
SUPPLEMENTARY FIGURES LEGEND 
 
Suppl. Fig. 1. Phylogenetic analysis of the (α/β)8-barrel sequences of GH2 family members. The 
name of the originating organism and the database entry are indicated.  Cs: CsxA and related 
ORFs. CsS: Streptomyces avermitilis (NP 822398); CsAo: Amycolatopsis orientalis (this work; 
CsxA, AAX62629); CsN: Neurospora crassa (XP_331434.1); CsM: Magnaporthe grisea 
(MG05864.4); CsG: Gibberella zeae (FG02314.1); CsH: Hypocrea jecorina  (BAD99604); 
CsAn: Aspergillus nidulans (AN2824.2); Ga: β-galactosidases from: GaK: Kluyveromyces lactis 
(P00723 ; BGAL_KLULA) ; GaL : Lactococcus lactis (Q48727; BGAL_LACLA); GaEcl: 
Enterobacter cloacae (Q47077, BGAL_ENTCL); GaEco: Escherichia coli (P00722, 
BGAL_ECOLI); GaA: Arthrobacter sp. (Q59140, GAL_ARTSB); GaC: Clostridium 
acetobutylicum (P24131, BGAL_CLOAB); Gl: β-glucuronidases from: GlC: Canis familiaris 
(O18835, BGLR_CANFA); GlF: Felis silvestris catus (O97524, BGLR_FELCA); GlM: Mus 
musculus (P12265, BGLR_MOUSE); GlH: Homo sapiens (P08236, BGLR_HUMAN); GlE: 
Escherichia coli (P05804, BGLR_ECOLI); GlS:  Staphylococcus sp. (patent PCT/US98/19217); 
GlL: Lactobacillus gasseri (AAK07836, Q9AHJ8_9LACO); Ma: β-mannosidases from: MaA: 
Aspergillus niger (Q9UUZ3, MANBA_ASPNG); MaB: Bos taurus (Q29444, 
MANBA_BOVIN); MaH: Homo sapiens (O00462, MANBA_HUMAN); MaM: Mus musculus 
(Q8K2I4_MOUSE); MaT: Thermobifida fusca (CAD33708, Q8KLI9_THEFU); MaC: 
Cellulomonas fimi (AAD42775, Q9XCV4_CELFI); Un: proteins of unknown catalytic activity 
having a glutamate as a putative acid/base residue preceded by a serine: UnA: Agrobacterium 
tumefaciens (NP_533240, ATU2575); UnBm: Burkholderia mallei (YP_101889, BMA0039); 
UnBp: Burkholderia pseudomallei (YP_107240, BPSL0611); UnBc: Burkholderia sp. 383 
cepacia (YP_372566 ZP_00215636); UnBv: Burkholderia vietnamiensis (ZP_00425692); UnR: 
Ralstonia eutropha (ZP_00166278).  
 
Suppl. Fig. 2. Assignment of putative catalytic residues in GH2 family members through 
structure-guided alignment. Symbols as in Suppl. Fig. 1. Alignment was obtained by the 
3DCoffee structure guided alignment method [20] using the domain 3 from human β-
glucuronidase as template. Secondary structures are shaded in dark gray (α-helices) or light gray 
(β-sheets). Secondary structures formally identified in crystallized proteins are shown for human 
β-glucuronidase (PDB ID: 1bhg:A) and E.coli β-galactosidase LacZ (PDB ID: 1DPO:A). These 
two proteins are indicated by bold symbols GlH and GaEco, respectively. Secondary structures 
in other proteins were predicted by the PSIPRED algorithm [21]. The putative catalytic acid/base 
and nucleophile residues are indicated with asterisks. Catalytic residues formally identified by 
mechanistic studies [35-39] are underlined. Other strictly conserved residues are indicated with 
triangles. 
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             340       350       360         370        380       390         400 
CsAo   D--VKA--TLNSSGGRQYSVNGKPLLIRGGGYTPDLFL--RW-NETAAADKLKYVLNLGLNTVRLEGH--IEPDEFFDIA 
CsS    D--VKA--PLNSDGARQYSVNGRRLLIKGGGWSPDEFL--RW-DSTYVEDRLRYALDLGLNTIRLEGH--IEPDEFFDLA 
CsH    K--VTS--FVNQFNDTQYSVNGHPFQVIGGGYGADMFL--RW-DSERFTRIVEYMLDMHQNTIRLEGK--MEHPELYEIC 
CsN    T--VTS--QLNSFNDITFLINSHPFQVLGAGYAPDMFL--RF-SPAKFESEARYVLDLGFNTIRLEGK--NEHPELYQIA 
GlH    VA----------VTKSQFLINGKPFYFHGVNKHEDADIRGKGFDWPLLVKDFNLLRWLGANAFRTSHY--PYAEEVMQMC 
GlM    VA----------VTKSKFLINGKPFYFQGVNKHEDSDIRGKGFDWPLLVKDFNLLRWLGANSFRTSHY--PYSEEVLQLC 
GlE    VA----------VKGEQFLINHKPFYFTGFGRHEDADLRGKGFDNVLMVHDHALMDWIGANSYRTSHY--PYAEEMLDWA 
GlL    VK----------IVNDKILLNNHPIYLKGFGKHEDFNVLGKAVNESIIKRDYECMKWIGANCFRSSHY--PYAEEWYQYA 
GaC    FE----------MKDKIMCLKWKRIIFKGVNRHEFSARRGRSITKEDMLWDIKFLKQHNINAVRTSHY--PNQSLWYRLC 
GaA    VK----------IVGDQFLVNGRKVIFHGVNRHETNADRGRVFDEASAREDLALMKRFNVNAIRTSHY--PPHPRFLDLA 
GaEcl  VE----------ISNGLLKLNGKPLLIRGVNRHEHHSENGQVMDEATMRRDIETMKQHSFNAVRCSHY--PNHPLWYQLC 
GaEco  VR----------IENGLLLLNGKPLLIRGVNRHEHHPLHGQVMDEQTMVQDILLMKQNNFNAVRCSHY--PNHPLWYTLC 
MaB    VELVEEPIQNSPGLSFYFKINGLPIFLKGSNWIPADSFQDRV-TSAMLRLLLQSVVDANMNALRVWGGGVYEQDEFYELC 
MaH    VELIEEPIKGSPGLSFYFKINGFPIFLKGSNWIPADSFQDRV-TSELLRLLLQSVVDANMNTLRVWGGGIYEQDEFYELC 
MaM    VQLIEEGIKGSPGLSFYFKINGLPIFLKGSNWIPADSFQDKV-TSDRLQLLFQSVVDANMNTLRVWGGGIYEQDEFYALC 
MaC    VEVD--TTPDEDGTPFTFRVNGRPVFVKGANWIPDDHLLTRI-TRERLAHRLDQAVEANLNLLRVWGGGIYESEDFYDLC 
UnA    ------------GNGFGLKVNGQPVFCRGAVWTTADIVRLPG-TRPDYEPWLKKAAEAGMNMIRVGGTMAYETPEFFALC 
UnBc   ------------GKGFGLRINGVPVFARGACWSSAAPLALHA-DDATYARLLGLARDAGFNMIRVGGTMTYEADAFHAWC 
UnBv   ------------GNGFGLRVNGTPVFARGACWSSAAPLALHA-DDATYARLLGLARDAGFNMIRVGGTMTYEADAFHAWC 
UnBm   ------------GRGFALSVNGTPLFARGACWTSADPVGLHA-DAPAYRRALVLARDAGCNMIRVGGTMIYEADAFYALC 
                          ::       ▲                               ▲  ▲                            
 
        410       420           430            440       450       460       470 
CsAo   DDLGVLTMPGWECCDKWEGQ----VNGEEK-G----EPWVESDYPIAKASMFSEAERLRDHPSVISFHIGSDFAPDRRIE 
CsS    DRYGILTLPGWECCNKWEGN----VNGSGS-G----DEWTAADYPVAKASMAAEAARLRDHPSVVSFLIGSDFAPDAKIE 
CsH    DEYGLMVMPGWECCDKWEAW----AYNDEL-AIFPPPVWDANDYETANYSMIHEAAMMQPHPSVLTFLVGSDFWPNDEAV 
CsN    DRLGIMILAGWECCDKWEAW----SYNQDL-TV-PTPVWSEDDYNIANASMFHEAGMLQTHPSILGYLIGSDYWPDSKAA 
GlH    DRYGIVVIDECPGVGLALPQFFN-----------------NVSLHHHMQVMEEVVRRDKNHPAVVMWSVANEPASHLESA 
GlM    DRYGIVVIDECPGVGIVLPQSFG-----------------NESLRHHLEVMEELVRRDKNHPAVVMWSVANEPSSALKPA 
GlE    DEHGIVVIDETAAVGFNLSLGIGFEAGNKPKELYSEEAVNGETQQAHLQAIKELIARDKNHPSVVMWSIANEPDTRPQGA 
GlL    DKYGFLIIDEVPAVGLNRSITNFLNVTNSNQSHFFASKTVPELKKVHEQEIKEMIDRDQRHPSVIAWSLFNEPESTTQES 
GaC    DEYGIYLIDETNLESHGS-----WQKMGQIEPSWNVPGSLPQWQAAVLDRASSMVERDKNHPSVLIWSCGNESYAGEDIY 
GaA    DELGFWVILECDLETHGF------HALKWV----GNPSDDPAWRDALVDRMERTVERDKNHASIVMWSLGNESGTGANLA 
GaEcl  DRYGLYVVDEANIETHGM------VPMSRL-------ADDPRWLPAMSERVTRMVQRDRNHPSIIIWSLGNESGHGANHD 
GaEco  DRYGLYVVDEANIETHGM------VPMNRL-------TDDPRWLPAMSERVTRMVQRDRNHPSVIIWSLGNESGHGANHD 
MaB    DELGIMIWQDFMFAC------------------ALYPTD-KDFMDSVREEVTHQVRRLKSHPSIITWSGNNENEAALMMG 
MaH    DELGIMVWQDFMFAC------------------ALYPTD-QGFLDSVTAEVAYQIKRLKSHPSIIIWSGNNENEEALMMN 
MaM    DELGIMVWQDFMFAS------------------ALYPTE-PGFLASVRKEVTYQVRRLKSHPSIIIWSGNNENEVALSVN 
MaC    DERGLLVWQDFLLAC------------------AAYPEE-QPIWDELEAEARENVARLTPHASLVLWNGGNENLWGFM-D 
UnA    DELGIMVWQDAMLAN------------------FDYPAKDDGLRQHIVMEIEQLLESTALSPSFAIFCGGSEMYQQGAML 
UnBc   DRLGLLVWQDFMFAN------------------FDYALDDPAFADNVDREARQFLSRHSASPSLAVLCGGSEIAQQAAMS 
UnBv   DRLGLMVWQDFMFAN------------------FDYALDDRAFADAVDAEADQFLARRRASPSLAVLCGGSEIAQQAAMS 
UnBm   DELGLLVWQDFMLAN------------------FDYPSNDPRFAESLKREAEQFLGRHMARPSIAVLCGGSEIAQQAAMV 
       ▲  ▲                                                         :         *       
 
       480                   490        500        510                
CsAo   QGYLD------------AMKAADFLLPVIPAAS-ARPSP-ITGASGMK-------------------------------M 
CsS    KTYLD------------ALKAADWPTPVVAAAS-DKSSP-VSGSSGMK-------------------------------M 
CsH    VLYAN------------ALKNAGWQTPIIASAS-KRGFPALLGPGGMK-------------------------------M 
CsN    PMYIN------------TLRLQDWQTPVLSSAS-KRGFPSFMGSPGLK-------------------------------M 
GlH    GYY-----------------LKMVIAHTKSLDP-SRPVTFVSNSNYAA--DKGAPYVDVICLNSYYSWYHDYG-HLELIQ 
GlM    AYY-----------------FKTLITHTKALDL-TRPVTFVSNAKYDA--DLGAPYVDVICVNSYFSWYHDYG-HLEVIQ 
GlE    REY-----------------FAPLAEATRKLDP-TRPITCVNVMFCDAHTDTISDLFDVLCLNRYYGWYVQSG-DLETAE 
GlL    YDY-----------------FKDIFAFARKLDPQNRPYTGTLVMGSGPKVDKLHPLCDFVCLNRYYGWYVAGGPEIVNAK 
GaC    Q----------------------MSKYFRKKDP-SRLVHYEGVTRC----------REFM-----------TR-RHESRM 
GaA    A----------------------MAAWTHARDL-SRPVHYEGDYTG-A-------YTDVYS-----RMYSSIP-ETDSIG 
GaEcl  A----------------------LYRWLKTTDP-TRPVQYEGGGANTAA-------TDIVC-----PMYARVD-RDQPFP 
GaEco  A----------------------LYRWIKSVDP-SRPVQYEGGGADTTA-------TDIIC-----PMYARVD-EDQPFP 
MaB    WYDTKPGYLQTYIKDYVTLYVKNIRTIVLEGDQ-TRPFITSSPTNGAK--TIAEGWLSPN-------------------P 
MaH    WYHISFTDRPIYIKDYVTLYVKNIRELVLAGDK-SRPFITSSPTNGAE--TVAEAWVSQN-------------------P 
MaM    WFHVNPRDMKTYIDDYVTLYVKNIRKIVLSEDK-SRPFIASSPTNGMK--TMEEGWISYD-------------------P 
MaC    WGWPQELEGRTWGY---RLATELLKGVVAELDP-TRPYADGSPYSPGF--ALDDVH-----------------------P 
UnA    GLPEQ-----IWKG---TLTEEILPELVAEKRP-DAAYVANSPSGGAL-------------------------------P 
UnBc   GLGPK-----QRFL---ELTADRLAGHAAACRP-DVPYVPDSPDGGVL-------------------------------P 
UnBv   GLGPK-----QRAV---ELTAERLAARAAAWRP-DVPYVSDSPDGGVL-------------------------------P 
UnBm   GLAPD-----ERRV---PATEQWLAELCAAHRP-DAAYVSDSPHGGVL-------------------------------P 
 



 
 
 
                520           530          540       550        560       570       580                      
CsAo   NGPYDYV----PPVYWYDK----SQKDRGGAW---SFNSETSAGVDIPTMDTLKR-MMSASELDTMWKNPSAKQYHRSSS 
CsS    TGPYDWI----PPNYWYA-------KREGGAT---GFNSETSAGPDIPTLDTLRR-MMTPAELDTLWKNPGAKQYHRSPS 
CsH    DGPYDWV----PPNYWYDV--EPSEDRLGAAF---GFGSELGAGVGTPELSSLRR-FLNQSDLDDLWKNPNKNLFHMST- 
CsN    EGPYDWV----PPNYWYDT--EPSAGRFGAAF---GFGSELGAGVGTPDSSSLHK-FLSPSDLTDLWKNPNKDLFHMSST 
GlH    LQLATQF----ENWYK--KY------------QKPIIQSE-YGAETIAGFHQDPPL------------------------ 
GlM    PQLNSQF----ENWYK--TH------------QKPIIQSE-YGADAIPGIHEDPPR------------------------ 
GlE    KVLEKEL----LAWQE--KL------------HQPIIITE-YGVDTLAGLHSMYTD------------------------ 
GlL    KMLEDEL----DGWQNL-KL------------NKPFVFTE-FGADTLSSSHRLPDE------------------------ 
GaC    YAKAAEI----EEYLN-DNP------------KKPYISCE-YMHSM-------GNS------------------------ 
GaA    RNDSHALLLGCNAIESARQR------------TRPFILCE-YVHAM-------GNG------------------------ 
GaEcl  AVPKWSI----KKWIGMPDE------------TRPLILCE-YAHAM-------GNS------------------------ 
GaEco  AVPKWSI----KKWLSLPGE------------TRPLILCE-YAHAM-------GNS------------------------ 
MaB    YDLNYGD----VHFYDY-----VSDCWNWRTFPKARFVSE-YGYQSWPSFSTLEK-VSSEEDWSYRSS----FALHRQHL 
MaH    NSNYFGD----VHFYDY-----ISDCWNWKVFPKARFASE-YGYQSWPSFSTLEK-VSSTEDWSFNSK----FSLHRQHH 
MaM    YSIQYGD----IHFYNY-----ADDCWNWKIFPKARLVSE-YGYQSWPSFSTLEK-VSSQEDWAYNSR----FSLHRQHH 
MaC    NDPDHGT----HHEWEV--WNRVDYSAYRDDV--PRFCSE-FGFQGPPTWSTLTR-AVRADDGGPLTKDDPTFLLH-QKA 
UnA    FFPNAGV----GHYYGVGAYCRPLEDARRADL---RFAAECLAFANIPEQETLDRYLPGVAVHDPRWK----ARTPRDRG 
UnBc   FAPRERV----SHYYGVGAYLRPLDDARRADV---RFASECLAFSNVPCDATLAE-LGWPGVHEPRWK----AAVPRDPG 
UnBv   FVPRERV----SHYYGVGAYLRPLDDARRADV---RFASECLAFANVPCDATLER-IGRPHPHEPRWK----AAVPRDPG 
UnBm   FAPREGV----THYYGVGAYLRPPEDARRAGV---RFASECLAFANVPCDATLAS-IGSPAAHEPAWK----RAVPRDPG 
                                              *                                                              
 
                590       600            610       620       630             640 
CsAo   --DTFGNLKLFGDALTKRYGASAN----LNDFVR—KAQLSQYENVRAEFESHSRNYTD------STNPSTGLIYWMLNSP 
CsS    --SVFGTLKIYDAALAGRYGAPTG----LTDYVR—KAQLAQYENVRAQFEAYGRGATD------ASKPATGVIYWMFNSG 
CsH    NASSFYNRKIYNQGLWKRYGAPTS----LDDYLL-KAQMMDYEATRAQYEGFGALWT---- --ASRPATGVIYWMLNNA 
CsN    ETSSFRNRRIYNTGLWNRWSAPTS----LEDYVQ—KSQITDYEATRAQFEGYAANWGN------SQRPATGMIYWMLNGA 
GlH    ---------------------------------------MFTEEYQKSLLEQY----HLGLDQKRRKYVVGELIWNFADF 
GlM    ---------------------------------------MFSEEYQKAVLENY----HSVLDQKRKEYVVGELIWNFADF 
GlE    ---------------------------------------MWSEEYQCAWLDMY----HRVFD--RVSAVVGEQVWNFADF 
GlL    ---------------------------------------MWSQEYQNEYYQMY----FDIFK--KYPFICGELVWNFADF 
GaC    ---------------------------------------TGG-------MMKY----TELED--KYLMYQGGFIWDYGDQ 
GaA    ---------------------------------------PGA-------IDQY----EDLVD--KYPRLHGGFVWEWRDH 
GaEcl  ---------------------------------------FGG-------FAKY----WQAFR--SHPRLQGGFVWDWVDQ 
GaEco  ---------------------------------------LGG-------FAKY----WQAFR--QYPRLQGGFVWDWVDQ 
MaB    --INGNNEMLHQIELHFKLPNSTDQLRRFKDTLY--LTQVMQAQCVKTETEFYRRSRSEIVN--GKGHTMGALYWQLNDI 
MaH    --EGGNKQMLYQAGLHFKLPQSTDPLRTFKDTIY--LTQVMQAQCVKTETEFYRRSRSEIVD--QQGHTMGALYWQLNDI 
MaM    --EDGNHQMLHQVKMHFKLPQGTDPLRTFKDTIY--LTQVMQAQCIKTETEFYLRSRSEIVD--GKGHTMGALYWQLNDI 
MaC    --EDGNGKLDRGLAPHLGVPAG------FVDWHW—-ATQLNQARAVAFAIEHYRS---------WWPRTAGAIVWQLNDC 
UnA    --ASWDFEDVRDHYLKLLYEAEPDVLRREDGALYLDMSRAATAEVMEATFAEWRR---------SGSSCQGALVWTLQDL 
UnBc   --TSWDFEDIRDHYLQTLYDVVPDRLRREDPSRYFELSRSVIADLMRETFSEWRR---------TGSRCAGALVWQFQDV 
UnBv   --ASWDFDDVRDHYLRTLYDVAPERLRREDPARYFELSRAVIADVMRETFSEWRR---------TGSRCAGALVWQFQDV 
UnBm   --APWDFDDVRDHYLRALYGVEPARLRSIDPARYLTLSRAVVADLVGETLAEWRR---------VGSSCAGALVWQFQDV 
                                                                             ▲   ▲    
 
           650       660                            670 
CsAo   ----WTSLHWQLFDAYMD---------------------QNGAYYGAKKANEPLHI 
CsS    ----WTSLHWQLLDRYLD---------------------QGGAYFGAKKANEPLHV 
CsH    ----WPSLHWNQFDYYLH---------------------PAGSYFGTKVGSRIEHV 
CsN    ----FPSLHWSIWDYYMH---------------------PAGAYFGAKVGSRIEHV 
GlH    ------MTEQSPTRVLGN-----------KKGIFTRQRQPKSAAFLLRERYWKIAN 
GlM    ------MTNQSPLRVIGN-----------KKGIFTRQRQPKTSAFILRERYWRIAN 
GlE    ------ATSQGILRVGGN-----------KKGIFTRDRKPKSAAFLLQKRWTGMN- 
GlL    ------KTSEGIMRVGGN-----------DKGIFTRDREPKDIAFTLKKRWQQLN- 
GaC    ALYRKLPDGKEVLAYGGDFTDRPTDYNFSGNGLIYADRTISPKAQEVKYLYQNVKL 
GaA    GIRTRTADGTEFFAYGGDFDEVIHDGNFVMDGMILSDSTPTPGLFEYKQIVSPIRL 
GaEcl  ALTKRDEDGNTFWAYGGDFGDKPNDRQFCLNGLVFPDRTPHPALYEAHGPQQFFTF 
GaEco  SLIKYDENGNPWSAYGGDFGDTPNDRQFCMNGLVFADRTPHPALTEAKHQQQFFQF 
MaB    ----WQAPSWSSLEYGGK---------------------WKMLHYFARHFFAPL-- 
MaH    ----WQAPSWASLEYGGK---------------------WKMLHYFAQNFFAPL-- 
MaM    ----WQAPSWASLEYGGK---------------------WKMLHYFARRFFAPL-- 
MaC    ----WPVTSWAAIDGDER---------------------VKPLWHALRRAYAPR-- 
UnA    ----VPGAGWGIIDAAGR---------------------PKSVWHALKRAFR---- 
UnBc   ----MPGAGWGMIDAAHR---------------------PKSAWHALRQVLQ---- 
UnBv   ----MPGAGWGLLDAAHL---------------------PKSGWYALRQVLQ---- 
UnBm   ----MPGAGWGLVDAHGR---------------------PKSAWHALRRV------ 


