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Year of
CAZy Gene Expression Year first subsequent Fold Metal Donor Acceptor

family symbol Protein name Uniprot Species Kingdom system PDB ID deposited deposits class Mechanism dep ligand analog Ligand analog Pub doi or PubMed ID
1 espg2 EspG2 glycosyltransferase A0A0R4I999 Actinomadura verrucosospora Bacteria E. coli 5DU2 2015 GT-B Inverting N.D.

gtfA dTDP-epi-vancosaminyltransferase P96558 Amycolatopsis orientalis Bacteria E. coli 1PN3, 1PVN, 3H4I, 3H4T 2003 2009 GT-B Inverting no TDP, UDP-Glc, UDP Glc, vancosamine 10.1073/pnas.1233577100, 10.1016/j.chembiol.2009.04.013

gtfB Vancomycin aglycone glucosyltransferase P96559 Amycolatopsis orientalis Bacteria E. coli 1IIR 2001 GT-B Inverting no 10.1016/S0969-2126(01)00616-5

gtfD
Devancosaminyl-vancomycin 
vancosaminetransferase Q9AFC7 Amycolatopsis orientalis Bacteria E. coli 1RRV 2003 GT-B Inverting no TDP Glc, glycerol 10.1021/bi036130c

calG1 CalG1 Q8KNF2 Micromonospora echinospora Bacteria E. coli 3OTG, 3OTH 2010 GT-B Inverting no TDP Calicheamicin alpha3I 10.1073/pnas.1108484108

calG2 CalG2 Q8KNE0 Micromonospora echinospora Bacteria E. coli 3AAI, 3RSC 2009 GT-B Inverting no TDP Calicheamicin T0 10.1073/pnas.1108484108

calG3 CalG3 Q8KND7 Micromonospora echinospora Bacteria E. coli 3D0Q, 3D0R, 3OTI 2008 2010 GT-B Inverting no TDP Calicheamicin T0 10.1016/j.chembiol.2008.06.011, 10.1073/pnas.1108484108

calG4 CalG4 Q8KNC3 Micromonospora echinospora Bacteria E. coli 3IA7 2009 GT-B Inverting no 10.1073/pnas.1108484108

eryCIII
3-alpha-mycarosylerythronolide B desosaminyl 
transferase A4F7P3 Saccharopolyspora erythraea Bacteria E. coli 2YJN 2011 GT-B Inverting N.D. 10.1016/j.jmb.2011.10.036

spnP Probable NDP-forosamyltransferase Q9ALN7 Saccharopolyspora spinosa Bacteria E. coli 4LDP, 4LEI 2013 GT-B Inverting no TDP 10.1021/bi5003629

spnG Probable NDP-rhamnosyltransferase Q9ALM8 Saccharopolyspora spinosa Bacteria E. coli 3TSA, 3UYK, 3UYL 2011 GT-B Inverting no TDP Glc, spinosyn aglycone 10.1021/bi201860q

oleD Oleandomycin glycosyltransferase Q53685 Streptomyces antibioticus Bacteria E. coli 2IYF, 2IYA, 4M60, 4M7P, 4M83 2006 2013 GT-B Inverting no UDP erythromycin, Oleandomycin 10.1073/pnas.0607897104

lanGT2 Glycosyl transferase homolog Q9ZGC0 Streptomyces cyanogenus Bacteria E. coli 4RIE, 4RIF, 4RIG, 4RIH, 4RII 2014 GT-B Inverting no TDP, TDP‐carba‐D‐olivose 10.1002/anie.201409792

urdGT2 Glycosyltransferase Q9RPA7 Streptomyces fradiae Bacteria E. coli 2P6P, 4RIG, 4RIH, 4RII 2007 2014 GT-B Inverting N.D. 10.1016/j.jmb.2007.06.005, 10.1002/anie.201409792

vinC Glycosyltransferase Q76KZ6 Streptomyces halstedii Bacteria E. coli 3WAD, 3WAG 2013 GT-B Inverting no TDP

snogD Putative glycosyl transferase Q9RN61 Streptomyces nogalater Bacteria E. coli 4AMB, 4AMG, 4AN4 2012 GT-B Inverting no UDP 10.1111/j.1742-4658.2012.08711.x

ssfS6 SsfS6 D6MSX4 Streptomyces sp. SF2575 Bacteria E. coli 4FZR, 4G2T 2012 GT-B Inverting no TDP 10.1002/prot.24289

UGT72B1 UDP-glycosyltransferase 72B1 Q9M156 Arabidopsis thaliana Eukaryota E. coli 2VCE, 2VCH, 2VG8 2007 GT-B Inverting no UDP, UDP-2F-Glc 10.1073/pnas.0706421104

UGT74F2 UDP-glycosyltransferase 74F2 O22822 Arabidopsis thaliana Eukaryota E. coli 5U6M, 5U6N, 5U6S, 5V2J, 5V2K 2016 GT-B Inverting no UDP
Salicylic acid, Laminaribiose, Glc, 

bromobenzoic acid, 10.1038/srep46629

Ct3GT-A Glycosyltransferase A4F1R4 Clitoria ternatea Eukaryota E. coli 3WC4, 4REL, 4REM, 4REN, 4WHM 2013 2014 GT-B Inverting no UDP
Kaempherol, Delphinidin, 

Petunidin 10.1107/S0909049513020712, 10.1002/pro.2630

UGT2B7 UDP-glucuronosyltransferase 2B7 P16662 Homo sapiens Eukaryota E. coli 2O6L 2006 GT-B Inverting N.D. 10.1016/j.jmb.2007.03.066

11410948 Glycosyltransferase Q5IFH7 Medicago truncatula Eukaryota E. coli 2ACV, 2ACW 2005 GT-B Inverting no UDP, UDP-Glc 10.1105/tpc.105.035055

11408822 Glycosyltransferase A6XNC5 Medicago truncatula Eukaryota E. coli 2PQ6 2007 GT-B Inverting N.D. 10.1016/j.jmb.2007.05.036

UGT78G1 Flavonoid 3-O-glucosyltransferase A6XNC6 Medicago truncatula Eukaryota E. coli 3HBF, 3HBJ 2009 GT-B Inverting no UDP Cannabiscetin 10.1016/j.jmb.2009.08.017

UGT79 UDP-glycosyltransferase 79 Q7XT97 Oryza sativa subsp. Japonica Eukaryota E. coli 5TMB, 5TMD, 5TME, 6BKO, 6BK1, 6BK2, 6BK3 2016 2017 GT-B Inverting no UDP, UDP-Glc trichothecene 10.1021/acs.biochem.6b00709, 10.1021/acs.biochem.7b01007

PtUGT1 Polygonum tinctorium Polygonum tinctorium Eukaryota E. coli 5NLM 2017 GT-B Inverting N.D. sulfooxy-indole 10.1038/nchembio.2552

ATG26 Sterol 3-beta-glucosyltransferase Q06321 Saccharomyces cerevisiae Eukaryota E. coli 5GL5, 5XVM 2016 GT-B Inverting no UDP-Glc 10.1016/j.jsb.2018.11.001

UFGT Anthocyanidin 3-O-glucosyltransferase 2 O22304 Vitis vinifera Eukaryota E. coli 2C1X, 2C1Z, 2C9Z 2005 GT-B Inverting no UDP, UDP-Glc Kaempherol, Quercitin 10.1038/sj.emboj.7600970

2 PF0058 Dolichol monophosphate mannose synthase Q8U4M3 Pyrococcus furiosus Archaea E. coli 5MLZ, 5MM0, 5MM1 2016 GT-A Inverting yes GDP, GDP-Man Dol-P-Man 10.1038/s41467-017-00187-2

spsA Spore coat polysaccharide biosynthesis protein SpsA P39621 Bacillus subtilis Bacteria E. coli 1H7L, 1H7Q, 1QG8, 1QGQ, 1QGS 1999 2001 GT-A Inverting yes TDP 10.1006/jmbi.2001.5159, 10.1021/bi990270y

BF9343 2714 Putative glycosyltransferase protein Q5LBM4 Bacteroides fragilis Bacteria E. coli 3BCV 2007 GT-A N.D. N.D.

kfoC Chondroitin synthase Q8L0V4 Escherichia coli Bacteria E. coli 2Z86, 2Z87 2007 GT-A Inverting yes
UDP-GlcA, UDP, UDP-

GalNAc 10.1016/j.bbrc.2008.08.121

glfT2 Galactofuranosyltransferase GlfT2 O53585 Mycobacterium tuberculosis Bacteria E. coli 4FIX, 4FIY 2012 GT-A Inverting yes UDP 10.1074/jbc.M112.347484

RSP 0333 Putative cellulose synthase Q3J125 Rhodobacter sphaeroides Bacteria E. coli 4HG6, 4P00, 4P02, 5EIY, 5EJ1, 5EJZ 2012 2014, 2016 GT-A Inverting yes
UDP, UDP-Glc, cyclic-di-

GMP poly-beta1,4Glc 10.1038/nature11744, 10.1038/nature16966, 10.1038/nsmb.2803

TarS TarS A0A0H3JPC6 Staphylococcus aureus Bacteria E. coli 5TZ8, 5TZE, 5TZI, 5TZJ, 5TZK, 5U02 2016 GT-A Inverting yes UDP-GlcNAc, UDP 10.1371/journal.ppat.1006067

TarP Probable ss-1,3-N-acetylglucosaminyltransferase A0A0H3JNB0 Staphylococcus aureus Bacteria E. coli 6H1J, 6H21, 6H2N, 6H4F 2018 GT-A Inverting yes UDP-GlcNAc, UDP RboP cell wall teichoic acid 10.1038/s41586-018-0730-x

galT1 Putative glycosyltransferase (GalT1) I1ZPA1 Streptococcus parasanguinis Bacteria E. coli 4PFX, 4PHR, 4PHS, 5HEA, 5HEC 2014 2016 GT-A Inverting N.D. UDP 10.1074/jbc.M116.731695, 10.1038/ncomms5339

sll0501 Uncharacterized glycosyltransferase sll0501 Q55487 Synechocystis sp. Bacteria E. coli 5EKE, 5EKP 2015 GT-A Inverting yes UDP 10.1038/ncomms10175

3 gsy-1 Glycogen [starch] synthase Q9U2D9 Caenorhabditis elegans Eukaryota E. coli 4QLB 2014 GT-B retaining N.D. 10.1073/pnas.1402926111

GSY2 Glycogen [starch] synthase isoform 2 P27472 Saccharomyces cerevisiae Eukaryota E. coli

3NB0, 3NAZ, 3NCH, 3O3C, 3RSZ, 3RT1, 4KQ1, 4KQ2, 
4KQM, 5SUK, 5SUL, 5UW0, 5UW1, 5UW4, 5UX7, 
5VNC 2010

2013, 2016, 
2017, 2018 GT-B retaining no

UDP, UMP, UDP-2F-Glc, 
UDP-Gal, UDP-Xyl Glc-1-PO4, Glc, Glc-6-PO4

10.1073/pnas.1006340107, 10.1074/jbc.M111.264531, 
10.1073/pnas.1310106111, 10.1021/acs.biochem.6b00884

4 AF 0043 First mannosyl transferase (WbaZ-1) O30192 Archaeoglobus fulgidus Archaea E. coli 2F9F 2005 GT-B N.D. N.D.

treT Trehalose synthase O58762 Pyrococcus horikoshii Archaea E. coli 2X6Q, 2X6R, 2XA1, 2XA2, 2XA9, 2XMP 2010 GT-B retaining no UDP-Glc 10.1016/j.jmb.2010.09.056

bshA N-acetyl-alpha-D-glucosaminyl L-malate synthase Q81ST7 Bacillus anthracis Bacteria E. coli 2JJM, 3MBO 2008 GT-B retaining no UDP malate 10.1002/prot.22171, 10.1021/bi100698n

bshA N-acetyl-alpha-D-glucosaminyl L-malate synthase P42982 Bacillus subtilis Bacteria E. coli 5D00, 5D01 2015 GT-B retaining no UMP GlcNAc-malate

wlaC WlaC protein O86151 Campylobacter jejuni Bacteria E. coli 6EJI, 6EJJ, 6EJK 2017 GT-B retaining no UDP-GalNAc analogs LLO analog 10.1038/s41467-018-02880-2

mshA D-inositol 3-phosphate glycosyltransferase Q8NTA6 Corynebacterium glutamicum Bacteria E. coli 3C48, 3C4Q, 3C4V 2008 GT-B retaining no UDP myo-inositol-1-PO4 10.1074/jbc.M801017200

pimB

GDP-mannose-dependent monoacylated alpha-(1-6)-
phosphatidylinositol monomannoside 
mannosyltransferase Q8NNK8 Corynebacterium glutamicum Bacteria E. coli 3OKA, 3OKC, 3OKP 2010 GT-B retaining no GDP-Man, GDP 10.1074/jbc.M110.165407

wbnH O-antigen biosynthesis glycosyltransferase WbnH P0DMP6 Escherichia coli Bacteria E. coli 4XYW 2015 GT-B N.D. N.D.

rfaG Lipopolysaccharide core biosynthesis protein RfaG P25740 Escherichia coli Bacteria E. coli 2IV7, 2IW1 2006 GT-B retaining no UDP, UDP-Glc 10.1016/j.chembiol.2006.09.005

lpcC Glycosyl transferases group 1 family protein Q5NFJ9 Francisella tularensis Bacteria E. coli 5I45 2016 GT-B N.D. N.D.

wsaF WsaF Q7BG50 Geobacillus stearothermophilus Bacteria E. coli 2X0D, 2X0E, 2X0F 2009 GT-B retaining no TDP, TDP-Rhamnose 10.1016/j.jmb.2010.01.035

Hore 18210 Sucrose-phosphate synthase B8CZ51 Halothermothrix orenii Bacteria E. coli 2R60, 2R66, 2R68 2007 GT-B retaining N.D. Fru-6-PO4, Suc-6-PO4 10.1105/tpc.107.051193

HP 0421
Type 1 capsular polysaccharide biosynthesis protein 
J (CapJ) O25175 Helicobacter pylori Bacteria E. coli 3QHP 2011 GT-B retaining N.D. 10.1002/prot.23038

pimA Phosphatidyl-myo-inositol mannosyltransferase A0QWG6 Mycobacterium smegmatis Bacteria E. coli 2GEJ, 2GEK, 4N9W, 4NC9 2006 2013 GT-B retaining no GDP-Man, GDP 10.1074/jbc.M702087200, 10.1038/nchembio.1694

ss2 Sucrose synthase Q820M5 Nitrosomonas europaea Bacteria E. coli 4RBN 2014 GT-B retaining N.D. 10.1128/JB.00110-15

alr3699 Alr3699 protein Q8YQW3 Nostoc sp. Bacteria E. coli 4XSO, 4XSP, 4XSR, 4XSU 2015 GT-B retaining no UDP, UDP-Glc Glc 10.1093/glycob/cwv167

rfaB Lipopolysaccharide 1,6-galactosyltransferase Q06994 Salmonella typhimurium Bacteria E. coli 5N7Z, 5N80 2018 GT-B retaining no UDP

SA21178 0837 TarM A0A0J9X256 Staphylococcus aureus Bacteria E. coli 4X6L, 4X7M, 4X7P, 4X7R 2014 GT-B retaining no UDP, UDP-GlcNAc Fondaparinux, GlcNAc-glycerol 10.1073/pnas.1418084112

tagE 1 Glycosyl transferase family 1 A0A0D6HUA0 Staphylococcus aureus Bacteria E. coli 4WAC, 4WAD 2014 GT-B retaining no UDP-GlcNAc 10.1074/jbc.M114.619924

gtf1 Glycosyltransferase Gtf1 Q9AET5 Streptococcus gordonii Bacteria E. coli 5E9T, 5E9U 2015 GT-B retaining no UDP GlcNAc 10.1073/pnas.1600494113

gtf2 Glycosyltransferase Gtf2 A0A0H2URG7 Streptococcus pneumoniae Bacteria E. coli 4PQG 2014 GT-B retaining no UDP GlcNAc 10.1074/jbc.M114.581934

rfaG Lipopolysaccharide core biosynthesis protein RfaG P25740 Streptomyces viridochromogenes Bacteria E. coli 2IUY, 2IV3, 2IV7, 2IW1 2006 GT-B retaining no UDP, UDP-2F-Glc 10.1016/j.chembiol.2006.09.005

SUS1 Sucrose synthase 1 P49040 Arabidopsis thaliana Eukaryota E. coli 3S27, 3S28, 3S29 2011 GT-B retaining no UDP Fru, malonic acid 10.1074/jbc.M111.275974

B736L Uncharacterized protein B736L A7IXR1 Paramecium bursaria Chlorella virus Virus E. coli 3OY2, 3OY7 2010 GT-B retaining no GDP-Man 10.1128/JVI.01303-10

5
PAB2292 GlgA glycogen synthase Q9V2J8 Pyrococcus abyssi Bacteria E. coli 2BFW, 2BIS, 3FRO, 3L01 2004 GT-B retaining no UDP Glc, anhydro-Fru, maltotetraose,

10.1074/jbc.M507394200, 10.1002/iub.1048, 
10.1074/jbc.M111.236109

glgA1 Glycogen synthase 1 P0A3F3 Rhizobium radiobacter Bacteria E. coli 1RZU, 1RZV 2003 GT-B retaining no ADP 10.1038/sj.emboj.7600324

glgA Glycogen synthase V5SNJ5 Cyanobacterium sp. Bacteria E. coli 6GNF 2018 GT-B retaining no ADP acarbose 10.3389/fpls.2018.01138

glgA Glycogen synthase P0A6U8 Escherichia coli Bacteria E. coli 2QZS, 2R4T, 2R4U, 3COP, 3D1J, 3GUH, 3CX4 2007 GT-B retaining no ADP Glc, maltopentaose 10.1074/jbc.M809804200, 10.1021/bi900916t

SS4
Probable starch synthase 4, 
chloroplastic/amyloplastic Q0WVX5 Arabidopsis thaliana Eukaryota E. coli 6GNE 2018 GT-B retaining no ADP acarbose 10.3389/fpls.2018.01138

Granule-bound starch synthase A8V967 Cyanophora paradoxa Eukaryota E. coli 6GNG 2018 GT-B retaining no ADP acarbose 10.3389/fpls.2018.01138

SSI Starch synthase, chloroplastic/amyloplastic Q9M5A3 Hordeum vulgare Eukaryota E. coli 4HLN 2012 GT-B retaining N.D. maltooligosaccharide 10.1107/S090744491300440X

WAXY
Granule-bound starch synthase 1, 
chloroplastic/amyloplastic Q0DEV5 Oryza sativa Eukaryota E. coli 3VUE, 3VUF 2012 GT-B retaining no ADP 10.1271/bbb.120305

6 BACOVA 01932 Glycosyltransferase family 6 A7LVT2 Bacteroides ovatus Bacteria E. coli 4AYJ, 4AYL, 4CJ8, 4CJB, 4CJC 2012 2013 GT-A retaining no UDP-GalNAc, UDP Fuc-Lactose, GalNAc 10.1038/srep00940, 10.1074/jbc.M113.545384

GGTA1
N-acetyllactosaminide alpha-1,3-
galactosyltransferase P14769 Bos taurus Eukaryota E. coli

1FG5, 1O7Q, 1VZT, 1O7O, 1O7Q, 1VZT, 1VZU, 1VZX, 
1G8O, 1G93, 1GVW, 1GWW, 1GX0, 1GX4, 1K4V, 
2JCJ, 2JCK, 2JCL, 2JCO, 2VFZ, 2VS3, 2VS4, 2VS5, 2VXL, 
2VXM, 2WGZ, 5NR9, 5NRB, 5NRD, 5NRE 2002

2006, 2007, 
2008 GT-A retaining yes

UDP, UDP-2F-Gal, UDP-
Gal LacNAc, lactose, Glc,

10.1093/emboj/20.4.638, 10.1074/jbc.M202631200, 
10.1016/j.jmb.2007.04.012, 10.1021/bi800852a, 
10.1093/glycob/cwn083, 10.1016/j.bbrc.2009.05.111, 
10.1002/anie.201707922

ABO Histo-blood group ABO system transferase P16442 Homo sapiens Eukaryota E. coli

1LZ0, 1LZ7, 1LZI, 1LZJ, 1R7T, 1R7U, 1R7V, 1R7X, 1R7Y, 
1R80, 1R82, 1WT1, 1WT2, 1WT3, 1XZ6, 1ZHJ, 1ZI1, 
1ZI3, 1ZI4, 1ZI5, 1ZIZ, 1ZJ0, 1ZJ1, 1ZJ2, 1ZJ3, 1ZJP, 
2A8U, 2A8W, 2I7B, 2O1F, 2O1G, 21OH, 2PGV, 2PGY, 
2RIT, 2RIX, 2RIY, 2RIZ, 2RJ0, 2RJ1, 2RJ4, 2RJ5, 2RJ6, 
2RJ7, 2RJ8, 2RJ9, 2Y7A, 3I0C, 3I0D, 3I0E, 3I0F, 3I0G, 
3I0H, 3I0I, 3I0J, 3I0K, 3I0L, 3SX3, 3SX5, 3SX7, 3SXA, 
3SXB, 3SXC, 3SXD, 3SXE, 3SXG, 3U0X, 3U0X, 3U0Y, 
3VOL, 3VOM, 3V0N, 3V0O, 3V0P, 3V0Q, 3ZGF, 3ZGG, 
4FQW, 4FRA, 4FRB, 4FRD, 4FRE, 4FRH, 4FRL, 4FRM, 
4FRO, 4FRP, 4FRQ, 4GBP, 4KC1, 4KC2, 4KC4, 4KXO, 
4Y62, 4Y63, 4Y64, 5BXC, 5C1G, 5C1H, 5C1L, 5C36, 
5C38, 5C3A, 5C3B, 5C3D, 5C47, 5C48, 5C49, 5C4B, 
5C4C, 5C4D, 5C4E, 5C4F, 5C8R, 5CMF, 5CMG, 5CMH, 
5CMI, 5CMJ, 5CQL, 5CQM, 5CQN, 5CQO, 5CQP, 
5M79, 5M7A, 5M7C, 5M7D, 5TJK, 5TJL, 5TJN, 5TJO, 
6BJI 2002

2003, 2009, 
2010, 2012, 
2014, 2015, 
2016, 2017, 

2018 GT-A retaining yes
UDP, UDP-Gal, UDP-

GalNAc
Gal-Fuc, Gal, Lac, LacNAc, Me-Lac, 

H-type1, H-type!!

10.1038/nsb832, 10.1074/jbc.M308770200, 
10.1107/S0907444907026479, 10.1016/j.jmb.2010.07.036, 
10.1038/nchembio.343, 10.1074/jbc.M113.465963, 
10.1107/S2053230X1401259X, 10.1002/chem.201301871, 
10.1002/cplu.201500282, 10.1107/S0907444912001801, 
10.1093/glycob/cwt098, 10.1074/jbc.M115.682401, 
10.1093/glycob/cww117, 10.1093/glycob/cwx053, 
10.1093/glycob/cwy051

7

B4GALT1 Beta-1,4-galactosyltransferase 1 P08037 Bos taurus Eukaryota E. coli

1FGX, 1FR8, 1NKH, 1NF5, 1NHE, 1NQI, 1NQG, 1O0R, 
1O23, 1NMM, 1NWG, 1OQM, 1PTZ, 1PZY, 1TVY, 
1TW1, 1TW5, 1YRO, 2FYC, 2FY7, 2FYA, 2FYB, 2FYD, 
4KRV 2000

2003, 2004, 
2005, 2006, 
2010, 2013 GT-A Inverting yes

UMP, UDP-Gal, UDP-Glc, 
UDP

GlcNAc, Glc-Bu, GlcNAc-GlcNAc, 
GlcNAc-6-SO4

10.1093/emboj/18.13.3546, 10.1006/jmbi.2001.4757, 10.1016/S0022-
2836(02)00020-7, 10.1074/jbc.M111183200, 10.1074/jbc.M102458200, 
10.1021/bi049007+,  10.1021/bi0479454, 10.1016/j.jmb.2006.01.088, 
10.1007/s10719-013-9488-4, 10.1016/S0022-2836(03)00790-3, 
10.1021/bi0479454

beta4GalT7 Beta-4-galactosyltransferase 7 Q9VBZ9 Drosophila melanogaster Eukaryota E. coli 3LW6, 4IRQ, 4LW3, 4LW6, 4M4K 2010 2013 GT-A Inverting yes UDP, UDP-Gal, Xyl 10.1074/jbc.M109.099564, 10.1074/jbc.M113.509984

B4GALT1 Beta-1,4-galactosyltransferase 1 P15291 Homo sapiens Eukaryota E. coli

2AE7, 2AEC, 2AES, 2AGD, 2AH9, 2FY7, 2FYA, 2FYB, 
2FYC, 2FYD, 3EE5, 4EE3, 4EE4, 4EE5, 4EEA, 4EEG, 
4EEM, 4EEO, 4L41, 6FWT, 6FWY 2005

2006, 2008, 
2012, 2013, 

2018 GT-A Inverting yes
aminohex-UDP, UDP, 

UDP-Gal

GlcNAc3Man3, GlcMan2, GlcNAc, 
LacNAc, Linear and branched i/I 

glycan structures

10.1016/j.jmb.2005.07.050, 10.1016/j.jmb.2006.01.088, 
10.1074/jbc.M805782200, 10.1074/jbc.M112.373514, 
10.1371/journal.pone.0205571

B4GALT7 Beta-4-galactosyltransferase 7 Q9UBV7 Homo sapiens Eukaryota E. coli 4IRP, 4IRQ, 4LW3, 4LW6, 4M4K 2013 GT-A Inverting yes UDP, UDP-Gal, Xyl 10.1074/jbc.M113.509984

8 Apre 0416 Glycosyl transferase family 8 C7RG54 Anaerococcus prevotii Bacteria E. coli 3TZT 2011 GT-A retaining N.D.

lgtC LgtC Q93EK7 Neisseria meningitidis Bacteria E. coli 1G9R, 1GA8, 1SS9 2000 2004 GT-A retaining yes UDP-2F-Gal 4-deoxy-Lac 10.1038/84168, 10.1074/jbc.M400451200

GlyE Glycosyl transferase family 8  Streptococcus pneumoniae Bacteria E. coli 5GVV, 5GVW 2016 GT-A retaining yes UDP 10.1074/jbc.M116.770446

gsy-1 Glycogen [starch] synthase Q9U2D9 Caenorhabditis elegans Eukaryota E. coli 4QLB 2014 GT-A retaining N.D. 10.1073/pnas.1402926111

GYG1 Glycogenin-1 P46976 Homo sapiens Eukaryota E. coli
3Q4S, 3QVB, 3RMV, 3RMW, 3T7M, 3T7N, 3T7O, 
3U2T, 3U2U, 3U2V, 3U2W, 3U2X, 6EQJ, 6EQL 2010 2017 GT-A retaining yes UDP, UDP-Glc maltotetraose, 1-deoxy-Glc 10.1073/pnas.1113921108, 10.1038/s41586-018-0644-7

GYG2 Glycogenin-2 O15488 Homo sapiens Eukaryota E. coli 4EUG 2014 GT-A retaining N.D.

Xxylt1 Xyloside xylosyltransferase 1 Q3U4G3 Mus musculus Eukaryota
E. coli, Homo 

sapiens
4WLG, 4WLM, 4WLZ, 4WM0, 4WMA, 4WMB, 
4WMI, 4WMK, 4WN2, 4WNH 2014 GT-A retaining yes UDP, UDP-Glc, UDP-Xyl Xyl-Glc, Xyl-Xyl-Glc 10.1038/nchembio.1927

GYG1 Glycogenin-1 P13280 Oryctolagus cuniculus Eukaryota E. coli
1LL0, 1LL2, 1LL3, 1ZCT, 1ZCU, 1CZV, 1CZY, 1ZDF, 
1ZDG, 3USQ, 3USR, 3V8Y, 3V8Z, 3V90, 3V91 2002 2005 GT-A retaining yes UDP-Glc, UDP

10.1016/S0022-2836(02)00305-4, 10.1074/jbc.M111.287813, 
10.1016/j.febslet.2011.12.028, 10.1074/jbc.M502344200

9
rfac ADP-heptose--LPS heptosyltransferase (WaaC) A0A152KUZ3 Escherichia coli Bacteria E. coli 6DFE 2018 GT-B Inverting no

ADP-β-D-mannose C-
glycoside NAc-TSBP 10.1016/j.str.2018.07.001

rfaF ADP-heptose--LPS heptosyltransferase 2 P37692 Escherichia coli Bacteria E. coli 1PSW 2003 GT-B Inverting N.D.

rfaC Lipopolysaccharide heptosyltransferase 1 P24173 Escherichia coli Bacteria E. coli 2GT1, 2H1F, 2H1H 2006 GT-B Inverting no ADP, ADP-2F-heptose 10.1016/j.jmb.2006.07.057

Vpar 0760 Glycosyl transferase family 9 D1BM34 Veillonella parvula Bacteria E. coli 3TOV 2011 GT-B Inverting N.D.

10 fucT Alpha-(1,3)-fucosyltransferase FucT O30511 Helicobacter pylori Bacteria E. coli 2NZW, 2NZX, 2NZY 2006 GT-B Inverting no GDP, GDP-Fuc 10.1074/jbc.M610285200

13

POMGNT1
Protein O-linked-mannose beta-1,2-N-
acetylglucosaminyltransferase 1 Q8WZA1 Homo sapiens Eukaryota Homo sapiens

5GGF, 5GGG, 5GGI, 5GGJ, 5GGK, 5GGL, 5GGN, 
5GGO, 5GGP 2016 GT-A Inverting yes UDP

o-Man-glycopeptide, Man-pNP,, 
GlcNAc-pNP, GalNAc-GlcNAc-pNP 10.1073/pnas.1525545113

MGAT1
Alpha-1,3-mannosyl-glycoprotein 2-beta-N-
acetylglucosaminyltransferase P27115 Oryctolagus cuniculus Eukaryota

Spodoptera 
frugiperda 1FO8, 1FO9, 1FOA, 2AM3, 2AM4, 2AM5, 2APC 2000 2005 GT-A Inverting yes

UDP-GlcNAc, UDP-Glc, 
UDP-2F-Glc, UDP, UDP-

Me-GlcNAc 10.1093/emboj/19.20.5269, 10.1016/j.jmb.2006.04.058

14
XYLT1 Xylosyltransferase 1 Q86Y38 Homo sapiens Eukaryota Homo sapiens 6EJ7, 6EJ8, 6EJ9, 6EJA, 6EJB, 6EJC, 6EJD, 6EJE, 6FOA 2017 GT-A Inverting no UDP-Xyl acceptor peptides 10.1016/j.str.2018.03.014

Gcnt1
Beta-1,3-galactosyl-O-glycosyl-glycoprotein beta-1,6-
N-acetylglucosaminyltransferase Q09324 Mus musculus Eukaryota

Cricetulus 
griseus 2GAK, 2GAM, 3OTK 2006 2010 GT-A Inverting no UDP Gal-GalNAc 10.1074/jbc.M603534200, 10.1016/j.jmb.2011.10.039

15
KRE2 Glycolipid 2-alpha-mannosyltransferase P27809 Saccharomyces cerevisiae Eukaryota

Komagataella 
pastoris 1S4N, 1S4P, 1S4O 2004 GT-A retaining yes GDP 10.1074/jbc.M312720200

Glycosyltransferase structures in PDB as of January 1, 2019 have been previously cataloged in the CAZy database (1) and were were used to populate the table below. Structure entries in the table are organized by CAZy family. Annotation information was assembled for each protein structure, including 
gene symbol, protein name, and UniProt accession number (all collected from the respective UniProt entry (2)), species source and Kingdom for the coding region, and the species source of the expression system (derived from the respective PDB records (3)).  The PDB ID codes for the respective 
protein structures are listed (in many instances there are multiple PDB files deposited for a given protein) along with the year of first deposit for the protein coding region, and the year(s) of subsequent deposits of protein structures. The protein fold class designation was derived from the respective 
CAZY family record and visual inspection of the protein structure. The glycosyltransferase mechanism (inverting or retaining catalytic mechanisms) were derived from the respective CAZy family record or the primary citation of the structure. The dependence for a metal cation in the catalytic mechanism 
(Metal dep) was determined by the requirement of a metal for binding the donor analog in the respective protein structure for at least one member of the respective CAZy family. Donor and acceptor ligand structures were listed for analog complexes that bound to the respective subsites and do not 
include molecules bound to inhibitory or allosteric sites.  Publications of the respective structures are listed by digital object identifiers (doi) based on citation information in the PDB record. If a publication doi is not availble, then a PubMed ID is listed. In some instances no publication is listed if the 
'Literature' field of the PBD record indicates that the structure is 'to be published'. 



KTR4 Probable mannosyltransferase KTR4 P38131 Saccharomyces cerevisiae Eukaryota E. coli 5A07, 5A08 2015 GT-A retaining yes GDP 10.1371/journal.pone.0136239

16
MGAT2

Alpha-1,6-mannosyl-glycoprotein 2-beta-N-
acetylglucosaminyltransferase Q10469 Homo sapiens Eukaryota Homo sapiens 5VCM, 5VCR, 5VCS 2018 GT-A inverting yes UDP GlcNAcMan3GlcNAc2 10.1073/pnas.1716988115

18
MGAT5

Alpha-1,6-mannosylglycoprotein 6-beta-N-
acetylglucosaminyltransferase A Q09328 Homo sapiens Eukaryota Homo sapiens 5ZIB, 5ZIC 2018 GT-B inverting no

GlcNAc-beta1,4Man-
alpha1,2Man analog 10.1038/s41467-018-05931-w

19 lpvB Lipid-A-disaccharide synthase P10441 Escherichia coli Bacteria E. coli 5W8N, 5W8S, 5W8X 2017 GT-B inverting no UDP 10.1038/s41467-017-02712-9

20 otsA Trehalose-6-phosphate synthase A0A0H3KGN3 Burkholderia multivorans Bacteria E. coli 5UOF 2017 GT-B N.D. N.D.

Bcep1808 2483 Trehalose-6-phosphate synthase A4JGS8 Burkholderia vietnamiensis Bacteria E. coli 5TVG 2016 GT-B retaining no UDP

otsA Trehalose-6-phosphate synthase P31677 Escherichia coli Bacteria E. coli 1GZ5, 1UQU, 1UQT, 2WTX 2002 2004 GT-B retaining no
UDP, UDP-Glc, UDP-2F-

Glc trehalose-6-PO4 mimetic
10.1016/S1074-5521(02)00292-2, 10.1074/jbc.M307643200, 
10.1002/anie.200905096

KEK_14123 Alpha,alpha-trehalose-phosphate synthase G7CGT2 Mycobacterium thermoresistibile Bacteria E. coli 5JIJ, 5JIO, 5K41, 5K42, 5K44, 5K5C, 5L3K 2016 GT-B retaining no ADP, ADP-Glc, GDP-Glc
Glc-6-PO4, trehalose, trehalose-6-

PO4, Fru-6-PO4

Bxe_A3374 Trehalose-6-phosphate synthase Q142X8 Paraburkholderia xenovorans Bacteria E. coli 5HXA 2016 GT-B N.D. N.D.

Bxe A1242 Trehalose-6-phosphate synthase Q13W28 Paraburkholderia xenovorans Bacteria E. coli 5VOT 2017 GT-B retaining no UDP Glc-6-PO4

vldE Validamine 7-phosphate valienyltransferase Q15JG1 Streptomyces hygroscopicus Bacteria E. coli 3T5T, 3T7D, 3VMD, 3VDN, 4F96, 4F9F, 4F97 2011 GT-B retaining no GDP trehalose 10.1371/journal.pone.0044934

SVEN 4043 Alpha,alpha-trehalose-phosphate synthase F2RH01 Streptomyces venezuelae Bacteria E. coli 5LQD 2016 GT-B retaining N.D. 10.1074/jbc.M116.758664

TPS1AFUA 6G12950 Trehalose-6-phosphate synthase Q4WLM9 Neosartorya fumigata Eukaryota E. coli 5HVM 2016 GT-B retaining no UDP validoxylamine A 10.1128/mBio.00643-17

AFUA 2G04010 Trehalose-6-phosphate synthase Q4WHW0 Neosartorya fumigata Eukaryota E. coli 5HVO 2017 GT-B retaining no UDP validoxylamine A 10.1128/mBio.00643-17

TPS1
Alpha,alpha-trehalose-phosphate synthase [UDP-
forming] Q92410 Candida albicans Eukaryota E. coli 5HUU, 5HUT, 5HUV, 5HVL 2016 GT-B retaining no UDP, UDP-Glc Glc-6-PO4, validoxylamine A 10.1128/mBio.00643-17

23 nodZ Nodulation protein Z Q9AQ17 Bradyrhizobium sp. Bacteria E. coli 2HHC, 2OCX, 2HLH, 3SIW, 3SIX 2006 GT-B inverting no GDP 10.1107/S0907444911053157, PMID 17762900 

FUT8 Alpha-(1,6)-fucosyltransferase Q9BYC5 Homo sapiens Eukaryota
Spodoptera 
frugiperda 2DEO 2006 GT-B inverting N.D. 10.1093/glycob/cwl079

24
CTHT 0048990

UDP-glucose-glycoprotein glucosyltransferase-like 
protein G0SB58 Chaetomium thermophilum Eukaryota Homo sapiens 3WZS, 3WZT, 5MU1, 5NV4, 5N2J, 5MZO 2017 GT-A retaining N.D. 10.1073/pnas.1703682114, 10.1038/srep07322

UGGT
UDP-glucose:glycoprotein glucosyltransferase 
(UGGT)  Thermomyces dupontii Eukaryota E. coli 5Y7F, 5Y7O, 5H18 2018 GT-A retaining yes UDP, UDP-Glc 10.1038/s41598-017-12283-w

27
pgant9

Putative polypeptide N-
acetylgalactosaminyltransferase 9 Q8MRC9 Drosophila melanogaster Eukaryota

Komagataella 
pastoris 6E4Q, 6E4R 2018 GT-A retaining yes UDP 10.1038/s41467-018-05978-9

Galnt1 Polypeptide N-acetylgalactosaminyltransferase 1 O08912 Mus musculus Eukaryota
Komagataella 

pastoris 1XHB 2004 GT-A retaining yes 10.1073/pnas.0405657101

GALNT2 Polypeptide N-acetylgalactosaminyltransferase 2 Q10471 Homo sapiens Eukaryota
Komagataella 

pastoris
2FFU, 2FFV, 4D0T, 4D0Z, 4D11, 5AJN, 5AJP, 5AJO, 
5FV9, 5NDF, 6EGS 2005

2014, 2015, 
2016, 2017 GT-A retaining yes

UDP, UDP-GalNAc, 
ethylene derivative of 

UDP-GalNAc rat RSM-1 Peptide, Luteolin

10.1074/jbc.M513590200, 10.1002/anie.201402781, 
10.1038/ncomms7937, 10.1002/chem.201600467, 
10.1074/jbc.M117.814202, 10.1002/chem.201800701

GALNT4 Polypeptide N-acetylgalactosaminyltransferase 4 Q8N4A0 Homo sapiens Eukaryota
Komagataella 

pastoris 5NQA, 6HOB 2017 GT-A retaining yes UDP glycopeptide 10.1038/s41467-017-02006-0, 10.1021/acscentsci.8b00488

GALNT10 Polypeptide N-acetylgalactosaminyltransferase 10 Q86SR1 Homo sapiens Eukaryota
Komagataella 

pastoris 2D7I, 2D7R 2005 GT-A retaining yes UDP-GalNAc, UDP 10.1016/j.jmb.2006.03.061

28

murG

UDP-N-acetylglucosamine--N-acetylmuramyl-
(pentapeptide) pyrophosphoryl-undecaprenol N-
acetylglucosamine transferase P17443 Escherichia coli Bacteria E. coli 1F0K, 1NLM 2000 GT-B Inverting no UDP-GlcNAc 10.1110/ps.9.6.1045, 10.1073/pnas.0235749100

murG

UDP-N-acetylglucosamine--N-acetylmuramyl-
(pentapeptide) pyrophosphoryl-undecaprenol N-
acetylglucosamine transferase Q9HW01 Pseudomonas aeruginosa Bacteria E. coli 3S2U 2011 GT-B inverting no UDP-GlcNAc 10.2174/0929866511320090006

MGD1
Monogalactosyldiacylglycerol synthase 1, 
chloroplastic O81770 Arabidopsis thaliana Eukaryota E. coli 4WYI, 4X1T 2014 GT-B inverting no UDP 10.1111/tpj.13129

29 St6gal1 Beta-galactoside alpha-2,6-sialyltransferase 1 G3V680 Rattus norvegicus Eukaryota Homo sapiens 4MPS 2013 GT-A inverting no 10.1074/jbc.M113.519041

ST6GAL1 Beta-galactoside alpha-2,6-sialyltransferase 1 P15907 Homo sapiens Eukaryota Homo sapiens 4JS1, 4JS2 2013 GT-A inverting no CMP Biantennary complex N-glycan 10.1107/S0907444913015412

ST3GAL1
CMP-N-acetylneuraminate-beta-galactosamide-
alpha-2,3-sialyltransferase 1 Q02745 Sus scrofa Eukaryota E. coli 2WML, 2WNF, 2WNB 2009 GT-A inverting no Gal-GalNAc-pNP 10.1038/nsmb.1685

ST6GALNAC2
Alpha-N-acetylgalactosaminide alpha-2,6-
sialyltransferase 2 Q9UJ37 Homo sapiens Eukaryota Homo sapiens 6APJ, 6APL 2018 GT-A inverting no CMP 10.1038/nchembio.2539

ST8SIA3
Sia-alpha-2,3-Gal-beta-1,4-GlcNAc-R:alpha 2,8-
sialyltransferase O43173 Homo sapiens Eukaryota

Spodoptera 
frugiperda 5BO6, 5BO9, 5BO8, 5BO7, 5CXY 2015 GT-A inverting no CMP, CMP-3F-NeuAc, CTP NeuAc-Gal-GlcNAc-6-SO4 10.1038/nsmb.3060

30 WaaA 3-deoxy-D-manno-2-octulosonate transferase Acinetobacter baumannii Bacteria E. coli 4BFC 2013 GT-B inverting N.D.

kdtA 3-deoxy-D-manno-octulosonic acid transferase O66663 Aquifex aeolicus Bacteria E. coli 2XCI, 2XCU 2010 GT-B inverting no CMP 10.1073/pnas.1119894109

31
Mfng

Beta-1,3-N-acetylglucosaminyltransferase manic 
fringe O09008 Mus musculus Eukaryota

Spodoptera 
frugiperda 2J0A, 2J0B 2006 GT-A inverting yes UDP 10.1038/nsmb1144

34 XXT1 Xyloglucan 6-xylosyltransferase 1 Q9LZJ3 Arabidopsis thaliana Eukaryota Homo sapiens 6BSU, 6BSV, 6BSW 2017 GT-A retaining yes UDP Cellohexaose 10.1073/pnas.1801105115

35 Alpha-1,4 glucan phosphorylase Q8KQ56 Corynebacterium callunae Bacteria E. coli 2C4M 2005 GT-B retaining no Pyridoxal-PO4, PO4

malP Maltodextrin phosphorylase P00490 Escherichia coli Bacteria E. coli
1AHP, 1E4O, 1QM5, 1L5V, 1L6I, 1L5W, 2ASV, 2AV6, 
2AZD, 2AW3, 2ECP 1997

1998, 1999, 
2002, 2005, 

2008, GT-B retaining no
Pyridoxal-PO4, PO4, NO3, 

VO4, AlF4

maltose, 4-thiomaltotretraose, 
Glc-1-PO4, maltopentaose, 
anhydrosorbitol, acarbose

10.1038/nsb0597-405, 10.1093/emboj/18.17.4619, 10.1016/S0022-
2836(02)00771-4, 10.1016/j.abb.2007.11.023, 10.1021/bi9828573

glgP Alpha-1,4 glucan phosphorylase Q8DT31 Streptococcus mutans Bacteria E. coli 4L22 2013 GT-B retaining no

PHS2 Alpha-glucan phosphorylase 2, cytosolic Q9SD76 Arabidopsis thaliana Eukaryota E. coli 4BQE, 4BQF, 4BQI 2013 GT-B retaining no Pyridoxyl-PO4 acarbose, Glc, maltotriose 10.1039/C3SC51829A

PYGB Glycogen phosphorylase, brain form P11216 Homo sapiens Eukaryota E. coli 5IKO, 5IKP 2016 GT-B retaining no Pyridoxal-PO4, PO4 10.1074/jbc.M116.738898

PYGL Glycogen phosphorylase, liver form P06737 Homo sapiens Eukaryota
Spodoptera 
frugiperda

1EM6, 1EXV, 1FA9, 1FC0,  1L5Q, 1L7X, 1L5S, 1L5R, 
1XOI, 2ATI, 1WV1, 1WV0, 1WUY, 2QLL, 2ZB2, 3CEH, 
3CEM, 3CEJ, 3DD1, 3DDW, 3DDS 2000

2002, 2004, 
2007, 2008, 

2009 GT-B retaining no Pyridoxyl-PO4 GlcNAc, Glc

10.1016/S1074-5521(00)00004-1, 10.1016/S1097-2765(05)00006-7, 
10.1016/j.bmcl.2004.10.048, 10.1021/jm049034y, 
10.1074/jbc.M706612200, 10.1016/j.bmc.2008.04.010, 
10.1021/bi702397d, 

PYGM Glycogen phosphorylase, muscle form P11217 Homo sapiens Eukaryota
Spodoptera 
frugiperda 1Z8D 2005 GT-B retaining no Glc 10.1002/prot.20939

Alpha-1,4 glucan phosphorylase F2E0G2 Hordeum vulgare Eukaryota E. coli 5LR8, 5LRB, 5LRA 2016 GT-B retaining no Pyridoxyl-PO4 acarbose, Glc, maltotetraose 10.1371/journal.pone.0175488

PYGM Glycogen phosphorylase, muscle form P00489 Oryctolagus cuniculus Eukaryota none

1A8I, 1ABB, 1AXR, 1B4D, 1BX3, 1C50, 1C8K, 1C8L, 
1E1Y, 1FS4, 1FTQ, 1FTW, 1FTY, 1FU4, 1FU7, 1FU8, 
1GFZ, 1GG8, 1GGN, 1GPA, 1GPB, 1GPY, 1H5U, 1HLF, 
1K06, 1K08, 1KTI, 1LWN, 1LWO, 1NOI, 1NOJ, 1NOK, 
1P29, 1P2B, 1P2D, 1P2G, 1P4G, 1P4H, 1P4J, 1PRI, 
1PRJ, 1PYG, 1SKC, 1SKD, 1SKE, 1UZU, 1WUT, 1WUY, 
1WV0, 1WV1, 1WW2, 1WW3, 1XC7, 1XKX, 1XL0, 
1XL1, 1Z62, 1Z6P, 1Z6Q, 2AMV, 2F3P, 2F3Q, 2F3S, 
2F3U, 2FET, 2FF5, 2FFR, 2G9Q, 2GJ4, 2GM9, 2GPA, 
2GPB, 2GPN, 2IEG, 2IEI, 2OFF, 2PRI, 2PRJ, 2PYD, 
2PYI, 2QLM, 2QLN, 2QN1, 2QRG, 2QRH, 2SKC, 2SKD, 
2SKE, 3AMV, 3BCR, 3BCS, 3BCU, 3BD6, 3BD7, 3BD8, 
3BDA, 3CUT, 3CUU, 3CUV, 3CUW, 3E3L, 3E3N, 3E3O, 
3EBO, 3G2H, 3G2I, 3G2J, 3G2K, 3G2L, 3G2N, 3GPB, 
3L79, 3L7A, 3L7B, 3L7C, 3L7D, 3MQF, 3MRT, 3MRV, 
3MRX, 3MS2, 3MS4, 3MS7, 3MSC, 3MT7, 3MT8, 
3MT9, 3MTA, 3MTB, 3MTD, 3NC4, 3NP7, 3NP9, 
3NPA, 3S0J, 3SYM, 3SYR, 3T3D, 3T3E, 3T3G, 3T3H, 
3T3I, 3ZCP, 3ZCQ, 3ZCR, 3ZCS, 3ZCT, 3ZCU, 3ZCV, 
4CTM, 4CTN, 4CTO, 4EJ2, 4EKE, 4EKY, 4EL0, 4EL5, 
4GPB, 4MHO, 4MHS, 4MI3, 4MI6, 4MI9, 4MIC, 
4MRA, 4YI3, 4YI5, 4YUA, 4Z5X, 5GPB, 5JTT, 5JTU, 
5LRC, 5LRD, 5LRE, 5LRF, 5MCB, 5MEM, 5O50, 5O52, 
5O54, 5O56, 6GPB, 7GPB, 8GPB, 9GPB 1990

1992, 
1993,1994, 
1996, 1997, 
1998, 1999, 
2000, 2001, 
2002, 2003, 
2004, 2005, 
2007, 2008, 
2009, 2010, 
2011, 2012, 
2013, 2014, 
2015, 2016, 

2017, GT-B retaining no
Pyridoxal-PO4, PO4, F-

PO3,  PO3, 

Glc-Spirohydantoin, 
Glucopyranosylidene-Spiro-

Iminothiazolidinone, 
Azolopyridine, amidocarbamate 

inhibitor, Glc,  spirohydantoin 
and Glc-NH2 analogs, Glc-C-

glycosides, Glc-thio-glycosides, 
Glc-spirothiohydantoin,  Glc-6-

PO4, Benz-Glc-urea,  nojirimycin 
tetrazole,  maltopentaose,  azido-
Glc,-formamide,  2-deoxy-Glc-6-

PO4,  F3-Ac-GlcNAc, Glc-
bismethoxyphosphoramidate,  

Glc-Me-oxadiazole, Glc-Me-
benzothiazole, Glc-Me-

benzimidazole, Glc-N-oxamic 
acid,  Glc-hydroquinones, Glc-

Benzoquinones,  N-Az-Glc-NH2. 
imino-arabinitol, Glc-

triazoleacetamide,  Glc-spiro-
isoxazolines, Glc-thymine, Glc-

cytosine, Glc-uracil, Glc--triazole 
derivitives, Glc-3F pyrimidine 

derivatives, Glc-
thiosemicarbazone derivatives, 

Glc-C-hydroquinone halogen 

10.1002/pro.5560070409, 10.1016/j.bmc.2014.05.076, 
10.1002/pro.5560010905, 10.1002/hlca.19980810507, 
10.1110/ps.8.4.741, 10.1110/ps.051432405, 10.1016/S0969-
2126(00)00144-1, 10.1074/jbc.M004485200, 10.1006/abbi.2000.2121, 
10.1002/prot.20653, 10.1021/bi00185a011, 10.1016/0022-
2836(91)90887-C, 10.1006/jmbi.1993.1380, 10.1016/S0968-
0896(01)00394-7, 10.1016/S0968-0896(01)00277-2,  10.1046/j.1432-
1327.2002.02813.x,  10.1016/S1570-9639(03)00085-2, 
10.1021/bi960072w,  10.1110/ps.03149503,  
10.1080/10242420310001614360,  10.1006/jmbi.1995.0665,  
10.1002/pro.5560041203,  10.1126/science.1962195, 
10.1002/pro.5560051204,  10.1111/j.1432-1033.2004.04173.x,  
10.1110/ps.051432405,  10.1016/j.bmc.2005.08.010,  
10.1110/ps.041216105, 10.2174/1570180054405839, 
10.1021/jm031121n, 10.1016/j.bmc.2006.01.045,  10.1016/S0969-
2126(97)00292-X, 10.1002/ejoc.200600548, 
10.1016/j.bmc.2006.03.044,  10.1021/jm060496g, 
10.1016/j.bmcl.2006.08.047,  10.1110/ps.8.10.1930,  
10.1021/bi00500a005, 10.1016/j.bmcl.2006.10.037, 
10.1110/ps.072925607, 10.1006/jmbi.1995.0665, 10.1002/prot.21837,  
10.1021/jm8000949, 10.1016/j.bmc.2009.08.060, 
10.1002/pro.5560051204, 10.1110/ps.8.10.1930, 
0.1016/j.fct.2012.12.030,  doi.org/10.1016/j.tetasy.2009.03.021, 
10.1016/j.bmc.2010.04.004, 10.1016/j.bmc.2010.09.039, 
10.1016/j.bmc.2011.07.024, 10.1111/j.1747-0285.2012.01349.x,  
10.1002/cmdc.201100533, 10.1016/j.bmc.2014.05.076, 

GPH1 Glycogen phosphorylase P06738 Saccharomyces cerevisiae Eukaryota E. coli 1YGP 1996 GT-B retaining no Pyridoxyl-PO4 10.1126/science.273.5281.1539 

37

FUT1 Galactoside 2-alpha-L-fucosyltransferase Q9SWH5 Arabidopsis thaliana Eukaryota

Homo sapiens, 
Spodoptera 
frugiperda 5KOE, 5KOP, 5KOR, 5KWK, 5KX6 2016 GT-B inverting no GDP XXLG xyloglucan, 10.1105/tpc.16.00519, 10.1111/tpj.13628

38 siaD SiaD G4RIN4 Mannheimia haemolytica Bacteria E. coli 5WD7, 5WCN, 5WC8, 5WC6 2017 GT-B inverting no CDP (SO4)3-heparin pentasaccharide 10.1038/s41598-017-05627-z

41 appser1 17560 Uncharacterized protein E0EAD4 Actinobacillus pleuropneumoniae Bacteria E. coli 3Q3E, 3Q3I, 3Q3H 2010 GT-B inverting N.D. UDP 10.1074/jbc.M111.237602

Tter 2822 Tetratricopeptide TPR 2 repeat protein D1CIY5 Thermobaculum terrenum Bacteria E. coli 5DJS 2015 GT-B inverting no UDP 10.1074/jbc.M115.689596

XCC0866 Uncharacterized protein Q8PC69 Xanthomonas campestris Bacteria E. coli 2JLB, 2VSY, 2VSN, 2XGM, 2XGS, 2XGO 2008 2010 GT-B inverting no

UDP-Me-GlcNAc, UDP, 
alloxan, uridine 

derivative, UDP-thio-
GlcNAc

10.1038/emboj.2008.186, 10.1038/nsmb.1443, 10.1007/s00726-010-
0688-y

sxc O-glycosyltransferase Q7KJA9 Drosophila melanogaster Eukaryota E. coli 5A01 2015 GT-B inverting no UDP-thio-GlcNAc 10.1098/rsob.150234

OGT
UDP-N-acetylglucosamine--peptide N-
acetylglucosaminyltransferase 110 kDa subunit O15294 Homo sapiens Eukaryota E. coli

1W3B, 3PE3, 3PE4, 3TAX, 4AY5, 4AY6, 4CDR, 4GYW, 
4GYY, 4GZ3, 4GZ5, 4GZ6, 4N39, 4N3A, 4N3B, 4N3C, 
4XI9, 4XIF, 5BNW, 5C1D, 5HGV, 5LVV, 5LWV, 5NPR, 
5NPS, 5VIE, 5VIF, 6EOU, 6MA1, 6MA2, 6MA3, 6MA4, 
6MA5 2010

2011, 2012, 
2013, 2015, 
2016, 2017 GT-B inverting no

UDP, UDP-thio-GlcNAc, 5-
thio-GlcNAc, GlcNAc-

alkenes, GlcNAc 
electrophilic probes

peptide substrates, GlcNAc, 
synthetic UDP-peptide conjugate, 

OGT chimeric inhibitors

10.1038/nsmb833, 10.1038/nature09638, 10.1038/nchembio.711, 
10.1038/nchembio.1108, 10.1042/BJ20131272, 
10.1038/nchembio.1109, 10.1126/science.1243990, 
10.1038/nsmb.3063, 10.1038/nchembio.2173, 10.1098/rsob.170078, 
10.1038/nchembio.2494, 10.1021/acs.bioconjchem.8b00194, 
10.1016/j.chembiol.2018.03.004, 0.1021/jacs.8b07328

42 cst-I Alpha-2,3-sialyltransferase Q9RGF1 Campylobacter jejuni Bacteria E. coli 2P2V, 2P56, 2007 GT-A inverting no CMP-3F-NeuAc, CMP 10.1021/bi602543d

cst-II Alpha-2,3 sialyltransferase Q9LAK3 Campylobacter jejuni Bacteria E. coli 1RO7, 1RO8, 2DRJ, 2WQQ, 2X61, 2X63, 2X62 2003
2007, 2009, 

2011 GT-A inverting no CMP-3F-NeuAc, CMP Neu5Ac-α-2,3-Gal-β-1,3-GalNAc
10.1038/nsmb720, 10.1038/nmeth0806-589, 10.1021/bi901606n, 
10.1074/jbc.M111.261172

43
B3GAT1

Galactosylgalactosylxylosylprotein 3-beta-
glucuronosyltransferase 1 Q9P2W7 Homo sapiens Eukaryota E. coli 1V82, 1V83, 1V84 2003 GT-A inverting yes UDP LacNAc 10.1074/jbc.M400622200

B3GAT2
Galactosylgalactosylxylosylprotein 3-beta-
glucuronosyltransferase 2 Q9NPZ5 Homo sapiens Eukaryota E. coli 2D0J 2005 GT-A inverting N.D.

B3GAT3
Galactosylgalactosylxylosylprotein 3-beta-
glucuronosyltransferase 3 O94766 Homo sapiens Eukaryota E. coli 1FGG, 1KWS, 3CU0 2000 2002, 2008 GT-A inverting yes UDP, UDP-GlcUA

Gal-beta1-3Gal-beta 1-4Xyl, Gal-
Gal(6-O-sulfate)-Xyl(2-O-

phosphate)-O-Ser 10.1074/jbc.M007399200

44
tcdA Toxin A Q189K5 Peptoclostridium difficile Bacteria

Bacillus 
megaterium 3SRZ, 3SS1, 4DMV, 4DMW 2011 2012 GT-A retaining yes UDP-Glc, UDP 10.1074/jbc.M111.298414, 10.1111/j.1742-4658.2012.08688.x

tcdB Toxin B C9YJ35 Peptoclostridium difficile Bacteria
Bacillus 

megaterium 5VQM 2017 GT-A retaining N.D. 10.1074/jbc.M117.813428

toxB Toxin B P18177 Clostridioides difficile Bacteria E. coli 2BVL, 2BVM, 5UQM, 5UQT, 5UQN, 6AR6, 6B0B 2005 2017 GT-A retaining yes
UDP, Glc, UDP-Glc, UDP-

2F-Glc
10.1016/j.jmb.2005.06.071, 10.1016/j.jsb.2017.04.006, 
10.1126/science.aar1999

toxA Toxin A P16154 Clostridioides difficile Bacteria E. coli
2G7C, 2F6E, 3HO6, 4DMV, 4R04, 5UQK, 5UQT, 
5UQN, 5UQM, 5UQL 2006

2007, 2009, 
2014, 2017 GT-A retaining yes UDP-2F-Glc, UDP

10.1038/nsmb1084, 10.1038/nmicrobiol.2015.2, 
10.1016/j.jsb.2017.04.006, 10.1073/pnas.0506391102, 
10.1074/jbc.M109.018929, 10.1111/j.1742-4658.2012.08688.x, 
10.1074/jbc.M117.781112

Alpha-toxin Q46149 Clostridium novyi Bacteria E. coli 2VK9 2007 GT-A retaining N.D. 10.1016/j.jmb.2007.12.065

Cytotoxin L Q46342 Paeniclostridium sordellii Bacteria E. coli 2VKH, 2VKD, 2VL8 2007 2008 GT-A retaining yes
UDP-Glc, 

castanospermine 10.1016/j.jmb.2007.12.065, 10.1016/j.febslet.2008.05.025

51 ponA Penicillin-binding protein 1a G1C794 Acinetobacter baumannii Bacteria E. coli 3UDF, 3UE3, 3UE1, 3UE0, 3UDX, 3UDI 2011 none inverting N.D. 10.1021/ja208835z

mrcA Penicillin-binding protein 1A O66874 Aquifex aeolicus Bacteria E. coli 2OQO, 3D3H, 3NB6, 3NB7 2007 2008, 2010 none inverting N.D. 10.1073/pnas.0701160104, 10.1021/cb100048q, 10.1021/cb800078a

mrcB Penicillin-binding protein 1B P02919 Escherichia coli Bacteria E. coli
3FWL, 3VMA, 3FWM, 5FGZ, 5FAT, 5FAS, 5FAQ, 5FAP, 
5FAO, 5FA7, 5HL9, 5HLD, 5HLB, 5HLA 2009 2015, 2016 none inverting N.D.

10.1073/pnas.0904030106, 10.1021/acschembio.5b00944, 
10.1074/jbc.M116.718403

mrcA Penicillin-binding protein 1A P31776 Haemophilus influenzae Bacteria E. coli 5U2G 2016 none inverting N.D.

lmo2229 Lmo2229 protein Q8Y547 Listeria monocytogenes Bacteria E. coli 3ZG7, 3ZGA, 3ZG8, 3ZG9 2012 none inverting N.D. 10.1128/AAC.00144-13

mgt Monofunctional glycosyltransferase Q7A0I6 Staphylococcus aureus Bacteria E. coli 3HZS, 6FTB 2009 2018 none inverting N.D. moenomycin 10.1016/j.jsb.2009.04.010, 10.1016/j.tcsw.2018.06.002

pbp2 PBP2 Q9R744 Staphylococcus aureus Bacteria E. coli 2OLU, 2OLV, 3DWK 2007 2008 none inverting N.D. moenomycin 10.1126/science.1136611, 10.1016/j.jmb.2008.08.020

52 lst N-acetyllactosaminide alpha-2,3-sialyltransferase P72097 Neisseria meningitidis Bacteria E. coli 2YK4, 2YK6, 2YK7, 2YK5 2011 GT-B inverting no CDP, CMP-3F-NeuAc 10.1074/jbc.M111.249920

53 embC Probable arabinosyltransferase C P9WNL5 Mycobacterium tuberculosis Bacteria E. coli 3PTY 2010 N.D. inverting none 10.1371/journal.ppat.1001299

55 mngA Mannosyl-3-phosphoglycerate synthase O58689 Pyrococcus horikoshii Bacteria E. coli 2ZU7, 2ZU8, 2ZU9 2008 GT-A retaining N.D. GDP-Man, GDP

TT C0588 Mannosyl-3-phosphogylcerate synthase Q72K30 Thermus thermophilus Bacteria E. coli 2WVK, 2WVM, 2WVL 2009 GT-A retaining yes GDP-Man 10.1074/jbc.M109.095976

62 MNN9 Mannan polymerase complexes subunit MNN9 P39107 Saccharomyces cerevisiae Eukaryota E. coli 3ZF8 2012 GT-A retaining yes GDP 10.1098/rsob.130022

63

bgt DNA beta-glucosyltransferase P04547 Enterobacteria phage T4 Virus E. coli

1BGT, 1C3J, 1IXY, 1J39, 1JEJ, 1JG6, 1JG7, 1IGU, 1JIV, 
1JIX, 1M5R, 1NVK, 1NZD, 1NZF, 1QKJ, 1SXP,1SXQ, 
2BGY, 2BGU, 2BGT 1994

1999, 2001, 
2002, 2003, 

2004 GT-B inverting yes UDP, UDP-Glc, DNA

 10.1002/j.1460-2075.1994.tb06646.x , 10.1006/jmbi.1999.3094, 
10.1016/S0022-2836(02)01091-4, 10.1016/S0022-2836(03)00635-1, 
10.1006/jmbi.2001.4905, 10.1074/jbc.M404394200, 

64
Extl2 Exostosin-like 2 Q9ES89 Mus musculus Eukaryota E. coli 1OMX, 1ON8, 1ON6, 1OMZ 2003 GT-A retaining yes

UDP, UDP-GlcNAc, UDP-
GalNAc GlcUA-Gal 10.1074/jbc.M210532200

65
C15C7.7 GDP-fucose protein O-fucosyltransferase 1 Q18014 Caenorhabditis elegans Eukaryota

Komagataella 
pastoris 3ZY2, 3ZY6, 3ZY5, 3ZY4, 3ZY3 2011 GT-B inverting no GDP, GDP-Fuc 10.1371/journal.pone.0025365, 

POFUT1 GDP-fucose protein O-fucosyltransferase 1 Q9H488 Homo sapiens Eukaryota Homo sapiens 5UX6, 5UXH 2017 GT-B inverting no GDP-Fuc 10.1093/glycob/cwx020

Pofut1 GDP-fucose protein O-fucosyltransferase 1 Q91ZW2 Mus musculus Eukaryota Homo sapiens
5KXH, 5KY9, 5KY8, 5KY7, 5KY5, 5KY4, 5KY3, 5KY2, 
5KY0, 5KXQ 2016 GT-B inverting no GDP, GDP-Fuc Notch1 EGF domains 10.1038/nchembio.2381

66
aglB1

Dolichyl-phosphooligosaccharide-protein 
glycotransferase 1 O29918 Archaeoglobus fulgidus Archaea E. coli 3VGP 2011 GT-C inverting N.D. 10.1021/bi300076u

aglB2
Dolichyl-phosphooligosaccharide-protein 
glycotransferase 2 O30195 Archaeoglobus fulgidus Archaea E. coli 3VU0 2012 GT-C inverting N.D. 10.1016/j.str.2012.10.011



aglB3
Dolichyl-phosphooligosaccharide-protein 
glycotransferase 3 O29867 Archaeoglobus fulgidus Archaea E. coli 3WAI, 3WAJ, 3WAK, 5GMY 2013 2016 GT-C inverting N.D.

10.1186/1472-6807-13-11, 10.1073/pnas.1309777110, 
10.1021/acs.biochem.6b01089

PAB2202 Oligosaccharyl transferase, STT3 subunit Q9V250 Pyrococcus abyssi Archaea E. coli 3WOV 2014 GT-C inverting N.D.

aglB1
Dolichyl-phosphooligosaccharide-protein 
glycotransferase 1 Q8U4D2 Pyrococcus furiosus Archaea E. coli 2ZAG, 2ZAI, 5AZA, 5AZ9, 5AZ8, 5AZ7, 5AZ6 2007 2015 GT-C inverting N.D. 10.1038/sj.emboj.7601940, 10.1002/pro.2867

aglB1
Dolichyl-phosphooligosaccharide-protein 
glycotransferase 1 O74088 Pyrococcus horikoshii Archaea E. coli 3VU1 2012 GT-C inverting N.D. 10.1016/j.str.2012.10.011

pglB
Undecaprenyl-diphosphooligosaccharide--protein 
glycotransferase Q5HTX9 Campylobacter jejuni Bacteria E. coli 3AAG, 3RCE, 5OGL, 6GXC 2009 2011, 2017 GT-C inverting yes

lipid-linked 
oligosaccharide analog

Acceptor peptide, inhibitory 
peptide

10.1074/jbc.M109.081752, 10.1038/nature10151, 10.1038/nsmb.3491, 
10.1038/s41598-018-34534-0

OST1, 
OST2, 
OST3, 
OST4, 
OST5,
STT3,
WBP1, 
SWP1

Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase subunit 1, 
Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase subunit OST2, 
Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase subunit 3, 
Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase subunit OST4, 
Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase subunit OST5, 
Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase subunit STT3, 
Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase subunit WBP1, 
Dolichyl-diphosphooligosaccharide--protein 
glycosyltransferase subunit SWP1

P41543, 
P46964, 
P48439, 
Q99380, 
Q92316, 
P39007, 
P33767, 
Q02795 Saccharomyces cerevisiae Eukaryota

Saccharomyces 
cerevisiae 6C26, 6EZN 2018 GT-C inverting yes Acceptor peptide 10.1038/nature25755, 10.1126/science.aar5140

68
pad-2 GDP-fucose protein O-fucosyltransferase 2 Q8WR51 Caenorhabditis elegans Eukaryota

Komagataella 
pastoris 5FOE 2015 GT-B inverting no GDP Thrombin TSR1 10.1038/nchembio.2019

POFUT2 GDP-fucose protein O-fucosyltransferase 2 Q9Y2G5 Homo sapiens Eukaryota Homo sapiens 4AP5, 4AP6 2012 GT-B inverting no GDP-Fuc 10.1038/emboj.2012.143

70
gumK

UDP-glucuronate:glycolipid 2-beta-
glucuronosyltransferase Q8GCH2 Xanthomonas campestris Bacteria E. coli 2HY7, 3CV3, 3CUY, 2Q6V 2006 GT-B inverting no UDP 10.1074/jbc.M801227200

72 agt DNA alpha-glucosyltransferase P04519 Enterobacteria phage T4 Virus E. coli 1XV5, 1YA6, 1Y8Z, 1Y6G, 1Y6F 2004 GT-B retaining no UDP, UDP-Glc DNA 10.1016/j.jmb.2005.07.007

78
Rmar 1220 Uncharacterized protein D0MI02 RHOM Rhodothermus marinus Bacteria E. coli 2BO4, 2BO6, 2BO7, 2BO8, 2Y4J, 2Y4K, 2Y4L, 2Y4M 2005 2011 GT-A retaining yes GDP, GDP-Man-ester 10.1038/nsmb950, 10.1074/jbc.M110.199844

80 Sialyltransferase K9UUI6 9PAST Pasteurella dagmatis Bacteria E. coli 4V2U, 4V3C, 4V3B, 4V39, 4V38 2014 GT-B inverting no CMP 10.1039/c4cc09772f

Alpha-2,3/2,6-sialyltransferase/sialidase Q15KI8 Pasteurella multocida Bacteria E. coli

2C83, 2C84, 2EX0, 2EX1, 2IHJ, 2ILV, 2IHZ, 2IHK, 2II6, 
2IIB, 2IIQ, 3S44, C83, 2IY8, 2IY7, 2C84,  2IY7, 2IY8,  
3S44 2005

2006, 2008, 
2011 GT-B inverting no CMP-3F-NeuAc, CMP Lactose PMID:18304450 , 10.1021/bi700346w, 10.1021/cb300125k

bst Sialyltransferase 0160 O66375 Photobacterium damselae Bacteria E. coli 4R83, 4R9V, 4R84 2014 GT-B inverting no CMP-3F-NeuAc 10.1016/j.febslet.2014.11.003

pst3-467 Alpha-/beta-galactoside alpha-2,3-sialyltransferase A5LHX0 Photobacterium phosphoreum Bacteria E. coli 2ZWI 2008 GT-B inverting no CMP 10.1016/j.febslet.2009.05.032

pst6-224 Beta-galactoside alpha-2,6-sialyltransferase A8QYL1 Photobacterium sp. Bacteria E. coli 2Z4T 2007 GT-B inverting no CMP Lactose 10.1093/glycob/cwm119

81 MAP 2569c Glucosyl-3-phosphoglycerate synthase Q73WU1 Mycobacterium paratuberculosis Bacteria E. coli 3CKJ, 3CKV, 3CKQ, 3CKO, 3CKN 2008 GT-A retaining yes UDP, UDP-Glc 10.1074/jbc.M801853200

gpgS Glucosyl-3-phosphoglycerate synthase P9WMW9 Mycobacterium paratuberculosis Bacteria E. coli
3E25, 3E26, 4DDZ, 4DE7, 4DEC, 4Y6N, 4Y6U, 4Y7F, 
4Y7G, 4Y9X, 5JQQ, 5JQX, 5JSX, 5JT0, 5JUC, 5JUD 2008

2012, 2015, 
2016 GT-A retaining yes UDP, UDP-Glc

glycerol-PO4, 3-PO4-glyceric acid, 
glucosyl-3-phosphoglycerate

10.1371/journal.pone.0003748, 10.1074/jbc.M112.368191, 
10.1002/anie.201504617, 10.1016/j.str.2017.05.009,

Mannosyl-3-phosphoglycerate synthase B7SY86 Rubrobacter xylanophilus Bacteria E. coli 3F1Y, 3O3P, 3KIA 2008 GT-A retaining yes GMP, GDP, GDP-Man 10.1111/j.1365-2958.2010.07432.x

83
Rmet 4828

4-amino-4-deoxy-L-arabinose transferase or related 
glycosyltransferases of PMT family Q1LDT6 Cupriavidus metallidurans Bacteria E. coli 5EZM, 5F15 2015 GT-C inverting N.D.     10.1126/science.aad1172

88 lpl1319 Uncharacterized protein Q5WWY0 Legionella pneumophila Bacteria E. coli 2WZG, 3JSZ, 3JTI 2009 GT-A retaining yes UDP, UDP-Glc 10.1042/BJ20091351, 10.1016/j.jmb.2009.11.044

lpg1368 Uncharacterized protein Q5ZVS2 Legionella pneumophila Bacteria E. coli 2WZF 2009 GT-A retaining yes UDP, Glc 10.1042/BJ20091351

90 rumi O-glucosyltransferase rumi Q8T045 Drosophila melanogaster Eukaryota Homo sapiens 5F84, 5F85, 5F86, 5F87 2015 GT-B inverting no UDP EGF repeat 10.1038/nchembio.2135

POGLUT1 Protein O-glucosyltransferase 1 Q8NBL1 Homo sapiens Eukaryota Homo sapiens 5L0R, 5UB5, 5L0V, 5L0U, 5L0T, 5L0S 2016 GT-B inverting no UDP, UDP-Me-Glc EGF repeats 10.1038/s41467-017-00255-7

99 wbbB Putative N-acetyl glucosaminyl transferase Q6U8B0 Raoultella terrigena Bacteria E. coli 5FA0, 5FA1 2015 GT-B retaining no CMP doi.org/10.1073/pnas.1603146113

101
galT1 Putative glycosyltransferase (GalT1) I1ZPA1 Streptococcus parasanguinis Bacteria E. coli 4PFX, 4PHS, 4PHR, 5HEA, 5HEC 2014

GT-A 
(GT-E?) inverting yes UDP 10.1038/ncomms5339

SSA 0830 Glycosyltransferase, putative A3CM53 Streptococcus sanguinis Bacteria E. coli 5V4A 2017
GT-A 

(GT-E?) inverting yes UDP

104
NMH 0797 Uncharacterized protein E6MVV9 Neisseria meningitidis Bacteria E. coli 5WXI, 5WXJ, 5WXK, 5WXR 2017 GT-B inverting no

TDP, 2-deoxy-TDP-
Rhamnose 10.1038/s41589-018-0002-y

earP EF-P arginine 32 rhamnosyl-transferase Q88LS1 Pseudomonas putida Bacteria E. coli 5NV8 2017 GT-B inverting no 2-deoxy-TDP-Rhamnose 10.1128/mBio.01412-17
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