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GH30_7_TcXyn30C 244                                                           c                                                           E TWTAQLASAG.....ATQYLARITSHWYAS.KGTS......PINTS......LRVWET Y
GH30_7_TrXynVI 245                                                           c                                                           E TYTTNLVNAG.....STQYLSVITSHSYSS.DATS......PLSQTS.....LPKWNT G
GH30_6_WP_028726386.1  276                                                           c                                                           E GSKNYVRDILNLNTRITNYPIIAAGHGYVD.PVTKKDPAIEPFTKAES..KNVPVWLT I
GH30_10_AcXbh30A 248                                                           c                                                           E NSLNDPIAVKRV........DIVGAHNYGS.SYI.......PFTTTKS..KGKGIWMT V
GH30_8_EcXyn30A 213                                                           c                                                           E PVLKDSDASKYV........SIIGGHLYGT.TPKP.....YPLAQNA....GKQLWMT H
GH30_8_CaXyn30A 220                                                           c                                                           E PTLNDPTTAQYV........SIIGGHLYGS.PIRD.....YPLARNK....GKDIWMT H
GH30_8_BsXyn30C 216                                                           c                                                           E PILNDPQALANM........DILGTHLYGT.QVSQFP...YPLFKQKG..AGKDLWMT V
GH30_8_CpXyn30A 220                                                           c                                                           E PILNDATALDNM........DVLGCHFYGT.SVNNMA...YPLYQQKS..AGKELWMT KX         X                 X             X           X     

iii  iiiiii jjjjk llll     iiiii jjjjjk                               GH30_8_CpXyn30A




jklll    iiiiiiiiiii  iiii          jjjjjk jjk                                                              GH30_3_AAO78418.1                     X         X         X              X    
GH30_3_AAO78418.1 341                                                     c                                                           A                                                           W       S...........IGTWNSGRDLSKRLMEDMEEVALGTINNWC.....KGVIV NLMLDND
GH30_1_AAA35880.1 381                                                     c                                                           B                                                           W       CVGSKFWEQSVRLGSWDRGMQ............YSHSIITNLLY.HVVGWTD NLALNPE
GH30_2_ABX45137.1 304                                                     c                                                           B                                                           W       EC...........GTGDNSWE.........YAEYIFHLINHYFRNGATAYTY NMILDDQ
GH30_9_LcGUS30 324                                                     c                                                           B                                                           W       RC...........MMTDTPEE........AAHIMFGIIGNWLVHNGLSMITL NLALDER
GH30_11_ShGbhA 297                                                     c                                                           B                                                           W       CCSLGEAN.....GTGRGWSG.GYDPTITNALMFSGMVLQSFVLAGEPHYDF TLVSNGI
GH30_5_BAC84995.1 313                                                     c                                                           B                                                           W       GDSDASGK........................SMYQNLLLDFTWLHPTAWVY QAIDGAG
GH30_4_PbFucA 331                                                     c                                                           B                                                           W       SMLDAEPST...EAGFPASYD..AATYMDIALYMGKLIYSDIVYANNTSWSY TAMAQEK
GH30_HHU50367.1 284 cccccccccccccccccccccccccc                          c   c                                                       B                                                           W       ..........................DQGTPFTTALLMHHSLVEEGVNAYFF DLIWENS
GH30_WP_114299953.1    287 cccccccccccccccccccccccccc                          c   c                                                       B                                                           W       ..........................DQGTPFTTTQLIHNSLVEEGVSSYFF DLIWDNS
GH30_NLM60409.1 281 cccccccccccccccccccccccccc                          c   c                                                       B                                                           W       ..........................DYGTPFTTAQLIYNSLVIEGVSAYFY DLIWENS
GH30_AcXyn30B 281 cccccccccccccccccccccccccc                          c   c                                                       B                                                           W       ..........................DYGTPFTTAELIHNSLVVEGVSGYFY DLIWENS
GH30_NLL05159.1 281 cccccccccccccccccccccccccc                          c   c                                                       B                                                           W       ..........................DYGTPFTTAELIHNSLVVEGVSGYFY DLIWENQ
GH30_7_TcXyn30A 292                                                     c                                                           B                                                           W       ADGSGPWNT...........TWDVSGQLAEGLQWALYMHNAFTNSDTSGYNH WCAGGGA
GH30_7_TcXyn30B 299                                                     c                                                           B                                                           W       TDLSGAFTP..........YTFFADGGAGEGMTWANHIQTAFVNANVSAFIY IGAENST
GH30_7_TcXyn30C 286                                                     c                                                           B                                                           W       ADLDDAFTT...........TWYSSGAANEGLTWANLIWQGVVEADLSAFLY IGAQSNS
GH30_7_TrXynVI 288                                                     c                                                           B                                                           W       .GPSTPFVK...........TWYSNGGTNEGFTWANKIAVAMVNAQLSAYLF EGFEIQQ
GH30_6_WP_028726386.1  333                                                     c                                                           B                                                           W       SDPHNS.................YSTSIEDGLNWAVKFHRYLCEANVSSIIW AGALPDS
GH30_10_AcXbh30A 290                                                     c                                                           B                                                           W       SDMNG..................NDTTINDGLRWAKEIHDFMTITEGNAWFY WGACFKT
GH30_8_EcXyn30A 255                                                     c   c                                                       B                                                           W       YVDSKQ.................SANNWTSAIEVGTELNASMVS.NYSAYVW YIRRSY.
GH30_8_CaXyn30A 262                                                     c   c                                                       B                                                           W       YLEGN.....................DPGTCVKLAKEIHDCMTIGNMNAYVY WISGDQ.
GH30_8_BsXyn30C 262                                                     c   c                                                       B                                                           W       YYPNSDT...............NSADRWPEALDVSQHIHNAMVEGDFQAYVW YIRRSY.
GH30_8_CpXyn30A 266                                                     c   c                                                       C                                                           W       YFDDD.....................TTGNIMNMSKEIHDSMVTGNMNAYIY WITWPN.    X                              X         X         X    

iiiiiiiiiiiiiiii jjjjjk                      GH30_8_CpXyn30A
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jk  jjk                   jjk iiiiiiiiii                                                             GH30_3_AAO78418.1      X                 X                     X         X    
GH30_3_AAO78418.1 385                                                             RGPNREG........GCQTCYGAVDINNS............DYKTIIRNSHYYIIAHLSS
GH30_1_AAA35880.1 428                                                             GGPNWVR........NFVDSPIIVDITKD...............TFYKQPMFYHLGHFSK
GH30_2_ABX45137.1 344                                                             DSTWGW............WQNSLFTITAD.............KHEVRRNPEYYVMRHFSH
GH30_9_LcGUS30 365                                                             GLPNAAD............STGREGVVTID..........HTTGKVQRNLEYFMLRNFGQ
GH30_11_ShGbhA 351                                                             GCTPGDNSTCDPTVPNAEGWTDGVIYYDAN.......YATNGNYELYLTKHFWTYKHFGN
GH30_5_BAC84995.1 349                                                             W.....................GLIVGDND...........NLTLSSASTKYFVLAQLTR
GH30_4_PbFucA 386                                                             WSQKNRF.............YLLRLIDADDTDGGESYGDIRKGGTIEDSKSLWVLGNYSR
GH30_HHU50367.1 318 ccccccccccccccccccccccccccccccccccccccccccc                 QR...................PFIQLENPW.....DQSSWSSDKGYIITEFFHVFKHYSK
GH30_WP_114299953.1    321 ccccccccccccccccccccccccccccccccccccccccccc                 QR...................PMVIVEPPF.....NQNGWSNPQGYYKTDFYSSIQHYAK
GH30_NLM60409.1 315 ccccccccccccccccccccccccccccccccccccccccccc                 QR...................PLVFIENPF.....TPNSWTTQKGYILSDFYYTIQQYAK
GH30_AcXyn30B 315 ccccccccccccccccccccccccccccccccccccccccccc                 QR...................PLVAIEVPR.....NPEQWTTKEGYIISDFYYIMQQFAK
GH30_NLL05159.1 315 ccccccccccccccccccccccccccccccccccccccccccc                 QR...................PLVFIEKPR.....NPNEWTTEEGYIISDFYPIIQQYAK
GH30_7_TcXyn30A 341                                                             DN.....................VLISITG.............NSYEVSSRLWAFASYFR
GH30_7_TcXyn30B 349                                                             TNS....................GMINLIN.............DEVIPSKRFWSMASFSK
GH30_7_TcXyn30C 335                                                             NAA....................GLVTLNG.............STVQASGTLWAFAMFSR
GH30_7_TrXynVI 336                                                             SQSG...................SHLIDAL...........DRQTATPSGIFWAFAMWSR
GH30_6_WP_028726386.1  376                                                             GTNE...................GLIYIAK...........NRTDYETGKRYETFGNFTR
GH30_10_AcXbh30A 332                                                             YNGE...................GLIQMDL...........NSKTYKVAKRLYTIGQFSR
GH30_8_EcXyn30A 296                                                             .......................GLL................TEDGKVSKRGYVMSQYAR
GH30_8_CaXyn30A 300                                                             .......................NGLYN..............TRTNETYKKTYVMGQFSK
GH30_8_BsXyn30C 306                                                             .......................GPM................KEDGTISKRGYNMAHFSK
GH30_8_CpXyn30A 304                                                             .......................GLA................TSSGTIYKRAYVLGQFAK                                             X         X    

iiiiiiiiii            GH30_8_CpXyn30A

1  1


jjjjjjk         jjjjjjk     jjjjjjjk     jjjjjk                                                            GH30_3_AAO78418.1      X             X         X          X         X         
GH30_3_AAO78418.1 425                                          c                 c                                         N                  VVKPGAVRIATTGY....TDNGITCSAFENT.DGTYAFVLI NNEKSKKITVSDGQ....
GH30_1_AAA35880.1 465                                          c                 c                                         N                  FIPEGSQRVGLVAS....QKNDLDAVALMHP.DGSAVVVVL RSSKDVPLTIKDPAV...
GH30_2_ABX45137.1 379                                          c                 c                                         N                  YVRPGAKVLGTTGH......FNSMAIAFRNP.DGTVVVVAQ ALDEERPFEFADPDAAE.
GH30_9_LcGUS30 403                                          c                 c                                         N                  DVSVGATVIGSTNYTRDGYTGGLGSVAFLGT.AGDIAAHLY PTAQPIQAAVTINGNGA.
GH30_11_ShGbhA 404                                          c                                                           N                  FVKPGSQRNIVTGDDA......SNTTLVVST.SDSYHVLAM PATDPVNATLTFPDVVCA
GH30_5_BAC84995.1 377                                          c                                                           N                  HIRQGMQILTTPDV........NTAVAYDAG.SQKLVIVTA WG.SAQTITFDLTRARTA
GH30_4_PbFucA 433                                          c                                                           N                  FIRPGYQRINLEASNLG..INGLMGTAYLSPNQDQMVCVFV MGYTRRNLSFDIDGYSI.
GH30_HHU50367.1 354                                          c                                                           N                  FTDPGYQRVAADCS.....VDDIKISAFVSPDHKSLTVVLI QGHNTADVALDLNGYAVN
GH30_WP_114299953.1    357                                          c                                                           N                  FTEPGYSRVKAESS.....GSNVSVTAFTSPGKDKLTLVLI KASSESTISLNLNGYTAD
GH30_NLM60409.1 351                                          c                                                           N                  FTDPGFKRVEANCN.....SNDVKVTAFVSPDESKLTMIFI TASAQNTVSLDLNGFSFN
GH30_AcXyn30B 351                                          c                                                           N                  FTDPGYKRVDASVS.....SNDIKVSAFVSPDKSKLTMIFI KGYSEHSVALDLKGYSSN
GH30_NLL05159.1 351                                          c                                                           N                  FTDPGYKRVKVSLN.....ASDVKASAFVSPDQSKLTMILI KASSENTVALDLNGYSSN
GH30_7_TcXyn30A 367                                          c                                                           N                  FARPGSVRIGATSS.....VENVYVSAYENK.NGTVSIPVI AAHFPYEVTIDLQGLKAR
GH30_7_TcXyn30B 376                                          c                                                           N                  FVRPNAQRVKATSS.....DASVTVSAFENT.NGVVAIQVI NGTSAASLTIDLGKTHKE
GH30_7_TcXyn30C 362                                          c                                                           N                  FIRPDAVRISTSGS.....PSNVNVGAFKNA.DGSIVVVAI NNG..NSETISLSGITA.
GH30_7_TrXynVI 366                                          c                                                           N                  YIRPGASRVATSGS.....LSNVIIGAFQNT.DRSIVVVFT SGTSAQSARVSFSGFTP.
GH30_6_WP_028726386.1  406                                          c                                                           N                  YIPVGSRRISAEYN....TDQGYMVSGYKN..GNSFTAVAI TNDTEKTLDLLINNTQTT
GH30_10_AcXbh30A 362                                          c                                                           N                  FIRPGWQRIEATKN....PVSNVYVTAYKDPKTGKFAIVAI NGWSKQSITYTLKGFSPA
GH30_8_EcXyn30A 317                                          c                                                           N                  FVRPGALRIQATEN....PQSNVHLTAYKNT.DGKMVIVAV TNDSDQMLSLNISNANVT
GH30_8_CaXyn30A 323                                          c                                                           N                  FIGNGYSRVDATNS....PQSNVYVSAYTG..NNKVVIVAI QGTYPVNQSFNVQNSTVS
GH30_8_BsXyn30C 327                                          c                                                           N                  FVRPGYVRIDATKN....PNANVYVSAYKG..DNKVVIVAI KSNTGVNQNFVLQNGSAS
GH30_8_CpXyn30A 325                                          c                                                           N                  FIRPGYKRVDATAT....PNTNVYVSAYTG..DNKAVIVAI TGTAAVSQKFNFQNGSAS     X             X         X           X         X        

jjjjk jjjjjjjk jjjjjjjk jjjjjjjk                             GH30_8_CpXyn30A




jjjjjk   jjjjjjjk                                                            GH30_3_AAO78418.1                                   X         X               
GH30_3_AAO78418.1 476 cccccccccccccccccccccccccccccc                              ..............................RHFAYDVPGKSVTSYRWAKSK.........
GH30_1_AAA35880.1 517 cccccccccccccccccccccccccccccc                              ..............................GFLETISPGYSIHTYLWHRQ..........
GH30_2_ABX45137.1 431 cccccccccccccccccccccccccccccc                              ..............................RGFKVTLAPRSFNTFVLD............
GH30_9_LcGUS30 461 cccccccccccccccccccccccccccccc                              ..............................NWQLVTVPPYGTVT..LHKSDAPLNTTNVP
GH30_11_ShGbhA 457                                                             T....TAVRTSADE...DFATVDPATEATNGTWVLALAATSLTTFTFERGAC........
GH30_5_BAC84995.1 427                                                             GSNGATVPRWSTQTGGGDQYRSYTDTKINNGKFSASFSSGQVQTFEVSGVVLQ.......
GH30_4_PbFucA 490                                                             ....SHIDTYTTSE......TQNLEHASYAADETFNVAKGTVTTVVLSISPTAGIEHLT.
GH30_HHU50367.1 409                                                             D....SAV.YRTVP...NGSERFALIGSLGAGHTLSMPAQSIVTVVVNSS..........
GH30_WP_114299953.1 412                                                             T....SAV.YRTVF..SGTAERFAHLGSLQ.GNTVTMPAQSVVTVALGFP..........
GH30_NLM60409.1 406                                                             K....SVI.YRTLE...NGNEKFAPAGSLT.GNTVTLPARSIVTVALGFD..........
GH30_AcXyn30B 406                                                             K....SII.YRTLP...EGNERFKKVGSLF.GNTVTLPARSVVTVALGVD..........
GH30_NLL05159.1 406                                                             K....SVV.YRTLS...NGTEGFKKVGSLS.GNTVTLPAQSVVTVAFGVS..........
GH30_7_TcXyn30A 421                                                             ....KRVSTFLTDN..SHNVTLMDQSELHGSVLKATVPPRAVQVFWLE............
GH30_7_TcXyn30B 430                                                             V...KKVVPWVTSN..DYDLEEMSEIDVKHNSFLASVPARSLTSFVTECE..........
GH30_7_TcXyn30C 413                                                             ....SKVSAYYMDS..AVSSPSTFSATLNGGTVGGSLPARSMVTFVITTGSSGSA.....
GH30_7_TrXynVI 419                                                             ....TSAAAYVTDN...SHTFSTTSAGLSGGAITVSVPSKGVVTVKLT............
GH30_6_WP_028726386.1  460                                                             ....GPIVGHLTDA..THKWATLDTIQPVNNTYVVTLPAKSVVTFTGNVE..........
GH30_10_AcXbh30A 418                                                             .....SVTPYTTSS..TQNLEKGSDITVNNSSFSFELAPNSITTFVGDTES.........
GH30_8_EcXyn30A 372                                                             .....KFEKYSTSA.SLNVEYGGSSQVDSSGKATVWLNPLSVTTFVSK............
GH30_8_CaXyn30A 377                                                             .....NVSSWVSSG.TLNMAKTNSNISAANGRFNASLPAQSVTTFVAD............
GH30_8_BsXyn30C 381                                                             .....NVSRWITSS.SSNLQP.GTNLTVSGNHFWAHLPAQSVTTFVVNR...........
GH30_8_CpXyn30A 379                                                             .....SVVSYVTDS.SRNMAA.GANIAVTNGSFTAQLPAQSITTFVGNTAPVVVEPIDAF      X          X          X         X         X         X 

jjjjjjk jk jk jjjjjk   jjjjjjjk                            GH30_8_CpXyn30A
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Fig. S1. Multiple sequence alignment of catalytic domain of AcXyn30B and the members 
from each GH30 subfamily. Four proteins most similar to AcXyn30B according to BlastP are 
also included and marked by a vertical bar on the left. Secondary structure elements of 
GH30_3 endo--1,6-glucanase BT3312 (from group 1) are shown on top (green) while 
secondary structure elements of GH30_8_CpXyn30A (from group 2) are depicted on bottom 
(blue). Catalytic acid/base and catalytic nucleophile (in AcXyn30B Glu171 and Glu279, 
respectively) are highlighted in magenta. The differences in the arrangement of the β9-domain 
relative to the (β/α)8 barrel in the group 1 (subfamilies 1, 2, 3, 9) and the group 2 (subfamilies 
4, 5, 6, 7, 8, 10, 11) are highlighted in yellow. While the first three β-strands of the β9-domain 
precede the (β/α)8 barrel in group 1 (top four sequences), just one β-strand of the β9-domain is 
located in front of the (β/α)8 barrel in group 2 (other sequences). The prokaryotic arginine, 
which is responsible for glucuronoxylan specificity of the typical GH30_8 members, and the 
corresponding residues in other sequences are green highlighted. A different arginine residue, 
which often plays a similar role in eukaryotic GH30_7 glucuronoxylanases, is highlighted in 
grey. The shorter β2-α2 regions in AcXyn30B and GH30_8 sequences are marked in cyan and 
the shorter α7 helix in AcXyn30B and related enzymes is depicted in orange. The blue region 
shows a longer β8-α8 segment in AcXyn30B and related enzymes.  

 

 

 

 

 

 

 



Fig. S2. TLC analysis of the hydrolysis products released from acidic XOs MeGlcA3Xyl4 and 
MeGlcA3Xyl3 by AcXyn30B after 3 days, and after subsequent addition of GH3 β-xylosidase 
(x) or GH67 α-glucuronidase (g). St – standards of linear XOs.  

 

 

 

 

 



 

Fig. S3. TLC analysis of the products formed from arabinoxylooligosaccharides by 
AcXyn30B after 0 h, 1 h, and 24 h (A) and after 3 days (B). St – standards of linear XOs. 

 



Fig. S4. Elucidation of the structure of products released by AcXyn30B from 
arabinoxylooligosaccharides (Ara-XOs) XA2+3XX (A) and XA3XX (B). In panel A GH51 α-
arabinofuranosidase CjAraf51A from Cellvibrio japonicus (Araf, ACE86344.1, Megazyme) 
was used. This α-arabinofuranosidase is able to release both Ara residues linked to the non-
reducing end Xylp residue of A2+3XX (lane 2), thus yielding Ara and Xyl3 as final products 
(lane 3). In contrast, the enzyme does not attack XA2+3XX (lanes 7, 8) because the 
substitution is at the internal Xylp residue. From XA2+3XX AcXyn30B forms xylose and an 
Ara-XO by one Xyl shorter than the substrate (lane 4). An addition of Araf to the hydrolysate 
didn’t cause any change in the structure of Ara-XO formed by AcXyn30B (lane 5) which 
means that this Ara-XO doesn’t have doubly arabinosylated Xylp residue at the non-reducing 
end but is internally disubstituted. AcXyn30B thus release Xyl from the reducing end of 
XA2+3XX producing XA2+3X. St – standards of linear XOs Xyl, Xyl3 and Xyl4 (lane 1), St2 – 
standards of Ara, A2XX, XA3XX, XA2XX (lane 6). The reactions were performed overnight 
at 35 °C using 0.1 % substrates and 0.01 mg/ml arabinofuranosidase (final concentration) in 
50 mM sodium phosphate buffer, pH 6.0. The TLC plate was developed 4 times in the solvent 
system acetonitril/water/1-propanol 7:1:2 (v/v) and visualized using orcinol reagent (0.5% 
orcinol in 5% sulphuric acid in ethanol) and a heating at 105 °C.  
In panel B a GH62 α-arabinofuranosidase from Aspergillus nidulans (Araf2, EAA59562.1, 
Megazyme) was used. This α-arabinofuranosidase rapidly converts A3X (lane 2) which is 3-
arabinosylated at the non-reducing end terminal Xylp residue, yielding Ara and Xyl2 (lane 3). 
However, within the same period of time the enzyme does not attack XA3XX, i.e. internally 
3-arabinosylated XO (lanes 7, 8). From XA3XX AcXyn30B releases xylose and an Ara-XO by 
one Xyl shorter (lane 4) that is essentially resistant to the Araf2 (lane 5). Therefore, the Ara-
XO generated from XA3XX by AcXyn30B carries internal 3-arabinosylated Xylp residue. i.e 



it has the structure XA3X, and xylose released from the substrate XA3XX originates from the 
reducing end. St3 – standards of linear XOs – Xyl, Xyl2, Xyl3 (lane 1), St4 – standard of Ara 
(lane 6). The reactions were performed for 1.5 h at 35 °C using 0.1 % substrates and  
0.01 mg/ml arabinofuranosidase (final concentration) in 50 mM sodium phosphate buffer, pH 
6.0. TLC plate was developed twice in 1-propanol/ethanol/water 7:1:2 (v/v) and visualized 
using orcinol reagent as mentioned above. 




