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Temperature stability
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Figure S1. pH and temperature optimum and temperature stability of TlXyn30A. A) pH optimum was 
determined at 40 °C using a 15 min incubation of the enzyme with 1% GX as a substrate in either 
40 mM Britton-Robinson (pH 3.5-5.5) or 50 mM sodium phosphate buffers (pH 6.0-8.0). 
B) Temperature optimum was determined under the same conditions using 40 mM Britton-Robinson 
buffer, pH 3.5, and temperatures ranging from 23 °C to 90 °C. C) Temperature stability was tested as 
follows: the enzyme was heated at 40, 50 or 60 °C for up to 5 hours in 40 mM Britton-Robinson buffer, 
pH 3.5 (in the absence of the substrate), and then assayed at 40 °C. 



jjjjjjjjjjjjjk  jjjjk iiiii                            TcXyn30B 
1         10        20        30 40 50X          X         X         X  X  X 

TcXyn30A                                                  c   c c                                                    A DF    DF A DEF A  A                                                        Q   G G                                                    I VN    Y  M  G  S  F       ....mrhp.ip..ilavl.gras...aWS.YSQT..LSAN Q  ALQR  E I   C GA GWACQQF
TrXynIV                                                   c   c c                                                    B KG    KG B KdG B  B                                                        Q   G G                                                    I IN    Y  M  G  S  F       ....mkssisv..vlall.ghsa...aws.yaTKSQYRAN K  ARQT  T I   C GA GIACQQF
AaXyn30A                                                  c   c c                                                    B KG    KG B KdG B  B                                                        Q   G G      R                                             I IR    H  I  F  S  F       ....mrsasvi..aaava.slaplaaaTDLDCPVDEIVTE E  PDIK  Q E   F GA Q AQLLL
TcXyn30B                                                  c   c c                                                    B KG    KG B KdG B  B                                                        Q   G G      R                                             I VD    Y  V  F  S  F       ...............mvf.skvav.aasalslgayaIDAQ N  LQAR  S D   C QA Q AEDIF
TtXyn30A                                                  c   c c                                                    B KG    KG B KdG B  B                                                        Q   G G      R                                             L VD    Y  I  F  S  F       .....myslli...allc.agtav.daqaL..QQRQAGTT T  LSTT  R D   T EA Q AVQMS
TrXynVI                                                   c   c c                                                    B KG    KG B KdG B  B                                                        Q   G G      R                                             I VN    F  I  F  S  F       ....mialvpf...viia.ga.........a.tlsvaQTT T  VGSK  Q D   F QA G AREFQ
TcXyn30C                                                  c   c c                                                    B KG    KG B KdG B  B                                                        Q   G G                                                    I VN    Y  I  F  S  F       .........mw...slks.nstal.avalng..ivalgQT T  PSTT  T D   F EA GFGAPIA
At_Q0CUH3                                                  c   c c                                                    B KG    KG B KdG B  B                                                        Q   G G      R                                             A VS    Y  M  F  S  F       .....maslll...silm.gvsal.aAHHHH.L.LPRSTT T  LNKT  T D   F QA G ASDLY
TlXyn30A                                                  c   c c                                                    B KG    KG B KdG B  B                                                        Q   G G      R                                             A IN    Y  M  F  S  F       ....mssrial...atll.aqval.aAPRDQ.LVARQTTT T  LSQT  T D   F EA G ANDLY
HcXyn30A                                                  c   c c                                                    B KG    KG B KdG B  B                                                        Q   G G                                                    V VD    Y  I  F  S  F       ....mrktvslttvaallismlil..v...lptnlyaAST T  WDTT  T D   V EA HQSNNIA
EcXyn30A                                                  c   c c                                                    B KG    KG B KdG B  B                                                        Q   G G                                                    V ID    Y  I  F  M  V       mng....nvs.lwvrhclhaalfv..sat.agsfsvyaDT K  ANVN  I Q   G SG GWINDL.
CaXyn30A                                                  c   c c                                                    B KG    KG B KdG B  B                                                        Q   G G                                                    A IN    H  I  F  S  S       mniklkrtl.islvafsmtclpfv..gt..gssvkaASND T  VAAK  T R   A .. AWCGAL.
RpXyn30A                                                  c   c c                                                    B KG    KG B KdG B  B                                                        Q   G G                                                    V VN    K  I  F  S  S       mfknmkktiskvlvssiimsalfm..vs..apagvsaASD T  LGST  E R   A .. AWCGTI.
BsXyn30C                                                  c   c c                                                    C JH    JH C JIH C  C                                                        Q   G G                                                    V VN    K  I  F  M  P       miprikkticvllvcftm.lsvml..gp..gatevlaASD T  VSAE  V R   G NH AWAGDL.
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iiiiiiiiiiii    jjjjjk                  TTT       TT TTTcXyn30B 
60        70         80        90       100       110 X         X          X         X         X         X

TcXyn30A                          c  c c      ccccccccccccccc                              A DF    A  A DEEF  DF              A     A     A A                             G  I R                                                   K LF    G    S V   IG              P     P     Y W    PTTGLTPENQEEVT I  DENI .. L    ND  SSP......GSTIL TCPAT AGPFN Q DGSD
TrXynIV                           c  c c      ccccccccccccccc                              B KG    B  B KddG  KG              B     B     B B                             G  I R                                                   Q LF    G    S V   IG              P     P     Y W    GSSGLSPENQQKVT I  DENI .. L    ND  SSP......GTTIL TCPAT QDKFD V DGSD
AaXyn30A                          c  c c      ccccccccccccccc                              B KG    B  B KddG  KG              B     B     B B                             G  I R                                                   D IY    G    S L   IG              P     P     Y W    ...NVTQDTQQELL L  NRET .L F    NG  SSNSSYNDWMNTIL ESPGS DGEFN V DEYD
TcXyn30B                          c  c c      ccccccccccccccc                              B KG    B  B KddG  KG              B     B     B B                             G  I R                                                   D MY    G    T L   IG              P     P     Y W    GKYGLSPKNQSYVL L  SEER .A F    NG  SSNSSTSNLMNSIE FSPGS SSTPN T DHYN
TtXyn30A                          c  c c      ccccccccccccccc                              B KG    B  B KddG  KG              B     B     B B                             G  I R                                                   D LF    G    S L   IG              P     P     Y W    ...RLPEEGQRRAL V  STTN .A L    NG  SSPDMSSDHMVSIA KSPGS NNPLI S DGSD
TrXynVI                           c  c c      ccccccccccccccc                              B KG    B  B KddG  KG              B     B     B B                             G  I R                                                   D LF    G    S I   IG              P     P     Y W    ...SANATAQKQAL L  STST .A F    NR  SGGAG.....DSIE NNPGS SAAPN V DNND
TcXyn30C                          c  c c      ccccccccccccccc                              B KG    B  B KddG  KG              B     B     B B                             G  I R                                                   N LF    G    T L   IA              P     P     Y W    ...SASASIQTQVT Y  STTT .A L    NR  AGS.......GSIE NAPSG NAQPT T DGND
At_Q0CUH3                          c  c c      ccccccccccccccc                              B KG    B  B KddG  KG              B     B     B B                             G  I R                                                   D LF    G    T L   IG              P     P     Y S    ...NLPSTQRKYAL L  NTTS .A M    NR  SGGEG.....DSIE NSPGS DATPQ A LGSD
TlXyn30A                          c  c c      ccccccccccccccc                              B KG    B  B KddG  KG              B     B     B B                             G  I R                                                   D LF    G    T L   IG              P     P     Y W    ...NLPSSQRQYAL L  STTN .A M    NR  SGGTG.....DSIE NSPGS SATPN V DGSD
HcXyn30A                          c  c c                                                   B KG    B  B KddG  KG              B     B     B B                             G  I R                                                   D LF    G    S F   LG              P     P     W W    ...RLGETKQNEIY L  STTD .A F    SI  DGGT.WGNA.DD.G NKTMQ .AEDV D NESN
EcXyn30A                          c  c c                                                   B KG    B  B KddG  KG              B     B     B B                             G  I R                                                   N AY    G    S M   ID              .     .     W I    .........TTEQI T  GSGV QI L    VR  P............. ..... .DSSK N ....
CaXyn30A                          c  c c                                                   B KG    B  B KddG  KG              B     B     B B                             G  I R                                                   D LY    .    D L   IA              .     G     Y A    .........SDTCM T  KN.. .A L    VR  P............. ...NE WNRGD R ...W
RpXyn30A                          c  c c                                                   B KG    B  B KddG  KG              B     B     B B                             G  I R                                                   N LY    .    S L   IE              .     A     F K    .........SDYVM S  GD.. .L Y    LR  EG............ ..IGD WKTGN S ...W
BsXyn30C                          c  c c                                                   C JH    C  C JIIH  JH              C     C     C C                             G  I R                                                   E AF    N    S L   VD              .     .     W K    .........TAAQR T  GNGQ QL F    IH  E............. ..... .NRNN Y ....
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  iiiiiiiiii jjjjjk lll             iiiii                     TT TT TT TT        TcXyn30B 
120 130 140 150 160 170 X   X   X   X   X   X

TcXyn30A                        c  c  c               c           c        c   A    A A    A   DEF  DEEEF DEEF        DF A                DF DEEF                       W  P  M                                    Y   Q    K A    P   VYA   SA G  KTV        GG I                DW QA ASC FNLT T LKYN ELY   NA     C    GTEN...D  Q CGVRGT.....NCTY.  R    
TrXynIV                         c  c  c               c           c        c   B    B B    B   KdG  KdddG KddG        KG B                KG KddG                       W  P  M                                    Y   Q    K A    P   VYA   SA G  KTV        GG I                DW QA ANC FNLT T LKYN NLY   DA     C    GTEN...L  Q CGVRGT.....DCKH.  R    
AaXyn30A                        c  c  c               c           c        c   B    B B    B   KdG  KdddG KddG        KG B                KG KddG                       W  P  M                                    Y   Q    K A    G   IYA   SA G  KNN        GG L                DW QA ASG FFLA K V.EY VER   NA     F    ADDA...N  L CGVPGSFDGNSACEH.  R    
TcXyn30B                        c  c  c               c           c        c   B    B B    B   KdG  KdddG KddG        KG B                KG KddG                       W  P  M                                    Y   Q    Q A    G   IYA   SA G  KTN        SG L                DW QA ASG FPLS Q RAR. LPY   DA     Y    QDEN...W  F CGIEGE.....TCPSG  R    
TtXyn30A                        c  c  c               c           c        c   B    B B    B   KdG  KdddG KddG        KG B                KG KddG                       W  P  M                                    Y   Q    Q A    G   IYA   SA G  KTN        GG L                DW QA ANK LWVS E VHTY VKT   DA     Y    GNDA...N  T CGLSGA.....QCASG  R    
TrXynVI                         c  c  c               c           c        c   B    B B    B   KdG  KdddG KddG        KG B                KG KddG                       W  P  M                                    Y   Q    Q A    G   IYA   GA G  KTS        PG L                DW QA ASG LWFT Q VS.Y VKT   DA     F    GSDS...S  Y CGTTGH.....SCSSG  R    
TcXyn30C                        c  c  c               c           c        c   B    B B    B   KdG  KdddG KddG        KG B                KG KddG                       W  P  M                                    Y   Q    K A    G   IYA   SA A  KTN        GG L                DW QA AAG VWWS Q RAK. VKY   DA     F    DNVA...N  Y CGTTGE.....TCSSG  R    
At_Q0CUH3                        c  c  c               c           c        c   B    B B    B   KdG  KdddG KddG        KG B                KG KddG                       W  P  M                                    Y   Q    Q A    G   IYA   SA G  KTN        GG L                NW QA VSN VWVT Q VQ.Y VET   DA     F    NDQS...N  Y CGVTGE.....TCDSG  I    
TlXyn30A                        c  c  c               c           c        c   B    B B    B   KdG  KdddG KddG        KG B                KG KddG                       W  P  M                                    Y   Q    Q A    G   IYA   SA G  KTN        GG L                NW QA ATN VWVT Q VS.Y VKT   DA     F    NDQN...N  Y CGVQNE.....TCASG  M    
HcXyn30A                        c  c  c                                    c   B    B B    B   KdG  KdddG KddG        KG B                KG KddG                       W  P  M                                    Y   Q    R I    G   ILY   SP A  KTN        GG L                KY QA ADD IPMI A QSKY VDQ   TV     W    GSVV....  S .............RTD  .    
EcXyn30A                        c  c  c                                    c   B    B B    B   KdG  KdddG KddG        KG B                KG KddG                       W  P  M                                    Y   Q    R A    G   IMA   SP A  KSN        GG L                NY SA T.. LPSA Q VSL. A.K   TP     Y    NSLI...N  R .............LPA  .    
CaXyn30A                        c  c  c                                    c   B    B B    B   KdG  KdddG KddG        KG B                KG KddG                       W  P  M                                    Y   E    K V    G   VFA   TP A  KTN        KG L                SY AA AAD LSNA K RAR. G.I   TP     S    NTTTGA.N  S .............KPS  .    
RpXyn30A                        c  c  c                                    c   B    B B    B   KdG  KdddG KddG        KG B                KG KddG                       W  P  M                                    Y   E    K A    G   VFA   NP A  QEN        AQ L                KY TE ASP LANA K SAK. A.I   SP     S    FSKSGDSS  R .............RYD  .    
BsXyn30C                        c  c  c                                    c   C    C C    C   JIH  JIIIH JIIH        JH C                JH JIIH                       W  P  M                                    Y   E    K A    G   VFA   NP S  VET        AK L                KY AA A.. VETA S VKH. A.I   SP     D    FNRNGDTS  R .............KYN  .    

      100    110   120  130      140
        X           X         X            X                       X
  liiiiiiiii jjjjjk lll   llli iiii..                   TT    .    EcXyn30A 

1 1 

iiiiiiiiiiii jjk   iiiiiiiiii iiiiiiii j               TT           .         TcXyn30B 
180       190        200        210         220        230  X         X          X          X           X          X

TcXyn30A   c                     ccc      c                                   DF  DEF A    A  A  DF  DEEF     A          A   DF      DF            L                     NEP      Y                                   Y   YVK Y    G  I  LG     D                Q   FL      TV          D  VQ   F QAE. ID SL  AW    FNPVT ESME..SDGF AKD  EI.LYP  KKAFPN..LD
TrXynIV    c                     ccc      c                                   KG  KdG B    B  B  KG  KddG     B          B   KG      KG            L                     NEP      Y                                   Y   YVR Y    G  I  LG     D                Q   FL      TL          D  VQ   F KEE. ID SL  AW    FNPFT ESML..SDGY AKD  EV.LYP  KKAFPK..VD
AaXyn30A   c                     ccc      c                                   KG  KdG B    B  B  KG  KddG     B          B   KG      KG            L                     NEP      Y                                   Y   YIQ Y    G  I  VA     D                Q   FL      TL          D  VK   I AAE. IP SD  WL    LTT.S ASMR..SNAE VAD  PI.LHK  EDAGLD..VG
TcXyn30B   c                     ccc      c                                   KG  KdG B    B  B  KG  KddG     B          B   KG      KG            L                     NEP      Y                                   Y   YVK Y    G  V  LG     Q                Q   FV      TL          D  VQ   F AES. VP TH  FL    EVV.S ASMG..SNGT AAE  KI.LGQ  EREGID..IE
TtXyn30A   c                     ccc      c                                   KG  KdG B    B  B  KG  KddG     B          B   KG      KG            L                     NEP      Y                                   Y   YVE Y    N  V  LG     E                Q   FI      TI          D  TK   F QES. VT TH  FI    LTT.S ASMR..FSAS AAE  RI.LYP  QKSNLTYKPT
TrXynVI    c                     ccc      c                                   KG  KdG B    B  B  KG  KddG     B          B   KG      KG            L                     NEP      Y                                   F   YVK Y    G  I  LG     D                E   FI      TV          N  VQ   Y AAA. YN TH  FL    YQT.T SQMQISSNAQ AIS  PI.LSS  KAAGLN..TK
TcXyn30C   c                     ccc      c                                   KG  KdG B    B  B  KG  KddG     B          B   KG      KG            L                     NEP      Y                                   Y   YIK Y    G  I  VG     D                Q   FI      TI          N  VQ   D ANE. IT DF  WL    YSP.N DSMLITS.GT AAS  PT.LYN  KSAGLS..TG
At_Q0CUH3   c                     ccc      c                                   KG  KdG B    B  B  KG  KddG     B          B   KG      KG            L                     NEP      Y                                   F   YVK Y    G  V  LG     D                Q   VI      AL          N  VQ   D RDL. LN TH  FL    YVT.S SSMQ..SDGY AAD  KV.LHP  QSAGLE.DVG
TlXyn30A   c                     ccc      c                                   KG  KdG B    B  B  KG  KddG     B          B   KG      KG            L                     NEP      Y                                   F   YIK Y    G  I  VG     D                Q   FI      TL          N  VQ   D KSE. LD TH  FL    YVA.S SSMQ..SDGY AAD  KV.LYP  QSAGLG.NVG
HcXyn30A   c                     ccc      c                                   KG  KdG B    B  B  KG  KddG     B          B   KG      KG            L                     NEP      Y                                   Y   HIK Y    G  I  IG     N                E   FM      TF          T  AE   N KSKF IE TH  IQ    LET.S SSCR..WSPE LRI  RDYLVP  DKENIT..AK
EcXyn30A   c                     ccc      c                                   KG  KdG B    B  B  KG  KddG     B          B   KG      KG            L                     NEP      Y                                   H   FSK Y    G  L  IS     D                E   YL      KF          S  LD   . MQTN AP YA  IQ    WKP.D ESCE..WSGD FKS  KSQ.GS  GS......LK
CaXyn30A   c                     ccc      c                                   KG  KdG B    B  B  KG  KddG     B          B   KG      KG            L                     NEP      Y                                   Y   FVK Y    G  L  LS     D                Q   FL      SL          A  KT   . MSDN AP YA  LQ    WAP.D DACT..WTAQ FHD  KQY.GA  SST.....IK
RpXyn30A   c                     ccc      c                                   KG  KdG B    B  B  KG  KddG     B          B   KG      KG            L                     NEP      W                                   Y   YVK Y    G  L  IS     D                E   FM      SI          Q  NA   . MKDN VD YA  VQ    YAQ.D T..W..WTPQ MLN  KNN.AG  N.......CR
BsXyn30C   c                     ccc      c                                   JH  JIH C    C  C  JH  JIIH     C          C   JH      JH            L                     NEP      W                                   H   FVT F    G  L  IS     D                E   FM      SI          Q  ND   . MKNN VN YA  VQ    YAH.E T..W..WTPQ ILR  REN.AG  N.......AR
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jjjjjk  iiiiiiiiiiii     lll jjjjjjk jjjjjk                         TT                   TcXyn30B 
240 250 260 270 280 290 X   X   X   X   X   X

TcXyn30A   cc                                  c c                        c  A DEF  DF         A                   A A A                   A DF                                        H Y                        E  V CCD  GA         V                       S                   I T    S   AT  RQERNILYE QQA.....GGEHFFDVATW N Q SPERPF......NVVGKPN M  WA
TrXynIV    cc                                  c c                        c  B KdG  KG         B                   B B B                   B KG                                        H Y                        E  V CCD  GA         L                       S                   I T    S   AT  RQERNILYE QQA.....GGERYFDIATW N Q NPERPF......NAGGKPN Q  WA
AaXyn30A   cc                                  c c                        c  B KdG  KG         B                   B B B                   B KG                                        H Y                        E  I CCE  GW         I                       S                   W S    S   QT  QATQQMVSQ QAL.....GVEHLLTTWAG E T PINAPL.......DTELSV Q  YC
TcXyn30B   cc                                  c c                        c  B KdG  KG         B                   B B B                   B KG                                        H Y                        E  L CCD  GW         L                       S                   W T    T   GV  SEQEAMIPG QVVGPDGKSAEDYLSVVTG G S APTFPL.......STKRRT L  WT
TtXyn30A   cc                                  c c                        c  B KdG  KG         B                   B B B                   B KG                                        H Y                        E  I CCD  GW         L                       S                   W T    A   AE  NSQAGMLGA S.......SVNSMFGLVTA A T QPGFSM.......NTPHPV M  AA
TrXynVI    cc                                  c c                        c  B KdG  KG         B                   B B B                   B KG                                        H Y                        E  L CCD  GW         L                       S                   W T    T   AT  TTQSTYTTN VNA.....GSTQYLSVITS S S DATSPL......SQTSLPK N  GG
TcXyn30C   cc                                  c c                        c  B KdG  KG         B                   B B B                   B KG                                        H Y                        E  I CCD  GW         L                       S                   W T    A   PF  SDAVTWTAQ ASA.....GATQYLARITS W A KGTSPI.......NTSLRV E  YA
At_Q0CUH3   cc                                  c c                        c  B KdG  KG         B                   B B B                   B KG                                        H Y                        E  I CCD  GW         L                       S                   W T    T   SM  DDQKTRTQQ ISA.....GVEDMLSRITS S S DPTSPM.......GASIPV E  NA
TlXyn30A   cc                                  c c                        c  B KdG  KG         B                   B B B                   B KG                                        H Y                        E  I CCD  GW         L                       S                   W T    T   SM  DSQKTRTQQ ISS.....GVENMLSVITS S S DPTSSM.......GTSLPV Q  NA
HcXyn30A                                       c c                        c  B KdG  KG         B                   B B B                   B KG                                        H Y                        E  V FAE  SF         L                       S                   W T    V   NM  NEQYAI.NS N.....DPIAVKRVDIVGA N G SYIPFTTT....KSKGKGI M  VS
EcXyn30A                                       c c                        c  B KdG  KG         B                   B B B                   B KG                                        H Y                        E  V VAE  GF         L                       T                   W T    I   SL  NPALTD.PV K.....DSDASKYVSIIGG L G TPKP..YPLAQNAG..KQL M  HY
CaXyn30A                                       c c                        c  B KdG  KG         B                   B B B                   B KG                                        H Y                        E  I MPE  GF         L                       S                   W T    I   SL  NPAMSD.PT N.....DPTTAQYVSIIGG L G PIRD..YPLARNKG..KDI M  HY
RpXyn30A                                       c c                        c  B KdG  KG         B                   B B B                   B KG                                        H Y                        E  V APE  QF         L                       T                   W T    M   SF  LKNMSD.PI N.....DATALDNMDVLGC F G SVNNMAYPLYQQKSAGKEL M  KY
BsXyn30C                                       c c                        c  C JIH  JH         C                   C C C                   C JH                                        H Y                        E  V APE  QY         L                       T                   W T    I   SF  LKNLSD.PI N.....DPQALANMDILGT L G QVSQFPYPLFKQKGAGKDL M  VY

200       210      220   230   240    250    
  X         X               X         X           X           X     
jjjjjk  lll i iii iiii jjjjk   iiiii jjjjjjk       TT     .             TT              EcXyn30A 

iiiiiiiiiiiii jjjjjjjjjk jjjjk j                             TcXyn30B 
300 310       320       330       340       350             360X   X         X         X         X         X               X 

TcXyn30A                                          c         ccccccccccccc                      DF  DF  DF        DEF DF                                                                   W                                            EG  WA  MH        SGY H                           DGSGPWNT.TWDVSGQLA  LQ  LY  NAFTNSDT   N  WCAGG.GADN....VLISIT..GNSY
TrXynIV                                           c         ccccccccccccc                      KG  KG  KG        KdG KG                                                                   W                                            EG  WA  MH        SGY H                           DGTGPWNS.TWDYSGQLA  LQ  LY  NAFVNSDT   T  WCAQNTNGDN....ALIRLD..RDSY
AaXyn30A                                          c         ccccccccccccc                      KG  KG  KG        KdG KG                                                                   W                                            DG  WA  LH        NAY W                           DLNDRWTT.AWDSGVSRG  YR  SV  RALAVGNV   L  LVVQDEATNNNNNEKLIMVE..DGEY
TcXyn30B                                          c         ccccccccccccc                      KG  KG  KG        KdG KG                                                                   W                                            EG  WA  IQ        SAF Y                           DLSGAFTPYTFFADGGAG  MT  NH  TAFVNANV   I  IGAENSTTNS....GMINLI..NDEV
TtXyn30A                                          c         ccccccccccccc                      KG  KG  KG        KdG KG                                                                   W                                            EG  WA  VY        SAY Y                           DLQGAWTS.AWYSYGGAG  WT  NN  NAIVNGNA   L  IGAQTGNTNS..HMVHIDAN..AGTV
TrXynVI                                           c         ccccccccccccc                      KG  KG  KG        KdG KG                                                                   W                                            EG  WA  IA        SAY F                           .PSTPFVK.TWYSNGGTN  FT  NK  VAMVNAQL   L  EGFEIQQSQS..GSHLIDAL.DRQTA
TcXyn30C                                          c         ccccccccccccc                      KG  KG  KG        KdG KG                                                                   W                                            EG  WA  IW        SAF Y                           DLDDAFTT.TWYSSGAAN  LT  NL  QGVVEADL   L  IGAQSNSNAA....GLVTLN..GSTV
At_Q0CUH3                                          c         ccccccccccccc                      KG  KG  KG        KdG KG                                                                   W                                            EG  WA  IY        SAY Y                           DLSGAWDT.NWYYNGSTG  LT  NK  SAIEEGGV   L  EGIEVGTTNS....CLITIQ..GTTV
TlXyn30A                                          c         ccccccccccccc                      KG  KG  KG        KdG KG                                                                   W                                            EG  WA  IY        SAY Y                           DLSDAWET.TWYSNGGAG  MT  NK  TAITEGGV   L  EGIEDGTTNS....CLITIN..GTTV
HcXyn30A                                          c                                            KG  KG  KG        KdG KG                                                                   W                                            DG  WA  IH        NAW Y                           DMNG........NDTTIN  LR  KE  DFMTITEG   F  WGACFKTYNG...EGLIQMDLNSKTY
EcXyn30A                                          c                                            KG  KG  KG        KdG KG                                                                   W   R                                        SA  VG  LN        SAY W                           VDSKQ.......SANNWT  IE  TE  ASMVS.NY   V  YIR SYGLL.............TEDG
CaXyn30A                                          c                                            KG  KG  KG        KdG KG                                                                   W                                            TC  LA  IH        NAY Y                           LEGN...........DPG  VK  KE  DCMTIGNM   V  WISGDQNGL.........YN..TRTN
RpXyn30A                                          c                                            KG  KG  KG        KdG KG                                                                   W                                            NI  MS  IH        NAY Y                           FDDD...........TTG  MN  KE  DSMVTGNM   I  WITWPNGLA.............TSSG
BsXyn30C                                          c                                            JH  JH  JH        JIH JH                                                                   W   R                                        EA  VS  IH        QAY W                           YPNSD.....TNSADRWP  LD  QH  NAMVEGDF   V  YIR SYGPM.............KEDG
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jk iiiiiiiiiiii     jjjjjjk   jjjjjjk      jjjjjjk jjjjjk                 TT        TT        T.T               TcXyn30B 
      370       380        390 400 410 420        X         X          X   X   X   X

TcXyn30A                                     c              c                  A A A DF DEEEEEEF  DF  A     DF   DF A  DF A A  DF                                                    A              N                  S R W FA YFRFARPG  RI  T     NV    Y N  NG V I  I                 EV S L A  S        SV  GA SS.VE  YVS  E K.  T S PV  AAHFPYEVTIDLQGL.
TrXynIV                                      c              c                  B B B KG KddddddG  KG  B     KG   KG B  KG B B  KG                                                    A              N                  S R W FA YFRFARPG  RI  T     NV    Y N  NG V I  I                 EV A L A  Q        SV  GA SD.VE  YVT  V K.  T A PV  AAHFPYDLTIDLEGI.
AaXyn30A                                     c              c                  B B B KG KddddddG  KG  B     KG   KG B  KG B B  KG                                                    A              N                  S R W FA YSRYIRPD  RV  R     DL    Y N  DG L V  L                 FT K A A  H        AY  ET GG...  STT  E K.  S V VI  PHHHSETVNLKLISCK
TcXyn30B                                     c              c                  B B B KG KddddddG  KG  B     KG   KG B  KG B B  KG                                                    A              N                  S R W MA FSKFVRPN  RV  T     SV    F N  NG V I  I                 IP K F S  S        AQ  KA SS.DA  TVS  E T.  V A QV  NGTSAASLTIDLGKT.
TtXyn30A                                     c              c                  B B B KG KddddddG  KG  B     KG   KG B  KG B B  KG                                                    A              N                  S R W LG WSRFVRPG  RV  S     SL    F N  DG V V  I                 EP K L A  Q        AR  AV GA.SG  RTA  R E.  S A VV  SG.GDAAVNVRLASSS
TrXynVI                                      c              c                  B B B KG KddddddG  KG  B     KG   KG B  KG B B  KG                                                    A              N                  S I W FA WSRYIRPG  RV  S     NV    F N  DR I V  T                 TP G F A  M        AS  AT GS.LS  IIG  Q T.  S V VF  SGTSAQSARVSFSGF.
TcXyn30C                                     c              c                  B B B KG KddddddG  KG  B     KG   KG B  KG B B  KG                                                    A              N                  S T W FA FSRFIRPD  RI  S     NV    F N  DG I V  I                 QA G L A  M        AV  ST GS.PS  NVG  K A.  S V VA  NNGNSETISLSGITA.
At_Q0CUH3                                     c              c                  B B B KG KddddddG  KG  B     KG   KG B  KG B B  KG                                                    A              N                  S R W FG WSRFVRPG  KI  L     TV    F N  DG V V  L                 VP G L A  M        AV  DI GS.TS  KLM  K T.  S T QI  MGSSEQPVSVGGFRA.
TlXyn30A                                     c              c                  B B B KG KddddddG  KG  B     KG   KG B  KG B B  KG                                                    A              N                  S R W FG WSRYVRPG  RV  S     NL    F N  DG V V  L                 IP G L A  Q        AV  AI GS.TS  KFT  K T.  T S QV  FNSAATTVNINGFSA.
HcXyn30A                                     c              c                  B B B KG KddddddG  KG  B     KG   KG B  KG B B  KG                                                    A              N                  A R Y IG FSRFIRPG  RI  T     NV    Y D  TG F I  I                 KV K L T  Q        WQ  EA KNPVS  YVT  K PK  K A VA  NGWSKQSITYTLKGF.
EcXyn30A                                     c              c                  B B B KG KddddddG  KG  B     KG   KG B  KG B B  KG                                                    A              N                  S R Y MS YARFVRPG  RI  T     NV    Y N  DG M I  V                 KV K G V  Q        AL  QA ENPQS  HLT  K T.  K V VA  TNDSDQMLSLNISNA.
CaXyn30A                                     c              c                  B B B KG KddddddG  KG  B     KG   KG B  KG B B  KG                                                    A              N                  Y K Y MG FSKFIGNG  RV  T     NV    Y G  NN V I  I                 ET K T V  Q        YS  DA NSPQS  YVS  T ..  K V VA  QGTYPVNQSFNVQNS.
RpXyn30A                                     c              c                  B B B KG KddddddG  KG  B     KG   KG B  KG B B  KG                                                    A              N                  Y R Y LG FAKFIRPG  RV  T     NV    Y G  DN A I  I                 TI K A V  Q        YK  DA ATPNT  YVS  T ..  K V VA  TGTAAVSQKFNFQNG.
BsXyn30C                                     c              c                  C C C JH JIIIIIIH  JH  C     JH   JH C  JH C C  JH                                                    A              N                  S R Y MA FSKFVRPG  RI  T     NV    Y G  DN V I  I                 TI K G N  H        YV  DA KNPNA  YVS  K ..  K V VA  KSNTGVNQNFVLQNG.
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TcXyn30A                                                                   A  A DF   A             A     DF  DF DF                                                                             V  F TD   N             S     VP  AV VF           ...KARKR ST L  NSH .VTLMD.QSELHG VLKAT  PR  Q  WLE........
TrXynIV                                                                    B  B KG   B             B     KG  KG KG                                                                             L  Y TD   N             S     VE  AM TF           ....KKRK SE L  NSH .VTLQS.RYKVSG SLKVT  PR  K  WLEPQSTFAVI
AaXyn30A                                                                   B  B KG   B             B     KG  KG KG                                                                             V  W TD   D             G     LP  GL TF           HKNTGWGK TA L  EEH .IEEVQ.VEVDDE YVKAE  AR  M  KAVAEE.....
TcXyn30B                                                                   B  B KG   B             B     KG  KG KG                                                                             V  W TS   D             N     VP  SL SF           HKE..VKK VP V  NDY .LEEMS.EIDVKH SFLAS  AR  T  VTECE......
TtXyn30A                                                                   B  B KG   B             B     KG  KG KG                                                                             A  W TD   A             G     VP  SM TV           SADQQPAS KA A  NSR .IEEI..QASFAD VATVN  SR  T  VLYPAADA...
TrXynVI                                                                    B  B KG   B             B     KG  KG KG                                                                             A  Y TD   T             G     VP  GV TV           ....TPTS AA V  NSH .FSTT..SAGLSG AITVS  SK  V  KLT........
TcXyn30C                                                                   B  B KG   B             B     KG  KG KG                                                                             V  Y MD   S             G     LP  SM TF           ......SK SA Y  SAV SPSTFSATLN..G TVGGS  AR  V  VITTGSSG...
At_Q0CUH3                                                                   B  B KG   B             B     KG  KG KG                                                                             V  Y MD   Q             G     AP  SM SL           ......AS KG V  SDH EIGDITASIS..G VARVN  AY  V  VLRGSA.....
TlXyn30A                                                                   B  B KG   B             B     KG  KG KG                                                                             V  Y TD   N             G     IP  SM TL           ......SS TA V  NTS GIATLSASVS..G VASAS  GY  V  VLSGSSSG...
HcXyn30A                                                                   B  B KG   B             B     KG  KG KG                                                                             V  Y TS   N             S     LA  SI TF           ....SPAS TP T  STQ .LEKGS.DITVNN SFSFE  PN  T  VGDTESAS...
EcXyn30A                                                                   B  B KG   B             B     KG  KG KG                                                                             F  Y TS   N             G     LN  SV TF           ....NVTK EK S  ASL .VEYGGSSQVDSS KATVW  PL  T  VSK........
CaXyn30A                                                                   B  B KG   B             B     KG  KG KG                                                                             V  W SS   N             G     LP  SV TF           ....TVSN SS V  GTL .MAKTNSNISAAN RFNAS  AQ  T  VADLNSTN...
RpXyn30A                                                                   B  B KG   B             B     KG  KG KG                                                                             V  Y TD   N             G     LP  SI TF           ....SASS VS V  SSR .MAAGANIAVT.N SFTAQ  AQ  T  VGNTAPVV...
BsXyn30C                                                                             C  C JH   C             C     JH  JH JH                                                                                                 V  W TS   N             N     LP  SV TF                     ....SASN SR I  SSS .LQPGTNLTVS.G HFWAH  AQ  T  VVNR.......          
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Figure S2. Multiple sequence alignment of GH30 catalytic domain of TlXyn30A and selected GH30 
xylanases. The first two sequences, TcXyn30A (Uniprot ID: A0A0B8MZ29) and TrXynIV 
(A0A024RWW9), represent reducing-end xylose releasing enzymes. For next three sequences, 
AaXyn30A [Ref. 5], TcXyn30B (A0A4V8H018) and TtXyn30A (G2Q1N4), the non-reducing end 
xylobiohydrolase activity has been demonstrated. The latter two enzymes are specific 
glucuronoxylanases, similarly to TrXynVI (G0RV92). In contrast, TcXyn30C (A0A6N4SL16) is a non-
specific endoxylanase. The next sequence, At_QUCUH3, corresponding to an uncharacterized 
Aspergillus terreus protein, shows the highest similarity to TlXyn30A. The last 5 sequences are of 
bacterial origin and belong to GH30_8 subfamily. HcXyn30A (G8LU16) is a unique prokaryotic non-
reducing end xylobiohydrolase. EcXyn30A (Q46961) and BsXynC (Q45070) are canonical GH30_8 
glucuronoxylanases. CaXyn30A (Q97TI2) and RpXyn30A (F1TBY8) are exceptional GH30_8 non-
specific endoxylanases. Secondary structure elements identified in the structures of TcXyn30B (green) 
and EcXyn30A (red) are shown on top and bottom. Catalytic acid and catalytic base are typed on violet 
background. Another amino acids that are invariant in GH30 xylanases are typed on yellow 
background. Cyan-highlighted are β2-α2 loop and β8-α8 region (both are shown in detail in Figure 6) 
where there are the greatest differences between GH30_8 and GH30_7 members. Prokaryotic arginine 
typed in blue and marked at the bottom by an up triangle is responsible for glucuronoxylanases 
specificity of the bacterial glucuronoxylanases. Eukaryotic arginine, which is believed to contribute to 
the MeGlcA moiety recognition by the eukaryotic xylanases and is rather well conserved in the 
GH30_7 enzymes, is also found in TlXyn30A and is marked on the top by a down triangle  Four cysteín 
residues conserved in the eukaryotic enzymes form a pair of disulphide bonds. 

 




