22224k Acta Pharmaceutica Sinica 2024, 59(2): 313-321 + 313 -

M E P4S0 FEEMEFIE R U S MED S P RMER MR ER

BHE, A 8, ZRE, REL", BEMT

(1. P BR A REABE AL RO RIES 22 5 25 TR R T2 T, vh 55 2549 SR 2 A5 B R F 208 0 L SR =, e 244
EHEF LK E, 5 100193; 2. oo B2 RHE B b st A B 22 e 25 AR 70 v it w20 BT, g 4 e 24
PRIR RS 5 T L S 2, [ 5 v O 245 B R O T Rp R P B W T 8, Mg ¥ 1 570311)

THE: PR SR EAR B LY IS AR T IR A E Y, FEAFE TR, A B4
TR AN ZG AN . 400 {25 P450 (cytochrome P450, CYP450) & — 2#SH 5E PR 52 e 4 i (1) B i S g, 2k i K
MERFELZ —, 508 A2 B AEAR T 0 & S R 7R 2B A UL 2, CYP450 il it
GINEE BRI RS E RS SR A GBI B, NEER R A LR T EEEH. 2564
il B ) CYPA50 i K IR AL RS S ML O — Lo 50, AR SCIRTZEA 40 T A A 1 i 2540 S 1 A= 06 g
1% \PASO il (R 25 W RN 23 285, %o 22 548 1 2R 40 25 B CYPASO BiEHEAT 1 45, AT B VR AR %5 CYP4A50 g 76 25 i
5 mi R G e RS %

KBEIA): 52100, AR P4S0; AW B AR, 2 AR

FESES: RI31 XHRFRIRED: A EHS 0513-4870(2024)02-0313-09

Research progress on the role of cytochrome P450 in plant
sesquiterpene biosynthesis

GAO Shi-xi', RONG Mei', PENG Jun-xiang', XU Yan-hong"", WEI Jian-he"*"

(1. Key Laboratory of Bioactive Substances and Resources Utilization of Chinese Herbal Medicine, Ministry of
Education & National Engineering Laboratory for Breeding of Endangered Medicinal Materials, Institute of Medicinal
Plant Development, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing 100193, China;

2. Hainan Provincial Key Laboratory of Resources Conservation and Development of Southern Medicine & Key
Laboratory of State Administration of Traditional Chinese Medicine for Agarwood Sustainable Utilization, Hainan
Branch of the Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union
Medical College, Haikou 570311, China)

Abstract: Sesquiterpenes are natural terpenoids with 15 carbon atoms in the basic skeleton, which mainly
exist in plant volatile oil and have important physiological and medicinal value. Cytochrome P450 (CYP450) is a
kind of monooxygenase encoded by supergene family, which is one of the largest gene families in plants. It is
involved in the synthesis and metabolism of terpenoids, alkaloids and other secondary metabolites. In the process
of terpene biosynthesis, CYP450 participates in the post-modification stage of terpenes by introducing functional
groups such as hydroxyl, carboxyl and carbonyl, which plays an important role in enriching the diversity of

terpenes. The CYP450 enzymes involved in sesquiterpene synthesis and their substrate catalytic specificity
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mechanisms have been partially investigated. In this paper, the biosynthetic pathway of plant sesquiterpenes, the

structure and classification of CYP450 enzymes were briefly introduced, and the CYP450 enzymes involved in

sesquiterpene biosynthesis were summarized, in order to provide a reference for intensive study of the role of

CYP450 enzymes in the synthesis of sesquiterpenoids.
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Figure 1 Representative sesquiterpenes from medicinal plants
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Figure 2 Terpene biosynthetic pathways. MVA: Mevalonate pathway (occurs mainly in the cytoplasmic matrix); MEP: Methylery-thritol

phosphate pathway (occurs mainly in the plastid); IPP: Isopentenyl pyrophosphate; DMAPP: Dimethylallyl diphosphate; FPP: Farnesyl
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Table 1

CYP450 directly catalyzes sesquiterpene skeleton formation

. . . Genbank
Species Protein Substrate Type of catalysis Product Reference
number
Artemisia annua CYP71AVI  Amorphadiene Continuous oxidation Artemisinic acid ABC41927.1 [10]
Nicotiana tabacum CYP71D20  5-epi-Aristolochene C1-Hydroxylation Capsidiol AAK62342.2 [21]
C3-Hydroxylation
Gossypium arboreum CYP706B1  Cadinene C7-Hydroxylation 7-Hydroxy-cadinene AAK60517.1 [7]
Zea mays CYP71Z18  p-Macrocarpene Continuous oxidation Zealexin NP001141366.1 [22]
Arabidopsis thaliana CYP706A3  a-Barbatene Continuous oxidation 6-O-a-Barbatene BAH20251.1 [23]
Thujopsene C1-Carbonylation 1-O-Thujopsene
Zingiber zerumbet CYP71BAl  a-Humulene C8-Hydroxylation 8-Hydroxy-a-humulene BAJ39893.1 [24]
Hyoscyamus muticus CYP71D55  Premnaspirodiene  C2-Carbonylation Solavetivone ABS00393.1 [25]
Valencene C2-Hydroxylation Nootkatol
Aristolochene 2-Hydroxy-aristolochene
Santalum album CYP76F/ Santalene Cl-Hydroxylation Santalol AMR44190.1 [26]
CYP736A167 Bergamotene Bergamotol [27]
Cynara cardunculus  CYP71AV9  Germacrene A Continuous oxidation Germacrene A acid ATA09035.1 [28]
Cichorium intybus CYP71AV8  Valencene C2-Carbonylation Nootkatol ADMS86719.1 [29]
Germacrene A Continuous oxidation Germacrene A acid
Amorphadiene Artemisinic acid
Vitis vinifera CYP71BE5  a-Guaiene C2-Carbonylation Rotundone BAT70338.1 [30]
Thapsia garganica CYP76AE2  epi-Kunzeaol Continuous oxidation epi-Dihydroconstunolide AQY76213.1 [31]
Thapsia laciniata CYP76AE4  epi-Kunzeaol C8-Hydroxylation Tovarol AZ1.40029.1 [32]
Solanum habrochaites CYP71D184 Zingiberene C9-Hydroxylation 9-Hydroxy-zingiberene MT786523.1 [33]

C10,C11-Epoxidation

9-Hydroxy-10,11-epoxy-zingiberene
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Table 2 CYP450 involved in the downstream biosynthesis of sesquiterpenes
. . . Genbank
Species Protein Substrate Type of catalysis Product Reference
number
Lactuca sativa CYP71BL2 Germacrene A acid C6-Hydroxylation 6-Hydroxy-germacrene A acid ~ AEI59780.1 [34]
Helianthus annuus CYP71BL1 Germacrene A acid C8-Hydroxylation 8-Hydroxy-germacrene A acid ~ AEI59773.1 [34]
CYP71AX36 Costunolide Cl4-Hydroxylation 14-Hydroxy-costunolide AWKT77745.1 [35]
Cynara cardunculus CYP71BL5 Germacrene A acid C6-Hydroxylation Costunolide ATA09038.1 [28]
Tanacetum cinerariifolium CYP71BL4 Germacrene A acid C6-Hydroxylation Costunolide AGO03790.1 [36]
Gossypium hirsutum CYP71BE79 8-Hydroxy-7-keto-cadinene C11-Hydroxylation 8,11-Dihydroxy-7-keto-cadinene / [37]
CYP82D113 7-Keto-cadinene C8- Hydroxylation 8-Hydroxy-7-keto-cadinene
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Figure 3 Cytochrome P450 (CYP450) involved in sesquiterpene biosynthesis. The yellow, blue and green boxes represent the hydroxyl,

carbonyl and carboxyl groups obtained after oxidation, respectively
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Figure 4 The phylogenetic tree analysis of CYP450 proteins directly involved in sesquiterpene skeleton formation by neighbor-joining

method. The red font indicates the unpublished CYP450 of our group
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Figure 5 The 3D structural model of the CYP706A3 active site.

Reprinted with permission from reference™

, copyright Daniéle
Werck-Reichhart. A: Overall structure displaying the two main
channels; B: Display of the small internal cavity mostly delineated
by hydrophobic residues (in yellow, surface mode). Two apertures
are visible, corresponding to egress channels. Polar (green) and
charged (red) residues correspond to Thr322 and Asp314, respec-
tively. Thr322 is the only non-hydrophobic residue in contact with

the active site cavity

Figure 6 The substrate docking into a modeled CYP71D55

active site. Reprinted with permission from reference!™

, copyright
Joe Chappell. A homology model of HPO was created using
the mammalian P450 2B4 as template (PDB1SUO), and used for
docking experiments with premnaspirodiene (teal), valencene

(blue), EA (gold), and EE (magenta)
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