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Crystal structures of plant uridine diphosphate-dependent
glycosyltransferases

Heshu Lii, Feiyan Xue, Chunmei Liu, Mingfeng Yang, and Lanqing Ma
Key Laboratory of Urban Agriculture (North) of Ministry of Agriculture China, Beijing University of Agriculture, Beijing 102206, China

Abstract:  Glycosyltransferases (GTs) catalyze the transfer of a sugar residue of an activated sugar donor to an acceptor
molecule. Many families 1 GTs utilize an uridine diphosphate (UDP) activated sugar as donor in the glycosylation reaction,
and most of these belong to a group of GTs referred to as the UGTs. The relationship between the degree of amino acid
sequence identity and substrate specificity of the plant UGTs is highly complicated, and the prediction of substrate
specificity based on phylogenetic analyses need to be improved by more biochemical characterization. This review
summarizes the three dimensional structures of plant UGTs published in the Protein Data Bank (PDB), including the
detailed substrate interactions with the sugar and receptor binding pockets and mutational analyses of some critical amino
acids. It will be helpful for biochemical characterization the substrate specificity of the individual UGT, and lay the

foundation for the enzymatic and genetic manipulation of plant UGTs in the future.

Keywords: Uridine diphosphate glycosyltransferases (UGTSs), crystal structure, substrate specificity
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Table 1 Summary of the three-dimensional structures of plant UGTs in PDB

Name of UGT PDB Code Apo/Complex Reference

MtUGT71Gl1 2ACV UDP [11]
2ACW UDP-glucose [11]

VWGT1 2C1X UDP [13]
2C1Z UDP-2-fluoro-glucose kaempferol [13]
2C9Z UDP, quercetin [13]

MtUGT85H2 2PQ6 Apo [14]

AtUGT72B1 2VCE UDP-2-fluoro glucose, TCP [15]
2VCH UDP-Tris buffer [15]
2VG8 UDP-glucose [15]

MtUGT78Gl1 3HBJ UDP [16]
3HBF UDP, myricetin [16]
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El1 HHEY UGTs SR R RERFIILE CRRIENEZE (His22. Aspl2]) MEBEERMIAZIRGE SRR
S8 MtUGT7IG] FIIWEGFRIRE (FE AtUGT2B1 R EREENEGTR). EFFI LASAAEG
HBIOERE ZREH B TR o 858, FITHREIOENRST PSPG XiF. F3ILA{ER DNAMAN)

Fig. 1 Sequence alignment of five plant UGTs. The critical catalytic residues (His22 and Aspl21), and the
important residues lining the substrate binding sites are marked in black and blue and numbered in Mt UGT71G1 and
At UGT72B1, respectively. The secondary structure, B strands (blue) and a helices (yellow) are marked by solid box

above the sequences. The conserved PSPG motif is highlighted by solid box under the sequences in green. The

sequence alignment was prepared with DNAMAN.
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B2 1EY) UGT BIR=ZH5H (BEMZHRME SO TNEMFHZ AL, E5 8 UDP-EEHE S FLL Stick
AR R. (A) Mt UGT71G1 Ribbon #0 Surface "= & . WEHMH S A UM EGIRH . N. C-EHE KR,
URENREMBATHIREZFR.(B) Mt UGTTIGI 5R5EYE &8I Mt UGTSSH2 £ LL 3% : Mt UGT71G1
E &Rl BeAREXFY. MtUGTSSH2 IR iRt . FHERBAEHKRE ZBIRFRE KIERAE)
Fig. 2 Ribbon and Surface diagrams of the overall structure of plant UGT. The substrate binding sites are located in
the cleft formed by the two domains. The complexed UDP-glucose donor was shown as Stick diagrams. (A) Mt
UGT71G1 overall structure. The N-terminal domain (pink) and the C-terminal domain (blue) are shown with the
secondary structures and the N and C-termini labeled. The o helices and B strands in the N and C-terminal domains
are numbered separately. (B) Comparison of Mt UGT71G1 and apo Mt UGT85H2 structures. The remarkable
differences between Mt UGT71G1 (in pink) and Mt UGT85H2 (in grey) structures are labeled.

( D
NS5a  Cé6 MtUGT85H2
Na2 Mt PSPG 44 10
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Rossman o Glu381  GIn382
(Ca3 Ca4 Co5)  N- PSPG Trp360
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El3 HE#UGTs RMEEORTEE (A: EEMEZRUELEH; B: MLUGTTIGT FEEMH{K4 S 0% Ribbon
TEE: S50 UDP-EEMESF. FHREMZE His22. Aspl2]l) MEZEEAMS5%E (Thr143. Trp339.
GIn342. His357. Trp360. Glu365. Glu381. GIn382) LI Stick A KR, METFIINIREBHNERRT.
PSPG XER kM &, REBXAFRME, C1 XERAXER; C: At UGT72B1 #EEZ KL S O% Ribbon TE
BE: E48 TCP % FLL SPHERE #RERKR, BREFAHZRE. REEMLEKE (His19. Aspll7) MEELE SN
S5 %E (Serl4. Prol5. Tyr138. Pheld8. Asn312. #0 Tyr315) LA Stick A KR, BREFHEERT. N1 IR
XAKER, N3IARXAXME, NdIRXARBE, NSHXAEFER., SHEEEENZERBOBEERLESZ
RT)

Fig. 3 Ribbon and Surface diagrams of structures of plant UGTs binding pockets. (A) Reactions catalyzed by At
UGT72B1; (B) Mt UGT71G1 UDP-sugar donor binding pocket: The UDP-glucose and the critical residues lining the
substrate binding sites are shown as Stick diagrams with Carbons in green and yellow, respectively. The conserved
PSPG motif is highlighted in light pink, interdomain linker in dark pink, and loop C1 in light blue. (C) At UGT72B1
sugar receptor pocket: The complexed TCP is shown as SPHERE with carbons in green. The critical residues are
shown as Stick models with carbons in yellow. The segments linking the receptor binding pocket is highlighted with
loop N1 in light blue, loop N3 in light pink, loop N4 in dark pink, and loop N5 in cyan.
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