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Research progress of C-glycosyltransferases for natural products
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Abstract: C-Glycosyltransferases (CGTs) are natural biocatalyst responsible for the formation of C-glycosides,
transferring sugar moieties from activated nucleotide sugar donors to acceptor substrates and establishing C-C
glycosidic bonds. C-glycosides show diverse pharmacological activities, such as antioxidant, anti-inflammatory,
antibacterial, antiviral, and antitumor activities, and comparing with O-glycosides, C-glycosides exhibit better
pharmacological properties due to their glycosidic bonds being more resistant to chemical and biological
degradation. Thus, CGTs have shown considerable potential in drug research and development. Although research
on CGTs has made significant progress, with respect to the number of identified CCTs and the understanding of
catalytic mechanism, there is still a large distance between CGTs and extensively studied O-glycosyltransferases
(OGTs). The reported crystal structures of CGTs have provided a good elucidation of the recognition of sugar
donors. However, the limited acceptor-bound structure hinders the comprehensive understanding of their catalytic
mechanisms, thereby affecting the application in the fields of bioengineering and pharmaceuticals. Here we
summarize the information of identified CGTs for natural product regarding substrate types, protein structures,
proposed catalytic mechanisms, and CGT-related engineering and applications, aiming to bring out some new ideas
for future research and development.
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Figure 1 Structural diversity of sugar-acceptors for CGTs. A: Representatives of different type of acceptors for plant CGTs; B: Representa-
tives of different type of acceptors for CGTs from other organisms. The structures depicted with two glucosyl groups indicate that in addi-
tion to general mono-C-glycoside products, di-C-glycosides can be produced by certain CGTs. CGTs: C-Glycosyltransferases; Glc: Glucose;
Xyl: Xylose; Oli: Olivose; Gal: Galactose; Ang: Angolosamine; DDG: 4-Keto-2,6-dideoxyglucose; DMV: N,N-Dimethylvancosamine
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Figure 2 Key structural features of CGTs. A: Crystal structure of MiCGT as a representative of plant CGTs. The section between NS5 (the

fifth f-strand of the N-terminal domain) and N6 is colored in yellow, which is the most different part between plant and bacterial CGTs; B:

Enlarged region of MiCGT showing key residues for sugar-donor UDP-Glc recognition; C: Enlarged region of GgCGT showing key resi-

dues for sugar-acceptor binding; D: Crystal structure of LanGT2S8Ac as a representative of bacterial CGTs. The section between NS5 and

N6 is colored in cyan to make comparison with plant CGTs; E: Schematic view of MiCGT structure with key residues for sugar-donor rec-

ognition and catalytic activity depicted; F: Overview of GgCGT structure; UDP-Glc: Uridine diphosphate glucose
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Table 1 Existing CGT structures

CGT Apo/complex PDBID Reference
UrdGT2 Apo 2P6P [51]
SsfS6 Apo 4FZR [22]

SsfS6/TDP 4G2T
LanGT2S8Ac Apo 4RIG [50]
LanGT2S8Ac/TDP 4RIl

LanGT2S8Ac/TDP-carba-D-  4RIH
olivose

TcCGT1 TcCGT1/UDP 6JTD [5]
GgCGT GgCGT/UDP-Gle 6L5P [21]
GgCGT/UDP-Gal 6L5Q

GgCGT/UDP/phloretin 6L5S/6L5R
GgCGT/UDP/nothofagin 6L7H

UGT708C1  Apo 6LLG [52]
UGT708C1/UDP 6LLW
UGT708C1/UDP-Glc 6LLZ

SbCGTa SbCGTa/UDP 6LGO [53]

SbCGTb SbCGTb/UDP-Glc 6LFZ

LpCGTa LpCGTa/UDP 6LG1

LpCGTb Apo 6LFN

ZmCGTa ZmCGTa/UDP 6LF6

MiCGT WT/UDP-Glc 7TVAS [54, 55]
VFAH/UDP TVAA
MiCGT-QDP/UDP 8XFH

GeCGT Apo 8IE4 [18]
GcCGT/UDP 8W7Y
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UGTS89C1 H ] His357). £ CGT F1 OGT H 4 it 44 1
g & o B X OR 57 H AR It AH B &, B: UDP-Gle >
UDP-Xyl > UDP-Gal > UDP-Aral>’?"#%3%1,

A Z T, 400 CGT T (0% B pl it A4 e
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Figure 3 The proposed possible catalytic mechanisms of CGTs. The upper route indicates that the His-Asp catalytic dyad deprotonates the

phenolic hydroxyl group of the acceptor molecule. The mechanism denoted by the orange arrows is that the deprotonated oxygen attacks the

anomeric carbon of UDP-Gle, first forming an O-glycoside, followed by non-enzymatic O—C glycosyl transfer to form a C-glycoside. The

mechanism described by the green arrow shows that after phenolic hydroxyl deprotonation, resonance (electronic rearrangement) renders the

adjacent aromatic carbon electron-rich, enabling direct nucleophilic attack on the anomeric carbon of the sugar donor. The lower route

shows the spontaneous deprotonation mechanism proposed in TcCGT1, where the phenolic hydroxyl group of the substrate spontaneously

deprotonates and through resonance (electronic rearrangement) enables the adjacent aromatic carbon to directly nucleophilically attack the

anomeric carbon of the sugar donor
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