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Research status and prospect of the synthesis of friedelin and
its derivatives by Saccharomyces cerevisiae
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Abstract: Friedelin and its derivatives are ubiquitous in plants, with a wide variety of physiological and
pharmacological activities. The derivatives of friedelin are modified from friedelin by cytochrome P450
oxidase (CYP450) and UDP-glucuronosyltransferase (UGT). Because of the extremely low content of
natural friedelin and its derivatives in plants, the traditional extraction and chemical synthesis methods
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are inefficient, energy-consuming, and pollute the environment. Therefore, using Saccharomyces
cerevisae as the host bacteria to produce friedelin and its derivatives is an efficient and environmentally
friendly approach. In this paper, we introduced and looked forward to the efficient production of
friedelin in S cerevisae from the aspects of increasing precursor content, improving enzyme activity,
and subcellular localization of product synthesis. In addition, this paper reviewed the current research
status of several common friedelin derivatives, and put forward new ways for the synthesis of friedelin
derivatives from the aspects of mining CYP450 based on carbon skeleton similarity, modifying
CYP450 by protein engineering, and mining the gene clusters involved in the synthesis.

Keywords: Saccharomyces cerevisiae;, pentacyclic triterpene of friedelanes; metabolic pathway;
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Figure 1 Synthesis of friedelin and its derivatives in Saccharomyces cerevisiae. tHMG1: Truncated hydroxy
methylglutaryl coenzyme A reductase; IDI: Isopentenyl pyrophosphate Isomerase; ERG20: Farnesyl
pyrophosphate synthase; ERGY9: Squalene synthase; ERG1: Squalene monooxygenase, ERG7: Lanosterol
synthase; FRS: Friedelin synthase; CPR: Cytochrome P450 reductase.
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Figure 2 Common triterpenoids of friedelane type.
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Figure 3 Metabolic pathway of friedelin derivatives.
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Table 1 The role of CYP450 in pentacyclic triterpenoid biosynthesis
CYP450 F /G T HEAL SR ALY ML) 275 3k
CYP450 family/subfamily Catalytic reaction Catalytic substrate Catalytic product Reference
CYP716A52v2 C28 Ak B-Ar I i FHHCR R [70]
C28 oxidation B-amyrin Oleanolic acid
CYP716A86 C28 ik B-7r Pl SRR [63]
C28 oxidation B-amyrin Oleanolic acid
CYP716A17 C28 ik B-AF It T FrECR IR [52]
C28 oxidation B-amyrin Oleanolic acid
CYP716A78 C28 Ak B~ I i FrECRIR [71]
C28 oxidation B-amyrin Oleanolic acid
CYP716A79 C28 %4k B~ I i FHICRIR [71]
C28 oxidation B-amyrin Oleanolic acid
CYP716A110 C28 ik B-AF IRt i FrECR IR [63]
C28 oxidation B-amyrin Oleanolic acid
CYP716A83 C28 Ak B- AR i I/ - 7 Y i e FECRIR/ AR [63]
C28 oxidation B-amyrin/a-amyrin Oleanolic acid/Ursolic acid
CYP716A80 C28 Ak B~ I i /- 7 R I e FHICRIR/AERTR [64]
C28 oxidation B-amyrin/o-amyrin Oleanolic acid/Ursolic acid
CYP716A81 C28 4k B- TS I e oo R i FrHURIR/AERIR [64]
C28 oxidation B-amyrin/a-amyrin Oleanolic acid/Ursolic acid
CYP716A252 C28 Ak B- AR i /- 7 Y i e FHECRIR/AERTR [52]
C28 oxidation B-amyrin/a-amyrin Oleanolic acid/Ursolic acid
CYP716A253 C28 %4k B~ IAY i T/ - 7 R I e FHURBR/RERIR [72]
C28 oxidation B-amyrin/o-amyrin Oleanolic acid/Ursolic acid
CYP716A15 C28 Atk B- T S R oo 7 AR IS T/ ) B ST S O IR/ BRI R MEATR [52]
C28 oxidation B-amyrin/a-amyrin/Lupeol Oleanolic acid/Ursolic acid/
Betulinic acid
CYP716A180 C28 %k P L HEARTR [73]
C28 oxidation Lupeol Betulinic acid
CYP716A12 C28 % fk B~ W i e - A A AR /) o T SRR R/ R SRR AME AR TR [52]
C28 oxidation B-amyrin/a-amyrin/Lupeol Oleanolic acid/Ursolic acid/
Betulinic acid
CYP716A179 C28 AAL/C22a AL B-Fr I T - A W AR TSP B L ST HSCR R AR SR R/ MEAR TR [74]
C28oxidation/C220  B-amyrin/a-amyrin/Lupeol Oleanolic acid/Ursolic acid/
hydroxylation Betulinic acid
CYP716A14v2 C3 %k a7 R IR I/ - AR i ou- AR D L/ - RS i [75]
C3 oxidation a-amyrin/B-amyrin a-amyrenone/f3-amyrenone
CYP716Cl11 C2a %k FECRR R [63]
C2a oxidation Oleanolic acid Maslinic acid
CYP716E26 Ce #1k B-AF I i T 2% R [63]
C6 hydroxylation B-amyrin Daturadiol
CYP716A2 C16/C22a/C18 ¥4k a7 A4 I 5/ 2F) o 71 22-FRk-a- T W IR BE/AMEAREE  [64]
C16/C220/C18 a-amyrin/Lupeol 22-OH-a-amyrin /Betulin
hydroxylation
(P2
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CYP450 KK/ ML ALY ML) 275 3k
CYP450 family/subfamily Catalytic reaction Catalytic substrate Catalytic product Reference
CYP716Y1 Cléa 1k o7 R T/ -7 A i 16- 72 S -o- 77 4 i3 B/ 16- 12 Jk - [65]
B~ A i e
Cl16a hydroxylation o-amyrin/B-amyrin 16-OH-0-amyrin/16-OH-f-
amyrin

CYP87D16 Clé6o #24k B- A I i 16-525-B- A W R [66]

C16a hydroxylation p-amyrin 16-OH-B-amyrin
CYP716A141 Cl6o #21k B- A I it/ ST IIUR R b Je 1 — P B R [63]

Cl16a hydroxylation f-amyrin/Oleanolic acid Maniladiol/Coconut acid
CYP72A63 C30 Ak B- A It i i TR R [76]

C30 oxidation B-amyrin Glycyrrhetinic acid
CYP72A154 C30 %tk B-Fr i/ 11-4-B- A A AR 30-F83L-B-F IR A [76]

C30 oxidation B-amyrin/11-O-B-amyrin 30-OH-B-amyrin
CYP88D6 C11 Atk BTt i et 11-48-B- 7 i i e [771

C11 oxidation B-amyrin 11-O-B-amyrin
CYP712K1/K2/K3 C29 ik KR SN T [32]

C29 oxidation Friedelin Polpunonic acid
CYP712K4 C29 Afk AR FHEARMR [15]

C29 oxidation Friedelin Polpunonic acid

—
CYP154C5
o
0 160a-hydroxyprogesterone
OH
O
Progesterone 0 O
CYPISACS F92A ™\ OH

I

O
160a-hydroxyprogesterone

4 ERRIENE CYP154C5 FR1SHINEE

21-hydroxyprogesterone

Figure 4 The new function of CYP154C5 was obtained by protein engineering.

3.3 ERNEEREKEBIZHE

B AR I S AT A ) A ) 5 DR A A A
AR A BEA CYPAS0 EALBEIE N, 42 P AR G5
PRI 2 AT AR 73T A A A2 A RO =K
Wi 5 35 DR 200 5 AR AR 2 A S AR ) Pk

R, TN Z T R a2 g ok A
U IS T2 o A5 o5 S5 %48 2 e 25 7
(Sreptomyces gilvosporeus) 143k K 40 5 41 4 7
FEPITIOI B RE TR A A AR A S
CENAZ B )G R B R A, I 30
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T 9B = BSR4 . Hashimoto 2553 A 5 B¢
Tk 7% IH (Sreptomyces  nobilis) 12 4 2] VD & R
A= W6 e e L DR %2, o g | S e 2w
HATRIE, WEBER-E 7 R 130 mg/L.
Shuai ZPY LT Kutzneria albida H % @E T
WA =¥ huimycin AEY) A LR, I
ZHE 7 MERGER TR, I T
huimycin AY5FIEFEIE . Massimo 5PV g
TSR EER A WG AR R
IH¥E S 5 HAEY G AL otay,

Ft B R R A WAV G NEEE T HIR A

4 BEREEZE

AR i B AT R ) HA B R A 2R
HAE AR B rp & BERAIC, AL G 2 ORIk 24
BAFFEGEIRBE Z | A  RORAL . M A 5%
[F) 51, ) R R 2 B4 Sy i 2 TR P A A A il e I
FTHE D0 0 DA Sk A5 B ads 42 2 i by v A LI PR 1Y) 5
W BRI, AR A BR R AR T IR TR
P RE SEE T SR IR (R R R A B Tl
A 7= B BESR T B — 2 v AR ) 7 T
By . DIMERIBESE 2 AE T TE MVA I8 #%
FEDR et FRaK, DASE RS e 1 v A AL 1 7 75
o SR, AR FAACH T AR A BB A 11
Fr AR 2 T AR KT o AR T G AL T
B S R BRI 7= S ) 2, R,
i 3 2 TR R AR A il R 1 — 2 4
Fop= g A ROR s, (8 E mr AT B 58 A Ik
TWOSC1 %" Fl MiFRSM* X AR il 77t () 42 FH
HA R, W TwOSC3., KAFRS Fil PAFRS £
P15 T AR By T AR SR IF IR ARFIE . BEAb, 78
PR F 1 v o 6k T BEH M B IL 5 B2 B DGAL
REAS I N o i, S AR R 7 40 I P 1% i A7 42
(ETE 2237 BT o ) PR RS e 35 (R 20 224 DL o7 o5 %
A MVA il [ B il I PR MR AR i 5 Bl 2 1R, B

RE A AR 5 BLER L T 2 RS BT, SURT AR
E SRR P RIR . A CRISPR/Cas9 FANS
TGP P v 4000 ) 2 0 B S ) A DG 55 B (pahL
ubc?)rl, A LA AR 5 il S5 RS G AR R
HEE BB, E— A AR R A 7
T3 AN ARG BT A ) LA G A AR Y BT
S H AT AR AR [ AR AR B AT A i &
VI B BRI , T 3 S S A R AT A
Wy 5 BOR R A AR SRR B 254+ 3 AL, HED S A
CYP716A FJ% 5k R B 6% i Ak A i ik B 22 1)
C28 AT S AR Ak O A B S R, T Vg 44
REENE R HA RS 1 , HoE g i g b o
SRS IR Z IR R B C28 i CYP450 &
TR, BEACKETR C28 {3 A AL S 0 2% 1 e 3
Ao Ry S B BB AR KRB Cle fi7 34k
e, BRGTE o- W REREA B-7 A B s ) A
RO &ikiE T Z2/MEA Cle HAb Ky
CYP450 %A fb fiff , W1 CYP716A111' |
CYP716A2'% CYP716Y 11 CYP87D16/°,
LY ZE AR RS2 SR A AL D BE AR L Cl6
£ CYP450 S A0 , Kk #9068 8 A% Ml it )i A Rl
WA AEAT AL ZE A S ROR . SR CYP450
FIE A TR -3- 72 AL (C3H) 7E 4% I IR 5 Wi 3%
B RTARIR C3 (AR, S
C3H [RZEH CYP450 W] e N FAKEES MR
72 1A AT AR 178 SIS o 32 H A VR 50 7 A AR il
T E R i A =i 2 fb 54 C28 £ (CYPSS
HIEZ5%) . C30 Hi(CYP72 FIEZ ) CYP450
AL . Cl6 (iFALEE(CYPTI6Y FIMEF %)
CYPS8S5 5T C2 ALl , Relg K ff b =
TR R 7 2R P 00 AR R SR A I (Y
SR A T TIEERY CYP450 1t
KB FE IR R ILVEA T O , 1 AR T TR X
HEATRRPE RN PR s, REAS IR AT R IR
CYP450 A AL, NgHT ARRmRfT A Y6 iGEs
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RBCHT B (E 5) YR ATAE BRI R 22 il
KA T AT A0 G A OGET T 20
o AR KA A Wy A ) I AL T A
-5 A A AR S R L %, R 0 52
PG A T B e e BE DN R R AT e R S
FIRFRIR, R BT AT R, NP
3 55 R AR AR 5 1 S R IR AR A A i
R AP AR A A i b £ BT 8

j}-amyri'n/ Oleanolic acid/
a-amyrin Ursolic acid
CYP716A83
a
b C

CYP716A83 mutant

Friedelin Canophyllal/
Canophyllic acid
5 ®HARIIEIMNIE CYPTI6AS83

a: CYP716A83 Wf/ERY; b. %FIF%L%%{%@’*UK

M4 c: REEALMRAL R R
Figure 5 Protein  engineering modified

CYP716A83. a: CYP716A83 wild-type; b: Protein
engineering optimized hydrophobic pockets; c: Key
amino acid sites with mutations.
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