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NFQVETPSEEFNNMVDVWNAYQCFITFIWSRAASFIYCGLRNGYGYRDTVQDIQGIIHINPELAAEKIRFMLSAQVSNGG
KLQIETPDRETNLFVNTWNQYQCKITFNWSRFVSMYSWGLGRGIGIRDSAQDTLGVMHSIPELAGGLIKRLIHCQYTDGR
YFQFNTGNKLFDSGFNRNLAFQVLYQTFMSRSFGQTQKG-YREIGFR-EIQDLFASMYYFINIGYQDFVKELLFEWTANV
TYSVSSTDEKLDRMVNIWNQYQCMVTFNMSRSASFFETGIGRGMGFRDSNQDLLGFVHLIPERARERIIDIASTQFADGS
ILNVATPDDKVDRMVNIWNQYQCMVTFNLSRSASYFESGIGRGMGFRDSNQDVLGFVHQIPDRARERIIDIASTQLPDGG
KYFLESHDEKLNRMVNIWNQYQCMVTFNMSRSASYFESGIGRGMGFRDSNQDLLGFVHQIPERARERLLDLAATQLEDGS
RIQVETHDEKLNRMVNIWNQYQCMVTFNISRSASYFESGISRGIGFRDSNQDILGFVHMIPEKARQRILDLASIQFEDGS
TYSVSSNDEKLDRMVNIWNQYQCMVTFNMSRSASFFETGIGRGMGFRDSNQDLLGFVHLIPERARERIIDIASTQFADGS
QLQVSTPDAGFNHMVNNWLPYQRWPARILARTALYQSS---GAFGFRDQLQDTLAFLLYQPDLARTQILRAAGRQFPEGD
HIKVKTGDKAFDHMVNHWLPYQTLACRIKARAGFYQAS---GAYGFRDQLQDSLAFLLYRPELARDQILNAASRQFKEGD
TVRFSSGDGEQD-LWMKWVTLQPILRRLYGNSFLPYHDYGRGGRGWRDLWQDCLALMVMEPAEVRHLLLNNYAGVRMDGS
KLSISMVNKDVE-LLLRWVRFQPVLRRIFGNSYLPHHDYGRGGRGWRDLWQDLLSLILINDESVETLLFNNFQGIRIDGS
KFQVKSPNQGLDTMINAWTLYQAETCVVWSRFASFIEVGGRTGLGYRDTAQDAISVPHANPEMTRKRIVDLLRGQVKAGY
KFQVRSPNQGLDTMINAWTLYQAETCVVWSRFASFIEVGGRTGLGYRDTAQDAISVPHTNPAMTRKRLVDLLRGQVKAGY
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         *      2500         *      2520         *      2540         *      2560
GLPLVK---FDHN---AGHETCPDENDENSVYAKETGHPSYRADDALWLFPTIVKYIGETGNKAFLDEVIVYAEE-----
VYHLFFP---------------LTGEGG--IGDAPVVKFDWYSDDHLWLPIAANAYLKETANFDFFQSVVPY-ND-----
YKMGYAN------------------HNFYWVGKQ----PGLYSDDSLWLLQAYYRYIIYTKDTSVLNEEVPVADG-----
AYHQYQP---------------LTKRGNNDIGSG-------FNDDPLWLIAGVAAYIKESGDWGILDEPVPFDNE-----
CYHQYQP---------------LTKKGNSDIGGD-------FSDDPLWMILSVSAYIKETGDWGILDEMVPYDND-----
AYHQYQP---------------LTKKGNNEIGSN-------FNDDPLWLILATAAYIKETGDYSILKEQVPFNND-----
TYHQFQP---------------LTKKGNNEIGGG-------FNDDPLWLILSTSAYIKETGDWSILGEEVPFDND-----
AYHQYQP---------------LTKRGNNDIGSG-------FNDDPLWLIAGTAAYIKETGDFSILDEPVPFDNE-----
VQHWWLP------------------LTGAGVRTT-------ISDDVVWLAYAINQYVSATGDAAILDESIPFLKGPALMP
VQHWWLP------------------QNGAGIRST-------ISDDVVWLAYAVHSYVTATGDKAILDTDVSFLDGPTLAL
NATIIGA-------------------GPGEFVADRNNIPRVWMDHGAWPLMTTLLYLHQSGDLDLLFQPQSYFRDVFVKR
NATIIGD-------------------KPGEFLADRNKIVRVWSDHGAWPLLTTLSYIHSTGHIEFLFKQQTYFHDQFTHY
GLHLFDPDWFDPEKEDVAPSKSPTVVPTPSDEDKIHGIKDTCSDDHLWLIPTICKYVMETGETSFFDQMIPYAD------
GLHLFDPDWFDPEKADVKPSKSPTVVPTPSDEDKIHGIKDTCSDDHLWIVPTILNFVKETGDLSFIDEVIPYAD------
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         *      2580         *      2600         *      2620         *      2640
---------------------GGGEATVYEHLKNAIRFSQER-LGAHKMPAGLHADWNDCLRMGKQG-------------
---------------------NKTEGTVWEHLNRAMEFTYNH-RGPHALPYS-RADWNDTLNLDMGN-------------
---------------------NNEKRAVRETLKAIIQYSACISVGDHGLPLLDLADWNDCLKIASNSIDGATKEKLYYEQ
---------------------PGSEVPLFEHLTRSFQFTVQN-RGPHGLPLIGRADWNDCLNLNCFSTTPGESFQTTEN-
---------------------ESKAQPMLDHLKVSFYHIVNN-LGPHGLPLAMRADWNDCINLSCYSDTPGESFQTYTN-
---------------------PSKADTMFEHLTRSFYHVVNN-LGPHGLPLIGRADWNDCLNLNCFSTVPDESFQTTT--
---------------------PNKKASLFEHLKRSFYFTVNN-LGPHGLPLIGRADWNDCLNLNCFSKNPDESFQTTVN-
---------------------PGSEVPLFEHLTRSFEFTVTH-RGPHGLPLIGRADWNDCLNLNCFSTTPGESFQTTEN-
GQ----------HDAFFQPETSERSATLYEHAALALDLAIHR-TGENGLPLILGGDWNDGMNRVGVGG------------
GR----------HDAFFKPEISAEKAPLYEHAARALDLAITR-TGTNGLPLILGGDWNDGMNRVGVAG------------
CRERDASWTPEQGNKLLTADGQIYEGTILEHILLQNIVPFFN-VGEHGNIKLEGADWNDGLDLAPERGESVAFTAFYASN
TN---KTRDIETSEHILRVHNKPYLGTILEHLLLQNIVAHFN-TGKFGFVRLENADWNDGLDMAKNNGETIAFTHFYASN
----------------------GGEASVYEHMKAALDFSAEY-VGQTGICKGLRADWNDCLNLG-GG-------------
----------------------GGDATVYQHMMAALDFSAEY-VGQTGICKGLRADWNDCLNLG-GG-------------
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Figure S1. Multiple sequence alignment of catalytic domain of GH94 enzymes.
Multiple sequence alignment was constructed using ClustalW program (http://www.genome.jp/tools/clustalw/).
Residues with black, dark gray, and light gray backgrounds are 100, 80, and 60 of conserved percent, respectively.
Alphabets below the sequence indicate conserved or major residues. 1, D or E; 2, E or Q; 3, S or T; 4, K or R; 5, F,
Y, or W; 6, L, I, V, or M. The catalytic residues are indicated by red triangle. The residues involved in the
formation of subsites -1 and +1 are indicated by green and blue triangles, respectively. Amino acid residues
forming phosphate binding site are shown by orange triangles. CsCDP, Clostridium stercorarium CDP
(AAC45511.1); CtCDP A, Clostridium thermocellum YM4 CDP (BAB71818.1); CgCBP, C. gilvus CBP
(GenBank ID, BAA28631.1); RaCBP, R. albus NE1 CBP (ADU20744.1); CtCBP, Clostridium thermocellum
YM4 CBP (AAL67138.1); TmCBP, Thermotoga maritima MSB8 CBP (AAD36910.1); CuCBP, Cellulomonas
uda CBP (AAQ20920.1); AfCBGS, Agrobacterium fabrum C58 cyclic β-1,2-glucan synthetase (AAK73356.1);
AvBGS, Agrobacterium vitis F2/5 β-1,2-glucan synthetase (AAQ08605.1); PsLBP, Paenibacillus sp. YM1
laminaribiose phosphorylase (BAJ10826.1); AlLBP, Acholeplasma laidlawii PG-8A laminaribiose phosphorylase
(ABX81345.1); VpChBP, Vibrio proteolyticus ChBP (BAC87867.1); VfChBP, Vibrio furnissii ChBP
(AAG23740.1).
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-------------------------------------------ESTFVAFQLYYAMSVIKGYAEER-KDTDYI-EYITKA
------------------------------------G----IAETLFTSMLFSEP--PLKRFRCRISDKRIAT-KYRYWY
LKKTNG---------------------------KYGDRFMSDYSESVMNAFLLKLAIDHLAEIATLDNDTQLAQQMSELS
---------------------------------QAGG----VAESVFIAAQFVLYGAEYATLAERRGLADVAT-EARKYV
------------------------------PKFAAEGGYSKVAESVMVATLFTYTGPNYVAILKHLGKDDEAA-AAQAEI
---------------------------------SKDG---KVAESVMIAGMFVFIGKDYVKLCEYMGLEEEAR-KAQQHI
---------------------------------ALDG---RVAESVFIAGLFVLAGKEFVEICKRRGLEEEAR-EAEKHV
---------------------------------QAGG----VAESTFIAAQFVLYGEQYAELAARRGLADVAD-RARGHV
-----------------------------------------KGTSVWLGWFLAGALRAFHRDRREARRYRPGSGKWASHR
-----------------------------------------RGESVWLGWFLANALTVFTP-FAEERKDSSRVKAWAKYL
LMELSELLLELQKRTGKDSLDIAEEMALLLDTLGKPISYDSIQEKRSLLDRYYDAVTPRVSGKKLLLDIRKVAEDLKRKA
LMKMAEVIEKINRPVR------------LFKSL-----YDLIFETIDLKT-FFDNVS-DFKDTTVEVDATKLSYQLVELY
-------------------------------------------ESSMVSFLHFWALQEFIDLAKFLGKDQDVN-TYTEMA
-------------------------------------------ESAMVSFLHFWALEAFLELARHRQDAAAID-KYQAMA
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QAELGKALADCWDED------------RFIRGIRDNGVVVGAKKDPEASMWLNPQSWAVISGFASKEQA-------EKSL
DEMKQAINEWCWDGE------------WYIRAFDDEGNVLGSGKNRYGKIFINSQSWAVLSMVAPEEYA-------KKCL
KEVTDRIQKHAWKENFFARVLINRYKDGSYTYLGAKGDKLSADPNIDGVYFLNSFAWSVLSDVATDEQI-------AIMV
DEVRAAVLEHGWDGQ------------WFLRAYDYYGNPVGTDAKPEGKIWIEPQGFAVMAGIGVGEGPDDADAPAVKAL
DKMKKNVMESAWDGN------------WFLRAYDANGEKMGSKECEEGQIFIEPQGFAIMSEIGKEQGA------DKKTL
DAMKEAILKYGYDGE------------WFLRAYDDFGRKVGSKENEEGKIFIESQGFCVMAEIGLEDGK------ALKAL
NKMIETTLKYGWDGE------------WFLRAYDAFGRKVGSKECEEGKIFIEPQGMCVMAGIGVDNGY------AEKAL
AEMRDALLTDGWDGS------------WFLRAYDYYGNPIGTDAHDEGKIWIEPQGFAVMAGVGVGEGPQDTDAPAIKAL
EKLRHVLETAGWDGS------------YYRRGYFDDGTPLGSASSEECQIDSLGQSWSVLSGEGEEGRS-------RQAM
KSLKAALEKAGWDGD------------HYRRGYFDDGDPLGSDQSDECRIDAIAQSWSVLSGFAEPERQ-------QQAM
DWAVAHLRGSEWIQSKEG-------YAWFNGYYNNDGERVEGDHPDGVRMTLTGQVFAIMGGVATDEQT-------EKIS
KKRIDHINENAWIKDTH-----------LQSYITDSN--VFLDTAD--TMNLTGQAMALLNETLTMSQA-------KSVA
ANVREACETHLWDDEGG----------WYIRGLTKNGDKIGTAQQQEGRVHLESNTLAVLSGLASQERG-------EQAM
NGVREACETHLWDDNGG----------WYIRGLTKDGDKIGTFEQQEGKVHLESNTLAVLSGAVSQQRG-------EKAM
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EKVHEILNTPYG--VKIMDPPYVDHYFDGALMHIFNPDTKENGGIFSQTQGWIILAESLMGHGNRAFEYFMESAPAS---
ESVYRHLNTKYG--IVKVYPAYPEYNPKIGGMTTYPPGAKENGGIFAHTNPWVMIAECMMGNGRRAYQYYRQILPLT---
DVIKKHLLTPYG--LRLVTPADLNKIANDTATGHYFFGDRENGAVFKHASMMAVAALIKAAKKVKDNELAKEMARIAYFM
DSVNEMLGTPHG--LVLQYPAYTTYQIELGEVSTYPPGYKENGGIFCHNNPWVIIAETVVGRGAQAFDYYKRITPAY---
AAIDERLNTKFG--LVLNNPAFTKYYIQYGEISTYPGGYKENAGIFTHNNAWIICAAAYAGEGDQAFKYYSEIAPAF---
DSVKKYLDTPYG--LVLQNPAFTRYYIEYGEISTYPPGYKENAGIFCHNNAWIICAETVVGRGDMAFDYYRKIAPAY---
DSVKKYLDTPYG--LVLQQPAYSRYYIELGEISSYPPGYKENAGIFCHNNPWVAIAETVIGRGDRAFEIYRKITPAY---
DSVNEMLATDHG--MVLQYPAYTTYQVHMGEVSTYPPGYKENGGIFCHNNPWVIIAETVVGRGGRAFDYYKRITPAY---
DAVMEHLVDEKTGIIRLFTPPFSRASHDPGYIKGYPPGVRENGGQYTHAATWVVLALAKQGRAQEAWNCFKLLNPVNHAL
NSVVGRLIDDEVGIVRLFTPPFEKSRLDPGYIKSYPPGVRENGGQYTHAAIWTGLLETVS---RLAWKVFSMLNPVHHAE
QAVNRYLKDERIG-YRLNSR-FGGIQQNLGRAFGFAFGHKENGAMFSHMTVMYANALYKRGFVQEGFEVLDSIYRLSADF
DTTKKLLFNKDNGGYHLNSN-YHKIMMDMGRAFGFSYNHKENGAVFSHMAIMYVYGLYNYNLVQLGNEGYKSLI-MRAIH
DAVDEHLFSPYG--LHLNAPSFSTPNDDIGFVTRVYQGVKENGAIFSHPNPWAWVAETKLGRGDRAMKFYDALNPYN---
DAVYEYLFSPYG--LHLNAPSFATPNDDIGFVTRVYQGVKENGAIFSHPNPWAWVAEAKLGRGDRAMEFYDSLNPYN---
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MNDKAEQRVMEPYVHGQFTESTRS--------PYAGRSHVHWLTGTGSTVMVGCVEGICGMRPNAEGLVISPSIP----A
RNDDADLLEVEPYVYCQNILGKEH--------PQFGIGRNSWLTGTAAWNMVAVSQYILGIRPEYDGLTVDPCIP----P
IDLVLPYKNLENPFQVAGNPRICTQYIN----TDTGENIGPLLSGTATWLNLNLIS-LAGIEYTRDGISFNPILR----E
REDISDTHKLEPYVYAQMIAGKEA--------VRAGEAKNSWLTGTAAWNFVAVSQYLLGVRPDYDGLVVDPQIG----P
TEDTSDIHKTEPYVYGQMIGGKDAGADIGRPGKNFGQGKNSWLTGTAAWNMVAISQYILGVQPDFDGLKIDPSIP----S
IEDVSDIHKLEPYVYAQMVAGKDA--------KRHGEAKNSWLTGTAAWNFVAISQWILGVKPDYDGLKIDPCIP----K
LEDISEIHRTEPYVYAQMVAGKDA--------PRHGEAKNSWLTGTAAWSFVAITQHILGIRPTYDSLVVDPCIP----K
REDISDVHRLEPYVYAQMIAGKEA--------VRHGEAKNSWLTGTAAWNFVTVSQYLLGVRPEYDGLVVDPQIG----P
DAASSETYRVEPYVVTADVYGEGA---------YAGRGGWSWYTGSAGWLYRAAVEGILGITRTDGKLHVSPSLP----E
TTDEADRYRVEPYVVAADVYGGPG---------YEGRGGWTWYTGSAGWLYRFALEGFLGIHRQGEGITLKPALP----S
ENSRIYPGVPEYIN-------------------ERGRGMYTYLTGSASWLLLTQLTEVYGVKGRFGDLRLEPKLVQAQFD
PDAHTVLGIPEYFT-------------------DKGVGKYLYLTGSASWLLKLLQEQVFGITFYYGKLTLNPKLVREDFI
QNDIIEKRIAEPYSYVQFIMGRDH--------QDHGRANHPWLTGTSGWAYFAVTNYILGVQSGFTGLSVDPCIP----S
QNDIIETRVAEPYSYVQFIMGRDH--------QDHGRANHPWLTGTSGWAYYATTNFILGVRTGFDTLTVDPCIP----A
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