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Abstract: The last essential enzyme in the biosynthetic pathway of trilobatin, phloretin-4'-O
glycosyltransferase (P4'-OGT), catalyzes the conversion of trilobatin to phloretin in vitro. However, only a few
P4'-OGTs have been found in plants. This study used Malus domestica phloretin-4'-O glycosyltransferase (MdPh-
4'-OGT) as a query to identify and clone two UDP-glucuronosyltransferase (UGT) genes, designated UGT74L2 and
UGT74L3, from the transcriptome of Andrographis paniculata. According to a phylogenetic tree analysis,
UGT74L2 and UGT74L3 belonged to the UGT74 family, which has been linked to several activities in other

species. The in vitro enzymatic reaction demonstrated that UGT74L2 could particularly catalyze the formation of
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trilobatin from phloretin, but UGT74L3 had no effects. By using Ni-NTA affinity chromatography to extract the
soluble UGT74L2 recombinant protein, the enzymatic kinetics of the activity was investigated using phloretin as
the substrate. The results showed that the optimal temperature and pH for UGT74L2 enzymatic reaction were
40 °C and 8.0 (Tris-HCI system), respectively. Three metal ions (Ca’*, Mn>" and Co”") showed inhibitory effect on
the activity of UGT74L2, while Mg”" could improve the activity of UGT74L2. Other tested metal ions have no
significant effect on UGT74L2. The results of enzymatic kinetic parameters that the K, value was 29.84 umol-L",
the &, was 0.02 ™, and the k'K, was 572.6 mol"'s". By homology modeling, molecular docking and mutation
experiments, we found that multiple amino acids residues around the substrate binding pocket play quite an
important role during catalytic process, In summary, we identified a novel P4-OGT gene from medicinal plant
Andrographis paniculata and provided a new efficient catalyst to synthesize trilobatin. Meanwhile, this study
provides a reference for mining new efficient glycosylation modules from plants.
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Table 1 The primer sequences used in the study
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UGT74L2 A UGT74L3EMERE ST FIH
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UGT Q3R 5 53T R PR oot ; il i MEGA-X 8
4% Neighbor-joining 5 4t & & W, 246 5 & 1) 1HE R

Primer Primer sequence (5'—3")
Amplification
74L2MSC-F AGGGGCCCGAATTCATGGATCCCAATGTCGAAGACC
74L2MSC-R GCGGCCGCAAGCTTGTTACTTTGCTTCATTTTTCTCT
7AL3MSC-F AGGGGCCCGAATTCGGATCCATGGATTCCGATGAAGACTG
74L3MSC-R GCGGCCGCAAGCTTGTCGACTCATCCTCTAACATTACTTTTTTCCAAC
Mutation
7T4L2M1F GCCTACTTCTGCCCTACCCAAACGCGGCGACATCAATCCTA
74L2MI1R CGCCGCGTTTGGGTAGGGCAGAAGTAGGCAGTGAGGCGTGC
74L2M2F CTACCCAAACCAAGGTCACATCGCGCCTATCCTCCA
74L2M2R CGCGATGTGACCTTGGTTTGGGTAGGGCAGAAGTAG
TAL2M3F GACAAAAGGTTGCAAGATGATGAAGCGGCGGGTCTAAGCCTCT
7AL2M3R CGCCGCTTCATCATCTTGCAACCTTTTGTCTAAGCACATCG
TAL2MA4F GATGATGAAGATTATGGTCTAGCGCTCTTTGAACC
74L2M4R CGCTAGACCATAATCTTCATCATCTTGCAACCTT
74L2MS5F ATCGGTCATCTACATTTCTTTCGCGGCGTTAGTTCAATTAAC
74L2MS5R ATCGGTCATCTACATTTCTTTCGCGGCGTTAGTTCAATTAAC
TAL2M6F GTCATCTACATTTCTTTCGGAGCGTTAGTTCAATTAAC
7TAL2M6R CGCTCCGAAAGAAATGTAGATGACCGATTTAGATTC
TAL2MT7F CGGAAAATGGATTGATCGTGTCAGCGGCGCCACAACTAAAAG
7AL2M7R CGCCGCTGACACGATCAATCCATTTTCCGGTGGAAAGTTATTTG
74L2M8F GGATTGATCGTGTCATGGGGCGCGGCGCTAAAAGTATTAG
74L2M8R CGCCGCGCCCCATGACACGATCAATCCATTTTCCGGTGGA
74L2M9F GATCGTGTCATGGGGCCCACAAGCGGCGGTATTAGGACACG
74L2MOR CGCCGCTTGTGGGCCCCATGACACGATCAATCCATTTTCCG
7AL2M10F GTTTCATTACACACTGTGGATGGGCGTCGACGCTTGAG
74L2M10R CGCCCATCCACAGTGTGTAATGAAACATCCGATTGC
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B SWISS-MODEL %} UGT74L2 f1 UGT74L3 &
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Figure 1 A: Cloning of UGT74L2 gene from Andrographis paniculata. M: DNA marker; 1: UGT74L2 gene; 2: UGT74L3 gene. B:
Predicted secondary structure of UGT74L2 protein. C: Predicted secondary structure of UGT74L3 protein. Blue: a-Helices; Red: Extended

strand; Green: f-Turn; Orange: Random coil. D: The deduced three-dimensional structure of UGT74L2 protein; E: The deduced three-

dimensional structure of UGT74L3 protein
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2.3 F0LiE UGT74L2 1 UGT74L3 R E B F 5 bb X3
MAEAZAXEWNODH HELBlastsd REW, 5
UGT74L2 F1 UGT74L3 AR B iy 1) 4 18 Ty fie 10 7 2
AR RD, W SO IR R A AR R, R T
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XA E M E R G K E W (B2), 4R ER,
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Figure 2 Phylogenetic relationships between UGT74Ls with their close relatives
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Figure 5 A: Ultra performance liquid chromatography (UPLC) analysis of enzymatic products of the UGT74L2 and UGT74L3. B: Q-time-

of-flight mass spectrometer (Q-TOF-MS) analysis of enzymatic products of the UGT74L2. C: Q-time-of-flight mass spectrometer analysis

of trilobatin standard
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Figure 6 Enzyme activity parameters of UGT74L2. A-D: Effect of time (A), temperature (B), pH (C), and metal ions (D) on UGT74L2

enzyme activity for phloretin; E: Kinetic parameters of recombinant UGT74L2 enzyme.x +s,n =3
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