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1. Supplementary Figures 

 

 

Supplementary Figure 1 Obafluorin is active against Gram-positive and Gram-

negative bacterial strains. Spot-on-lawn assays with Bacillus subtilis, methicillin 

resistant Staphylococcus aureus (MRSA), E. coli 25922 and E. coli NR698, with zones 

of clearing indicating growth inhibition. Numbers indicate obafluorin concentrations in 

µg mL-1, with MeCN as a negative control and either apramycin or kanamycin (50 µg 

mL-1) as a positive control. Images are representative of at least three biological 

repeats for each strain. 
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Supplementary Figure 2 Conservation of EcThrRS catalytic residues in ObaO. 

EcThrRS amino acid side chains that interact with either the Thr-AMP and tRNA 

substrates or the catalytic Zn2+ ion are indicated in green and blue, respectively. The 

secondary structural motifs of EcThrRS (PDB ID 1QF6)1 are shown according to the 

key in the bottom right. The sequence alignment was generated using Clustal Omega2 

and displayed with ESPript.3
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Supplementary Figure 3  ObaO homologues are more closely related to each 

other than to their housekeeping ThrRS equivalents. Maximum likelihood tree of 

ThrRS amino acid sequences. Consistent with the conserved nature of aaRSs, we 

observed low  bootstrap values at the basal nodes of the tree, preventing us from 

drawing definitive conclusions about the origin of the obafluorin immunity proteins. 

However, as putative obafluorin immunity proteins clade with each other rather than 

housekeeping ThrRSs from the same species, it suggests that obaO is not the result 

of a duplication event in Pseudomonas fluorescens 39502. The tree was constructed 

using Swiss-Prot reviewed ThrRS amino acid sequences retrieved from the 

UniProtKB4 using the ENZYME5 entry identifier E.C.6.1.1.3, along with the non-

redundant amino acid sequences of ObaO and homologues identified from obafluorin 

BGCs (supplementary table 1). Housekeeping copies of ThrRSs from strains 

containing an obafluorin BGC were included and E. coli AspRS was used as the 

outgroup. Sequences were aligned in MUSCLE6 and phylogenetic tree inference was 

performed using maximum likelihood/rapid bootstrapping under the GTR model using 

RAxML-HPC BlackBox (8.2.12)7 via the CIPRES Science Gateway portal.8 The JTT 

Protein Substitution Matrix was applied and all other parameters were set to default 

values. Automated alignment trimming algorithms available in TrimAI9 were applied to 

generate variant phylogenetic trees, however, their application did not improve the 

confidence of bootstrap values. The tree was represented using iTOL v4.10 Branches 

of the tree are colored according to domain, with eukarya in blue, archea in pink and 

bacteria in black, with proteins associated with obafluorin immunity in orange within 

the bacterial group. A close-up of the region of interest is shown, with some nodes 

collapsed for ease of visualisation. Some genera are shaded according to the colored 

ranges key, with proteins from Pseudomonas in light blue and those from Burkholderia 

in pink. Immunity proteins are indicated with an orange arc, and housekeeping proteins 

with a dark blue arc. RAxML likelihood values are shown for the nodes in the close-up 

region.  
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3. Supplementary Tables 

Supplementary Table 1: Obafluorin BGC homologues 

 

Strain NCBI Reference Sequence Sequence 
coordinates(bp) 

Pseudomonas fluorescens ATCC 39502 KX931446.1 1..19,561 

Pseudomonas fluorescens PfR 37 NZ_KZ477995.1 70,524..49,501 

Pseudomonas orientalis F9 NZ_CP018049.1 4,685,939..4,706,957  

Pseudomonas orientalis L1-3-08 NZ_CP027724.1 4,668,946..4,689,253 

Pseudomonas sp. 286 NZ_UTBO01000036.1 61,266..40,209* 

Pseudomonas sp. 34 E 7 NZ_CVTX01000156.1 76,609..97,226 

Pseudomonas sp. 37 R 15 NZ_CVTV01000010.1 71,693..52,583* 

Pseudomonas sp. Irchel s3a18 NZ_FYDV01000019.1 44,071..22,247* 

Burkholderia diffusa INT-BP16 NZ_LOUS01000041.1 81,817..59,914* 

Burkholderia diffusa MSMB583 NZ_LPKA01000054.1 19,042..40,939 

Burkholderia diffusa MSMB 1060 NZ_LOYB01000006.1 286,604..308,518 

Burkholderia diffusa RF8-non_BP2 NZ_LOTC01000033.1 80,074.58,171* 

Burkholderia multivorans AU21015 NZ_FKJW01000005.1 254,862..276,758 

Burkholderia multivorans LMG29306 NZ_FKJV01000003.1 265,699..287,595 

Burkholderia multivorans LMG29311 NZ_FKJW01000005.1 320,892..342,788 

Burkholderia sp. Bp8998 NZ_QTQF01000003.1 220,477..242,401 

Burkholderia stagnalis Bp8965 NZ_QTPN01000035.1 71,071..50,304* 

Burkholderia stagnalis Bp8966 NZ_QTPM01000036.1 70,950..50,183* 

Burkholderia stagnalis Bp8971 NZ_QTPL01000033.1 71,071..50,304* 

Burkholderia stagnalis Bp8975 NZ_QTPK01000039.1 70,950..50,183* 

Burkholderia stagnalis Bp8976 NZ_QTPJ01000036.1 71,080..50,313* 

Burkholderia stagnalis Bp9121 NZ_QTOP01000034.1 71,071..50,304* 

Burkholderia stagnalis Bp9122 NZ_QTOO01000036.1 70,950..50,183* 

Burkholderia stagnalis Bp9123 NZ_QTON01000038.1 70,950..50,183* 

Burkholderia stagnalis Bp9124 NZ_QTOM01000037.1 70,950..50,183* 

Burkholderia stagnalis Bp9151 NZ_QTOI01000037.1 70,950..50,183* 

Burkholderia stagnalis MSMB653 NZ_LPKN01000088.1 70,998..50,231* 

Burkholderia stagnalis MSMB654 NZ_LPKO01000021.1 70,998..50,231* 

Burkholderia stagnalis MSMB749 NZ_LPLJ01000056.1 71,035..50,268* 

Burkholderia stagnalis MSMB756 NZ_LPLM01000075.1 70,998..50,231* 

Burkholderia stagnalis MSMB757 NZ_LPLN01000100.1 42,728..63,495 

Burkholderia stagnalis MSMB808 NZ_LPME01000012.1 70,998..50,231* 

Burkholderia stagnalis MSMB809 NZ_LPMF01000025.1 70,998..50,231* 

Burkholderia stagnalis MSMB810 NZ_LPMG01000095.1 70,998..50,231* 

Burkholderia stagnalis MSMB835 NZ_LPMM01000075.1 70,998..50,231* 

Burkholderia stagnalis MSMB836 NZ_LPMN01000027.1 70,998..50,231* 

Burkholderia stagnalis MSMB837 NZ_LPMO01000030.1 70,998..50,231* 

Burkholderia stagnalis MSMB845 NZ_LPMR01000053.1 71,035..50,268* 

Burkholderia stagnalis MSMB1511 NZ_LPMY01000093.1 70,998..50,231* 

Burkholderia stagnalis MSMB1521 NZ_LPGD01000044.1 70,998..50,231* 

Burkholderia stagnalis MSMB1943 NZ_LPGZ01000073.1 70,998..50,231* 

Burkholderia stagnalis MSMB1956 NZ_LPHA01000089.1 70,998..50,231* 

Burkholderia stagnalis MSMB1960 NZ_LPHB01000055.1 70,998..50,231* 

Burkholderia stagnalis MSMB2168 NZ_LPIH01000025.1 70,998..50,231* 

Burkholderia stagnalis MSMB2169 NZ_LPII01000020.1 70,998..50,231* 

Burkholderia territorii RF6-non_BP1 NZ_LOSY01000044.1 265,090..286,999 

Burkholderia territorii RF7-non_BP1 NZ_LOTB01000027.1 265,090..286,999 

Chitiniphilus shinanonensis DSM 23277 NZ_KB895358.1 15,542..36,162 
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Supplementary Table 2: Strains and plasmids used in this work. 

Plasmid/Strain Description Reference 

Plasmid 

pTS1 
pME3087 modified with sacB counter-selection and an 
expanded multiple cloning site 

11 

pJH10TS pJH10 modified with an expanded cloning site 11 

pET28a(+) 
Expression vector; KanR, the transcription of the cloned gene 
is driven by the T7 RNA polymerase and controlled by the 
LacI repressor, ColE1 replicon 

Novagen 

pLysS 
Vector for basal expression from the T7 promoter by 
producing T7 lysozyme; p15A replicon, CmR 

Novagen 

Strain 

E. coli DH5α 

Cloning strain; F- endA1 glnV44 thi-1 recA1 relA1 gyrA96 

deoR nupG ϕ80dlac(lacZ)M15 (lacIZYA-argF)U169 

hsdR17(rK
- mK

+) – 

Lab stock 

E. coli S17-1 (pir) 

Donor strain for conjugation between E. coli and P. 
fluorescens ATCC 39502; recA thi pro hsd(R- M+)RP4: 2- 

Tc::Mu- Km::Tn7 pir SMR TpR 

Lab stock 

E. coli BL21(DE3) 
Expression strain; fhuA2 [lon] ompT gal ( DE3) [dcm] ∆hsdS 

 DE3 =  sBamHIo ∆EcoRI-B int::(lacI::PlacUV5::T7 gene1) 
i21 ∆nin5 

Lab stock 

E. coli NiCo21 (DE3) 

Expression strain; can::CBD, fhuA2, [lon] ompT, gal ( DE3) 

[dcm] arnA::CBD, slyD::CBD, glmS6Ala, hsdS  DE3 =  

sBamHIo EcoRI-B int::(lacI::PlacUV5::T7 gene1) i21, nin5. 

NEB 

E. coli ATCC 25922 Bioassay strain; WT ATCC, USA 

E. coli NR698 
Bioassay strain; MC4100 (F- araD139 (argF-lac)U169, 
rpsL150, relA1, flbB5301, deoC1, ptsF25, rbsR), imp4213 

12 

B. subtilis Laboratory strain provided by the Handelsman lab 13 

MRSA 
Methicillin-resistant S. aureus; clinical isolate provided by Dr 
Justin O'Grady (UEA Medical School) 

13 

P. fluorescens ATCC 39502 WT obafluorin producing strain ATCC, USA 

P. fluorescens obaL 
P. fluorescens ATCC 39502 with an in-frame truncation in 
the obaL gene 

11 

P. fluorescens obaL obaO 
ATCC 39502 with an in-frame truncation in the obaL and 
obaO genes 

This work 

P. fluorescens obaL obaO pJH10TS 
obaL obaO strain carrying the empty pJH10TS plasmid as 
a negative control 

This work 

P. fluorescens obaL obaO pJH10TS-
obaO 

obaL obaO strain complemented with obaO This work 

P. fluorescens obaL obaO pJH10TS-
EcThrRS 

obaL obaO strain complemented with EcThrRS This work 

P. fluorescens obaL obaO pJH10TS-
PfThrRS 

obaL obaO strain complemented with an additional copy 
of PfThrRS 

This work 

E. coli ATCC 25922 pJH10TS 25922 carrying the pJH10TS plasmid as a negative control This work 

E. coli ATCC 25922 pJH10TS-obaO 25922 carrying pJH10TS-obaO This work 

E. coli ATCC 25922 pJH10TS-EcThrRS 25922 carrying pJH10TS-EcThRS  This work 

E. coli ATCC 25922 pJH10TS-PfThrRS 25922 carrying pJH10TS-PfThrRS  This work 

E. coli NR698 pJH10TS NR698 carrying the pJH10TS plasmid as a negative control This work 

E. coli NR698 pJH10TS-obaO NR698 carrying pJH10TS-obaO  This work 

E. coli NR698 pJH10TS-EcThrRS NR698 carrying pJH10TS-EcThRS  This work 

E. coli NR698 pJH10TS-PfThrRS NR698 carrying pJH10TS-PfThrRS  This work 

E. coli NiCo21 (DE3) pLysS pET28a(+)-
EcThrRS 

NiCo21 (DE3):pLysS carrying the pET28(+)-EcThrRS 
plasmid, for production of the His6-EcThrRS protein 

This work 

E. coli NiCo21 (DE3) pLysS pET28a(+)-
obaO 

NiCo21 (DE3):pLysS carrying the pET28(+)-obaO plasmid, 
for production of the His6-ObaO protein 

This work 
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Supplementary Table 3: Oligonucleotides used in this work. Restriction sites are 

indicated in bold and start codons are underlined. 

Oligonucleotide Sequence 5ʹ - 3ʹ Description 

obaO KOF1 FW CGTCGGTCTAGACGCATTACGAGTTCGTCTTC

CG 

Each pair of KOF (KnockOut 
Fragment) primers is designed 
to amplify one upstream (1) and 
one downstream (2) product, 
overlapping the N- and C- 
termini of each oba gene coding 
sequence. KOF1 is cloned as an 
XbaI-AvrII fragment, and KOF2 
as an AvrII-BmtI, into the suicide 
vector pTS1. 

obaO KOF1 RV CGTCGGCCTAGGCTGTTGCACAGTCAAAGCTT

CTGG 

obaO KOF2 FW GCTAGTTCTAGACGTCGGCCTAGGGACTTGGG

AAGCATGACGATGG 

obaO KOF2 RV 
GCTAGTAAGCTTCGTCGGGCTAGCCTGCAACT

TAAGCAGGTACCCG 

pJH10TS-obaO FW 
CCTGAAGCTAGCATGGTCACTATCGCTCTACC

GG 

Each pair of pJH10TS primers is 
designed to clone the entire 
PCS of each ThrRS gene as 
either a BmtI-KpnI or NdeI-XbaI 
fragment into pJH10TS. 

pJH10TS-obaO RV GAGTCCGGTACCTCAGCCGCCTGCTGATTGC 

pJH10TS-EcThrRS FW 
CCTGAAGCTAGCATGCCTGTTATAACTCTTCC

TGATGGC 

pJH10TS-EcThrRS RV 
GAGTCCGGTACCTTATTCCTCCAATTGTTTAA

GACTGCGGC 

pJH10TS-PfThrRS FW 
TAGCACCTCTCGAGGCATCATATGCCAACTAT

TACTCTACCC 

pJH10TS-PfThrRS RV 
CACGCTCTCCAGCGAGATCTTTACTCCGAATC

TGGGCG 

pET28a(+)-obaO FW 
TGGTGCCGCGCGGCAGCCATATGGTCACTATC

GCTCTACCG 

Each pair of pET28a(+) primers 
is designed to clone the entire 
PCS of each ThrRS gene as an 
NdeI-XhoI fragment into 
pET28a(+). 

pET28a(+)-obaO RV 
CAGTGGTGGTGGTGGTGGTGCTCGAGTCAGCC

GCCTGCTGATTG 

pET28a(+)-EcThrRS FW 
TGGTGCCGCGCGGCAGCCATATGCCTGTTATA

ACTCTTC 

pET28a(+)-EcThrRS RV 
CAGTGGTGGTGGTGGTGGTGCTCGAGTTATTC

CTCCAATTGTTTAAGAC 
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4. Gene and Protein Sequences 

obaO (GenBank Accession KX931446.2) 

ATGGTCACTATCGCTCTACCGGACGGCAGTCGCAGAGATTTTCCAGAAGCTTTGACTGTGCAACAGCT

GGCTCAATCCATTGGCGCAGGCCTCGCTGCCGCGACGATTGGCGGCAAGGTCGACGGCACGCTGGTCG

ATGCCAGCTACCTCCTGGAAACAGACGCTACCGTAGAGATTGTCACGACCAAAAGCCCGCAAGCGCTG

GAGCTGATACGCCATTCGACGGCCCACTTGATGGCACAGGCGGTTCAGCGCCTGTACCCCGGCACGCA

AGTAACGATAGGCCCCGTTATTGATAATGGCTTCTATTACGACTTCGTGGCACCTCGTCCTTTCACAA

TGGACGATCTTCCGCTCATCGAAGCCGAAATGACCAGGATCGTCAAAGAACAACTACCGGTTACCCGT

ACGCAATTACCACGGGATGAAGCACTGGCGTTTTTTGAACAACTGGGCGAAAGCTACAAGACGCAAAT

CATCGACGCCATACCCGCCGGGGAAACGCTCTCACTTTATACCCAGGGCGAGTTCACCGACCTGTGCC

GCGGGCCGCATGTGCCCAACACAGCGAAGCTTGGCGCCTTCAAACTGATGAAAGTGGCTGGCGCCTAC

TGGCGCGGCGACTCCAACAACATCATGCTCAGCCGTATCTACGGCACTGCCTGGGGCAACGAAAAAGA

GCTCAAGGCCTACTTGAATCAACTTCAAGAAGCTGAAAAGCGTGATCACCGCAAACTGGCAAAACAGT

TCGACTTGTTTCACCAACAAGAAGAAGCGCCAGGCATGGTCTTTTGGCACCCCAAGGGCTGGTCGTTG

TGGCAGACGGTTGAACAGTACATGCGCCGGGTTTACCGCGATGGCGGCTACCGTGAAGTCAAGTCGCC

GCAAGTACTCGACAGCACCCTGTGGAAGAAATCAGGGCACTGGGACAACTACAAAGAAAACATGTTTG

TCACTGAGTCCGAAAACCGCCAGTACGCACTCAAGCCGATGAACTGCCCCGGCCACATCCAAATCTTC

AAGCATGGCCTGCGCAGCCACCGTGAACTGCCGATCCGTTACGGCGAGTTCGGCGGCTGCCACCGCAA

CGAGCCTTCGGGCGCTTTGCACGGCATTATGCGGGTGCGCGCATTTACCCAGGATGACGGGCACATTT

TCTGCACCGAAGAGCAAATCGCGGCCGAGATCAAGGCGTTCCATTACCAGGCAGTCAAGGTTTATGCC

GACTTCGGCTTCACTGACATTGCGGTAAAAATCGCACTGCGTCCTGAGCCAGGCAAACGCCTGGGCAG

CGACGAAGTGTGGGACAAGGCCGAAAACCTGTTGCGTGAAGCCCTGTCCGAGTGTGATGTGGAGTGGG

AAGAACTGCCGGGCGAAGGCGCGTTCTACAGCCCCAAGATCGAGTACCACCTGCGTGACGCCATCGGG

CGTGAATGGCAGGTAGGCACGATGCAGGTCGACTATCACATGCCGGATCGCCTGGGCGCCGAATACGT

CGATGAGCATTCGCAACGACGCAAGCCGGTCATGCTGCACCGCGCAATCGTGGGCTCCCTGGAGCGGT

TCCTTGGCATTCTCATCGAACACCATGCCGGTCAGTTCCCGCTCTGGCTTGCGCCGGTGCAGGCCATC

GTCGTGACGGTCACTGATGCACAGAACGATTATGCCGACCAGACACGCAATGACCTGGTCCAACTTGG

GTTCAGGGTGGAAGCTGATCTGCGCAATGAGAAAATCGGCTACAAGATTCGTGAAAGCACTCTTCAAC

GCGTGCCTTACTTGCTCGTGGTCGGTGAGCGCGAAAAAGAAAACGGTACTGTCACCGTGCGCTCGCGC

GCAGGCGAAGACTTGGGAAGCATGACGATGGAAGCGCTGCACGCCTTCCTGTTGAACGAGCAATCAGC

AGGCGGCTGA 

ObaO 

MVTIALPDGSRRDFPEALTVQQLAQSIGAGLAAATIGGKVDGTLVDASYLLETDATVEIVTTKSPQAL

ELIRHSTAHLMAQAVQRLYPGTQVTIGPVIDNGFYYDFVAPRPFTMDDLPLIEAEMTRIVKEQLPVTR

TQLPRDEALAFFEQLGESYKTQIIDAIPAGETLSLYTQGEFTDLCRGPHVPNTAKLGAFKLMKVAGAY

WRGDSNNIMLSRIYGTAWGNEKELKAYLNQLQEAEKRDHRKLAKQFDLFHQQEEAPGMVFWHPKGWSL

WQTVEQYMRRVYRDGGYREVKSPQVLDSTLWKKSGHWDNYKENMFVTESENRQYALKPMNCPGHIQIF

KHGLRSHRELPIRYGEFGGCHRNEPSGALHGIMRVRAFTQDDGHIFCTEEQIAAEIKAFHYQAVKVYA

DFGFTDIAVKIALRPEPGKRLGSDEVWDKAENLLREALSECDVEWEELPGEGAFYSPKIEYHLRDAIG

REWQVGTMQVDYHMPDRLGAEYVDEHSQRRKPVMLHRAIVGSLERFLGILIEHHAGQFPLWLAPVQAI

VVTVTDAQNDYADQTRNDLVQLGFRVEADLRNEKIGYKIRESTLQRVPYLLVVGEREKENGTVTVRSR

AGEDLGSMTMEALHAFLLNEQSAGG 
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EcThrRS (GenBank Accession WP_001144202.1) 

ATGCCTGTTATAACTCTTCCTGATGGCAGCCAACGCCATTACGATCACGCTGTAAGCCCCATGGATGT

TGCGCTGGACATTGGTCCAGGTCTGGCGAAAGCCTGTATCGCAGGGCGCGTTAATGGCGAACTGGTTG

ATGCTTGCGATCTGATTGAAAACGACGCACAACTGTCGATCATTACCGCCAAAGACGAAGAAGGTCTG

GAGATCATTCGTCACTCCTGTGCGCACCTGTTAGGGCACGCGATTAAACAACTTTGGCCGCATACCAA

AATGGCAATCGGCCCGGTTATTGACAACGGTTTTTATTACGACGTTGATCTTGACCGCACGTTAACCC

AGGAAGATGTCGAAGCACTCGAGAAGCGGATGCATGAGCTTGCTGAGAAAAACTACGACGTCATTAAG

AAGAAAGTCAGCTGGCACGAAGCGCGTGAAACTTTCGCCAACCGTGGGGAGAGCTACAAAGTCTCCAT

TCTTGACGAAAACATCGCCCATGATGACAAGCCAGGTCTGTACTTCCATGAAGAATATGTCGATATGT

GCCGCGGTCCGCACGTACCGAACATGCGTTTCTGCCATCATTTCAAACTAATGAAAACGGCAGGGGCT

TACTGGCGTGGCGACAGCAACAACAAAATGTTGCAACGTATTTACGGTACGGCGTGGGCAGACAAAAA

AGCACTTAACGCTTACCTGCAGCGCCTGGAAGAAGCCGCGAAACGCGACCACCGTAAAATCGGTAAAC

AGCTCGACCTGTACCATATGCAGGAAGAAGCGCCGGGTATGGTATTCTGGCACAACGACGGCTGGACC

ATCTTCCGTGAACTGGAAGTGTTTGTTCGTTCTAAACTGAAAGAGTACCAGTATCAGGAAGTTAAAGG

TCCGTTCATGATGGACCGTGTCCTGTGGGAAAAAACCGGTCACTGGGACAACTACAAAGATGCAATGT

TCACCACATCTTCTGAGAACCGTGAATACTGCATTAAGCCGATGAACTGCCCGGGTCACGTACAAATT

TTCAACCAGGGGCTGAAGTCTTATCGCGATCTGCCGCTGCGTATGGCCGAGTTTGGTAGCTGCCACCG

TAACGAGCCGTCAGGTTCGCTGCATGGCCTGATGCGCGTGCGTGGATTTACCCAGGATGACGCGCATA

TCTTCTGTACTGAAGAACAAATTCGCGATGAAGTTAACGGATGTATCCGTTTAGTCTATGATATGTAC

AGCACTTTTGGCTTCGAGAAGATCGTCGTCAAACTCTCCACTCGTCCTGAAAAACGTATTGGCAGCGA

CGAAATGTGGGATCGTGCTGAGGCGGACCTGGCGGTTGCGCTGGAAGAAAACAACATCCCGTTTGAAT

ATCAACTGGGTGAAGGCGCTTTCTACGGTCCGAAAATTGAATTTACCCTGTATGACTGCCTCGATCGT

GCATGGCAGTGCGGTACAGTACAGCTGGACTTCTCTTTGCCGTCTCGTCTGAGCGCTTCTTATGTAGG

CGAAGACAATGAACGTAAAGTACCGGTAATGATTCACCGCGCAATTCTGGGGTCGATGGAACGTTTCA

TCGGTATCCTGACCGAAGAGTTCGCTGGTTTCTTCCCGACCTGGCTTGCGCCGGTTCAGGTTGTTATC

ATGAATATTACCGATTCACAGTCTGAATACGTTAACGAATTGACGCAAAAACTATCAAATGCGGGCAT

TCGTGTTAAAGCAGACTTGAGAAATGAGAAGATTGGCTTTAAAATCCGCGAGCACACTTTGCGTCGCG

TCCCATATATGCTGGTCTGTGGTGATAAAGAGGTGGAATCAGGCAAAGTTGCCGTTCGCACCCGCCGT

GGTAAAGACCTGGGAAGCATGGACGTAAATGAAGTGATCGAGAAGCTGCAACAAGAGATTCGCAGCCG

CAGTCTTAAACAATTGGAGGAATAA 

EcThrRS 

MPVITLPDGSQRHYDHAVSPMDVALDIGPGLAKACIAGRVNGELVDACDLIENDAQLSIITAKDEEGL

EIIRHSCAHLLGHAIKQLWPHTKMAIGPVIDNGFYYDVDLDRTLTQEDVEALEKRMHELAEKNYDVIK

KKVSWHEARETFANRGESYKVSILDENIAHDDKPGLYFHEEYVDMCRGPHVPNMRFCHHFKLMKTAGA

YWRGDSNNKMLQRIYGTAWADKKALNAYLQRLEEAAKRDHRKIGKQLDLYHMQEEAPGMVFWHNDGWT

IFRELEVFVRSKLKEYQYQEVKGPFMMDRVLWEKTGHWDNYKDAMFTTSSENREYCIKPMNCPGHVQI

FNQGLKSYRDLPLRMAEFGSCHRNEPSGSLHGLMRVRGFTQDDAHIFCTEEQIRDEVNGCIRLVYDMY

STFGFEKIVVKLSTRPEKRIGSDEMWDRAEADLAVALEENNIPFEYQLGEGAFYGPKIEFTLYDCLDR

AWQCGTVQLDFSLPSRLSASYVGEDNERKVPVMIHRAILGSMERFIGILTEEFAGFFPTWLAPVQVVI

MNITDSQSEYVNELTQKLSNAGIRVKADLRNEKIGFKIREHTLRRVPYMLVCGDKEVESGKVAVRTRR

GKDLGSMDVNEVIEKLQQEIRSRSLKQLEE 
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PfThrRS 

ATGCCAACTATTACTCTACCCGACGGCAGTCAACGTTCATTCGATCATCCGGTTTCCGTAGCCGAGGT

CGCCGCATCCATTGGTGCCGGCCTGGCCAAGGCCACCGTGGCCGGCAAGGTCGATGGCCAGCTGGTCG

ATGCCAGTGACCTGATCACCTCCGATGCCAGCCTGCAGATCATCACGCCCAAGGATCAAGAGGGGCTC

GAGATTATTCGCCACTCTTGCGCGCACCTGATTGGCCATGCGGTCAAGCAGCTGTACCCAACCGCCAA

GATGGTGATCGGCCCGGTAATCGAAGAAGGCTTCTATTACGACATCGCCTATGAGCGTCCTTTCACTC

CGGACGACCTGGCGGCCATCGAGCAGCGCATGCACGCGCTGATCGAAAAAGATTACGACGTGATCAAG

AAGGTCACCCCGCGCGCCGAAGTGATCGACGTGTTTACCGCCCGTGGCGAAGACTACAAGCTGCGCCT

GGTGGAAGACATGCCGGACGAGCAGGCCATGGGTCTGTACTACCACGAAGAATACGTGGACATGTGCC

GTGGCCCGCACGTGCCGAACACGCGCTTTCTCAAGTCGTTCAAGCTGACCAAGTTGTCCGGTGCCTAC

TGGCGCGGCGACGCAAAGAACGAGCAACTGCAACGTATCTACGGCACCGCCTGGGCCGACAAGAAGCA

GCTGGCCGCCTATATCCAGCGCATCGAAGAAGCCGAGAAACGCGACCACCGCAAGATCGGCAAGCGCC

TGAACCTGTTCCATCTGCAGGAAGAAGCGCCGGGCATGGTGTTCTGGCATCCGAACGGCTGGACCCTG

TACCAGGTGCTCGAGCAGTACATGCGCAAGGTTCAGCGCGAAAACGGCTACCTCGAGATCAAGACCCC

GCAGGTCGTCGATCGCAGCCTGTGGGAGAAGTCCGGGCACTGGGCCAACTACGCCGACAATATGTTCA

CCACCCAGTCGGAAAACCGCGACTACGCTATCAAGCCGATGAACTGCCCTTGCCATGTGCAGGTGTTC

AATCAAGGCCTGAAGAGCTACCGCGAGTTGCCGATGCGTCTGGCCGAGTTCGGTGCCTGCCACCGCAA

CGAACCATCGGGTGCGCTGCACGGCATCATGCGCGTGCGCGGCTTTACCCAGGACGACGCCCATATTT

TCTGCACCGAAGAGCAGATGCAGGCTGAATCGGCCGCGTTCATCAAGCTGACCATGGACGTTTACCGC

GATTTCGGCTTCACCGAAGTCGAGATGAAACTGTCCACTCGTCCGGAAAAACGCGTCGGCTCCGACGA

GCTCTGGGATCGCGCCGAAGCAGCACTGGCCGCAGCACTCGACAGCGCGGGCCTTGCGTACGACTTGC

AGCCGGGCGAGGGCGCGTTCTACGGTCCCAAGATCGAGTTCTCGCTGAAAGATTGCCTTGGCCGTGTC

TGGCAGTGTGGTACCCTGCAGCTCGATTTTAACCTGCCGATCCGTCTGGGAGCCGAATACGTCTGCGA

AGACAACAGTCGTAAACACCCGGTTATGCTGCACCGGGCGATCCTCGGCTCGTTCGAACGGTTCGTCG

GCATCCTGATCGAGCACTACGAGGGCGCGTTCCCGGCGTGGCTGGCTCCGACCCAGGCAGTGATCATG

AATATCACTGATAAACAGGCAGATTTTGCCGCTGAAGTTGAAAAAACACTCAACGAAAGCGGATTTCG

TGCCAAGTCCGACTTGAGAAATGAAAAGATCGGCTTTAAAATCCGTGAGCATACTTTGCTCAAGGTTC

CCTATCTTTTGGTTATCGGAGATCGGGAAGTCGAGATGCAGACTGTCGCTGTGCGTACTCGTGAAGGT

GCTGACCTGGGCTCGATGCCCGTCGCCCAGTTCGCTGAGTTCCTCGCGCAAGCGGTTTCCCGGCGTGG

TCGCCCAGATTCGGAGTAA 

PfThrRS 

MPTITLPDGSQRSFDHPVSVAEVAASIGAGLAKATVAGKVDGQLVDASDLITSDASLQIITPKDQEGL

EIIRHSCAHLIGHAVKQLYPTAKMVIGPVIEEGFYYDIAYERPFTPDDLAAIEQRMHALIEKDYDVIK

KVTPRAEVIDVFTARGEDYKLRLVEDMPDEQAMGLYYHEEYVDMCRGPHVPNTRFLKSFKLTKLSGAY

WRGDAKNEQLQRIYGTAWADKKQLAAYIQRIEEAEKRDHRKIGKRLNLFHLQEEAPGMVFWHPNGWTL

YQVLEQYMRKVQRENGYLEIKTPQVVDRSLWEKSGHWANYADNMFTTQSENRDYAIKPMNCPCHVQVF

NQGLKSYRELPMRLAEFGACHRNEPSGALHGIMRVRGFTQDDAHIFCTEEQMQAESAAFIKLTMDVYR

DFGFTEVEMKLSTRPEKRVGSDELWDRAEAALAAALDSAGLAYDLQPGEGAFYGPKIEFSLKDCLGRV

WQCGTLQLDFNLPIRLGAEYVCEDNSRKHPVMLHRAILGSFERFVGILIEHYEGAFPAWLAPTQAVIM

NITDKQADFAAEVEKTLNESGFRAKSDLRNEKIGFKIREHTLLKVPYLLVIGDREVEMQTVAVRTREG

ADLGSMPVAQFAEFLAQAVSRRGRPDSE  
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