HYREEIR 2022, 40(6) . 853~866
Plant Science Journal http . /www.plantscience.cn

DOI.10. 11913/PSJ. 2095-0837. 2022. 60853

R, BRRI, #gk, 38R, R 24 RIS R A B AT J]. YRS, 2022, 40(6) ; 853-866

Wu YM, Liao QG, Shang Y, Gong ZP, Gou JB. Recent progress of paclitaxel biosynthesis aided by multi-omics[ J]. Plant Science Jour-
nal, 2022, 40(6) : 853—-866

SHFMNELESHENFRR
R, BRAC, %%, 2RFS, HER

(1. ZEITE R R, DREREIEE, ZrE DR EAY¥EALRE, B 650500;
2. PR BIA B FE R A BT AT, 4Ol FRHE 4 A S Seme %, | ARE IS R BSOS 36 2
JRIRYI 518124 3. JEILT R EHA0F5EBE, WLl 063001)

 E: BREREMNRARYURTY, TZHTEMEE MG R, BATE2ENE T FEENADGERE
( Taxus) fHY) TPARBCRARATIA (N R 1) K5 T2 A, Z2H FATEMYRR, SECHARA R, G
HE R W D N SR AS B SRR R BUR L T 3738 42, (HEAEES BUEY 2 W0 Frifelt . TPk, 2412
W N B A BE B AR T, AR SCERIR T 2 4B )1 SRR Gl SR | IR R R IR A AR
W OB T, S ASEEN & WA 2 I e 4R AL T 87 1) LA

KGR LT, BEE,; 2H%,; SNEYF

FESES . TQ463 ERERINAG . A XEHS: 2095-0837(2022)06-0853-14

Recent progress of paclitaxel biosynthesis aided by multi-omics

Wu Ying-Mei', Liao Qing-Gang®, Shang Yi'?, Gong Zhen-Ping®, Gou Jun-Bo®*

(1. School of Life Science, The AGISCAAS-YNNU Joint Academy of Potato Sciences, Yunnan Normal University,
Yunnan Key Laboratory of Potato Biology, Kunming 650500, China; 2. Shenzhen Branch, Guangdong Laboratory for
Lingnan Modern Agriculture, Shenzhen Key Laboratory of Agricultural Synthetic Biology, Genome Analysis Laboratory

of the Ministry of Agriculture and Rural Affairs, Agricultural Genomics Institute at Shenzhen, Chinese Academy of Agricultural

Sciences, Shenzhen, Guangdong 518124, China; 3. Tangshan Academy of Agricultural Sciences, Tangshan, Hebei 063001, China)

Abstract. Taxol ( generic name paclitaxel) is a highly effective anti-cancer agent widely used
in the clinical treatment of various cancers. At present, the production of paclitaxel is primarily
based on artificial semi-synthesis from extracted intermediates ( such as baccatin Il ). This
commercial method still relies on Taxus plant resources, resulting in high medical costs. The
rise of synthetic biology provides a novel approach to acquire sufficient paclitaxel, but
research on its biosynthesis is yet to be advanced. Recently, multi-omics approaches have
been applied in biosynthesis research on paclitaxel. In the present paper, we review recent
progress on the biosynthesis, regulation, and heterologous production of paclitaxel aided by
multi-omics, providing new insights into paclitaxel biosynthesis.
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Fig. 1 Research history of paclitaxel
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Black arrows represent known pathways and dotted red arrows represent speculated pathways. Different background
colors represent three stages of paclitaxel biosynthetic pathway. MEP pathway; IPP, isopentenyl pyrophosphate;
DMAPP, dimethylallyl diphosphate; GGPPS, geranylgeranyl pyrophosphate synthase; TS, taxadiene synthase; T5aH,
taxadiene Sa-hydroxylase; TAT, taxadienol 5a-0-acetyl transferase; T13aH, taxoid 13a-hydroxylase; T2oH, taxoid 2a-
hydroxylase; T7BH, taxoid 7B-hydroxylase; T10BH, taxoid 10B-hydroxylase; T14BH, taxoid 14PB-hydroxylase; TBT, tax-
ane-2a-0O-benzoyltransferase; DBAT, 10-deacetylbaccatin Il-10-O-acetyltransferase; BAPT, baccatin Ill; 3-amino-3-
phenylpropanoyl! transferase; PAM, phenylalanine aminomutase; PCL, B-phenylalanine-CoA ligase; T2'aH, taxane 2'-
a-hydroxylase; DBTNBT, 3’-N-debenzoyl-2'-deoxytaxol-N-benzo-yl-transferase.
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Fig. 2 Speculated biosynthetic pathway of paclitaxel in Taxus
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Clade I represents undefined terpene cyclases in T. chinensis var. mairei, Clade 1l represents defined terpene cy-
clases in Taxus. Amino acid sequences of terpene cyclases ( containing TS1-3) were obtained from T. chinensis var.
mairei genome ( https.//figshare.Com/articles/dataset/contigs_of_taxus_genome/15000672) and NCBI. Tree was
constructed using MEGA 7 software and Maximum Likelihood method.

B3 AEZPiEEAMLERR R

Fig. 3 Phylogenetic tree of Taxus terpene cyclases
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Fig. 4 Phylogenetic tree of Taxus CYP725A with diterpene-modifying cytochrome P450s from other plants
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A. Summary of cis-elements motifs in 2 kb upstream sequence of defined paclitaxel biosynthetic pathway
genes.

B. Pie chart of summary of cis-elements motifs in 2 kb upstream sequence of defined paclitaxel biosynthetic
pathway genes.

C. Defined regulatory genes of paclitaxel biosynthesis. The 2 kb upstream sequences of defined paclitaxel bio-
synthetic pathway genes were obtained from T. chinensis var. mairei genome ( https://figshare.Com/articles/
dataset/contigs_of_taxus_genome/15000672) and motifs of cis-elements were analyzed using online software
(http ://bioinformatics.psb.ugent.be/webtools/plantcare/html/) . Different colors in the figure indicate different
types of binding motifs.
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Fig. 5 Regulated genes of paclitaxel biosynthesis in Taxus
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Fig. 6 Heterologous bioproduction of paclitaxel precursors
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