- 1000 - 2% %R Acta Pharmaceutica Sinica 2019, 54(6): 1000 —1009

P450s M SIS B HFFFHR BB =L M E BRI RTR

KEAY, LEHY REEL TEEY 2FHE, HERES ZERT
(PR 1 R EGIARHE A 0, 2, AL TR, 1 KA 030006; 3. thfiFR BE 25 K2, (i K JE 030024)

WE: HY =i — KRBEWE R BGT iz T LA AN ER KRR Y. S =k B E R 2
A YRS VR T2 B0, A A A T R E R B 2R A IS R S AN B, AR SR e B =i 28
B R AL 22 B, 40 (7 25 PA50 B4 N 40 (cytochrome P450 monooxygenase, P450s) 4 44T 4 i% B 2R HE AT ¥ £ 45 )18
M, T X LB =i AL M 2 AR S ThREME B R B . AR SCGEIR T SRR e B i R AR A P450s
X} p-Fr W I EE (B-amyrin) 55 3R ER (oleanolic acid) MIMELAEH, ¥RV Ti E B H M R EH B — iz £ 2
JCIITT BEAEM & B 12, JF T EAA T i & (Polygala tenuifolia) #1 CYP716A249 (11 & B, 55 R ke RAE Y = s 1)
VG ORI R SR A — Le i 4

SRR 20 5 3K PA50 H AU R = SRR bR B =k R R AR A

FE 5SS RI3L XRRFRIREE: A X E S 0513-4870(2019)06-1000-10

Advance in biosynthesis of plant-derived oleanane type triterpenoids
such as Polygala saponins with catalysis by cytochrome P450s

ZHANG Fu-sheng", KONG Ran-ran*?, CHEN Tong-yao', WANG Qian-yu'?,
QIN Xue-mei*, DU Chen-hui®, MA Cun-gen*

(1. Modern Research Center for Traditional Chinese Medicine,2. College of Chemistry and Chemical Engineering,
Shanxi University, Taiyuan 030006, China; 3. Shanxi University of Chinese Medicine, Taiyuan 030024, China)

Abstract: Plant-derived triterpenoids constitute a large and structurally diverse class of natural products with
various implications in industrial and pharmaceutical uses. The oleanane type triterpenoids are widely known for
their pharmacological and/or biological activities. The biosynthesis pathway of oleanane triterpenoids is divided
into three stages: precursor supply, skeleton synthesis, and terpenoids synthesis. Plant cytochrome P450 monooxy-
genases enzymes (P450s) are involved in the synthesis and diversification of natural products, and are responsible
for other modifications of terpenoids, such as formation of triterpenoids. P450s-catalyzed structural modification
prior to glycosylation is crucial for diversification and functionalization of triterpenoid scaffolds. In this paper, the
catalyses of P450s on g -amyrin and oleanolic acid in oleanane type triterpenoid saponins biosynthesis were
reviewed. Presenegenin is a major aglycon of Polygala saponins. The CYP716A249 in Polygala tenuifolia was
used as an example to other P450s participating in the possible biosynthetic pathways of presenegenin. These
results provide references for elucidation of the biosynthesis pathways of plant-derived oleanane type triterpenoids.
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Figure 1 Biosynthesis framework of oleanane type triterpene saponins. MVVA: Mevalonic acid; IPP: Isopentenyl pyrophosphate; DMAPP:

Dimethylallyl pyrophosphate; GPP: Geranylpyrophosphate; FPP: Farnesyl pyrophosphate; SQS: Squalene synthetase; SQE: Squalene

epoxidase; CAS: Cycloartenol synthase; f-AS: f- Amyrin synthase; OAS: Oleanolic acid synthase; CPR: Cytochrome P450 reductase;

P450s: Cytochrome P450 monooxygenase; UGT: UDP-glucosyltransferase
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and novel high - value triterpenes, http://bioinformatics.
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Table 1 The type of P450s catalyze g-amyrin and its derivativest %44
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Regfligist[;em- Description Substrates P450s Plant Genbank Ref.
C-3 Pentacyclic triterpenoid  a-Amyrin, g-amyrin, lupeol CYP716A14v2 Artemisia annua KF309251 [5]
C3-oxidase
C-68 Amyrin C-64- a-Amyrin, f-amyrin CYP716E26  Solanum XM_004241773  [44]
hydroxylase lycopersicum
C-11 Oleanane C-11-oxidase  S-Amyrin, 30-hydroxy-f-amyrin, CYP88D6 Glycyrrhiza AB433179 [45]

11a-hydroxy-g-amyrin

uralensis
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Continued
Reilizist[;em— Description Substrates P450s Plant Genbank Ref.
C-12,13a S-Amyrin C12,13a- S-Amyrin, oleanolic acid CYP716S5 Platycodon KU878856 [46]
epoxidase grandiflorus
C-168, C-12,  p-Amyrin C12,138- S-Amyrin, 164-hydroxy-g-amyrin CYP51H10 Avena strigosa DQ680852 [47]
138 epoxidase
C-16a S-Amyrin C-160- S-Amyrin CYP87D16 Maesa lanceolata KF318735 [4]
hydroxylase a-Amyrin, f-amyrin CYP716Y1 Bupleurum falcatum KC963423 [48]
C-16p B-Amyrin C164- S-Amyrin CYP716A111 Aquilegia coerulea  KY047600 [46]
C-164, C-28  hydroxylase S-Amyrin, erythrodiol, CYP716A141 P. grandiflorus KU878855 [46]
oleanolic acid
C-16p, C-22a, p-Amyrin C-220- a-Amyrin, g-amyrin, lupeol CYP716A2 Arabidopsis thaliana LC106013 [49]
C-28 hydroxylase
C-22a, C-28  Pentacyclic triterpenoid  a-Amyrin, uvaol, f-Amyrin, CYP716A179 G. uralensis LC157867 [50]
C28-oxidase erythrodiol, lupeol, betulin
C-24 Oleanane C-24-oxidase  S-Amyrin, 24-hydroxy-g-amyrin, CYP93E1l Glycine max AF135485 [51,52]
sophoradiol
B-Amyrin C-24-oxidase  f-Amyrin CYP93E2 Medicago truncatula DQ335790 [53]
S-Amyrin, 24-hydroxy-S-amyrin CYP93E3 G. uralensis AB437320 [45,51]
CYP93E4 Arachis hypogaea  KF906535 [51]
CYP93E5 Cicer arietinum KF906536 [51]
CYP93E6 Glycyrrhiza glabra  KF906537 [51]
CYP93E7 Lens culinaris KF906538 [51]
CYP93E8 Pisum sativum KF906539 [51]
CYP93E9 Phaseolus vulgaris ~ KF906540 [51]
C-28 Pentacyclic triterpenoid  a-Amyrin, uvaol, f-amyrin, CYP716A12 M. truncatula DQ335781 [53,54]
C28-oxidase erythrodiol, lupeol, betulin,
oleanolic aldehyde, ursolic aldehyde
a-Amyrin, uvaol, g-amyrin, CYP716A15  Vitis vinifera AB619802 [53]
erythrodiol, lupeol, betulin
S-Amyrin, erythrodiol CYP716A17  V.vinifera AB619803 [53]
a-Amyrin, uvaol, g-amyrin, CYP716A83  Centella asiatica KU878849 [46]
erythrodiol CYP716A86 C. asiatica KU878848 [46]
S-Amyrin, erythrodiol, 164-hydroxy- CYP716A140 P. grandiflorus KU878853 [46]
S-amyrin, 12,13a-epoxy-£-amyrin,
12,13a-epoxyoleanolic acid
B-Amyrin C28-oxidase  S-Amyrin, erythrodiol CYP716A52v2 Panax ginseng JX036032 [55]
CYP716A75 Maesa lanceolata KF318733 [4]
CYP716A78  Chenopodium KX343075 [56]
quinoa
CYP716A79  C.quinoa KX343076 [56]
CYP716A110 A. coerulea KU878864 [46]
CYP716A244  Eleutherococcus KX354739 [57]
senticosus
a-Amyrin, uvaol, f-amyrin, CYP716A252 Ocimum basilicum  JQ958967 [58]
erythrodiol CYP716A253 O. basilicum JQ958968 [58]
a-Amyrin, g-amyrin, lupeol CYP716A175 Malus x domestica  XM_008392874  [59]
Amyrin C28-oxidase a-Amyrin, uvaol, ursolic aldehyde, CYP716A44  S. lycopersicum AK329870 [44]
B-amyrin, erythrodiol, oleanolic CYP716A46  S. lycopersicum XM_004243858  [44]
aldehyde
B-Amyrin C28-oxidase  a-Amyrin, uvaol, g-amyrin, CYP716A154 Catharanthus roseus JN565975 [60]
(CYP716AL1) erythrodiol, lupeol, betulin
C-28, unknown Pentacyclic triterpenoid ~ g-Amyrin, erythrodiol, lupeol, CYP716A80 Barbarea vulgaris  KP795926 [61]
C28-oxidase betulin CYP716A81  B.vulgaris KP795925 [61]
Triterpenoid oxidase Tirucalla-7,24-dien-3p-ol, a-amyrin, CYP716Al A. thaliana NM_123002 [49,62]
uvaol, g-amyrin, erythrodiol, lupeol
C-30 S-Amyrin C30-oxidase  S-amyrin, 30-hydroxy-£-amyrin CYP72A63 M. truncatula AB558146 [63]
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AS (GgbAS).M. truncatula ] CPR (KU878869) L%
1k N R 7 B% £} (Saccharomyces cerevisiae) H, £ %f &
BEF AT I GE 5, KL SR EURIRD%4 H CYP716C11
AL, 74 B maslinic acid, F+48 H1 CYP716E41 {4k, 4=
J% 6-hydroxy-maslinic acid; @ % 5t £ 1 CYP716E41
4k, 4= Bk 6-hydroxy-oleanolic acid, F i CYP716C11

Table 2 The type of P450s catalyze oleanolic acid and its derivatives!*®!l

Regiospe-

o Description Substrates P450s Plant Genbank Ref.
cificity

C-2a.  Oleanolic acid C2a-hydroxylase  Ursolic acid, oleanolic acid, CYP716C11  C. asiatica KU878852 [46]
6-hydroxy-oleanolic acid

C-2f  Oleanolic acid C-2f-hydroxylase  Oleanolic acid, hederagenin, CYP72A67 M. truncatula DQ335780 [74]
gypsogenin, gypsogenic acid,
echinocystic acid, caulophyllogenin

C-68  Maslinic acid C6s-hydroxylase Ursolic acid, oleanolic acid, CYP716E41  C. asiatica KU878851 [46]

maslinic acid
C-23  Oleanane C-23-oxidase

Oleanolic acid, hederagenin,
bayogenin, 2-hydroxyoleanolic acid CYP72A68v2

CYP72A68vl M. truncatula XM_013608494

DQ335782

[74,75]

CYP716C11 CYPTI16E41 o
C-2a C-6f -
(#)-2,3-Oxidosqualene
B S0 CYPTI6E41 CYP716C11
ﬁ-ASl /
L n 6fi-Hydroxy-maslinic acid
Ly : ‘ ! .\"_»
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P L :
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Figure 2 The catalysis of P450s to oleanolic acid (w....: Multistep catalytic reaction)
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AL, 4= 1% 68-hydroxy-maslinic acid (& 2).
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Figure 3 The type of triterpene saponins aglycone from polygala
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