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biosynthesis

ZHU Ling-ying', GUO Juan’, ZHANG Ai-li', WANG Bao-jie', ZENG Li-fang', XU Fu-rong', MA Xiao-hui'
1. College of Pharmaceutical Science, Yunnan University of Chinese Medicine, Kunming 650500, China

2. National Resource Center for Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China

Abstract: Triterpenoids are active constituents of many medicinal plants. The biosynthetic pathways of triterpenes have been fully
studied and significant progress has been made. CYP450s are mainly involved in the post-modification process of triterpenoids
biosynthesis, which plays a key role in the diversity of triterpenoids. Currently, a lot of CYP450s, which related to the biosynthesis of

triterpenoids, have been cloned from many plants. In this paper, CYP450s involved in the biosynthesis of triterpenoids were reviewed,

which provided a reference for the analysis of the biosynthetic pathway of triterpenoids and the functional study of CYP450s.
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Fig.1 CYP450 participated in glycyrrhizins biosynthesis
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Fig.2 CYP450 participated in ginsenosides biosynthesis
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Fig. 3 CYP450 participated in cucurbitane saponins biosynthesis
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Fig. 4 CYP450 participated in platycodins biosynthesis
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Table 1 CYP450 participated in ursane and lupane saponins biosynthesis

B FPo 5 K Tiag URYD S 3Lk
IpAO2 — llex pubescens C28-oxidation (a-amyrin/B-amyrin) 62-63
CYP716A12 FNO95112. Medicago truncatula C28-oxidation (a-amyrin/B-amyrin/lupeol) 64-65

FN995113
CYP716A15 AB619802 Vitis vinifera C28-oxidation (a-amyrin/B-amyrin/lupeol) 64
CYP716A265 MG708187 Lagerstroemia speciosa  C28-oxidation (a-amyrin/B-amyrin/lupeol) 66
CYP716A266 MG708188 Lagerstroemia speciosa  C28-oxidation (a-amyrin/B-amyrin/lupeol) 66
CYP716A80 KP795926 Barbarea vulgaris C28-oxidation (a-amyrin/B-amyrin/lupeol) 67
CYP716A81 KP795925 Barbarea vulgaris C28-oxidation (a-amyrin/B-amyrin/lupeol) 67
CYP716AL1 IN565975 Catharanthus roseus C28-oxidation (a-amyrin/B-amyrin/lupeol) 68
CYP716A51 AB706297 Lotus japonicus C28-oxidation (a-amyrin/B-amyrin/lupeol) 69
CYP716A175 EBI148173 Malus % domestica C-28-oxidation (o-amyrin/B-amyrin/lupeol/ 70
germanicol)
CYP716A155 MKS592859 Rosmarinus officinalis ~ C28-oxidation (a-amyrin/B-amyrin/lupeol) 71
CYP716A83 KU878849. Centella asiatica C28-oxidation (a-amyrin/B-amyrin/y-taraxasterol) 12,72
KTO004519
CYP716A86 KU878848 Centella asiatica C28-oxidation (a-amyrin/B-amyrin) 12
CYP716A44 AK329870 Solanum lycopersicum  C28-oxidation (o-amyrin/B-amyrin) 73
CYP716A46 XM_004243858 Solanum lycopersicum  C28-oxidation (a-amyrin/B-amyrin) 73
CYP716A252  JQ958967 Ocimum basilicum C28-oxidation (a-amyrin/B-amyrin) 74
CYP716A253  JQ958968 Ocimum basilicum C28-oxidation (a-amyrin/B-amyrin) 74
CYP716Al1 NM 001344126 Arabidopsis thaliana C28-oxidation (a-amyrin/B-amyrin). C28- 75
hydroxylation (lupeol)
CYP716A2 LC106013 Arabidopsis thaliana C28-hydroxylation (a-amyrin/B-amyrin/lupeol). 75

C22a-hydroxylation (o-amyrin/B-amyrin)+
C16-hydroxylation (B-amyrin)

CYP714E19 KT004520 Centella asiatica C23-oxidation (ursolic acid/oleanolic acid/23- 72
hydroxy ursolic acid/23-hydroxy oleanolic acid)

CYP716Y1 KC963423 Bupleurum falcatum Cl6a-hydroxylation (a-amyrin/B-amyrin) 76

CYP716E26 XM_004241773 Solanum lycopersicum  C6B-hydroxylation (a-amyrin/B-amyrin) 73

CYP716E41 KU878851 Centella asiatica C6pB-hydroxylation (ursolic acid/oleanolic acid/2a- 12
hydroxy oleanolic acid)

CYP716A14v2 KF309251 Artemisia annua C3-oxidation (a-amyrin/B-amyrin/-amyrin) 77

CYP716C55 MG708191 Lagerstroemia speciosa  C2a-oxidation (ursolic acid/oleanolic acid) 66

CYP716C49 — Crataegus pinnatifida C20-hydroxylation (ursolic acid/oleanolic acid/ 78

betulinin acid)
CYP716C11 KU878852 Centella asiatica C20-hydroxylation (ursolic acid/23-hydroxy ursolic 12,72

acid/oleanolic acid/6B-hydroxy oleanolic acid/
23-hydroxy oleanolic acid)
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Table 2 CYP450 participated in oleanolic saponins biosynthesis
R FPo 5 K Dige URYD ERBYN
CYP72A63 ABS558146 Medicago truncatula C30-oxidation (B-amyrin) 31
CYP716A110 KU878864 Aquilegia coerulea C28-oxidation (B-amyrin) 12
CYP716A17 AB619803 Vitis vinifera C28-oxidation (B-amyrin) 64
CYP716A244 KX354739 Eleutherococcus senticosus ~ C28-oxidation (B-amyrin) 80
CYP716A%4 KT150521 Kalopanax septemlobus C28-oxidation (B-amyrin) 81
CYP716A254 — Anemone flaccida C28-oxidation (B-amyrin) 82
CYP716A78 KX343075 Chenopodium quinoa C28-oxidation (B-amyrin) 83
CYP716A79 KX343076 Chenopodium quinoa C28-oxidation (B-amyrin) 83
CYP716A249 KY385302.1 Polygala tenuifolia C28-oxidation (B-amyrin) 17,84
CYP716A75 KF318733 Maesa lanceolata C28-oxidation (B-amyrin/16a-hydroxy 14
-amyrin)
CYP93E1 AF135485 Glycine max C24-hydroxylation (B-amyrin) 85
LiCYP93El LC414182 Lotus japonicus C24-hydroxylation (B-amyrin/sophoradiol) 69
CYP93E2 DQ335790 Medicago truncatula C24-hydroxylation (B-amyrin) 64
CYP93E3 AB437320 Glycyrrhiza uralensis C24-hydroxylation (B-amyrin) 28
CYP93E4 KF906535 Arachis hypogaea C24-hydroxylation (B-amyrin) 86
CYP93ES KF906536 Cicer arietinum C24-hydroxylation (B-amyrin) 86
CYP93E6 KF906537 Glycyrrhiza glabra C24-hydroxylation (B-amyrin) 86
CYP93E7 KF906538 Lens culinaris C24-hydroxylation (B-amyrin) 86
CYPI93E8 KF906539 Pisum sativum C24-hydroxylation (B-amyrin) 86
CYP93E9 KF906540 Phaseolus vulgaris C24-hydroxylation (B-amyrin) 86
CYP749A63 MF596155 Crataegus pinnatifida C24-oxidation (oleanolic acid) 78
CYP72A397 KT150517 Kalopanax septemlobus C23-hydroxylation (oleanolic acid) 81
CYP72A68v2 AB558150 Medicago truncatula C23-oxidation (oleanolic acid/2B-hydroxy 31,87-88
oleanolic acid/bayogenin)
CYP72A68-430 Medtr2g055430 Medicago truncatula C23-oxidation (oleanolic acid/2p-hydroxy 87-88
oleanolic acid/bayogenin)
CYP72A68-470 Metr2g055470  Medicago truncatula C23-oxidation (oleanolic acid/2p-hydroxy 87-88
oleanolic acid/bayogenin)
CYP72A552 MH252571 Barbarea vulgaris C23-hydroxylation (oleanolic acid) 89
CYP72A61v2 AB558145 Medicago truncatula C22-hydroxylation (24-hydroxy pB-amyrin) 31,90
CYP87D16 KF318735 Maesa lanceolata Cl6a-hydroxylation (B-amyrin/olenolic acid) 14
CYP716Al111 KU878865 Aquilegia coerulea C16B-hydroxylation (B-amyrin) 12
CYP51H10 DQ680852 Avena strigosa C16B-hydroxylation (B-amyrin); C12,138- 91-92
epoxidation (B-amyrin)
CYP72A67 DQ335780 Medicago truncatula C2B-hydroxylation (oleanolic acid/23-hydroxy- 87-88

oleanolic acid)

2.8 B5HMB=FEEYEAY CYP450
CYP450 B2 5500, P a k. 5
e AY ., TR I AR P e R = i AE A A

W S5 HAM =AY S R, T2
FH PPy ERE AN S 5 H MM =AY S
) CYP450 (£ 3 A 8).
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®3 S5HMZTEEYSEE CYP450
Table 3 CYP450s participated in biosynthesis of other triterpenoids

1

ST
L HO%, .

24

6 arjunolic acid

H FPos K Diee YD) 223k
CYP705A1 NM_117621 Arabidopsis thaliana C15,Cl6-cleavage (arabidiol) 93
CYP705A5 NM_124173 Arabidopsis thaliana C15,Cl16-desaturation (7B3-hydroxythalianol) 94
CYP708A2 NM_ 180822 Arabidopsis thaliana C7pB-hydroxylation (thalianol) 93-94
CYP71A16 NM 123623 Arabidopsis thaliana C23-hydroxylation (marneral/marnerol) 93,96
CYP90B27 KJ869252 Veratrum californicum  C22-hydroxylation (cholesterol) 97
CYP90G1 KJ869260 Veratrum californicum  C22-oxidation (22-hydroxy-26-aminocholesterol) 97
CYP94N1 KJ869255 Veratrum californicum  C26 hydroxylation (22-hydroxycholesterol) 97
CYP716A113vl  KU878867 Aquilegia coerulea unknown hydroxylation (cycloartenol) 12
CYP716Al1 NM_001344126  Arabidopsis thaliana unknown hydroxylation (tirucalla-7,24-dien-3f3-ol) 75,96
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