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Supplemental figure legends:

Supplemental Figure 1. An alignment of bacterial GT6 glycosyltransferases. The alignment was generated using MUSCLE
and shaded using BOXSHADE. Positions with shaded backgrounds are identical in 70% of the sequences. The boxes denote
regions of the active site that discussed in the text. The sequences are Wcmb, Escherichia coli Wemb (AAV85960); Psych,
hypothetical protein PsycPRwf 0985 from Psychrobacter sp. PRwf-1 (YP_001279885.1); Hs, putative glycosyltransferase from
Haemophilus somnus 2336 (YP_001783501);  Bs, Bacteroides stercoris (BONSM3); Bo1, Bacteroides ovatus GT6a (A7LVT2);
Bo2, Bacteroides ovatus GT6b (A7MO0P3); Bc, Bacteroides caccae (A5ZC71); Fp, Francisella philomiragia subsp. philomiragia
ATCC 25015 (contl.16, whole genome shotgun sequence) ; Hm, Helicobacter mustelae (from the Wellcome Trust Sanger
Institute Microbial Pathogens database (www.sanger.ac.uk); Sv1 and Sv2, GT6 sequences from Subdoligranulum variabile
(NCBI Whole-Genome Shotgun Reads database).

Supplemental Figure 2. An alignment of mammalian, cyanophage PSSM-2 and selected putative phage GT6s from the
Environmental Samples database. The sequences are : bova, bovine a-1,3 galactosyltransferase (GGTA1 BOVIN); dogFS, canine
Forssman glycolipid synthase (GBGT1 CANFA); huA, human histo-blood group A synthase (BGAT HUMAN); PSSM2,
cyanophage PSSM-2 (Q58M87). The sequences designated GOS are from the Marine Metagenome: GOS_A, ctg 1101668274631;
GOS_B, 1096626241734; GOS_C, 1096626359338; GOS_D, 1096626608311; GOS_E, 1096626802277; GOS F,

ctg 1101667133928; GOS_G, ctg 1101668196376; GOS_H, ctg 1096626132935; GOS I, ctg 1096626203656.

Supplemental Figure 3. A homology model of the 3D structure of BoGT6a based on the structure of bovine a3GT showing the
residues subjected to mutagenesis. The coordinates were produced through the Swiss-Model website (swissmodel.expasy.org) and
the structure is displayed in ribbon format using Chimera (Pettersen, E.F., Goddard, T.D., Huang, C.C., Couch, G.S., Greenblatt,
D.M., Meng, E.C., and Ferrin, T.E. (2004) J. Comput. Chem. 25 1605-1612). The chain is colored blue to red from N-terminus to C-
terminus; the side chains of residues that have major effects on activity are purple and others are dark grey.



Figure 1

54
49
46
72
52
48
48
54
91
51
52

145
135
135
162
140
136
138
142
178
142
142

235
224
224
252
225
225
230
234
270
232
232

PELBYDEAISONLIAPGCE -~ VHMF Y S APVLYGE~--E
DFYLSHERYPHQDQSFIIEY!VFTDSPKLYDE--E

DQPD{RRFQQEALP
KYLNJEVINVIHKNC
SSTNQVSFQIADLG
KSDQTALKKIHAME
ESGN|\JHRIYQKKLG
GRSN|RIYHKECAGF|g - ; SMGI] KRLH--QHPMFYP)4}INRK
DEAN|JHL IKKIHCAGF |3 s GAE KR-KPFKHPAFYP)4JINKH
EKEN|JLRIYQIANME

HCLRDVTAGEL!HDAAKGQE TVVCHLPYY-G-~-RNPIFHPJ$AIRRKC
VIVKEMPFSTFMESD - -~~~ IGVIHPGYK-N--RISILYPWIAIRKNA

LINAN
B ] YdF FFINANE

EASD\YRKIYQENLG D-EFAJIEED---ILVTQ -D--ASPECFT}4EINPK
ANPRIHRCPQIJAYS 3 : ALvvQ -T--KPNYEFT){DEINPRC
NNKHIHRIKQKNLG KEILP[gSDSNG--LGTMHPGFY-N--KPNSEFT{JIRDAJ
D
REOGI-YNCETY-[3 . R LVAECPERFRIMPPE[CTJIET---PTGKEAIRVLQ)
¢ YLUYFJYYYNKPL--LI#SEL}NS KYGENK--DAKIIMRD
R LDKQIK--I#STE EWTVPP--TPKIIFRD

FALGREDI--KILPP){-FTRGEREYWKKTSKLMFSD
WRNKEKIFIMPDSHLLDIGOQYFP - == === SK
RSHPCK-~-ISPVELNRIZQJEW~-~-~-ADEHTKLIFRE

FRTHDCK--VIBSAENCFIQIEW-ITCDFSPKIIFRD
ITHEKLIHVIASPOMNGY|ZAGL-SNPDFEIKLVIKN
IIDHPNY-KMIADYGMGFIQAGYGRVPGGGVYIFLRD
ILWRRDV-RVIASPS IQAGWNLPL~-~-PCRILIRS
FLDNPPA-ITIASPAJLY|JJGW-LLP-FEPIILIRD

LART
LCHT

SHYI--DMSAVROQOGRRONYL~-~~-QRKWEAFCLNWLPYLWWARDTLLRRRVDPPRTR
ER--rcrcrrc i rrrrrrr e e ESWYGNIKK---ccccccccccee-
NTIL--GASYICS----cccccca=- LKKRNRLKLISKAIRNILNKLLKR-=======
SHYRFGGHAYLRSETDEKITQAEWNKKNAKRRRKLKFRAKQYISSLLFRQ-=-=-====~
SHYI--NPLYLKN-=-====~ H----DVRLVMRNKNHYRFGGELHERDY----cece=-
TH-I--DPYFNKG---RKTSL--~--CARFKKGTTILFNAIRWYVKL---cececeeea=-
VK-L--DPYFNKG-~--RDYSL-~-~--KGKLKKTVSVIYRAIRWYL---ccccecceeee—-
ENYI--DIHTIKG---=-cccecee——— SKRRNVFLNIYSYIKGLLSENN---=-=-====-
SRVI--DVNAIKG-=-=-===~ M----GSPANRRLKNALRKLKHFSKRLLGR-=-=====~
ARYF--DVQOLRK-DAPATEL-~---PRYVVRCNDFMKRAARWLOQRRLPPKKEDINDE-
NK-===~ POYGGH- -~ e e = ELLRRKNSLWERIKLICQKFKSAD--=-==~~



bova 1 ~-~---ESKLKLSDWFNPFKRPEVVTMTKWKAPVVWEGTYNRAVLDNYYAKQKITVGLT IEHYLEEFLTSANKH PVIFYIMVEDVSRMPLIELGP
dogFs 1 QPVTRSPHPQPKLLEQ-RPTELLTLTPWLAPIVSEGTFNPELLQHIYQPLNLT - QHFLESAEQFLMOEYQVYYYILRINDPAGIPRVPLGP
huA 1 ~--LPRMVYPQPKVLTP-CRKDVLVVTPWLAPIVWEGTFNIDILNEQFRLONTT - KLFLETAEKH RVHYYVIBEIOPAAVPRVTLGT

GOS_E 1 e e s s s ccm e e e e ~NJLPKYHQENHHKY BRTFAVIRIIGEGDFP -~~~ -~
GOS_F l] crrr e ——————————— ~DIFLPRYMENMKEY NTKKIFAVIZSIGDGDFP - - - - -~
GOS_G l ceccccccccnccccccccccc s s s ccccc s s s s cccccccccaan ~DJLPRYMENMKEY DTEKIFAVIESIGDGDFP - = = = = =
PSSM2 l ceemeeecc e e e e e e e e e e e —————— ~QVEKLIDNMDDH IEGIIRSIOEVESS - -~~~
GOS_I 1 e e s s s ss e e ~QVERLLDNMEEN IECHALIASIHEVEAS - - - - - -
GOS_A D e Dy ~QVERLEDNJMADN IQGALZEHDVETS - -~~~ -
Gos_B e et -QQVERLMDNMEEK I1QGIALIZIERDVETS - - - - - -
GOS_H D -QVERLMDNNEDK 1oGHLENEHDVETS - — - —— -
Gos_c 1 m e e - QEVEKLDDMAEKIZIP DA SVNCIALIIIHE IEET - -~ — - -
GOsS_D b O et e Lt -QGVEK DHAEK -

bova 102 LRSFKWPKEgPBKR MKTIGEHIVAHIQHEVEFLFC

dogFS 104 GRLLSIIPMOR[ISR ETISRHIAQRAHREVPMLFC V--QROEFP--YELRKI
hul 102 GRQLSULEVRAYKR MMEMISDFCERRFLSEVRRLVC S--SREAFT--YE[]
GOS_E 48 YPQE-LILS EILNN--AREE F : GMTH

GOS_F 48 FKQE-LILE RIIN4-~AREE : HFLGMN 4H

GOS_G 48 FEQE-LILE EILN4--ARKE : HF LKMQI4H

-[E PLIVE (ARSI N Y FMd- ~-EAEH
el SRS (N Y FVId- ~-EKEF
~ED IME RSN N YF I - ~-EKEY
-Hep LM SRS (N YF 14~ -EKEF
-EPLEME IR N YF 114 ~-EKEF
-He P LM ARSI (N Y FVII- -EKDF
~HErClgM RS (N Y F M- -EKEF

bova 198 PTQVLNITQECFKGILKUEKK 3 F L LOKEEK - 1 JENCWDYHIGLPADIK-~-LVKMSWQTLIE NV
dogFs 200 RVAKVYEFTTGCHMAILAMKA 'FﬂSRKPuK-V IENMLWDDRKPQPPSLK~~LIRFST -
hua 198 SVQEVORLTRACHQAMMVIOA 1 HLLRHKZIK - VIS QENMLWDOOLLGWPAVLR-KLRFTAVELY P~
GOS_E 149 KVPEVCAZIDTLMDL HOQEDVHTHGEFAYPUVFKEYCEF - - -KP Hi® -
GOS_F 149 KVPEVCALIDELEDU DKVHTFGJEFAFPUVFKEHCTF -~ -KP H -
GOS_G 149 KVPEVCALIDELMNU FDDYCDF -~ ~KP ILF -
PSSM2 141 STKRFLEZAEVIADL EQMSNLEYPY-KPKMIAS -
GOS_1 141 STKRFLEZAEVLADL EQMGNPQYPY-EPKMIAS R EES
GOS_A 141 STKRFLEZAEVLADL EQMHENSDYPY-EPKMIA S -

GOS_ B 141
GOS_H 141
GOS_C 142
GOS_D 143

STKRFLEZAEVLADU
STKRFLEZAEVLADL
KTIKFMEZSEVIAD
RTENFMAZISEKIANNVNTRAE[IGV

EQMYNSEYPY-DAKMIA
EQMYNSEYPY-DAKMIA
EFIG-TDYPFQEPKMIA
EFIG-TDYPFSPGKRIA

Figure 2






