protein-protein interactions
that mediate polyketide translocation at the inter-modular junction. The present disclosure includes a
DNA assembly strategy to swap one or more heterologous donor modules for one or more acceptor
modules to generate hybrid PKS clusters.

In some embodiments, module swapping is achieved by single, di- or tri-, or multi-module
capture. In some embodiments, module swapping may be performed by exchange of the loading
module. In some embodiments, module swapping may be performed by exchange of one or more
extender modules. In some embodiments, module swapping may be performed by exchange of one or
more releasing or cyclization modules. In some embodiments, two or more heterologous donor modules
may replace a single acceptor module which may result in the production of a ring-expanded compound.
In some embodiments, a single heterologous donor module may replace two or more acceptor modules
which may result in a contracted ring compound. In some embodiments, the engineered polyketide

synthases may produce novel compounds.

Combinatorial libraries of engineered polyketide synthases

In some embodiments, the pooled capture and transfer of single, di- or tri-, or multi-module units
enables the production of combinatorial libraries of engineered polyketide synthases. A dimodule unit, for
example, consists of two heterologous modules, each of which may be independently selected from a
pool of heterologous modules. A trimodule unit, example, consists of three heterologous modules, each
of which may be independently selected from a pool of heterologous modules. One or more modules of a
polyketide synthase may be replaced with a single, di-, tri-, or multi-module unit, where the single, di-, tri-
or multi-module unit is selected from a pool of single- di-, tri- or multi-module units produced by
combinatorial synthesis. Exemplary methods for the production of combinatorial libraries of engineered
polyketide synthases (e.g., dimodule and trimodule combinatorial libraries) are provided in Examples 2
and 4.
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Characterization of engineered PKS libraries by single-molecule long-read sequencing

In some embodiments of the invention, single-molecule long-read sequencing technology (e.g.,
Nanopore sequencing or SMRT sequencing) may be used to characterize libraries of engineered
polyketide synthases which are produced by any of the methods described herein. In particular, single-
molecule long-read sequencing (e.g., Nanopore sequencing or SMRT sequencing) may be used to
characterize (e.g., deconvolute) combinatorial libraries of engineered polyketide synthases (e.g.,
combinatorial libraries of engineered polyketides synthases which are produced by pooled capture and
transfer of single, di- or tri-, or multi-module units). Single-molecule long-read sequencing enables the
identification of the module or modules which are incorporated into the combinatorial library. This further
enables the prediction of the chemistry of the resulting plurality of engineered polyketide synthases. The
predicted enzymatic chemistry can therefore be connected to the compounds produced by the
engineered polyketide synthases. The resulting compounds may be identified by chemical methods of
analysis known to one of skill in the art (e.g., mass spectrometry or high performance liquid
chromatography). Furthermore, the predicted enzymatic chemistry can be connected to the function of
the resulting compounds (e.g., binding to a target protein or inducing a phenotype, such as a cell based
phenotype). Accordingly, long-read sequencing of a genetically encoded molecule may allow for
genotypic-phenotypic linkage.

Single-molecule long-read sequencing technologies may be considered to include any
sequencing technology which enables the sequencing of a single molecule of a biopolymer (e.g., a
polynucleotide such as DNA or RNA), and which enables read lengths of greater than 2 kilobases (e.g.,
greater than 5 kilobases, greater than 10 kilobases, greater than 20 kilobases, greater than greater than
50 kilobases, or greater 100 kilobases). Single-molecule long-read sequencing technologies may enable
the sequencing of multiple single molecules of DNA or RNA in parallel. Single-molecule long-read
sequencing technologies may include sequencing technologies that rely on individual
compartmentalization of each molecule of DNA or RNA being sequenced.

Nanopore sequencing is an exemplary single-molecule long-read sequencing technology that
may be used to characterize libraries of engineered polyketide synthases that are prepared by any of the
methods described herein. Nanopore sequencing enables the long-read sequencing of sinlge molecules
of of biopolymers (e.g., polynucleotides such as DNA or RNA). Nanopore sequencing relies on protein
nanopores set in an electrically resistant polymer membrane. An ionic current is passed through the
nanopores by setting a voltage across this membrane. If an analyte (e.g., a biopolymer such as DNA or
RNA) passes through the pore or near its aperture, this event creates a characteristic disruption in
current. The magnitude of the electric current density across a nanopore surface depends on the
composition of DNA or RNA (e.g., the specific base) that is occupying the nanopore. Therefore,
measurement of the current makes it possible to identify the sequence of the molecule in question.
Exemplary methods for the use of Nanopore sequencing to characterize combinatorial libraries of
engineered polyketide synthases are provided in Example 3.

Single molecule real-time (SMRT) sequencing (PacBio) is an exemplary single-molecule long-
read sequencing technology that may be used to characterize libraries of engineered polyketide
synthases that are prepared by any of the methods described herein. SMRT is a parallelized single

molecule DNA sequencing method. SMRT utilizes a zero-mode waveguide (ZMW). A single DNA
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polymerase enzyme is affixed at the bottom of a ZMW with a single molecule of DNA as a template. The
ZMW is a structure that creates an illuminated observation volume that is small enough to observe only a
single nucleotide of DNA being incorporated by DNA polymerase. Each of the four DNA bases is
attached to one of four different fluorescent dyes. When a nucleotide is incorporated by the DNA
polymerase, the fluorescent tag is cleaved off and diffuses out of the observation area of the ZMW where
its fluorescence is no longer observable. A detector detects the fluorescent signal of the nucleotide

incorporation, and the base call is made according to the corresponding fluorescence of the dye.

Computational approaches for the prediction of functional inter-modular junctions

The present disclosure provides complementary bioinformatic approaches for the prediction of
functional protein-protein interactions at the module-module junction (FIG. 2A). In some embodiments,
these bioinformatic approaches serve as the predictive basis for the design of chimeric PKS proteins by

module swapping.

Module-level phylogeny

Sequence divergence between polyketide modules and inter-module linkers suggests importance
in module-module compatibility. In some embodiments, a module-level phylogenic map may be
constructed by multiple sequence alignment of PKS modules. For example, a module-level phylogenic
map was generated by multiple sequence alignments of complete FK-family modules (FIG. 2B). This
enabled the identification of 10 module clades including 8 elongation, 1 loading, and 1 off-loading. In
some embodiments, a heterologous module is compatible if it is present in the same module clade as the

adjacent modules.

Inter-module residue covariation

Inter-module residue covariation across the intermodular junction was computed to generate an
algorithm to rank order intermodule compatibility (FIGS. 2C-2E). Type | polyketide synthase protein
sequences were extracted from Genbank and an internal database using Hidden Markov Models trained
on the ketosynthase (KS) and acyl carrier protein (ACP) domains. Shorter peptide sequences, starting
with the ACP of a module and extending through the KS and acyl transferase (AT) of the following
module, were extracted to generate a multiple alignment. Positions not aligning to an amino acid from
PDB entry 2JU1 (for the ACP) or 2HG4 (for KS and AT and associated linkers) were removed to
compress the multiple alignment. Evolutionary couplings were then calculated using the package
FreeContact. These couplings take the form of a score matrix with two indices: the first amino acid
position in the multiple alignhment (I} and the second amino acid position in the multiple alignment (J,
which is always greater than I) and the amino acid at position J. 1,J pairs with a score above a specified
cutoff and in which | is within the ACP and J within the KS-AT didomain are saved.

To generate a score for a potential single module substitution, the following alighments are
retrieved from the original multiple alignment: the ACP for the upstream domain, the ACP and KS-AT
didomain for the inserted module, and the KS for the downstream module. These are used to synthesize
two rows compatible with the original multiple alignment: one with the ACP of the upstream module and
KS-AT of the inserted module and a second with the ACP of the inserted module and KS-AT of the
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downstream module. For each |,J pair in the saved coupling matrix, the amino acids at position | and J in
the synthesized alignment are retrieved (aal, aad). The mutual information for this amino acid pair within
the alignment is multiplied by the coupling score to generate a raw score. The raw scores are computed
for each 1,J pair in the saved coupling matrix and for each of the two synthesized alignments. The sum of
the raw scores for the heterologous donor domain is divided by the sum of the raw scores for the
homologous native domain to generate a normalized percentage score. Candidate swaps with the same
chemistry are ranked by this score. In the case of multiple module swaps, the process is expanded, e.g.,
if N donor domains are to be swapped in, then one synthetic alignment is generated for the preceding
module’s ACP domain and the first donor module’s KS-AT didomain, another for the first donor modules’
ACP domain and the second donor module’s KS-AT didomain and so forth, concluding with the final
donor domain’s ACP and the first module of the recipient synthase downstream of the breakpoint. Scores
are computed and normalized in the same manner: the scores for the swapped modules are normalized
for the score computed for the native modules. In some embodiments, a heterologous module is
compatible if the module is assigned a score of greater than or equal to 0.90 in the inter-module

covariation analysis algorithm described herein.

Evolutionary trace analysis to identify modules within functional clades or sub-clades

As an additional test of module compatibility, evolutionary trace analysis may be used to identify
modules that belong to the same functional clade or sub-clade (FIGS. 2F-2G). For example, phylogenetic
trees with uniform branch lengths were constructed based on multiple sequence alignments of FK-family
KSs and ACPs. For every non-terminal node in a tree, a vertical cutoff was applied by which terminal
nodes were partitioned into groups based on shared parental nodes at the cutoff. Residues globally
conserved across all groups and residues locally conserved within groups, but specific to a given group,
were identified as functional residues. Globally conserved residues suggest rules that likely must be
observed for all members of the FK-family. Group-specific residues suggest guidelines that may provide
predictive power for engineering within the FK class. For each tree, the earliest cutoff at which the
number of group-specific residues exceeded the number of globally conserved residues was selected for
further analysis. Group-specific residues were concatenated into functional clades and unrooted
phylogenetic trees of the clades were constructed. Distances between terminal nodes in the phylogenetic
tree were used to create an evolutionary distance score (EDS). The KS and ACP EDSs between a
homologous acceptor module and a proposed heterologous donor module were calculated and used to
predict engineering compatibility. KS and ACP clade classifications were then used to create network
maps of neighboring KSs and ACPs weighted by the frequency a given KS-ACP or ACP-KS pair was
observed in FK-family polyketides. Superimposing a proposed module swap onto the network map was
used to predict engineering compatibility with upstream ACPs and downstream KSs. In some
embodiments, a heterologous module is compatible if the module belongs to the same functional

evolutionary clade or sub-clade as one or more adjacent modules in the reference PKS.

Regulation of polyketide synthase expression
The Large ATP-binding regulators of the LuxR family of transcriptional activators (LALs) are

known transcriptional regulators of polyketides such as FK506 or rapamycin. The LAL family has been
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found to have an active role in the induction of expression of some types of natural product gene clusters,
for example PikD for pikromycin production and RapH for rapamycin production. Binding of the LAL or
multiple LALs in a complex to specific sites in the promoters of genes within a gene cluster that produces
a small molecule (e.g., a polyketide synthase gene cluster) potentiates expression of the gene cluster and
hence promotes production of the compound (e.g., a polyketide). In some embodiments, LALs may be

used for the regulation of the expression of engineered PKS clusters.

LALs

LALs include three domains, a nucleotide-binding domain, an inducer-binding domain, and a
DNA-binding domain. A defining characteristic of the structural class of regulatory proteins that include
the LALs is the presence of the AAA+ ATPase domain. Nucleotide hydrolysis is coupled to large
conformational changes in the proteins and/or multimerization, and nucleotide binding and hydrolysis
represents a “molecular timer” that controls the activity of the LAL (e.g., the duration of the activity of the
LAL). The LAL is activated by binding of a small-molecule ligand to the inducer binding site. In most
cases the allosteric inducer of the LAL is unknown. In the case of the related protein MalT, the allosteric
inducer is maltotriose. Possible inducers for LAL proteins include small molecules found in the
environment that trigger compound (e.g., polyketide) biosynthesis. The regulation of the LAL controls
production of compound-producing proteins (e.g., polyketide synthases) resulting in activation of
compound (e.g., polyketide) production in the presence of external environmental stimuli. Therefore,
there are gene clusters that produce small molecules (e.g., PKS gene clusters) which, while present in a
strain, do not produce compound either because (i) the LAL has not been activated, (ii) the strain has LAL
binding sites that differ from consensus, (iii} the strain lacks an LAL regulator, or (iv) the LAL regulator
may be poorly expressed or not expressed under laboratory conditions. Since the DNA binding region of
the LALs of the known PKS LALs are highly conserved, the known LALs may be used interchangeably to
activate PKS gene clusters other than those which they naturally regulate. In some embodiments, the
LAL is a fusion protein.

In some embodiments, an LAL may be modified to include a non-LAL DNA-binding domain,
thereby forming a fusion protein including an LAL nucleotide-binding domain and a non-LAL DNA-binding
domain. In certain embodiments, the non-LAL DNA-binding domain is capable of binding to a promoter
including a protein-binding site positioned such that binding of the DNA-binding domain to the protein-
binding site of the promoter promotes expression of a gene of interest (e.g., a gene encoding a
compound-producing protein, as described herein). The non-LAL DNA binding domain may include any
DNA binding domain known in the art. In some instances, the non-LAL DNA binding domain is a
transcription factor DNA binding domain. Examples of non-LAL DNA binding domains include, without
limitation, a basic helix-loop-helix (bHLH) domain, leucine zipper domain (e.g., a basic leucine zipper
domain}, GCC box domain, helix-turn-helix domain, homeodomain, srf-like domain, paired box domain,
winged helix domain, zinc finger domain, HMG-box domain, Wor3 domain, OB-fold domain,
immunoglobulin domain, B3 domain, TAL effector domain, Cas9 DNA binding domain, GAL4 DNA
binding domain, and any other DNA binding domain known in the art. In some instances, the promoter is
positioned upstream to the gene of interest, such that the fusion protein may bind to the promoter and

induce or inhibit expression of the gene of interest. In certain instances, the promoter is a heterologous
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promoter introduced to the nucleic acid (e.g., a chromosome, plasmid, fosmid, or any other nucleic acid
construct known in the art) containing the gene of interest. In other instances, the promoter is a pre-
existing promoter positioned upstream to the gene of interest. The protein-binding site within the
promoter may, for example, be a non-LAL protein-binding site. In certain embodiments, the protein-
binding site binds to the non-LAL DNA binding domain, thereby forming a cognate DNA binding domain/
protein-binding site pair.

In some embodiments, the LAL is encoded by a nucleic acid having at least 70% (e.g., at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 99%) sequence identity
to any one of SEQ ID Nos: 180-212 or has a sequences with at least 70% (e.g., at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 99%) sequence identity to any one of
SEQ ID Nos: 180-212.
SEQ ID NO: 180
ATGCCTGCCGTGGAGTGCTATGAACTGGACGCCCGCGATGACGAGCTCAGAAAACTGGAGGAGGTTGTGACCGGGLG
GGCCAACGGCCGGGGTGTGGTGGTCACCATCACCGGACCGATCGCCTGCGGCARGACCGAACTGCTCGACGCAGCCG
CCGCGAAGGCCGACGCCATCACGTTACGAGCGGTCTGCTCCGCGGAGGAACAGGCACTCCCGTACGCCCTGATCGGE
CAGCTCATCGACAACCCGGCGCTCGCCTCCCACGCGCTGGAGCCGGCCTGCCCGACCCTCCCGGGCGAGCACCTGIC
GCCGGAGGCCGAGAACCGGCTGCGCAGCGACCTCACCCGTACCCTGCTGGCGCTCGCCGCCGAACGGCCGGTGCTGA
TCGGCATCGACGAGTCACACGCGAACGCTTTGTGTICTGCTCCACCTGGCCCGAAGGGTCGGCTCGGCCCGGATCGLC
ATGGTCCTCACCGAGTTGCGCCGGCTCACCCCGGCCCACTCACAGTTCCAGGCCGAGCTGCTCAGCCTGGGGCACCA
CCGCGAGATCGCGCTGCGCCCGCTCAGCCCGAAGCACACCGCCGAGCTGGTCCGCGCCGGTCTCGGTCCCGACGTCG
ACGAGGACGTGCTCACGGGGTTGTACCGGGCGACCGGCGGCAACCTGAACCTCACCCGCGGACTGATCAACGATGTG
CGGGAGGCCTGGGAGACGGGAGGGACGGGCATCAGCGCGGGCCGCGCGTACCGGCTGGCATACCTCGGTICCCTCTA
CCGCTGCGGCCCGGTCCCGTTGCGGGTCGCACGGGTGGCCGCCGTGCTGGGCCAGAGCGCCAACACCACCCTGGTGE
GCTGGATCAGCGGGCTCAACGCGGACGCGGTGGGCGAGGCAACCGAGATCCTCACCGAAGGCGGCCTGCTGCACGAL
CTGCGGTTCCCGCACCCGGCGGCCCGTICGGTGGTACTCAACGACATGTCCGCCCAGGARACGACGCCGCCTGCACCG
GTCCGCTCTGGAAGTGCTGGACGACGTGCCCGTGGAAGTGGTCGCGCACCACCAGGTCGGCGCCGGTCTCCTGCACG
GCCCGAAGGCCGCCGAGATATTCGCCAAGGCCGGCCAGGAGCTGCATGTGCGCGGCGAGTTGGACACCGCGTCCGAL
TATCTGCAACTGGCCCACCAGGCCTCCGACGACGCCGTCACCGGGATGCGGGCCGAGGCCGTGGCGATCGAGCGLCG
CCGCAACCCGCTGGCCTCGAGCCGGCACCTCGACGAGCTGACCGTCGTCGCCCGTGCCGGGCTGCTCTTCCCCGAGL
ACACGGCGCTGATGATCCGCTGGCTGGGCGTCGGCGGGECGGTCCGGCGAGGCAGCCGGGCTGCTGGCCTCGCAGCGE
CCCCGTGCGGTCACCGACCAGGACAGGGCCCATATGCGGGCCGCCGAGGTATCGCTCGCGCTGGTCAGCCCCGGCAL
GTCCGGCCCGGACCGGCGGCCGCGTCCGCTCACGCCGGATGAGCTCGCGAACCTGCCGAAGGCGGCCCGGCTCTGEG
CGATCGCCGACAATGCCGTCATGTCGGCCCTGCGCGGTCGTCCCGAGCTCGCCGCGGCCGAGGCGGAGAACGTCCTG
CAGCACGCCGACTCGGCGGCGGCCGGCACCACCGCCCTCGCCGCGCTGACCGCCTTGCTGTACGCGGAGAACACCGA
CACCGCTCAGCTCTGGGCCGACAAGCTGGTCTCCGAGACCGGGGCGTCGAACGAGGAGGAGGCGGGCTACGCGGGGE
CGCGCGCCGAAGCCGCGTTGCGTCGCGGCGACCTGGCCGCGGCGETCGAGGCAGGCAGCACCGTTCTGGACCACCGE
CGGCTCTCGACGCTCGGCATCACCGCCGCGCTACCGCTGAGCAGCGCGGTGGCCGCCGCCATCCGGCTGGGCGAGAL
CGAGCGGGCGGAGAAGTGGCTCGCCCAGCCGCTGCCGCAGGCCATCCAGGACGGCCTGTICGGCCTGCACCTGCICT
CGGCGCGCGGCCAGTACAGCCTCGCCACGGGCCAGCACGAGTCGGCGTACACGGCGTTTCGCACCTGCGGGGAACGT
ATGCGGAACTGGGGCGTTGACGTGCCGGGTICTGTCCCTGTGGCGCGTCGACGCCGCCGAGGCGCTGCTGCACGGLLG
CGACCGGGACGAGGGCCGACGGCTCGTCGACGAGCAACTCACCCGTGCGATGGGACCCCGTTCCCGCGCCTTGACGE

TGCGGGTGCAGGCGGCGTACAGCCCGCCGGCGAAGCGGGTCGACCTGCTCGATGAAGCGGCCGACCTIGCTGCTCTICC
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TGCAACGACCAGTACGAGCGGGCACGGGTGCTCGCCGACCTGAGCGAGACGTTCAGCGCGCTCCGGCACCACAGCCG
GGCGCGGGGACTGCTTCGGCAGGCCCGGCACCTGGCCGCCCAGCGCGGCGCGATACCGCTGCTGCGCCGACTCGGGG
CCAAGCCCGGAGGCCCCGGCTGGCTGGAGGAATCCGGCCTGCCGCAGCGGATCAAGTCGCTGACCGACGCGGAGCGG
CGGGTGGCGTCGCTGGCCGCCGGCGGACAGACCAACCGCGTGATCGCCGACCAGCTCTTCGTCACGGCCAGCACGGT
GGAGCAGCACCTCACGGACGTCTCCACTGGGTCAAGGCCGCCAGCACCTGCCGCCGAACTCGTICTAG

SEQ ID NO: 181
ATGCCTIGCCGTGGAGTGCTATGAACTGGACGCCCGCGATGACGAGCTCAGAAAACTGGAGGAGGTTGTGACCGGGCG
GGCCAACGGCCGGGGTGTGGTGGTCACCATCACCGGACCGATCGCCTGCGGCAAGACCGAACTGCTCGACGCAGCCG
CCGCGAAGGCCGACGCCATCACGCTGCGAGCGGTICTGCTCCGCGGAGGAACAGGCACTCCCGTACGCCCTGATCGGG
CAGCTCATCGACAACCCGGCGCTCGCCTCCCACGCGCTGGAGCCGGCCTGCCCGACCCTCCCGGGCGAGCACCTIGTIC
GCCGGAGGCCGAGAACCGGCTGCGCAGCGACCTCACCCGTACCCTGCTGGCGCTCGCCGCCGAACGGCCGGTGCTGA
TCGGCATCGACGAGTCACACGCGAACGCTTTGTIGTCTGCTCCACCTGGCCCGAAGGGTCGGCTCGGCCCGGATCGLC
ATGGTCCTCACCGAGTTGCGCCGGCTCACCCCGGCCCACTCACAGTTCCAGGCCGAGCTGCTCAGCCTGGGGCACCA
CCGCGAGATCGCGCTGCGCCCGCTCAGCCCGAAGCACACCGCCGAGCTGGTCCGCGCCGGTICTCGGTCCCGACGTCG
ACGAGGACGTGCTCACGGGGTTGTACCGGGCGACCGGCGGCAACCTGAACCTCACCCGCGGACTGATCAACGATGTG
CGGGAGGCCTGGGAGACGGGAGGGACGGGCATCAGCGCGGGCCGCGECGTACCGGCTGGCATACCTCGGTTICCCTCTA
CCGCTGCGGCCCGGETCCCGTTGCGEGGETCGCACGGGTGGCCGCCEGTGCTGGGCCAGAGCGCCAACACCACCCTGGTIGE
GCTGGATCAGCGGGCTCAACGCGGACGCGGTGGGCGAGGCAACCGAGATCCTCACCGAAGGCGGCCTGCTGCACGAC
CTGCGGTTCCCGCACCCGGCGGCCCGTTCGGETGGTACTCAACGACATGTCCGCCCAGGAACGACGCCGCCTGCACCG
GTCCGCTCTGGAAGTGCTGGACGACGTGCCCGTGGAAGTGGTCGCGCACCACCAGGTCGGCGCCGGTICTICCTGCACG
GCCCGAAGGCCGCCGAGATATTCGCCAAGGCCGGCCAGGAGCTGCATGTGCGCGGCGAGTTGGACACCGCGTCCGAC
TATCTGCAACTGGCCCACCAGGCCTCCGACGACGCCGTCACCGGGATGCGGGCCGAGGCCGTGGCGATCGAGCGCCG
CCGCAACCCGCTGGCCTCGAGCCGGCACCTCGACGAGCTGACCGTCGTICGCCCGTGCCGGGCTGCTCTTCCCCGAGC
ACACGGCGCTGATGATCCGCTGGCTGGGCGTCGGCGGECEGETCCGGCEAGGCAGCCGGGCTGCTGGCCTCGCAGCGT
CCCCGTGCGGTCACCGACCAGGACAGGGCCCATATGCGGGCCGCCGAGGTATCGCTCGCGCTGGTCAGCCCCGGCAC
GTCCGGCCCGGACCGGCGGCCGCETCCGCTCACGCCGGATGAGCTCGCGAACCTGCCGAAGGCGGCCCGGLCTCTIGEG
CGATCGCCGACAATGCCGTICATGTCGGCCCTGCGCGGTCGTCCCGAGCTCGCCGCGGCCGAGGCGGAGAACGTCCTG
CAGCACGCCGACTCGGCGGCGGCCGEGCACCACCGCCCTCGCCGCGCTGACCGCCTTIGCTGTACGCGGAGAACACCGA
CACCGCTCAGCTICTGGGCCGACAAGCTGGTCTCCGAGACCGGGGCETCGAACGAGGAGGAGGCGGGCTACGCGEGGEGEE
CGCGCGCCGAAGCCGCGETTIGCGTCGCGGCGACCTGGCCGCGGLCEETCGAGGCAGGCAGCACCGTTCTGGACCACCGG
CGGCTCTCGACGCTCGGCATCACCGCCGCGCTACCGCTGAGCAGCGCGGTGGCCGCCGCCATCCGGCTGGGCGAGAC
CGAGCGGGCGGAGAAGTGGCTCGCCCAGCCGCTGCCGCAGGCCATCCAGGACGGCCTGTTCGGCCTGCACCTGCTICT
CGGCGCGCGGCCAGTACAGCCTCGCCACGGGCCAGCACGAGTCGGCGTACACGGCGTTTCGCACCTGCGGGGAACGT
ATGCGGAACTGGGGCGTTGACGTGCCGGGTCTGTCCCTGTGGCGCGTCGACGCCGCCGAGGCGCTGCTGCACGGCCG
CGACCGGGACGAGGGCCGACGGCTCGTCGACGAGCAACTCACCCGTGCGATGGGACCCCGTTICCCGCGCCTTGACGC
TGCGGGTGCAGGCGGCGTACAGCCCGCCGGCGAAGCGGGTCGACCTGCTCGATGAAGCGGCCGACCTIGCTGCTCTICC
TGCAACGACCAGTACGAGCGGGCACGGGTGCTCGCCGACCTGAGCGAGACGTTCAGCGCGCTCCGGCACCACAGCCG
GGCGCGGGGACTGCTTCGGCAGGCCCGGCACCTGGCCGCCCAGCGCGGCGCGATACCGCTGCTGCGCCGACTCGGGG
CCAAGCCCGGAGGCCCCGGCTGGCTGGAGGAATCCGGCCTGCCGCAGCGGATCAAGTCGCTGACCGACGCGGAGCGG
CGGGTGGCGTCGCTGGCCGCCGGCGGACAGACCAACCGCGTGATCGCCGACCAGCTCTTCGTCACGGCCAGCACGGT
GGAGCAGCACCTCACGGACGTCTCCACTGGGTCAAGGCCGCCAGCACCTGCCGCCGAACTCGTICTAG
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SEQ ID NO: 182

GTGGTTCCTGAAGTGCGAGCAGCCCCCGACGAACTGATCGCCCGCGATGACGAGCTGAGCCGCCTCCAACGGGCACT
CACCAGGGCGGGGAGCGGAAGGGGCGGCGTCGTCGCCATCACCGGGCCCATCGCCAGCGGAAAGACGGCGCTGCTICG
ACGCCGGAGCGGCCAAGTCCGGCTTCGTICGCACTCCGTGCGGTGTGCTCCTGGGAAGAGCGCACTCTGCCGTACGGG
ATGCTGGGCCAGCTCTTCGACCATCCCGAACTGGCCGCCCAGGCGCCGGACCTTGCCCACTICACGGCTTICGTGCGA
GAGCCCTCAGGCCGGTACCGACAACCGCCTGCGGGCCGAGTTCACCCGCACCCTGCTGGCGCTCGCCGCGGACTGGE
CCGTCCTGATCGGCATCGACGACGTGCACCACGCCGACGCGGAATCACTGCGCTGTCTGCTCCACCTICGLCCCGCCGL
ATCGGCCCGGCCCGCATCGCGGTCGTACTGACCGAGCTGCGCAGACCGACGCCCGCCGACTCCCGCTTCCAGGCGGA
ACTGCTGAGCCTGCGCTCCTACCAGGAGATCGCGCTCAGACCGCTCACCGAGGCGCAGACCGGCGAACTCGTACGTC
GGCACCTCGGCGCGGAGACCCACGAGGACGTCTCCGCCGATACGTTCCGGGCGACCGGCGGGAACCTGCTCCTCGGG
CACGGTTTGATCAATGACATCCGGGAGGCGCGGACAGCGGGACGGCCGEGGEEETCGETCGCEGEGCEEGCETACCGGLT
CGCGTACCTCAGCTCGCTCTACCGCTGCGGCCCGAGCGCGCTGCGTGTCGCCCGGGCGTCCGCCGTGCTCGGCGECGA
GCGCCGAAGCCGTGCTCGTCCAGCGGATGACCGGACTGAACAAGGACGCGGTCGAACAGGTCTATGAGCAGCTGAAC
GAGGGACGGCTGCTGCAGGGCGAGCGGTTTCCGCACCCGGCGGCCCGCTCCATCGTCCTTIGACGACCTGTCGGCCCT
GGAACGCAGAAACCTGCACGAGTCGGCGCTGGAGCTGCTGCGGGACCACGGCGTGGCCGGCAACGTGCTCGCCCGLC
ACCAGATCGGCGCCGGLCCGGEGETGCACGGCGAGGAGGCCGETCGAGCTGTTCACCGGGGCCGCACGGGAGCACCACCTIG
CGCGGTGAACTGGACGACGCGGCCGGATACCTGGAACTCGCCCACCGTGCCTCCGACGACCCCGTCACGLGLGLCGL
ACTACGCGTCGGCGCCGCCGCGATCGAGCGCCTCTGCAATCCGGTACGGGCAGGCCGGCATCTGCCCGAGCTGCTCA
CCGCGTCGCGCGCGGGACTGCTCTCCAGCGAGCACGCCGTGTCGCTCGCCGACTGGCTGGCGATGGGCGGGLCGCCCG
GGCGAGGCGGCCGAGGTCCTCGCGACGCAGCGTCCCGCGGCCGACAGCGAGCAGCACCGCGCACTCCTGCGCAGCGG
CGAGTTGTCCCICGCGCTGGTCCACCCCGGCGCGETGGGATCCGTTGCGCCGGACCGATCGGTTCGCCGLGGELEEEE
TCGGCTCGCTTCCCGGACCCGCCCGGCACCGCGCGGTCGCCGACCAAGCCGTCATCGCGGCGCTGCGTGGACGTICTIC
GACCGGGCGGACGCCAACGCGGAGAGCGTTCTCCAGCACACCGACGCCACGGCGGACCGGACCACGGCCATCATGGC
GTTGCTGGCCCIGCTCTACGCGGAGAACACCGATGCTGTCCAGTTCTGGGTCGACAAACTGGCCGGTGACGAGGGCA
CCAGGACACCGGCCGACGAGGCGGTCCACGCGGGGTTCAACGCCGAGATCGCGCTGCGCCGCGGCGACTTGATGAGA
GCCGTCGAGTACGGCGAGGCAGCGCTCGGCCACCGGCACCTGCCCACCTGGGGAATGGCCGCCGCTCTGCCGCTGAG
CAGCACCGTGGTTGCCGCGATCCGGCTCGGCGACCTCGACAGGGCCGAGCGGETGGCTCGCCGAGCCGCTGCCGCAGE
AGACGCCGGAGAGCCTCTTCGGGCTGCACCTGCTCTGGGCCCGCGGGCAGCACCACCTCGCGACCGGGCGGCACGGG
GCGGCGTACACGGCGTTCAGGGAATGCGGCGAGCGGATGCGGCEETGGGCCGETCGACGTGCCGGGECCTGGCCCTIGTG
GCGGGTCGACGCCGCCGAATCGCTGCTGCTGCTCGGCCGTGACCGTGCCGAAGGACTGCGGCTCGTCTCCGAGCAGC
TGTCCCGGCCGATGCGCCCTCGCGCGCGCETGCAGACGTTACGGGTACAGGCGGCCTACAGTCCGCCGCCCCAACGG
ATCGACCTGCTCGAAGAGGCCGCCGACCTGCTGGTCACCTGCAACGACCAGTACGAACTGGCAAACGTACTCAGCGA
CTTGGCAGAGGCCTCCAGCATGGTCCGGCAGCACAGCAGGGCGCGGEGGETCTGCTCCGCCGGGCACGGCACCTCGCCA
CCCAGTGCGGCGCCGTGCCGCTCCTGCGGCEGCTCGGCGCGGAACCCTCGGACATCGGCGGAGCCTGGGACGCGACG
CTGGGACAGCGGATCGCGTCACTGACGGAGTCGGAGCGGCGGGETGGCCGCECTCGCCGCGGTCGGGCGTACGAACAG
GGAGATCGCCGAGCAGCTGTTCGTCACGGCCAGCACGGTGGAACAGCACCTCACGAACGTGTTCCGCAAACTGGCGG
TGAAGGGCCGCCAGCAGCTTCCGAAGGAACTGGCCGACGTCGGCGAGCCGGCGEGACCGCGACCGCCGGTGCGEGGTAG

SEQ ID NO: 183
ATGGTTCCTGAAGTGCGAGCAGCCCCCGACGAACTGATCGCCCGCGATGACGAGCTGAGCCGCCTCCAACGGGCACT

CACCAGGGCGGGGAGCGGAAGGGGCGGCGTCGTCGCCATCACCGGGCCCATCGCCAGCGGAAAGACGGCGCTGCTICG
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ACGCCGGAGCGGCCAAGTCCGGCTTCGTICGCACTCCGTGCGGTGTGCTCCTGGGAAGAGCGCACTCTGCCGTACGGG
ATGCTGGGCCAGCTCTTCGACCATCCCGAACTGGCCGCCCAGGCGCCGGACCTTGCCCACTICACGGCTTICGTGCGA
GAGCCCTCAGGCCGGTACCGACAACCGCCTGCGGGCCGAGTTCACCCGCACCCTGCTGGCGCTCGCCGCGGACTGGE
CCGTCCTGATCGGCATCGACGACGTGCACCACGCCGACGCGGAATCACTGCGCTGTCTGCTCCACCTICGLCCCGCCGL
ATCGGCCCGGCCCGCATCGCGGTCGTACTGACCGAGCTGCGCAGACCGACGCCCGCCGACTCCCGCTTCCAGGCGGA
ACTGCTGAGCCTGCGCTCCTACCAGGAGATCGCGCTCAGACCGCTCACCGAGGCGCAGACCGGCGAACTCGTACGTC
GGCACCTCGGCGCGGAGACCCACGAGGACGTCTCCGCCGATACGTTCCGGGCGACCGGCGGGAACCTGCTCCTCGGG
CACGGTTTGATCAATGACATCCGGGAGGCGCGGACAGCGGGACGGCCGEGGEEETCGETCGCEGEGCEEGCETACCGGLT
CGCGTACCTCAGCTCGCTCTACCGCTGCGGCCCGAGCGCGCTGCGTGTCGCCCGGGCGTCCGCCGTGCTCGGCGECGA
GCGCCGAAGCCGTGCTCGTCCAGCGGATGACCGGACTGAACAAGGACGCGGTCGAACAGGTCTATGAGCAGCTGAAC
GAGGGACGGCTGCTGCAGGGCGAGCGGTTTCCGCACCCGGCGGCCCGCTCCATCGTCCTTIGACGACCTGTCGGCCCT
GGAACGCAGAAACCTGCACGAGTCGGCGCTGGAGCTGCTGCGGGACCACGGCGTGGCCGGCAACGTGCTCGCCCGLC
ACCAGATCGGCGCCGGLCCGGEGETGCACGGCGAGGAGGCCGETCGAGCTGTTCACCGGGGCCGCACGGGAGCACCACCTIG
CGCGGTGAACTGGACGACGCGGCCGGATACCTGGAACTCGCCCACCGTGCCTCCGACGACCCCGTCACGLGLGLCGL
ACTACGCGTCGGCGCCGCCGCGATCGAGCGCCTCTGCAATCCGGTACGGGCAGGCCGGCATCTGCCCGAGCTGCTCA
CCGCGTCGCGCGCGGGACTGCTCTCCAGCGAGCACGCCGTGTCGCTCGCCGACTGGCTGGCGATGGGCGGGLCGCCCG
GGCGAGGCGGCCGAGGTCCTCGCGACGCAGCGTCCCGCGGCCGACAGCGAGCAGCACCGCGCACTCCTGCGCAGCGG
CGAGTTGTCCCICGCGCTGGTCCACCCCGGCGCGETGGGATCCGTTGCGCCGGACCGATCGGTTCGCCGLGGELEEEE
TCGGCTCGCTTCCCGGACCCGCCCGGCACCGCGCGGTCGCCGACCAAGCCGTCATCGCGGCGCTGCGTGGACGTICTIC
GACCGGGCGGACGCCAACGCGGAGAGCGTTCTCCAGCACACCGACGCCACGGCGGACCGGACCACGGCCATCATGGC
GTTGCTGGCCCIGCTCTACGCGGAGAACACCGATGCTGTCCAGTTCTGGGTCGACAAACTGGCCGGTGACGAGGGCA
CCAGGACACCGGCCGACGAGGCGGTCCACGCGGGGTTCAACGCCGAGATCGCGCTGCGCCGCGGCGACTTGATGAGA
GCCGTCGAGTACGGCGAGGCAGCGCTCGGCCACCGGCACCTGCCCACCTGGGGAATGGCCGCCGCTCTGCCGCTGAG
CAGCACCGTGGTTGCCGCGATCCGGCTCGGCGACCTCGACAGGGCCGAGCGGETGGCTCGCCGAGCCGCTGCCGCAGE
AGACGCCGGAGAGCCTCTTCGGGCTGCACCTGCTCTGGGCCCGCGGGCAGCACCACCTCGCGACCGGGCGGCACGGG
GCGGCGTACACGGCGTTCAGGGAATGCGGCGAGCGGATGCGGCEETGGGCCGETCGACGTGCCGGGECCTGGCCCTIGTG
GCGGGTCGACGCCGCCGAATCGCTGCTGCTGCTCGGCCGTGACCGTGCCGAAGGACTGCGGCTCGTCTCCGAGCAGC
TGTCCCGGCCGATGCGCCCTCGCGCGLCGCETGCAGACGCTGCGGGETACAGGCGGCCTACAGTCCGCCGCCCCAACGG
ATCGACCTGCTCGAAGAGGCCGCCGACCTGCTGGTCACCTGCAACGACCAGTACGAACTGGCAAACGTACTCAGCGA
CTTGGCAGAGGCCTCCAGCATGGTCCGGCAGCACAGCAGGGCGCGGEGGETCTGCTCCGCCGGGCACGGCACCTCGCCA
CCCAGTGCGGCGCCGTGCCGCTCCTGCGGCEGCTCGGCGCGGAACCCTCGGACATCGGCGGAGCCTGGGACGCGACG
CTGGGACAGCGGATCGCGTCACTGACGGAGTCGGAGCGGCGGGETGGCCGCECTCGCCGCGGTCGGGCGTACGAACAG
GGAGATCGCCGAGCAGCTGTTCGTCACGGCCAGCACGGTGGAACAGCACCTCACGAACGTGTTCCGCAAACTGGCGG
TGAAGGGCCGCCAGCAGCTTCCGAAGGAACTGGCCGACGTCGGCGAGCCGGCGEGACCGCGACCGCCGGTGCGEGGTAG

SEQ ID NO: 184

GTGATAGCGCGCTTATCTCCCCCAGACCTGATCGCCCGCGATGACGAGTTCGGTTCCCTCCACCGGGCGCTCACCCG
AGCGGGGGEGELEGEGELCEGEGECETCGTCGCCGCCETCACCGGEGCCGATCGCCTGCGGCAAGACCGAACTCCTCGACGCCG
CCGCGGCCAAGGCCGGCTTICGTCACCCTTCGCGCGGTGTGCTCCATGGAGGAGCGGGCCCTGCCGTACGGCATGCTIC
GGCCAGCTCCTCGACCAGCCCGAGCTGGCCGCCCGGACACCGGAGCTGGTCCGGCTGACGGCATCGTGCGAAAACCT
GCCGGCCGACGTCGACAACCGCCTGGGGACCGAACTCACCCGCACGGTGCTGACGCTCGCCGCGGAGCGGCCCGTAC
TGATCGGCATCGACGACGTGCACCACGCCGACGCGCCGETCGCTGCGCTGCCTGCTCCACCTCGCGCGCCGCATCAGC
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CGGGCCCGTGTCGCCATCGTGCTGACCGAGCTGCTCCGGCCGACGCCCGCCCACTCCCAATTCCGGGCGGCACTGCT
GAGTCTGCGCCACTACCAGGAGATCGCGCTGCGCCCGCTCACCGAGGCGCAGACCACCGAACTCGTGCGCCGGCACC
TCGGCCAGGACGCGCACGACGACGTGGTGGCCCAGGCGTTCCGGGECGACCGGCGGCAACCTGCTCCTICGGCCACGGL
CTGATCGACGACATCCGGGAGGCACGGACACGGACCTCAGGGTGCCTGGAAGTGGTCGCGGGEGCEGEGCGTACCGGLT
CGCCTACCTCGGGTCGCTCTATCGTTIGCGGCCCGGCCGCGCTGAGCGTCGCCCGAGCTTCCGCCGTGCTCGGCGAGA
GTGTCGAACTCACCCTCGTICCAGCGGATGACCGGCCTCGACACCGAGGCGGTCGAGCAGGCCCACGAACAGCTGGTC
GAGGGGCGGCTGCTGCGGGAAGGGCGGTTCCCGCACCCCGLCGGCCCGCTCCGTCGTACTCGACGACCTCTCCGCCGE
CGAGCGGCGTGGCCTGCACGAGCTGGCGCTGGAACTGCTGCGGGACCGCGGCGETGGCCAGCAAGGTGCTCGCCCGLC
ACCAGATGGGTACCGGCCGGGTGCACGGCGCCGAGGTCGCCGGGCTGTTCACCGACGCCGCGCGCGAGCACCACCTIG
CGCGGCGAGCTCGACGAGGCCGTCACCTACCTGGAGTTCGCCTACCGGGCCTCCGACGACCCCGCCGTCCACGLCCGL
ACTGCGCGTCGACACCGCCGCCATCGAGCGGCTCTGCGATCCCGCCAGATCCGGCCGGCATGTGCCCGAGCTGCTCA
CCGCGTCGCGGGAACGGCTCCTCTCCAGCGAGCACGCCGTGTCGCTCGCCTGCTGGCTGGCGATGGACGGGCGEGLCG
GGCGAGGCCGCCGAGGTCCTGGCGEGCCCAGCGCTCCGCCGCCCCGAGCGAGCAGGGCCGGGCGCACCTGCGCETCGE
GGACCTGTCCCTICGCGCTGATCTATCCCGGCGCGGCCGATCCGCCGCGETCCGGCCGATCCGCCGGCCGAGGACGAGG
TCGCCTCGTTTTICCGGAGCCGTCCGGCACCGCGCCGTCGCCGACAAGGCCCTGAGCAACGCGCTGCGCGGLCTGGTICC
GAACAGGCCGAGGCCAAAGCCGAGTACGTGCTCCAGCACTCCCGGGTCACGACGGACCGGACCACGACCATGATGGC
GTTGCTGGCCCIGCTCTACGCCGAGGACACCGATGCCGTCCAGTCCTGGGTCGACAAGCTGGCCGGTGACGACAACA
TGCGGACCCCGGCCGACGAGGCGGTCCACGCGGGGETTCCGCGCCGAGGCCGCGCTGCGCCGLCGGCGACCTGACCGLC
GCCGTCGAATGCGGCGAGGCCGCGCTCGCCCCCCGGETCGTGCCCTICCTGGGGGATGGCCGCCGCATTGCCGCTGAG
CAGCACCGTGGCCGCCGCGATCCGACTGGGCGACCTGGACCGGGECGEGAGCGGTGGCTCGCCGAGCCGTTGCCGGAGG
AGACCTCCGACAGCCTCTTCGGACTGCACATGGTICTGGGCCCGTGGGCAACACCATCTCGCGGCCGGGCGGTACCGG
GCGGCGTACAACGCGTTCCGGGACTGCGGGGEAGCGGATGCGACGCTGGTCCGTCGACGTGCCGGGCCTGGCCCTIGTG
GCGGGTCGACGCCGCCGAAGCGCTTICTIGCTGCTCGGCCGCGGCCETGACGAGGGGCTGAGGCTCATCTCCGAGCAGC
TGTCCCGGCCGATGGGGETCCCGGGECGELCGEETGATGACGCTGCGGGETGCAGGCGGCCTACAGTCCGCCGGCCAAGCGG
ATCGAACTGCTCGACGAGGCCGCCGATCTGCTCATCATGTGCCGCGACCAGTACGAGCTGGCCCGCGTCCTCGCCGA
CATGGGCGAAGCGTGCGGCATGCTCCGGCGGCACAGCCGTGCGCGGEGGACTGTTCCGCCGCGCACGGCACCTCGCGA
CCCAGTGCGGAGCCGTGCCGCTCCTCCGGCEGCTCGETGGGGAGTCCTCGGACGCGGACGGCACCCAGGACGTGACG
CCGGCGCAGCGGATCACATCGCTGACCGAGGCGGAGCGGCGGEGETGGECGETCGCACGCCGCGEGTCGGGCGCACCAACAA
GGAGATCGCCAGCCAGCTGTITCGTCACCTCCAGCACGGTGGAACAGCACCTCACCAACGTIGTTCCGCAAGCTGGGGG
TGAAGGGCCGTCAGCAACTGCCCAAGGAACTGTCCGACGCCGGCTGA

SEQ ID NO: 185

ATGATAGCGCGCCTIGTCTCCCCCAGACCTGATCGCCCGCGATGACGAGTTICGGTTICCCTCCACCGGGCGCTCACCCG
AGCGGGGGEGELEGEGELCEGEGECETCGTCGCCGCCETCACCGGEGCCGATCGCCTGCGGCAAGACCGAACTCCTCGACGCCG
CCGCGGCCAAGGCCGGCTTICGTCACCCTTCGCGCGGTGTGCTCCATGGAGGAGCGGGCCCTGCCGTACGGCATGCTIC
GGCCAGCTCCTCGACCAGCCCGAGCTGGCCGCCCGGACACCGGAGCTGGTCCGGCTGACGGCATCGTGCGAAAACCT
GCCGGCCGACGTCGACAACCGCCTGGGGACCGAACTCACCCGCACGGTGCTGACGCTCGCCGCGGAGCGGCCCGTAC
TGATCGGCATCGACGACGTGCACCACGCCGACGCGCCGETCGCTGCGCTGCCTGCTCCACCTCGCGCGCCGCATCAGC
CGGGCCCGTGTCGCCATCGTGCTGACCGAGCTGCTCCGGCCGACGCCCGCCCACTCCCAATTCCGGGCGGCACTGCT
GAGTCTGCGCCACTACCAGGAGATCGCGCTGCGCCCGCTCACCGAGGCGCAGACCACCGAACTCGTGCGCCGGCACC
TCGGCCAGGACGCGCACGACGACGTGGTGGCCCAGGCGTTCCGGGECGACCGGCGGCAACCTGCTCCTICGGCCACGGL
CTGATCGACGACATCCGGGAGGCACGGACACGGACCTCAGGGTGCCTGGAAGTGGTCGCGGGEGCEGEGCGTACCGGLT
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CGCCTACCTCGGGTCGCTCTATCGTTIGCGGCCCGGCCGCGCTGAGCGTCGCCCGAGCTTCCGCCGTGCTCGGCGAGA
GTGTCGAACTCACCCTCGTICCAGCGGATGACCGGCCTCGACACCGAGGCGGTCGAGCAGGCCCACGAACAGCTGGTC
GAGGGGCGGCTGCTGCGGGAAGGGCGGTTCCCGCACCCCGLCGGCCCGCTCCGTCGTACTCGACGACCTCTCCGCCGE
CGAGCGGCGTGGCCTGCACGAGCTGGCGCTGGAACTGCTGCGGGACCGCGGCGETGGCCAGCAAGGTGCTCGCCCGLC
ACCAGATGGGTACCGGCCGGGTGCACGGCGCCGAGGTCGCCGGGCTGTTCACCGACGCCGCGCGCGAGCACCACCTIG
CGCGGCGAGCTCGACGAGGCCGTCACCTACCTGGAGTTCGCCTACCGGGCCTCCGACGACCCCGCCGTCCACGLCCGL
ACTGCGCGTCGACACCGCCGCCATCGAGCGGCTCTGCGATCCCGCCAGATCCGGCCGGCATGTGCCCGAGCTGCTCA
CCGCGTCGCGGGAACGGCTCCTCTCCAGCGAGCACGCCGTGTCGCTCGCCTGCTGGCTGGCGATGGACGGGCGEGLCG
GGCGAGGCCGCCGAGGTCCTGGCGEGCCCAGCGCTCCGCCGCCCCGAGCGAGCAGGGCCGGGCGCACCTGCGCETCGE
GGACCTGTCCCTICGCGCTGATCTATCCCGGCGCGGCCGATCCGCCGCGETCCGGCCGATCCGCCGGCCGAGGACGAGG
TCGCCTCGTTTTICCGGAGCCGTCCGGCACCGCGCCGTCGCCGACAAGGCCCTGAGCAACGCGCTGCGCGGLCTGGTICC
GAACAGGCCGAGGCCAAAGCCGAGTACGTGCTCCAGCACTCCCGGGTCACGACGGACCGGACCACGACCATGATGGC
GTTGCTGGCCCIGCTCTACGCCGAGGACACCGATGCCGTCCAGTCCTGGGTCGACAAGCTGGCCGGTGACGACAACA
TGCGGACCCCGGCCGACGAGGCGGTCCACGCGGGGETTCCGCGCCGAGGCCGCGCTGCGCCGLCGGCGACCTGACCGLC
GCCGTCGAATGCGGCGAGGCCGCGCTCGCCCCCCGGETCGTGCCCTICCTGGGGGATGGCCGCCGCATTGCCGCTGAG
CAGCACCGTGGCCGCCGCGATCCGACTGGGCGACCTGGACCGGGECGEGAGCGGTGGCTCGCCGAGCCGTTGCCGGAGG
AGACCTCCGACAGCCTCTTCGGACTGCACATGGTICTGGGCCCGTGGGCAACACCATCTCGCGGCCGGGCGGTACCGG
GCGGCGTACAACGCGTTCCGGGACTGCGGGGEAGCGGATGCGACGCTGGTCCGTCGACGTGCCGGGCCTGGCCCTIGTG
GCGGGTCGACGCCGCCGAAGCGCTTICTIGCTGCTCGGCCGCGGCCETGACGAGGGGCTGAGGCTCATCTCCGAGCAGC
TGTCCCGGCCGATGGGGETCCCGGGECGELCGEETGATGACGCTGCGGGETGCAGGCGGCCTACAGTCCGCCGGCCAAGCGG
ATCGAACTGCTCGACGAGGCCGCCGATCTGCTCATCATGTGCCGCGACCAGTACGAGCTGGCCCGCGTCCTCGCCGA
CATGGGCGAAGCGTGCGGCATGCTCCGGCGGCACAGCCGTGCGCGGEGGACTGTTCCGCCGCGCACGGCACCTCGCGA
CCCAGTGCGGAGCCGTGCCGCTCCTCCGGCEGCTCGETGGGGAGTCCTCGGACGCGGACGGCACCCAGGACGTGACG
CCGGCGCAGCGGATCACATCGCTGACCGAGGCGGAGCGGCGGEGETGGECGETCGCACGCCGCGEGTCGGGCGCACCAACAA
GGAGATCGCCAGCCAGCTGTITCGTCACCTCCAGCACGGTGGAACAGCACCTCACCAACGTIGTTCCGCAAGCTGGGGG
TGAAGGGCCGTCAGCAACTGCCCAAGGAACTGTCCGACGCCGGCTGA

SEQ ID NO: 186

GTGGAGTTTTACGACCTGGTCGCCCGCGATGACGAGCTCAGAAGGTTGGACCAGGCCCTCGGCCGCGCCGLCGGLGE
ACGGGGTIGTCGTGGTCACCGTCACCGGACCGGETCGGCTGCGGCAAGACCGAACTGCTGGACGCGGCCGCGGCCGAGG
AGGAATTCATCACGTTGCGTIGCGGTCTIGCTCGGCCGAGGAGCGGGCCCTGCCGTACGCCGTGATCGGCCAACTCCTIC
GACCATCCCGTACTCTCCGCACGCGCGCCCGACCTGGCCTGCGTGACGGCTCCGGGCCGGACGCTGCCGGCCGACAC
CGAGAACCGCCTIGCGCCGCGACCTCACCCGGEGCCCTGCTGGCCCTGGCCTCCGAACGACCGGTTCTGATCTGCATCG
ACGACGTGCACCAGGCCGACACCGCCTICGCTGAACTGCCTGCTGCACCTGGCCCGGLCGGGTCGCCTCGGCCCGGATC
GCCATGATCCTCACCGAGTTGCGCCGGCTCACCCCGGCTCACTCCCGGTTCGAGGCGGAACTGCTCAGCCTGCGGCA
CCGCCACGAGATCGCGCTGCGTCCCCTCGGCCCGGCCGACACCGCCGAACTGGCCCGCGCCCGGLCTCGGLGLCEGLG
TCACCGCCGACGAGCTGGCCCAGGTCCACGAGGCCACCAGCGGGAACCCCAACCTGGTCGGAGGCCTGGTCAACGAC
GTGCGAGAGGCCTGGGCGGCCGGTGGCACGGGCATTGCGGCGEEGECGEGEGCETACCGGCTGGCGTACCTCAGCTCCGT
GTACCGCTGTGGTCCGGTCCCGTTGCGGATCGCCCAGGCGGCGECEGETGCTGGGTCCCAGCGCCACCGTCACGCTGG
TGCGCCGGATCAGCGGGCTCGACGCCGAGACGGTGGACGAGGCGACCGCGATCCTCACCGAGGGCGGCCTGCTCCGG
GACCACCGGTTCCCGCATCCGGCGGCCCGCTCGGTCGTACTCGACGACATGTCCGCGCAGGAACGCCGCCGCCTGCA
CCGGTCCACGCTGGACGTGCTGGACGGCGTACCCGTCGACGTGCTCGCGCACCACCAGGCCGGLCGCCGGETCTGCTGE
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ACGGCCCGCAGGCGGCCGAGATGTTCGCCCGGGCCAGCCAGGAGCTGCGGGTACGCGGCGAGCTGGACGCCGCGACT
GAGTACCTGCAACTGGCCTACCGGGCCTCCGACGACGCCGGCGCCCGGGLCCGCCCTGCAGGTGGAGACCGTGGCCGG
CGAGCGCCGCCGCAACCCGCTGGCCGCCAGCCGGCACCTGGACGAGCTGGCCGCCGLCGCCCGGECCEGCCTGCTGT
CGGCCGAGCACGCCGCCCIGGTCGTGCACTGGCTGGCCGACGCCGEGGACGACCCGGCGAGGCCGCCGAGGTGCTGGLG
CTGCAGCGGGCGCTGGCCGTCACCGACCACGACCGGGCCCGLCCTGCGGGECEGCCGAGGTGTCGCTCGCGCTGTTCCA
CCCCGGCGTCCCCGGTTCGGACCCGCGGCCCCTCGCGCCGGAGGAGCTCGCGAGCCTGTCCCTGTCGGCCCGGCACG
GTGTGACCGCCGACAACGCGGTGCTGGCGGCGECTGCGCGGCCGTCCCGAGTCGGCCGCCGCCGAGGCGGAGAACGTG
CTGCGCAACGCCGACGCCGCCGCGETCCGGCCCGACCGCCCTGGCCGCGCTGACGGCCCTGCTCTACGCCGAGAACAC
CGACGCCGCCCAGCTCTGGGCGGACAAGCTGGCCGCGGEGCATCGGEEGECEEEEEAGGGEGAGGECCEGCTACGCGEEEEE
CGCGGACCGTGGCCGCCCTGCGTCGCGGCGACCTGACCACCGCGGETCCAGGCGGLCCGGCECEGTCCTGGACCGECGREE
CGGCCGTCGTCGCTCGGCATCACCGCCGTGTTGCCGTTGAGCGGCGCGGTCGCCGCCGCGATCCGGCTGGGCGAGLT
CGAGCGGGCCGAGAAGTGGCTGGCCGAGCCGCTGCCCGAAGCCGTCCACGACAGCCTGTTCGGCCTGCACCTGCTGA
TGGCGCGGGGECCGCTACAGCCTCGCGGTGGGECCGGCACGAGGCGGCGTACGCCGCGTTCCGGGACTGCGGTGAACGG
ATGCGCCGGTGGGACGTCGACGTGCCCGGGLCTGGCCCTGTGGCGGETGGACGCGGCCGAGGCGCTGCTGCCCGGECGA
TGACCGGGCGGAGGGCCGGCGGCTGATCGACGAGCAGCTCACCCGGCCGATGGGGCCCCGGTCACGAGCCCTGACCC
TGCGGGTACGAGCGGCCTACGCCCCGCCGGCGAAACGGATCGACCTGCTCGACGAAGCGGCCGACCTIGCTGCTCTICC
AGCAACGACCAGTACGAGCGGGCACGGGTGCTGGCCGACCTGAGCGAGGCGTTCAGCGCGCTCCGGCAGAACGGCCG
GGCGCGCGGCATCCTGCGGCAGGCCCGGCACCTGGCCGCCCAGTGCGGGGCEGTCCCCCTIGCTGCGCCGGLTGGGEEG
TCAAGGCCGGCCGGTCCGGTCGGCTCGGCCEGCCGCCGECAGGGAATCCGCTCCCTGACCGAGGCCGAGCGLCCGGETG
GCCACGCTGGCCGCCGCCGGGCAGACCAACCGGGAGATCGCCGACCAGCTCTTCGTCACCGCCAGCACGGTCGAGCA
GCACCTCACCAACGTGTTCCGCAAGCTCGGCGTGAAGGGCCGCCAGCAATTGCCGGCCGAGCTGGCCGACCTGCGGE
CGCCGGGCTGA

SEQ ID NO: 187

ATGGAGTTTTACGACCTGGTCGCCCGCGATGACGAGCTCAGAAGGTTGGACCAGGCCCTCGGCCGLGCCGLCGELGGE
ACGGGGTIGTCGTGGTCACCGTCACCGGACCGGETCGGCTGCGGCAAGACCGAACTGCTGGACGCGGCCGCGGCCGAGG
AGGAATTCATCACGTTGCGTIGCGGTCTIGCTCGGCCGAGGAGCGGGCCCTGCCGTACGCCGTGATCGGCCAACTCCTIC
GACCATCCCGTACTCTCCGCACGCGCGCCCGACCTGGCCTGCGTGACGGCTCCGGGCCGGACGCTGCCGGCCGACAC
CGAGAACCGCCTIGCGCCGCGACCTCACCCGGEGCCCTGCTGGCCCTGGCCTCCGAACGACCGGTTCTGATCTGCATCG
ACGACGTGCACCAGGCCGACACCGCCTICGCTGAACTGCCTGCTGCACCTGGCCCGGLCGGGTCGCCTCGGCCCGGATC
GCCATGATCCTCACCGAGTTGCGCCGGCTCACCCCGGCTCACTCCCGGTTCGAGGCGGAACTGCTCAGCCTGCGGCA
CCGCCACGAGATCGCGCTGCGTCCCCTCGGCCCGGCCGACACCGCCGAACTGGCCCGCGCCCGGLCTCGGLGLCEGLG
TCACCGCCGACGAGCTGGCCCAGGTCCACGAGGCCACCAGCGGGAACCCCAACCTGGTCGGAGGCCTGGTCAACGAC
GTGCGAGAGGCCTGGGCGGCCGGTGGCACGGGCATTGCGGCGEEGECGEGEGCETACCGGCTGGCGTACCTCAGCTCCGT
GTACCGCTGTGGTCCGGTCCCGTTGCGGATCGCCCAGGCGGCGECEGETGCTGGGTCCCAGCGCCACCGTCACGCTGG
TGCGCCGGATCAGCGGGCTCGACGCCGAGACGGTGGACGAGGCGACCGCGATCCTCACCGAGGGCGGCCTGCTCCGG
GACCACCGGTTCCCGCATCCGGCGGCCCGCTCGGTCGTACTCGACGACATGTCCGCGCAGGAACGCCGCCGCCTGCA
CCGGTCCACGCTGGACGTGCTGGACGGCGTACCCGTCGACGTGCTCGCGCACCACCAGGCCGGLCGCCGGETCTGCTGE
ACGGCCCGCAGGCGGCCGAGATGTTCGCCCGGGCCAGCCAGGAGCTGCGGGTACGCGGCGAGCTGGACGCCGCGACT
GAGTACCTGCAACTGGCCTACCGGGCCTCCGACGACGCCGGCGCCCGGGLCCGCCCTGCAGGTGGAGACCGTGGCCGG
CGAGCGCCGCCGCAACCCGCTGGCCGCCAGCCGGCACCTGGACGAGCTGGCCGCCGLCGCCCGGECCEGCCTGCTGT
CGGCCGAGCACGCCGCCCIGGTCGTGCACTGGCTGGCCGACGCCGEGGACGACCCGGCGAGGCCGCCGAGGTGCTGGLG
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CTGCAGCGGGCGCTGGCCGTCACCGACCACGACCGGGCCCGLCCTGCGGGECEGCCGAGGTGTCGCTCGCGCTGTTCCA
CCCCGGCGTCCCCGGTTCGGACCCGCGGCCCCTCGCGCCGGAGGAGCTCGCGAGCCTGTCCCTGTCGGCCCGGCACG
GTGTGACCGCCGACAACGCGGTGCTGGCGGCGECTGCGCGGCCGTCCCGAGTCGGCCGCCGCCGAGGCGGAGAACGTG
CTGCGCAACGCCGACGCCGCCGCGETCCGGCCCGACCGCCCTGGCCGCGCTGACGGCCCTGCTCTACGCCGAGAACAC
CGACGCCGCCCAGCTCTGGGCGGACAAGCTGGCCGCGGEGCATCGGEEGECEEEEEAGGGEGAGGECCEGCTACGCGEEEEE
CGCGGACCGTGGCCGCCCTGCGTCGCGGCGACCTGACCACCGCGGETCCAGGCGGLCCGGCECEGTCCTGGACCGECGREE
CGGCCGTCGTCGCTCGGCATCACCGCCGTGTTGCCGTTGAGCGGCGCGGTCGCCGCCGCGATCCGGCTGGGCGAGLT
CGAGCGGGCCGAGAAGTGGCTGGCCGAGCCGCTGCCCGAAGCCGTCCACGACAGCCTGTTCGGCCTGCACCTGCTGA
TGGCGCGGGGECCGCTACAGCCTCGCGGTGGGECCGGCACGAGGCGGCGTACGCCGCGTTCCGGGACTGCGGTGAACGG
ATGCGCCGGTGGGACGTCGACGTGCCCGGGLCTGGCCCTGTGGCGGETGGACGCGGCCGAGGCGCTGCTGCCCGGECGA
TGACCGGGCGGAGGGCCGGCGGCTGATCGACGAGCAGCTCACCCGGCCGATGGGGCCCCGGTCACGAGCCCTGACCC
TGCGGGTACGAGCGGCCTACGCCCCGCCGGCGAAACGGATCGACCTGCTCGACGAAGCGGCCGACCTIGCTGCTCTICC
AGCAACGACCAGTACGAGCGGGCACGGGTGCTGGCCGACCTGAGCGAGGCGTTCAGCGCGCTCCGGCAGAACGGCCG
GGCGCGCGGCATCCTGCGGCAGGCCCGGCACCTGGCCGCCCAGTGCGGGGCEGTCCCCCTIGCTGCGCCGGLTGGGEEG
TCAAGGCCGGCCGGTCCGGTCGGCTCGGCCEGCCGCCGECAGGGAATCCGCTCCCTGACCGAGGCCGAGCGLCCGGETG
GCCACGCTGGCCGCCGCCGGGCAGACCAACCGGGAGATCGCCGACCAGCTCTTCGTCACCGCCAGCACGGTCGAGCA
GCACCTCACCAACGTGTTCCGCAAGCTCGGCGTGAAGGGCCGCCAGCAATTGCCGGCCGAGCTGGCCGACCTGCGGE
CGCCGGGCTGA

SEQ ID NO: 188

GTGGTCACCGTCACCGGCCCAATCGCCTGCGGCAAGACAGAACTGCTTIGACGCGGCTGCCGCGAAGGCTGAGGCCAT
CATTCTGCGCGCGGTCTGCGCGCCAGAAGAGCGGGCTATGCCGTACGCCATGATCGGGCAGCTCATCGACGACCCGG
CGCTCGCGCATCGGGCGECCGGEGEGCTGGCTGATCGGATAGCCCAGGGCGGGCAGCTGTCGCTGAGGGCCGAGAACCGA
CTGCGCAGGGATCTCACCCGTGCCCTIGCTGGCGCTTGCCGTCGACCGGCCTGTGCTGATCGGCGTCGACGATGTGCA
TCACGCCGACACCGCCTCTTTGAACTGTICTGCTIGCATTTGGCGCGCCGGGTCCGTCCGGCCCGGATATCCATGATCT
TCACCGAGTTGCGCAGCCTCACCCCTACTCAGTCACGGTTCAAGGCGGAGCTGCTCAGCCTGCCGTACCACCACGAG
ATCGCGCTGCGTCCGTTCGGACCGGAGCAATCGGCGGAGCTGGCCCGCGCCGCCTTCGGCCCGGGCCTCGCCGAGGA
TGTIGCICGTIGGGGTTIGTATAAAACGACCAGGGGCAATCTGAGTCTCAGCCGTGGACTCGATCAGCGATGTGCGGGAGS
CCCTGGCCAACGGAGAGAGCGCCTTCGAGGCGGGCCGCGCGETTCCGGCTGGCGTACCTCGGCTCGCTCTACCGCTGT
GGCCCGGTCGCGCTGCEGGETCGCCCGAGTGGECTGCCGTGCTGGGCCCGAGCGCCACCACCACGCTGGTGCGCCGTICT
AAGCGGGCTCAGCGCGGAGACGATAGACCGGGCAACCAAGATCCTCACCGAGGGCGGGCTGCTGCTCGACCAGCAGT
TCCCGCACCCGGCCGCCCGCTCGETGGTGCTTGATGACATGTCCGCCCAGGAACGACGCGGCCTGCACACTCTCGEC
CTGGAACTGCTGGACGAGGCGCCGGTTGAAGTGCTCGCGCACCACCAGGTCGGCGCCGGTCTCATACACGGGCCCAA
GGCTGCGGAGATGTTCGCCAAGGCCGGCAAGGCTCTGGTCGTACGCAACGAGTTGGGCGACGCGGCAGAATACCTGC
AACTGGCTCACCGGGCCTCCGACGATGTCTCCACCCGGGCCGCCTTACGGGTCGAGGCCGTGGCGATCGAGCGCCGC
CGCAATCCGCTGGCCTCCAGTCGGCACATGGACGAGCTGAGCGCCGCCGGCCECGCCGGTCTIGCTTTCCCCCAAGCA
TGCGGCGCTGGCCGTCTTICTGGCTGGCCGACGGCGGGCGATCCGGCGAGGCAGCCGAGGTGCTGGCGTCGGAACGLC
CGCTAGCGACCACCGATCAGAACCGGGCCCACTTIGCGATTTIGTCGAGGTGACTCTICGCGCTIGTTCTCTCCCGGCGLC
TTCGGATCGGACCGGCGCCCACCTCCGCTGACGCCGGACGAACTCGCCAGCCTGCCGAAGGCGGCCTGGCAATGCGC
GGTCGCCGACAACGCGGCCATGACCGCCTTGCACGGTCATCCAGAACTTGCCACCGCTCAGGCGGAAACAGTTCTIGC
GGCAGGCTGATTCGGCAGCCGACGCGATCCCCGCCGCGCTGATCGCCCTGTTGTACGCGGAGAACACCGAGTCCGCT
CATATCTGGGCCGACAAGCTGGGCAGCACGAATGGCGGGGTATCGAACGAGGCGGAAGCGGGCTACGCCGGCCCGTG

84



10

15

20

25

30

35

40

WO 2018/081590 PCT/US2017/058800

CGCCGAGATCGCCCTGCGGCGCGGECGACCTGGCCACGGCGTTCGAGGCTGGTAGCACCGTCCTGGACGACCGGTICGE
TGCCGTCGCTCGGCATCACCGCCGCATTGCTGTTGAGCAGCAAGACGGCCGCCGCTGTCCGGCTGGGCGAACTCGAG
CGTGCGGAGAAGCTGCTCGCCGAGCCGCTTCCGAACGGCGTCCAGGACAGCCTTTITCGGTICTGCACCTGCTCTCGGC
ATACGGCCAGTACAGCCTCGCGATGGGCCGATATGAATCGGCTICTCCGGGCGTTTCACACCTGCGGAGAACGTATGC
GCAGCTGGGATGTTGACGTIGCCTGGTCTGGCCCTIGTGGCGTGTCGACGCCGCCGAGGCGCTGCTCAGCCTCGACCGG
AACGAGGGCCAGCGGCTCATCGACGAACAACTCACCCGTCCGATGGGGCCTCGTTCCCGCGCGTTAACGCTGCGGAT
CAAGGCGGCATACCTCCCGCGGACGAAGCGGATCCCCCTIGCTCCATGAGGCGGCCGAGCTGCTGCTCCCCTGCCCCG
ACCCGTACGAGCAAGCGCGGGTGCTCGCCGATCTGGGCGACACGCTCAGCGCGCTCAGACGCTATAGCCGGGLCGECGG
GGAGTTCTCCGGCAGGCTCGTCACCTGGCCGCCCAGTGCGGTGCTGTCCCGCTGCTGCGCAGGCTCGGGGGCGAGLC
CGGCCGGATCGACGACGCCGGCCTGCCGCAGCGGAGCACATCGTTGACCGATGCGGAGCGGCGGETGGCGGCGCTGE
CCGCGGCCGGACAGACCAACCGGGAGATCGCCAAACAGCTGTITCGTCACGGCCAGCACAGTGGAACAGCACCTCACA
AGCGTCTTCCGCAAACTGGGGGTCAAGGGTCGCAAGCAGCTGCCGACCGCGCTGGCCGACGTGGAACAGACCTGA

SEQ ID NO: 189

ATGTATAGCGGTACCIGCCGTGAAGGATACGAACTCGTICGCACGCGAGGACGAACTCGGCATICTACAGAGGTCICT
GGAACAAGCGAGCAGCGGCCAGGGCGTCGTGGTCACCGTCACCGGCCCAATCGCCTGCGGCAAGACAGAACTGCTTG
ACGCGGCTGCCGCGAAGGCTGAGGCCATCATTCTGCGCGCGGTCTGCGCGCCAGAAGAGCGGGCTATGCCGTACGCC
ATGATCGGGCAGCTCATCGACGACCCGGCGCTCGCGCATCGGGCGCCEGGEGCTGGCTGATCGGATAGCCCAGGGCGG
GCAGCTGTCGCTGAGGGCCGAGAACCGACTGCGCAGGGATCTCACCCGTGCCCTIGCTGGCGCTTGCCGTCGACCGGL
CTGTGCTGATCGGCGTCGACGATGTGCATCACGCCGACACCGCCTCTTITGAACTGTCTGCTGCATTTIGGCGCGCCGG
GTCCGTCCGGCCCGGATATCCATGATCTTCACCGAGTTGCGCAGCCTCACCCCTACTCAGTCACGGTTCAAGGCGGA
GCTGCTCAGCCIGCCGTACCACCACGAGATCGCGCTGCGTCCGTTCGGACCGGAGCAATCGGCGGAGCTGGCCCGLG
CCGCCTTCGGCCCGGGCCTCGCCGAGGATGTGCTCGTGGGGTTGTATAAAACGACCAGGGGCAATCTGAGTCTCAGC
CGTGGACTGATCAGCGATGTGCGGGAGGCCCTGGCCAACGGAGAGAGCGCCTTCGAGGCGGGCCGCGCGTTCCGGLT
GGCGTACCTCGGCTCGCTCTACCGCTGTIGGCCCGGTCGCGCTGCGGEGTCGCCCGAGTGGCTGCCGTGCTGGGCCCGA
GCGCCACCACCACGCTGGTGCGCCGTCTAAGCGGGCTCAGCGCGGAGACGATAGACCGGGCAACCAAGATCCTCACC
GAGGGCGGGCTGCTGCTCGACCAGCAGTTCCCGCACCCGGCCGCCCGCTCGGTGGTGCTTGATGACATGTCCGCCCA
GGAACGACGCGGCCTGCACACTCTCGCCCTGGAACTGCTGGACGAGGCGCCGGTTGAAGTGCTCGCGCACCACCAGG
TCGGCGCCGGTCTCATACACGGGCCCAAGGCTGCGGAGATGTTCGCCAAGGCCGGCAAGGCTCTGGTCGTACGCAAC
GAGTTGGGCGACGCGGCAGAATACCTGCAACTGGCTCACCGGGCCTCCGACGATGTCTCCACCCGGGCCGLCCCTIGLG
GGTCGAGGCCGTGGCGATCGAGCGCCGCCGCAATCCGCTGGCCTCCAGTCGGCACATGGACGAGCTGAGCGCCGLCG
GCCGCGCCGGETCTIGCTTTCCCCCAAGCATGCGGCGCTGGCCGTCTTICTGGCTGGCCGACGGCGGGCGATCCGGCGAG
GCAGCCGAGGTGCTGGCGTCGGAACGCCCGCTAGCGACCACCGATCAGAACCGGGCCCACTTIGCGATTTIGTCGAGGT
GACTCTCGCGCIGTITCTCICCCGGCGCCTTCGGATCGGACCGGCGCCCACCTCCGCTGACGCCGGACGAACTCGCCA
GCCTGCCGAAGGCGGCCTGGCAATGCGCGGTCGCCGACAACGCGGCCATGACCGCCTTGCACGGTCATCCAGAACTT
GCCACCGCTCAGGCGGAAACAGTTCTGCGGCAGGCTGATTCGGCAGCCGACGCGATCCCCGCCGCGCTGATCGCCCT
GTTGTACGCGGAGAACACCGAGTCCGCTCATATCTGGGCCGACAAGCTGGGCAGCACGAATGGCGGGGTATCGAACG
AGGCGGAAGCGGGCTACGCCGGCCCGETGCGCCGAGATCGCCCTGCGGCGCGGCEACCTGGCCACGGCGETTCGAGGCT
GGTAGCACCGTCCTGGACGACCGGTCGCTGCCGTCGCTCGGCATCACCGCCGCATTGCTGTTGAGCAGCAAGACGGC
CGCCGCTGTCCGGCTGGGCGAACTCGAGCGTGCGGAGAAGCTGCTCGCCGAGCCGCTTCCGAACGGCGTCCAGGACA
GCCTTTTCGGTICTIGCACCTIGCTCTCGGCATACGGCCAGTACAGCCTCGCGATGGGCCGATATGAATCGGCTCTCCGG
GCGTTTCACACCTIGCGGAGAACGTATGCGCAGCTGGGATGTTGACGTGCCTGGTCTGGCCCTIGTGGCGTGTCGACGC
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CGCCGAGGCGCTGCTCAGCCTCGACCGGAACGAGGGCCAGCGGCTCATCGACGAACAACTCACCCGTCCGATGGGGEC
CTCGTTCCCGCGCGCTGACGCTGCGGATCAAGGCGGCATACCTCCCGCGGACGAAGCGGATCCCCCTIGCTCCATGAG
GCGGCCGAGCTGCTGCTCCCCTGCCCCGACCCGTACGAGCAAGCGCGGGTGCTCGCCGATCTGGGCGACACGCTCAG
CGCGCTCAGACGCTATAGCCGGGCGCGGGGAGTICTCCGGCAGGCTCGTCACCTGGCCGCCCAGTGCGGTGCTGTICC
CGCTGCTGCGCAGGCTCGGGGGCEAGCCCGGECCGGATCGACGACGCCGGCCTGCCGCAGCGGAGCACATCGTTGACC
GATGCGGAGCGGCGGGTGGCGGCECTGGCCECGGCCGGACAGACCAACCGGGAGATCGCCAAACAGCTGTTCGTICAC
GGCCAGCACAGTGGAACAGCACCTCACAAGCGTICTTCCGCAAACTGGGGGTCAAGGGTCGCAAGCAGCTGCCGACCG
CGCTGGCCGACGTGGAACAGACCTGA

SEQ ID NO: 190

ATGCCTIGCCGTGGAGAGCTATGAACTGGACGCCCGCGATGACGAGCTCAGAAGACTGGAGGAGGCGGTAGGCCAGGC
GGGCAACGGCCGGGGTGTGGTGGTCACCATCACCGGGCCGATCGCCTGCGGCAAGACCGAACTGCTCGACGCGGCCG
CCGCGAAGAGCGACGCCATCACATTACGTGCGGTICTGCTCCGAGGAGGAACGGGCCCTCCCGTACGCCCTGATCGGG
CAGCTCATCGACAACCCGGCGGTCGCCTCCCAGCTGCCGGATCCGGTCTCCATGGCCCTCCCGGGCGAGCACCTIGTIC
GCCGGAGGCCGAGAACCGGCTGCGCGGCGACCTCACCCGTACCCTGCTGGCGCTCGCCGCCGAACGGCCGGTGCTGA
TCGGCATCGACGACATGCACCACGCCGACACCGCCTCTTTGAACTGCCTGCTCCACCTGGCCCGGAGGGTCGGCCCG
GCCCGGATCGCCATGGTCCTCACCGAGCTGCGCCGGCTCACCCCGGCCCACTCCCAGTTCCACGCCGAGCTGCTCAG
CCTGGGGCACCACCGCGAGATCGCGCTGCGCCCGCTCGGCCCGAAGCACATCGCCGAGCTGGCCCGCGCCGGCCTICG
GTCCCGATGTCGACGAGGACGTGCTCACGGGGTTIGTACCGGGCGACCGGCGGCAACCTGAACCTCGGCCACGGACTG
ATCAAGGATGTGCGGGAGGCCTGGGCGACGGGCGEGGACGGGCATCAACGCGGGCCGCGCGTACCGGCTGGCGTACCT
CGGTTCCCTCTACCGCTGCGGCCCGGTCCCGTTIGCGGETCGCACGGGTGGCCGECCGTGCTGGGCCAGAGCGCCAACA
CCACCCTGGTGCGCTGGATCAGCGGGCTCAACGCGGACGCGGTGGGCGAGGCGACCGAGATCCTCACCGAGGGCGGL
CTGCTGCACGACCTGCGGTTCCCGCATCCGGCGGCCCGTTCGGTCGTACTCAACGACCTGTCCGCCCGGGAACGCCG
CCGACTGCACCGGTCCGCTCTGGAAGTGCTGGATGACGTACCCGTTGAAGTGGTCGCGCACCACCAGGCCGGETGCCG
GTTTCATCCACGGTCCCAAGGCCGCCGAGATCTTCGCCAAGGCCGGCCAGGAGCTGCATGTGCGCGGCGAGCTGGAC
GCCGCGTCCGACTATCTGCAACTGGCCCACCACGCCTCCGACGACGCCGTCACCCGGGCCGLGLCTGCGGGTCGAGGE
CGTGGCGATCGAGCGCCGCCGCAACCCGCTGGCCTCCAGCCGCCACCTCGACGAGCTGACCGTCGCCGCCCETGCCG
GTCTGCTCTCCCTCGAGCACGCCGCGCTGATGATCCGCTGGCTGGCTCTCGGCGGGCEGTCCGGCGAGGCGGCCGAG
GTGCTGGCCGCGCAGCGCCCGCGTGCGGTCACCGACCAGGACAGGGCCCACCTGCGGGCCGCCGAGGTATCGCTGGEE
GCTGGTCAGCCCGGGCGECGETCCGGECGTCAGCCCGGGTGCGTCCGGCCCGGATCGGCGGCCGCGTCCGCTCCCGCCGE
ATGAGCTCGCGAACCTGCCGAAGGCGGCCCGGCTTTIGTGCGATCGCCGACAACGCCGTCATATCGGCCCTGCACGGT
CGTCCCGAGCTTIGCCTCGGCCGAGGCGGAGAACGTCCTGAAGCAGGCTGACTCGGCGGCGGACGGCGCCACCGCCCT
CTCCGCGCTGACGGCCTTGCTGTACGCGGAGAACACCGACACCGCTCAGCTCTGGGCCGACAAGCTCGTCTCCGAGA
CCGGGGCGTCGAACGAGGAGGAAGGCGCGGGECTACGCGGGGECCECGECGCCEAGACCGCGETTGCGCCGCGGCGACCTG
GCCGCGGCGGETCGAGGCGGGCAGCGCCATTCTGGACCACCGGCGGEGGGETCGTTIGCTCGGCATCACCGCCGCGCTACC
GCTGAGCAGCGCGGTAGCCGCCGCCATCCGGCTGGGCGEAGACCGAGCGGGCEGAGAAGTGGCTCGCCGAGCCGCTGE
CGGAGGCCATTCGGGACAGCCTGTTCGGGCTGCACCTGCTCTCGGCGCGCGEGCCAGTACTGCCTCGCGACGGGCCGG
CACGAGTCGGCGTACACGGCGTTCCGCACCTGCGGGGAACGGATGCGGAACTGGGGCGTCGACGTGCCGGGTCTIGTIC
CCTGTGGCGCGTICGACGCCGCCGAGGCGCTGCTGCACGGCCGCGACCGGGACGAGGGCCGACGGCTCATCGACGAGC
AGCTCACCCATGCGATGGGACCCCGTTICCCGCGCTTTGACGCTGCGGGTGCAGGCGGCGTACAGCCCGCAGGCGCAG
CGGGTCGACCTGCTCGAAGAGGCGGCCGACCTGCTGCTCTCCTGCAACGACCAGTACGAGCGGGCGCGGGTGCTCGL
CGATCTGAGCGAGGCGTTCAGCGCGCTCAGGCACCACAGCCGGGCGECGEGGEACTGCTCCGGCAGGCCCGGCACCTGG
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CCGCCCAGTGCGGCGCGACCCCGCTGCTGCGECCGGCTCGGGGCCAAGCCCGGAGGCCCCGGCTGGCTGGAGGAATCC
GGCCTGCCGCAGCGGATCAAGTCGCTGACCGACGCGGAGCGGCGGETGGECGTCGCTGGCCGCCGGCEGCCAGACCAA
CCGCGTGATCGCCGACCAGCTCTTCGTCACGGCCAGCACGGTGGAGCAGCACCTCACGAACGTCTTCCGCAAGCTGG
GCGTCAAGGGCCGCCAGCACCTGCCGGCCGAACTCGCCAACGCGGAATAG

SEQ ID NO: 191
ATGCCTIGCCGTGGAGAGCTATGAACTGGACGCCCGCGATGACGAGCTCAGAAGACTGGAGGAGGCGGTAGGCCAGGC
GGGCAACGGCCGGGGTGTGGTGGTCACCATCACCGGGCCGATCGCCTGCGGCAAGACCGAACTGCTCGACGCGGCCG
CCGCGAAGAGCGACGCCATCACACTGCGTGCGGTICTGCTCCGAGGAGGAACGGGCCCTCCCGTACGCCCTGATCGGG
CAGCTCATCGACAACCCGGCGGTCGCCTCCCAGCTGCCGGATCCGGTCTCCATGGCCCTCCCGGGCGAGCACCTIGTIC
GCCGGAGGCCGAGAACCGGCTGCGCGGCGACCTCACCCGTACCCTGCTGGCGCTCGCCGCCGAACGGCCGGTGCTGA
TCGGCATCGACGACATGCACCACGCCGACACCGCCTCTTTGAACTGCCTGCTCCACCTGGCCCGGAGGGTCGGCCCG
GCCCGGATCGCCATGGTCCTCACCGAGCTGCGCCGGCTCACCCCGGCCCACTCCCAGTTCCACGCCGAGCTGCTCAG
CCTGGGGCACCACCGCGAGATCGCGCTGCGCCCGCTCGGCCCGAAGCACATCGCCGAGCTGGCCCGCGCCGGCCTICG
GTCCCGATGTCGACGAGGACGTGCTCACGGGGTTIGTACCGGGCGACCGGCGGCAACCTGAACCTCGGCCACGGACTG
ATCAAGGATGTGCGGGAGGCCTGGGCGACGGGCGEGGACGGGCATCAACGCGGGCCGCGCGTACCGGCTGGCGTACCT
CGGTTCCCTCTACCGCTGCGGCCCGGTCCCGTTIGCGGETCGCACGGGTGGCCGECCGTGCTGGGCCAGAGCGCCAACA
CCACCCTGGTGCGCTGGATCAGCGGGCTCAACGCGGACGCGGTGGGCGAGGCGACCGAGATCCTCACCGAGGGCGGL
CTGCTGCACGACCTGCGGTTCCCGCATCCGGCGGCCCGTTCGGTCGTACTCAACGACCTGTCCGCCCGGGAACGCCG
CCGACTGCACCGGTCCGCTCTGGAAGTGCTGGATGACGTACCCGTTGAAGTGGTCGCGCACCACCAGGCCGGETGCCG
GTTTCATCCACGGTCCCAAGGCCGCCGAGATCTTCGCCAAGGCCGGCCAGGAGCTGCATGTGCGCGGCGAGCTGGAC
GCCGCGTCCGACTATCTGCAACTGGCCCACCACGCCTCCGACGACGCCGTCACCCGGGCCGLGLCTGCGGGTCGAGGE
CGTGGCGATCGAGCGCCGCCGCAACCCGCTGGCCTCCAGCCGCCACCTCGACGAGCTGACCGTCGCCGCCCETGCCG
GTCTGCTCTCCCTCGAGCACGCCGCGCTGATGATCCGCTGGCTGGCTCTCGGCGGGCEGTCCGGCGAGGCGGCCGAG
GTGCTGGCCGCGCAGCGCCCGCGTGCGGTCACCGACCAGGACAGGGCCCACCTGCGGGCCGCCGAGGTATCGCTGGEE
GCTGGTCAGCCCGGGCGECGETCCGGECGTCAGCCCGGGTGCGTCCGGCCCGGATCGGCGGCCGCGTCCGCTCCCGCCGE
ATGAGCTCGCGAACCTGCCGAAGGCGGCCCGGCTTTIGTGCGATCGCCGACAACGCCGTCATATCGGCCCTGCACGGT
CGTCCCGAGCTTIGCCTCGGCCGAGGCGGAGAACGTCCTGAAGCAGGCTGACTCGGCGGCGGACGGCGCCACCGCCCT
CTCCGCGCTGACGGCCTTGCTGTACGCGGAGAACACCGACACCGCTCAGCTCTGGGCCGACAAGCTCGTCTCCGAGA
CCGGGGCGTCGAACGAGGAGGAAGGCGCGGGECTACGCGGGGECCECGECGCCEAGACCGCGETTGCGCCGCGGCGACCTG
GCCGCGGCGGETCGAGGCGGGCAGCGCCATTCTGGACCACCGGCGGEGGGETCGTTIGCTCGGCATCACCGCCGCGCTACC
GCTGAGCAGCGCGGTAGCCGCCGCCATCCGGCTGGGCGEAGACCGAGCGGGCEGAGAAGTGGCTCGCCGAGCCGCTGE
CGGAGGCCATTCGGGACAGCCTGTTCGGGCTGCACCTGCTCTCGGCGCGCGEGCCAGTACTGCCTCGCGACGGGCCGG
CACGAGTCGGCGTACACGGCGTTCCGCACCTGCGGGGAACGGATGCGGAACTGGGGCGTCGACGTGCCGGGTCTIGTIC
CCTGTGGCGCGTICGACGCCGCCGAGGCGCTGCTGCACGGCCGCGACCGGGACGAGGGCCGACGGCTCATCGACGAGC
AGCTCACCCATGCGATGGGACCCCGTTICCCGCGCTTTGACGCTGCGGGTGCAGGCGGCGTACAGCCCGCAGGCGCAG
CGGGTCGACCTGCTCGAAGAGGCGGCCGACCTGCTGCTCTCCTGCAACGACCAGTACGAGCGGGCGCGGGTGCTCGL
CGATCTGAGCGAGGCGTTCAGCGCGCTCAGGCACCACAGCCGGGCGECGEGGEACTGCTCCGGCAGGCCCGGCACCTGG
CCGCCCAGTGCGGCGCGACCCCGCTGCTGCGECCGGCTCGGGGCCAAGCCCGGAGGCCCCGGCTGGCTGGAGGAATCC
GGCCTGCCGCAGCGGATCAAGTCGCTGACCGACGCGGAGCGGCGGETGGECGTCGCTGGCCGCCGGCEGCCAGACCAA
CCGCGTGATCGCCGACCAGCTCTTCGTCACGGCCAGCACGGTGGAGCAGCACCTCACGAACGTCTTCCGCAAGCTGG
GCGTCAAGGGCCGCCAGCACCTGCCGGCCGAACTCGCCAACGCGGAATAG
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SEQ ID NO: 192
GTGAAGCGCAACGATCTGGTITGCCCGCGATGGCGAGCTCAGGTGGATGCAAGAGATTCTCAGTCAGGCGAGCGAGGG
CCGGGGGGCCGETGGTCACCATCACGGGGGCGATCGCCTGTGGCAAGACGGTGCTGCTGGACGCCGCGGCAGCCAGTC
AAGACGTGATCCAACTGCGTIGCGGTCTIGCTCGGCGGAGGAGCAGGAGCTGCCGTACGCGATGGTCGGACAACTACTC
GACAATCCGGTGCTCGCCGCGCGAGTGCCGGECCCTGGGECAACCTGGCTGCGGCGGGCGAGCGGCTGCTGCCGGEGCAC
CGAGAACAGGATCCGGCGGGAGCTCACCCGCACCCTGCTGGCTCTCGCCGACGAACGACCGGTGCTGATCGGCGTICG
ACGACATGCACCATGCGGACCCCGCCTICGCTGGACTGCCTGCTGCACCTGGCCCGGLGGETCGGCCCGEGCCCGCATC
GCGATCGTTCTGACCGAGTTGCGCCGGCTCACCCCGGCTCACTCGCGCTTCCAGTCCGAGCTGCTCAGCCTGCGGTA
CCACCACGAGATCGGGTTGCAGCCGCTCACCGCGGAGCACACCGCCGACCTGGCCCGCGTCGGLCCTCGGTGCCGAGG
TCGACGACGACGTGCTCACCGAGCTCTACGAGGCGACCGGCGGCAACCCGAGTCTIGTGCTGCGGCCTGATCAGGGAC
GTGCGGCAGGACTGGGAGGCCGGGGTCACCGGTATCCACGTCGGCCGGGCGTACCGGCTGGCCTATCTCAGTTCGCT
CTACCGCTGCGGCCCGGECEGLCGECTGCGGACCGCCCGLECEGLCGCEETGCTGGEGCGACAGCGCCGACGCCTGCCTGA
TCCGCCGGGTCAGCGGCCTCGGTACGGAGGCCGTGGGCCAGGCGATCCAGCAGCTCACCGAGGGCGGCCTGCTGCGT
GACCAGCAGTTCCCGCACCCGGCGGCCCGCTCGGTCGTGCTCGACGACATGTCCGCGCAGGAACGCCACGCGATGTA
TCGCAGCGCCCGGGAGGCAGCCGCCGAAGGTCAGGCCGACCCCGGCACCCCGEGGLCGAGCCGLGGECEGCTACGGCGT
ACGCCGGGTGTGGTGAGCAAGCCGGTGACTACCCGGAGCCGGLCCGGCCGGEGLCCTGCETGGACGGTGCCGGTCCGGELT
GAGTACTGCGGCGACCCGCACGGCGCCGACGACGACCCGGACGAGCTGGTCGCCGCGCTGGGCGEGECTGCTGCCGAG
CCGGCTCGTGGCGATGAAGATCCGGCGCCTGGCGGETGGECCEGECECCCCEEEGECEGCTGCCGAGCTGCTGACCTICGE
AGCGGTTGCACGCGGTGACCAGCGAGGACCGGGCCAGCCTGCGGGCCGECCGAGGTGGCGCTCGCCACGCTGTGGCCG
GGTGCGACCGGCCCGGACCGGCATCCGCTCACGGAGCAGGAGGCGGCGAGCCTGCCGGAGGGTCCGCGCCTGCTICGL
TGCCGCCGACGATGCCGTCGGGEGCCGECCCTGCGCGETCGCGCCGAGTACGCCGCGGCCGAGGCGGAGAACGTCCTIGE
GGCACGCCGATCCGGCAGCCGGTGGTGACGCCTACGCCGCCATGATCGCCCTGCTGTACACGGAGCACCCCGAGAAC
GTGCTGTTCTGGGCCGACAAGCTCGACGCGGGCCGCCCCGACGAGGAGACCAGTTATCCCGGGCTGCGGGCCGAGAC
CGCGGTGCGGCTCGGTGACCTGGAAACGGCGATGGAGCTGGGCCGCACGGTGCTGGACCAGCGGCGGCTGLCCGTICCC
TGGGTGTCGCCGCGGGCCTGCTCCTGGGCGEECGCGETGACGGCCGCCATCCGGCTCGGCGACCTCGACCGGGCGGAG
AAGTGGCTCGCCGAGCCGATCCCCGACGCCATCCGTACCAGCCTCTACGGCCTGCACGTGCTGGCCGCGCGGGGELCG
GCTCGACCTGGCCGCGGEGCCGCTACGAGGCGGCGTACACGGCGTTCCGGCTGTGTGGCGAGCGGATGGCAGGCTGGG
ATGCCGATGTCTCCGGGCTGGCGCTGTGGCGCGETCGACGCCGCCGAGGCCCTGCTGTICCGCGGGCATCCGCCCGGAC
GAGGGCCGCAAGCTCATCGACGACCAGCTCACCCGTGAGATGGGGGECCCGCTCCCGGGCGECTGACGCTGCGGGCGCA
AGCGGCGTACAGCCTGCCGGTGCACCGGGETGGEGCCTGCTCGACGAGGCGGCCGGCCTGCTGCTCGCCTGCCATGACG
GGTACGAGCGGGCGCGGEGTGCTCGCGGACCTGGGGGAGACCCTGCGCACGCTGCGGCACACCGACGCGGCCCAGCGG
GTGCTCCGGCAGGCCGAGCAGGCGGCCGLCGCEGETGCEEETCGETCCCGCTGCTGLCGGCEGCTCGGGEGCCGAACCCGT
ACGCATCGGCACCCGGCGTGGTGAACCCGGCCTGCCGCAGCGGATCAGGCTGCTGACCGATGCCGAGCGGCGGGTTIG
CCGCGATGGCCGCCGCCGGGCAGACCAACCGGGAGATCGCCGGTCGGCTCTTCGTCACGGCCAGCACGGTGGAGCAG
CACCTGACCAGCGTCTTCCGCAAGCTGGGCGTCAAGGGCCGCCGGETTCCTGCCGACCGAGCTCGCCCAAGCCGTICTG
A

SEQ ID NO: 193
ATGCCTIGCCGTGAAGCGCAACGATCTGGTTGCCCGCGATGGCGAGCTCAGGTGGATGCAAGAGATTCTCAGTCAGGC
GAGCGAGGGCCGGGGGGECCETGGTCACCATCACGGGGGCGATCGCCTGTGGCAAGACGGTGCTGCTGGACGCCGLGG

CAGCCAGTCAAGACGTGATCCAACTGCGTGCGGTCTGCTCGGCGGAGGAGCAGGAGCTGCCGTACGCGATGGTCGGA
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CAACTACTCGACAATCCGGTIGCTCGCCGCGCGAGTGCCGGCCCTGGGCAACCTGGCTGCGGCGGGCGAGCGGCTGLT
GCCGGGCACCGAGAACAGGATCCGGCGGGAGCTCACCCGCACCCTGCTGGCTCTCGCCGACGAACGACCGGTGCTGA
TCGGCGTCGACGACATGCACCATGCGGACCCCGCCTCGCTGGACTGCCTGCTGCACCTGGCCCGGCGGGETCGGCCCG
GCCCGCATCGCGATCGTTCTGACCGAGTTGCGCCGGCTCACCCCGGCTCACTCGCGCTTCCAGTCCGAGCTGCTCAG
CCTGCGGTACCACCACGAGATCGGGTTGCAGCCGCTCACCGCGGAGCACACCGCCGACCTGGCCCGCGTCGGCCTICG
GTGCCGAGGTCGACGACGACGTGCTCACCGAGCTCTACGAGGCGACCGGCGGCAACCCGAGTCTGTGCTGCGGCCTG
ATCAGGGACGTGCGGCAGGACTGGGAGGCCGGGGTCACCGGTATCCACGTCGGCCGGGCGTACCGGCTGGCCTATCT
CAGTTCGCTCTACCGCTGCGGCCCGGLCGGCECTGCGGACCGLCCCGECGLGEGCCECEETGCTGGGCGACAGCGCCGACG
CCTGCCTGATCCGCCGGGTCAGCGGCCTCGGETACGGAGGCCGTGGGCCAGGCGATCCAGCAGCTCACCGAGGGCGGL
CTGCTGCGTGACCAGCAGTTCCCGCACCCGGCGGCCCGCTCGGTCGEGTGCTCGACGACATGTCCGCGCAGGAACGCCA
CGCGATGTATCGCAGCGCCCGGGAGGCAGCCGCCGAAGGTCAGGCCGACCCCGGCACCCCGGGLEAGCCGLEGGLGE
CTACGGCGTACGCCGGGTGTGGTGAGCAAGCCGGTGACTACCCGGAGCCGGCCGGCCGGEGCCTGCETGGACGGETGEC
GGTCCGGCCGAGTACTGCGGCGACCCGCACGGCGCCGACGACGACCCGGACGAGCTGGTCGCCGCGCTGGGECEEEET
GCTGCCGAGCCGGCTCGTGGCGATGAAGATCCGGCGCCTGGCGETGGLCCGEGECGELCCCCEGEGEELCEECTGCCGAGCTGE
TGACCTCGCAGCGGTTGCACGCGGTGACCAGCGAGGACCGGGCCAGCCTGCGGGCCGCCGAGGTGGCGCTCGCCACG
CTGTGGCCGGGTGCGACCGGCCCGGACCGGCATCCGCTCACGGAGCAGGAGGCGGCGAGCCTGCCGGAGGGTCCGLG
CCTGCTCGCTGCCGCCGACGATGCCGTCGGEGECCGECCCTGCGCGETCGCGCCGAGTACGCCGCGGCCEAGGCGGAGA
ACGTCCTIGCGGCACGCCGATCCGGCAGCCGGTGGTGACGCCTACGCCGCCATGATCGCCCTGCTGTACACGGAGCAC
CCCGAGAACGTGCTGTTCTIGGGCCGACAAGCTCGACGCGGGCCGCCCCGACGAGGAGACCAGTTATCCCGGGCTGEG
GGCCGAGACCGCGGTGCGGCTCGGETGACCTGGAAACGGCGATGGAGCTGGGCCGCACGGTGCTGGACCAGCGGCGGEL
TGCCGTCCCTGGGTGTCGCCGCGEGCCTGCTCCTGGGCEGLCGCEETGACGGCCGCCATCCGGCTCGGCGACCTCGAC
CGGGCGGAGAAGTGGCTCGCCGAGCCGATCCCCGACGCCATCCGTACCAGCCTICTACGGCCTGCACGTGCTGGCCGL
GCGGGGCCGGCTCGACCTGGCCGCGGGCCGCTACGAGGCGGCGTACACGGCGTTCCGGCTIGTGTGGCGAGCGGATGG
CAGGCTGGGATGCCGATGTICTCCGGGCTGGCGCTGTGGCGCGTCGACGCCGCCGAGGCCCTGCTGTCCGCGGGCATC
CGCCCGGACGAGGGCCGCAAGCTCATCGACGACCAGCTCACCCGTGAGATGGGGGCCCGCTCCCGGGCGCTGACGLT
GCGGGCGCAAGCGGCGTACAGCCTGCCGGTGCACCGGETGGGCCTGCTCGACGAGGCGGCCGGCCTGCTGCTCGCCT
GCCATGACGGGTACGAGCGGGCGCGGGETGCTCGCGGACCTGGGGEGEAGACCCTGCGCACGCTGCGGCACACCGACGLG
GCCCAGCGGGTGCTCCGGCAGGCCGAGCAGGCGGCCGCGECGEGETGCEGETCGETCCCGCTGCTGCGGCGGCTCGEGEEE
CGAACCCGTACGCATCGGCACCCGGCGTGGTGAACCCGGCCTGCCGCAGCGGATCAGGCTGCTGACCGATGCCGAGC
GGCGGGTTGCCGCGATGGCCGCCGCCGGGCAGACCAACCGGGAGATCGCCGGTCGGCTCTTICGTCACGGCCAGCACG
GTGGAGCAGCACCTGACCAGCGTCTTCCGCAAGCTGGGCGTCAAGGGCCGCCGEGTTCCTGCCGACCGAGCTCGCCCA
AGCCGTICIGA

SEQ ID NO: 194

GTGGTCACCGTCACCGGCCCAATCGCCTGCGGCAAGACAGAACTGCTTIGACGCGGCTGCCGCGAAGGCTGAGGCCAT
CATTCTGCGCGCGGTCTGCGCGCCAGAAGAGCGGGCTATGCCGTACGCCATGATCGGGCAGCTCATCGACGACCCGG
CGCTCGCGCATCGGGCGECCGGEGEGCTGGCTGATCGGATAGCCCAGGGCGGGCAGCTGTCGCTGAGGGCCGAGAACCGA
CTGCGCAGGGATCTCACCCGTGCCCTIGCTGGCGCTTGCCGTGGACCGGCCTGTGCTGATCGGCGTCGACGATGTGCA
TCACGCCGACACCGCCTCTTTGAACTGTICTGCTIGCATTTIGGCCCGCCGGGTCCGTCCGGCCCGGATATCCATGATCT
TCACCGAGTTGCGCAGCCTCACCCCTACTCAGTCACGGTTCAAGGCGGAGCTGCTCAGCCTGCCATACCACCACGAG
ATCGCGCTGCGTCCATTCGGACCGGAGCAATCGGCGGAGCTGGCTCGCGCCGCCTTCGGCCCGGGCCTCGCCGAGGA
TGTGCTCGCGGGGTTGTATAAAACGACCAGGGGCAATCTGAGTCTCAGCCGTGGACTGATCAGCGATGTGCGGGAGG
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CCCTGGCCAACGGAGAGAGCGCTTTCGAGGCGGGCCGCGCGTTCCGGCTGGCGTACCTCAGCTCGCTICTACCGCTGT
GGCCCGGTCGCGCTGCGEGGETCGCCCGAGTGGCTGCCGTGCTGGGCCCAAGCGCCACCACCACGCTGGTGCGCCGGLT
AAGCGGGCTCAGCGCGGAGACGATAGACCGGGCAACCAAGATCCTCACTGAGGGCGGGCTGCTGCTCGACCAGCAGT
TCCCGCACCCGGCCGCCCGCTCGETGGTGCTCGATGACATGTCCGCCCAGGAACGACGCAGCCTGCACACTCTCGEC
CTGGAACTGCTGGACGAGGCGCCGGTTGAAGTGCTCGCGCACCACCAGGTCGGCGCCGGTCTCATACACGGGCCCAA
GGCTGCGGAGATGTTCGCCAAGGCCGGCAAGGCTCTGGTCGTACGCAACGAGTTGGGCGACGCGGCCGAATACCTGC
AACTGGCTCACCGGGCCTCCGACGATGTCTCCACCCGGGCCGCCTTACGGGTCGAGGCCGTGGCCATCGAGCGCCGC
CGCAATCCGCTGGCCTCCAGTCGGCACATGGACGAACTGAGCGCCGCCGGCCGECGCCGGTCTIGCTTTCCCCCAAGCA
TGCGGCGCTGGCCGTCTTCTGGCTAGCCGACGGCGGGCGATCCGGCGAGGCAGCCGAAGTGCTGGCGTCGGAACGLC
CGCTCGCGACCACCGATCAGAACCGGGCCCACCTGCGATTTIGTCGAGGTGACTCTICGCGCTIGTTICTCTCCCGGCGLC
TTCGGATCGGACCGGCGCCCACCTCCGCTGACGCCGGACGAACTCGCCAGCCTGCCGAAGGCGGCCTGGCAATGCGC
GGTCGCCGACAACGCGGCCATGACCGCCTTGCACGGCCATCCAGAACTTGCCACCGCTCAGGCGGAAACAGTTCTIGC
GGCAGGCTGATTCGGCAGCCGACGCGATCCCCGCCGCGCTGATCGCCCTGTTGTACGCGGAGAACACCGAGTCCGCT
CATATCTGGGCCGACAAGCTGGGCAGCACGAATGCCGGGGTATCGAACGAGGCGGAAGCGGGCTACGCCGGCCCGTG
CGCCGAGATCGCCCTGCGGCGCGGECGACCTGGCCACGGCGTTCGAGGCTGGTAGCGCCGTCCTGGACGACCGGETCGE
TGCCGTCGCTCGGCATCACCGCCGCATTGCTGTTGAGCAGCAAGACGGCCGCCGCTGTCCGGCTGGGCGAACTCGAG
CGTGCGGAGAAGCTGCTCGCCGAGCCGCTTCCGAACGGCGTCCAGGACAGCCTTTITCGGTICTGCACCTGCTCTCGGC
GTACGGCCAGTACAGCCTCGCGATGGGCCGATATGAATCAGCTCACCGGGCGTTTICGCACCTGCGGAGAACGTATGC
GCAGCTGGGATGTTGACGTIGCCTGGTCTGGCCCTIGTGGCGTGTCGACGCCGCCGAGGCGCTGCTCAGCCTCGACCGG
AACGAGGGCCAGCGGCTCATCGACGAACAACTCACCCGTCCGATGGGGCCTCGTTCCCACGCGTTAACGCTGCGGAT
CAAGGCGGCATACCTCCCGCGGACGAAGCGGATCCCCCTIGCTCCATGAGGCGGCCGAGCTGCTGCTCCCCTGCCCCG
ACCCGTACGAGCAAGCGCGGGTGCTCGCCGATCTGGGCGACACGCTCAGCGCGCTCAGACGCTATAGCCGGGLCGECGG
GGAGTTCTCCGGCAGGCTCGTCACCTGGCCACCCAGTGCGGTGCTGTCCCGCTGCTGCGCAGGCTCGGGGGCGAGLC
CGGCCGGATCGACGACGCCGGCCTGCCGCAGCGGAGCACATCGTTGACCGATGCGGAGCGGCGGETGGCGGCGCTGE
CCGCGGCCGGACAGACCAACCGGGAGATCGCCGAACAGCTGTITCGTCACGGCCAGCACAGTGGAACAGCACCTCACA
AGCGTCTTCCGCAAGCTGGGCGTCAAGGGCCGCAAGCAGCTGCCGACCGCGCTGGCCGACGTGGAACAGACCTGA

SEQ ID NO: 195

ATGTATAGCGGTACCIGCCGTGAAGGATACGAACTCGTICGCACGCGAGGACGAACTCGGTATICTACAGAGGTCICT
GGAACAAGCGAGCAGCGGCCAGGGCGTCGTGGTCACCGTCACCGGCCCAATCGCCTGCGGCAAGACAGAACTGCTTG
ACGCGGCTGCCGCGAAGGCTGAGGCCATCATTCTGCGCGCGGTCTGCGCGCCAGAAGAGCGGGCTATGCCGTACGCC
ATGATCGGGCAGCTCATCGACGACCCGGCGCTCGCGCATCGGGCGCCEGGEGCTGGCTGATCGGATAGCCCAGGGCGG
GCAGCTGTCGCTGAGGGCCGAGAACCGACTGCGCAGGGATCTCACCCGTGCCCTIGCTGGCGCTTGCCGTGGACCGGL
CTGTGCTGATCGGCGTCGACGATGTGCATCACGCCGACACCGCCTCTTITGAACTGTCTGCTGCATTTIGGCCCGCCGG
GTCCGTCCGGCCCGGATATCCATGATCTTCACCGAGTTGCGCAGCCTCACCCCTACTCAGTCACGGTTCAAGGCGGA
GCTGCTCAGCCIGCCATACCACCACGAGATCGCGCTGCGTCCATTCGGACCGGAGCAATCGGCGGAGCTGGCTCGLG
CCGCCTTCGGCCCGGGCCTCGCCGAGGATGTGCTCGCGGGGTTGTATAAAACGACCAGGGGCAATCTGAGTCTCAGC
CGTGGACTGATCAGCGATGTGCGGGAGGCCCTGGCCAACGGAGAGAGCGCTTTCGAGGCGGGCCGCGCGTTCCGGLT
GGCGTACCTCAGCTCGCTCTACCGCTIGTIGGCCCGGTCGCGCTGCGGEGTCGCCCGAGTGGCTGCCGTGCTGGGCCCAA
GCGCCACCACCACGCTGGTGCGCCGGCTAAGCGGGCTCAGCGCGGAGACGATAGACCGGGCAACCAAGATCCTCACT
GAGGGCGGGCTGCTGCTCGACCAGCAGTTCCCGCACCCGGCCGCCCGCTCGGTGGTGCTCGATGACATGTCCGCCCA
GGAACGACGCAGCCTGCACACTCTCGCCCTGGAACTGCTGGACGAGGCGCCGGTTGAAGTGCTCGCGCACCACCAGG
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TCGGCGCCGGTCTCATACACGGGCCCAAGGCTGCGGAGATGTTCGCCAAGGCCGGCAAGGCTCTGGTCGTACGCAAC
GAGTTGGGCGACGCGGCCGAATACCTGCAACTGGCTCACCGGGCCTCCGACGATGTCTCCACCCGGGCCGLCCCTIGLG
GGTCGAGGCCGTIGGCCATCGAGCGCCGCCGCAATCCGCTGGCCTCCAGTCGGCACATGGACGAACTGAGCGCCGCCG
GCCGCGCCGGETCTGCTTTCCCCCAAGCATGCGGCGCTGGCCGTCTTICTGGCTAGCCGACGGCGGGCGATCCGGCGAG
GCAGCCGAAGTGCTGGCGTCGGAACGCCCGCTCGCGACCACCGATCAGAACCGGGCCCACCTGCGATTTIGTCGAGGT
GACTCTCGCGCIGTITCTCICCCGGCGCCTTCGGATCGGACCGGCGCCCACCTCCGCTGACGCCGGACGAACTCGCCA
GCCTGCCGAAGGCGGCCTGGCAATGCGCGGTCGCCGACAACGCGGCCATGACCGCCTTGCACGGCCATCCAGAACTT
GCCACCGCTCAGGCGGAAACAGTTCTGCGGCAGGCTGATTCGGCAGCCGACGCGATCCCCGCCGCGCTGATCGCCCT
GTTGTACGCGGAGAACACCGAGTCCGCTCATATCTGGGCCGACAAGCTGGGCAGCACGAATGCCGGGGTATCGAACG
AGGCGGAAGCGGGCTACGCCGGCCCGETGCGCCGAGATCGCCCTGCGGCGCGGCEACCTGGCCACGGCGETTCGAGGCT
GGTAGCGCCGTCCTGGACGACCGGTCGCTGCCGTCGCTCGGCATCACCGCCGCATTGCTGTTGAGCAGCAAGACGGC
CGCCGCTGTCCGGCTGGGCGAACTCGAGCGTGCGGAGAAGCTGCTCGCCGAGCCGCTTCCGAACGGCGTCCAGGACA
GCCTTTTCGGTICTIGCACCTIGCTCTCGGCGTACGGCCAGTACAGCCTCGCGATGGGCCGATATGAATCAGCTCACCGG
GCGTTTCGCACCTGCGGAGAACGTATGCGCAGCTGGGATGTTGACGTGCCTGGTCTGGCCCTIGTGGCGTGTCGACGE
CGCCGAGGCGCTGCTCAGCCTCGACCGGAACGAGGGCCAGCGGCTCATCGACGAACAACTCACCCGTCCGATGGGGEC
CTCGTTCCCACGCGCTGACGCTGCGGATCAAGGCGGCATACCTCCCGCGGACGAAGCGGATCCCCCTIGCTCCATGAG
GCGGCCGAGCTGCTGCTCCCCTGCCCCGACCCGTACGAGCAAGCGCGGGTGCTCGCCGATCTGGGCGACACGCTCAG
CGCGCTCAGACGCTATAGCCGGGCGCGGGGAGTICTCCGGCAGGCTCGTCACCTGGCCACCCAGTGCGGTGCTGTICC
CGCTGCTGCGCAGGCTCGGGGGCEAGCCCGGECCGGATCGACGACGCCGGCCTGCCGCAGCGGAGCACATCGTTGACC
GATGCGGAGCGGCGGGTGGCGGECECTGGCCECGGCCGEACAGACCAACCGGGAGATCGCCGAACAGCTGTTCGTICAC
GGCCAGCACAGTGGAACAGCACCTCACAAGCGTICTTCCGCAAGCTGGGCGTCAAGGGCCGCAAGCAGCTGCCGACCG
CGCTGGCCGACGTGGAACAGACCTGA

SEQ ID NO: 196

GTGTATAGCGGTACCTGCCGTGAAGGATACGAACTCGTCGCCCGCGAGGACGAACTCGGCATTCTGCAGAGGTCTICT
GGAAGAAGCAGGCAGCGGCCAGGGCGCCGTGGTCACCGTCACCGGCCCGATCGCCTGCGGCAAGACAGAACTGCTTG
ACGCGGCTGCCGCGAAGGCTGACGCCATCATTCTGCGCGCGGTCTGCGCGCCCGAAGAGCGCGCTATGCCGTACGCC
ATGATCGGGCAGCTCATCGACGACCCGGCGCTCGCGCATCGGGCGCCGGAGCTGGCTGATCGGATAGCCCAGGGCGG
GCATCTIGTCGCTIGAGGGCCGAGAACCGACTGCGCAGGGATCTCACCCGTGCCCTIGCTGGCGCTTGCCGTCGACCGGL
CTGTGCTGATCGGCGTCGACGATGTGCATCACGCCGACACCGCCTCTTTGAACTGTCTGCTGCATTTAGCCCGCCGG
GTCCGTCCGGCCCGGATATCCATGATCTTCACCGAGTTGCGCAGCCTCACCCCTACTCAGTCACGATTCAAGGCGGA
GCTGCTCAGCCIGCCGTACCACCACGAGATCGCGCTGCGTCCACTCGGACCGGAGCAATCGGCGGAGCTGGCCCACG
CCGCCTTCGGCCCGGGCCTCGCCGAGGATGTGCTCGCGGGGTTGTATGGGATGACCAGGGGCAACCTGAGTCTCAGC
CGTGGACTGATCAGCGATGTGCGGGAGGCCCAGGCCAACGGAGAGAGCGCTTTCGAGGTGGGCCGCGCGTTCCGGLT
GGCGTACCTCAGCTCGCTCTACCGCTGTGGCCCGATCGCGCTGCGGEGTCGCCCGAGTGGCTGCCGTGCTGGGCCCAA
GCGCCACCACCACGCTGGTGCGCCGTCTAAGCGGGCTCAGCGCGGAGACGATAGACCGGGCAACCAAGATCCTCACT
GAGGGCGGGCTGCTGCTCGACCACCAGTTCCCGCACCCGGCCGCCCGCTCGGTGGTGCTCGATGACATGTCCGCCCA
GGAACGACGCAGCCTGCACACTCTCGCCCTGGAACTGCTGGACGAGGCGCCGGTTGAAGTGCTCGCGCACCACCAGG
TCGGCGCCGGTCTCATACACGGGCCCAAGGCTGCGGAGATATTCGCCAGGGCTGGCCAGGCTCTGGTTGTACGCAAC
GAGTTGGGCGACGCGGCCGAATACCTGCAACTGGCTCACCGAGCCTCCGACGATGTCTCCACCCGGGCCGCCTTACG
GGTCGAGGCCGTIGGCAATCGAGCGCCGCCGCAATCCGCTGGCCTCCAGTCGTCACATGGACGAGCTGAGCGCCGCCG
GCCGCGCCGGETCTGCTTTCCCCCAAGCATGCAGCGCTGGCTIGTCTTICTGGCTGGCCGACGGCGGGCGATCCGGCGAG
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GCAGCCGAGGTGCTGGCGTCGGAACACCCGCTCGCGACCACCGATCAGAACCGAGCACACCTGCGATTTGCCGAGGT
GACTCTCGCGCIGTITCTGICCCGGCGCCTTCGGGTCGGACCGGCGCCCACCTCCGCTGGCGCCGGACGAGCTCGCCA
GCTTGCCGAAGGCGGCCTGGCAATGCGCGGTCGCCGACAACGCGGTCATGACAGCGTTGCATGCTCATCCAGAACTT
GCCACCGCTCAGGCGGAAACAGTTCTGCGGCAGGCTGATTCGGCAGCCGACGCAATCCCCGCCGCACTGATCGCCCT
GTTGTACGCAGAGAACACCGAGTCCGCTCAGATCTGGGCCGACAAGCTGGGCAGCACCAATGCCGGGGTATCGAACG
AGGCGGAAGCGGGCTACGCCGGCCCGETGCGCCGAGATCGCCCTGCGGCGCGGCEACCTGGCCACGGCGETTCGAGGCT
GGTGGCACCGTCCTGGACGACCGGCCGCTGCCGTCGCTCGGCATCACCGCCGCATTGCTGTTGAGCAGCAAGACGGC
AGCCGCTIGTCCGCCTGGGCGAACTCGAGCGTGCGGAGAAGCTGCTCGCTGAGCCGCTTCCGAACGGTGTCCAGGACA
GCCTTTTCGGTICTIGCACCTIGCTCTCGGCGCACGGCCAGTACAGCCTCGCGATGGGCCGATATGAATCGGCTCACCGG
GCGTTTCACACCTIGCGGAGAACGTATGCGCAGCTGGGGETGTTGACGTGCCTGGTCTAGCCCTIGTGGCGTGTCGACGC
CGCCGAGGCACTGCTCAGCCTCGACCGGAACGAGGGCCAGCGGCTCATCGACGAACAACTCGCCCGTCCGATGGGAC
CTCGTTCCCGCGCATTAACGCTGCGGATCAAGGCGGCATACCTCCCGCGGACGAAGCGGATCCCCCIGCTCCATGAG
GCAGCTGAGCTGCTGCTCTICCTGCCCCGACCCGTACGAGCAAGCGCGGGTGCTCGCCGATCTGGGCGACACGCTCAG
CGCGCTCAGACGCTATAGCCGGGCGCGGGGAGTICTCCGGCAGGCTCGTCACCTGGCCACCCAGTGCGGTGCTGTICC
CGCTGCTGCGCCGACTCGGGGGCEAGCCCGGECCGGATCGACGACGCCGGCCTGCCGCAGCGGAGCACATCGTTGACC
GATGCGGAGCGGCGGGTGTCGGCCCTGGCCECGGCCGGACAGACCAACCGGGAGATCGCCAAACAGCTATTCGTICAC
GGCCAGCACCGTGGAACAGCACCTCACAAGCGTICTTCCGCAAGCTGGGCGTTAAGGGCCGCAGGCAGCTACCGACCG
CGCTGGCCGACGTGGAATAG

SEQ ID NO: 197

ATGTATAGCGGTACCIGCCGTGAAGGATACGAACTCGTICGCCCGCGAGGACGAACTCGGCATICTGCAGAGGTCICT
GGAAGAAGCAGGCAGCGGCCAGGGCGCCGTGGTCACCGTCACCGGCCCGATCGCCTGCGGCAAGACAGAACTGCTTG
ACGCGGCTGCCGCGAAGGCTGACGCCATCATTCTGCGCGCGGTCTGCGCGCCCGAAGAGCGCGCTATGCCGTACGCC
ATGATCGGGCAGCTCATCGACGACCCGGCGCTCGCGCATCGGGCGCCGGAGCTGGCTGATCGGATAGCCCAGGGCGG
GCATCTIGTCGCTIGAGGGCCGAGAACCGACTGCGCAGGGATCTCACCCGTGCCCTIGCTGGCGCTTGCCGTCGACCGGL
CTGTGCTGATCGGCGTCGACGATGTGCATCACGCCGACACCGCCTCTTITGAACTGTCTGCTGCATCTIGGCCCGCCGG
GTCCGTCCGGCCCGGATATCCATGATCTTCACCGAGTTGCGCAGCCTCACCCCTACTCAGTCACGATTCAAGGCGGA
GCTGCTCAGCCIGCCGTACCACCACGAGATCGCGCTGCGTCCACTCGGACCGGAGCAATCGGCGGAGCTGGCCCACG
CCGCCTTCGGCCCGGGCCTCGCCGAGGATGTGCTCGCGGGGTTGTATGGGATGACCAGGGGCAACCTGAGTCTCAGC
CGTGGACTGATCAGCGATGTGCGGGAGGCCCAGGCCAACGGAGAGAGCGCTTTCGAGGTGGGCCGCGCGTTCCGGLT
GGCGTACCTCAGCTCGCTCTACCGCTGTGGCCCGATCGCGCTGCGGEGTCGCCCGAGTGGCTGCCGTGCTGGGCCCAA
GCGCCACCACCACGCTGGTGCGCCGTCTAAGCGGGCTCAGCGCGGAGACGATAGACCGGGCAACCAAGATCCTCACT
GAGGGCGGGCTGCTGCTCGACCACCAGTTCCCGCACCCGGCCGCCCGCTCGGTGGTGCTCGATGACATGTCCGCCCA
GGAACGACGCAGCCTGCACACTCTCGCCCTGGAACTGCTGGACGAGGCGCCGGTTGAAGTGCTCGCGCACCACCAGG
TCGGCGCCGGTCTCATACACGGGCCCAAGGCTGCGGAGATATTCGCCAGGGCTGGCCAGGCTCTGGTTGTACGCAAC
GAGTTGGGCGACGCGGCCGAATACCTGCAACTGGCTCACCGAGCCTCCGACGATGTCTCCACCCGGGCCGLCCCTIGLG
GGTCGAGGCCGTIGGCAATCGAGCGCCGCCGCAATCCGCTGGCCTCCAGTCGTCACATGGACGAGCTGAGCGCCGCCG
GCCGCGCCGGETCTGCTTTCCCCCAAGCATGCAGCGCTGGCTIGTCTTICTGGCTGGCCGACGGCGGGCGATCCGGCGAG
GCAGCCGAGGTGCTGGCGTCGGAACACCCGCTCGCGACCACCGATCAGAACCGAGCACACCTGCGATTTGCCGAGGT
GACTCTCGCGCIGTITCTGICCCGGCGCCTTCGGGTCGGACCGGCGCCCACCTCCGCTGGCGCCGGACGAGCTCGCCA
GCTTGCCGAAGGCGGCCTGGCAATGCGCGGTCGCCGACAACGCGGTCATGACAGCGTTGCATGCTCATCCAGAACTT
GCCACCGCTCAGGCGGAAACAGTTCTGCGGCAGGCTGATTCGGCAGCCGACGCAATCCCCGCCGCACTGATCGCCCT
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GTTGTACGCAGAGAACACCGAGTCCGCTCAGATCTGGGCCGACAAGCTGGGCAGCACCAATGCCGGGGTATCGAACG
AGGCGGAAGCGGGCTACGCCGGCCCGETGCGCCGAGATCGCCCTGCGGCGCGGCEACCTGGCCACGGCGETTCGAGGCT
GGTGGCACCGTCCTGGACGACCGGCCGCTGCCGTCGCTCGGCATCACCGCCGCATTGCTGTTGAGCAGCAAGACGGC
AGCCGCTIGTCCGCCTGGGCGAACTCGAGCGTGCGGAGAAGCTGCTCGCTGAGCCGCTTCCGAACGGTGTCCAGGACA
GCCTTTTCGGTICTIGCACCTIGCTCTCGGCGCACGGCCAGTACAGCCTCGCGATGGGCCGATATGAATCGGCTCACCGG
GCGTTTCACACCTIGCGGAGAACGTATGCGCAGCTGGGGETGTTGACGTGCCTGGTCTAGCCCTIGTGGCGTGTCGACGC
CGCCGAGGCACTGCTCAGCCTCGACCGGAACGAGGGCCAGCGGCTCATCGACGAACAACTCGCCCGTCCGATGGGAC
CTCGTTCCCGCGCACTGACGCTGCGGATCAAGGCGGCATACCTCCCGCGGACGAAGCGGATCCCCCTIGCTCCATGAG
GCAGCTGAGCTGCTGCTCTICCTGCCCCGACCCGTACGAGCAAGCGCGGGTGCTCGCCGATCTGGGCGACACGCTCAG
CGCGCTCAGACGCTATAGCCGGGCGCGGGGAGTICTCCGGCAGGCTCGTCACCTGGCCACCCAGTGCGGTGCTGTICC
CGCTGCTGCGCCGACTCGGGGGCEAGCCCGGECCGGATCGACGACGCCGGCCTGCCGCAGCGGAGCACATCGTTGACC
GATGCGGAGCGGCGGGTGTCGGCCCTGGCCECGGCCGGACAGACCAACCGGGAGATCGCCAAACAGCTATTCGTICAC
GGCCAGCACCGTGGAACAGCACCTCACAAGCGTICTTCCGCAAGCTGGGCGTTAAGGGCCGCAGGCAGCTACCGACCG
CGCTGGCCGACGTGGAATAG

SEQ ID NO: 198

GTIGTATAGCGGTACCTGCCGTGAAGGATACGAACTCGTCGCACGCGAGGACGAACTCGGCATICTACAGAGGTCICT
GGAACAAGCGAGCAGCGGCCAGGGCGTCGTGGTCACCGTCACCGGCCCAATCGCCTGCGGCAAGACAGAACTGCTTG
ACGCGGCTGCCGCGAAGGCTGAGGCCATCATTCTGCGCGCGGTCTGCGCGCCCGAAGAGCGGGCTATGCCGTACGCC
ATGATCGGGCAGCTCATCGACGACCCGGCGCTCGCGCATCGGGCGCCEGGEGCTGGCTGATCGGATAGCCCAGGGCGG
GCAGCTGTCGCTIGAGGGCCGAGAACCGACTGCGCAGGGATCTCACCCGTGCCCTIGCTGGCGCTTGCCGTGCACCGGL
CTGTGCTGATCGGCGTCGATGATGTGCATCACGCCGACACCGCCTCTTTGAACTGTCTGCTGCATTTIGGCGCGCCGG
GTCCGTCCGGCCCGGATATCCATGATCTTCACCGAGTTGCGCAGCCTCACCCCTACTCAGTCACGATTCAAGGCGGA
GCTGCTCAGCCIGCCGTACCACCACGAGATCGCGCTGCGTCCATTCGGACCGGAGCAATCGGCGGAGCTGGCTCGLG
CCGCCTTCGGCCCGGGCCTCGCCGAGGATGTGCTCGCGGGGTTGTATAAAACGACCAGGGGCAATCTGAGTCTCAGC
CGTGGACTGATCAGCGATGTGCGGGAGGCCCTGGCCAACGGAGAGAGCGCTTTCGAGGCGGGCCGCGCGTTCCGGLT
GGCGTACCTCAGCTCGCTCTACCGCTIGTIGGCCCGGTCGCGCTGCGGEGTCGCCCGAGTGGCTGCCGTGCTGGGCCCAA
GCGCCACCACCACGCTGGTGCGCCGGCTAAGCGGGCTCAGCGCGGAGACGATAGACCGGGCAACCAAGATCCTCACC
GAGGGCGGGCTGCTGCTCGACCAGCAGTTTCCGCACCCGGCCGCCCGCTCGGTGGTGCTCGATGACATGTCCGCCCA
GGAACGACGCGGCCTGCACACTCTCGCCCTGGAACTGCTGGACGAGGCGCCGGTTGAAGTGCTCGCGCACCACCAGG
TCGGCGCCGGTCTCATACACGGGCCCAAGGCTGCGGAGATGTTCGCCAAGGCCGGCAAGGCTCTGGTCGTACGCAAC
GAGTTGGGCGACGCGGCCGAATACCTGCAACTGGCTCACCGGGCCTCCGACGATGTCTCCACCCGGGCCGCCTTACG
GGTCGAGGCCGTGGCGATCGAGCGCCGCCGCAATCCGCTGGCCTCCAGTCGGCACATGGACGAGCTGAGCGCCGLCG
GCCGCGCCGGETCTIGCTTTCCCCCAAGCATGCGGCGCTGGCCGTCTTICTGGCTGGCCGACGGCGGGCGATCCGGCGAG
GCAGCCCAGGTGCTGGCGTCGGAACGCCCGCTCGCGACCACCGATCAGAACCGGGCCCACCTGCGATTTIGTCGAGGT
GACTCTCGCGCIGTITCTCICCCGGCGCCTTCGGATCGGACCGGCGCCCACCTCCGCTGACGCCGGACGAACTCGCCA
GCCTGCCGAAGGCGGCCTGGCAATGCGCGGTCGCCGACAACGCGGCCATGACCGCCTTGCACGGCCATCCAGAACTT
GCCACCGCTCAGGCGGAAACAGTTCTGCGGCAGGCTGATTCGGCAGCCGACGCGATCCCCGCCGCGCTGATCGCCCT
GTTGTACGCGGAGAACACCGAGTCCGCTCATATCTGGGCCGACAAGCTGGGCAGCATGAATGCCGGGGTATCGAACG
AGGCGGAAGCGGGCTACGCCGGCCCGETGCGCCGAGATCGCCCTGCGGCGCGGCEACCTGGCCACGGCGETTCGAGGCT
GGTAGCACCGTCCTGGACGACCGGTCACTGCCGTCGCTCGGCATCACCGCCGCATTGCTGTTGAGCAGCAAGACGGC
CGCCGCTGTCCGGCTGGGCGAACTCGAGCGTGCGGAGAAGCTGCTCGCCGAGCCGCTTCCGAACGGCGTCCAGGACA
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GCCTTTTCGGTICTIGCACCTIGCTCTCGGCGTACGGCCAGTACAGCCTCGCGATGGGCCGATATGAATCGGCTCACCGG
GCGTTTCGCACCTGCGGAGAACGTATGCGCAGCTGGGATGTTGACGTGCCTGGTCTGGCCCTIGTGGCGTGTCGACGE
CGCCGAGGCGCTGCTCAGCCTCGACCGGAACGAGGGCCAGCGGCTCATCGACGAACAACTCACCCGTCCGATGGGAC
CTCGTTCCCGCGCGTTAACGCTGCGGATCAAGGCGGCATACCTCCCGCGGACGAAGCGGATCCCCCTIGCTCCATGAG
GCGGCCGAGCTGCTGCTCCCCTGCCCCGACCCGTACGAGCAAGCGCGGGTGCTCGCCGATCTGGGCGACACGCTCAG
CGCGCTCAGACGCTATAGCCGGGCGCGGGGAGTICTCCGGCAGGCTCGTCACCTGGCCACCCAGTGCGGTGCTGTICC
CGCTGCTGCGCCGACTCGGGGGCEAGCCCGGECCGGATCGACGACGCCGGCCTGCCGCAGCGGAGCACATCGTTGACC
GATGCGGAGCGGCGGGTGGCGGECECTGGCCECGGCCGEACAGACCAACCGGGAGATCGCCGAACAGCTGTTCGTICAC
GGCCAGCACAGTGGAACAGCACCTCACAAGCGTICTTCCGCAAGCTGGGCGTCAAGGGCCGCAAGCAGCTGCCGACCG
CGCTGGCCGACGTGGAACAGACCTGA

SEQ ID NO: 199

ATGTATAGCGGTACCIGCCGTGAAGGATACGAACTCGTICGCACGCGAGGACGAACTCGGCATICTACAGAGGTCICT
GGAACAAGCGAGCAGCGGCCAGGGCGTCGTGGTCACCGTCACCGGCCCAATCGCCTGCGGCAAGACAGAACTGCTTG
ACGCGGCTGCCGCGAAGGCTGAGGCCATCATTCTGCGCGCGGTCTGCGCGCCCGAAGAGCGGGCTATGCCGTACGCC
ATGATCGGGCAGCTCATCGACGACCCGGCGCTCGCGCATCGGGCGCCEGGEGCTGGCTGATCGGATAGCCCAGGGCGG
GCAGCTGTCGCTIGAGGGCCGAGAACCGACTGCGCAGGGATCTCACCCGTGCCCTIGCTGGCGCTTGCCGTGCACCGGL
CTGTGCTGATCGGCGTCGATGATGTGCATCACGCCGACACCGCCTCTTTGAACTGTCTGCTGCATTTIGGCGCGCCGG
GTCCGTCCGGCCCGGATATCCATGATCTTCACCGAGTTGCGCAGCCTCACCCCTACTCAGTCACGATTCAAGGCGGA
GCTGCTCAGCCIGCCGTACCACCACGAGATCGCGCTGCGTCCATTCGGACCGGAGCAATCGGCGGAGCTGGCTCGLG
CCGCCTTCGGCCCGGGCCTCGCCGAGGATGTGCTCGCGGGGTTGTATAAAACGACCAGGGGCAATCTGAGTCTCAGC
CGTGGACTGATCAGCGATGTGCGGGAGGCCCTGGCCAACGGAGAGAGCGCTTTCGAGGCGGGCCGCGCGTTCCGGLT
GGCGTACCTCAGCTCGCTCTACCGCTIGTIGGCCCGGTCGCGCTGCGGEGTCGCCCGAGTGGCTGCCGTGCTGGGCCCAA
GCGCCACCACCACGCTGGTGCGCCGGCTAAGCGGGCTCAGCGCGGAGACGATAGACCGGGCAACCAAGATCCTCACC
GAGGGCGGGCTGCTGCTCGACCAGCAGTTTCCGCACCCGGCCGCCCGCTCGGTGGTGCTCGATGACATGTCCGCCCA
GGAACGACGCGGCCTGCACACTCTCGCCCTGGAACTGCTGGACGAGGCGCCGGTTGAAGTGCTCGCGCACCACCAGG
TCGGCGCCGGTCTCATACACGGGCCCAAGGCTGCGGAGATGTTCGCCAAGGCCGGCAAGGCTCTGGTCGTACGCAAC
GAGTTGGGCGACGCGGCCGAATACCTGCAACTGGCTCACCGGGCCTCCGACGATGTCTCCACCCGGGCCGLCCCTIGLG
GGTCGAGGCCGTGGCGATCGAGCGCCGCCGCAATCCGCTGGCCTCCAGTCGGCACATGGACGAGCTGAGCGCCGLCG
GCCGCGCCGGETCTIGCTTTCCCCCAAGCATGCGGCGCTGGCCGTCTTICTGGCTGGCCGACGGCGGGCGATCCGGCGAG
GCAGCCCAGGTGCTGGCGTCGGAACGCCCGCTCGCGACCACCGATCAGAACCGGGCCCACCTGCGATTTIGTCGAGGT
GACTCTCGCGCIGTITCTCICCCGGCGCCTTCGGATCGGACCGGCGCCCACCTCCGCTGACGCCGGACGAACTCGCCA
GCCTGCCGAAGGCGGCCTGGCAATGCGCGGTCGCCGACAACGCGGCCATGACCGCCTTGCACGGCCATCCAGAACTT
GCCACCGCTCAGGCGGAAACAGTTCTGCGGCAGGCTGATTCGGCAGCCGACGCGATCCCCGCCGCGCTGATCGCCCT
GTTGTACGCGGAGAACACCGAGTCCGCTCATATCTGGGCCGACAAGCTGGGCAGCATGAATGCCGGGGTATCGAACG
AGGCGGAAGCGGGCTACGCCGGCCCGETGCGCCGAGATCGCCCTGCGGCGCGGCEACCTGGCCACGGCGETTCGAGGCT
GGTAGCACCGTCCTGGACGACCGGTCACTGCCGTCGCTCGGCATCACCGCCGCATTGCTGTTGAGCAGCAAGACGGC
CGCCGCTGTCCGGCTGGGCGAACTCGAGCGTGCGGAGAAGCTGCTCGCCGAGCCGCTTCCGAACGGCGTCCAGGACA
GCCTTTTCGGTICTIGCACCTIGCTCTCGGCGTACGGCCAGTACAGCCTCGCGATGGGCCGATATGAATCGGCTCACCGG
GCGTTTCGCACCTGCGGAGAACGTATGCGCAGCTGGGATGTTGACGTGCCTGGTCTGGCCCTIGTGGCGTGTCGACGE
CGCCGAGGCGCTGCTCAGCCTCGACCGGAACGAGGGCCAGCGGCTCATCGACGAACAACTCACCCGTCCGATGGGAC
CTCGTTCCCGCGCGCTGACGCTGCGGATCAAGGCGGCATACCTCCCGCGGACGAAGCGGATCCCCCTIGCTCCATGAG
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GCGGCCGAGCTGCTGCTCCCCTGCCCCGACCCGTACGAGCAAGCGCGGGTGCTCGCCGATCTGGGCGACACGCTCAG
CGCGCTCAGACGCTATAGCCGGGCGCGGGGAGTICTCCGGCAGGCTCGTCACCTGGCCACCCAGTGCGGTGCTGTICC
CGCTGCTGCGCCGACTCGGGGGCEAGCCCGGECCGGATCGACGACGCCGGCCTGCCGCAGCGGAGCACATCGTTGACC
GATGCGGAGCGGCGGGTGGCGGECECTGGCCECGGCCGEACAGACCAACCGGGAGATCGCCGAACAGCTGTTCGTICAC
GGCCAGCACAGTGGAACAGCACCTCACAAGCGTICTTCCGCAAGCTGGGCGTCAAGGGCCGCAAGCAGCTGCCGACCG
CGCTGGCCGACGTGGAACAGACCTGA

SEQ ID NO: 200

GTGCGAGCTATTAATGCGTCCGACACCGGTCCTIGAACTGGTCGCCCGCGAAGACGAACTGGGACGTGTACGAAGTGC
CCTGAACCGAGCGAACGGCGGCCAAGGTGTCCTIGATCTCCATTACCGGTCCGATCGCCTGCGGCAAGACCGAACTGC
TTGAGGCTGCCGCCTCGGAAGTTGACGCCATCACTCTGCGCGCGGTCTIGTGCCGCCGAGGAACGGGCGATACCTTAT
GCCCTIGATCGGGCAGCTTATCGACAACCCCGCGCTCGGCATTCCGGTTICCGGATCCGGCCGGCCTGACCGCCCAGGG
CGGACGACTGTCATCGAGCGCCGAGAACCGACTGCGTCGCGACCTCACCCGTGCCCTGCTGACGCTCGCCACCGACC
GGCTGGTGCTGATCTGTGTICGATGACGTGCAGCACGCCGACAACGCCTCGTTGAGCTGCCTTICTGTATCTGGCCCGA
CGGCTTGTCCCGGCTCGAATCGCTCTIGGTATTCACCGAGTTGCGAGTCCTCACCTICGTCTICAGTTACGGTTCAACGC
GGAGCTGCTCAGCTTGCGGAACCACTGCGAGATCGCGCTGCGCCCACTCGGCCCGGGGCATGCGGCCGAGCTGGCCC
GCGCCACCCTCGGCCCCGGCCTCTCCGACGAAACACTCACGGAGCTGTACCGGGTGACCGGAGGCAACCTGAGTICIC
AGCCGCGGGCTGATCGACGATGTGCGGGACGCCTGGGCACGAGGGGAAACGGGCGTCCAGGTGGGCCGGGLCGTTCCG
GCTGGCCTACCTICGGTTCCCTCCACCGCTGTGGTCCGCTGGCGTTGCGGGTCGCCCGCGTAGCCGCCGTACTGGGEC
CGAGCGCCACCAGCGTCCTIGGTGCGCCGGATCAGTGGGCTCAGCGCGGAGGCCATGGCCCAGGCGACCGATATCCIC
GCTGACGGCGGCCTCCTGCGCGACCAGCGGTTCACACATCCAGCGGCCCGCTCGGTGGTGCTCGACGACATGTCCGC
CGAGGAACGACGCAGCGTGCACAGCCTCGCCCTIGGAACTGCTGGACGAGGCACCGGCCGAGATGCTCGCGCACCACC
GGGTCGGCGCCGGTCTCGTGCACGGGCCGAAGGCCGCGGAGACATTCACCGGEGGCCGGCCGGGCACTGGCCGTTICGE
GGCATGCTGGGCGAGGCAGCCGACTACCTGCAACTGGCGTACCGGGCCTCCGGCGACGCCGCTACCAAGGCCGCGAT
ACGCGTICGAGTCCGTGGCGGTCGAGCGCCGACGCAATCCGCTGGTCGTCAGTCGCCATTGGGACGAGCTGAGCGTCG
CGGCCCGCGCCGGETCTGCTCTCCTGCGAGCACGTGTCCAGGACGGCCCGCTGGCTGACCGTCGGTGGGLGGCCCEEL
GAGGCGGCCAGGGTGCTGGCGTCGCAACACCGACGGGTCGTCACCGATCAGGACCGGGCCCACCTGCGGGTCGCCGA
GTTCTICGCTCGCGCTGCTGTACCCCGGTACGTCCGGCTCGGACCGGCGCCCGCACCCGCTCACGTCGGACGAACTCG
CGGCCCTACCGACTGCGACCAGACACTGCGCGATCGCCGATAACGCTGTCATGGCTGCCTTIGCGTGGTCATCCGGAG
CTTGCCACCGCCGAGGCAGAAGCCGTTICTGCAGCAAGCCGACGCGGCGGACGGCGCTGCTCTCACCGCGCTGATGGC
CCTGCTGTACGCGGAGAGCATCGAGGTCGCTGAAGTCTGGGCGGACAAGCTGGCGGCAGAGGCCGGAGCATCGAACG
GGCAGGACGCGGAGTACGCCGGTATACGCGCCGAAATCGCCCTGCGGCGCGGECGATCTGACCGCGGCCGTCGAGACC
GCCGGCATGGTCCTGGACGGCCGGCCGCTGCCGTCGCTCGACATCACCGCCACGTTGCTGTTGGCCGGCAGGGCGTC
CGTCGCCGTCCGGCTGGGCGAACTCGACCACGCGGAGGAGCTGTTCGCCGCGCCGCCGGAGGACGCCTTCCAGGACA
GCCTCTTCGGTICTIGCATCIGCTCTCGGCGCACGGCCAGTACAGCCTCGCGACAGGCCGGCCCGAGTCGGCATACCGG
GCCTTTCGTGCCTGCGGCGAACGTATGCGCGATTGGGGECTTCGACGCGCCCGGTGTGGCCCTIGTGGCGCGTCGEGRGE
CGCCGAGGCGCTGCTCGGCCTCGACCGGAACGAGGGCCGACGGCTCATCGACGAACAGCTGAGCCGGACGATGGCCC
CCCGGTCCCACGCGTTGACGCTGCGGATAAAAGCGGCGTACATGCCGGAGCCGAAGCGGGTCGACCTGCTCTACGAA
GCGGCTGAGCTGCTGCTCTICCTGCCGGGACCAGTATGAGCGAGCGCGGGTGCTCGCCGATCTGGGCGAGGCGCTCAG
CGCGCTCGGGAACTACCGGCAGGCGCGAGGTGTIGCTCCGGCAGGCTCGGCATCTGGCCATGCGAACCGGCGCGGACC
CGCTGCTGCGCCGGCTCGGAATCAGGCCCGGCCGGCAGGACGACCCCGACCCGCAGCCGCGGAGCAGATCGCTGACC
AACGCTGAGCGGCGTGCGGCGTCGCTGGCCGCGACCGGACTGACCAACCGGGAGATCGCCGACCGGCTCTICGTCAC
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CGCCAGCACCGTGGAGCAGCACCTCACCAACGTICTTCCGCAAGCTGGGCGTCAAGGGCCGCAAGCAGCTGCCGGCCG
AGTTGGACGACATGGAATAG

SEQ ID NO: 201
ATGCGAGCTATTAATGCGTCCGACACCGGTCCTGAACTGGTCGCCCGCGAAGACGAACTGGGACGTGTACGAAGTGC
CCTGAACCGAGCGAACGGCGGCCAAGGTGTCCTIGATCTCCATTACCGGTCCGATCGCCTGCGGCAAGACCGAACTGC
TTGAGGCTGCCGCCTCGGAAGTTGACGCCATCACTCTGCGCGCGGTCTIGTGCCGCCGAGGAACGGGCGATACCTTAT
GCCCTIGATCGGGCAGCTTATCGACAACCCCGCGCTCGGCATTCCGGTTICCGGATCCGGCCGGCCTGACCGCCCAGGG
CGGACGACTGTCATCGAGCGCCGAGAACCGACTGCGTCGCGACCTCACCCGTGCCCTGCTGACGCTCGCCACCGACC
GGCTGGTGCTGATCTGTGTICGATGACGTGCAGCACGCCGACAACGCCTCGTTGAGCTGCCTTICTGTATCTGGCCCGA
CGGCTTGTCCCGGCTCGAATCGCTCTIGGTATTCACCGAGTTGCGAGTCCTCACCTICGTCTICAGCTGCGGTTCAACGC
GGAGCTGCTCAGCTTGCGGAACCACTGCGAGATCGCGCTGCGCCCACTCGGCCCGGGGCATGCGGCCGAGCTGGCCC
GCGCCACCCTCGGCCCCGGCCTCTCCGACGAAACACTCACGGAGCTGTACCGGGTGACCGGAGGCAACCTGAGTICIC
AGCCGCGGGCTGATCGACGATGTGCGGGACGCCTGGGCACGAGGGGAAACGGGCGTCCAGGTGGGCCGGGLCGTTCCG
GCTGGCCTACCTICGGTTCCCTCCACCGCTGTGGTCCGCTGGCGTTGCGGGTCGCCCGCGTAGCCGCCGTACTGGGEC
CGAGCGCCACCAGCGTCCTIGGTGCGCCGGATCAGTGGGCTCAGCGCGGAGGCCATGGCCCAGGCGACCGATATCCIC
GCTGACGGCGGCCTCCTGCGCGACCAGCGGTTCACACATCCAGCGGCCCGCTCGGTGGTGCTCGACGACATGTCCGC
CGAGGAACGACGCAGCGTGCACAGCCTCGCCCTIGGAACTGCTGGACGAGGCACCGGCCGAGATGCTCGCGCACCACC
GGGTCGGCGCCGGTCTCGTGCACGGGCCGAAGGCCGCGGAGACATTCACCGGEGGCCGGCCGGGCACTGGCCGTTICGE
GGCATGCTGGGCGAGGCAGCCGACTACCTGCAACTGGCGTACCGGGCCTCCGGCGACGCCGCTACCAAGGCCGCGAT
ACGCGTICGAGTCCGTGGCGGTCGAGCGCCGACGCAATCCGCTGGTCGTCAGTCGCCATTGGGACGAGCTGAGCGTCG
CGGCCCGCGCCGGETCTGCTCTCCTGCGAGCACGTGTCCAGGACGGCCCGCTGGCTGACCGTCGGTGGGLGGCCCEEL
GAGGCGGCCAGGGTGCTGGCGTCGCAACACCGACGGGTCGTCACCGATCAGGACCGGGCCCACCTGCGGGTCGCCGA
GTTCTICGCTCGCGCTGCTGTACCCCGGTACGTCCGGCTCGGACCGGCGCCCGCACCCGCTCACGTCGGACGAACTCG
CGGCCCTACCGACTGCGACCAGACACTGCGCGATCGCCGATAACGCTGTCATGGCTGCCTTIGCGTGGTCATCCGGAG
CTTGCCACCGCCGAGGCAGAAGCCGTTICTGCAGCAAGCCGACGCGGCGGACGGCGCTGCTCTCACCGCGCTGATGGC
CCTGCTGTACGCGGAGAGCATCGAGGTCGCTGAAGTCTGGGCGGACAAGCTGGCGGCAGAGGCCGGAGCATCGAACG
GGCAGGACGCGGAGTACGCCGGTATACGCGCCGAAATCGCCCTGCGGCGCGGECGATCTGACCGCGGCCGTCGAGACC
GCCGGCATGGTCCTGGACGGCCGGCCGCTGCCGTCGCTCGACATCACCGCCACGTTGCTGTTGGCCGGCAGGGCGTC
CGTCGCCGTCCGGCTGGGCGAACTCGACCACGCGGAGGAGCTGTTCGCCGCGCCGCCGGAGGACGCCTTCCAGGACA
GCCTCTTCGGTICTIGCATCIGCTCTCGGCGCACGGCCAGTACAGCCTCGCGACAGGCCGGCCCGAGTCGGCATACCGG
GCCTTTCGTGCCTGCGGCGAACGTATGCGCGATTGGGGECTTCGACGCGCCCGGTGTGGCCCTIGTGGCGCGTCGEGRGE
CGCCGAGGCGCTGCTCGGCCTCGACCGGAACGAGGGCCGACGGCTCATCGACGAACAGCTGAGCCGGACGATGGCCC
CCCGGTCCCACGCGTTGACGCTGCGGATAAAAGCGGCGTACATGCCGGAGCCGAAGCGGGTCGACCTGCTCTACGAA
GCGGCTGAGCTGCTGCTCTICCTGCCGGGACCAGTATGAGCGAGCGCGGGTGCTCGCCGATCTGGGCGAGGCGCTCAG
CGCGCTCGGGAACTACCGGCAGGCGCGAGGTGTIGCTCCGGCAGGCTCGGCATCTGGCCATGCGAACCGGCGCGGACC
CGCTGCTGCGCCGGCTCGGAATCAGGCCCGGCCGGCAGGACGACCCCGACCCGCAGCCGCGGAGCAGATCGCTGACC
AACGCTGAGCGGCGTGCGGCGTCGCTGGCCGCGACCGGACTGACCAACCGGGAGATCGCCGACCGGCTCTICGTCAC
CGCCAGCACCGTGGAGCAGCACCTCACCAACGTICTTCCGCAAGCTGGGCGTCAAGGGCCGCAAGCAGCTGCCGGCCG
AGTTGGACGACATGGAATAG

SEQ ID NO: 202
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MPAVECYELDARDDELRKLEEVVTGRANGRGVVVTITGPIACGKTELLDAAAAKADAITLRAVCSAEEQALPYALIG
QLIDNPALASHALEPACPTLPGEHLSPEAENRLRSDLTRTLLALAAERPVLIGIDESHANALCLLHLARRVGSARIA
MVLTELRRLTPAHSQFQAELLSLGHHREIALRPLSPKHTAELVRAGLGPDVDEDVLTGLYRATGGNLNLTRGLINDV
REAWETGGTGISAGRAYRLAYLGSLYRCGPVPLRVARVAAVLGOSANTTLVRWISGLNADAVGEATEILTEGGLLHD
LREFPHPAARSVVLNDMSAQERRRLHRSALEVLDDVPVEVVAHHQVGAGLLHGPKAAEIFAKAGQELHVRGELDTASD
YLOLAHQASDDAVIGMRAEAVAIERRRNPLASSRHLDELTVVARAGLLEFPEHTALMIRWLGVGGRSGEAAGLLASQR
PRAVIDQDRAHMRAAEVSLALVSPGTSGPDRRPRPLTPDELANLPKAARLCAIADNAVMSALRGRPELAAAEAENVL
QHADSAAAGTTALAALTALLYAENTDTAQLWADKLVSETGASNEEEAGYAGPRAEAALRRGDLAAAVEAGSTVLDHR
RLSTLGITAALPLSSAVAAAIRLGETERAEKWLAQPLPOATIQDGLEGLHLLSARGQYSLATGOHESAYTAFRTCGER
MRNWGVDVPGLSLWRVDAAEALLHGRDRDEGRRLVDEQLTRAMGPRSRALTLRVQAAYSPPAKRVDLLDEAADLLLS
CNDQYERARVLADLSETEFSALRHHSRARGLLROQARHLAAQRGAIPLLRRLGAKPGGPGWLEESGLPQRIKSLTDAER
RVASLAAGGQTNRVIADQLEVTASTVEQHLTDVSTGSRPPAPAAELV

SEQ ID NO: 203
MVPEVRAAPDELIARDDELSRLORALTRAGSGRGGVVAITGPIASGKTALLDAGAAKSGEVALRAVCSWEERTLPYG
MLGQLFDHPELAAQAPDLAHFTASCESPQAGTDNRLRAEFTRTLLALAADWPVLIGIDDVHHADAESLRCLLHLARR
IGPARIAVVLTELRRPTPADSREFQAELLSLRSYQEIALRPLTEAQTGELVRRHLGAETHEDVSADTEFRATGGNLLLG
HGLINDIREARTAGRPGVVAGRAYRLAYLSSLYRCGPSALRVARASAVLGASAEAVLVORMTGLNKDAVEQVYEQLN
EGRLLOGERFPHPAARSIVLDDLSALERRNLHESALELLRDHGVAGNVLARHQIGAGRVHGEEAVELFTGAAREHHL
RGELDDAAGYLELAHRASDDPVTRAALRVGAAAIERLCNPVRAGRHLPELLTASRAGLLSSEHAVSLADWLAMGGRP
GEAAEVLATQRPAADSEQHRALLRSGELSLALVHPGAWDPLRRTDRFAAGGLGSLPGPARHRAVADQAVIAALRGRL
DRADANAESVLOQHTDATADRTTAIMALLALLYAENTDAVQEFWVDKLAGDEGTRTPADEAVHAGENAE IALRRGDLMR
AVEYGEAALGHRHLPTWGMAAALPLSSTVVAAIRLGDLDRAERWLAEPLPQOTPESLFGLHLLWARGOQHHLATGRHG
AAYTAFRECGERMRRWAVDVPGLALWRVDAAESLLLLGRDRAEGLRLVSEQLSRPMRPRARVQTLRVQAAYSPPPQOR
IDLLEEAADLLVTCNDQYELANVLSDLAEASSMVROQHSRARGLLRRARHLATQCGAVPLLRRLGAEPSDIGGAWDAT
LGORIASLTESERRVAALAAVGRTINREIAEQLEVTASTVEQHLTNVEFRKLAVKGRQQLPKELADVGEPADRDRRCG

SEQ ID NO: 204
MIARLSPPDLIARDDEFGSLHRALTRAGGGRGVVAAVTIGPIACGKTELLDAAAAKAGEVTLRAVCSMEERALPYGML
GQLLDQPELAARTPELVRLTASCENLPADVDNRLGTELTRTVLTLAAERPVLIGIDDVHHADAPSLRCLLHLARRIS
RARVAIVLTELLRPTPAHSQFRAALLSLRHYQEIALRPLTEAQTTELVRRHLGODAHDDVVAQAFRATGGNLLLGHG
LIDDIREARTRTSGCLEVVAGRAYRLAYLGSLYRCGPAALSVARASAVLGESVELTLVORMTGLDTEAVEQAHEQLV
EGRLLREGRFPHPAARSVVLDDLSAAERRGLHELALELLRDRGVASKVLARHOMGTGRVHGAEVAGLETDAAREHHL
RGELDEAVTYLEFAYRASDDPAVHAALRVDTAAIERLCDPARSGRHVPELLTASRERLLSSEHAVSLACWLAMDGRP
GEAAEVLAAQRSAAPSEQGRAHLRVADLSLALIYPGAADPPRPADPPAEDEVASESGAVRHRAVADKALSNALRGWS
EQAEAKAEYVLOHSRVITDRTTTMMALLALLYAEDTDAVQSWVDKLAGDDNMRTPADEAVHAGFRAEAALRRGDLTA
AVECGEAALAPRVVPSWGMAAALPLSSTVAAAIRLGDLDRAERWLAEPLPEETSDSLEFGLHMVWARGOHHLAAGRYR
AAYNAFRDCGERMRRWSVDVPGLALWRVDAAEALLLLGRGRDEGLRLISEQLSRPMGSRARVMTLRVQAAYSPPAKR
IELLDEAADLLIMCRDQYELARVLADMGEACGMLRRHSRARGLFRRARHLATQCGAVPLLRRLGGESSDADGTQDVT
PAQRITSLTEAERRVASHAAVGRTNKEIASQLEVISSTVEQHLTNVERKLGVKGRQOLPKELSDAG
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SEQ ID NO: 205

MEFYDLVARDDELRRLDQALGRAAGGRGVVVIVIGPVGCGKTELLDAAAAEEEF ITLRAVCSAEERALPYAVIGQLL
DHPVLSARAPDLACVTAPGRTLPADTENRLRRDLTRALLALASERPVLICIDDVHQADTASLNCLLHLARRVASARI
AMILTELRRLTPAHSRFEAELLSLRHRHEIALRPLGPADTAELARARLGAGVTADELAQVHEATSGNPNLVGGLVND
VREAWAAGGTGIAAGRAYRLAYLSSVYRCGPVPLRIAQAAAVLGPSATVILVRRISGLDAETVDEATAILTEGGLLR
DHRFPHPAARSVVLDDMSAQERRRLHRSTLDVLDGVPVDVLAHHQAGAGLLHGPQAAEMFARASQELRVRGELDAAT
EYLOLAYRASDDAGARAALQVETVAGERRRNPLAASRHLDELAAAARAGLLSAEHAALVVHWLADAGRPGEAAEVLA
LORALAVIDHDRARLRAAEVSLALFHPGVPGSDPRPLAPEELASLSLSARHGVTADNAVLAALRGRPESAAAEAENV
LRNADAAASGPTALAALTALLYAENTDAAQLWADKLAAGIGAGEGEAGYAGPRTVAALRRGDLTTAVQAAGAVLDRG
RPSSLGITAVLPLSGAVAAAIRLGELERAEKWLAEPLPEAVHDSLEGLHLLMARGRY SLAVGRHEAAYAAFRDCGER
MRRWDVDVPGLALWRVDAAEALLPGDDRAEGRRLIDEQLTRPMGPRSRALTLRVRAAYAPPAKRIDLLDEAADLLLS
SNDQYERARVLADLSEAFSALRONGRARGILROQARHLAAQCGAVPLLRRLGVKAGRSGRLGRPPQGIRSLTEAERRV
ATLAAAGQTNREIADQLEVTASTVEQHLTNVEFRKLGVKGRQQLPAELADLRPPG

SEQ ID NO: 206
MYSGTCREGYELVAREDELGILOQRSLEQASSGQGVVVIVIGPIACGKTELLDAAAAKAEATIILRAVCAPEERAMPYA
MIGQLIDDPALAHRAPGLADRIAQGGQLSLRAENRLRRDLTRALLALAVDRPVLIGVDDVHHADTASLNCLLHLARR
VRPARISMIFTELRSLTPTQSRFKAELLSLPYHHETALRPFGPEQSAELARAAFGPGLAEDVLVGLYKTTRGNLSLS
RGLISDVREALANGESAFEAGRAFRLAYLGSLYRCGPVALRVARVAAVLGPSATTTLVRRLSGLSAETIDRATKILT
EGGLLLDQQFPHPAARSVVLDDMSAQERRGLHTLALELLDEAPVEVLAHHQVGAGLIHGPKAAEMFAKAGKALVVRN
ELGDAAEYLQLAHRASDDVSTRAALRVEAVAIERRRNPLASSRHMDELSAAGRAGLLSPKHAALAVEWLADGGRSGE
AAEVLASERPLATTDONRAHLREFVEVITLALF SPGAFGSDRRPPPLTPDELASLPKAAWQCAVADNAAMTALHGHPEL
ATAQAETVLROADSAADAIPAALIALLYAENTESAHIWADKLGSTNGGVSNEAEAGYAGPCAEIALRRGDLATAFEA
GSTVLDDRSLPSLGITAALLLSSKTAAAVRLGELERAEKLLAEPLPNGVQODSLEFGLHLLSAYGQYSLAMGRYESALR
AFHTCGERMRSWDVDVPGLALWRVDAAEALLSLDRNEGOQRLIDEQLTRPMGPRSRALTLRIKAAYLPRTKRIPLLHE
AAELLLPCPDPYEQARVLADLGDTLSALRRYSRARGVLROQARHLAAQCGAVPLLRRLGGEPGRIDDAGLPQRSTSLT
DAERRVAALAAAGQTNREIAKQLEFVTASTVEQHLTSVFRKLGVKGRKQLPTALADVEQT

SEQ ID NO: 207
MPAVESYELDARDDELRRLEEAVGOAGNGRGVVVTITGPIACGKTELLDAAAAKSDAITLRAVCSEEERALPYALIG
QLIDNPAVASQLPDPVSMALPGEHLSPEAENRLRGDLTRTLLALAAERPVLIGIDDMHHADTASLNCLLHLARRVGP
ARIAMVLTELRRLTPAHSQFHAELLSLGHHREIALRPLGPKHIAELARAGLGPDVDEDVLTGLYRATGGNLNLGHGL
IKDVREAWATGGTGINAGRAYRLAYLGSLYRCGPVPLRVARVAAVLGOSANTTLVRWISGLNADAVGEATEILTEGG
LLHDLRFPHPAARSVVLNDLSARERRRLHRSALEVLDDVPVEVVAHHQAGAGE IHGPKAAEIFAKAGQELHVRGELD
AASDYLQLAHHASDDAVTRAALRVEAVAIERRRNPLASSRHLDELTVAARAGLLSLEHAALMIRWLALGGRSGEAAE
VLAAQRPRAVTDOQDRAHLRAAEVSLALVSPGASGVSPGASGPDRRPRPLPPDELANLPKAARLCAIADNAVISALHG
RPELASAEAENVLKQADSAADGATALSALTALLYAENTDTAQLWADKLVSETGASNEEEGAGYAGPRAETALRRGDL
AAAVEAGSAILDHRRGSLLGITAALPLSSAVAAAIRLGETERAEKWLAEPLPEAIRDSLEGLHLLSARGQYCLATGR
HESAYTAFRTCGERMRNWGVDVPGLSLWRVDAAEALLHGRDRDEGRRLIDEQLTHAMGPRSRALTLRVQAAYSPQAQ
RVDLLEEAADLLLSCNDQYERARVLADLSEAFSALRHHSRARGLLROQARHLAAQCGATPLLRRLGAKPGGPGWLEES
GLPORIKSLTDAERRVASLAAGGQTNRVIADQLEVTASTVEQHLTNVERKLGVKGROQHLPAELANAE
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SEQ ID NO: 208

MPAVKRNDLVARDGELRWMQEILSQASEGRGAVVTITGAIACGKTIVLLDAAAASQDVIQLRAVCSAEEQELPYAMVG
QLLDNPVLAARVPALGNLAAAGERLLPGTENRIRRELTRTLLALADERPVLIGVDDMHHADPASLDCLLHLARRVGP
ARIAIVLTELRRLTPAHSRFQSELLSLRYHHEIGLOPLTAEHTADLARVGLGAEVDDDVLTELYEATGGNPSLCCGL
IRDVRODWEAGVTGIHVGRAYRLAYLSSLYRCGPAALRTARAAAVLGDSADACLIRRVSGLGTEAVGQAIQQLTEGG
LLRDQQFPHPAARSVVLDDMSAQERHAMYRSAREAAAEGQADPGTPGEPRAATAYAGCGEQAGDYPEPAGRACVDGA
GPAEYCGDPHGADDDPDELVAALGGLLPSRLVAMKIRRLAVAGRPGAAAELLTSQRLHAVTISEDRASLRAAEVALAT
LWPGATGPDRHPLTEQEAASLPEGPRLLAAADDAVGAALRGRAEYAAAEAENVLRHADPAAGGDAYAAMIALLYTEH
PENVLEWADKLDAGRPDEETSYPGLRAETAVRLGDLETAMELGRTVLDQRRLPSLGVAAGLLLGGAVTAAIRLGDLD
RAEKWLAEPIPDAIRTSLYGLHVLAARGRLDLAAGRYEAAYTAFRLCGERMAGWDADVSGLALWRVDAAEALLSAGI
RPDEGRKLIDDQLTREMGARSRALTLRAQAAYSLPVHRVGLLDEAAGLLLACHDGYERARVLADLGETLRTLRHTDA
AQRVLROAEQAAARCGSVPLLRRLGAEPVRIGTRRGEPGLPQRIRLLTDAERRVAAMAAAGOQTNREIAGRLEVTAST

VEQHLTSVFRKLGVKGRRFLPTELAQAV

SEQ ID NO: 209

MYSGTCREGYELVAREDELGILOQRSLEQASSGQGVVVIVIGPIACGKTELLDAAAAKAEATIILRAVCAPEERAMPYA
MIGQLIDDPALAHRAPGLADRIAQGGQLSLRAENRLRRDLTRALLALAVDRPVLIGVDDVHHADTASLNCLLHLARR
VRPARISMIFTELRSLTPTQSRFKAELLSLPYHHETALRPFGPEQSAELARAAFGPGLAEDVLAGLYKTTRGNLSLS
RGLISDVREALANGESAFEAGRAFRLAYLSSLYRCGPVALRVARVAAVLGPSATTTLVRRLSGLSAETIDRATKILT
EGGLLLDQQFPHPAARSVVLDDMSAQERRSLHTLALELLDEAPVEVLAHHQVGAGLIHGPKAAEMFAKAGKALVVRN
ELGDAAEYLQLAHRASDDVSTRAALRVEAVAIERRRNPLASSRHMDELSAAGRAGLLSPKHAALAVEWLADGGRSGE
AAEVLASERPLATTDONRAHLREFVEVITLALF SPGAFGSDRRPPPLTPDELASLPKAAWQCAVADNAAMTALHGHPEL
ATAQAETVLROADSAADAIPAALIALLYAENTESAHIWADKLGSTNAGVSNEAEAGYAGPCAEIALRRGDLATAFEA
GSAVLDDRSLPSLGITAALLLSSKTAAAVRLGELERAEKLLAEPLPNGVQODSLEFGLHLLSAYGQYSLAMGRYESAHR
AFRTCGERMRSWDVDVPGLALWRVDAAEALLSLDRNEGOQRLIDEQLTRPMGPRSHALTLRIKAAYLPRTKRIPLLHE
AAELLLPCPDPYEQARVLADLGDTLSALRRYSRARGVLROQARHLATQCGAVPLLRRLGGEPGRIDDAGLPQRSTSLT

DAERRVAALAAAGQTNREIAEQLEFVTASTVEQHLTSVEFRKLGVKGRKQLPTALADVEQT

SEQ ID NO: 210
MYSGTCREGYELVAREDELGILOQRSLEEAGSGQGAVVIVIGPIACGKTELLDAAAAKADAIILRAVCAPEERAMPYA
MIGQLIDDPALAHRAPELADRIAQGGHLSLRAENRLRRDLTRALLALAVDRPVLIGVDDVHHADTASLNCLLHLARR
VRPARISMIFTELRSLTPTQSRFKAELLSLPYHHETALRPLGPEQSAELAHAAFGPGLAEDVLAGLYGMTRGNLSLS
RGLISDVREAQANGESAFEVGRAFRLAYLSSLYRCGPIALRVARVAAVLGPSATTTLVRRLSGLSAETIDRATKILT
EGGLLLDHQFPHPAARSVVLDDMSAQERRSLHTLALELLDEAPVEVLAHHQVGAGLIHGPKAAEIFARAGQALVVRN
ELGDAAEYLQLAHRASDDVSTRAALRVEAVAIERRRNPLASSRHMDELSAAGRAGLLSPKHAALAVEWLADGGRSGE
AAEVLASEHPLATTDONRAHLRFAEVILALFCPGAFGSDRRPPPLAPDELASLPKAAWQCAVADNAVMTALHAHPEL
ATAQAETVLROADSAADAIPAALIALLYAENTESAQIWADKLGSTNAGVSNEAEAGYAGPCAEIALRRGDLATAFEA
GGIVLDDRPLPSLGITAALLLSSKTAAAVRLGELERAEKLLAEPLPNGVQODSLEFGLHLLSAHGQYSLAMGRYESAHR
AFHTCGERMRSWGVDVPGLALWRVDAAEALLSLDRNEGOQRLIDEQLARPMGPRSRALTLRIKAAYLPRTKRIPLLHE
AAELLLSCPDPYEQARVLADLGDTLSALRRYSRARGVLROQARHLATQCGAVPLLRRLGGEPGRIDDAGLPQRSTSLT
DAERRVSALAAAGQTNREIAKQLEFVTASTVEQHLTSVFRKLGVKGRRQLPTALADVE
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SEQ ID NO: 211
MYSGTCREGYELVAREDELGILOQRSLEQASSGQGVVVIVIGPIACGKTELLDAAAAKAEATIILRAVCAPEERAMPYA
MIGQLIDDPALAHRAPGLADRIAQGGQLSLRAENRLRRDLTRALLALAVHRPVLIGVDDVHHADTASLNCLLHLARR
VRPARISMIFTELRSLTPTQSRFKAELLSLPYHHETALRPFGPEQSAELARAAFGPGLAEDVLAGLYKTTRGNLSLS
RGLISDVREALANGESAFEAGRAFRLAYLSSLYRCGPVALRVARVAAVLGPSATTTLVRRLSGLSAETIDRATKILT
EGGLLLDQQFPHPAARSVVLDDMSAQERRGLHTLALELLDEAPVEVLAHHQVGAGLIHGPKAAEMFAKAGKALVVRN
ELGDAAEYLQLAHRASDDVSTRAALRVEAVAIERRRNPLASSRHMDELSAAGRAGLLSPKHAALAVEWLADGGRSGE
AAQVLASERPLATTDONRAHLREFVEVTLALF SPGAFGSDRRPPPLTPDELASLPKAAWQCAVADNAAMTALHGHPEL
ATAQAETVLROADSAADAIPAALIALLYAENTESAHIWADKLGSMNAGVSNEAEAGYAGPCAEIALRRGDLATAFEA
GSTVLDDRSLPSLGITAALLLSSKTAAAVRLGELERAEKLLAEPLPNGVQODSLEFGLHLLSAYGQYSLAMGRYESAHR
AFRTCGERMRSWDVDVPGLALWRVDAAEALLSLDRNEGOQRLIDEQLTRPMGPRSRALTLRIKAAYLPRTKRIPLLHE
AAELLLPCPDPYEQARVLADLGDTLSALRRYSRARGVLROQARHLATQCGAVPLLRRLGGEPGRIDDAGLPQRSTSLT
DAERRVAALAAAGQTNREIAEQLEFVTASTVEQHLTSVEFRKLGVKGRKQLPTALADVEQT

SEQ ID NO: 212
MRAINASDTGPELVAREDELGRVRSALNRANGGOGVLISITGPIACGKTELLEAAASEVDAITLRAVCAAEERATIPY
ALIGQLIDNPALGIPVPDPAGLTAQGGRLSSSAENRLRRDLTRALLTLATDRLVLICVDDVQHADNASLSCLLYLAR
RLVPARIALVEFTELRVLTSSQLRENAELLSLRNHCEIALRPLGPGHAAELARATLGPGLSDETLTELYRVTGGNLSL
SRGLIDDVRDAWARGETGVQVGRAFRLAYLGSLHRCGPLALRVARVAAVLGPSATSVLVRRISGLSAEAMAQATDIL
ADGGLLRDQRFTHPAARSVVLDDMSAEERRSVHSLALELLDEAPAEMLAHHRVGAGLVHGPKAAETETGAGRALAVR
GMLGEAADYLQLAYRASGDAATKAAIRVESVAVERRRNPLVVSRHWDELSVAARAGLLSCEHVSRTARWLTVGGRPG
EAARVLASQHRRVVIDQDRAHLRVAEEFSLALLYPGTSGSDRRPHPLTSDELAALPTATRHCAIADNAVMAALRGHPE
LATAEAEAVLQQADAADGAALTALMALLYAESIEVAEVWADKLAAEAGASNGODAEYAGIRAEIALRRGDLTAAVET
AGMVLDGRPLPSLDITATLLLAGRASVAVRLGELDHAEELFAAPPEDAFQDSLEGLHLLSAHGQYSLATGRPESAYR
AFRACGERMRDWGEFDAPGVALWRVGAAEALLGLDRNEGRRLIDEQLSRTMAPRSHALTLRIKAAYMPEPKRVDLLYE
AAELLLSCRDQYERARVLADLGEALSALGNYROQARGVLROQARHLAMRTGADPLLRRLGIRPGROQDDPDPOQPRSRSLT
NAERRAASLAATGLTNREIADRLEVTASTVEQHLTNVFRKLGVKGRKQLPAELDDME

LAL Binding Sites

In some embodiments, a gene cluster (e.g., a PKS gene cluster) includes one or more promoters
that include one or more LAL binding sites. The LAL binding sites may include a polynucleotide
consensus LAL binding site sequence (e.g., as described herein). In some instances, the LAL binding
site includes a core AGGGGG (SEQ ID NO: 213) motif. In certain instances, the LAL binding site
includes a sequence having at least 80% (e.g., 80%, 85%, 90%, 95%, 97%, 98%, 99%, or 100%)
homology to SEQ ID NO: 213. The LAL binding site may include mutation sites that have been restored
to match the sequence of a consensus or optimized LAL binding site. In some embodiments, the LAL
binding site is a synthetic LAL binding site. In some embodiments, synthetic LAL binding sites may be
identified by (a) providing a plurality of synthetic nucleic acids including at least eight nucleotides; (b)
contacting one or more of the plurality of nucleotides including at least eight nucleotides with one or more
LALs; (c) determining the binding affinity between a nucleic acid of step (a) and an LAL of step (b),

wherein a synthetic nucleic acid is identified as a synthetic LAL binding site if the affinity between the
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synthetic nucleic acid and an LAL is greater than X. The identified synthetic LAL binding sites may then
be introduced into a host cell in a compound-producing cluster (e.g., a PKS cluster).

In some embodiments, a pair of LAL binding site and a heterologous LAL or a heterologous LAL
binding site and an LAL that have increased expression compared to a natural pair may be identified by
(a) providing one or more LAL binding sites; (b) contacting one or more of the LAL binding sites with one
or more LALs; (c) determining the binding affinity between a LAL binding site and an LAL, wherein a pair
having increased expression is identified if the affinity between the LAL binding site and the LAL is
greater than the affinity between the LAL binding site and its homologous LAL and/or the LAL at its
homologous LAL binding site. In some embodiments, the binding affinity between the LAL binding site
and the LAL is determined by determining the expression of a protein or compound by a cell which
includes both the LAL and the LAL binding site.

Constitutively active LALs

In some embodiments, the recombinant LAL is a constitutively active LAL. For example, the
amino acid sequence of the LAL has been modified in such a way that it does not require the presence of
an inducer compound for the altered LAL to engage its cognate binding site and activate transcription of a
compound producing protein (e.g., polyketide synthase). Introduction of a constitutively active LAL to a
host cell would likely result in increased expression of the compound-producing protein (e.g., polyketide

synthase) and, in turn, increased production of the corresponding compound (e.g., polyketide).

Engineering Unidirectional LALs

FK gene clusters are arranged with a multicistronic architecture driven by multiple bidirectional
promoter-operators that harbor conserved (in single or multiple, and inverted to each other and/or directly
repeating) GGGGGT (SEQ ID NO: 179) motifs presumed to be LAL binding sites. Bidirectional LAL
promoters may be converted to unidirectional ones (UniLALS) by strategically deleting one of the
opposing promoters, but maintaining the tandem LAL binding sites (in case binding of LALs in the native
promoter is cooperative, as was demonstrated for MalT). Functionally this is achieved by removal of all
sequences 3’ of the conserved GGGGGT (SEQ ID NO: 179) motif present on the antisense strand (likely
containing the -35 and -10 promoter sequences), but leaving intact the entire sequence on the sense
strand. As a consequence of this deletion, transcription would be activated in one direction only. The
advantages of this feed-forward circuit architecture would be to tune and/or maximize LAL expression

during the complex life cycle of Streptomyces vegetative and fermentation growth conditions

Host cells

In some embodiments, the host cell is a bacteria such as an Actiobacterium. For example, in
some embodiments, the host cell is a Streptomyces strain. In some embodiments, the host cell is
Streptomyces anulatus, Streptomyces antibioticus, Streptomyces coelicolor, Streptomyces peucetius,
Streptomyces sp. ATCC 700974, Streptomyces canus, Streptomyces nodosus, Streptomyces (multiple
sp.), Streptoalloteicus hindustanus, Streptomyces hygroscopicus, Streptomyces avermitilis, Streptomyces
viridochromogenes, Streptomyces verticillus, Streptomyces chartruensis, Streptomyces (multiple sp.),

Saccharothrix mutabilis, Streptomyces halstedii, Streptomyces clavuligerus, Streptomyces venezuelae,
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Strteptomyces roseochromogenes, Amycolatopsis orientalis, Streptomyces clavuligerus, Streptomyces
rishiriensis, Streptomyces lavendulae, Streptomyces roseosporus, Nonomuraea sp., Streptomyces
peucetius, Saccharopolyspora erythraea, Streptomyces filipinensis, Streptomyces hygroscopicus,
Micromonospora purpurea, Streptomyces hygroscopicus, Streptomyces narbonensis, Streptomyces
kanamyceticus, Streptomyces collinus, Streptomyces lasaliensis, Streptomyces lincolnensis,
Dactosporangium aurantiacum, Streptomyces toxitricini, Streptomyces hygroscopicus, Streptomyces
plicatus, Streptomyces lavendulae, Streptomyces ghanaensis, Streptomyces cinnamonensis,
Streptomyces aureofaciens, Streptomyces natalensis, Streptomyces chattanoogensis L10, Streptomyces
lydicus A02, Streptomyces fradiae, Streptomyces ambofaciens, Streptomyces tendae, Streptomyces
noursei, Streptomyces avermitilis, Streptomyces rimosus, Streptomyces wedmorensis, Streptomyces
cacaoi, Streptomyces pristinaespiralis, Streptomyces pristinaespiralis, Actinoplanes sp. ATCC 33076,
Streptomyces hygroscopicus, Lechevalieria aerocolonegenes, Amycolatopsis mediterranei,
Amycolatopsis lurida, Streptomyces albus, Streptomyces griseolus, Streptomyces spectabilis,
Saccharopolyspora spinosa, Streptomyces ambofaciens, Streptomyces staurosporeus, Streptomyces
griseus, Streptomyces (multiple species), Streptomyces acromogenes, Streptomyces tsukubaensis,
Actinoplanes teichomyceticus, Streptomyces glaucescens, Streptomyces rimosus, Streptomyces cattleya,
Streptomyces azureus, Streptoalloteicus hindustanus, Streptomyces chartreusis, Streptomyces fradiae,
Streptomyces coelicolor, Streptomyces hygroscopicus, Streptomyces sp. 11861, Streptomyces virginiae,
Amycolatopsis japonicum, Amycolatopsis balhimycini, Streptomyces albus J1074, Strepfomyces
coelicolor M1146, Streptomyces lividans, Streptomyces incarnates, Streptomyces violaceoruber, or
Streptomyces griseofuscus. In some embodiments, the host cell is an Escherichia strain such as
Escherichia coli. In some embodiments, the host cell is a Bacillus strain such as Bacillus subtilis. In
some embodiments, the host cell is a Pseudomonas strain such as Pseudomonas putitda. In some

embodiments, the host cell is a Myxococcus strain such as Myxococcus xanthus.

Examples

Example 1. Single module swapping to produce an engineered PKS

Inter-module residue covariation analysis and evolutionary trace analysis were used to predict 10
heterologous donor modules that would successfully replace module 3 of the PKS that produces
Compound 1 (FIG. 3A). Seven of the 10 predicted donor modules, ranging in length from 4-6kb, were
selectively amplified in their entirety using a GC-rich long PCR method. In parallel, a bacterial artificial
chromosome (BAC) that harbored the PKS that produces Compound 1 was converted to a module swap
acceptor for heterologous donor modules by introducing the restriction sites Aflll and Spel to the flanking
intermodule sequence of module 3. The modified acceptor BAC was linearized by digestion with Afll and
Spel, and the 7 donor modules were gel-purified and subcloned by Gibson cloning. The resulting
constructs were subjected to Sanger sequencing of region of interest, PCR-based analysis to confirm
cluster integrity, and lllumina NGS to sequence the entire BAC. The PCR-mediated error rate of the
module amplification protocol was determined to be approximately 1bp per 5000bp, or approximately 1
mutation per module.

A single module was swapped to produce an engineered PKS by replacing module 3 of the PKS
that produces Compound 1 with module 3 of Streptomyces strain S317. The donor S317 module 3 was
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PCR ampilified and Gibson cloned into position 3 of the PKS that produces Compound 1 (FIG. 3B). The
resulting clone was conjugated into a Streptomyces expression host and fermented. Production of
compound was analyzed by LC-TOF mass spectrometry analysis by co-injecting purified native FKBP12,
the protein to which both compounds are expected to bind, with either the product of the native PKS,
Compound 1, or the compound produced by the engineered PKS cluster, Compound 2. Comparative LC-
TOF analysis of indicated that Compound 2 had the expected mass of 611.38, corresponding to the
conversion of the module 3 alkene to a fully reduced module at that position. Compound 2 was re-
fermented at large scale, purified to homogeneity and the structure was confirmed by NMR spectroscopy.

To replace module 4 in the PKS that produces Compound 1, module swapping prediction
algorithms based on inter-module covariation were used to generate a list of 16 modules encoding 4
chemistries. Gibson-based subcloning into module 4 was not as efficient as module 3. Gibson cloning,
which involves a ssDNA intermediate, is difficult in high GC-rich regions, and direct ligation of donor
modules to restriction sites with 4bp overhangs may not be sensitive to local GC content. Therefore Affll
and Spel sites were introduced at new positions in the inter-module flanking region to generate a direct
ligation acceptor BAC. This direct ligation acceptor BAC was linearized by digestion with Aflll and Spel,
and 12 donor modules were gel-purified, digested with Afll and Xbal and subcloned by ligation.

Single module swaps of either module 3 or module 4 in the PKS that produces Compound 1
generated novel Compounds 2-5 (FIG. 3C). Therefore, single module swapping was used to introduce a
range of module encoded chemistries and generate novel compounds. LC-TOF mass spectrometry
analysis indicated that of the module swaps at module 3 and module 4, the resulting hybrid clusters

yielded a range of compound expression.

Example 2. Library construction by combinatorial dimodule swapping

Pooled transfer of dimodule libraries was used to simultaneously replace modules 3 and 4 in the
PKS that produces Compound 1 and generate a plurality of engineered PKS clusters (FIG. 4A). A total of
31 modules were amplified for transfer to the module 3 position and 25 modules for the module 4
position. To optimize Gibson dimodule assembly cloning, phosphothiorate-modified DNA oligos were
synthesized for PCR amplification of the donor modules. Phosphothiorate-capped module ends function
by constraining the exonuclease step of the Gibson cloning protocol, which resulted in a dramatic
increase in Gibson capture of GC-rich DNA (FIG. 4B). An intermediate plasmid-based dimodule capture
protocol was developed to assemble, capture, amplify, and enrich the dimodule units (FIG. 4C). Pooled
module 3 and module 4 amplicons were mixed with a linear backbone amplicon based on pBR322 for a
3-part Gibson assembly reaction. Shuttle vectors containing dimodule assemblies could be resolved from
empty vector by fractionating on a preparative 0.4% agarose gel. After dimodule capture, the assembled
dimodule fragments were released from the shuttle vector by digestion with Afll and Xbal and subcloned
by direct ligation to an expression vector containing the PKS that produces Compound 1, in which the
PKS lacked the native module 3 and module 4.

Replicate BACs encoding single module and dimodule swaps were conjugated to optimized
Streptomyces producer strain S2441 and solid-phase extracted samples were subjected to LC-TOF mass
spectrometry with the expected protein binding partner, purified FKBP12 protein. Further analysis

confirmed that dimodule library generation is capable of engineering PKS clusters that express novel
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compounds in high yield (FIG. 4D). As a representative example, Compound 6 was generated by
dimodule swapping of a module encoding mDEK chemistry at module 3 and K chemistry at module 4 of
the PKS tha produced Compound 1. The expected mass of Compound 6 was observed by LC-TOF
analysis, confirming that the dimodule assembly protocol yields engineered derivatives Compound 1.

A 650-member combinatorial library of engineered derivatives of the PKS that produces
Compound 1 was produced by dimodule swapping. A total of 31 modules were amplified for transfer the
module 3 position and 25 modules for the module 4 position of the PKS that produces Compound 1 (FIG.
4E). Clusters were cloned onto BACs, and the cloned BACs were subsequently used as templates to
PCR modules of diverse sources from multiple heterologous donors.

A subset of the library corresponding to 15 different donor modules at the module 3 position and
15 different donor modules at the module 4 position produced a potential combinatorial library of 225
novel PKS clusters and resulting novel compounds (the 15x15 dimodule library). Because the dimodule
library was assembled as a pool, rarefaction analysis was performed to determine how many clones
needed to be conjugated, fermented, and extracted to effectively sample >90% of the diversity of the
library. Rarefaction analysis indicated that 650 clones corresponded to a statistical sampling >90% of the
dimodule library (FIG. 4F). 650 clones were prosecuted and subjected to LC-TOF mass spectrometry

analysis. 115 of the 650 sampled clones expressed compounds with novel masses.

Example 3. Characterization of a combinatorial dimodule library by single-molecule long-read
sequencing

A library corresponding to 15 different donor modules at the module 3 position and 15 different
donor modules at the module 4 position (the 15x15 dimodule library), produced according to the methods
of Example 2, was characterized by Nanopore sequencing (FIG. 4G). The dimodules present in the
15x15 dimodule library were excised from the PKS clusters using CRISPR/Cas9 (NEB). The resulting
excised dimodules each had a length of approximately 7-12 kilobases. The dimodules were purified by
96-well column purification, and well-specific adaptors were ligated to the dimodules. The resulting
dimodules were normalized and pooled and prepared for sequencing according to the standard ligation
preparation protocol for Nanopore sequencing of oligonucleotides. Nine 96-well plates (864 dimodule
clones total) were sequenced by Nanopore and the resulting sequencing data was analyzed according to
the informatics workflow provided in FIG. 4H, with 73.1% of clones being called. The comparison of the
resulting sequencing data against the table of input of the donor modules allows the deconvolution of the
resulting combinatorial library by identification of the resulting dimodules. The results of Nanopore

sequencing of the 15x15 dimodule library are provided in Table 1.
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Table 1.

NocCall 5 Ambiguous : Single Read ; Called 3 Grand Totalé

Example 4. Library construction by combinatorial trimodule swapping

The combinatorial module swap protocols were modified to generate trimodule assembilies in the
PKS that produces Compound 7 (FIG. 5A). Increasing the number of module swaps increases the size,
and therefore diversity, of a PKS library. For example, given a collection of 13 different module-encoded
chemistries, increasing size and diversity is based on the number of modules that are swapped such that
the maximal library size of a single mod swap is 13; with a dimodule swap the maximal library size is
132=169,; and for a trimodule swap, the maximal library is 133 = 2197.

Trimodule assembly leverages the technical advances of the dimodule protocol with an additional
“proof-reading” Gibson cloning step to insert the captured trimodule assembly into the PKS that produces
Compound 7 (FIG. 5B). As before, phosphorothioate chemistry was used to constrain the ssDNA
intermediate for the first round of Gibson cloning into a shuttle vector. Shuttle vector clones harboring
trimodule assemblies were enriched by preparative gel fractionation and isolation. Finally, Gibson-
mediated “error correction” was used to trim restriction sites for scarless cloning in the expression vector.
First, flanking Pmel restriction sites were introduced within the linker regions between Module 3 and
Module 4, as well as between Module 6 and Module7. Sites with reduced GC content and secondary
structure (as predicted by DNAfold; <8 kcal/ml) were selected for optimal Gibson homology arms. A
Gibson Assembly Ultra Kit (SGI-DNA) was used to clone the trimodule assembly into the PKS that
produces Compound 7 enabling the replacement of Modules 4, 5, and 6 and simultaneously removal of
the additional extraneous Pmel sequence retained after digestion. This resulted in >95% correct
assembly for the industrial scale production of compounds produced by trimodule swapped PKS clusters
(>200 per week).

Example 5. Ring expansion by swapping a single module acceptor with a dimodule donor
A heterologous dimodule donor assembly encoding mDEK chemistry and K chemistry was
swapped into module 3, a single module acceptor, of the PKS that produces Compound 1 by the methods

described above (FIG. 6A). The compound produced by engineered PKS, Compound 8, was observed in
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high yield and had a mass of 655.41, as determined by LC-TOF analysis (FIG. 6B). This corresponds to
a ring-expanded compound product in which Compound 8 contains an additional 2-carbon extender unit.
Thus reprogramming PKS biosynthesis via module swapping by insertion of a dimodule assembly to

replace a single module may produce functional PKS expression.

Example 6. Module swapping of a PKS loading module

Rapamycin is a natural product synthesized by a mixed polyketide synthase (PKS)/nonribosomal
peptide synthetase (NRPS) system. Rapamycin shares a common structural motif with related natural
product FK506 which is responsible for binding to FK506-binding proteins (FKBPs). During biogenesis of
Rapamycin, loading modules bind and load a 4,5-dihydroxycyclohexa-1,5-dienecarboxylic acid starter unit
via a CaiC domain, which functions as a carboxylic acid ligase (CL) like domain (FIG. 7A). Loading
modules may possess similar domain structure as conventional elongation PKS modules, including
ketoreductase-like domains and an enoyl-reductase domain, which may or may not be catalytically active.
The final chemistry of the starter unit depends on the presence and the sequence of the domains in the
loading module, so the resulting “starter unit” can be engineered by swapping the loading module

The X23 PKS cluster produces Compound 9 and Compound 10 (FIG. 7B). The Rapamycin
loading module from Streptomyces stain S303 was swapped into the X23 cluster by the methods
described previously for a single module swap. The engineered PKS produced Compounds 11 and 12, in
which the starter unit is replaced with the starter unit of Rapamycin. Additional single elongation module
swaps of Module 2 and Module 7 of X23 produced Compounds 13 and 14, respectively.

Other Embodiments

It is to be understood that while the present disclosure has been described in conjunction with the
detailed description thereof, the foregoing description is intended to illustrate and not limit the scope of
the present disclosure, which is defined by the scope of the appended claims. Other aspects,
advantages, and alterations are within the scope of the following claims.

Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments in accordance with the invention
described herein. The scope of the present invention is not intended to be limited to the above
Description, but rather is as set forth in the appended claims.

In the claims, articles such as “a,” “an,” and “the” may mean one or more than one unless
indicated to the contrary or otherwise evident from the context. Claims or descriptions that include “or”
between one or more members of a group are considered satisfied if one, more than one, or all of the
group members are present in, employed in, or otherwise relevant to a given product or process unless
indicated to the contrary or otherwise evident from the context. The invention includes embodiments in
which exactly one member of the group is present in, employed in, or otherwise relevant to a given
product or process. The invention includes embodiments in which more than one, or all of the group
members are present in, employed in, or otherwise relevant to a given product or process.

It is also noted that the term “comprising” is intended to be open and permits but does not require
the inclusion of additional elements or steps. When the term “comprising” is used herein, the term

“consisting of” is thus also encompassed and disclosed.
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Where ranges are given, endpoints are included. Furthermore, it is to be understood that unless
otherwise indicated or otherwise evident from the context and understanding of one of ordinary skill in the
art, values that are expressed as ranges can assume any specific value or subrange within the stated
ranges in different embodiments of the invention, to the tenth of the unit of the lower limit of the range,
unless the context clearly dictates otherwise.

In addition, it is to be understood that any particular embodiment of the present invention that falls
within the prior art may be explicitly excluded from any one or more of the claims. Since such
embodiments are deemed to be known to one of ordinary skill in the art, they may be excluded even if the
exclusion is not set forth explicitly herein. Any particular embodiment of the compositions of the invention
(e.g., any polynucleotide or protein encoded thereby; any method of production; any method of use) can
be excluded from any one or more claims, for any reason, whether or not related to the existence of prior

art.
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What is claimed is:
CLAIMS

1. An engineered polyketide synthase comprising one or more heterologous modules with
altered enzymatic activity relative to a reference polyketide, wherein the engineered polyketide synthase
is capable of producing a polyketide when expressed under conditions suitable to allow expression of a
compound by the engineered polyketide synthase and wherein the one or more heterologous modules do

not substantially inhibit polyketide translocation during polyketide biosynthesis.

2. An engineered polyketide synthase comprising one or more heterologous modules with
altered enzymatic activity relative to a reference polyketide, wherein the engineered polyketide synthase
is capable of producing a polyketide when expressed under conditions suitable to allow expression of a
compound by the engineered polyketide synthase and wherein the one or more heterologous modules
comprise linking sequences which are compatible to the linking sequences of the modules adjacent
thereto.

3. An engineered polyketide synthase comprising one or more heterologous modules with
altered enzymatic activity relative to a reference polyketide, wherein the engineered polyketide synthase
is capable of producing a polyketide when expressed under conditions suitable to allow expression of a
compound by the engineered polyketide synthase and wherein the polyketide expression level of the
engineered polyketide synthase is at least 1% of the polyketide expression level of the reference

polyketide synthase.

4. The engineered polyketide synthase of any one of claims 1 to 3, wherein the one or more

heterologous modules comprise native linking sequences.

5. The engineered polyketide synthase of any one of claims 1 to 4, wherein the engineered
polyketide synthase comprises two or more heterologous modules.

6. The engineered polyketide synthase of claim 5, wherein the two or more heterologous

modules are adjacent.

7. The engineered polyketide synthase of any one of claims 1 to 6, wherein the engineered

polyketide synthase comprises three or more heterologous modules.

8. The engineered polyketide synthase of claim 7, wherein the three or more heterologous

modules are adjacent.

9. The engineered polyketide synthase of any one of claims 1 to 8, wherein the heterologous

module is an elongation module which modifies a B-carbonyl unit in the variable region of the polyketide.
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10. The engineered polyketide synthase of any one of claims 1 to 9, wherein at least one of the
one or more heterologous modules comprises a portion having at least 90% identity to any one of SEQ ID
NO: 1-174.

11. The engineered polyketide synthase of any one of claims 1 to 10, wherein at least one of the
one or more heterologous modules comprises a portion having the sequence of any one of SEQ ID NO:
1-174.

12. A chimeric polyketide synthase, wherein at least one module of the chimeric polyketide
synthase has been modified as compared to a polyketide synthase having the sequence of SEQ ID NO:

175-176.

13. The chimeric polyketide synthase of claim 12, wherein the at least one module comprises a
portion having at least 90% identity to any one of SEQ ID NO: 1-174.

14. A nucleic acid encoding a polyketide synthase of any one of claims 1 to 13.

15. The nucleic acid of claim 15, wherein the nucleic acid further encodes an LAL, wherein the

sequence encoding the LAL is operatively linked to the sequence encoding the polyketide synthase.

16. The nucleic acid of claim 15, wherein the LAL is a heterologous LAL.

17. The nucleic acid of claim 15 or 16, wherein LAL comprises a portion having at least 80%
identity to SEQ ID NO: 177.

18. The nucleic acid of claim 17, wherein the LAL comprises a portion having the sequence of
SEQ ID NO: 177.

19. The nucleic acid of claim 18, wherein the LAL has the sequence of SEQ ID NO: 177.

20. The nucleic acid of any one of claims 14 to 19, wherein the nucleic acid encoding the LAL

lacks a TTA inhibitory codon in an open reading frame.
21. The nucleic acid of any one of claims 14 to 20, wherein the nucleic acid further comprises an
LAL binding site, wherein the sequence encoding the LAL binding site is operatively linked to the

sequence encoding the polyketide synthase.

22. The nucleic acid of claim 21, wherein the LAL binding site comprises a portion having at least
80% sequence identity to the sequence of SEQ ID NO: 178.
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23. The nucleic acid of claim 22, wherein the LAL binding site comprises a portion having the
sequence of SEQ ID NO: 178.

24. The nucleic acid of claim 23, wherein the LAL binding site has of the sequence of SEQ ID
NO: 178.

25. The nucleic acid of claim 21, wherein the LAL binding site has the sequence GGGGGT (SEQ
ID NO: 179).

26. The nucleic acid of any one of claims 21 to 25, wherein the binding of an LAL to the LAL

binding site promotes expression of the polyketide synthase.

27. The nucleic acid of any one of claims 14 to 26, wherein the nucleic acid further encodes a

nonribosomal peptide synthase.

28. The nucleic acid of any one of claims 14 to 27, wherein the nucleic acid further encodes a
first P450 enzyme.

29. The nucleic acid of claim 28, wherein the nucleic acid further encodes a second P450

enzyme.

30. An expression vector comprising a nucleic acid of any one of claims 14 to 29.

31. The expression vector of claim 30, wherein the expression vector is an artificial chromosome.

32. The expression vector of claim 31, wherein the artificial chromosome is a bacterial artificial

chromosome.

33. A host cell comprising an expression vector of any one of claims 30 to 32.

34. A host cell comprising a polyketide synthase of any one of claims 1 to 13, wherein the

polyketide is heterologous to the host cell.

35. The host cell of claim 33 or 34, wherein the host cell naturally lacks an LAL.

36. The host cell of any one of claims 33 to 35, wherein the host cell naturally lacks an LAL
binding site.

37. The host cell of any one of claims 33 to 36, wherein the host cell comprises an LAL capable

of binding to an LAL binding site and regulating expression of a polyketide synthase.
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38. The host cell of claim 37, wherein the LAL is heterologous.

39. The host cell of claim 37 or 38, wherein the LAL comprises a portion having at least 80%
identity to the sequence of SEQ ID NO: 177.

40. The host cell of any one of claims 33 to 39, wherein the host cell is a bacterium.

41. The host cell of claim 40, wherein the bacterium is an actinobacterium.

42. The host cell of claim 41, wherein the actinobacterium is Streptomyces ambofaciens,

Streptomyces hygroscopicus, or Strepfomyces malayensis.

43. The host cell of claim 42, wherein the actinobaceterium is S1391, S1496, or S2441.

44. The host cell of any one of claims 33 to 43, wherein the host cell has been modified to

enhance expression of a polyketide synthase.

45. The host cell of claim 44, wherein the host cell has been modified to enhance expression of a
compound-producing protein by (i) deletion of an endogenous gene cluster which expresses a
compound-producing protein; (ii) insertion of a heterologous gene cluster which expresses a compound-
producing protein; (iii) exposure of the host cell to an antibiotic challenge; and/or (iv) introduction of a
heterologous promoter that results in an at least 2-fold increase in expression of a compound compared
to the homologous promoter.

46. A method of producing a polyketide, the method comprising culturing a host cell of any one
of claims 33 to 45 under suitable conditions.

47. A method of producing a polyketide, the method comprising culturing a host cell engineered
to express a polyketide synthase of any one of claims 1 to 13 under conditions suitable for polyketide

synthase to produce a polyketide.

48. A method of producing a compound, the method comprising:

a) providing a parent polyketide synthase sequence capable of producing a compound;

(b) determining the compatibility of at least one module of a second polyketide synthase with at
least two modules of the parent polyketide synthase;

(c) producing a nucleic acid encoding a modified polyketide synthase, wherein the modified
polyketide synthase comprises at least one module of a second polyketide synthase which has been

determined to be compatible with the at least two modules of the parent polyketide synthase.

49. A method of producing a compound, the method comprising:

(a) providing a parent nucleic acid encoding a parent polyketide synthase;

111



WO 2018/081590 PCT/US2017/058800

(b} modifying the parent nucleic acid to create a modified nucleic acid encoding a modified
polyketide synthase capable of producing a compound, wherein the modification produces a modified

polyketide synthase comprising at least one heterologous module.

50. A method of producing a compound, the method comprising:

(a) providing a parent polynucleotide sequence capable of producing a compound;

(b) identifying one or more heterologous modules suitable for replacement of one or more
modules in the parent polynucleotide sequence;

(c) producing a nucleic acid encoding a modified polyketide synthase, wherein the modified

polyketide synthase comprises at least one heterologous module identified in step (b).

51. A method of producing a plurality of polynucleotides, wherein each of the plurality of
polynucleotides corresponds to an engineered polyketide synthase, and wherein each of the plurality of
polynucleotides comprises one or more heterologous modules with altered enzymatic activity relative to a
reference polyketide, wherein the method comprises:

(a) providing a parent polynucleotide sequence encoding a polyketide synthase;

(b) identifying one or more modules for replacement in the parent polynucleotide sequence;

(c) identifying two or more heterologous modules suitable for replacement for each of the
modules identified in step (b);

(d) generating a plurality of polynucleotides, wherein each of the plurality of polynucleotides
corresponds to an engineered polyketide synthase, and wherein each of the plurality of polynucleotides
comprises a heterologous module selected from the two or more heterologous modules identified in step

(c) in replacement of each of the one or more modules to be replaced identified in step (b).
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International application No.
PCT/US 17/58800

A.  CLASSIFICATION OF SUBJECT MATTER

CPC

IPC(8) - AB1K 31/436, A61P 17/00, A61P 17/06, A61P 25/00 (2018.01)
- CO7D 498/18, CO7K 2319/00, C12N 9/1029, C12N 9/1205

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

B. FIELDS SEARCHED

See Search History Document

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

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

See Search History Document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2015/0307855 A1 (THE REGENTS OF THE UNIVERSITY OF CALIFORNIA) 29 October 1,2

- 2015 (29.10.2015) Claim 1; Claim 2; Claim 3; Claim 14; para [0026); para [0047]; para -

Y [0083];para [0088]; para [0119); para [0124-0125) 3,4

X US 2003/0175801A1 (REEVES et al.,) 18 September 2003 (18.09.2003) Abstract; Claim 5; p98 | 12

- Sequence listing

A 13

Y ~| PFEIFER et al., Biosynthesis of Complex Polyketides in a Metabolically Engineered Strain of E. | 3, 4/3
coli. Science. 2 March 2001, Volume 291, pg 1790-1792. p1791, col 2-3;

Y ~| RANGANATHAN et al., Knowledge-based design of bimodular and trimodular polyketide 4
synthases based on domain and module swaps: a route to simple statin analogues. Chemistry
& Biology. October, 1999, Volume 6, Issue 10, pages 731-741. p735, Fig. 4 legend

A | UniProtkKB Accession No. AOA0B1AB18 “Streptomyces iranensis Modular polyketide synthase” 3 | 13
September 2014 [online]. [Retrieved on 2 February 2018]. Retrieved from the internet: <URL:
http://www uniprot.org/uniprot/AOA061A618> Entire document

A "] UniProtkB Accession No. Q54296 "Streptomyces hygroscopicus Polyketide synthase" 1 13
November 1996 [online]. [Retrieved on 2 February 2018]. Retrieved from the internet: <URL:
http://www.uniprot.org/uniprot/Q54296> Entire document

D Further documents are listed in the continuation of Box C.

D 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

“E” earlier application or patent but 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 another citation or other
special reason (as specified)

“0O" document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is wkeu aluue

“Y” document of particular relevance; the claimed invention cannot be
considered 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 international search

14 February 2018

Date of mailing of the international search report

03 APR 2018

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: §71-272-4300
PCT OSP: §71-272-7774
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Box No. II Observations where certain claims were found unsearchable (Continnation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

l. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

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

3. & Claims Nos.: 5-11, 14-47
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.IIT  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international ap?lication, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I+: Ciaims 1-4, 12 and 13, directed to an engineered polyketide synthase comprising one or more heterologous modules. The
polyketide synthase will be searched to the extent that the module sequence encompasses SEQ ID NO: 1 (the first claimed module
sequence). It is believed that claims 1-4, 12 and 13 encompass this first named invention, and thus these claims will be searched without
fee to the extent that the module sequence encompasses SEQ ID NO: 1. Additional module sequence(s) will be searched upon the
payment of additional fees. Applicants must specify the claims that encompass any additionally elected module sequence(s). Applicants
must further indicate, if applicable, the claims which encompass the first named invention, if different than what was indicated above for
this group. Failure to clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first
claimed invention to be searched. An exemplary election would be module sequence SEQ ID NO: 2 (claims 1-4, 12 and 13).
smeeemeeneeeecee e Please see continuation in first extra sheet--------------

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

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. E] As only 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 claims Nos.:

4, Nu 1cyuiicd additional scarch feec were timely paid hy the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-4, 12 and 13 limited to SEQ ID NO: 1

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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Continuation of Box No. 1Il. Observations where unity of invention is lacking

Group 1l: Claims 48-51, directed to a method of producing a compound or a method of producing a plurality of polynucleotides
corresponding to an engineered polyketide synthase.

The inventions listed as Groups I+ and Il do not relate to a single special technical feature under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special technical features:
Group I+ has the special technical feature of an engineered polyketide synthase, that is not required by Group Il

Group Il has the special technical feature of producing a nucleic acid encoding a modified polyketide synthase, that is not required by
Group I+,

No technical features are shared among the amino acid sequences of polyketide synthase modules of Group |+ and, accordingly, these
groups lack unity a priori.

Additionally, even if the inventions listed as Groups |+ were considered to share technical features, these shared technical features are
previously disclosed by the prior art, as further discussed below.

Common technical features:

Groups I+ and |l share the common technical feature of an engineered polyketide synthase comprising one or more heterologous
modules with altered enzymatic activity relative to a reference polyketide.

The inventions of Groups I+ share the technical features of an engineered polyketide synthase comprising one or more heterologous
modules with altered enzymatic activity relative to a reference polyketide, wherein the engineered polyketide synthase is capable of
producing a polyketide when expressed under conditions suitable to allow expression of a compound by the engineered polyketide
synthase and wherein the one or more heterologous modules do not substantially inhibit polyketide transtocation during polyketide
biosynthesis, wherein the one or more heterologous modutes comprise linking sequences which are compatible to the linking sequences
of the modules adjacent thereto, and wherein the polyketide expression level of the engineered polyketide synthase is at least 1 % of the
polyketide expression level of the reference polyketide synthase; and a chimeric polyketide synthase, wherein at least one module of the
chimeric polyketide synthase has been modified as compared to a polyketide synthase.

However, these shared technical features are previously made obvious by US 2015/0307855 A1 to The Regents Of The University Of
California (hereinafter 'Univ California'), in view of the article entitled ‘Biosynthesis of Complex Polyketides in a Metabolically Engineered
Strain of E. coli' by Pfeifer et al., (hereinafter 'Pfeifer’).

Univ California teaches an engineered polyketide synthase comprising one or more heterologous modules with altered enzymatic
activity relative to a reference polyketide (Claim 1 - ‘A non-naturally occurring polyketide synthase (PKS), or functional variant thereof,
capable of synthesizing a 3-hydroxycarboxylic acid or ketone.'; Claim 3 - ‘The PKS of claim 1, wherein the PKS is a hybrid PKS
comprising modules, domains, and/or portions thereof, or functional variant thereof, from two or more PKSs.'; para [0088] - ' We have
uncovered broad substrate specificity of the loading didomain, which was not anticipated from the study of the PKS in its native host and
led us to speculate that novel lipomycin analogues can be produced by increasing intracellular acyl-CoA"; para [0124] - 'Using this
method, we created mutant 756 where the lipAT1 domain was exchanged with the one from module 1 of the borrelidin PKS, which is
specific to malonyl-CoA. This mutant maintained the wild-type kinetics to produce the corresponding methyl ketones, which includes the
industrially important MEK (ketone 8) and methyl! isobutyl ketone, MIBK (ketone 11) when the corresponding starter units, propionyl-CoA
and isovaleryl-CoA, respectively, were added to the reaction mixtures in vitro (FIG. 16B)."; para [0125] - 'Specifically, we mutated the
active site serine residues of KR domain (LFSSIAG, SEQ ID NO:7) of both LipPks1+TE and mutant 75 to alanine residues to produce
ketones even in the presence of NADPH. These engineered PKSs were designated as mutant 87 and 88, respectively. The mutant
proteins were purified and we confirmed that they were able to produce ketones in vitro in the presence of NAPDH'), wherein the
engineered polyketide synthase is capable of producing a polyketide when expressed under conditions suitable to allow expression of a
compound by the engineered polyketide synthase (Claim 2 - 'The PKS of claim 1, wherein the 3-hydroxycarboxylic acid or ketone is not
a compound synthesized by a naturally occurring PKS.'; Claim 14 - 'A method of producing a 3-hydroxycarboxylic acid or ketone,
comprising: providing a host cell of claim 12, and culturing said host cell in a suitable culture medium such that the 3-hydroxycarboxylic
acid or ketone is produced’) and wherein the one or more heterologous modules do not substantially inhibit polyketide translocation
during polyketide biosynthesis (para [0119] - ‘The extended polyketide chain is transiocated to the KS of the next module for another
round of condensation and -carbon modification’; para [0026] - 'FIG. 15 shows structurally diverse ketone production by engineered
PKSs. . The extended polyketide chains tethered to the ACP domain are translocated to the downstream TE to release -keto-carboxylic
acids in the absence of NADPH or when the KR domain is inactivated.').

-eeemsemeeemeeeee----Please see continuation in next extra sheet--------------
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Univ California further teaches a chimeric polyketide synthase, wherein at least one module of the chimeric polyketide synthase has
been modified as compared to a polyketide synthase wherein the one or more heterologous modules comprise linking sequences which
are compatible to the linking sequences of the modules adjacent thereto (para {0047] - 'In some embodiments, the components of the
hybrid PKS are arranged onto polypeptides having interpolypeptide linkers that direct the assembly of the polypeptides into the
functional PKS protein, such that it is not required that the PKS have the same arrangement of modules in the polypeptides as observed
in natural PKSs."), and wherein the polyketide expression level of the engineered polyketide synthase is measured (para {0083] - '
LipPks1+TE was purified by Ni affinity chromatography followed by anion exchange chromatography to yield 2 mg of protein from 1 L of
E. coli culture (FIG. 6C)."). Univ California does not expressly teach the polyketide expression level of the engineered polyketide
synthase is at least 1 % of the polyketide expression level of the reference polyketide synthase.

Pfeifer teaches biosynthesis of complex polyketides in a metabolically engineered strain of E. coli is superior to wild-type S. erythraea (p.
1791, col 1, para 1 'Formation of triketide lactone under both feeding conditions confirmed the ability of BAP1 to produce polyketides
and encouraged us to attempt 6dEB production in the same host'; p 1791, col 2-3, - 'the specific productivity of this cellular catalyst is 0.1
mmol of 6dEB per gram of cellular protein per day. This is superior to wild-type S. erythraea and compares well to an industrially
relevant strain that overproduces erythromycin (0.2 mmol of erythromycin per gram of cellular protein per day)'). Since both Pfeifer and
Univ California use E.coli for heterologous expression. it would have been obvious to one of ordinary skill in the art that the polyketide
expression level of the engineered polyketide synthase of Univ California could be at least 1 % of the polyketide expression level of the
reference polyketide synthase according to Pfeifer.

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Group I+ and Il inventions lack unity under PCT Rule 13 because they do not share the same or corresponding special
technical feature.

Form PCT/ISA/210 (extra sheet) (January 2015)
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