
Figure S1. Schematic representation of the tatABC region of plasmid pTAT1d. The 

nucleotide sequence around the start and stop codons of the tatABC genes is shown, with 

the amino acid sequence beneath. Introduced restriction sites are underlined with 

nucleotides differing from the original sequence shown in bold and resulting amino acid 

changes italicised. The tatC mutant library was cloned as a XhoI - PstI fragment. epPCR – 

error prone PCR. Restriction sites are GGATCC – BamHI; AGATCT – BglII; CACGTG – 

PmlI; CTCGAG – XhoI; CTTAAG – AflII; GTCGAC – SalI; CTGCAG – PstI. 

 

Figure S2. Production of TatC from plasmid pTAT101. A. Total membrane fractions were 

prepared from strain MC4100 (tat+) and DADE (∆tatABCD, ∆tatE) harbouring plasmid 

pTAT101 which encodes tatABC. The indicated amounts of total membrane protein were 

subjected to SDS-PAGE and subsequent immunoblotting using an anti-TatC antibody. B. 

The intensity of each band following Western blotting was quantified using ImageJ. 

 

Figure S3. Alignment of selected bacterial TatC proteins. Protein sequences were 

aligned using jpred (Cole et al., 2008); with predicted cytoplasmic residues shaded green, 

transmembrane in red and periplasmic in purple. Eco - Escherichia coli, Cje -Campylobacter 

jejuni, Dvu - Desulfovibrio vulgaris, Son - Shewanella oneidensis, Psy- Pseudomonas 

syringae pv tomato, Xor - Xanthomonas oryzae pv oryzae, Lph - Legionella pneumophila 

subsp pneumophila, Dda - Dickeya dadantii, Bsu_Cd- Bacillus subtilis TatCd, Bsu_Cy - 

Bacillus subtilis TatCy, Syn - Synechocystis sp, Sau - Staphylococcus aureus, Sli - 

Streptomyces lividans, Atu - Agrobacterium tumefaciens, Mxa - Myxococcus xanthus, Yps - 

Yersinia pseudotuberculosis, Msm - Mycobacterium smegmatis. 

  



clone TatC mutation/s 

103 V64A 

104 S79L  G144R  E257G 

105 P48S  A133V 

110 F94S  Y154C 

111 R17C  I60N  D188V 

113 L16Q  L74Q  L82P  P209S  T216A 

117 L16P  L53S 

123 Q215R 

124 Q52L  G144E  Q146R  S153I 

126 M205K  S214P 

128 L20P  Y154H 

130 C33S  S66P  L74P  K192E 

132 I25N  F31I  I60F  F68S  P131T  aa251-258 AESEKTEE→QKRKTEE 

133 M59K  V198D 

138 D63V 

139 P67S  P131S  I183T 

201 A47S  F68L  I175F  Y223C Stop TAA→TAT 14 aa C-terminal 

extension YGCSPSLSMISCQT 

205 L9H  C23R  A26V  S57P  G199S 

207 Q52L  G144E  Q146R  S153I 

209 V35D  F68S  S115Y  I175V  L177P  L178P  F213S  E252G 

212 L116P  F124S  V176E  L217P 

214 S66P  A98V 

224 V64E  F232S 

225 L137H  A141E  F232L 

226 G204R  frameshift aa 241 altering C-terminus 



303 F157Y 

311 A160T  

318 A160V A219E 

321 V3A  P67S  E103K 

323 a M163K  M205K                   

328 a P48L                                      

329 H12R  P109A  A160V 

333 L34P  H43Y  A25T  T208A 

335 a S148P                                      

336 a L137H  S214P                        

341 a L20P  L111P  E143G             

344 D63V  Y100C 

351 R19C  P54L  R105C 

354 a F37S  Q90R  F94L                 

360 L49S  E103G  P210T 

366 a N39S  P54L                            

367 a C23R                                       

368 F68S 

375 Y42N  L99P 

403 H12R  R17H 

407 R19C  P54L  F130S  P209L  A219S 

409 E103G  G229D 

411 H12R  I87T  S168P  T216S 

415 L16P 

434 G121D M205R 

437 a L99P 

440 L116R  L155V 



441 I72F  V145E  P209L  G238D 

445 P54S  D150G  T184S 

446 L74P  Y89C  S113I  F130I 

447 Y42C  S46F  D150V  14aa N-terminal extension as 201 

451 E15G  I151T 

457 P97T  V203I  L225P 

470 T62A  M222I 

475 L9H  A65T  P71A  S79L  L99Q  D150N  D201N  E250V 

479 C23R  I41N  L206M  M222L 

482 M59K 

485 C23R  N139K  E227K 

490 R19S  F94I  Q146K  F149I 

495 L99Q  L178Q 

496 C33Y  A38T  H43Y  S57L  S158P W180R  D248G 

497 S148P  V168A 

510 a E15G  E103G  F127I  L217P     

513 L82Q  P85L 

519 P48S 

521 P8S  A47T  Y100H  L111P 

523 L59S  Q52L  F94L 

533 a S66P  L106P                             

544 L20P  T70R  A160T 

546 R104C  P131L  C224S 

549 A61T  S148P  E252Stop 

556 E15K  R17S  F165L 

557 S83T  Y100C  P210R 

558 L20P  I60V  F130L 



Table S1. Amino acid sequence changes found in clones isolated from the tatC 

mutant library giving rise to an inactive Tat system. Note that clones containing frame 

shifts in the essential or stop codons in the region of TatC up to the end of transmembrane 

helix 6 are not included. 



Plasmid Description Reference 

pTH19kr Low copy-number cloning vector (kanr) Hashimoto-Gotoh et al. 

(2000) 

pTAT1 pUNI-PROM carrying E. coli tatABC from 

pUNITAT1 

This work 

pTAT1d pUNI-PROM carrying E. coli tatABC with 

engineered restriction sites allowing facile 

replacement of each gene 

Maldonado et al. (2011b) 

pTTC1 pSU40 encoding TorAss-CAT fusion Maldonado et al. (2011b) 

pTAT101 pTH19kr carrying tat promoter and tatABC 

fragment from pTAT1 

This work 

pQE60 Expression vector (ampr) Qiagen 

pUNITAT1 tatABC operon in pQE60 Lee et al. (2006) 

pUNITATCC4 tatABC operon in pQE60, all 4 cysteine 

codons in tatC substituted for alanine 

codons 

Lee et al. (2006) 

pUNITAT2 tatABC operon in pQE60, tatC fused to 3’ 

hexahistidine coding sequence. 

McDevitt et al. (2005) 

pTAT101 C-E15G As pTAT101 but TatC E15G exchange This work 

pTAT101 C-L16P As pTAT101 but TatC L16P exchange This work 

pTAT101 C-R17H As pTAT101 but TatC R17H exchange This work 

pTAT101 C-L20P As pTAT101 but TatC L20P exchange This work 

pTAT101 C-C23R As pTAT101 but TatC C23R exchange This work 

pTAT101 C-L34P As pTAT101 but TatC L34P exchange This work 

pTAT101 C-Y42N As pTAT101 but TatC Y42N exchange This work 

pTAT101 C-S46F As pTAT101 but TatC S46F exchange This work 

pTAT101 C-A47T As pTAT101 but TatC A47T exchange This work 

pTAT101 C-P48L As pTAT101 but TatC P48L exchange This work 

pTAT101 C-P48S As pTAT101 but TatC P48S exchange This work 

pTAT101 C-L49S As pTAT101 but TatC L49S exchange This work 

pTAT101 C-L53P As pTAT101 but TatC L53P exchange This work 

pTAT101 C-L53S As pTAT101 but TatC L53S exchange This work 

pTAT101 C-P54L As pTAT101 but TatC P54L exchange This work 

pTAT101 C-M59K As pTAT101 but TatC M59K exchange This work 

pTAT101 C-I60N As pTAT101 but TatC I60N exchange This work 

pTAT101 C-A61T As pTAT101 but TatC A61T exchange This work 



pTAT101 C-A61V As pTAT101 but TatC A61V exchange This work 

pTAT101 C-T62A As pTAT101 but TatC T62A exchange This work 

pTAT101 C-D63V As pTAT101 but TatC D63V exchange This work 

pTAT101 C-V64A As pTAT101 but TatC V64A exchange This work 

pTAT101 C-V64D As pTAT101 but TatC V64D exchange This work 

pTAT101 C-V64E As pTAT101 but TatC V64E exchange This work 

pTAT101 C-S66P As pTAT101 but TatC S66P exchange This work 

pTAT101 C-P67S As pTAT101 but TatC P67S exchange This work 

pTAT101 C-T70R As pTAT101 but TatC T70R exchange This work 

pTAT101 C-L74P As pTAT101 but TatC L74P exchange This work 

pTAT101 C-S79L As pTAT101 but TatC S79L exchange This work 

pTAT101 C-L82Q As pTAT101 but TatC L82Q exchange This work 

pTAT101 C-P85L As pTAT101 but TatC P85L exchange This work 

pTAT101 C-Q90R As pTAT101 but TatC Q90R exchange This work 

pTAT101 C-F94L As pTAT101 but TatC F94L exchange This work 

pTAT101 C-F94S As pTAT101 but TatC F94S exchange This work 

pTAT101 C-P97T As pTAT101 but TatC P97T exchange This work 

pTAT101 C-A98V As pTAT101 but TatC A98V exchange This work 

pTAT101 C-L99P As pTAT101 but TatC L99P exchange This work 

pTAT101 C-L99Q As pTAT101 but TatC L99Q exchange This work 

pTAT101 C-Y100C As pTAT101 but TatC Y100C exchange This work 

pTAT101 C-E103G As pTAT101 but TatC E103G exchange This work 

pTAT101 C-E103K As pTAT101 but TatC E103K exchange This work 

pTAT101 C-R104C As pTAT101 but TatC R104C exchange This work 

pTAT101 C-R105C As pTAT101 but TatC R105C exchange This work 

pTAT101 C-P109A As pTAT101 but TatC P109A exchange This work 

pTAT101 C-L111P As pTAT101 but TatC L111P exchange This work 

pTAT101 C-L116P As pTAT101 but TatC L116P exchange This work 

pTAT101 C-L116R As pTAT101 but TatC L116R exchange This work 

pTAT101 C-G121D As pTAT101 but TatC G121D exchange This work 

pTAT101 C-F130S As pTAT101 but TatC F130S exchange This work 

pTAT101 C-P131L As pTAT101 but TatC P131L exchange This work 

pTAT101 C-A133V As pTAT101 but TatC A133V exchange This work 

pTAT101 C-L137H As pTAT101 but TatC L137H exchange This work 

pTAT101 C-A141E As pTAT101 but TatC A141E exchange This work 

pTAT101 C-E143G As pTAT101 but TatC E143G exchange This work 



pTAT101 C-G144R As pTAT101 but TatC G144R exchange This work 

pTAT101 C-V145E As pTAT101 but TatC V145E exchange This work 

pTAT101 C-V147E As pTAT101 but TatC V147E exchange This work 

pTAT101 C-S148P As pTAT101 but TatC S148P exchange This work 

pTAT101 C-D150G As pTAT101 but TatC D150G exchange This work 

pTAT101 C-D150V As pTAT101 but TatC D150V exchange This work 

pTAT101 C-I151T As pTAT101 but TatC I151T exchange This work 

pTAT101 C-Y154H As pTAT101 but TatC Y154H exchange This work 

pTAT101 C-F157Y As pTAT101 but TatC F157Y exchange This work 

pTAT101 C-A160V As pTAT101 but TatC A160V exchange This work 

pTAT101 C-M163K As pTAT101 but TatC M163K exchange This work 

pTAT101 C-S168P As pTAT101 but TatC S168P exchange This work 

pTAT101 C-D188V As pTAT101 but TatC D188V exchange This work 

pTAT101 C-V198D As pTAT101 but TatC V198D exchange This work 

pTAT101 C-G204R As pTAT101 but TatC G204R exchange This work 

pTAT101 C-M205K As pTAT101 but TatC M205K exchange This work 

pTAT101 C-M205R As pTAT101 but TatC M205R exchange This work 

pTAT101 C-P209L As pTAT101 but TatC P209L exchange This work 

pTAT101 C-P210R As pTAT101 but TatC P210R exchange This work 

pTAT101 C-S214P As pTAT101 but TatC S214P exchange This work 

pTAT101 C-Q215R As pTAT101 but TatC Q215R exchange This work 

pTAT101 C-A219E As pTAT101 but TatC A219E exchange This work 

pTAT101 C-L225P As pTAT101 but TatC L225P exchange This work 

pTAT101 C-∆Y42 As pTAT101 but TatC Y42 deleted This work 

pTAT101 C-∆A47 As pTAT101 but TatC A47 deleted This work 

pTAT101 C-∆K51 As pTAT101 but TatC K51 deleted This work 

pTAT101 C-∆P54 As pTAT101 but TatC P54 deleted This work 

pTAT101 C-∆G56 As pTAT101 but TatC G56 deleted This work 

pTAT101 C-∆T58 As pTAT101 but TatC T58 deleted This work 

pTAT101 C-∆A61 As pTAT101 but TatC A61 deleted This work 

pTAT101 C-∆T62 As pTAT101 but TatC T62 deleted This work 

pTAT101 C-∆A65 As pTAT101 but TatC A65 deleted This work 

pTAT101 C-∆P67 As pTAT101 but TatC P67 deleted This work 

pTAT101 C-∆T70 As pTAT101 but TatC T70 deleted This work 

pTAT101 C-∆P71 As pTAT101 but TatC P71 deleted This work 

pTAT101 C-∆K73 As pTAT101 but TatC K73 deleted This work 



pTAT101 C-∆Q55-G56 As pTAT101 but TatC Q55-G56 deleted This work 

pTAT101 C-∆G56-S57 As pTAT101 but TatC G56-S57 deleted This work 

pTAT101 C-iA42 As pTAT101 but TatC A42 insertion This work 

pTAT101 C-iA47 As pTAT101 but TatC A47 insertion This work 

pTAT101 C-iA51 As pTAT101 but TatC A51 insertion This work 

pTAT101 C-iA54 As pTAT101 but TatC A54 insertion This work 

pTAT101 C-iG56 As pTAT101 but TatC G56 insertion This work 

pTAT101 C-iGG56 As pTAT101 but TatC GG56 insertion This work 

pTAT101 C-iA58 As pTAT101 but TatC A58 insertion This work 

pTAT101 C-iA61 As pTAT101 but TatC A61 insertion This work 

pTAT101 C-iA65 As pTAT101 but TatC A65 insertion This work 

pTAT101 C-iA67 As pTAT101 but TatC A67 insertion This work 

pTAT101 C-iA70 As pTAT101 but TatC A70 insertion This work 

pTAT101 C-∆A133 As pTAT101 but TatC A133 deleted This work 

pTAT101 C-∆N139 As pTAT101 but TatC N139 deleted This work 

pTAT101 C-∆P142 As pTAT101 but TatC P142 deleted This work 

pTAT101 C-∆Q146 As pTAT101 but TatC Q146 deleted This work 

pTAT101 C-∆A152 As pTAT101 but TatC A152 deleted This work 

pTAT101 C-∆A160 As pTAT101 but TatC A160 deleted This work 

pTAT101 C-iA133 As pTAT101 but TatC A133 insertion This work 

pTAT101 C-iA139 As pTAT101 but TatC A139 insertion This work 

pTAT101 C-iA142 As pTAT101 but TatC A142 insertion This work 

pTAT101 C-iA146 As pTAT101 but TatC A146 insertion This work 

pTAT101 C-iA152 As pTAT101 but TatC A152 insertion This work 

pTAT101 C-iA160 As pTAT101 but TatC A160 insertion This work 

pTAT101 C-M205R B-

F2L F6L 

As pTAT101 C-M205R but TatB F2L F6L 

exchanges 

This work 

pTAT101 C-M205R B-

F6L 

As pTAT101 C-M205R but TatB F6L 

exchange 

This work 

pTAT101 C-M205R B-

L9P 

As pTAT101 C-M205R but TatB L9P 

exchange 

This work 

pUNIPLB6 As pUNITATCC4 but TatB F6C exchange Lee et al. (2006) 

pUNIPLB9 As pUNITATCC4 but TatB L9C exchange Lee et al. (2006) 

pUNIPLB11 As pUNITATCC4 but TatB L11C exchange Lee et al. (2006) 

pUNICPC169 As pUNITATCC4 but TatC F169C 

exchange 

Punginelli et al. (2007) 



pUNICPC205 As pUNITATCC4 but TatC M205C 

exchange 

Punginelli et al. (2007) 

pUNIC M205C TatBF6C As pUNICPC205 but additional TatB F6C 

exchange 

This work 

pUNIC M205C TatBL9C As pUNICPC205 but additional TatB L9C 

exchange 

This work 

pUNITAT1-BCfuse As pUNITAT1, but with tatB and tatC 

genes fused together with an XbaI site. 

tatB stop codon and tatC start codon 

missing. 

This work 

pUNITAT2 TatC P48S As pUNITAT2 but TatC P48S exchange This work 

pUNITAT2 TatC I60N As pUNITAT2 but TatC I60N exchange This work 

pUNITAT2 TatC V64E As pUNITAT2 but TatC V64E exchange This work 

pUNITAT2 TatC F68S As pUNITAT2 but TatC F68S exchange This work 

pUNITAT2 TatC L137H As pUNITAT2 but TatC L137H exchange This work 

pUNITAT2 TatC I151T As pUNITAT2 but TatC I151T exchange This work 

pUNITAT2 TatC M205R As pUNITAT2 but TatC M205R exchange This work 
a  mutants isolated multiple times 

Table S2. Plasmids used and constructed in this study.  

  



Primer Sequence 

TatBtmsupp1 CGATAAAGAGCAGGTGTAACACGTG 

TatBtmsupp2 ACAGGCAGTCGTTGCGGCCC 

tatCm6 CTTCCTCGAGTGATAAACCTTAAGCATG 

tatCm7 CCAAGCTTGCATGCCTGCAG 

C-E15Gf CGCATCTGATTGGGCTGCGTAAGCG 

C-E15Gr CGCTTACGCAGCCCAATCAGATGCG 

C-L16Pf CTGATTGAGCCGCGTAAGCGTC 

C-L16Pr GACGCTTACGCGGCTCAATCAG 

C-R17Hf CTGATTGAGCTGCATAAGCGTCTGC 

C-R17Hr GCAGACGCTTATGCAGCTCAATCAG 

C-L20Pf CGTAAGCGTCCGCTGAACTGC 

C-L20Pr GCAGTTCAGCGGACGCTTACG 

C-C23Rf CTGCTGAACCGCATTATCGCGG 

C-C23Rr CCGCGATAATGCGGTTCAGCAG 

C-L34Pf GATATTCCTGTGTCCGGTCTATTTCGC 

C-L34Pr GCGAAATAGACCGGACACAGGAATATC 

C-Y42Nf CCAATGACATCAATCACCTGGTATC 

C-Y42Nr GATACCAGGTGATTGATGTCATTGG 

C-S46Ff CTATCACCTGGTATTCGCGCCATTG 

C-S46Fr CAATGGCGCGAATACCAGGTGATAG 

C-A47Tf CCTGGTATCCACGCCATTGATC 

C-A47Tr GATCAATGGCGTGGATACCAGG 

C-P48Lf GGTATCCGCGCTGTTGATCAAGC 

C-P48Lr GCTTGATCAACAGCGCGGATACC 

C-P48Sf GGTATCCGCGTCATTGATCAAGC 

C-P48Sr GCTTGATCAATGACGCGGATACC 



C-L53Pf2 GATCAAGCAGCCGCCGCAAGGTTC 

C-L53Pr2 GAACCTTGCGGCGGCTGCTTGATC 

C-L53Sf GATCAAGCAGTCGCCGCAAGGTTC 

C-L53Sr GAACCTTGCGGCGACTGCTTGATC 

C-P54Lf CAAGCAGTTGCTGCAAGGTTCAACG 

C-P54Lr CGTTGAACCTTGCAGCAACTGCTTG 

C-M59Kf GGTTCAACGAAGATCGCCACCG 

C-M59Kr CGGTGGCGATCTTCGTTGAACC 

C-I60Nf GTTCAACGATGAACGCCACCGACG 

C-I60Nr CGTCGGTGGCGTTCATCGTTGAAC 

C-A61Tf CAACGATGATCACCACCGACGTG 

C-A61Tr CACGTCGGTGGTGATCATCGTTG 

C-A61Vf CAACGATGATCGTCACCGACGTG 

C-A61Vr CACGTCGGTGACGATCATCGTTG 

C-T62Af GATGATCGCCGCCGACGTGGCC 

C-T62Fr GGCCACGTCGGCGGCGATCATC 

C-D63Vf GATGATCGCCACCGTCGTGGCCTCGC 

C-D63Vr GCGAGGCCACGACGGTGGCGATCATC 

C-V64Af GCCACCGACGCGGCCTCGCCGTTC 

C-V64Ar GAACGGCGAGGCCGCGTCGGTGGC 

C-V64Df GCCACCGACGACGCCTCGCCGTTC 

C-V64Dr GAACGGCGAGGCGTCGTCGGTGGC 

C-V64Ef2 GCCACCGACGAGGCCTCGCCGTTC 

C-V64Er2 GAACGGCGAGGCCTCGTCGGTGGC 

C-S66Pf CGACGTGGCCCCGCCGTTCTTTACG 

C-S66Pr CGTAAAGAACGGCGGGGCCACGTCG 

C-F68Sf GGCCTCGCCGTCCTTTACGCCGATC 



C-F68Sr GATCGGCGTAAAGGACGGCGAGGCC 

C-L74Pf CGCCGATCAAGCCGACCTTTATGG 

C-L74Pr CCATAAAGGTCGGCTTGATCGGCG 

C-S79Lf CCTTTATGGTGTTGCTGATTCTGTC 

C-S79Lr GACAGAATCAGCAACACCATAAAGG 

C-L82Qf GTCGCTGATTCAGTCAGCGCCG 

C-L82Qr CGGCGCTGACTGAATCAGCGAC 

C-P85Lf CTGTCAGCGCTGGTGATTCTC 

C-P85Lr GAGAATCACCAGCGCTGACAG 

C-P97Tf CATTTATCGCCACAGCGCTGTATAAG 

C-P97Tr CTTATACAGCGCTGTGGCGATAAATG 

C-A98Vf CATTTATCGCCCCAGTGCTGTATAAGC 

C-A98Vr GCTTATACAGCACTGGGGCGATAAATG 

C-L99Pf CGCCCCAGCGCCGTATAAGCATGAAC 

C-L99Pr GTTCATGCTTATACGGCGCTGGGGCG 

C-L99Qf GCCCCAGCGCAGTATAAGCATGAAC 

C-L99Qr GTTCATGCTTATACTGCGCTGGGGC 

C-Y100Cf CCAGCGCTGTGTAAGCATGAACG 

C-Y100Cr CGTTCATGCTTACACAGCGCTGG 

C-R104Cf GTATAAGCATGAATGTCGCCTGGTG 

C-R104Cr CACCAGGCGACATTCATGCTTATAC 

C-R105Cf GCATGAACGTTGCCTGGTGGTG 

C-R105Cr CACCACCAGGCAACGTTCATGC 

C-P109Af CTGGTGGTGGCGCTGCTGGTTTCC 

C-P109Ar GGAAACCAGCAGCGCCACCACCAG 

C-L111Pf GTGCCGCTGCCGGTTTCCAGCTC 

C-L111Pr GAGCTGGAAACCGGCAGCGGCAC 



C-L116Pf GTTTCCAGCTCTCCGCTGTTTTATATC 

C-L116Pr GATATAAAACAGCGGAGAGCTGGAAAC 

C-L116Rf GTTTCCAGCTCTCGCCTGTTTTATATC 

C-L116Rr GATATAAAACAGGCGAGAGCTGGAAAC 

C-G121Df GTTTTATATCGACATGGCATTCGCC 

C-G121Dr GGCGAATGCCATGTCGATATAAAAC 

C-F130Sf CTTTGTGGTCTCTCCGCTGGC 

C-F130Sr GCCAGCGGAGAGACCACAAAG 

C-P131Lf2 CTTTGTGGTCTTTCTGCTGGCATTTGGC 

C-P131Lr2 GCCAAATGCCAGCAGAAAGACCACAAAG 

C-A133Vf CTTTCCGCTGGTGTTTGGCTTC 

C-A133Vr GAAGCCAAACACCAGCGGAAAG 

C-L137Hf CATTTGGCTTCCATGCCAATACC 

C-L137Hr GGTATTGGCATGGAAGCCAAATG 

C-A141Ef CTTGCCAATACCGAGCCGGAAGGG 

C-A141Er CCCTTCCGGCTCGGTATTGGCAAG 

C-G144Rf GCGCCGGAACGCGTGCAGGTATC 

C-G144Rr GATACCTGCACGCGTTCCGGCGC 

C-V145Ef CGGAAGGGGAACAGGTATCCAC 

C-V145Er GTGGATACCTGTTCCCCTTCCG 

C-V147Ef GAAGGGGTGCAGGAATCCACCGAC 

C-V147Er GTCGGTGGATTCCTGCACCCCTTC 

C-S148Pf GTGCAGGTACCGACCGACATC 

C-S148Pr GATGTCGGTCGGTACCTGCAC 

C-D150Gf CAGGTATCCACCGGCATCGCCAGC 

C-D150Gr GCTGGCGATGCCGGTGGATACCTG 

C-D150Vf CAGGTATCCACCGTCATCGCCAGC 



C-D150Vr GCTGGCGATGACGGTGGATACCTG 

C-I151Tf GTATCCACCGACACCGCCAGCTATTTAAG 

C-I151Tr CTTAAATAGCTGGCGGTGTCGGTGGATAC 

C-Y154Hf CATCGCCAGCCATTTAAGCTTC 

C-Y154Hr GAAGCTTAAATGGCTGGCGATG 

C-F157Yf GCTATTTAAGCTACGTTATGGCGCTG 

C-F157Yr CAGCGCCATAACGTAGCTTAAATAGC 

C-A160Vf GCTTCGTTATGGTGCTGTTTATGG 

C-A160Vr CCATAAACAGCACCATAACGAAGC 

C-M163Kf GCGCTGTTTAAGGCGTTTGGTG 

C-M163Kr CACCAAACGCCTTAAACAGCGC 

C-S168Pf CGTTTGGTGTCCCGTTTGAAGTGC 

C-S168Pr GCACTTCAAACGGGACACCAAACG 

C-D188Vf CTCGCCAGAAGTCTTACGCAAAAAACG 

C-D188Vr CGTTTTTTGCGTAAGACTTCTGGCGAG 

C-V198Df GTATGTGCTGGATGGTGCATTCG 

C-V198Dr CGAATGCACCATCCAGCACATAC 

C-G204Rf GCATTCGTTGTCCGCATGTTGCTG 

C-G204Rr CAGCAACATGCGGACAACGAATGC 

C-M205Kf GTTGTCGGGAAGTTGCTGACG 

C-M205Kr CGTCAGCAACTTCCCGACAAC 

C-M205Rf GTTGTCGGGAGGTTGCTGACG 

C-M205Rr CGTCAGCAACCTCCCGACAAC 

C-P209Lf GTTGCTGACGCTGCCGGATGTC 

C-P209Lr GACATCCGGCAGCGTCAGCAAC 

C-P210Rf GCTGACGCCGCGGGATGTCTTC 

C-P210Rr GAAGACATCCCGCGGCGTCAGC 



C-S214Pf GATGTCTTCCCGCAAACGCTG 

C-S214Pr CAGCGTTTGCGGGAAGACATC 

C-Q215Rf GTCTTCTCGCGCACGCTGTTG 

C-Q215Rr CAACAGCGTGCGCGAGAAGAC 

C-A219Ef CAAACGCTGTTGGAGATCCCGATG 

C-A219Er CATCGGGATCTCCAACAGCGTTTG 

C-L225Pf GATGTACTGTCCGTTTGAAATCGG 

C-L225Pr CCGATTTCAAACGGACAGTACATC 

C-A47del1 GGATACCAGGTGATAGATGTC 

C-A47del2 CCATTGATCAAGCAGTTGCCG 

C-G56del1 GCAGTTGCCGCAATCAACGATGATC 

C-G56del2 GATCATCGTTGATTGCGGCAACTGC 

C-A61del1 GGTTCAACGATGATCACCGACGTGGCC 

C-A61del2 GGCCACGTCGGTGATCATCGTTGAACC 

C-P71del1 GCCGTTCTTTACGATCAAGCTGACC 

C-P71del2 GGTCAGCTTGATCGTAAAGAACGGC 

C-Y42del1 GCCAATGACATCCACCTGGTATCC 

C-Y42del2 GGATACCAGGTGGATGTCATTGGC 

C-A47del3 CACCTGGTATCCCCATTGATCAAG 

C-A47del4 CTTGATCAATGGGGATACCAGGTG 

C-K51del1 GCGCCATTGATCCAGTTGCCGCAAG 

C-K51del2 CTTGCGGCAACTGGATCAATGGCGC 

C-P54del1 GATCAAGCAGTTGCAAGGTTCAACG 

C-P54del2 CGTTGAACCTTGCAACTGCTTGATC 

C-T58del1 CCGCAAGGTTCAATGATCGCCACC 

C-T58del2 GGTGGCGATCATTGAACCTTGCGG 

C-T62del1 CAACGATGATCGCCGACGTGGCCTC 



C-T62del2 GAGGCCACGTCGGCGATCATCGTTG 

C-A65del1 GCCACCGACGTGTCGCCGTTCTTTAC 

C-A65del2 GTAAAGAACGGCGACACGTCGGTGGC 

C-P67del1 GACGTGGCCTCGTTCTTTACGCCG 

C-P67del2 CGGCGTAAAGAACGAGGCCACGTC 

C-T70del1 CGCCGTTCTTTCCGATCAAGCTG 

C-T70del2 CAGCTTGATCGGAAAGAACGGCG 

C-K73del1 CTTTACGCCGATCCTGACCTTTATG 

C-K73del2 CATAAAGGTCAGGATCGGCGTAAAG 

C-Q55G56del1 CAAGCAGTTGCCGTCAACGATGATC 

C-Q55G56del2 GATCATCGTTGACGGCAACTGCTTG 

C-G56S57del1 CAGTTGCCGCAAACGATGATCGCC 

C-G56S57del2 GGCGATCATCGTTTGCGGCAACTG 

C-A133del1 GTCTTTCCGCTGTTTGGCTTCCTTG 

C-A133del2 CAAGGAAGCCAAACAGCGGAAAGAC 

C-N139del1 GGCTTCCTTGCCACCGCGCCGGAAG 

C-N139del2 CTTCCGGCGCGGTGGCAAGGAAGCC 

C-P142del1 GCCAATACCGCGGAAGGGGTGCAG 

C-P142del2 CTGCACCCCTTCCGCGGTATTGGC 

C-Q146del1 CCGGAAGGGGTGGTATCCACCGAC 

C-Q146del2 GTCGGTGGATACCACCCCTTCCGG 

C-A152del1 CCACCGACATCAGCTATTTAAGC 

C-A152del2 GCTTAAATAGCTGATGTCGGTGG 

C-A160del1 GCTTCGTTATGCTGTTTATGGCG 

C-A160del2 CGCCATAAACAGCATAACGAAGC 

C-insA42f CAATGACATCGCATATCACCTGGTATC 

C-insA42r GATACCAGGTGATATGCGATGTCATTG 



C-insA47f CTGGTATCCGCGGCACCATTGATCAAG 

C-insA47r CTTGATCAATGGTGCCGCGGATACCAG 

C-insA51f GCCATTGATCGCCAAGCAGTTGCCGC 

C-insA51r GCGGCAACTGCTTGGCGATCAATGGC 

C-insA54f GATCAAGCAGTTGGCCCCGCAAGGTTC 

C-insA54r GAACCTTGCGGGGCCAACTGCTTGATC 

C-insG56f GTTGCCGCAAGGTGGTTCAACGATGATC 

C-insG56r GATCATCGTTGAACCACCTTGCGGCAAC 

C-insGG56f GTTGCCGCAAGGTGGTGGTTCAACGATG 

C-insGG56r CATCGTTGAACCACCACCTTGCGGCAAC 

C-insA58f CGCAAGGTTCAGCAACGATGATCGCC 

C-insA58r GGCGATCATCGTTGCTGAACCTTGCG 

C-insA61f CAACGATGATCGCAGCCACCGACGTG 

C-insA61r CACGTCGGTGGCTGCGATCATCGTTG 

C-insA65f CCACCGACGTGGCAGCCTCGCCGTTC 

C-insA65r GAACGGCGAGGCTGCCACGTCGGTGG 

C-insA67f GACGTGGCCTCGGCACCGTTCTTTACG 

C-insA67r CGTAAAGAACGGTGCCGAGGCCACGTC 

C-insA70f CCGTTCTTTGCAACGCCGATCAAGC 

C-insA70r GCTTGATCGGCGTTGCAAAGAACGG 

C-insA133f GTCTTTCCGCTGGCAGCATTTGGCTTC 

C-insA133r GAAGCCAAATGCTGCCAGCGGAAAGAC 

C-insA139f GCTTCCTTGCCGCAAATACCGCGCC 

C-insA139r GGCGCGGTATTTGCGGCAAGGAAGC 

C-insA142f CCAATACCGCGGCACCGGAAGGGGTG 

C-insA142r CACCCCTTCCGGTGCCGCGGTATTGG 

C-insA146f CGGAAGGGGTGGCACAGGTATCCAC 



C-insA146r GTGGATACCTGTGCCACCCCTTCCG 

C-insA152f CACCGACATCGCAGCCAGCTATTTAAG 

C-insA152r CTTAAATAGCTGGCTGCGATGTCGGTG 

C-insA160f GCTTCGTTATGGCAGCGCTGTTTATG 

C-insA160r CATAAACAGCGCTGCCATAACGAAGC 

Table S3. Oligonucleotides used in this study. 

 



tatA tatB tatC

tatC epPCR
* *

XhoI PstI
GAGCAGATCTAACACGTGTTTGAT
E  Q  I *     M  F  D

TCCTCGAGTGATAAACCTTAAGCATGTCTGTCGACGATACT
S  S  S  D  K  P  *    M  S  V  D D  T

GAAGAATAACCCTGCAG
E  E  *

CACAGAGGAAGGATCCATGGGT
M  G
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--------------------MSVED TQP L ITH L IE LRKR LLNC IIAV IV IF LC LVYFAND IYH LVSAP ---------------L IKQ LP -QGS TM IA TDVASPFF TP IK LTFMVS L ILSAPV ILYQVW AF IAPA LYKHERR LVVP LLVSSS LLFY IGMAFAH LVSAP L IKQ LP QGS TM IA TDVASPFF TP IKLLNC IIAV IV IF LC LVYFAND IY LTFMVS L ILSAPV ILYQVW AF IA LLFY IGMAFAMSVED TQP L ITH L IE LRKR PA LYKHERR LVVP LLVSSS

------------------------MFEE LRPH L IE LRKR LF ISVAC IVVMF IVCFA LRSY ILD ILKAP ---------------L IAV LPEVAKHVNV IEVQEA LF TAMKVSFFAAF IFS LPV IFW QFW KFVAPG LYDNEKR LVVPFVSFAS IMFAFGACFCD ILKAP L IAV LPEVAKHVNV IEVQEA LF TAMKLF ISVAC IVVMF IVCFA LRSY IL VSFFAAF IFS LPV IFW QFW KFVA VPFVSFAS IMFAFGACFCMFEE LRPH L IE LRKR PG LYDNEKR LV

--------------------------M TLLDH LGE LRVR LVRC L IAVG LAFAGCYSFAEK LFD LLMQP ---------------LVKAMPPDSK -L IF TA LPEAFFVYMQVG LVAA TFVASPF IFYQ IW AF ISPG LYEEEKKNA IP IA LFSASFF IGGAAFCAEK LFD LLMQP LVKAMPPDSK L IF TA LPEVR LVRC L IAVG LAFAGCYSF AFFVYMQVG LVAA TFVASPF IFY IA LFSASFF IGGAAFCM TLLDH LGE LR Q IW AF ISPG LYEEEKKNA IP

----------------------MSQQQP L ISH LLE LRSK LLKS IASV L IVF ICSVYW AND IYHYMA IP ---------------LMQS LP -LGGSM IA TDVAAPFFAPFK LTLV LSFFVAVPYV LYQ IW SFVAPG LYKHEKR LVMP LLFSS TV LFY LG IAFAA IP LMQS LP LGGSM IA TDVAAPFFAPFKS IASV L IVF ICSVYW AND IYHYM LTLV LSFFVAVPYV LYQ IW SFVA V LFY LG IAFAMSQQQP L ISH LLE LRSK LLK PG LYKHEKR LVMP LLFSS T

---------------MSAD IPENDQQMP L ISH LTE LR TR LLRCVAAVF L IFAG LFYF TQK IY TLVSAP ---------------LRVY LP -EGA TM IA TDVASPF ITPFK LTMMVA LF LSMPV ILHQ IW GF IAPG LYKHEKRVA IP LLVSS IILFYAGMAFAK IY TLVSAP LRVY LP EGA TM IA TDVASPF ITPFKLLRCVAAVF L IFAG LFYF TQ LTMMVA LF LSMPV ILHQ IW GF IA ILFYAGMAFAMSAD IPENDQQMP L ISH LTE LR TR PG LYKHEKRVA IP LLVSS I

----------------MS LFDDAQAESS L IEH LVE LRAR LVRA L IG LGVV LLTLLPFSRA IYSW LAAP ---------------L ISQ LP -LGQ TM IAMNPAGAFFAP LK LTFFVAVFFSVPW LLYQAW AFVAPG LYQREKK LAFP LLASAVA LFY IGCAFAAP L ISQ LP LGQ TM IAMNPAL IG LGVV LLTLLPFSRA IYSW LA GAFFAP LK LTFFVAVFFSVPW LL FP LLASAVA LFY IGCAFAMS LFDDAQAESS L IEH LVE LRAR LVRA YQAW AFVAPG LYQREKK LA

-------------------------MSFM L IH L IE LRQRA IY TLLW FGA LA LLFFF ISDQ LFH LLVKP ---------------LLRS LP -NQEG L IA TQ ITSSVF TP LK LAVD TA LLLTAPFA LLQ LW RFMRPG LYKNEQEQ IRG T IILS LLLFVFGA LFCKP LLRS LP NQEG L IA TQ ITSSVF TP LK LLLW FGA LA LLFFF ISDQ LFH LLV AVD TA LLLTAPFA LLQ LW RF LLLFVFGA LFCMSFM L IH L IE LRQRA IY T MRPG LYKNEQEQ IRG T IILS

--------------------MAVDQ TQP L ISH L IE LRKR LLNS IISV LVVF LA LVYFAND IYQFVSAP ---------------L IKQ LP -AGASM IA TDVASPFF TP IK LTL IVSVF LSAP LV LYQVW AFVAPA LYKHERR LMMP LLVSSS LLFYMGMAFAQFVSAP L IKQ LP AGASM IA TDVASPFF TP IKLLNS IISV LVVF LA LVYFAND IY LTL IVSVF LSAP LV LYQVW AFVA LLFYMGMAFAMAVDQ TQP L ISH L IE LRKR PA LYKHERR LMMP LLVSSS

---------------------MDKKE TH L IGH LEE LRRR IIV TLAAFF LF L ITAF LFVQD IYDW L IRD -------------------LDGK LAV LGP ---SE ILW VYMM LSG ICA IAAS IPVAAYQ LW RFVAPA LTK TERKV TLMY IPG LFA LF LAG ISFGYDW L IRD LDGK LAV LGP SEV TLAAFF LF L ITAF LFVQD I ILW VYMM LSG ICA IAAS IPVAAY Y IPG LFA LF LAG ISFGMDKKE TH L IGH LEE LRRR II Q LW RFVAPA LTK TERKV TLM

------------------M TRMKVNQMS LLEH IAE LRKR LL IVA LAFVVFF IAGFF LAKP IIVY LQE T -------------------DEAKQ LTLNAFN LTDP LYVFMQFAF IIG IV LTSPV ILYQ LW AFVSPG LYEKERKV TLSY IPVS ILLF LAG LSFSKP IIVY LQE T DEAKQ LTLNAFN LTDP LYVFMR LL IVA LAFVVFF IAGFF LA QFAF IIG IV LTSPV ILYQ LW AFV LSY IPVS ILLF LAG LSFSM TRMKVNQMS LLEH IAE LRK SPG LYEKERKV T

MS TQ LDN ITSAE TAPDY LDEVPDDVEMS LFDH LDE LR TR IF LS LGAV LVGVVACF IFVKP LVQW LQVP ---------------------AG TVKF LQ LSPGEFFFVSVKVAGYSG ILVMSPF ILYQ IIQFV LPG LTRRERR LLGPVV LGSSV LFFAG LGFAQW LQVP AG TVKF LQ LSPGEIF LS LGAV LVGVVACF IFVKP LV FFFVSVKVAGYSG ILVMSPF ILY VV LGSSV LFFAG LGFAMS TQ LDN ITSAE TAPDY LDEVPDDVEMS LFDH LDE LR TR Q IIQFV LPG LTRRERR LLGP

----------------------------------------MSFV ITV IVVYVSSFWW M TPF ITY ITR -----------------------AHVS LHAFSF TEM IQ IYVM IIFF IAFCF ISPVMFYQ LW AF IAPG LHNNERQF IYKYSFFSV LLFCAGVAFAHVS LHAFSF TEM IQV IVVYVSSFWW M TPF ITY ITR A IYVM IIFF IAFCF ISPVMFYQ LW FFSV LLFCAGVAFAMSFV IT AF IAPG LHNNERQF IYKYS

----------M LKPARNKE -KDPEGRMP LAEH LRE LRNR LAKA LLA IVVV TVVAAFFYQW IINA LTDP ILQS IGCEKSFAE LAQSEAGSEPCAQ IT ING LLGPF TLA LKVS LTAGVV LASPVW LYQ LW AFVAPG LHRNEKKYAYAFVA TGAP LF LAGAYFANA LTDP ILQS IGCEKSFAE LAQSEAGSEPCAQ IT ING LLGPF TLA LKLAKA LLA IVVV TVVAAFFYQW II VS LTAGVV LASPVW LYQ LW AFVA YAFVA TGAP LF LAGAYFAM LKPARNKE KDPEGRMP LAEH LRE LRNR PG LHRNEKKYA

-----------------MSGD TEDKPQP L IEH LME LR TR L IW S LGAFF IAF IACFAVAKH LFN LLV IPYKW AV ----------IW AG LDVAKSS L IY TAPQEFFF TQ IKVAMFGAMV ISFPV IASQ LYKFVAPG LYKNERAAF LPF L IASP ILF L IGAA LVN LLV IPYKW AV IW AG LDVAKSS L IY TAPQEFFF TQ IKL IW S LGAFF IAF IACFAVAKH LF VAMFGAMV ISFPV IASQ LYKFVA LPF L IASP ILF L IGAA LVMSGD TEDKPQP L IEH LME LR TR PG LYKNERAAF

--------------------------MS LADH LTE LRSR LMRC T IAV L ILG T IS LVFAKP IFG LLMQP ---------------V LDA LPPENRS L IY TSG IEE LNV LMKVGVYCG IF LTTPV ILMQ IW GFVSPG LYPEERRFAAPFVAFGS IAF LLGAAFCLDA LPPENRS L IY TSG IEE LNV LMKV L ILG T IS LVFAKP IFG LLMQP V VGVYCG IF LTTPV ILMQ IW GFVS APFVAFGS IAF LLGAAFCMS LADH LTE LRSR LMRC T IA PG LYPEERRFA

--------------------MAVDD TQP L ISH L IE LRKR LLNC IIT ILVVF LV LVFFAND IYN LVSAP ---------------L IKQ LP -AGASM IA TDVASPFF TP IK LTMMVSVFVSAPM ILYQVW AF IAPA LYKHERR LMVP LL ISSS LLFY LGMAFAN LVSAP L IKQ LP AGASM IA TDVASPFF TP IKLLNC IIT ILVVF LV LVFFAND IY LTMMVSVFVSAPM ILYQVW AF IA LLFY LGMAFAMAVDD TQP L ISH L IE LRKR PA LYKHERR LMVP LL ISSS

--MQ TPG IFKK LDPRRRRSRVNPDG TMS LVDH LHE LRNR LL ISVAAVV LTT IIGF IW Y THGVFGFNS LGEW LRGPYCS LPDSARAN IAPDGECR LLA TAPFDQFM LR LKVA LAAGVV LACPVW LYQ LW AF ITPG LYKKERRFAMAFVSFGAM LF ISGAV LAFGFNS LGEW LRGPYCS LPDSARAN IAPDGECR LLA TAPFDQFM LR LKLL ISVAAVV LTT IIGF IW Y THGV VA LAAGVV LACPVW LYQ LW AF IT MAFVSFGAM LF ISGAV LAMQ TPG IFKK LDPRRRRSRVNPDG TMS LVDH LHE LRNR PG LYKKERRFA
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YFVVFP LAFGF LAN ----------------------------------------------------------------------------------------------------------------------------------TAPEG ------------N TAPEGYFVVFP LAFGF LA
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YFAV LPSMF TF LLNEEE TLA LEQR LD TAR LRADDA LRF LR LGEAEEAGR IAKE TS TQ LRAEGQGQAPAPEVAPAASVEM TGR LDG LGR LLDAASVGYGAQSRGV LRQAVEKRVEAV TAYEKKDFAAAAAAMDGSAS LLAG ---IAP TR TEE LAG LW R LEKEPSMF TF LLNEEE TLA LEQR LD TAR LRADDA LRF LR LGEAEEAGR IAKE TS TQ LRAEGQGQAPAPEVAPAASVEM TGR LDG LGR LLDAASVGYGAQSRGV LRQAVEKRVEAV TAYEKKDFAAAAAAMDGSAS LLAG IAP TR TEE LAG LW R LEKEYFAV L
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-------------VQVS TD IASY LSFVMA LFMAFGVSFEVPVA IV LLCW MG ITSPED LRKKRPYV LVGAFVVGM LLTPP -DVFSQ TLLA IPMYC LFE IGVFFSRFYVGKGRNREEENDAEAESEK TEE ---------------------------------VQVS TD IASY LSF DVFSVMA LFMAFGVSFEVPVA IV LLCW RPYV LVGAFVVGM LLTPP Q TLLA IPMYC LFE IGVFFSRFYVMG ITSPED LRKK GKGRNREEENDAEAESEK TEE

-------------FNPV IT IG TYVDFF TKVVVAFG LAFEMPV IAFFFAK IG L IDDSF LKRHFR IAV LV IFVFSAFM TPP -DV LSQF LMAGP LCG LYG LS IL IVQKVNPAPKDKESDE --------------------------------------------FNPV IT IG TYVDFF TKV GP LCG LYG LS IL IVQKVNPAPKDKESDEVVAFG LAFEMPV IAFFFAK IG L I V LV IFVFSAFM TPP DV LSQF LMADDSF LKRHFR IA

-------------ILPMPS LSEY LGFA LKM LLAFG IIFEMP LF TFF LAK LG ILTAGMMRRGRKYA ILG IF IVAA ILTPP -DVFSQM LMACPM LV LYE IS IF IAAAVGRKEK TDEEEDGDADEA TPDERPEQGH ----------------------------ILPMPS LSEY LGFA LKM CPM LV LYE IS IF IAAAVGRKEK TDEEEDGDADEA TPDERPEQGHLLAFG IIFEMP LF TFF LAK LG IL ILG IF IVAA ILTPP DVFSQM LMATAGMMRRGRKYA

-------------VQVA TD ISSY LDFV LK LFFAFG LSFE IP IAVV LLCW AGV TSPED LKQKRPY IIVGAFVVGM LLTPP -DV ISQ TM LAVPM L ILFEAG LFAARFYS -------KPDDE TDEEES TNN ---------------------------------VQVA TD ISSY LDFV LK AVPM L ILFEAG LFAARFYS KPDDE TDEEES TNNLFFAFG LSFE IP IAVV LLCW AGV IIVGAFVVGM LLTPP DV ISQ TM LTSPED LKQKRPY

-------------VSMM TD IASY LDFVM TLFFAFGVAFE IPVAVV LLVW IG IVDVKY LKK IRPYV IIGCFVVGM ILTPP -D IFSQ TLLAVPMW LLFE LG ILCSSM IRKRGEHPDDE TEDADKQDQPPA TTP ------------------------------VSMM TD IASY LDF Q TLLAVPMW LLFE LG ILCSSM IRKRGEHPDDE TEDADKQDQPPA TTPVM TLFFAFGVAFE IPVAVV LLVW IRPYV IIGCFVVGM ILTPP D IFSIG IVDVKY LKK

-------------IA ITPDANSY LDFV LA IFFAFGASFE LPVA LV ILV LLGW V TPKQ LSEGRGYA IVG IF ILAAV LTPP -DVVSQ LM LA LPMC LLYE LG IMASRAVA --------PKDAASNAAG ------------------------------------IA ITPDANSY LDFV LA I LPMC LLYE LG IMASRAVA PKDAASNAAGFFAFGASFE LPVA LV ILV LLGW V IVG IF ILAAV LTPP DVVSQ LM LATPKQ LSEGRGYA

-------------VR LMPDMAYA IDF ITRM LLLFGFSFQVP L IC LV LVK THF TTVE TL IK IRPYV IVGAF IIGM LLTPP -DVFSQVA LA LP LC LLYEAG IILAR IYG ---------KSPMP TL IQ ------------------------------------VR LMPDMAYA ID P DVFF ITRM LLLFGFSFQVP L IC LV LV IRPYV IVGAF IIGM LLTP SQVA LA LP LC LLYEAG IILAR IYK THF TTVE TL IK G KSPMP TL IQ

-------------V L IA TD INNY LDFVMA LFMAFGVSFEVPVA IV LLCW SGVV TPES LKQKRPYV LVGAFVVGM LLTPP -DVFSQ TLLA IPMYF LFE IGVFFARFYVGKRRR --TDEEEDVDESAPSS ---------------------------------V L IA TD INNY LDF FSQVMA LFMAFGVSFEVPVA IV LLCW RPYV LVGAFVVGM LLTPP DV TLLA IPMYF LFE IGVFFARFYVGSGVV TPES LKQK KRRR TDEEEDVDESAPSS

------------HFE TMF TADRYFRFMVN LS LPFGF LFEMP LVVMF LTR LG ILNPYR LAKARK LSYF LL IVVS IL ITPP -DF ISDF LVM IP LLV LFEVSV TLSAFVYKKRMREE TAAAA ------------------------------------------HFE TMF TADRYFRFMVN LS LP LVM IFGF LFEMP LVVMF LTR LG ILNPY LL IVVS IL ITPP DF ISDF P LLV LFEVSV TLSAFVYKKRR LAKARK LSYF MREE TAAAA

------------NVNQV IG INEYFHF LLQ LT IPFG LLFQMPV ILMF LTR LG IV TPMF LAK IRKYAYF TLLV IAA L ITPP -E LLSHMMV TVP LL ILYE IS IL ISKAAYRKAQKSSAADRDVSSGQ -------------------------------------NVNQV IG INEYFHF LLQ L VP LL ILYE IS IL ISKAAYRKAQKSSAADRDVSSGQT IPFG LLFQMPV ILMF LTR LG IV YF TLLV IAA L ITPP E LLSHMMV TTPMF LAK IRKYA

-------------VEQ LW S IDKYFEFV LLLMFS TG LAFQ IP IIQVV LGF LG IVSSEQM LKGW RFV ILGAMV LGA ILTPS TDP LTQS LLAGAV LG LYFGG IGCVR LLGK -----------------------------------------------------VEQ LW S IDKYFEF DP LTV LLLMFS TG LAFQ IP IIQVV LGF GW RFV ILGAMV LGA ILTPS T QS LLAGAV LG LYFGG IGCVR LLGLG IVSSEQM LK K

------------N ISPV IGFKAY L IE L IRW LF TFG LLFQ LP ILFMG LAKFG L ID TTS LKHYRKY IYFACFV LAS IIAPP -D LTLN ILLTLP L ILLFEFSMF IVKF TCRGKPP TH -----------------------------------------------N ISPV IGFKAY L IE L IR TLNW LF TFG LLFQ LP ILFMG LAKFG L Y IYFACFV LAS IIAPP D L ILLTLP L ILLFEFSMF IVID TTS LKHYRK KF TCRGKPP TH

-------------VDN LLP LDE LLD LV TRMVVVFG LSFE LP LLLVM LNF TGV LTGKRM LGWW RAM IMG ITLFAA IA TPS TDP LTM IM LAGP IW V LYFAAVVVS LLNDRRKAR LEA LEPDDDEASD LD LTPED IGEVEPV TTARA LPEQA TKDRVNGYDDV TVDN LLP LDE LLD LV TR S TDPMVVVFG LSFE LP LLLVM LNF TGV LGWW RAM IMG ITLFAA IA TP LTM IM LAGP IW V LYFAAVVVS LLLTGKRM NDRRKAR LEA LEPDDDEASD LD LTPED IGEVEPV TTARA LPEQA TKDRVNGYDDV T

----------EVA IS LMPKVSEY LS L IM TLV LSFG LVFQ LPVV TTLLARVG ILTSDW LREKRKFA IVMAFVVAAV LTPP -DPMSQ IG LA LPA IILYE IS IYMAR LVERKRAAESKS TE LEE T ---------------------------------------EVA IS LMPKVSEY LS L IM T P DPLV LSFG LVFQ LPVV TTLLARVG I FA IVMAFVVAAV LTP MSQ IG LA LPA IILYE IS IYMAR LLTSDW LREKRK VERKRAAESKS TE LEE T

LA TAHAAHEAARW TRPM LSMHEQ LS LV LLL ILAFG IIFE LP LVMA LLGVVGVVKSSW LFRYQRHAFVVC L IAAA IITP TGDVVN LS LMAGPM LLCYE LGV LLVW MVERRRARNSAE TG ----ITPAS ----------------------------------LA TAHAAHEAARW TRPM LSMHEQ LS LV LL N LSL ILAFG IIFE LP LVMA LLGVVGV HAFVVC L IAAA IITP TGDVV LMAGPM LLCYE LGV LLVW MVVKSSW LFRYQR ERRRARNSAE TG ITPAS

-------------V L IA TD ITKY LDFVMA LFMAFG ISFEVP IA IILLCW AGV TTPEA LKKKRPYVFVGAFVVGM LLTPP -DV LSQ TLLA IPMY LLFEVGVFFARFY TGKQRRAA TEEDEG IDSHPKAP ---------------------------------V L IA TD ITKY LDF DV LVMA LFMAFG ISFEVP IA IILLCW RPYVFVGAFVVGM LLTPP SQ TLLA IPMY LLFEVGVFFARFYAGV TTPEA LKKK TGKQRRAA TEEDEG IDSHPKAP

-------------QV TA LSGDQYFGF L IN LLLVFG ISFEFP LL IIM LN LVG ILTYER LSAW RRG L IFG LFVFAAFA TPGSDPFSM LA LACA LTV LLEFA IQ IAR LNDRRKARRAAMEVPEDEA -------AD IGSVEP IEPP -APVSG TTAGRA TVDDDA TQV TA LSGDQYFGF L IN GSDPLLLVFG ISFEFP LL IIM LN LVG I SAW RRG L IFG LFVFAAFA TP FSM LA LACA LTV LLEFA IQ IAR LLTYER L NDRRKARRAAMEVPEDEA AD IGSVEP IEPP APVSG TTAGRA TVDDDA T
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