
   

 

 
  

A novel starch binding laccase from the wheat pathogen Zymoseptoria 

tritici highlights the functional diversity of ascomycete laccases 

 

Majid Haddad Momeni
a
, Paolo Bollella

b,c
, Roberto Ortiz

d
, Esben Thormann

d
, Lo Gorton

b
, Maher 

Abou Hachem
a 

 

a
 Department of Biotechnology and Biomedicine, Technical University of Denmark, Søltofts Plad, 2800 Kgs. Lyngby, 

Denmark
 

b 
Department of Analytical Chemistry/Biochemistry, Lund University, P.O. Box 124, 221 00 Lund, Sweden

 

c 
Department of Chemistry and Drug Technologies, Sapienza University of Rome, Piazzale Aldo Moro 5, 00185, Rome, 

Italy  

d 
Department of Chemistry, Technical University of Denmark, Kemitorvet 207, 2800 Kgs. Lyngby, Denmark    

 

 

Corresponding author 

Maher Abou Hachem 

Protein Glycoscience and Biotechnology, 

Department of Biotechnology and Biomedicine, Technical University of Denmark,  

Søltofts Plads, 2800 Kgs. Lyngby, Denmark 

Email: maha@bio.dtu.dk 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

 

 

 

mailto:maha@bio.dtu.dk


   

 

 
 

 

Table S1   List of Zymoseptoria tritici (ZtrLac1A) and 6 other homologues with bimodular organizations 

     

 
 Locus number Length Identity 

(Catalytic 

domain) 

CBM Linker 

length 

 

Zymoseptoria tritici, ZtrLac1A 

 

XP003852363 

 

723 

 

100% 

 

110 

 

12 

Zymoseptoria brevis, ZbrLac1A KJX94131 723 99% 110 12 

Sphaerulina musiva, SmuLac1A XP_016758816 742 69% 108 32 

Pseudocercospora musae, PmuLac1A KXT09849 746 68% 107 32 

Mycosphaerella eumusae, MeuLac1A KXS98121 719 69% 107 17 

Pseudocercospora fijiensis, PfiLac1A XP_007930185 587 68% -- -- 

Dothistroma septosporum, DseLac1A EME38505 729 68% 107 12 

Daldinia eschscholtzii, DesLac1A AEX97872 418 60% -- -- 

Baudoinia panamericana, BpaLac1A XP_007679364 703 62% 108 17 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

 

 
                               

Fig. S1 Chemical structure of the osmium polymer [Os(4,4’-dichloro-2,2’-bipyridine)2(poly 

vinylimidazole)10Cl]Cl with formal potentials E°’= 0.549 V vs. SHE 

 
                  

Fig. S2 HPLC ultimate profiles of different aromatic substrates assayed for ZtrLac1A activity screening. The 

substrates are: (a) caffeic acid, (b) p-coumaric acid, (c) 3,5 dimethoxybenzoic acid, (d) coniferyl aldehyde, (e) 

vanillin and (f) 3,4 dihydroxybenzoic acid. All reactions were conducted in 0.5 ml for 45 and 90 min depicted in 

orange and blue respectively and controls are shown in grey. The reaction mixtures were analyzed by high 

performance liquid chromatography (HPLC3000), using reversed phase column C-18 (Kinetex LC column 100 

mm x 4.6 mm, paricle size 2.6 µm). The elution was performed using a gradient of solvent A: water/TFA 

(100:0.01; v/v), solvent B: acetonitrile/TFA (100:0.01; v/v) and detection was conducted at 285 and 322 nm. The 



   

 

steps of gradient were linear from 0-4% of B for 5 min, 4-30% of B for 2 min and 30-100% of B for 2 min eluted 

at flowrate of 1.0 ml/min at room temperature 
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CBM20 Linker Catalytic module
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Fig. S3 (a) Laccase catalytic module, carbohydrate binding module and linker are colored in grey, blue and pink, 

respectively. Asparagine residues predicted to be N-glycosylated are colored in blue and those with more than 

0.6 potential indicated with underline. (b) Purified ZtrLac1A analyzed using SDS-PAGE after EndoH treatment 

A and before EndoH treatment B. The Mark 12 protein standard (Invitrogen) is in right lane 
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Fig. S4 Voltammograms recorded with naked graphite low-density electrode in N2 (black line) and in the 

presence of O2 (red line); Conditions: 0.1 M acetate buffer pH 4 in 0.1 M NaClO4; scan rate 10 mVs-1 

 

 

a 

ZtrLac1A       351 --IP--D-A-SSFSELS--IAIN----QSTAADGK------LT-----LY

CCD50266_1     347 ---P--L-S-GNVEQLN--VAIN----IGVDASGP------I------VT

APA14269_1     347 ---P--L-S-GNVDTLN--VAID----IGVTTSGP------I------VT

ALR81978_1     346 ---P--L-E-AHVDILD--VAIN----IGVNTSGP------I------VT

AGZ90172_1     355 ---V--V-G-EAKDHKM--EVNS----FSDPAKDN------L------FR

CCT61140_1     344 ---T--P-K-ELVAGFD---AEY----TDVTHSNG------V------VQ

AHZ58328_1     342 ---G--FAT-STQEDIS--VSAP----TQVVVQGD------NV-----FR

AHZ58333_1     342 ---G--F-S-AGETDIS--VSGP----SRVTVQGE------NV-----FR

AHZ58327_1     342 ---G--F-P-GNQSTIP--VSAP----QRVSIDGD------MV-----FR

AHZ58330_1     349 ---Q--LSS-SDQSVVPMNVSGP---VSDVNDLGD------TV-----TR

MalLac1A       348 ---S--FVK-RPDNTLP--VALD----L----TGT------PL-----FV

AEO58496_1     344 ---G--FAK-RPDNTLD--VTLD----T----TGT------PL-----FV

ADA41449_1     348 ---G--FAK-RADNTLD--VTLD----T----TGT------PL-----FV

AEO68473_1     344 ---S--FVK-KPENTLD--VHLD----T----TGT------PL-----FV

TarLac1A       347 ---N--FVK-RPSNTLG--VTLD----I----GGT------PL-----FV

CAA70061_1     348 ---G--FTP-RPNNTLP--VSLT----L----GGT------PL-----FV

CAP61995_1     348 ---G--FTP-RPNNTLP--VSLT----L----GGT------PL-----FV

EAA27703_1     348 ---S--IAL-NTGNTIP--ITLD-------------------G-----FV

AAA33105_1     350 ---G--FVA-ASDNTLD--VQLS----T----TTR------K--------

XP003711640_1  348 ---V--FRA-SSDNTLN--TAVT----TKNW-EGV------QR-----VY

CDP29442_1     357 ---S--FT---TGNTLN--TRLQ----ISTT-GGI------SR-----VY

EAA27863_1     358 ---D--FSD-TKVDTLS--VTLD----VKEVNKGI------SK-----VL

BAB32575_1     348 ---E--FTP-NK-NILD--VSLE----QPEI-HGE------KI-----YR

AFK76451_1     350 ---E--FTP-HK-NILD--VNLT----TPEV-YGQ------PV-----FR

XP003715087_1  356 ---Q--FAA-QF-KELP--VDLT----QVLT-TRG------TV-----FH

CDP31732_1     371 ---A--FAG-SAVGTLP--VTLE----FPNH-GRG------QV-----FE

ABY89704_1     345 ---T--FAA-QA-KSLP--VAFG-----PVAVQNN------L------VL

AHN82367_1     352 ---T--FAA-QS-KSMS--VALG-----PVSVQNN------T------VL

BacLac1A       351 --------S-LVDEQVS--------------SAFT------NY-----FT

AAK77953_1     352 --------S-LVDEQVS--------------FAFT------NY-----FT

ABM21605_1     351 --------S-LVDEQLS--------------FSAA------NY-----FT

ABM21603_1     351 --------A-LMDEKLN--------------WILG------NV-----IT

ABM21604_1     351 --------A-LMDEKLD--------------WVRG------NI-----LT

APA07533_1     351 --------A-LMDEKLD--------------WVRG------NI-----LT

CAM12502_1     353 ---T--ASS-VAEQTLS--------------FAFG------SA-----FT

AGZ62514_1     351 ------VTT-TASESLN--------------FKFD------SY-----FK

AAK77952_1     340 --------S-IMKTTLT--------------TGGG------Q--------

EAA30359_2     354 -------QK-SFDTYLN--------------ISTT------NY-----VH

XP003718807_1  357 -------SG-MTTQTLG--------------FSATGDDLGHNW-----FQ

CAP64719_1     361 -------FN-TTLENLG--------------TRPQGVD-GAEW-----FQ

EAA61461_1     350 -------AG-QENLNVG--------------WYYD---LPELY-----FH

EAA62557_1     358 ---D--YQN-NALASVS--------------FNED------HF-----FR

CAP98129_1     350 ---E--WNN-LTDVTLR--------------RNNA------NL-----FR

BAE54583_1     354 ---NPLYNE-SEPVSLG--------------KNSQ------SL-----YR

CCT67757_1     351 ---N--WND-LETATVG--------------KNTA------GL-----FK

ABS19940_1     351 ---N--WNN-LETATVG--------------KNTA------GL-----FK

CEF76058_1     351 ---N--WSD-LETATVG--------------KNTA------GL-----FK

AFG30950_1     345 ---S--STS-TEAATVA--------------FNDD------SL-----FR

XP003712139_1  353 ---T--WAD-TETASVA--------------FNEE------NL-----FR

AEO64417_1     348 ---TAAWTE-DEPVTIG------------AAPTNA------NY-----LW

APA07387_1     350 ---S--KSA-DEAVTIA--------------QNSN------KL-----FK

AQA29307_1     349 ---Q--NQD-TKNVTIG------------L-APGT------NV-----FK

EAQ71537_1     355 ---T--WTH-FDLASWN--------------RTSD------NL-----LR

CAK48347_1     351 ---G--YKS-HNEANVI--------------MNSA------GL-----YK

CCT64283_1     352 ---E--MEV-IQNANRS--------------WNSD------GI-----IK

CEF85471_1     352 ---D--MEV-VENANRS--------------WNSD------GI-----IK

AHZ65139_1     352 ---D--HQF-EQNANRT--------------WNED------GI-----IK

CAK44895_1     344 ---F--AYS-TTEEVAI--------------EVAE------NA-----LL

AAY99671_1     351 ---A--DVT-DNFAVAV--------------EQLA------GR-----VD

CAK40046_1     353 ---GAQMAE-SDVDFTP--------------FGDV------PL-----YL

ACR16059_1     346 ---A--LTR-NFDANLL-----------PL-ANGE------LA-----LR

CAP65571_1     350 ---A--LTQ-NFNAVLL-----------PS-QGDN------YA-----VR

BAA08486_1     360 ---V--NQI-GPHDYLT--IG-EQGKIPTPWEKDP------RV-----HL

AGO59042_1     327 ---A--NPL-AAEDYFR--VGLGNFTWPDATNSTG------SV-----FL

CCT66683_1     356 ---H--NDD-YIKNSFK--VHL--VGYPNEFKKDS------MM-----HK

CEF71993_1     363 ---A--NVN-YQNESFK--VHL--VGYPDDTAESS------TL-----HK

CAK46289_1     361 ---T--PDQ-LKRVTFP--FDVL--KQDNFTMPPE------GWNGTDPTW

CCT71494_1     375 ---K--LDERDRSKDLE--LGIE--KVKDRPHAGD------RF-----SW

AHZ65141_1     376 ---E--LN--NRSQGLT--IGLE--NVENRPVAPN------NF-----TW

CCT72796_1     374 ---K--IN--YTKSQFD--IGLS--KFAHRPELMD------NF-----TW

ABS19939_1     374 ---K--IN--YTKSQFD--IGLA--KFAHRPELMD------NF-----TW

SCB65047_1     375 ---E--LD--YEKAQFD--IGLK--KYKDRPEKGD------GF-----QW

AEO64812_1     383 LNYT--ATK-QTNASHS--------------LGPP------WY-----KH

EAA29734_1     400 ---P--LNN-LTLSTFY--PSHQ--TEDDVPY---G-----NY-----TH

CAP64870_1     383 ---P--LNP-LSLSTFY--NARQ--TVPDQTLGQSG-----NY-----SH

AHC30245_1     375 ---S--YVK-TMEIQVT--------------RNAS------GI-----VQ

CCT64574_1     372 ---D--KTI-ELDISSF--------------KNAS------NV-----TL

ABS19938_1     372 ---D--KTI-ELDISSF--------------KNAS------NV-----TL

CEF84713_1     372 ---D--KTI-ELDIASF--------------KNAS------NI-----TL

AGT80114_1     372 ---D--LTL-DLDIELF--------------KNAS------NV-----TL

AHD26939_1     372 ---D--LTL-DLDVELH--------------VNAS------NV-----TL

ANH22780_1     372 ---D--LEY-TLEVKFF--------------QNAS------NV-----NL

ACS45199_1     372 ---A--VTH-DIELKVS--------------KNAT------GH-----TL

EAA34842_1     350 ---A--VTK-EMKIEAY--------------RNAS------DV-----FL

CAP67656_1     375 ---T--YTQ-TMEIELF--------------KNAS------DV-----TL

AEO54598_1     375 ---T--LTH-TMDIELF--------------TNAS------NV-----TL

AEO65600_1     375 ---A--ITQ-TMDIELF--------------KNAS------NV-----TL

APA07098_1     378 ---S--TTK-NLDINFY--------------VNET------GT-----LL

XP003720855_1  377 ---T--TTQ-EFVAEIF--------------TNSS------GV-----SL

APA14467_1     383 ---P--TTQ-HIDIAFG--------------PNST------GN-----YQ

AGO59052_1     333 ---A--TTQ-IINVTLA--------------QNET------GQ-----YL

Loop A Loop A 

 
 

 

 



   

 

 

b 

ZtrLac1A       429 QGS---PFNV-N--IPHPIHLHGHDFYVL---GT-GTS-A----------

CCD50266_1     426 NGN---PVSI-N--VPHPMHLHGHDFFLL---GT-GVG-T----------

APA14269_1     426 AGQ---PVSI-N--VPHPMHLHGHDFYIL---GT-GVG-N----------

ALR81978_1     425 NGQ---PVSI-N--VPHPIHLHGHDFYVL---GT-GVG-V----------

AGZ90172_1     430 --------QI-A--LPHPIHLHGHDYYIV---GR-GTG-T----------

CCT61140_1     419 -------TAP-T--QPHPIHLHGHDFYVL---DS-QAN-A----------

AHZ58328_1     420 -----------G--IAHPIHLHGHDFNIV---SS-GSG-T----------

AHZ58333_1     419 -----------G--VAHPIHLHGHDFNVI---ST-GLG-T----------

AHZ58327_1     419 -----------P--VAHPIHLHGHDFNIV---SS-GTG-N----------

AHZ58330_1     427 -----------I--ANHPIHLHGHDFNIIYQSGV-NAG-P----------

MalLac1A       422 ------EGPF-S--LPHPMHLHGHDFLVL---GR-SPD-VPA---ASQQR

AEO58496_1     418 ------GAPF-T--LPHPMHLHGHDFYVL---GR-SPD-ESP---ASNER

ADA41449_1     422 ------GAPF-T--LPHPMHLHGHDFYVL---GR-SPD-ESP---ASNER

AEO68473_1     418 ------EAVI-S--LPHPMHLHGHDFLVL---GK-SPV-SPP---GAQVA

TarLac1A       421 ------TNPIVS--LPHPMHLHGHDFLVL---GR-SPD-ELP---SAGVR

CAA70061_1     422 ------TGPF-S--IPHPMHLHGHDFLVV---GR-SPD-QPAG--VPQTR

CAP61995_1     422 ------TGPF-S--IPHPMHLHGHDFLVV---GR-SPD-QPAG--VPQTR

EAA27703_1     417 ------DGAF-S--LPHPIHLHGHDFLIL---GR-SPD-VTA---ISQTR

AAA33105_1     421 ------TATGNA--LPHPIHLHGHDFVVL---GR-SPN-VSP---TAQTP

XP003711640_1  423 --------PI-P--APHPMHLHGHDFYVL---GR-SAN-MP-------TA

CDP29442_1     433 -----------S--IPHPVHLHGHDILIL---GA-SPA-LAAPINPTNRL

EAA27863_1     436 ------PS-------PHPMHLHGHDFLIL---GR-SRF-PANPLVDPGQP

BAB32575_1     424 -----------A--LPHPIHLHGHDFLLL---GI-GDG-KF---------

AFK76451_1     426 -----------L--LPHPIHLHGHENSLL---GI-GDG-SF---------

XP003715087_1  432 -----------A-GLPHPIHLHGHDLLLL---GT-GES-GT---------

CDP31732_1     448 -----------A--LPHPIHLHGHDFLTL---GI-GSG-TF---------

ABY89704_1     422 -------NAP-P--IAHPIHLHGHDSYIL---GQ-GTG-Q----------

AHN82367_1     429 -------GAP-P--IAHPIHLHGHDSYIL---GQ-GVG-Q----------

BacLac1A       421 --------GF-G--IWHPIHLHGHDFFIV---AQ-ETD-V----------

AAK77953_1     422 --------GF-G--IWHPIHLHGHDFYVV---AQ-ETD-V----------

ABM21605_1     421 --------GF-G--IWHPIHLHGHDFYIV---GQ-EAT-V----------

ABM21603_1     421 --------TA-G--TWHPMHLHGHDFFIV---GQ-EQA-V----------

ABM21604_1     422 --------HS-G--TWHPMHLHGHDFFIV---GQ-EAA-V----------

APA07533_1     422 --------HS-G--TWHPMHLHGHDFFIV---GQ-EAA-V----------

CAM12502_1     426 --------GI-G--LFHPLHLHGHDFWVI---GQ-STG-T----------

AGZ62514_1     421 --------GF-G--LFHPIHLHGHDFWVV---AQ-DVG-T----------

AAK77952_1     407 --------GP-N----HPIHLHGHDFWTL---SQ-GTG-A----------

EAA30359_2     425 --------NL-G--LEHPIHLHGHDFWIL---DQ-STG-T----------

XP003718807_1  437 -------LGI-R--IDHPIHLHGHDFWIL---SQ-DTT-P----------

CAP64719_1     438 --------QI-G--AAHPIHLHGHDFWVL---AAVPQA-T----------

EAA61461_1     421 --------LV-N--AYHPFHLHGHDFFIL---AQ-GRG-L----------

EAA62557_1     426 --------TI-P--VSHPIHLHGHDFFIL---AQ-GTN-P----------

CAP98129_1     420 --------SF-P--ISHPIHLHGHDFFVL---AQ-GSN-P----------

BAE54583_1     424 --------TL-S--VPHPIHLHGHDFVVL---SQ-GSG-T----------

CCT67757_1     419 --------TL-P--VPHPIHLHGHDFFIL---AQ-GTG-T----------

ABS19940_1     419 --------AL-P--VPHPIHLHGHDFFIL---AQ-GTG-T----------

CEF76058_1     419 --------SL-A--VPHPIHLHGHDFSIL---AQ-GTG-T----------

AFG30950_1     413 --------TF-A--VPHPIHLHGHDFFVL---AQ-GSG-T----------

XP003712139_1  422 --------TL-P--VPHPIHLHGHDFQVL---AQ-GIG-E----------

AEO64417_1     420 --------AL-G--VAHPIHLHGHDFFVL---AQ-GTG-T----------

APA07387_1     418 --------RI-P--VPHPIHLHGHDIYIL---SQ-QSS-P----------

AQA29307_1     418 --------AN-T--APHPIHLHGHDFYVL---AS-GSG-S----------

EAQ71537_1     423 --------NA-S--ASHPVHLHGFDFYIL---AQ-GSG-R----------

CAK48347_1     419 --------EI-N--VPHPIHLHGHDFFIL---AQ-GKG-S----------

CCT64283_1     419 --------EQ-D--ISHPIHLHGFDFQIL---AQ-GPG-P----------

CEF85471_1     419 --------EL-D--ISHPIHLHGFDYHIL---AQ-GVG-P----------

AHZ65139_1     419 --------NL-D--ISHPIHLHGYDFQIL---AQ-GSG-P----------

CAK44895_1     412 --------PF-A--QDHPMHLHGHDFWVL---AS-GYG-D----------

AAY99671_1     419 --------TM-G--VTHPMHMHGHDFWVL---GA-GTG-T----------

CAK40046_1     425 --------DL-P--VPHPIHLHGHDFYLL---AQ-GFG-Q----------

ACR16059_1     417 --------LL-P--LAHPFHLHGHDFYLL---TR-GRG-R----------

CAP65571_1     424 --------LA-P--LPHPLHLHGHDTYVL---AR-GTG-P----------

BAA08486_1     449 ----TPRNLT-P--SVHPIHLHGHDFAIL---AQ-GKG-P----------

AGO59042_1     417 DQYGQEIRVE-P--SVHPFHLHGHDFLIL---AQ-GLG-K----------

CCT66683_1     456 KVY---KTQA-P--VAHPIHVHGHDFVLL---DS-GTE-E----------

CEF71993_1     461 KIY---KTQA-P--VAHPMHIHGHDFVVL---AS-GDK-E----------

CAK46289_1     459 ----PGESII-P--AAHPMHLHGHDFALL---KQ-SYD-S----------

CCT71494_1     461 -----NKTFR-S--LAHPLHLHGHDFALL---AQ-GTN-S----------

AHZ65141_1     460 -----KKIFA-P--VAHPLHLHGHDFALL---AQ-GSD-S----------

CCT72796_1     460 ----PNRAFA-P--VAHPLHLHGHDFALL---AQ-GTN-F----------

ABS19939_1     460 ----PNRAFA-P--VAHPLHLHGHDFALL---AQ-GTN-F----------

SCB65047_1     461 ----PDRVFA-P--VAHPLHLHGHDFALL---AQ-GTN-F----------

AEO64812_1     454 --------LL-P--SNHPLHLHGSDFAVL---AQ-ETV-P----------

EAA29734_1     500 ----LDPDVI-P-LLAHPMHWHGSDVVLL---AQ-SEQ-P----------

CAP64870_1     484 ----LGSQIV-PNRGAHPMHWHGTDVVIL---GQ-SNE-R----------

AHC30245_1     444 -----------P--AAHPMHLHGFNMYIL---AE-GDGLT----------

CCT64574_1     441 -----------P--VAHPMHLHGFNMYVL---HE-GPG-S----------

ABS19938_1     441 -----------P--VAHPMHLHGFNMYVL---HE-GPG-S----------

CEF84713_1     441 -----------P--VAHPMHLHGFNMYVL---HE-GLG-D----------

AGT80114_1     441 -----------P--VSHPMHLHGFNMYVL---HE-GPG-T----------

AHD26939_1     441 -----------P--VAHPIHLHGFNMYVL---HE-GPG-T----------

ANH22780_1     441 -----------P--VSHPMHLHGFNMYIL---SE-GAG-A----------

ACS45199_1     441 -----------P--ASHPMHLHGFNMYIL---HE-GPG-E----------

EAA34842_1     419 -----------P--GPHPMHLHGYNFYVL---SS-GPG-D----------

CAP67656_1     444 -----------A--GPHPMHLHGHNPYIL---HE-GPG-D----------

AEO54598_1     444 -----------P--SAHPMHLHGHNFYVL---HE-GPG-E----------

AEO65600_1     444 -----------P--GPHPMHLHGHNFYIL---HE-GPG-E----------

APA07098_1     447 -----------P--ASHPMHLHGHNMQIL---HE-GPG-N----------

XP003720855_1  446 -----------P--GAHPMHLHGANVQVL---AE-GSG-A----------

APA14467_1     454 -----------P--VVHPMHLHGHNMFVL---NE-GVG-T----------

AGO59052_1     404 -----------I--RTHPIHLHGHNFFVE---AV-GLG-E----------

Loop B Loop B 

 
c 

ZtrLac1A       378 --WQV-------------NGTPLRADWEKPSVMTVRDG-K-T-----FP-

CCD50266_1     372 --WGI-------------NLSAIDVDWKKPILQYVLDGNN-S-----WP-

APA14269_1     372 --WGI-------------NLTALDVDWKKPILQYVLDGNN-S-----WP-

ALR81978_1     371 --WGI-------------NLTAIDVNWDKPILEYVLEGNN-S-----WP-

AGZ90172_1     380 --WLI-------------DGTPHIVNWNNPTLETVLGGST-N-----FG-

CCT61140_1     368 --WLI-------------NGIPMAIDLDHPTLQSVMDGTN-N-----FT-

AHZ58328_1     369 --WLV-------------SGHAMDVDWGYPTLQQVADNNN-S-----YA-

AHZ58333_1     368 --WLV-------------NGAAMDVDWSYPTLQQVADNND-T-----FA-

AHZ58327_1     368 --WFI-------------NGAMMNIDFNYPTLQQLADGNS-T-----WN-

AHZ58330_1     379 --WRI-------------HGASIDVDWTYPTLQQLKDHNR-T--------

MalLac1A       371 --WKV-------------NGSDINVDWGKPIIDYILTGNT-S-----YP-

AEO58496_1     367 --WKV-------------NGSAINIDWGRPVVDYVLTQNT-S-----FP-

ADA41449_1     371 --WKV-------------NGSAINIDWGRAVVDYVLTQNT-S-----FP-

AEO68473_1     367 --WKV-------------NGSAINIDWNNPVDDYVMKGNL-S-----FP-

TarLac1A       370 --WKV-------------NGSAINVDWGKPILDYVMSGNT-S-----YP-

CAA70061_1     371 --WKV-------------NGSSINVDWDKPIVDYVIAQNT-S-----YP-

CAP61995_1     371 --WKV-------------NGSSINVDWDKPIVDYVIAQNT-S-----YP-

EAA27703_1     366 --WRV-------------NGTAININWNKPVLEYVLTGNT-N-----YS-

AAA33105_1     370 --WTI-------------NGSTLDVDWGHPITQYVINKST-A-----WP-

XP003711640_1  374 --WTV-------------NNVDMNITWDEPTLEYVAKGNT-N-----IP-

CDP29442_1     381 --WPV-------------NNTPMKVNWNNPTLEYVKNSNTGT-----MP-

EAA27863_1     385 --WSV-------------DGSAIDVQWDKPTLEYVVEGNF-T-----FP-

BAB32575_1     373 --WRV-------------NGSSMDVQWDKPTLQYIAEGND-S-----WP-

AFK76451_1     375 --WTV-------------NGHSMDIEWDKPTLTYVAEKNY-T-----FM-

XP003715087_1  381 --WLV-------------NGSAIDVEWDKPILQYIAEKNT-S-----WP-

CDP31732_1     397 --WRV-------------KNTPINIEWDHPILEYVLENNS-S-----WP-

ABY89704_1     369 --WTI-------------NGTSQVVDPGNPTIKYVAENNN-N-----FP-

AHN82367_1     376 --WTV-------------NGSSQIVDPGNPTIKYVAEQNN-S-----FP-

BacLac1A       367 --WTI-------------NSSSLLLDWSSPTTLKIFNNET-I-----FP-

AAK77953_1     368 --WTI-------------NSSSLLLDWSSPTTLKIFNNET-I-----FP-

ABM21605_1     367 --WTI-------------NSSSLVLDWASPTTLKIFKNES-I-----FP-

ABM21603_1     367 --WTI-------------NSSSLVLDWTNPTTLQVFRNES-I-----FP-

ABM21604_1     367 --WTI-------------NSSSLVLDWTNPTTLQVFRNES-L-----FP-

APA07533_1     367 --WTI-------------NSSSLVLDWTNPTTLQVFRNES-L-----FP-

CAM12502_1     372 --WTI-------------NSSSLLLDWDNPTTLMIANGES-P-----FP-

AGZ62514_1     369 --WTL-------------NDSSLLLDWASPTLTRVVNGSS-V-----FP-

AAK77952_1     353 --WLF-------------NGSSLLLNWTDPTLLTVLNSGN-I-----WP-

EAA30359_2     371 --WTI-------------NTSSLLIDWNNPTLKQVFNGES-L-----FP-

XP003718807_1  380 --WTL-------------NSSSLVLDWSKPVLQKVFDREP-I-----FP-

CAP64719_1     383 --WTL-------------NTSSLHLDPSHPTLEHVFNNES-I-----FP-

EAA61461_1     370 --WTL-------------NTKALTIDWGTPTNKLIYNNES-V-----FP-

EAA62557_1     377 --WFL-------------NSTTMQVYWEDPTLLQILNGDD-S-----FE-

CAP98129_1     369 --WYL-------------NSTTMQVLWEEPTLLQLFNNEN-TP---NFT-

BAE54583_1     375 --WKL-------------NSTSMHVSWDDPTLLEIYRNHT-S-----FS-

CCT67757_1     370 --WML-------------NSTSMLVDWANPTLAQVLNDTT-D-----FE-

ABS19940_1     370 --WML-------------NSTSMLVDWANPTLAQVLNDTT-D-----FE-

CEF76058_1     370 --WQL-------------NSTSMLMDWANPTLAQIMNGTT-E-----FE-

AFG30950_1     364 --WYL-------------NSTTMVVEWSDPTLSQILNGNT-S-----YE-

XP003712139_1  372 --WYL-------------NTTTMVVDWKNPTVKQVASGNT-S----VFE-

AEO64417_1     371 --WYV-------------NGSTLDMSWSNPTLLQVYDNVT-A-----FN-

APA07387_1     369 --WYL-------------NNSTFLTEWEDPTLLMVQKEIT-T-----FS-

AQA29307_1     369 --WYL-------------NNVTFFSEWEDPTVLQVVNGDH-S-----YD-

EAQ71537_1     374 --WYL-------------NGTSMSVDWSNPTLAQIHDNAT-E-----YK-

CAK48347_1     370 --WYM-------------GPTTFKAEWDNPTLLQIANGNT-S-----WT-

CCT64283_1     371 --WAL-------------NSTTMIAEWGEPSLLKL-NNSA-S-----FT-

CEF85471_1     371 --WSL-------------NSTTMIAEWDHPSLLKL-GHNV-S-----FT-

AHZ65139_1     371 --WTL-------------NSTTMVAEWDNPSLIKL-RTNT-S-----FA-

CAK44895_1     363 --WTM-------------NKTSFHTEWDYPTLMHVANHNY-T-----WA-

AAY99671_1     370 --WAM-------------GNTTFINEWGYPSIQQVYDGNN-T-----WG-

CAK40046_1     374 --WTM-------------GGNALNISWKDPTLQQTFEDPD-KM---DWK-

ACR16059_1     367 --WFI-------------NSNHYSPLTTEPSLKLGLDANSAS-----MP-

CAP65571_1     371 --WRV------------GGSEPYRPPKNNPVVKQVIDTAAVN-----LT-

BAA08486_1     390 --WTI-------------KNTAMYVDWQTPSLGKLTADHDEE-----FP-

AGO59042_1     358 --WFL-------------QKLPLYVNWSEPSVKKLTIDETAD-----FP-

CCT66683_1     385 --WVL-------------ANSSFYLDWAEPSLSLVKIASEKGWNNPQFP-

CEF71993_1     392 --WVL-------------KDSSFYLDWAEPSLSLVKVAYEKDWKHPKWP-

CAK46289_1     395 SAWEV-------------NGAPAWVNYQDLTINHLDDNHT-------WP-

CCT71494_1     405 --WAF-------------GERPLWLDFSNPTITLLEERKE-------WP-

AHZ65141_1     404 --WSF-------------GDNPLWVDFSKPTITGLNRTEP-------WS-

CCT72796_1     402 --WAF-------------GENPLWLNFSNPTILNLKN-TT-------WN-

ABS19939_1     402 --WAF-------------GENPLWLNFSNPTILNLKN-TT-------WN-

SCB65047_1     403 --WAF-------------GENPLWLNFSNPTILNLNN-DT-------WD-

AEO64812_1     405 --WTL-------------GKQPMWLDFSKPTIL---DPDT-SL----RN-

EAA29734_1     427 --WLLRLDPLVEKQGGVSFHNPLFANFSTPSLLDFTNIGQ--------G-

CAP64870_1     413 --WLLRLDPNIEHQIGKSMHSPFWLDFSNPTLLNLTGAAA--------N-

AHC30245_1     394 --WTL-------------DGEDFRGDFNSPTLLQTNKNNL-T-----YA-

CCT64574_1     391 --WTL-------------GGVAARTNYNSPTLLLSKLGNH-T-----FE-

ABS19938_1     391 --WTL-------------GGVAARINYNSPTLLLSKLGNH-T-----FE-

CEF84713_1     391 --WSL-------------GGVAARTNYNSPTLLLSKLGNH-T-----FD-

AGT80114_1     391 --WKF-------------GGVDFRANYNSPTLLLSKLGNH-S-----FE-

AHD26939_1     391 --WRF-------------GGVDFRANYNSPTLLLSKLGNH-S-----FE-

ANH22780_1     391 --WSF-------------GGTDFRGDYNSPTLLLSALGNH-T-----FD-

ACS45199_1     391 --WTL-------------DGESFRGNFNSPTLLLSNLGNL-T-----FQ-

EAA34842_1     369 --FLF-------------DGVSARVDYNHPALDMVMKGNM-S-----FP-

CAP67656_1     394 --WKF-------------NGVSMRTHYNEPVLLVANEGNF-T-----FP-

AEO54598_1     394 --WKF-------------NGVSMRADYNSPVLLLANDGNF-T-----YP-

AEO65600_1     394 --WKF-------------NGVSMRTDYNSPVILLANQGNF-S-----YP-

APA07098_1     397 --WEL-------------GGTSFRANYNNPVLLLADQGKF-N-----YP-

XP003720855_1  396 --FKF-------------GGVSARVDMNAPPLLLANVGNT-S-----FP-

APA14467_1     402 --WTM-------------NNSSFRANYNHPVLLLSNQGNN-S-----YPD

AGO59052_1     352 --FYM-------------DNSSFRVNYNHPVLLLSNLGNN-S-----YPD

Loop C Loop C 
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ZtrLac1A       498 LVHCHIAWHADEGFAVQFLE-SPDKM--L----D--V------APLPG---DFDDQCAAW

CCD50266_1     496 LMHCHIAWHVSEGLAVQFLE-TKDQI--N----A--V------NPISP---SLTNTCNKW

APA14269_1     496 LMHCHIAWHVSEGLAVQFLE-SQNQI--N----A--V------NPISP---ALTNTCNKW

ALR81978_1     495 LMHCHIAWHISGGLGNQFLE-TKEKI--N----S--V------NPISP---ALTETCNNW

AGZ90172_1     493 IMHCHIAWHASQGLSMQFME-RMSEI--K----G--S------LGDTS---TLTNGCNDW

CCT61140_1     484 LMHCHIPFHVAAGLGVQFLE-RKSEI--Q----N--T------LGSLQ---GMQDGCRQW

AHZ58328_1     481 VMHCHIAWHVSEGLSLQLVE-RQSEI--F----D--T------VTLDD---EWQDTCSTW

AHZ58333_1     480 VMHCHIAWHVSEGLSVQLVE-RQSEI--L----D--T------VTLDD---AWEDTCSTW

AHZ58327_1     480 LMHCHIAWHVSEGLSLQLIE-RQSEI--F----D--H------MTLDA---DWERTCDKF

AHZ58330_1     491 LLHCHIAWHVSQGLSVQLIE-RQQDI--F----K--Y------TTLDN---AWEKTCTNF

MalLac1A       498 LFHCHIAWHVSGGLSVDFLE-RPADL--R----QRIS------QEDED---DFNRVCDEW

AEO58496_1     494 LFHCHIAWHVSGGLGVVYLE-RADDL--R----GAVS------DADAD---DLDRLCADW

ADA41449_1     498 LFHCHIAWHVSGGLGVVYLE-RADDL--R----GAVS------DADAD---DLDRLCADW

AEO68473_1     494 LLHCHIAWHVSGGLSVVFLE-RASDL--RAQLNGAAA------AADKA---EFERVCAAW

TarLac1A       498 LFHCHIAWHVSGGLSVDFLE-RPNDL--RTQLNSNAK------RADRD---DFNRVCREW

CAA70061_1     499 LFHCHIAWHVSGGLSVQYLE-RPNDL--R----NGFS------QADKN---QHNNNCNAW

CAP61995_1     499 LFHCHIAWHVSGGLSVQYLE-RPNDL--R----NGFS------QADKN---QHNNNCNAW

EAA27703_1     493 LMHCHIAWHVSGGLSNQFLE-RAQDL--R----NSIS------PADKK---AFNDNCDAW

AAA33105_1     497 LMHCHIAWHVSAGLGNTFLE-QPSAF--V----AGLN------TNDVN---QLNSQCKSW

XP003711640_1  493 LFHCHIAWHVAQGLSVQFLE-RVDEI--P----ATVN------LA------ELEPTCRDW

CDP29442_1     508 LMHCHIAWHASQGFSVQFLE-QLTSI--P-------T------VMNLN---ELTGNCNNW

EAA27863_1     512 VFHCHIPWHMSQGLSVQFLE-RVDRI--N----DGAI------PNLMP---DLQEKCDEW

BAB32575_1     498 LMHCHIAWHVSMGLSVQFIE-RKDEI--T-------S------ALKLE---TLDQTCQTW

AFK76451_1     502 PMHCHIAWHVSMGLSVQFLE-RKDEI--A-------H------TMQLE---ELQPTCKGW

XP003715087_1  496 LMHCHIGWHVSQGLSVQFLE-LPDEI--P-------N------VMKLD---QVQPTCEAW

CDP31732_1     511 LMHCHIGWHVAMGLGVQFLE-RKDEI--K-------R------MMPLD---QLVPNCDAW

ABY89704_1     488 LMHCHIAFHVGMGLSIQFLE-RKQSI--N-------L------PAPGS---QWFQNCNNW

AHN82367_1     495 VMHCHIAFHVGMGLSVQFLE-RKQSI--N-------L------PAPGG---PWYENCKNW

BacLac1A       486 LLHCHIAWHASEGLAMQFVE-SQSSI--A----VKM--------TDTA---IFEDTCANW

AAK77953_1     487 LLHCHIAWHASEGLAMQFVE-SQSSI--A----IGM--------SDTD---IFEDTCANW

ABM21605_1     486 LLHCHIAWHASEGLAMQFVE-SQSSI--A----VRM--------KDTA---IFEDTCSNW

ABM21603_1     486 LLHCHIAWHASEGLAMQFVE-SESSI--A----IGM--------KDTQ---IFDNTCKNW

ABM21604_1     487 LLHCHIAWHASEGLAMQFVE-SESSI--A----IGM--------KDTE---IFDNTCKNW

APA07533_1     487 LLHCHIAWHASEGLAMQFVE-SESSI--A----IGM--------KDTE---IFDNTCKNW

CAM12502_1     489 LLHCHIAWHASQGLAMQFVE-SEASI--I----GTL--------ADTA---TFEDNCAAW

AGZ62514_1     484 LTHCHIAWHASGGFALEFVE-RESEI--V----GNMP------TTDQT---AVQNTCSSW

AAK77952_1     467 LMHCHIAWHASEGLALQFVE-SESSI--L----PTIG------TADVS---TFQNTCAAW

EAA30359_2     490 LCHCHIAWHASEGLSLEFLE-READI--Q----ADVS------DSDRT---QFNDICQTW

XP003718807_1  500 IVHCHIAWHASQGLSLNFVE-SQGSI--A----LAM--------PDHD---VFQQTCRDW

CAP64719_1     502 LVHCHIAWHASQGLSLEFVE-SQSKI--R----SGLL------QRDID---EFERTCQRW

EAA61461_1     483 LMHCHIAWHASQSLALQFVE-RESEI--G----PLI-------EPVIG---EIESDCKKW

EAA62557_1     486 LMHCHIGWHTTEGFALQFVE-RIDEI--R----ENV---------DRD---FVVNACNTW

CAP98129_1     480 LMHCHIGWHTDEGFALQFLE-RESEI--E----PLI---------DRK---ALGDNCASW

BAE54583_1     485 LMHCHIGWHTEEGFAIQFVE-RYSEI--Q----DLI---------DYD---SLHSNCQNW

CCT67757_1     481 LCHCHIGWHTSEGFALQFLE-RSSEI--A----DIS---------TSS---YVSDVCDGW

ABS19940_1     481 LCHCHIGWHTSEGFALQFLE-RSSEI--A----NIS---------TSS---Y VSDVCDGW

CEF76058_1     481 LCHCHIGWHTSEGFALQFIE-RASEI--P----DIT---------TSS---Y VSDVCDSW

AFG30950_1     476 LMHCHIGWHTSEGFALQFVE-RYDEI--A----AIT---------DST---R LEDNCSAW

XP003712139_1  485 LMHCHIGWHTSEGFAMQFVE-RQSEM--L----ALI---------DQE---Q LESSCAAW

AEO64417_1     483 LMHCHIGWHTDEGLAIQFVE-RQSEA--R----ELI---------DFQ---T LSETCAAW

APA07387_1     483 LAHCHIGWHASQGFAMQFLE-RASEI--P----GIL---------DPA---S LQGTCDQW

AQA29307_1     480 LVHCHIGWHTSEGFALQFVE-RVDEI--P----GLF---------DED---K LRSSCASW

EAQ71537_1     487 LMHCHIGWHTSEGFAMQFVV-RKRDLLRN----KMI---------DYA---S LNGTCAAW

CAK48347_1     481 LLHCHIGWHQSEGFAMQFVE-SISQL--E----PMI---------DAS---A LEKNCAAW

CCT64283_1     481 LMHCHIGWHAAEGFSLQFIV-REDEI--P----SLV---------SDQEYKD IEEGCKAW

CEF85471_1     481 LLHCHIGWHAAEGFSMQFVV-REEEI--P----DLV---------SDQEYED MEKGCKAW

AHZ65139_1     481 LMHCHIGWHAAEGFSLQFVV-REDEI--P----ALI---------SEQQAKD INQGCKAW

CAK44895_1     476 LMHCHIAWHTSEGFAVQLLE-RAPEI--A------Y---------DYE---K LNDTCASW

AAY99671_1     482 LTHCHIAWHTSEGLAVQMVE-RESEI--V----DLI---------DAD---L MNSTCGAW

CAK40046_1     495 LIHCHIGFHATEGFAQQIVE-RQSEF--N----TFF---------SED---L LENTCDAW

ACR16059_1     482 LMHCHIAFHLHGGLALQVIE-RKSEW--P----GIFG------DNK-A---E MDRVCANW

CAP65571_1     487 LLHCHIQWHIHQGFALTLVEGSPSSI--Q----GVYG------SGEDA---E MRRVCQNW

BAA08486_1     515 LLHCHLQYHASEGMALQYIE-QPSKI--K----PLIEN-----AGVLN---DFENR CASW

AGO59042_1     487 LFHCHIAFHSSDGIAIQFLE-QPSKL--K----PIMEE-----AGVLG---DFADR CNKW

CCT66683_1     524 LMHCHIAFHASGGLALQFIE-SPRVI--G----PMFKN-----SGILP---TYSET CANW

CEF71993_1     529 LMHCHIAWHASGGLALQFVE-SPRQI--G----PQFQK-----SGILP---HYSEQ CNNW

CAK46289_1     537 LLHCHIAWHASGGLALQILE-DKDKV--Q----ELLKKDINPDQTARA---Q IDDGCAGW

CCT71494_1     531 LFHCHIAWHASSGLALQIME-REEDL--R----KMMTS-----EKLKQ---- VNDGCKKW

AHZ65141_1     528 LFHCHIAWHASSGLALQIME-REEDL--K----KLMTE-----ERLRE----TTRV CKNW

CCT72796_1     529 LFHCHIAWHASSGLAIQILE-QQKLL--N----RILDQY---PEKMKE---- VNRVCDNW

ABS19939_1     529 LFHCHIAWHASSGLAIQILE-QQT-------------------------------V CDNW

SCB65047_1     530 LFHCHIAWHASSGLAIQILE-QQERL--K----WMMNN-----DRMKE---- VERVCARW

CDP31240_1     570 ILHCHIAFHASSGLAIQIIE-NKERI--P----EILGR-----HGGRE---A IEESCESW

AEO64812_1     519 LLHCHISSHASSGLAAQILI-RHGVD--A----VDTG------RGDLD---G VRAGCRAW

EAA29734_1     570 LVHCHIAWHASAGLALQMVI-DDGQGMVE----KMLA------GERMK---R LEGGCEEW

CAP64870_1     556 LVHCHISWHASSGLALQMVI-Q--------------------------------------

AHC30245_1     505 PF HCHIAWHASAGLFSQFIV-QPDKI--R----QF---------QIPS---K VDQVCKDW

CCT64574_1     501 PF HCHIAWHVSAGFLTQFLT-NPDQV--K----KL---------RIPN---V VAETCRQW

ABS19938_1     501 PF HCHIAWHVSAGFLTQFLT-NPDQV--K----KL---------RIPN---V VAETCRQW

CEF84713_1     501 PF HCHIAWHVSAGLLAQFLT-NPDQV--E----KL---------RIPN---V VAETCRQW

AGT80114_1     501 PF HCHIAWHVSAGFLVQFLT-NPDKV--E----KL---------RIPN---V VAETCRQW

AHD26939_1     501 PF HCHIAWHVSAGFLVQFLT-NPDKV--E----KL---------RIPN---V VAETCRQW

ANH22780_1     498 ------------ GLLVQFLT-KPDDV--H----QM--Q-----DRLPQ---V VAETCRQW

ACS45199_1     502 PF HCHIAWHSSAGLLTQFLT-NPDEV--R----NL---------AIPN---V VAETCRQW

EAA34842_1     479 AF HCHIGWHASGGFVASFLT-QPDEV--R----RRWGG-----DRMPG---K MEQVCREW

CAP67656_1     502 SF HCHIVWHASGGFLANLVV-EPKKV--D----WL---------RIPR---D VERNCKAW

AEO54598_1     502 PF HCHIAWHVSGGFMATLIV-KPDEV--E----RM---------EIPR---D VEKNCRAW

AEO65600_1     502 AF HCHIAWHSSGGFLASLLV-QPHKV--Q----QM---------HLPG---D VEQNCRAW

APA07098_1     507 PF HCHIAWHVSGGLYANILE-RPEDI--K---NNM---------LIPV---E MAQTCTQW

XP003720855_1  506 PF HCHIAWHASAGYFSSVLT-QPDLV--K----GM---------SMPM---T IAQTCRDW

APA14467_1     514 P LHCHIAFHVSSGLYVNVVE-RPADI--A----NL---------KIPS---I MAQT----

AGO59052_1     463 P LHCHVAWHVSSGFYVTVLE-RPDEI--A----EY---------KIPS---V VGQTCRDW

Cu1 site Cu1 site 

 
e 

                             

ZtrLac1A       546 G--------LY--K QS--------DSGV--------------------

CCD50266_1     545 A--------PY--IKT-------- DSGL--------------------

APA14269_1     545 A--------PY--FKT-------- DSGV--------------------

ALR81978_1     544 A--------VY--IK E--------DSGL--------------------

AGZ90172_1     542 SSPSGN--RPY--D QT--------DSGI--------------------

CCT61140_1     533 Y-PNG----IL--IHG-------- DSGL--------------------

AHZ58328_1     530 L--------YW-GKKT-------- DSGL--------------------

AHZ58333_1     529 L--------FW-GKKT-------- DSGL--------------------

AHZ58327_1     530 L--------AY-GKKT-------- DSGL--------------------

AHZ58330_1     540 I---------Y-GPK D--------DSGI--------------------

MalLac1A       549 ---------PY--PKI-------- DSGLKRRRWVE-----ESEW-LVR

AEO58496_1     545 ---------PY--PKS-------- DSGL--------------------

ADA41449_1     549 ---------PY--PKS-------- DSGL--------------------

AEO68473_1     549 D--------PF--HKV-------- DSGL--------------------

TarLac1A       553 ---------PF--PKI-------- DSGL--------------------

CAA70061_1     550 ---------PF--PKI-------- DSGL--------------------

CAP61995_1     550 ---------PF--PKI-------- DSGL--------------------

EAA27703_1     544 A--------PF--PK D--------DSGL--------------------

AAA33105_1     548 D--------IF--K QD--------DSGV--------------------

XP003711640_1  541 ---------PN--K QH--------DSGL--------------------

CDP29442_1     556 A--------PF--L QD--------DSGI--------------------

EAA27863_1     563 P--------EFRMKKV-------- DSGI--------------------

BAB32575_1     546 ---------FY--PKY-------- DSGL--------------------

AFK76451_1     550 ---------FY--PKH-------- DSGL--------------------

XP003715087_1  544 ---------AY--PKL-------- DSGL--------------------

CDP31732_1     559 ---------PY-LPKL-------- DSGLRRREGEE-VEKREPAWRRIA

ABY89704_1     536 T-------DVY--P QD--------DSGLRKRWPALGAENSMAEW----

AHN82367_1     543 K-------AIY--P QD--------DSALKRRWPALGSEGP--------

BacLac1A       535 ---------LF--AE D--------DSGI--------------------

AAK77953_1     536 ---------LF--AE D--------DSGI--------------------

ABM21605_1     535 ---------LF--AE D--------DSGI--------------------

ABM21603_1     535 ---------VF--P QD--------DSGI--------------------

ABM21604_1     536 ---------VF--P QD--------DSGI--------------------

APA07533_1     536 ---------VF--P QD--------DSGI--------------------

CAM12502_1     538 ---------KW--A QD--------DSGI--------------------

AGZ62514_1     533 ---------VV--K QD--------DSGI--------------------

AAK77952_1     518 ---------PF--P QD--------DSGI--------------------

EAA30359_2     541 ---------AF--P QE--------DSGI--------------------

XP003718807_1  549 ---------PF--H QD--------DSGI--------------------

CAP64719_1     553 -------------P QE--------DSGI--------------------

EAA61461_1     533 ---------VY--H QD--------DSGI--------------------

EAA62557_1     534 ---------GV--E QY--------DSGV--------------------

CAP98129_1     528 ---------DI--D QE--------DSGA--------------------

BAE54583_1     534 ---------FA--IE D--------DSGV--------------------

CCT67757_1     529 ---------SI--E QE--------DSGV--------------------

ABS19940_1     529 ---------LI--EQE--------DSGV--------------------

CEF76058_1     529 ---------SI--EQE--------DSGV--------------------

AFG30950_1     524 ---------SI--EQE--------DSGV--------------------

XP003712139_1  533 ---------KV--AQE--------DSGI--------------------

AEO64417_1     531 ---------GL--KQE--------DDGI--------------------

APA07387_1     527 ---------PV--HQE--------DSGI--------------------

AQA29307_1     528 ---------NL--EQH--------DSGV--------------------

EAQ71537_1     537 ---------GI--VLA-------- DSGV--------------------

CAK48347_1     529 ---------RI--EED--------DSGI--------------------

CCT64283_1     532 ---------KM--EQD--------DSGI--------------------

CEF85471_1     532 ---------EM--EQD--------DSGI--------------------

AHZ65139_1     532 ---------EM--EQD--------DSGI--------------------

CAK44895_1     522 ---------DV--VQH--------DSGV--------------------

AAY99671_1     530 ---------AL--VQD--------DSGI--------------------

CAK40046_1     543 ---------PY--GHQYRALAGPY ESGI--------------------

ACR16059_1     532 ------------------------GKME--------------------

CAP65571_1     537 ------------------------ ETTD--------------------

BAA08486_1     567 DIPN-----DR--PQD--------DSGI--------------------

AGO59042_1     539 NIPH-----NA--TQA--------DSGV--------------------

CCT66683_1     576 NKHN-----NA--TQE--------DSGI--------------------

CEF71993_1     581 NKNE-----NA--TQE--------DSGI--------------------

CAK46289_1     594 ENRWNPD--AR--FQD--------DSGV--------------------

CCT71494_1     582 NNHWNPV--GI--FQD--------DSGV--------------------

AHZ65141_1     579 SNHWNAS--GP--FQD--------DSGV--------------------

CCT72796_1     582 TNLWNAH---I--FQD--------DSGI--------------------

ABS19939_1     564 TNLWNAH---I--FQD--------DSGI--------------------

SCB65047_1     581 TNHWNAE---V--FQD--------DSGI--------------------

EAA33200_1     615 KNLWDWHEPKH--FQD--------DSGV--------------------

CDP31240_1     622 INHWDWHHPDH--FQD--------DSGV--------------------

AEO64812_1     570 ---------TV--VQE--------DSGI--------------------

EAA29734_1     623 V--------DY--KKE--------ESGV--------------------

CAP64870_1         ------------------------------------------------

AHC30245_1     553 ---------IP--DVI-------- DSGQ--------------------

CCT64574_1     549 ---------IP--AQI--------DSGL--------------------

ABS19938_1     549 ---------IP--AQI--------DSGL--------------------

CEF84713_1     549 ---------IP--AQI--------DSGL--------------------

AGT80114_1     549 ---------IP--AQI--------DSGL--------------------

AHD26939_1     549 ---------IP--AQI--------DSGL--------------------

ANH22780_1     536 ---------IP--DQI--------DSGL--------------------

ACS45199_1     550 ---------IP--DQI--------DSGL--------------------

EAA34842_1     531 ---------VV--DQI--------DSGT--------------------

CAP67656_1     550 ---------VV--PQI--------DSGA--------------------

AEO54598_1     550 ---------VV--DQI--------DSGT--------------------

AEO65600_1     550 ---------VV--DQI--------DSGT--------------------

APA07098_1     556 ---------VV--DEI-------- DSGV--------------------

XP003720855_1  554 ---------IP--DQI--------DSGV--------------------

APA14467_1     551 ---------------------------Y--------------------

AGO59052_1     511 ---------IV--NQI--------DSGL--------------------

C-terminus C-terminus 

 
 
Fig. S5 Sequence alignment of ZtrLac1A (catalytic module) along representative members of AA1 subfamily 3 

deposited in CAZy database. All three loops A, B, C, Cu1 site ligands as well as the C-terminus regions are 

depicted in boxes. Fully conserved residues are in red letters, semi-conserved in blue and non-conserved in 

black. Accession numbers are shown except ZtrLac1A, MalLac1A, TarLac1A and BacLac1A 



   

 

 
 

Fig. S6 Architecture of Cu1 copper site in BacLac1A, MalLac1A, TarLac1A and AniLac1A (a) and ZtrLac1A 

(b). The Cu1 copper ions are depicted as brown spheres and their coordination bonds are shown in black dashed 

lines. The structure of BacLac1A PDB entry 3SQR was used [41]. (c) Structural sequence alignment of 

ZtrLac1A with MalLac1A, TarLac1A, BacLac1A and AniLac1A 
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