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Figure S1. Competitive binding of TglA variants to TglB. Competitive fluorescence polarization traces
for binding of wild-type (WT) TglA and TglA variants to TgIB. These peptides were used to titrate TglB
(3 uM) complexed with fluorescein-labeled peptide consisting of the 20 C-terminal amino acids of TglA
(25 nM). Error bars represent standard deviation (s.d.) of three independent replicates. Errors on ICsp are
the standard error of the mean (s.e.m.) given by regression analysis.
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Figure S2. TgIB is relatively promiscuous towards a change of the last amino acid of TglA. MALDI-
TOF mass spectra of (A) TglA-Ala50 variants and their co-expression products with TgIB in E. coli. (TglA
ASOE, calc. [M+H]*, 7095. TglA_ AS5OQF, calc. [M+H]*, 7114; TglA AS50F Cys, calc. [M+H]*, 7217.
TglA AS50G, calc. [M+H]*, 7023; TglA_AS50G_Cys, calc. [M+H]", 7127. TglA_ AS50K, calc. [M+H]",
7095. TglA_AS50P, calc. [M+H]* 7063; TglA_AS50P_Cys, calc. [M+H]", 7167. TglA_AS50Q, calc. [M+H],
7094; TglA AS0Q Cys, calc. [M+H]", 7198. TglA ASO0S, calc. [M+H]*, 7053; TglA AS50S Cys, calc.
[M+H]*, 7157). (B) TglA AA50 variant and its product after co-expression with TgIB in E. coli.
(TglA_AASO0, calc. [M+H]*, 6966). All m/z values are average masses.
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Figure S3. P. syringae tRNA®Y* mini- or micro-helix is sufficient to catalyze the in vitro cysteinylation
reaction. (A) Secondary structure of full length P. syringae tRNA®*, and its mini- or micro-helix. (B)
MALDI-TOF-MS analysis of in vitro cysteinylation reactions with P. syringae tRNA®¥* mini- or micro-
helix under standard assay conditions. (TglA, calc. [M+H]*, 7037; TglA_Cys, calc. [M+H]*, 7141).
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Figure S4. TgIB hydrolyzes ATP in the absence of substrate TglA. 3P NMR analysis of 500 uM ATP
incubated in HEPES assay buffer (100 mM HEPES pH 7.5; 5 mM MgCl;, 100 mM NaCl) at 30 °C for 30
min in the absence (A) and presence of 50 uM TgIB (B). (C) If TglA was 100% labeled with one 20 at the
C-terminal carboxylate, then upon phosphorylation 50% of the label would be in the carbonyl group and
50% in the bridging oxygen of the phosphate ester. Upon attack by the Cys-tRNA, this would lead to 50%
of labeled phosphate. Using the same reasoning, when 85% of TglA is labeled with one 20, then the
phosphorylated peptide will be 15% unlabeled, 42.5% labeled in the carbonyl oxygen, and 42.5% in the
bridging oxygen, and hence after attack by Cys-tRNA ~42% of the released phosphate would be 20
labeled, as mentioned in the main text. 42.5% 80 and 57.5% 0 corresponds to a calculated ratio of 1:1.35.
The observed ratio was 1:2 #0:10. However, a significant amount of O arises from hydrolysis of ADP
to phosphate and AMP as shown by NMR analysis (Figure 3). The fraction of the total phosphate that was
derived from ADP hydrolysis was estimated by taking the difference in integration of the phosphate peak
and either of the two ADP peaks (it was harder to integrate the AMP peak which was overlapping with
other peaks). This amount of phosphate produced from ADP hydrolysis was subtracted from the total
amount of 1°O-phosphate observed to arrive at the amount of *O-phosphate produced from ATP. This
correction leads to a ratio of ¥0:1%0 of 1:1.4.
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Figure S5. Potential ping-pong mechanism involving the formation of an aminoacyl-enzyme
intermediate. The amino acylated tRNA first transfers the amino acid onto a residue of TgIB. Then, the
amino group of the tethered amino acid attacks the activated TglA peptide. Finally, hydrolysis of the
protein-peptide complex releases the product.
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——————————————————— MESSLYFW-----LRSTGFPIHHLTQLGKMDELPLLKDFED
——————————————————— MKCSDYFW-----LRSTGFEIEELISLTDLPNLPHFNDYYM
——————————————————— MRCADYFW-----LRSAGFPADQLMQATSFPSLPAFTSLM-

——————————————————— MKCADYFW-----LRSAGFPADHLMQVSPFSNLPAFTLLME

ok koo . .

TEQSLNELVERLKTLEQTCHIPSNARQDWORIRKLVGKRKKVTDEFIHLMEQKGFDQSLT
SQOSFDOWCNHWIKEIRSVPVERISLPHQRKVIRRIKKRNPLTEQDKIIVTKWGMEKLID

LTESIEARIARIREGLLK--——- AGSPVALKVVRKLTEGMPLTAKDWPADQTALAAAELE
DFRSLOTLKATLLEKAKA-———— HSPQACRKFIRKLNENQALQPTDLPEVLREPLGEALQ
DFRAFQALKAMMLEEANS-———— HSLLTCRKLIRKLNEGQSLLLSDLPQALREPLNTAVL
DYRSLNTLRDSLLEKSIS-———- HSSQACRKLIRKLNENLPLQVSDLPEALRDDAVDELA
SYRCVAVLRSKLLQKSMS----- HSAQASRKLIRKLNENLPLQVSDLPEALRESSREDLE
LVGQAQTIKANLKTQLIE-———— FGEQSSRNFLRKLNDGEQLSIRVLPVELRGKLGDATE
———ALHQLRGRLLOQFEQ-QOMAVVGEVQCRKFARKLAAQQAVSVSDLPLPLRDVLOQPLD

LYQ----WRGRLLQTFEQ-QMAIVGEEQCRKFARKLAAQQAVSVSDLPLPLRDVLHQPLG

QEIESYERKRRLOQEKNWTKARESFEAELAEKQLFLOEIYKNPRLOEATIFQQSPSMYKNAV
———EYCSQQQOSLISLK-KKAQQSFHEEFERLQQQLIERFOSSQYELALY TLNHKLWHEWI
—-——-PLYAERAELTQLN-TALEASFAAAATRARGALFETLRDPLLREAVFLSNPSALER-V
———HWNALLARTSAP--EEAAREYDAYLESARQGLIDFLDDEAVAEALFISNPSALTR-I
———KWNDLLKRLVIG--DVARHEYSTYLERARQGLINFLDDDAVSEALFISNPSARAR-I
———HWNERLGRLKQR--VEVDQEYAVFLESARQALIDEFVNDEDVEQAVFISNPTALTR-L
———RWNEQLARLAQR--TDVDQEYALYLEDARQALIDFLDDEDVAQALFISNPAALAR-V
———QLNQLQTTLAKMK-IDLDSDFSKYTEQTRQRLIDFLDQPEISEALFISNPEACKR-I
———EWHNVNAKIVAQE-TTLRPVFANFNEQGRQQLIDFLSRADVSEAIFISNPDAAQR-TI
———EWHSVNAKIIEQE-TSLRSGFISFSEQVRQQLIDFLSRADVSEAIFISNPDAAQR-I

*o o . :
VPYVHSSLOKRNTNIKRIERQLISYLQRLCTKNETTSFFGPIQYGVLTSEQ----QDIEY
KENRLENL--TDAQKKQTCRTLFAYLOQRVSTKNDTIGEYGPISYGAFN-———-——— QOGKLI
DTLAECSPERVDNRMRORLRLAWSYVQRLCAKNDTTSFFGPIAWGEFAPADAAGGEAASFEF
RELIRDRHSRNDSRKKQKLRLGWSYAQRFCAKNDTSSFFGPLAWGRFDTR-—-——— QTANV
QOELIKDRHSRSDSRKKQKLRLGWSYAQRFCAKNDTSSFFGPLAWGHFKDQ————— QIANV
RELRQERHARTDSRKKQKLRLAWSYAQRFCSKNDTSSFFGPLAWGRFDRT————— QVEHV
RELIGERFSRTDSRKKQKLRLAWSYAQRFCSKNDTSSFFGPLAWGRFDRL——-——— QAENV
KSLVEGRAGENDSRKKQKIRLGWSYAQRFCTKNDTCSFFGPITWGQFLAD—-—-—— QODALV
NALITERHAPHDSRKKQKIRLGWSYAQRFCTKNDTCSFFGPIAWGREFDDR-——-—— QTVLA
NTLVTERHTPYDSRKKQKIRLGWSYAQRFCTKNDTCSFFGPIAWGREFDDQ———-—— QTMLA

. * :* **_.:**:* . :**: :* . .
NENQKE----TERRAFMPYWSIKVLAAQMKECDVFFPYLNVKLSYQYTKTGDSIHSPILE
QTRQ----- ITKRKAYFAYQGLQKLLSVIKKD-————————————————————— LMPQ-A

EVDFGEGGWIGERRTYFEHWVISRVAMAMSEDPVLAATLPTSLSPACALIEGALHAPG-N
HLTODDTAWIKDRHTFFENWVVQRLVEQINQQCPDTDLMPLOLNTGCYLHEQTLFMPI-G
QLTONDTTWLKDRHTFFENWVMORLVEQINQQCPNTDCMPLKLNASCYLREQHLEFMPI-N
RITQHGPGWIRERHTFFESWVVQRLVEQLNRHCVDVQFMPLOLNPGCFLNQDTLHLPV-N
RITSGEGSWIKERHTFFESWVIQRLVDQLNKQCPDPHFMPFQLNQGCYLIDTTLHMPV-N
EVNHAEGNWLRSRKTFFESWVIQRIIGQLNEQCPDANKVPLMLNTGCVLVDDVLEYPL-E
NVKWSMGSWLSQRKTFFESWVIQRLVAQINAQCPEPMCLPLSVNPGCYLQGDVLHYPL-G
NVNRSTGPWLSQRETFFESWVIQRLVAQVNAQCPEPACLPLSVNPGCYLQGDVLHYPL-D

* . .. . *
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KRRQVSALTARVLGYIQCQSAVAPTLEFGLOAEL--QDVSAGQLRDLIDHLVAQQIVRRGW
KRQTLNPLTAQVLDYIQRPASSAPTFYGLLAAL--PQADAGQLEALLEHLVARQIIRRGW
KSRQLSGDMLNIVRLLQ-HHAHVYNCDSLLAKL---MIDNDV---ALKRLIDAGIIKIGF
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KL-VRER-—=====-—-———-— VEDCNDPRSEIWIRILDQLEETRHLFETSTQPNEKEQALAQ
RIAAGLADPLGALRAY-LAHLDAGHPRTRFWRELFESLERERLRFATGGL-DERRAALAD
OMSPRERHPIVQLORC-LANAGVSDPENQLWQSRLEALEGLRRDYAHGDL-MRRTECLER
DISPRERNPIVRLQHY-LATTGVSPDFQKAWHSRLHALEQARCDYANGDL-IRRTEILEK
QISPRERKPVQVLHTF-LADARLSDDFRTQWHERLSGLEAIRQDYATGDL-AVRIASLDK
QVSPRERQPVQVMLSFEF-LSDSRLSDAFRAQWRERLTELEATRNRYALGDL-SVRMASLEQ
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* . * .

LESTFTEWTGEQPRRLGGEIYADRNLLYEECHGPLNNIKIGGSIKHVLKQDVPKWLSICA
AEKLFTNITGEAFQGENQQYFADKTLLFEEAHDQQ-YLPV--TLSVDLWTELDHALLTIHA
CETLLAE-NGIDVSREQGKMYVGREPFYEDCARNV-RVRIGGALRRAIDTELVPLMALYD
LNQLLGE-AGVDLSRETGAMYVGRYPLYEDCSRNM-NISLGQAMLDQVNQELAPLMRINQ
LNRLLGE-AGVDLCRESGTMYVGRYPIYEDCSRNI-NISFGQTVFHQVNKELAPLMRINQ
LNRLLGE-AGVDISRESGAMYVGRYPVYEDCSRNI-DISLGGALLDQVNADLAPLMRIHQ
MNLLLSE-AGVDLSRESGAMYVGRYPVYEDCSRNI-EVSLGRSLLEQVNADLAPLMRIHQ
LNNLLSA-ANVSLSRSSGEMYVGRYPVYEDCSRDT-QVSFNQTIKKHIEEDFTPLILLYQ
MNQTLSD-AGVSLARDSGKMYVGRYPVYEDCARAS-TLTENRKLOQQALDVDFAPLMSLYQ
MNQALSD-AGISLVRESGKMYVGRYPVYEDCARAS-TLTFSRSMQOQALDEDFAPLMSLYQ

ok . .

KHGEQRRKQEQALAQEIFKMMYPNEDSVP--FLKFVHDLSNHPDV-————————— HTWEK
KLRLDIWRSWONIAVOKFEQLANGNVSIP--LMKWVSYWLRYPPSLDNQSATDLLSPW-—
RLAGAIAAQLSAAYVRI---RAEGDVAVRHDLLSFARELQRHRVA--EEVVATLRPLLRA
WLIKAIAHQLNQAFIEVWEQRQVANPGKPVDFLDLLNTLAPLLPALEARI IGDLDQCLET
WLIKAIAHQLNSVEVEAWEQRQAINPCRTVDFLDLINTLAPLLPAIETSI IVDLNQRLET
WLIKACARQLHGFYAQVWQRLOAEDEHNPVNFLAFLGAVQPVIAHAEAGI IEELDAVLAD
WLIKACARQLHAFYVEVWQGFQAADAAAPVDFLAFLGAVOPRLAQVEANI IERTDALLDQ
WLTRVTAYELHQHWLGVWSQCCSEYDTDELNILTFLNALKPLODDIGQQVQTRITTVLOQ
WLTRATGVLLHQAWLDVYQLIPPCPDGODVSLLAFLALLHPQOAATQQQVCDRVRTMLNE
WLTRATGVLLHQAWLDIFQLIPSRKDGQAISLLAFLHRLHPQQATIQQQVCERIRGMLNE

RWQSIKTEIEEA-———————-—-—— ITHEVASNPKSVVHLSL-DYQDFDRDMAWLTSPDLMI
————— LVDRNGY-—------—----LSIKLPDRVIRSWRKEINSFR-------WLLSPDLMV
AWSSVVADKQSI-—----- DGEITLDTSDLVRLVSAFEQAGLRASGPQPLGTRVHSPDFLI
AWAQLLODFPGH-—-—-———— AEVRLCAADVERLISLLNTRL-DVEGFEVEFGSDFHSPDILL
AWTQLLREFPAQ-—-—--—-—-— SEVRLCATDIDHLISRLNKDEF-DVSDFTVFGSDYHSPDLLL
AWQQVLSDKHDP-—------— EQVQLTHEDIERLIVELNTRL-DVRTFSVFGSHFHSPDFLI
AWQQVLEGRAEE-——-----— AQVHLSAADVERLIEMLNARL-DVQAFTVEFGSDFHSPDFLI
SWGEILTTVDAKNENAVDSAEIQLTSDDFTVLMSYLNESCPDAQHFEVEFGDAFHSPDEML
AWQPLLSVVHTE-—---—-—- ELQLSAAQLEQVLAALNQQCPAAADFPVFGDDFHSPDEFML

AWQPLLSVVRTE-—-————-—— EVQLSAEQLAQVLAALHQQCPAAADFPVFGENFHSPDEML
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Figure S6. Sequence alignment of TgIB homologs. The protein sequence for TgIB was used to identify
homologs via BLAST search. Homologs with E-values < 1E-39 were aligned by sequence with MUSCLE
(MUItiple Sequence Comparison by Log- Expectation),! and highly conserved residues were targeted for
alanine replacement. Shown in red are residues replaced with alanine for enzymatic activity assessment in
this study.

S11



M M + Cys

7037 )
TgIA “

TglA + TgIB S11A

TglA + TgIB T180A

TglA + TgIB S540A

TglA + TgIB S780A

T T T
6800 7000 7200

m/z
B

7037
TglA f:\ ! A

1
! 7141 |
TglA + TgIB Y170F ! !

M M + Cys
1

6900 6950 7000 7050 7100 7150 7200

m/z
Figure S7. Mutagenesis of selective Ser, Thr and Tyr residues of TgIB does not support the ping-pong
mechanism in Figure S5. MALDI-TOF-MS spectra of TglA co-expressed in E. coli with TgIB variants in

which selective (A) Ser or Thr residues were replaced with Ala, (B) a Tyr residue was replaced with a Phe.
All experiments were done under the standard TgIB assay conditions.
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Figure S8. A potential mechanism in which TglA is covalently linked to a hydroxyl group on TgIB. In
this mechanism, the C-terminal carboxylate is first activated by ATP through phosphorylation. Then, a
hydroxyl group from a side chain of a residue on TgIB attacks the activated carboxylate to load the TglA
peptide onto the protein via an ester that in turn can be attacked by the amino group of the cysteinyl-tRNA.
Subsequent hydrolysis of the tRNA would produce the final product.
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Figure S9. A potential mechanism in which the C-terminus of TglA is first activated by ATP, followed
by attack from a carboxylate residue on TgIB to form an anhydride. Attempts to trap such an
intermediate with hydroxylamine or sodium borohydride were unsuccessful.
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Figure S10. A potential mechanism with a covalent acyl-phosphate intermediate. In this mechanism,
a phosphate group is first transferred from ATP onto a carboxylate containing residue on TgIB, before
further reaction with the TglA peptide.
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Figure S11. SDS-PAGE analysis of TgIB variants with diminished activity. All proteins were expressed
as N-terminal Hise-tag fusions.
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Figure S12. MALDI-TOF-MS spectra of in vitro cysteinylation of TglA with TgIB variants. The in
vitro activity of each TgIB variant mirrors the activity observed when co-expressed with TglA in E. coli
(Table S1). All experiments were done under the standard TgIB assay conditions.
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Figure S13. MALDI-TOF-MS spectra of NH,OH quenching assays with TglB mutants that do not
conjugate Cys to TglA. (TglA, calc. [M+H]*, 7037; TglA_ NHOH, calc. [M+H]*, 7052). Assays were
performed by reacting 50 UM TgIB and 50 uM TglA in the presence or absence of ATP (5 mM) for 5 min
at 30 °C. Then assays were quenched with NH,OH to a final concentration of 1 M and incubated at 30 °C
for another 20 min.
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Table S1. Activity of alanine-substituted TgIB proteins. Sixteen positions of TgIB were targeted for
alanine replacement by site-directed mutagenesis using the alignment of Figure S6. These proteins were
assayed for enzymatic activity by co-expressing with TglA and analyzed using MALDI-TOF-MS. +++
indicates enzyme activity roughly equal to wild-type (full conversion to product); ++ indicates modestly
reduced enzyme activity (>50% conversion to product); + indicates severely reduced enzyme activity (low
but detectable product formation); - indicates no detectable enzyme activity (no observed product
formation).

TgIB Protein Relative | /5 protein Refative
Wild-type +++ D404A et
R10A - D542A -
K161A +++ E564A —
Y170F +++ H566A T+
R173A - R704A +++
K177A - W707A +++
N178A +++ K746A +++

D179A ++ K752A +
R397A +++ ES01A _
E403A +++ R803A _
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Table S2. Oligonucleotides used in this study. All sequences are provided 5’ to 3'. Lowercase m indicates
2" O-methylation of the following residue; methylation suppresses random addition of bases at the end of

the RNA by T7 RNA polymerase.

Primer Oligonucleotide Sequence
TglA (-Ala)_F GCAAGGTCTTTTGAAGCTTGCGGCCGCATAATG
TglA (-Ala)_R CGCAAGCTTCAAAAGACCTTGCTCTCGATGACTTCAATGTIC

P. syringae tRNA®S F

AATTCCTGCAGTAATACGACTCACTATAGGCCGAGTAGCAAAATGGTTATGCAGC

P. syringae tRNA®* R

mUMGGAGGCCGAGGTCGGAATCGAACCGGCGTAGGCGGATTTGCAATCCGCTGCATAACC

TglB_Seq_623

CTGGATCAGAGAACG

TglB_Seq_1549

GGCTGATTGTCGAGC

TglA_ 20mer_F GAGAACCTGTACTTCCAATCCGCGTTGTTTGAAGAGTTTGACC
TgIAR GGATTGGAAGTACAGGTTCTCCGGATCCTGGCTGTG
TglB_S11A F CTGGCTTCGCGCTACCGGGTTTGCGGTGC

TglB_S11A R CAAACCCGGTAGCGCGAAGCCAGAAATAGTGTG
TgIB_T180A_F CAAAAAATGATGCATCGAGTTTTTTCGGCCC
TglB_T180A_R GAAAAAACTCGATGCATCATTTTTTGAACAGAATCGCTG
TglB_S540A_F CACTTTCACGCTCCGGATTTCCTGATTTCCAG
TgIB_S540A_R GAAATCCGGAGCGTGAAAGTGGCTGCCAAATAC
TgIB_S780A_F GTCAAGTTTGCTGAGATGTGTCCTGCTCC
TglB_S780A_R CACATCTCAGCAAACTTGACGTGCCCC

TgIB_R10A_F CTATTTCTGGCTTGCATCGACCGGGTTTGCG
TgIB_R10A_R CGGTCGATGCAAGCCAGAAATAGTGTGAGCTTTCC
TglB_K161A_F CAGCCGCAAGGCTCAGAAACTGCGCCTGG
TglB_K161A_R CAGTTTCTGAGCCTTGCGGCTGTCAGTTC
TgIB_Y170F_F CCTGGAGCTTCGCACAGCGATTCTGTTC

TgIB_Y170F_R GAATCGCTGTGCGAAGCTCCAGGCCAGG

TglB_R173A_F CTACGCACAGGCATTCTGTTCAAAAAATGATACGTCGAG
TgIB_R173A_R GAACAGAATGCCTGTGCGTAGCTCCAG

TgIB_K177A_F GATTCTGTTCAGCTAATGATACGTCGAGTTTTTTCGG
TglB_K177A_R CGTATCATTAGCTGAACAGAATCGCTGTGC
TglB_D179A_F GTTCAAAAAATGCTACGTCGAGTTTTTTCGGC
TgIB_D179A_R CTCGACGTAGCATTTTTTGAACAGAATCGCTGTG
TglB_R397A_F CATGTATGTCGGTGCATACCCGGTCTACGAGGATTG
TglB_R397A R CGGGTATGCACCGACATACATGGCGC

TglB_E403A_F GGTCTACGCAGATTGTTCGCGCAATATCGATATC
TglB_E403A_R GCGAACAATCTGCGTAGACCGGGTAGCG

TglB_D404A_F GGTCTACGAGGCATGTTCGCGCAATATCGATATCAG
TglB_D404A R GCGAACATGCCTCGTAGACCGGGTAG

TglB_D542A_F CACTCTCCGGCATTCCTGATTTCCAGTACCTCG

S20




TglB_D542A R

GAAATCAGGAATGCCGGAGAGTGAAAGTGGC

TgIB_H566A_F GAGAGGTCGCTCCGGGCGTGCACAC

TgIB_H566A_R CGCCCGGAGCGACCTCTCCCAGAATGATTGAGTAGTCG
TglB_R704A_F CCTTGTACAAAGCTGCCTCGTGGTGGTTCAG
TglB_R704A_R CGAGGCAGCTTTGTACAAGGTCTTGCCCAAG
TgIB_W707A_F GCCTCGGCATGGTTCAGTCCAGAGCAAC

TglB_W707A_R

GACTGAACCATGCCGAGGCGCGTTTGTAC

TgIB_K746A_F GTTCGCCGCTATCGATATCGAACCCAAGCC
TgIB_K746A_R CGATATCGATAGCGGCGAACACATAACGGG
TgIB_K752A_F CGAACCCGCTCCGATTTTCATTGATTTCGATAACCC
TgIB_K752A_R CAATGAAAATCGGAGCGGGTTCGATATCGATCTTGGC
TgIB_EBO01A_F CATTTCTGTTGTGCTATACGTACAACCTTTAGGGACAATGG
TglB_EB01A_R GTTGTACGTATAGCACAACAGAAATGCCCGC
TgIB_R803A_F CTGTTGTGAAATAGCAACAACCTTTAGGGACAATGGAG
TgIB_R803A_R GGTTGTTGCTATTTCACAACAGAAATGCCCG

TglA_ A50F_F CAAGGTCTTTTTCTGAAGCTTGCGGCCG

TglA_ A50F_R CAAGCTTCAGAAAAAGACCTTGCTCTCGATGACTTC
TglA_ A50K_F CAAGGTCTTTAAATGAAGCTTGCGGCCG

TglA_ A50K_R CAAGCTTCATTTAARAGACCTTGCTCTCGATGACTTC
TglA_ ASOE_F CAAGGTCTTTGAATGAAGCTTGCGGCCG

TglA_ AS0E_R CAAGCTTCATTCAARAGACCTTGCTCTCGATGACTTC
TglA_A50Q_F CAAGGTCTTTCAGTGAAGCTTGCGGCCG

TglA_ A50Q_R CAAGCTTCACTGAAAGACCTTGCTCTCGATGACTTC
TglA_ A50P_F CAAGGTCTTTCCATGAAGCTTGCGGCCG

TglA_ A50P_R CAAGCTTCATGGARAGACCTTGCTCTCGATGACTTC
TglA_ A50S_F CAAGGTCTTTTCTTGAAGCTTGCGGCCG

TglA_ A50S_R CAAGCTTCAAGAARAGACCTTGCTCTCGATGACTTC
pTXB1-TglA_F GGTCTTTGCCTGCATCACGGGAGATG

pTXB1-TglA_R GTTGGGTTGTCCCATATGTATATCTCCTTCTTAAAGTTAAAC
TglA_D40A_F GACCTGGATGCTATTGAAGTCATCGAGAGCAAG
TglA_D40A_R GACTTCAATAGCATCCAGGTCAAACTCTTCAAAC
TolA_141A_F CTGGATGACGCAGAAGTCATCGAGAGCAAGG
TolA_141A_R GATGACTTCTGCGTCATCCAGGTCAAACTCTTC
TolA_E42A F GATGACATTGCTGTCATCGAGAGCAAGGTC
TglA_E42A R CTCTCGATGACAGCAATGTCATCCAGGTCAAAC
TglA_V43A F GATGACATTGAAGCTATCGAGAGCAAGGTCTTTG
TglA_V43A_R GCTCTCGATAGCTTCAATGTCATCCAGGTCAAAC
TolA_144A_F CATTGAAGTCGCTGAGAGCAAGGTCTTTGCCTG
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TglA_144A_R CTTGCTCTCAGCGACTTCAATGTCATCCAGGTC
TglA_E45A_F GAAGTCATCGCAAGCAAGGTCTTTGCCTGAAG
TglA_E45A_R GACCTTGCTTGCGATGACTTCAATGTCATCCAGG
TglA_S46A_F CATCGAGGCAAAGGTCTTTGCCTGAAGC
TglA_S46A_R CAAAGACCTTTGCCTCGATGACTTCAATGTCATCC
TglA_K47A_F CATCGAGAGCGCAGTCTTTGCCTGAAGCTTGC
TglA_K47A_R GCAAAGACTGCGCTCTCGATGACTTCAATGTCATC
TglA_V48A_F GAGAGCAAGGCATTTGCCTGAAGCTTGCG
TglA_V48A_R CTTCAGGCAAATGCCTTGCTCTCGATGACTTC
TglA_F49A_F GAGCAAGGTCGCTGCCTGAAGCTTGCGGC
TglA_F49A_R GCTTCAGGCAGCGACCTTGCTCTCGATGACTTCAATGTCATC

(1) Madeira, F.; Park, Y. M.; Lee, J.; Buso, N.; Gur, T.; Madhusoodanan, N.; Basutkar, P.; Tivey,
A. R. N.; Potter, S. C.; Finn, R. D.; Lopez, R., Nucleic Acids Res 2019, 47 (W1), W636.
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