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Supplementary Information

Supplementary Table 1. TadA/ABE deaminase protein sequences for LoRA fine-tuning model

Name

Sequence

ABE7.10

ABE7.9

ABE7.4

ABE6.4

ABES.3

ABE3.1

ABE2.9

TadAS8e

TadASe
V106W

TadASe
N108Q

MSEVEFSHEY WMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGL
HDPTAHAEIMALRQGGLVMQNYRLIDATLY VTFEPCVMCAGAMIHSRIGRVVF
GVRNAKTGAAGSLMDVLHYPGMNHRVEITEGILADECAALLCYFFRMPRQVF
NAQKKAQSSTD

MSEVEFSHEY WMRHALTLAKRAWDEREVPVGAVLVHNNRVIGEGWNRPIGR
HDPTAHAEIMALRQGGLVMQNYRLIDATLY VTFEPCVMCAGAMIHSRIGRVVF
GVRNAKTGAAGSLMDVLHYPGMNHRVEITEGILADECNALLCYFFRMPRQVF
NAQKKAQSSTD

MSEVEFSHEY WMRHALTLAKRAWDEREVPVGAVLVHNNRVIGEGWNRPIGR
HDPTAHAEIMALRQGGLVMQNYRLIDATLY VTFEPCVMCAGAMIHSRIGRVVF
GVRNAKTGAAGSLMDVLHYPGMNHRVEITEGILADECAALLCYFFRMRRQV
FNAQKKAQSSTD

MSEVEFSHEY WMRHALTLAKRAWDEREVPVGAVLVHNNRVIGEGWNRPIGR
HDPTAHAEIMALRQGGLVMQNYRLIDATLY VTFEPCVMCAGAMIHSRIGRVVF
GVRNAKTGAAGSLMDVLHYPGMNHRVEITEGILADECNALLCYFFRMRRQV
FNAQKKAQSSTD

MSEVEFSHEY WMRHALTLAKRAWDEREVPVGAVLVHNNRVIGEGWNRPIGR
HDPTAHAEIMALRQGGLVMQNYRLIDATLY VTFEPCVMCAGAMIHSRIGRVVF
GVRNAKTGAAGSLMDVLHYPGMNHRVEITEGILADECAALLCYFFRMRRQV
FNAQKKAQSSTD

MSEVEFSHEY WMRHALTLAKRAWDEREVPVGAVLVHNNRVIGEGWNRPIGR
HDPTAHAEIMALRQGGLVMQNYRLIDATLY VTFEPCVMCAGAMIHSRIGRVVF
GVRNAKTGAAGSLMDVLHYPGMNHRVEITEGILADECAALLSYFFRMRRQVF
KAQKKAQSSTD

MSEVEFSHEY WMRHALTLAKRAWDEREVPVGAVLVHNNRVIGEGWNRPIGR
HDPTAHAEIMALRQGGLVMQNYRLIDATLY VTLEPCVMCAGAMIHSRIGRVV
FGVRNAKTGAAGSLMDVLHYPGMNHRVEITEGILADECAALLSYFFRMRRQV
IKAQKKAQSSTD

MSEVEFSHEY WMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGL
HDPTAHAEIMALRQGGLVMQNYRLIDATLY VTFEPCVMCAGAMIHSRIGRVVF
GVRNSKRGAAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPRQV
FNAQKKAQSSIN

MSEVEFSHEY WMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGL
HDPTAHAEIMALRQGGLVMQNYRLIDATLY VTFEPCVMCAGAMIHSRIGRVVF
GWRNSKRGAAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPRQV
FNAQKKAQSSIN

MSEVEFSHEY WMRHALTLAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGL
HDPTAHAEIMALRQGGLVMQNYRLIDATLY VTFEPCVMCAGAMIHSRIGRVVF
GVRQSKRGAAGSLMNVLNYPGMNHRVEITEGILADECAALLCDFYRMPRQV
FNAQKKAQSSIN




Supplementary Table 2.

Uniport ID

Sequence

P62552
AOAAXIMIG6
AOA6N9SHBS
AOAOBOVNF4
AOAANSUII2
AOA8S7TBM37
AOA828UFP5
AOAIWIEMIS
AOA6DOXUY0
AOAOF6YRLS
Q46995
Q99Q95
AOA2XAT6S6
AOA0G4JQF2
Q6D9V2
AOAOL7T4A9
AOA2ISTNWA4
AOA3DIUGR6
AOA4R3XSF1
B2TT52
D2TV55
AOA4R INF65

RRLRAERWKAENQEGMAEVARFIEMNGSFADENRDW
RRLRAERWKAENQEGMVEVARFIEMNGSFADENRNW
RRLRAERWQAENQEGMAEVARFIEMNGSFAEENRDW
RRLRAERWKAENQEGMAEVARFIEMNGSFADENREW
RRLRAERWKAENQEGMAEVARFIEMNSSFADENRDW
RRLRAGRWKAENQEGMAEVARFIEMNGSFADENRDW
RRLRAERWKVENQEGMVEVARFIEMNGSFADENRDW
RRLRAERWKAENREGMAEVARFIEMNGSFADENRDW
RRLRAERWLAENQEGMAEVARFIEMNGSFADENRDW
RRLRAERWRAENQEGMAEVARFIEMNGSFADENRDW
RRLRPERWKVANQEGMAEVARFIEMNGSFADENRDW
RRLRAERWQAENQQGMAEIARFIEMNGSFADENRDW
RRLRAKRWQAENQEGMAEVALFIETNGSFADENRDW
RRIKAEQWKKENREGMEEVARFITQNGSFADENRNW
RRIKAEEWKKENRERMEDIARFIAKNVFFADENRNW
RRIKAEQWKTENREGMEEVARFIAQNGSFADENRNW
RRIKAEAWKKENREGMEEVARFITQNGSFADENRNW
RRIKAEKWKADNHEGMTEVANFIAQHGSFAEENRNW
RRIKAERWLAENQSALDEYNRRIEMRGTFSDGLRNW
RRLRAERWQAENQQGMAEIARFIEMNGSFADENRDW
RRLRAERWQEENREGMAEVASFIEANGSFADENRDW
RRIKAEQWKKENHEGMEEVARFIAQNGSFADENRNW

CcdA family antitoxin protein sequences for LoRA fine-tuning model



Supplementary Table 3. TadA variant sequences from the SPIN-JEvo first-round evolved
sequences (n = 60) and SPIN-JEvo second-round evolved sequences (n=60) for experimental test.

Index Protein Sequence

MLSEVEFSHEY WMRHALTLAKRAWDEREVPVGAVLVHNNRVIGEGWNRPI
GRHDPTAHAEIMALRQGGLVMQNYRLIDATLY VTLEPCVMCAGAMIHSRIG
RVVFGARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRM
RRQEIKAQKKAQSSTD

ecTadA

MAYTPEDERWMRLAIEEARAAAQRGEVPVGCVIVRNGQVIARAPNAVEATL
KATQHAEILALESASRELISWRLQDTTCYVTLEPCAMCAGAMVLARIPRVVF
GVPNPKAGAAGSVVNLLEWPHLNHRVEVHRGVLEEEARQLLMEFFKQRRA
QKKARG

jTadA-1

MAYTPEDERWMRLAIEEARAAMQRGEVPVGCVIVRNGQVIARAPNAVEAD
LKATQHAEWLALELASRELNSWRLPDTTSYVTLEPCACCAGAIALARIPRVV
FGVGNPKAGAAGSVVNLLDWPGLNHRVEVMRGVLEGEARQILMEFFKQRR
AEKKARG

MAYTPEDERWMRLAIEEARAAMQRGEVPVGCVIVRNGQVIARAPNAVEAD
LKATQHAEWLALELASRELNSWRSPDTTNYVTLEPCACCAGAIVLARIPRYV
FGVPNPKAGAAGSVVNLLDWPGLNHRVEVHRGVLEEEARTLLMEFFKQRR
AQKAARG

jiTadA-2

jTadA-3

MAYTPEDERWMFLDIEEARAAAQRGEVPVGCVIVRNGQVIARAPNAVEATL
KATQHAEILALELASRELNSWRLPDTTCYVTLEPCAMCAGAMVLARIPRVVF
GVPNPKAGAAGSVVNLLEWPHLNHRVEVHRGVLEEEARQLLMEFFKQRRA
QKKARG

jTadA-4

MAYHPEDERWMRLAIEEARAAMQRGEVPVGCVIVRNGQVIARAPNAVEAD
LKATQHAEWLALDLASRQLNSWRLDDTTNY VILEPCAMCAGAMVLARIPR
VVFGVPNPKAGAAGMVVNLLDWPGLNHRVEVHRGVLEEEARQILMEFFKQ
RRAQKCARG

jTadA-5

MAYTPEDERWMRLAIEEAYAAKQRGEVPVGCVIVRNGQVIARGPNAAEETL
KATMHAEWLAIELASRELGSWRLPETTMYVTLEPCAMCAGAMVSARIPRVV
FGVPNPKAGAAGSVVNLLDWPQLNHRVQVHRGVLEEEARNLLMEFFKQRR
AQKKAQL

iTadA-6

MAY TPEDERWMRLAIEEARAAMQRGEVPVGCVIVRNNQVIARAPNAVCATL
SATQHAEWLAIELASRELNSWRLPDTTCYVTLEPCAMCAGAMVLARIPRVV
FGVPNPKAGAAGSVVNILDWPGLNHRVEYHRGVLEEEARQILMEFFKQRRA
QKKAQG

iTadA-7




iTadA-8

jiTadA-9

jTadA-10

iTadA-11

jiTadA-12

jTadA-13

iTadA-14

jTadA-15

jTadA-16

jTadA-17

MSEQAQPTDWMQLALEEAKRAMANGEVPVGAVIVRNGEVIARGFNAPEER
KNATLHAEVWAIQAAAEKYRSWRLLECTGFVTVEPCIMCMGAVQMARIPRII
FGVANEKGGAAGSYYNLHQVDWFNQRITVEKGVEEERARELLAQFFRDRR
AAKRGQA

MSEQAQPVDWMQLALEEAKRAMANGEVPVGAVIVRNGEVIARGFNAPEER
KNATLHAEVQAISAAAEKYRSWRLLDCTGFVTVEPCIMCMGAIQIARIPRIIF
GVANPKAGAAGSYYNIHQVDWFNHRVTVEKGVMAERARELLAQFFRDRRA
AKRGTA
MSEQAQPTDWMQLALEEAKRAMANGEVPVGAVIVRNGEVIARGFNAPEER
KNATLHAEVWAIQAAAEKYRSWRLLDCTGFVTVEPCIMCMGAVQMARIPRI
IFGVANEKGGAAGSYYNLHQVDWFEFNQRITVEKGVEEERARELLAQFFRDRR
AAKRGQA

MSEQAQPTDWMRLALEEAKRAMANGEVPVGAVIVRNGEVIARGFNAPEER

KNATLHAEVWAIQAAAEKYRSWRLLDCTGFVTEEPCIMCMGAVQMARIPRR
IFGVANEKGGAAGSYLNLHQIDWFNHRVTVEKGVERERAKELLAQFFRDRR

AAKRGQA

MAYTEHDLRWMRLAIEQAREAARRWEVPVGAVIVRDGRVIATAFNEREAEL
NAYAHAEILAIQRASREWQDWRLWDATWY VALEPCVMCAGALVQAREKRV
VNGVRNPKAGAAGSLVDLPQQPWFNHRVEIERGVAQEEAAEILRAFFRERR
AQKRAQS

MAYTEHDERWMRLAIEQAREAARRWEVPVGAVIVRDGRVIATAFNEREAEL
NAYAHAEILAIQRASREWQDWRLWDATWYVTLEPCIMCAGALVQAREKRV
VFGVYNPKAGAAGSLVDLPQQPWFNHRVEIERGVAPEEAAEILRAFFRERRA
QKRAQS

MAYTEHDERWMRLAIEQAREAARRWEVPVGAVIVRDGRVIATAFNEREAEL
NAYAHAEILAIQRASREWQDWRLWDATWYVTLEPCVMCAGALVAAREKRV
VFGVYNPKAGAAGSLVDLPQQPWFNHRVEIERGVAPEEAAEILRAFFRERRA
QKRAQS
MAYTAEDERWMRLAIELARRAMERFEVPVGAVIVRDGKLVATAFNEVEELL
HPTKQAELLNIEEASKAYNSWRLYGCDDYVTLFPCVMCAGAIVNAWIPRVV
FGVPNPKDGAAGFVVRLHDIPEINHRVTVERGVREQECRDLLTQFFRERRAQ
KRAQR
MQHSAQDLQWMQRALELAKRAAAQGEVPVGAVLVRDNQKIGDGFNAVEQ
DAQPTGHAEQMAIQAGARAQQSWRLQGYTLFVMLEPCPMCMGAIHNARIA
RNVFGVHNEKGGADGSYYRLADDARFNHAVELHKGVADEAARAQLSDFFK
AQRKAKRGDA

MSHSAQDLQWMQRALELAKRAAAQGEVPVGAVLVRDNTLIGDSFNAYEQD
AQPTGHAEQMAIQAGLAAQQSWRLQGYTLFVMLEPCPMCMGAIHNARIAR
NVFGVHNEKGGADVSYYRLADDARFNHQVELHSGVADEAARAQLSDFFKA
QRAAKRGKA




jiTadA-18

jTadA-19

iTadA-20

jiTadA-21

iTadA-22

jiTadA-23

jTadA-24

iTadA-25

jTadA-26

jTadA-27

MSHSAQDLQWMSRALELAKRAAAQGEVPVGAVLVKDNTLIGDGFNAVEQD
AQPTGHAEQMAIQAGARAQQSWRLQDYTLFVMLEPCPMCMGAIHNARIAR
NVFGVHNEKGGADGSYYRLADDARFDHQVELHKGVADEAARAQLSDFFK
AQRKAKRGKA

MSHSAQDLQWMSRALELAKRAAAQGEVPVGAVLVRDNTLIGDHFNAVEQD
SQPTGHAEQMAIQAGARAQQSWRLQGYTLFVMLEPCPMCWGAIHNARIAR
VVMGVHNEKGGADGSYYRLADDARFNHQVELHNGVADEAARAQLSDFFK
AQRKAKRGKA

MSHSAQDLQWWQRALELAKRAAAQGEVPVGAVLVRDNTLIGDGFNAVEQ
DAQPGGHAEQMAIQAGARAQQSWRLQGYTLFVMLEPCPMCLGAIHNARK
ARVVFGVHNEKGGADGSYYRVADDARFNHQIELHNGVADEAARAQLSDFF
KAQRAAKRGKA

MSHSAQDLQWMQRALELAKRAAAQGEVPVGAVLVRDNTLIGDGFNAVEQD
AQPTGHAEQNAIQHGQRAQQSWRLQGYTLFVMLEPCPMCMGAIHNARIAR
VVFGVHNEKGGADGSYYRLADDARFNHQVELHKGVADEAARAQLSDFFK
AQRKAKRGKA

MSHSAQDLCWMQRALELAKRAAAQGEVPVGAVLVRDNTLIGDGFNAVEQD
AQPTGHAEQMAIQAGARAQQSWRLQGYTLFVMLEPCPMCMGAIHNARIAR
VVFGVHNEKGGADGSYYRLADDARFNHQVELHKGVADEAARAQLSDFFK
AQRKAKRGKA
MSHSAQDLQWMQRALELAKRAAAQGEVPVGAVLVRDNTLIGDSFNAYEQD
AQPTGHAEQMAIQAGARAQQSWRLQGYTLFVMLEPCPMCMGAAHNARAA
RVVFGVHNEKGGADVSYYRLADDAHFNHQVELHSGVADEAARAQLSDFFK
AQRAAKRGKA
MSHSAQDLQWMSRALELAKRAAAQGEVPVGAVLVRDNTLIGDGFNAVEHD
SQPTGHAEAMAIQAGARAQQSWRLQGYTLFVTLEPCPMCWGATHNARIAR
VVFGVHNEKGGSDGSYLRLADDARFNHQVEWHKGVADEAARAQLSDFFK
AQRAAKRGKA
MSHSAQDLQWMSRALELAKRAAAQGEVPVGAVLVRDNTLIGDGFNAVEQD
SQPTGHAEQMACCAGARAQQSWRLQGYTLFVTLEPCPMCWGAIHNARIAR
NVFGVHNEKGGADGSYYRLADDARFNHKVELHNGVADEAARAALSDFFK
AQRKAKRGKA
MSHSAQDLQWMQRALELAKRAAAQGEVPVGAVLVRDNTLIGDGFNAVEQD
AQPSGHAEQMAIQAGARAQQSWRLMGYTLFVTLEPCPMCWGAIHNARIAR
PVFGVHNEKGGADGSYYRLADDARFNHQVELHNGVADEAARAYLSDFFKA
QRAAKRGKA

MSHSAQDLTWMQRALELAKRAAAQGEVPSGAVLVRDNTLIGDGFNAVEQD

AQPTGHAEQMAIQAGKRAQQSWRLQGYTLFVMLEPCPMCMGAIHNARIAR
NVFGVHNEKGGADGSYYRLADDARFNHQVELHKGVAEEAARAQLSDFFKA
QRKAKRGKA




iTadA-28

iTadA-29

iTadA-30

iTadA-31

jTadA-32

iTadA-33

jiTadA-34

iTadA-35

iTadA-36

iTadA-37

MSHSAQDLQWMSHALNLAKRAAAQGEVPVGAVLVRDNTLIGDGFNAVEQD
AHPTGHAEQMAIQRGDRCQQSWRLQGYTLGVTLEPCPMCWGAVHNARIAR
VVFGVHNEKGGADGSYYRLADDARFNHQVELHAGVADEAARAQLSDFFK
AQRAAKRGKA

MSHSAQDLQWMSRALELAKRAAAQGEVPVGAVLVRDNTLIGDGFNAVEQD
AQMTGHAELMAIQAGARAQQSWRLQGYHLFVTLEPCPMCWGAIHNARIGR
VVFGVFNEKGGADGSYYRLADDARFNHQVELHKGVSDEFARAQLSDFFKA

QRTAKRGKA

MSDTALPQHWLQHAIEQAKLAADNWEVPVGCVIVQDGKVLATGFNAVEQL
AEPCGHAEMVAKQQACKALNSWRLLDCHWFVSVEPCNMCAGALINSRIAQ
LHFGVPNDKMWAAGSYIDLAQGEWYNHRVQVHSGVNAEQCAELLKGFFKS
QRAAKKAKG

MSDTALPQHMLQQAIEQAKLAADNWEVPVGCVIVQDGKVLATGFNAVEQL
AEPTGHAEMVAIQWACKALESWRLLDCHWFVSIEPCAMCAGALINSRIAQL
HFGVWNDKMGAAGSLIDLAQGEWYNHRVQTHSGVQAEQCAELLKGFFKS
QRAAKKAKG

MSDTALPQHWLQQAIEQAKLAADNWEVPVGHVIVQDGKVLATGFNAVEQH
AEPTGHAEMVAIQWACKALNSWRLLDCHMFVTLEPCAMCAGALINSRIKQC
HFGVRNDKMGAAGSLIPLAQGEWYNHRVQTHSGEQAEQCAELLKGFFKSQ
RAAKKAKG
MSDTALPAHWLQQACEQAKLAADNWEVPVGCVIVQDGKTLATGFNAVEQA
REPTGHAEMVAIQWATKALESWRLLDCHIFVSIEPCAMCAGALINSRIAQLHF
GVPNDKMGAAGSLIDLAQGEWYNHRVQTHSGQQAEQCAELLKGFFKGQR
AARKAKG
MSDTALPAHWLQQAIEQAKLAADNWEVPVGCVIVQDGKVLATGFNAVEQL
AEPTGHAEMVAIQWSCKALNSWRLLDCHMFVTVEPCAMCAGALINSRIASL
HFGVPNDKMGAAGSLDDLAQGEWNNHRAQTHSGVQAEQCAELLKGFFKS
QRAAKKAKG
MSQTAVPAHWLQQAIELAKLAADNWEVPVGCVIVQDGKVLATGFYAVEQL
AEPTSHAEMVAIQWACKALNSWRLLDCHMFVTVEPCAMCAGALINSRIADL
HFGVPNDKMGAAGSLIDLLQGEWYNHRVQTHSGVQAEQCAELLKGFFKSQ
RAAKKAKG
MSATALPAHWLQQAIEQAKLAYDNWEVPVGCVIVQDGKVLAGGFNAVEQL
REPTGHAEMVAIQWACKALNSWRLKECHWFVQVEGCAMCAGALINSRIAQ
LHFGVQNDKMGAAGSFIDLAQGEWYNHRVQTHSGVQAEQCAELLKGFFKS
QRAAKKAKG

MSDTALPQHWIQQAIEQAKLAADNWEVPVGCVIVQDGKVLATGFNAVEQA
REPTGHAEMVADQWACKALNSWRLLDCHWFVSIEPCAMCAGALICSRIAQL
HFGVINDKMGAAGSLIDLAQGEWYNHRVQTHSGWQAEQCAELNKGFFKSQ
RAAKKAKG




jTadA-38

iTadA-39

jTadA-40

iTadA-41

iTadA-42

iTadA-43

iTadA-44

iTadA-45

iTadA-46

iTadA-47

MSDTALPAHWLQQACEQAKLAADNWEVPVGCVIVQDGKVLATGFNAVEQ
AREPTGHAEMVAIQWACKALESWRLLDCHIFVSIEPCAMCAGALINSRIAQL
HFGVPNDKMGAAGSLIDLAQGEWYNHRVQTHSGQQAEQCAELLKGFFKGQ
RAARKAKG
MSDTALPQHWLQQAIEQAKLAADNWEVPVGCVIVQDGKVLATGFNAVEQL
AEPTGHAEMVAIQWACKALNSWRLLDCHWFVSIEPCAVCAGALINSRIAQL
HFGVPNDKMGAAGSLIDLAQGEWYNHRVQTHSGVQEEQCAELLKGFFKSQ
RAAKKAKG
MSDTALPAHWLQQACEQAKLAADNWEVPVGCVIVQDGKVLATGFNAVEQ
AREPTGHAEMVAIQWACKALESWRLLDCHIFVSIEPCAMCAGGLINSRIAQL
HFGVPNDKMGAAGSLIDLAQGEWYNHRVQTHSGQQAEQCAELLKGFFKGQ
RAARKAKG
MSDTALPQHWLQQAIEQAKLAADNWEVPVGCVIVQDGKVLATGFNAVEQL
AEPTGHAEMVAIQWACKALESWRLLDCHWFVSIEPCAMCAGALINSRIAQL
HFGVWNDKMGAAGSLIDLAQGEWYNHRVQTHSGVQAEQCAELLKGFFKS
QRAAKKDKG
MSDTQLPQHWLQQAIEQAKLAADNWEVPMGCVIVQDGKQLATGFNAVEQL
AEPTGHAEMVAIQWACKALFSWRLLDCHMDVTVEPCAMCAGALINSRIRQ
DHFGVPNDKMGAAGSLIDLAQGEWYNHRVQTHSGVQAEQCAELLKGFFKS
QRAAKKAKG
MSDTALPAHWLQQAIEQAKLAADNWEVPVGCVIVQDGKVLATGFNAVEQA
REPTGHAEMVAIQWACKALESWRLLDCHIFVSIEPCAMCAGALINSRIAQLH
FGVPNDKMGAAGSLIDLAQGEWYNHRVQTHSGQQAEQCAELLKGFFKGQR
AARKAKG
MSDTALPAHWLQQAIETAKLAADNWEVPVGCVIVQEGKVLATGFNAVEQLA
EPCGHAEMPPIQQACKHLNSWRLLDCHMFVSVEPCAMCAGALINSRIAQLH
FGVGNDKMGAAGSLIDLAQGEWYNHRVQTHVGVQAEQCAELLKGFFKSQ
RAAKKAKG
MSDTALPQHWLQQAIEQAKLAADNWEVPVGHVIVQDGKVLATGFNAVEQL
AEPTGHAEMVAIQWACKALESWRLLDCHWFVSIEPCAMCAGALINSRIAQL
HFGVPNDKMGAAGSLIDLCQGEWYNHRVQTHSGWQAEQCAELNKGFFKS
QRAAKKAKG
MSDTALPAHWLQQAIEQAKLAADNWEVPVGCVIVQDGKVLATGFNAVEQA
REPTGHAECVAIQWACKALESWRLLDCHIFVSIEPCAMCAGALINSRIAQLHF
GVPNDKMGAAGSLIDLAQGEWYNHRVQTHSGQQAEQCAELLKGFFKGQR
AARKAKG
MSDTQLPQHWLQQAIEQAKLAADNWEVPMGCVIVQDGKQLATGFNAVEQL
AEPTGHAEMVAIQWACKALNSWRLLDCHMDVTVEPCAMCAGALINSRIRQ
DHFGVPNDKMGAAGSLIDLAQGEWYNHRVQTHSGVQAEQCAELLKGFFKS
QRAAKKAKG




jTadA-48

iTadA-49

jTadA-50

iTadA-51

jTadA-52

iTadA-53

jTadA-54

iTadA-55

iTadA-56

iTadA-57

MSDTALPQHWMQQAIEQAKLAADNWEVPVGCVIVQDGKVLATGFNAVEQL
AEPTGHAEMVAIQWACKALESWRLLDCHWFVSIEPCAMCAGALINSRIAQP
HFGVGNDKMGAAGSLIDLAQGEWYNHRVQTHSGVQAEQCAELLKGFFKSQ
RAAKKAKG

MSTETWDERWMRLALEQARLAMDSWEVPVGAVIVRNNQVVATSFNEREQL
RNPTAHAEMLAFERAARELGSWRCTDTTSYVTLEPCIMCAGAAHLARLDRI

VFGVMNPKAGGVESWINIADEPRHNHRIEVRRGVLEEEARELLKAFFRQRR

AEKARQS

MATETWDERWMRLALEQARLAMDSWEVPVGAVIVRNNQVVATCFNDREQ
LDNPTAHAEMLAFERAARELGSWRCVDTTSYVTLEPCIMCAGAAHLARLDR
IVFGVPNPKAGGVESWINITDEPRWNHRIEVRRGVLEEEAREPLKAFFRQRR
AEKARQS
MSEYEYMRHALTLAHDARDEFEPPVGAVNVWNNRTHNAGWNRLVGLDDP
FTHAEIMALRYSGPVKTGHTLMWATLYMTFEPCVMCAGAMVTSRIGDVVFG
VRNAKGSAAQGEMDVLHRPWYGARVIITEGKLDQECARSLCRFFISQRRRST
A
MYEHEYWMRHALTLAHDAGDEFEVPVGAVQVMNTRTDRSSVFRTKGLDDL
TTHAEIMALRQQGQVATGITLIWAHLYATFEPCVMCAGQTIASRLGDVVFGV
RNAKGSAAQSEMDVLHRPQMGARVIITEGRLDQECARLLCRFFSRHRRVSK
A
MSEHEWMRHALTLAHDAATEFEIPVGAVNVWNNRTINSGWNDLKGLDDPT
YHAEIMADRQSWDVMFGHTLMWATLYMTFEPCVMCAGAMVTSRIGDVVF
GVRNAKGSAAQGEMDVLHRPWYGARVITEGKLDQECARSLCRFFISQRRR
STA
MGDDEHWLRHALTLAKRAHDEEEVPVGCVLVQNNKVIQEFHNNAFGRMDP
TAHAEISILNQAQDQEQNLTLSDATLY TTLEPCVMCAMKMQLSRIDRVVFGV
ANPYTGAAGSLMDILDHPRQNHTVEIHAGILADECAQELAHYFRSKRPGK

MADDEEHWLRHALTLAKRAHDEAEVPVGCVLVQNNKVIQEFHNNAFGRM
DPTAHAEIDILNQCGDVEQNYQLSDATLYTTLEPCVMCAMAMOQLSRIDRVVF
GVANPKDGAAGSLMDILKHPVMNHRVEIHAGILADECAQALAMYFISKRPV
K
MADEEHWLSHALTLAKRAHAEAEVPVGCVLVQNNKVIQEFANNAFGRMDP
TAHAEIDILNQCCDVEQNTQLSDATLYTTLEPCVMCAMAMOQLSRIDRVVFGV
ANPKTGAAGSLMDILTHPRQNRRVNIHAGILADECAQELAHYFRSKRPGT

MADDEHEHWLRHALTLAKRAHDEAEVPVGCVLVQNNKVIQEFHNNAFGR
MDPTAHAEIDILNQCGDVEQNYQLSDATLY TTLEPCVMCAMAMOQLSRIDRV
VFGVANPKDGAAGSLMDILKHPVMNHRVEIHAGILADECCQALAHYFQSKR
PVK




iTadA-58

jTadA-59

iTadA-60

jTadA-2-1

iTadA-2-2

iTadA-2-3

iTadA-2-4

iTadA-2-5

jTadA-2-6

jTadA-2-7

MADDEEYHWLRHALTLAKRAHDEAEVPVGCVLVQNNKVIQEFHNNAFGR
MDPTAHAEIDILNQCRDVEQNYQLSDATLY TTLEPCVMCAMAMOQLSRIDRV
VFGVANPKTGAAGSLMDILKHPRQNHRVEIHAGILRDECAQVLAHYFDSKRP
GK
MADDEHWLRHALTLAKRAHDIAEVPTGCVLVQNNKVIQEFHNNAFGRMDP
TAHAEIDILNQCRDVEQNYQLSDATLY TTLEPCVMCAMAMOQLSRIDRVVFG
VANPKTGAAGSLMDILKHPRQNHRVEIHAGILADECAQVLAHYFDSKRTGK
N
MYEVEYWMRHALTLAHDAGDEFEGPVGAVQVMNTRTDRSSVFRTKGLDDL
TTHAEIMALRQQGQVATGITLIWAHLYATFEPCVMCAGQTIASRLGDVVFGV
RNAKGSAAQSEMDVLHRPQMGARVIITEGRLDQECARLLCRFFSRHRRVSK
A
MGKRMQNECKFMQKAIDEARKAFALKEVPIGAIICKGDEVIASANNELING
MLPSKHAEFIAIEMAAQRLDSWRLEGFDIYVSMEPCMMCADALLHSRIARV
VFGVDNIKCGSMGMAQEIFKAPQNNKVVSVEKGVLGDECVNLLKDYFAHV
RAKGGVKK
MGKRMQNECKFMQKAIDEARKAFALKEVPIGAIICKGDEVIASANNELINN
MLPSKHAEFIAIEMAAQRLDSWRLEGFDIYVSMEPCMMCADALLHSRIARV
VYGVDNIKCGSMGMAQEIFKAPQNNKVVSVEKGVLGDECVNLLKDYFAHV
RAKGGVKK
MRYDMATDKKFMERAIAEAKKAYAGGEFPSGAIIVKNGEVIGTANNSYFTG
MKPEMHCEKINIEDAANALHSYRLEGCTVYCTMEPCLMCAGTIVMSRIWRI
VYGADDWKGGGAKVAATLIPQEGVNSRVIVEKGIFKDECDRLFMDFFSAGR
DKWKHHY
MRYDMATDKKFMERAIAEAKKAMAGGEFPSGAILVKNGEVIGAAYNSYRA
GNKPEKHAEQICIEEACSMLHSYHLEGCTVYCTMEPCLMCAGTIVMSRIPHI
VFGADDWRGGNHKVAANLIPQEGVNHRFMIEKGYYKDECDRLNADFFSNG
RRKNKHEY
MRYDMATDKKFMERAIAEAKKAFAMGEFPSGAILVKNGEVIGAAVNSYRAG
NKPEKHAEQICIEEAANALHSYHLEGCTVYCTMEPCAMCAGTIVMSRIWHIV
FGVDNWKGGGAKVAANLIPQEGVNHRVMVEKGAYKDECDRLNADFFSNG
RRKWMHHS
MGEEELRDRNYMRLAIEMAKKARELGEVPTGAIITLGDKVIAKSYNMYVGY
HAPTAHAEVRTPLEASEVLKSWNLEGCVMYCTLEPCVMCAGAICHSRIKRV
VFGVDNFKGGSAGSGMQILQCQNKNHDIIVDKGVMVDECKALLAGFFAGR
RANKDYRY

MGEQELRDRY YMRLAIEEAKKARELGEVPTGAIITLGDKVIAKSMNEYVGG
CAPTAHAEVRAPLEASEVLKSWNLEGCVIYWTLEPCVMCAGAVQHSRIKRVI
FGYDDFKGMAIGSGMKILSKGNHNHDIIVDKGVMVDECKALLAGFFAGRRA
NKTDRY




jTadA-2-8

iTadA-2-9

jTadA-2-10

jTadA-2-11

jTadA-2-12

jTadA-2-13

iTadA-2-14

jTadA-2-15

iTadA-2-16

iTadA-2-17

MGEEELRDRNYMRLAIEMAKKARELGEVPTGAIITLGDKVIAKSYNEYVGY
HAPTAHAEVRTPLEASEVLKSWNLEGCVMYCTLEPCVMCAGAICHSRIKRV
VFGVDNFKGGSAGSGMQILQCQNKNHDIIVDKGVMVDECKALLAGFFAGR
RANKTDRY
MGYDMAKECEFMEFGIKEAASAMQNNDVPTGGVIFRGNKVIAMGHNAYEE
DGIPSMHAEANIIKECTNALGNYDLEGCINVITLEPCPMCAGTIVHSRIAKVIY
GCDDVKYGWAGVASELYRIKGNNSKVIVEKGIARDACERLLTGFFKKRRAD
KNGRY
MGKAMAEDKYFMQLALENAKKAMINGDVPIGAIIVKNGEVIAVDGNAYATG
MAPMGHAEFIAIKKAQNELKSWRLEGCTLY VSLEPCVMCAGATVQSRIERV
VFGVDNAKGGALGCAMKIYEYAGANRKVMVEKGFLKDECDALLHAAFVS
RRRYFKRNE
RIPQGSDEYWMKKALELAKQARAAGERPYGAVLIKKGEEVGRGYNTRITER
DPTAHAEIKALREAGRRLDDWLLDGATLKVTEQPCVMCAGALIHARVKRVV
YGAPNIEFGAAVSYMDVLNHPGLGHRVEVVKGVYAAECAALIDDYKAVKE
ALKAADK
EIDPGSDEYWMKQAIELAKIALQRGELPIGFVVVKNGEVVGKGFNERMTLN
DPTAHAERLCLREAGERLGNPVLEDCTDYITPEPCVMCAGALINAKVARVVY
GLRNEDFGASGSLMRVLDFPGNSHRVEVVRGVLAEECKALLEEYKAGHRK
KKERLA
VIDENSDEYWMRKALELAREAYKAGEYPVGAVFVKNNEIIGTGYNARIRHN
DAPAHAEISAIREAAKKMENPFLEGATLYITLEPCVMCAGAMINKKIAKVVY
GAPNVKHGACGSFMDVLNHPKNPWKTEVVKGVLADECAALLRTEFFKYKQ
MKGRN
SYDDNSAEYWMLKALELAKIAYKLGEYPVGAVLVKDGQVIFEGYNAEVTLN
DPTAHCEITALREAGKKMKNFCLEGATLYITLEPCVMCACAMIAAKIAYVVY
GADNISSGAAGNYMTVLDHPGNHHRVAVRRGVLAEEAAELLRKYKEDKAK
AKKGSA
ACDEGSDERWMOQKAIELAKISLKKGEYPIGAVLVENGKVIGEGYPNRKVSND
PTAHDEITALRKIGKSKGNYRLKGCTLYITEEPCVMCSGAMIAAKVDRVIYGA
DDPLHGALGTAMDVLHHPGNDNRVAVRRGVCADECRALREKYFRLIREEKK
LVS
RKDIDLDAAFLRRAKELAEKAYEAGEVPVGAVVVKDGVIVAEGYNQVVATR
DTTAHNEVEAIREAAKHLGSHRIEGTVLY VITILEPCAMCCGWFVQARVARLIF
GAPDPRAGAVGNVVNLCEDDSLNHQADVVGGVLENEASELLKKFFAKRRK
KKAAEE
EFPKNSDAYWMQRALDLAKQALAAGEYPVGRVLVKGNEVVGTMFNMRITE
KDPTGHAEIKALREGGKTLKSPYLEDCVLYITREPCVMCAGALNNAKIASVV
YGAVNNASGAAGSTMDVLNTPGNPFTVAVKRGVLADEAAALEAAYFAKKS
KKKELFK




jTadA-2-18

jTadA-2-19

iTadA-2-20

jTadA-2-21

jTadA-2-22

jTadA-2-23

iTadA-2-24

jTadA-2-25

iTadA-2-26

iTadA-2-27

REDIDLDEAYMERAISIAEQAYEAEEVPIGAIVVKDDMIVAEGYNQYIETNDP
TAMAEDLADTEAAAKLDNHRLEGTVLFVTLEPCIMCAGAKLQARVKKIVYG
APDPKAGATGTVVNLLQDDRLNHKAENAGGVLKEDASELLKKFFCKRRKK
KERFK
EISKNSDEYWMSVAIEEAKKALADGEGPRGAVLIKDNKIIGRGYNARRKEND
PTAHAEIIAYREDGKNLKNFELKDCTLYITQEPCVMCACAMINAKIAKVVYG
APNPNHGAVGSFMDVLNRPGNNHKVEVVRGVLAEECQALLDEYFVRKYAK
YLRAR
KNPADSDEYWMKKALEMARKALAAGEYPIGAVLVLDNEVIGEGYYSPTTK
NDPYAHAEIENLRAAGQKRNDWRLEGATLY VTCEPCFMCAGAMNAAKIGR
VVYGAENPRRGATGDYMDVLCHPGNPHRVEGVRGVLAEESKALLDYYFTK
ESQDKARQR
MRDTDLDKEFMERAIAQAEKAYEAGEVPVGAIVVHDNEILAEGYNQFISTN
DPTAHGQVEAMRMAAQALGNYRIENCVLYVTLEPCSMCTGAIVQARVARLI
YGAPDPRAGAVGTVVNLVNDDSLNHHADVYCGVLEERASDLLKKFFKKLR
KKKEGAH
LKYEGSDAYYMKMALELANEALKAREYPVGAILCKDNELVGRGYNNTIVS
MDATAHAEINALREGGKILKSWMLKNCTLYITCEPCVMCAGALITWKIGKVV
YGAPNPSWGAAGSLMDVLHMPGNDIQVEVVSGPYAEQCKALKDEFLAKRR
KKKRELK

MKDADLDAAFMERAIELAEKAY QAGEVPTGAVVVKDDKIVAEGYNQPVAT
NEPTAHEEIIAIREAAMALNNHRIEGTVLYVTLEPCIMCAGAITQARVKRLVY
GAPDPRAGVVGTVVNLLNDPSLNHKATVIGGVLEERAREMLKAFFQTLRKK
KAASK
ATPEESDAYWMQLAFEEAEKARAGGEYPVFAVLVKDGEVVGTGWNNRVTR
NDPTAHAEIVALREGGKSLKRWELNGCTLFITEEPCVMCAGALINAKVAKVV
YGAPNPATGALGVYMDVLQHPGNPHRVEVVGGVLAEACAALKNAYKEAK
AGAKYEAL
MEDIALDEKFLFRAVEQARKAYEAGEVPIGRLIVHDGKELAEGYNQTVHTR
DPTAFAEVEAPREAAAHLENFRLEGTVLY VTLEPCIMCTGALVQARVKKVIY
GCPDPRAGAVGTVQNLVDDPRLNHQAQVIGGVLAEEASELLKKFFKKRRKK
KAASE
KIPDGSDEAWMDQALELAAVALQNGEHPVGAVLVKDNKVIGKGYNAKKILN
DATAHAEIIALREAGKNMKSYWLEDATLYITEEQCVMCAGACINAKVKKVV
YGAPNPKQGACGEFMDVLSHPGNMHKIETVKGVLAEKAAKLLEEYFKKKR
KAKRAIA
DIPEGSDEYWMCRALALAQKAYEAGELPIGAVLVKNGEVIGEGFNAITTLND
PTAHAEIMAIRKGGKTCKNPMLQGSTLYITREPCVMCAGAMIAAQIARVVY
GAPDPASGAAGSAMDVYMAPGNKHKVEVVKGVLAEESAALIARYLKEKRN
AKRRKA




jTadA-2-28

jTadA-2-29

jTadA-2-30

jTadA-2-31

jiTadA-2-32

jTadA-2-33

iTadA-2-34

jTadA-2-35

iTadA-2-36

iTadA-2-37

REDCDLDRAFLERAIAQARQAYEAGEVPIGALVVHDGEILATGYNQTVEIND
PTWHAEVLAHRENARVLGNHRLEGTVLYVTLEPCIMCAGAIVQCRVARLIY
GMPDPRAGAVGTVVKLVEDESLNHKAEVVGMVLEEEAMDLLKKFFQQRRK
KKAASE
MNDAELDDRFLARAIEHAEKAYIAWEVPVGAVVVKDGEKYAEGYNQTVAT
RDPTAHAEVLQIREAAAALGSHRLEGCVLY VTLEPCAMNTGALVQARIERLI
YGAPDPKAGASGTVVKLVADERLNHKADVIGGVRAEEASELLKKFFKCLRK
KKAASE
MEDKKKDEEFMERAIEQAEKAYAAGEVPVGAIVVKDGKIVAEGYNKLIETR
DPTAHAYVEAIREAAAALGNHRLEGTVLY TTLEPCIMCSGALMQQRVARLVF
GARDPRAGAVGTAVNLVEDDRLNHKTDVVEGVLEEEASDLLKAFFKKRRIK
KYASE

PIPMNSDEY WMKKALEYAKKAYEEGERPIGAVLVKNGEIIGVGYNARVTENF
PTAHAEIKAIREAGKRLGNFVLEGATLYITQEPCVMCAGAMIAAKVKRVCFG
ARNPRYGAAGSYMDVLMHPGNPWRVEIVDGVLADECKALLRNYFKEKRK
GKPALK
QGDYDLDDKFMERAIEQAEKAYEAKEVPIGAIVVKDGENLAYGYNQTVETR
DCTAHAEMLAIREAAAKLGNHRLEGTVLYVTLEPCIMCTGAIVQARVARVV
YGCPDTKAGAVGTVVNLVDNPSLNHQATVVGGVLEERASKLLKAFFAGRRK
KYAASE

EIDEGSDAY YMQKAIELAMKAKAAGEYPVGLVLVKNKEIIGEGYNAVSVLN
DPTAHGEIVALRAAGKATYNPKLEGATLYITEEPCVMCAMAMINAKVARVV
YGAPNADSGAAGGAMQVLHHPRNPHKVEVVKGVLADQCKHLRDEYFAKL
EKKAEQVL

RIDIGSDEY WMSKAIELAREAYRAKEIPVGAVLVKDGEVIGRGYNNFFTEND
PTKHAEINALREAMKTSKNPFLENATLYITQEPCVMCAGALVAAKVKRVVFG
ATQPQTGATGSFMDVLHNPGNTHRVEVYRGVLADECAALMEIYFVGRKQD
CLARK
FNDIALDDDFMEKAISQAEKAYEAGEVPVGRVVVKDGEIVAEAYNQTIMTN
DATAHAEIGAIRNAAAKLGNYRIEGCVLY VTLEPCIMCAGAIVQARVARLVF
GAADPKAGAVGTVVNLFNDPKLNHQAKVIGGCREAEASEILKKFFKKLRKK
KGAEQ
LKDEDLDEEFMKRAIEFAEKAYEAGEVPIGAIVVKDGRVVATGYNQIAEYKD
HTAHAEVEADREAAAALENHRLEGCVLY VTLEPCYMCAGAIVQARVARVV
YGAADPRAGAVGTVVNLTNDESLNHQADVVGGVLEERASDLLKKFFKRLR
KKKAESY
KNDFDADDDFMRRAIAMAEKAYEAGEVPIGAVVVKDGMIVASGYNQTIEHN
DATYHAENEAIREAAAALGNHRLPGYMLY VTLEPCIMCAGALVQARVKHV
VYGAADPRAGAVGTVLDLVEDLRLNNKVDVVGGVLEEDASNLLKKFFKKR
RKLSEDAA




iTadA-2-38

iTadA-2-39

iTadA-2-40

jTadA-2-41

iTadA-2-42

jTadA-2-43

iTadA-2-44

jTadA-2-45

iTadA-2-46

iTadA-2-47

REYADTDEEFMEKAIELAEKAMEADEIPIGAIVVKDGTIVAEGYNQTIATRDP
TAHAEVEAIRAAAAHLGRHRIEGTVIYVTLEPCIMCAGALCQARVKRLIFGA
PDPRAGAAGTGVNLMEDPSLNRQAFVVGGVLEEEPRELLMKFFKKLRKKK
AAAE
LEDYDLDMDFMKRAIEIAEKAKEAGEVPIGEIVVKDGRIVATGYNQRIENND
CTAHAEVLAIREAAAHLGNHKLEGTVIYVTLEPCIMCSGACVQARVARVIYG
APDPRAGAAGTVVNLVNDDRLNTQAEVVGGVLEEQAKELLKAFFKSKRKK
KPAEE
REDIKEDQTFMRRAICQPEKAYEAGEVPIGAIVCRDGEIVAEGYNQTIETNDA
WAHAEVLADREAALALGNHRLEETVLY TTLEPCIMCTGAIVQARVKRIVYG
AYDPRAGAVGTVVNLTEDESLNHMADVVGGVYEEEISELLKKFFK TKRKKK
AVSW
GQAERDDLRYARMAYEEARKAYAMKEMPIGAIVVKDGAVIGAAHNDSFMQ
CTPHMHAELNVISQASAMLQDWRLEGCTLY VVAEPCAMCAGVIHMSRIPRV
IYGIDDGKYGAVGSCYSLLQQNGVNHRVDVLKGVMRDAAMDNMRY YFAV
RRAQNKAYI
GQDMLDDLKYMKLAIEEAKFAAQNGEFPIGAITVKDGKVIARAHNKN-
FNGSPNAHQEIECIEEAAKVLMSWDLNGVTNY VTTEPCLMCAGCIVHNRIK
RVVYGCDDVKHGCMGSGMALYQCANVNHDVIVDKGYAKEACMALLAEAF
AKRRAMKKRVF
GFDMANEKRFMELAIEEAKKAMQNGELPIGAIITCNGKVIARNNNARIGDGQ
MFKHAEYELIEMAAKELGSWRLEGTTLY VINEPCMMCAGTIYMSRIERVIY
GCDDFKGGCSGKAFNILQAPNANHRAQVCKGVLKEECEHLLRDYFKARRK
NVKSVH
GFDMANDEKFMTAAIEEAKRAMQNGEVPAGAIIVKNNEIIIRCDNAFYTSGD
MTGHCEHIAPLRAKEAKNDWKLYDCTLY VTVEPCVMCAAFICNSRIPRNVF
GMDTPVKGAAGSCYNILNIHDNNHRVDVVKGYTKDECEHLLSAYFKGIRNG
KYLKF
GDRMKDDKRFMTLAYELAKKAFSEGEMPMGAIVVKNGCVIGEGLNGFMFN
SDPSQHAEHNAPERASAVLGSWKLDGCDIYVTAEPCALCMGTIAMSRISRVV
YGIDNETNGGAGSIIALAQLRDLNHRVQVDCGMLRADAYALMADYFKRRR
KRFKGAI
AEDDIRDARFMQMAYEEAMKAWEGGDNPAGAIIVKDDKVIARTFNYKELA
NNPIKHGEHIAVEMAAKELGNFYLDGCTLY VTLEPCVGCAGTIINSRIKRIYY
GFDDDKGGCAGSVYNVLKDKNANHEVIVKKGMLSEACRALCENFFKRKRA
MKKYNV
GYDIRNEAEFMEKAIAQAEKAYEAGEVWIGAIVVKNDEIVATGYNQTVATND
PTAHAEVNAIREAAAALKNYRLEGTVLFVTLEPCIMCAGAIVQARVARVIFG
APEPRAGAVGSVVNLVNDPQLNHIADVIGGVLEEECIDLLKKFFKGRRKKKA
GAE




jTadA-2-48

iTadA-2-49

iTadA-2-50

jTadA-2-51

iTadA-2-52

jTadA-2-53

iTadA-2-54

jTadA-2-55

iTadA-2-56

iTadA-2-57

GEEELRDRNYMRLAIEMAKKARELGEVPTGAIITLGDKVIAKSYNEYVGYH
APTAHAEVRTPLEASEVLKSWNLEGCVMYCTLEPCVNCAGAICHSRIKRVV
YGYDCFKGGSAGSGMQILQCQNKNHDIIVDKGVMVDECKALLAGFFAGRR
ANKTDRY
GYDMENDERYLNLAIENAEKAFRNRDFPMGAIVVKDGAVIASAENYYECTH
KPNVPAEYECIERAGEALNSWRLEGCVLYVTLEPCVMCAGTIVMSRIPRVIY
GIDDDKMGCVSSAVNILQSKDNNHKIFIDRGVLKGRCEELLRSFFRNVRGQK
YNHR
GFDMADDRKYMERAIETAKKAAQNGEVPIGRIIVKDGAVIAEAFNNNEMTSS
PCAHAECEQIELAAKVLGKWTLEGCTMY VTLEPCVMCAGTIHMRRIQRIVY
GVDDMKGGCAGSVMNLFKNKGINREAIVEKCVLKHACETLLRDFFKAKRK
EYKYIR
GYDMAEDERFAHDAIEEAKKAFAQGEVPIGAIICRDGKVIIRAFNNAETDAKP
TAHPEYLMIERAKEELHSWRLEGCTLY VTIEPCVQCAGIIIMSRIERIVFGCDD
DKYGCIGSIVKLLAQKHMNHRVKVDKGVLKDECMTLLKDFFVRLRSGKIYI
R
GEAMKDDKRFMMLALEEAEKARQNGDFPVGAIICKDGAVLVKANNAQYEN
AKPTKHAECEIQDEAANVLGMYALEGCTLY VTHEPCPMCAGIFHWSRIGKVI
YGMDDIKNGCVGCVVNLLNDAKANHRVDVYKDVLKEANMALLSAYFAAK
RAGKKKTF
GDDMLADKRYMELAIEESKRAFAKGEVPTGAVIVKGKEVIARAENLCYEDGI
PAKHAENIELETASKALNEFHLEGTTIYVITLEPCVQCAGAISMSRIDRIVYGL
DDEKGGAYGQTMNLL-
KANRCNRREVIHGYLCDAGKDLIKAYFAMRRRNYKHHY
GFDMANDEQFMKLAIENAKRGKARPEVPIGAIIVKNNELIMSADNYCEGNT
DPTRPAEHIAIEEAAKRLNNWRLEGCTNYVTQEPCVMCAGTIVMSRIERITYG
ADNIKMGAIGSVMALLQAKNANHRVQVIKGVLKEACEHLLADYFRGLRKN
KDRNR
VYDMANDERFCRKAIEEAEKAFALGETPQGAIIVKWNELICGAYNGNCDNG
CPTAHADMRHIELAKKALGCYALEGCTLFVTTEPCVMCAGTIMQSKIGRVV
YGCDDVKVGAVGKCVNLLQFANVNNRIEVKKGYAQDKCRDLCRKYFANIR
KDKYGHK
GEFKESDAYWMARALEMARRAFACGEYPIGAVLVKDGEVVGEGYNCRISSH
DPTAHAEQIDLREAGARLRSPELTGAVLY VTKEPCVMCAGALIAARVARVVY
GAPDPLYGAVGSAMDVLHHPGNPHRVNVVKGVLADESIALLKAYAKYERRR
LLGLE
RNDLDLDRTFLERAREQAEQAYELGEVPIGAIVVRDGEIVATGYNQVVTTND
PTAHAIVEAIREAARRLGKHRLEGTVLY VTLEPCIMCAGALVQARVKRVVFG
APDPRAGAWGTVVNLLNDESLNHQADVVKGVLEEEAFALLKKFFAVRRKQ
EAASE




jTadA-2-58

iTadA-2-59

iTadA-2-60

MYDIDNDACFMERAIEQAEKAYRAGENPIGAIMVKGDEIVGTGYNQTMATN
DPTVHAEVEAIREAAAALGNHRLEGTVLFVTLEPCIMCAGAIVQARVARVIF
GLPEPRAGAYGSVYNLVNQPQLNHMADVIGGVLEERASDLLKKFFANIRKD
KYGHK
REDTDLDMEFMERATALSEKAYEAREVPVGAIVVHDNEILAEGYNNTIYTND
PTAHREVEAIREAAQALGNHRIENCVLYVTLEPCIMCTGAIVQARVRRLIYGA
PDPRAGAVGTVVNLVRDDSLNHIADVYRGVLEEDASDLLKKFFKQLRKKKE
GAE
NYPKDSDEYWMSKAIELALKALAANEYPVGAVNAKDNQVVGEGYNARTG
LNDATEHAEIRCLRQAGKTLNNMFLEDTTLYITEEPCVMCAGAMIEWKIKRV
VYGADNPLRGAAGSFMDVLNHPGNPHKVEVKRGVLAEKCRGLIEEYFARE
RKKRLAEK




Supplementary Table 4. First-round TadA variants: mean colony counts, activity, and enzyme-

catalyzed base-substitution rates (1)

Index Mean colony Activity (resistant plate Enzyme-catalyzed base-
count (10 mL) colonies / colony count) substitution rate, Lsp.b.
ecTadA 4.00E+09 6.39E-08 1.42E-8
jTadA-1 2.40E+10 3.70E-09 8.222E-10
jTadA-2 1.15E+11 4.83E-10 1.073E-10
jTadA-5 1.35E+10 3.29E-09 7.311E-10
jTadA-6 1.00E+12 4.11E-10 9.133E-11
jTadA-7 1.30E+10 3.42E-09 7.600E-10
jTadA-10 6.00E-+09 1.11E-08 2.467E-09
jTadA-15 7.50E+09 1.93E-08 4.289E-09
jTadA-16 1.20E+10 4.63E-09 1.029E-09
jTadA-17 2.05E+10 2.17E-09 4.822E-10
jTadA-18 4.50E+11 5.68E-10 1.262E-10
jTadA-21 1.65E+10 2.69E-09 5.978E-10
jTadA-22 2.50E+11 1.33E-10 2.956E-11
jTadA-23 7.00E+09 4.13E-08 9.178E-09
jTadA-25 1.05E+10 3.17E-09 7.044E-10
jTadA-27 1.20E+10 1.02E-08 2.267E-09
jTadA-43 1.00E+11 7.78E-10 1.729E-10
jTadA-44 2.50E+11 2.67E-10 5.933E-11
jTadA-45 2.00E+11 9.44E-10 2.098E-10
jTadA-49 1.30E+10 2.56E-09 5.689E-10
jTadA-55 1.75E+9 3.95E-07 8.778E-08
jTadA-56 1.4E+9 1.14E-07 2.533E-08
jTadA-59 1.3E+9 1.58E-08 3.511E-09

jTadA-60 3.25 E+9 5.13E-08 1.140E-08




Supplementary Table 5: Second-round TadA variants: mean colony counts, activity, and enzyme-

catalyzed base-substitution rates (1)

Index Mean colony Activity (resistant plate =~ Enzyme-catalyzed base-
count (10 mL) colonies / colony count)  substitution rate, ps.p.b.

ecTadA 4.00E+09 6.39E-08 1.420E-08
jTadA-2-02 8.00E+08 2.36E-07 5.247E-08
jTadA-2-04 2.50E+09 3.11E-08 6.914E-09
jTadA-2-05 2.00E+09 7.22E-08 1.605E-08
jTadA-2-09 1.50E+09 1.26E-07 2.798E-08
jTadA-2-11 2.00E+09 2.81E-07 6.173E-08
jTadA-2-12 3.50E+09 4.23E-08 9.407E-09
jTadA-2-14 8.00E+08 5.83E-07 1.296E-07
jTadA-2-15 2.00E+09 1.61E-07 3.580E-08
jTadA-2-17 3.50E+09 6.19E-08 1.375E-08
jTadA-2-18 3.50E+08 3.17E-07 7.055E-08
jTadA-2-19 8.50E+08 1.96E-07 4.347E-08
jTadA-2-22 3.00E+09 1.11E-07 2.469E-08
jTadA-2-23 4.00E+09 5.00E-08 1.111E-08
jTadA-2-26 1.50E+09 6.91E-08 1.535E-08
jTadA-2-27 6.00E+08 2.96E-07 6.584E-08
jTadA-2-28 1.50E+09 3.70E-08 8.230E-09
jTadA-2-29 2.50E+09 2.96E-08 6.584E-09
jTadA-2-32 2.50E+09 3.70E-08 8.230E-09
jTadA-2-35 8.00E+08 5.42E-07 1.204E-07
jTadA-2-36 1.45E+09 1.15E-07 2.556E-08
jTadA-2-37 8.50E+08 1.70E-07 3.769E-08
jTadA-2-39 4.50E+08 2.22E-07 4.938E-08
jTadA-2-43 4.50E+08 6.17E-08 1.371E-08
jTadA-2-48 1.50E+09 4.94E-08 1.097E-08
jTadA-2-50 7.50E+08 1.48E-07 3.292E-08

jTadA-2-51 8.50E+08 2.72E-07 6.035E-08




jTadA-2-52
iTadA-2-55
iTadA-2-56
iTadA-2-57

jTadA-2-60

4.50E+08

4.00E+08

8.00E+08

1.00E+09

3.00E+09

1.98E-07

5.56E-08

6.48E-08

5.19E-08

1.85E-07

4.389E-08

1.235E-08

1.440E-08

1.152E-08

4.115E-08




Supplementary Table 6. The sequence of pUC57-Kan-ccdA/B, pUC57-Kan-2BspQI-ccdB and
primers

pUCS57-Kan- TGCAGCTCTGGCCCGTGTCTCAAAATCTCTGATGTTACATTGCACAAG

ccdA/B ATAAAAATATATCATCATGAACAATAAAACTGTCTGCTTACATAAACAG
TAATACAAGGGGTGTTATGAGCCATATTCAACGGGAAACGTCGAGGCC
GCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTC
GCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGCTTGTATGGGA
AGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTG
CCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAAT
TTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCA
TGGTTACTCACCACTGCGATCCCCGGAAAAACAGCATTCCAGGTATTA
GAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGT
TCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAG
CGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGT
TTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTT
GAACAAGTCTGGAAAGAAATGCATAAACTTTTGCCATTCTCACCGGAT
TCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACG
AGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAG
ACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTC
TCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTG
ATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAATCA
GAATTGGTTAATTGGTTGTAACATTATTCAGATTGGGCTTGATTTAAAA
CTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCT
CATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGA
CCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGC
GTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTT
TGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGC
TTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGT
TAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTC
TGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCT
TACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTC
GGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGA
CCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCA
CGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGG
GTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCT
GGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCG
ATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAG
CAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCAC
ATGTttgacagctagetcagtectaggtataatgctagetactagagaaagaggagaaatactagATGCGT
CGTCTGCGCGCAGAACGTTGGAAAGCAGAAAATCAGGAAGGCATGGC
AGAAGTGGCCCGTTTTATTGAAATGAATGGCAGCTTTGCCGATGAAAA
TCGTGATTGGtaaAAGCTTgcacaggtcGTCGACTTAAATGCCCCAAAACATC
AGGTTAATGGCATTCTTAATATCATTTTCACGATGACTCAGATCTGCCAC




TTCTTCACCAATAACACTAACCGGCACACTTGCCATATCGGTGGTCATC
ATACGCCAACTTTCATCGCCAATATGCACAACCGGATACAGTTCACGAC
TCACTTTATCACTCAGCAGGCGGGCGCTGGCCAGCGGAATAACCATAC
GGCGACCCGGGGTATCAATAATATCGCTCTGCACATCCACAAACAGAC
GATAACGGCTTTCACGCTTATAGGTGTAAACCTTAAACTGCATactcttectttt
tcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaaC
ATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCC
AGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGT
CTGCTCCCGGCATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGC
TGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGA

For pUC57-Kan-ccdA/B, the 123119 promoter, ccdA**7?, ccdB and AmpR promoter sequence
are highlighted in red, green, blue, and purple, respectively. The plasmid backbone is pUC57-

Kan.

pUCS57-Kan-
2BspQI-ccdB

TGCAGCTCTGGCCCGTGTCTCAAAATCTCTGATGTTACATTGCACAAG
ATAAAAATATATCATCATGAACAATAAAACTGTCTGCTTACATAAACAG
TAATACAAGGGGTGTTATGAGCCATATTCAACGGGAAACGTCGAGGCC
GCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTC
GCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGCTTGTATGGGA
AGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTG
CCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAAT
TTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCA
TGGTTACTCACCACTGCGATCCCCGGAAAAACAGCATTCCAGGTATTA
GAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGT
TCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAG
CGATCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGT
TTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTT
GAACAAGTCTGGAAAGAAATGCATAAACTTTTGCCATTCTCACCGGAT
TCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACG
AGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAG
ACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTC
TCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTG
ATATGAATAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAATCA
GAATTGGTTAATTGGTTGTAACATTATTCAGATTGGGCTTGATTTAAAA
CTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCT
CATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGA
CCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGC
GTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTT
TGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGC
TTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGT
TAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTC
TGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCT
TACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTC
GGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGA




CCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCA
CGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGG
GTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCT
GGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCG
ATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAG
CAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCAC
ATGTttgacagctagetcagtectaggtataatgctagetactagagaaagaggagaaatactagATGAGA
AGAGCACGTCCGATTGCTCTTCGtaaAAGCTTgcacaggtcGTCGACTTAAAT
GCCCCAAAACATCAGGTTAATGGCATTCTTAATATCATTTTCACGATGA
CTCAGATCTGCCACTTCTTCACCAATAACACTAACCGGCACACTTGCC
ATATCGGTGGTCATCATACGCCAACTTTCATCGCCAATATGCACAACCG
GATACAGTTCACGACTCACTTTATCACTCAGCAGGCGGGCGCTGGCCA
GCGGAATAACCATACGGCGACCCGGGGTATCAATAATATCGCTCTGCAC
ATCCACAAACAGACGATAACGGCTTTCACGCTTATAGGTGTAAACCTT
AAACTGCATactcttcctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttga
atgtatttagaaaaataaacaaaCATATGGTGCACTCTCAGTACAATCTGCTCTGATG
CCGCATAGTTAAGCCAGCCCCGACACCCGCCAACACCCGCTGACGCG
CCCTGACGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTG
ACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCG
AAACGCGCGA

For pUC57-Kan-2BspQI-ccdB, the J23119 promoter, BspQI site, ccdB and AmpR promoter
sequence are highlighted in red, green, blue, and purple, respectively. The plasmid backbone is
pUC57-Kan.

BspQI-FP GATTGCTCTTCGtaaAAGCTTgcacaggtcGTCGACTTAAAT
BspQI-RP GGACGTGCTCTTCTCATctagtatttctectctttctctagtagetage




Supplementary Table 7. Cloning and sequence verification of selected CcdA variants.

Nam Protein Log2 AF3  Sequence DNA sequence
e sequence F ipTM identity to
WT

WT MRRLRAER 846 0.973 1.0 ATGCGTCGTCTGCGCGCAGAACG
WKAENQE TTGGAAAGCAGAAAATCAGGAAG
GMAEVARF GCATGGCAGAAGTGGCCCGTTTTA
IEMNGSFA TTGAAATGAATGGCAGCTTTGCCG
DENRDW ATGAAAATCGTGATTGGTAA

878 MRRIEAEEF 531 0091 0.65 ATGCGTCGTATTGAAGCGGAAGA
REKNKEGL ATTTCGCGAAAAAAACAAAGAAG
KEVAEFIKK GCCTGAAAGAAGTGGCGGAATTT
EGSFAEENR ATTAAAAAAGAAGGCAGCTTTGC
DwW GGAAGAAAACCGCGATTGGTAA

854 MRRISAEEF  3.28 0.9 0.62 ATGCGTCGTATTAGCGCGGAAGAA
REKNKEGL TTTCGCGAAAAAAACAAAGAAGG
KEIAEFIKE CCTGAAAGAAATTGCGGAATTTAT
EGSFAEENR TAAAGAAGAAGGCAGCTTTGCGG
DwW AAGAAAACCGCGATTGGTAA

903 MRRISAEEF 3.30 0.9 0.65 ATGCGTCGTATTAGCGCGGAAGAA
REKNKEGL TTTCGCGAAAAAAACAAAGAAGG
EEIARFIEEE CCTGGAAGAAATTGCGCGCTTTAT
GSFAEDNR TGAAGAAGAAGGCAGCTTTGCGG
DwW AAGATAACCGCGATTGGTAA

924 MRRLEAEA  3.23 0.9 0.68 ATGCGTCGTCTGGAAGCGGAAGC
FREKNKEG GTTTCGTGAAAAAAACAAAGAAG
LAEVAKFIE GCCTGGCGGAAGTGGCGAAATTT
EEGSFSEEN ATTGAAGAAGAAGGCAGCTTTAG
RDW CGAAGAAAACCGCGATTGGTAA

1654 MRQARAER 3.04 0091 0.73 ATGCGTCAGGCGCGTGCGGAACG
WKTENREG TTGGAAAACCGAAAACCGTGAAG
MAEVQHFI GCATGGCGGAAGTGCAGCATTTTA
AENGSFCD TTGCGGAAAACGGCAGCTTTTGC

ENREW

GATGAAAACCGTGAATGGTAA




Table S8. Identity-to-reference versus predicted divergence time from TimeTree-calibrated
fits

Family Reference Identity to reference Predicted divergence (Ma)
0.8 1.4049
. 0.7 231.7360
TadA  E. coli TadA (UniProt P68398)
0.6 561.3701
0.5 1148.1288
0.9 4.6449
0.8 20.3885
. 0.7 40.2859
CcdA  E. coli CcdA (UniProt P62552)
0.6 67.3466
0.5 109.8419
0.4 215.5726

Notes: Values are derived from TimeTree-calibrated timetrees and MSA-based identities using a
saturating decay fit. They are intended as approximate, order-of-magnitude mappings rather than
strict molecular-clock estimates.



Sequence sampling of baseline models: ProteinMPNN and Pinal

ProteinMPNN

A structure-templated baseline library was generated using ProteinMPNN in fixed-backbone design
mode with the experimental TadA reference structure as the input template (PDB: 2B3J, Chain A).
The structure file was preprocessed to retain only the designed protein chain (non-protein atoms
were removed) and was provided to ProteinMPNN to compute per-position amino-acid distributions
conditioned on the backbone coordinates. 1,000 sequences were then sampled stochastically from
the model using temperature-controlled decoding (temperature = 0.1) with otherwise default
ProteinMPNN settings. Sampled sequences were post-processed to remove exact duplicates and
were written to FASTA for downstream structure prediction and evaluation.

Prompt for Pinal Sequence Generation

Pinal sequences were generated using the official Pinal web server with default sampling/decoding
parameters (all server defaults; no additional tuning).

TadA Prompt: TadA (tRNA adenosine deaminase) is an enzyme that catalyzes the deamination of
adenosine to inosine at the wobble position (A34) of tRNA molecules, thereby expanding codon
recognition during translation, adenosine;4 in tRNA + H20 + H" = inosiness in tRNA + NH4™,
EC:3.5.4.33. Through the introduction of two key mutations, A106V and D108N, the substrate
specificity of E.coli TadA has been reprogrammed, enabling the enzyme to catalyze adenosine and
cytosine deamination directly on DNA substrates. These engineered TadA variants are incorporated
into adenine base editors (ABEs), facilitating the precise conversion of A*T base pairs to G*C in
DNA without introducing double-strand breaks. This strategy offers an efficient and high-fidelity
tool for genome editing, particularly for the correction of disease-associated point mutations.

CcdA Prompt: CcdA is a bacterial antitoxin protein that functions as part of the CcdA—CcdB type
IT toxin-antitoxin system encoded by the F plasmid in *Escherichia coli*. The CcdA protein
comprises 72 amino acids and adopts a two-domain structure: an N-terminal dimerization and DNA-
binding domain, followed by a C-terminal domain that binds to the CcdB toxin. In the absence of
CcdB, the C-terminal domain of CcdA is intrinsically disordered. Upon binding to CcdB, CcdA
undergoes a conformational change, forming a stable CcdA—CcdB complex that neutralizes the
toxicity of CcdB. This complex also acts as a transcriptional repressor of the ccd operon by binding
to the operator region. The CcdA—CcdB interaction is dynamic, with varying stoichiometries
leading to different complex formations, including (CcdA)2—(CcdB)2 and (CcdA)2—(CcdB)4
complexes. The balance between CcdA and CcdB concentrations regulates the stability of the
complex and the repression of the operon. CcdA is subject to degradation by the Lon protease, which
modulates the levels of the antitoxin and, consequently, the activity of the toxin.",



Supplementary Fig. 1
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Supplementary Fig. 1. Trajectory of classifier scores under continuous selection during
SPIN-JEvo sampling.

Across 20 independent genetic-algorithm runs, we tracked the population-wide activity score

Pact at each generation (computed by the LoRA-adapted ESM-2 classifier). The solid curve shows
the across-run mean p, per generation and the dashed curve shows the median; shaded bands
indicate between-run variability of the population distribution at each generation (interquartile
range). The smooth upward shift and eventual saturation demonstrate that SPIN-JEvo applies a
continuous, score-based selection pressure rather than a hard survival cutoff.



Supplementary Fig. 2

TM-score : 0.969

Supplementary Fig. 2. One illustrative example of the OmegaFold-predicted structure,
superimposed on the corresponding wild-type structure (PDB ID: 2B3J). Gray, wild-type; light pink,

a SPIN-JEvo-evolved variant.



Supplementary Fig. 3
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Supplementary Fig. 3. DNA-editing activity of SPIN-JEvo evolved sequences across two

rounds.

(A) DNA-editing activity reported as mutation frequency and expressed as s pp. for 60 selected

variants from SPIN-JEvo, along with the activity of E. coli TadA as a reference. Data are from

Table S4 (B) DNA-editing activity reported as mutation frequency and expressed as s p.b for 60

second-round jTadA variants after LoRA retraining on first-round data. Data are from Table S5.



Supplementary Fig. 4
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Supplementary Fig. 4. Relationship between divergence from wild-type CcdA and activity
among functional hits.
Boxplots show the distribution of log: fitness for variants with log fitness > 3, grouped by sequence

identity bins relative to wild-type CcdA.



Supplementary Fig. 5
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Supplementary Fig. 5. Seed identity trade-off for TadA sampling.

(A) Peak-normalized kernel density estimates of TM-scores between OmegaFold-predicted
structures of sampled TadA variants and the E. coli TadA reference (structure alignment by TM-
align). (B) Corresponding distributions of global sequence identity to E. coli TadA. Variants were
generated from seeds initialized at different divergence levels (15—40% substitutions). A 20%
mutation seed provides a balanced regime: it shifts designs to lower identity (greater diversity) while
largely retaining a near-native fold distribution (high TM-score), whereas more aggressive
initialization increases sequence novelty but yields more off-fold samples.



Joint phylogenetic analysis of natural homologs and evolved variants

For each target (TadA and CcdA), we constructed a single “mixed” phylogeny containing both
natural homologs and experimentally validated positive evolved variants. For TadA, we used 1000
natural homologs from ref.! For CcdA, we collected 100 UniProtKB homologs by BLAST against
the E. coli CcdA sequence (UniProt ID: P62552) as in ref.? Natural homologs and evolved sequences
were combined and aligned with MAFFT?. Poorly aligned columns were optionally trimmed to
reduce alignment noise. Maximum-likelihood trees were inferred from the trimmed alignments
using IQ-TREE2* with automated model selection (ModelFinder) and branch-support estimation by
bootstrap. Evolved sequences were renamed with a consistent prefix (jTadA * or jCcda *) and
natural homologs were renamed to compact UniProt-style labels (accession_mnemonic) to enable
unambiguous parsing and visualization. Novelty was assessed directly on the resulting tree topology
by whether evolved sequences formed evolv-enriched clades distinct from the natural-homolog
structure and by identifying the split point of the evolved clade as the parent node of the evolved
sequences’ MRCA, with the nearest natural lineage defined as the sister clade at that split.

Identity—time calibration for TadA and CcdA>”’

To provide a rough evolutionary scale for sequence exploration, we performed coarse identity—
time calibrations within the TadA and CcdA families using the same procedure. For TadA, the
~1,000 orthologous sequences were taken from Supplementary Data 2 of the referenced study’.
For CcdA, ~100 sequences were collected from UniProtKB by searching the keyword “Antitoxin
CcdA” and retaining representative hits.

For each family, we computed identity to the E. coli reference from a multiple sequence alignment
(MSA), and obtained approximate lineage divergence times by building a TimeTree 5° timetree for
the subset of taxa recognized by the database and downloading the resulting Newick tree.

TimeTree branch lengths are in absolute time (Ma), so for each species we estimated its

divergence from Escherichia coli as
1
T qiv(species, E. coli) = Edtimetree(species, E.coli)

where diimetreels the patristic distance (sum of branch lengths) between the two leaves in the
TimeTree timetree. Species times were mapped onto TadA sequences by matching normalized
organism names, and we fit a simple empirical saturating exponential

I(T) = I, + (Ig — I,)e™*T
to relate identity I to divergence time T.



Supplementary Fig. 6

Supplementary Fig.6. Full CedA spot-assay plates.

Uncropped images of the serial 10-fold dilution spot assays for CcdA SPIN-JEvo-evolved sequences
tested in Fig. 3E. Overnight cultures were normalized, serially diluted (10>~10°%), and spotted onto
the corresponding selective agar used for the CcdA—CcdB growth assay. Growth across dilutions
indicates functional CcdA variants that rescue viability under the assay condition, whereas
reduced/no growth is consistent with non-functional variants. Negative and positive controls and

variant identities are labeled on the plate.
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