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IYKVMDNTEWTNGEFWTGCLWLAYEYNQDKKLKNIAHKNVLSFLNRINNRIALDHHDLGEL
QYGIIENIEWTDGFWTGLLWLAYEYTGDEKYRELADKNVASFKNRVEKDIELDHHDLGFL
TYIAMDNTEWTNGFWTGILWLCYEVSGEKHYREVAEQNVKSFIYRIENEIEVEHHDLGEFL
KYPIIDNIEWTDGFWTGLLWLAYEYTGDEKYRELADKNVDSFHHRVVNDIEIDHHDLGFL
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YTPSCTAEYRINGDVKALEATIKAADKLMERYQEKGGFIQAWGELGYKEH-YRLIIDCLL
YSLATVSGYKLTGSEDAREASIKAANKLISRYQEKGEFIQAWGELGSKDH-YRFIIDCLL
YSLSCVSAYKLTGNEAAKNAAISAAEKLLORYQSKGEFIQAWGELGNQDN-YRLIVDCLL
YSLSCVASYKLTGSEKAKEAAVLAADKLITRWQEKGEFIQAWGEYNNPEH-YRFIIDCLL
YSPSCVAAYKLTKNQEAKEAALLAADNLISRYQEKGKFIQAWGNIGANDN-YRLIIDCLL
YSLSAKAQWIVEKDESARKLALDAADVLMRRWRADAGIIQAWGPKGDPENGGRIIIDCLL
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NIQLLFFAYEQTGDEKYRQVAVNHFYASANNVVRDDSSAFHTFYFDPETGEPLKGVT
NIPLLYWASDETGDAKYRNIANKHEVTSCNNVIRDDASAFHTFYMDNETGKPLRGVT
NIPLLEWASTVTQDKRYREVAVKHYHTTIDNAIREDSSAYHTFFEFDAETGDPLYGKT
NIPLLYWATEVTGDDKYANIAERHEFYTSCQYVIRDDASAFHTEFYMDPETGGPVRGAT
NIPLLYWASDYDR-KNYFDKALNHENTSLHTVIREDGTTYHTYFEFDAKTNKPLCGKT
NLPLLLWAGEQTGDPEYRRVAEAHALKSRRFLVRGDDSSYHTFYFDPENGNAIRGGT
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QGYSDESSWAiGQA*GIYGIPLSYRKMKDYQ ————— QIILFKGMTNYFLNRLPED-KVSY
QGYSDDSAWARGQAWGVYGIPLNYRYTRNES----~— CEFNLYEGMTNYFLNRLPKD-NVCY
QGYSDSSSWARGQSWLIYGLALFRSYCPEEE--—-— NTEIFEAITNYFLNRLPKD-FVSY
QGYNDESSWARGQAWGVYGIPLNYRYTHEDE VFPLHEGMTNYFLNRLPKD-FVCY
QGYSDDSCWARGQAWGIYGIPLTLKYAKNNSKIDKNAYQIYQKVLNQFLNNLPQDDYVCY
QGNTDGSTWTRGQAWGIYGFALNSRYLGNAD—---- LLETAKRMARHFLARVPED-GVVY
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WDLIFTDGSGQPRDTSATATAVCGIHEMLKYLPEVDPDKETYKYAMHTMLRSLIEQYSNN
WDLIFNDGDDHSKDSSAAAIAVCGMHEMNKYLPEVDENKEVYKYAMHNILRSLMENYMNP
WDLIFMDGSEQSRDTSATAIAVCGMSLMDAFLPETNSHKLVYKCAQHSMLRSLSENYTES
WDLIFTDGDDQSRDSSAAAIAVCGMLEMIKYMKN-DELKTVYEGASHTILRSLIDNYTKT
WDLIFNEKADQSRDSSASATIAVCGILEMLKITQK-DYKTDLYEKSAHLILRNLINKYHNK
WDFEVPQEPSSYRDSSASAITACGLLEIASQLDESDPERQRFIDAAKTTVTALRDGYAER
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Supplemental Fig. S2. Multiple sequence-alignment of bacterial UGLs. Bacteria with UGL genes
were as follows: S. agalactiae, Streptococcus agalactiae NEM 316; C. perfringens, Clostridium
perfringens ATCC 13124; E. faecalis, Enterococcus faecalis V583; E. rhusiopathiae, Erysipelothrix
rhusiopathiae ATCC 19414; M. fermentans, Mycoplasma fermentans PG18; and Bacillus, Bacillus sp.
GL1. The motif “R-//-SXX(S)XK” responsible for recognition of the sulfate groups of A6S and A4S is
boxed. Other residues binding to the substrate are indicated by arrows. Identical and similar amino
acid residues among proteins are denoted by asterisks and dots, respectively.



