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Abstract

Plant natural products have extensive applications in the pharmaceutical and
healthcare sectors. Direct extraction from plants is currently the predominant
method for producing plant-derived natural products; however, this approach
entails numerous issues concerning environmental impact, safety, and efficiency.
Grounded in the principles of synthetic biology, the construction of artificial
cell factories for fermentative production of plant-derived natural products con-
stitutes a novel paradigm for resource acquisition. This article will survey the
current research status of producing plant-derived natural products using ar-
tificial synthetic cells, approaching from research trajectories and exemplified
through case studies of production applications for compounds such as ter-
penoids, phenylpropanoids, and alkaloids.
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Abstract

Plant-derived natural products (PNPs) have extensive applications in pharma-
ceutical and nutraceutical fields. Currently, direct extraction from plants re-
mains the primary production method, yet this approach suffers from signifi-
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cant environmental, safety, and efficiency issues. Based on synthetic biology
principles, constructing artificial cell factories for fermentative production of
PNPs represents a novel resource acquisition paradigm. This review examines
the research progress in microbial production of PNPs, focusing on case studies
involving terpenoids, phenylpropanoids, and alkaloids to illustrate the current
state of artificial cell synthesis.

Keywords: plant-derived natural products, synthetic biology, microbial cell
factories, terpenoids

Plants synthesize trace amounts of secondary metabolites that play crucial roles
in biological defense and signal transduction. Due to their strong physiolog-
ical activities in humans, these plant natural products have been widely ap-
plied in medicine and healthcare. According to the Chinese Academy of Social
Sciences’ Pharmaceutical Blue Book “China Pharmaceutical Market Report
(2012),” China’ s pharmaceutical market reached 926.1 billion RMB in 2012
and is projected to hit 2.3 trillion RMB by 2020 [?]. Plant natural products
have long served as essential sources for drugs, health supplements, and cosmet-
ics, with highly effective medications such as morphine, artemisinin, ephedrine,
and paclitaxel all derived from plants. The annual sales of steroid drugs ex-
ceed $40 billion, with production currently based on plant saponins including
diosgenin, hecogenin, and sisalagenin [?, ?]. Additionally, plant natural prod-
ucts like berberine alkaloids from Coptis chinensis demonstrate excellent safety
as antibiotic alternatives in livestock farming. High-quality plant natural prod-
ucts including ginsenosides, rose essential oil, lycopene, anthocyanins, and novel
sweeteners such as mogrosides and steviol glycosides constitute primary ingre-
dients for cosmetics, health supplements, and flavoring agents, offering broad
market prospects [?].

Plant extraction remains the dominant production method for plant natural
products, yet this traditional approach suffers from numerous drawbacks: low
and variable natural product content, long plant growth cycles, complex analogs
that hinder purification, and severe destruction of biological resources, partic-
ularly wild plants [?]. As market demand grows, wild medicinal plants like
Ganoderma lucidum, Panaz ginseng, and Panax notoginseng have become en-
dangered or extinct in the wild, making current resource supply unsustainable
[?]. Chemical synthesis faces challenges as most natural products have com-
plex structures with multiple chiral centers, leading to formation of inactive or
toxic optical isomers that are difficult to separate. Moreover, chemical synthe-
sis involves cumbersome steps, low conversion rates, high energy consumption,
and organic solvents that cause pollution, making it unsuitable for industrial-
scale production [?]. Plant tissue culture methods are operationally complex,
time-consuming, and economically unviable for industrialization due to high
production costs. In contrast, fermentative production of plant natural prod-
ucts—similar to brewing beer with Saccharomyces cerevisiae—offers advantages
including short production cycles, independence from seasonal and raw material
constraints, relatively pure fermentation products, and ease of separation and
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purification, facilitating large-scale industrial production.

Based on synthetic biology principles, designing and constructing artificial syn-
thetic cells for fermentative production of plant natural products can effectively
control raw material supply while protecting natural resources and the environ-
ment. This green and efficient production model has gained recognition from
both scientific and industrial communities [?]. In recent years, rapid advances in
synthetic biology have continuously expanded the variety of microbially synthe-
sized plant-derived natural products, with yields increasing annually [?]. This
review examines the research landscape of artificial cell production of plant
natural products, presenting case studies of terpenoids, phenylpropanoids, and
alkaloid compounds.

Research Route for Plant Natural Product Synthetic Biology

The process of achieving fermentative production of plant natural products in-
volves three fundamental components: characteristic gene element mining and
optimization, biosynthetic pathway optimization, and cell factory performance
enhancement.

Characteristic Element Mining and Optimization Beyond promoters
and terminators that primarily control gene expression, identifying and opti-
mizing key gene elements in plant natural product biosynthetic pathways con-
stitutes the core and foundation for applying synthetic biology to revolutionize
natural product production.

Current pathway elucidation primarily employs genome or transcriptome-based
heterologous reconstruction methods. Recent advances in gene sequencing and
bioinformatics have enabled breakthroughs in deciphering biosynthetic path-
ways for important plant natural products including morphine [?], glycyrrhizin
[?], ginsenosides [?], tanshinones [?, ?], cucurbitacins [?], mogrosides [?], etopo-
side [?], and vinblastine [?]. A batch of critical gene functional elements has
been identified and characterized, with the catalytic mechanisms of cytochrome
P450 enzymes—known as “universal biocatalysts” —being intensively studied
[?]. However, while nature contains tens of thousands of valuable plant natu-
ral products (such as artemisinin and morphine), only a tiny fraction of their
biosynthetic mechanisms have been resolved due to various constraints. There-
fore, developing efficient, reliable, and cost-effective platforms for large-scale
elucidation of molecular bases and process mechanisms of plant natural product
synthesis holds strategic significance for systematic conservation and effective
exploitation of this natural treasure trove.

For enzymes with clear crystal structures and catalytic mechanisms, rational
design approaches can be employed. For instance, based on the structure of
Candida tenuis xylose reductase (XR), mutations at amino acid sites such as
Lys274 and Asn276 enhanced XR’ s preference for the cofactor NADPH by
170-fold [?, ?]. However, functional enzymes from plant natural product syn-
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thesis pathways are typically complex, with the vast majority lacking resolved
crystal structures. For such enzymes, random mutagenesis is generally used
to enrich positive mutations, substantially improving enzyme activity, thermal
stability, substrate affinity, and specificity [?]. For example, directed evolution
of Rhodobacter sphaeroides phytoene desaturase through random mutagenesis
nearly doubled lycopene production in engineered strains [?].

Additionally, functional enzyme fusion and protein scaffold construction can
form controllable enzyme complexes in metabolic pathways, increasing effec-
tive substrate concentration and reducing accumulation of toxic intermediates,
thereby improving substrate conversion rates [?]. Fusing yeast endogenous
farnesyl diphosphate synthase and geranylgeranyl diphosphate synthase signifi-
cantly enhanced geranylgeranyl diphosphate synthesis capacity in S. cerevisiae
[?]. Through protein scaffold optimization of the spatial arrangement and sto-
ichiometry of three mevalonate synthesis enzymes, mevalonate concentration
was increased 77-fold [?].

Biosynthetic Pathway Optimization Heterologous biosynthetic pathway
reconstruction in host cells requires consideration of multiple factors affecting
pathway efficiency, including material and energy balance, impact of heterolo-
gous metabolites on host cell physiology (toxicity), and compatibility between
heterologous metabolites, functional enzymes, biosynthetic pathways, and host
cells. Several optimization strategies have been developed:

(1) Material flux distribution control. Regulating expression of key node
genes controls the allocation ratio of target compounds within the material
supply network. In constructing artemisinic acid-producing strains, increasing
upstream gene expression to enhance precursor supply while suppressing branch
pathway gene expression to reduce substrate competition significantly improved
fermentation production [?, ?].

(2) Precise pathway control. Establishing promoter libraries to precisely
control gene expression levels enables coordinated expression of pathway genes,
reduces intermediate metabolite accumulation, decreases cellular burden, and
ultimately improves fermentation performance [?]. Using promoters of varying
strengths to coordinately express fatty acid synthesis and heterologous betulinic
acid synthesis pathways revealed that engineered strain betulinic acid produc-
tion could vary across a 200-fold range [?].

(3) Dynamic pathway control. Dynamic quantitative monitoring of path-
way metabolites represents a crucial optimization step. Biosensors can convert
metabolite changes into real-time signals through multiple outputs, enabling dy-
namic monitoring and feedback. This property allows construction of dynamic
metabolite regulation circuits to increase target compound production [?]. For
example, a biosensor responsive to propionyl-CoA was used to monitor intra-
cellular propionyl-CoA accumulation, feeding back to downregulate acetyl-CoA
carboxylase expression and reduce cellular toxicity [?]. An RNA microarray-
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identified farnesyl diphosphate biosensor was used to balance metabolic flux
and increase amorphadiene production [?].

Cell Factory Performance Enhancement Comprehensive efficiency im-
provement of cell factories involves multiple factors including efficient substrate
utilization, product storage capacity, and excellent fermentation performance.
Recent advances have developed new strategies in subcellular compartment uti-
lization, product storage, enzyme carriers, and strain contamination resistance.

(1) Full utilization of organelle space. Mitochondria, Golgi apparatus, and
endoplasmic reticulum provide catalytic environments for bioreactions. Target-
ing farnesyl diphosphate synthase and valencene synthase to yeast mitochon-
dria using leader peptides increased natural fragrance valencene synthesis [?].
Anchoring relevant enzymes from the morphine biosynthetic pathway to the
endoplasmic reticulum increased morphine production rates [?].

(2) Cell membrane engineering. Many plant natural products are hydropho-
bic compounds that generally remain within cells, but limited cellular space
affects target product production. Scientists at Tianjin Institute of Industrial
Biotechnology recently investigated the effect of E. coli membrane modification
on terpenoid synthesis capacity. Regulating genes related to membrane syn-
thesis increased membrane mass and inward stacking, significantly enhancing
storage space for -carotene and increasing its production in engineered strains
7).

(3) Endoplasmic reticulum engineering. Providing more catalytic sites
for functional enzymes represents a recently developed approach. Knocking
out the PHAI gene in S. cerevisiae increased endoplasmic reticulum content,
substantially expanding attachment space for endoplasmic reticulum-localized

cytochrome P450 enzymes, increasing enzyme content and catalytic product
yields [?].

(4) Utilization of atypical nutrients. Contamination by foreign microorgan-
isms is common during large-scale fermentation of engineered strains, severely
affecting production efficiency. Scientists from Novogy and MIT first modified
nutrient utilization pathways in S. cerevisiae, Yarrowia lipolytica, and E. coli.
Using nutrients that contaminants cannot utilize during fermentation signifi-
cantly improved contamination resistance of engineered microbial cells [?].

Production Case Studies

Over the past decade, plant natural product synthetic biology has advanced
rapidly, with artificial cell factories successfully created for series of terpenoids,
phenylpropanoids, and alkaloids.

2.1.1 Terpenoid Fragrances The global fragrance and flavor market is
vast, with terpenoid essential oils such as santalol, patchoulol, nerolidol, and
-elemene widely used in daily chemicals, food, and pharmaceuticals. -elemene,
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a sesquiterpene extracted from medicinal plants Curcuma wenyujin and Cur-
cuma zedoaria, constitutes the active ingredient of a national Class I anticancer
drug. However, low natural content and complex chemical analogs make sep-
aration costs prohibitively high. Collaborating with the Chinese Academy of
Chinese Medical Sciences, Tianjin Institute of Industrial Biotechnology used
metabolic engineering and synthetic biology to enhance terpenoid biosynthetic
flux and product compatibility in S. cerevisiae. Through protein engineering of
germacrene A synthase and construction of high-yield strains, coupled with ther-
mal conversion of germacrene A to -elemene, the cost of high-purity -elemene
was reduced to 0.15% of plant extraction costs [?].

2.1.2 Tanshinones Recent years have witnessed significant progress in ar-
tificial cell research for tanshinones in China. Tanshinones are abietane-type
diterpenoids and the main active components of traditional Chinese medicine
Salvia miltiorrhiza, exhibiting antioxidant, antibacterial, anti-inflammatory, and
antitumor activities. A collaborative effort among the Chinese Academy of Chi-
nese Medical Sciences, Dalian Institute of Chemical Physics, Iowa State Uni-
versity, Institute of Genetics and Developmental Biology, Shanghai Chenshan
Plant Science Research Center, and Tianjin Institute of Industrial Biotechnology
identified two functional enzymes catalyzing formation of the tanshinone basic
skeleton—miltiradiene—and constructed high-yield yeast strains [?, ?]. Using
C-13 isotopic labeling, they determined the carbon skeleton’ s role in tanshi-
none biosynthesis. Subsequently, the key enzyme gene CYP76AH1 catalyzing
conversion of miltiradiene to the metabolic intermediate ferruginol was discov-
ered, enabling construction of high-yield ferruginol-producing yeast strains [?].
Further identification of P450 genes catalyzing C-7, C-11, and C-20 positions
yielded yeast cell factories capable of simultaneously producing multiple tanshi-
none compounds [?].

2.1.3 Steviol Glycosides Steviol glycosides represent next-generation
healthy natural sweeteners. The Shanghai Institute of Plant Physiology and
Ecology constructed a functional gene database for Stevia rebaudiana, thor-
oughly mining key enzymes in steviol glycoside biosynthesis. They successfully
identified critical enzymes and reconstructed a non-natural synthetic pathway
for de novo steviol glycoside synthesis in F. coli. Through rational design and
optimization, they substantially increased production of key intermediates and
obtained the main component RA [?]. Building on this, they elucidated rubu-
soside biosynthesis from Rubus suavissimus and Angelica keiskei, reported six
new diterpene glycosyltransferases, and investigated their substrate recognition
mechanisms. Through orthogonal combination of glycosyltransferases from
different species, they achieved efficient whole-cell conversion of rubusoside in
microbial cells [?], laying the foundation for synthetic biological manufacturing
of important diterpene glycoside compounds and providing a successful example
of engineering E. coli as a chassis for complex terpenoid heterologous synthesis.
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2.1.4 Ginsenosides Ginsenosides are active components of precious medic-
inal herbs Panazr ginseng and Panaxr quinquefolius, comprising mixtures of
protopanaxadiol, protopanaxatriol, and oleanolic acid aglycones glycosylated
by glycosyltransferases. They exhibit antitumor [?, ?], hypoglycemic [?], and
immune-promoting functions. Collaborating with the Chinese Academy of Chi-
nese Medical Sciences, Tianjin Institute of Industrial Biotechnology success-
fully constructed the protopanaxadiol biosynthetic pathway in S. cerevisiae and
discovered that squalene epoxidase plays a key role in controlling triterpenoid
biosynthesis [?]. By enhancing key gene expression, protopanaxadiol production
was increased 262-fold. Two-phase fermentation optimization further elevated
yields to 1 g/L [?]. Recently, the collaborative team published a construction
scheme achieving triterpenoid synthesis flux at the 10 g/L level, creating an
efficient yeast cell factory producing ginsenoside precursors at 15 g/L [?]. Addi-
tionally, introducing three functional modules (oleanolic acid, protopanaxadiol,
and protopanaxatriol) into the same chassis yielded the first-generation “gin-
seng yeast” cell factory capable of simultaneously synthesizing three ginsenoside
aglycones [?].

The Shanghai Institute of Plant Physiology and Ecology, collaborating with
the Shanghai Institute of Materia Medica, first cloned and identified key gly-
cosyltransferases and P450 reductase PgCPR1 required for synthesizing rare
ginsenosides CK, Rh2, Rg3, Rhl, and F1 from Panaz ginseng. Through cell
factory construction and optimization, they achieved fermentative production
of rare ginsenosides from simple sugars, with current yields exceeding 2 g/L
[?, 7, ?]. Recently, the team further mined over 20 glycosyltransferases from
Panaz ginseng and Panax notoginseng, comprehensively elucidating ginsenoside
biosynthetic pathways. Related glycosyltransferase patents have entered exam-
ination in six countries and regions, with grants already obtained in China and
Japan (PCT/CN2013/088819).

2.1.5 Triterpenoid Acids Fruit cuticular waxes from apple, hawthorn, lo-
quat, jujube, and pear contain trace amounts of high-value triterpenoid acids
including corosolic acid, maslinic acid, alphitolic acid, and asiatic acid. These
compounds have broad applications in antiviral therapy [?], diabetes control
[?], and skin repair [?], representing important dietary supplements. Corosolic
acid demonstrates significant anti-diabetic effects [?] and is considered a natural
plant insulin. Current production relies primarily on direct plant extraction. To
create efficient microbial cell factories for fermentative production of these phar-
macologically active compounds, Tianjin Institute of Industrial Biotechnology
developed a “plug-and-play” rapid biosynthetic pathway elucidation platform in-
tegrating plant tissue culture, differential transcriptome sequencing, metabolite
analysis, candidate gene characterization in chassis cells, and compound identi-
fication. Using this platform, they first screened from hawthorn’ s P450 library
the functional P450 enzyme MAA45 capable of catalyzing 2 -hydroxylation of
oleanolic acid and ursolic acid to produce maslinic acid and corosolic acid. Based
on this, they created efficient S. cerevisiae cell factories producing maslinic acid
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(384 mg/L) and corosolic acid (141 mg/L) [?, ?].

2.1.6 Carotenoids Carotenoids have important applications in pharmaceu-
ticals, nutraceuticals, cosmetics, and food. Representative carotenoids include
-carotene, lycopene, and astaxanthin. Tianjin Institute of Industrial Biotech-
nology systematically investigated regulatory mechanisms for efficient micro-
bial terpenoid synthesis from three perspectives: material metabolism, energy
metabolism, and cellular physiology [?, ?]. (1) In material metabolism, IspG
and IspH were identified as critical rate-limiting steps requiring coordinated ex-
pression—individual IspG overexpression caused toxic intermediate HMBPP ac-
cumulation, severely inhibiting cell growth [?]. (2) In energy metabolism, multi-
scale modular regulation of central metabolic pathways (pentose phosphate and
TCA) revealed that TCA flux represents the primary limiting factor for aerobic
NADPH synthesis in E. coli, resolving redox imbalance in terpenoid synthesis [?].
(3) In cellular physiology, systematic investigation of membrane storage capacity
limitations identified membrane morphology and glycerophospholipid synthesis
capacity as key constraints. Introducing exogenous membrane-folding proteins
altered E. coli membrane morphology, forming inward membrane folds. En-
hancing glycerophospholipid synthesis further increased these folds, significantly
improving membrane storage capacity and terpenoid production [?]. Based on
these findings, a series of microbial cell factories for efficient carotenoid pro-
duction were constructed, with lycopene pilot validation in 200 L fermenters
achieving 7 g/L after 48 hours.

Phenylpropanoids and Shikimate Pathway-Derived Products

Phenylpropanoids are natural compounds featuring a benzene ring connected
to three straight-chain carbons, including anthocyanins, resveratrol, and caf-
feic acid. They exhibit significant pharmacological activities in antioxidant ef-
fects, cardiovascular health, antiviral properties, and coagulation. Recent break-
throughs in fermentative production include Evolva’ s resveratrol technology,
which has entered industrialization. Chinese scientists have made pioneering
progress in gastrodin, scutellarin, salidroside, and danshensu.

2.2.1 Gastrodin Gastrodia elata is a precious traditional Chinese medicinal
herb, with gastrodin as its main active component widely used clinically for
treating neurasthenia and related syndromes. However, Gastrodia resources are
scarce with low gastrodin content (only 0.4%), making plant extraction expen-
sive. Chemical synthesis suffers from high costs and severe pollution, while
the biosynthetic pathway remains unelucidated. Tianjin Institute of Industrial
Biotechnology used the shikimate pathway’ s chorismic acid as precursor in
E. coli, overexpressing key genes from F. coli, Nocardia, and Bacillus subtilis
while introducing plant-derived glycosyltransferase UGT73B6 to create the first
gastrodin synthesis pathway in F. coli. Further regulation of the shikimate path-
way, UDP-glucose pathway, NADPH reducing power, glycosyltransferase mu-
tagenesis and screening, and fermentation optimization significantly increased
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gastrodin yield. Current production costs from glucose are projected below
500 RMB/kg, merely 1/200 of plant extraction and half of chemical synthesis
costs [?]. Recently, Qingdao Institute of Bioenergy and Bioprocess Technology
and Hunan Normal University investigated biotransformation using the aro-
matic precursor 4-cresol degradation pathway, achieving 433.3 mg/L gastrodin
in shake flasks with 5 mmol/L 4-cresol precursor [?, 7, ?].

2.2.2 Scutellarin Scutellarin-based medicines are essential for cardiovascu-
lar and cerebrovascular diseases, occupying approximately 7% market share in
China’ s cardiovascular field. Tianjin Institute of Industrial Biotechnology, col-
laborating with Yunnan Agricultural University, used synthetic biology and
bioinformatics to successfully identify key genes in scutellarin biosynthesis from
Erigeron breviscapus genome and constructed scutellarin-producing cell factories
in S. cerevisiae. Through metabolic engineering and fermentation optimization,
current production has reached the hundred-milligram level [?].

2.2.3 Danshensu Danshensu is a polyphenolic drug from Salvia miltiorrhiza.
Tianjin University exploited structural similarity between danshensu and the na-
tive metabolite 4-hydroxyphenylpyruvate to create a novel artificial biosynthetic
pathway. Rational engineering of artificial elements lactate dehydrogenase and
hydroxylase enhanced specificity toward non-natural substrates, enabling effi-
cient microbial synthesis of danshensu with fermentation yields reaching 7 g/L

[7].

2.2.4 Salidroside Salidroside is a promising adaptogenic drug. Rhodiola
grows in alpine environments with scarce resources, difficult cultivation, low
medicinal component content, and toxic impurities. Tianjin Institute of Indus-
trial Biotechnology constructed a salidroside synthesis pathway in E. coli using
the shikimate pathway. Through enzyme directed evolution and metabolic reg-
ulation, they obtained a high-yield strain. Further fermentation optimization
reduced production costs to merely 1/40 of plant extraction [?].

Conclusion

In recent years, synthetic biology-based design of artificial cell factories for fer-
mentative production of plant-derived natural products has achieved remark-
able successes, including successful construction of cell factories for artemisinin,
-elemene, lycopene, ginsenosides, and morphine [?]. Compared with traditional
methods, this novel resource acquisition strategy offers significant advantages
in sustainable resource utilization and economic benefits, emerging as an inno-
vative paradigm.

Statistics indicate China alone possesses over 10,000 medicinal plants (tradi-
tional Chinese medicines) containing bioactive components, providing a rich
precursor drug repository for modern drug development and a diverse natural
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enzyme library from their biosynthetic pathways. However, effective exploita-
tion of this “dual treasure trove” represents a highly interdisciplinary frontier
requiring collaborative efforts from biology, informatics, chemistry, traditional
Chinese medicine, and pharmacology.

Current theoretical and technical challenges remain: large-scale biosynthetic
pathway elucidation and element library construction, high-throughput pathway
assembly and optimization, and artificial system debugging are still in early de-
velopment stages with limited Al automation. Some compound classes lack suf-
ficient research foundation, and heterologous synthesis efficiency in engineered
cells remains relatively low, making fermentation costs economically uncompet-
itive compared to traditional routes. Further breakthroughs are needed. Nev-
ertheless, with maturing AI technology, low-cost plant genome sequencing, im-
proved high-throughput gene synthesis, and advanced metabolic network-based
optimization concepts, humanity will ultimately usher in a new era of artificial
synthesis for plant-derived natural products.

DAI Zhubo is an Associate Professor at Tianjin Institute of Industrial Biotech-
nology, Chinese Academy of Sciences, and a member of the Youth Innovation
Promotion Association. His research focuses on molecular pharmacognosy and
synthetic biology, establishing green production models for natural medicines
and nutraceuticals based on efficient microbial cell factories. His work includes
creating “ginseng yeast” and “essential oil yeast” cell factories. He has published
in Biotechnology and Bioengineering, Metabolic Engineering, and other journals,
applied for 12 patents (including 1 PCT), and received the First Prize of the
Chinese Pharmaceutical Association Science and Technology Award.

ZHANG Xueli is a Professor at Tianjin Institute of Industrial Biotechnol-
ogy, Chinese Academy of Sciences, and Director of the CAS Key Laboratory
of Systems Microbial Biotechnology. He is a leading talent in the National
Ten Thousand Talents Program, recipient of the NSFC Excellent Young Scien-
tists Fund, and an expert in the CAS Hundred Talents Program. His research
applies microbial metabolic engineering and synthetic biology to construct effi-
cient cell factories for bulk chemicals and plant natural products, successfully
creating strains producing L-alanine, succinic acid, D-lactic acid, lycopene, and
-elemene. He has published over 50 SCI papers cited more than 1,600 times,
holds 24 issued patents in China, US, Europe, and other countries, and received
the Chinese Patent Excellence Award and provincial/ministerial science and
technology awards.

References

[?] Cheng Jinzui, Zhu Hengpeng. China Pharmaceutical Market Report. Bei-
jing: Social Sciences Academic Press, 2012.

chinarxiv.org/items/chinaxiv-202303.00652 Machine Translation


https://chinarxiv.org/items/chinaxiv-202303.00652

ChinaRxiv [$X]

[?] Liu Duo, Zhang Ying, Zhou Xiao, et al. Prospects for synthetic biotechnology
production of steroid hormone intermediates. Life Sciences, 2013(10): 958-965.

[?] Zhang Xueli, Huang Luqi, Dai Zhubo, et al. A recombinant strain and its
application: China, PCT/CN2017/109029P. 2017-11-02.

[?] Kuboyama T, Yokoshima S, Tokuyama H, et al. Stereocontrolled total syn-
thesis of (4)-vincristine. PNAS, 2004, 101(33): 11966-11971.

[?] Wang P P, Wei Y J, Fan Y, et al. Production of bioactive ginsenosides Rh2
and Rg3 by metabolically engineered yeasts. Metabolic Engineering, 2015, 29:
97-105.

[?] Paddon C J, Westfall P J, Pitera D J, et al. High-level semi-synthetic produc-
tion of the potent antimalarial artemisinin. Nature, 2013, 496(7446): 528-529.

[?] Dai Z B, Liu Y, Huang L Q, et al. Production of miltiradiene by metabolically
engineered Saccharomyces cerevisiae. Biotechnology and Bioengineering, 2012,
109(11): 2845-2853.

[?] Xie W P, Lv X M, Ye L D, et al. Construction of lycopene-overproducing
Saccharomyces cerevisiae by combining directed evolution and metabolic engi-
neering. Metabolic Engineering, 2015, 30: 69-78.

[?] DeLoache W C, Russ Z N, Narcross L, et al. An enzyme-coupled biosen-
sor enables (S)-reticuline production in yeast from glucose. Nature Chemical
Biology, 2015, 11(7): 465-471.

[?] Farrow S C, Hagel J M, Beaudoin G A W, et al. Stereochemical inversion of
(S)-reticuline by a cytochrome P450 fusion in opium poppy. Nature Chemical
Biology, 2015, 11(9): 728-732.

[?] Fossati E, Narcross L, Ekins A, et al. Synthesis of Morphinan Alkaloids in
Saccharomyces cerevisiae. PLoS One, 2015, 10(4): e0124459.

[?] Winzer T, Kern M, King A J, et al. Morphinan alkaloid biosynthesis in opium
poppy requires a P450-oxidoreductase fusion protein. Science, 2015, 349(6245):
309-312.

[?] Zhu M, Wang C, Sun W, et al. Boosting 11-oxo- -amyrin and glycyrrhetinic
acid synthesis in Saccharomyces cerevisiae via pairing novel oxidation and re-
duction system from legume plants. Metabolic Engineering, 2017, 45: 43.

[?] Guo J, Zhou Y J, Hillwig M L, et al. CYP7T6AH1 catalyzes turnover of
miltiradiene in tanshinones biosynthesis and enables heterologous production of
ferruginol in yeasts. PNAS, 2013, 110(29): 12108-12114.

[?] Shang Y, Ma Y S, Zhou Y, et al. Biosynthesis, regulation, and domestication
of bitterness in cucumber. Science, 2014, 346(6213): 1084-1088.

[?] Ttkin M, Davidovich-Rikanati R, Cohen S, et al. The biosynthetic pathway
of the nonsugar, high-intensity sweetener mogroside V from Siraitia grosvenorii.
PNAS, 2016, 113(47): 7619-7628.

chinarxiv.org/items/chinaxiv-202303.00652 Machine Translation


https://chinarxiv.org/items/chinaxiv-202303.00652

ChinaRxiv [$X]

[?] Lau W, Sattely E S. Six enzymes from mayapple that complete the biosyn-
thetic pathway to the etoposide aglycone. Science, 2015, 349(6253): 1224-1228.

[?] Caputi L, Franke J, Farrow S C, et al. Missing enzymes in the biosynthesis of
the anticancer drug vinblastine in Madagascar periwinkle. Science, 360(6394):
1235-1239.

[?] Zhang X, Li S. Expansion of chemical space for natural products by uncom-
mon P450 reactions. Natural Product Reports, 2017, 34(9): 1061-1089.

[?] DuL, Ma L, Qi F, et al. Characterization of a unique pathway for 4-cresol
catabolism initiated by phosphorylation in Corynebacterium glutamicum. Jour-
nal of Biological Chemistry, 2016, 291(12): 6583-6594.

[?] Wu T, Ye L, Zhao D, et al. Membrane engineering - A novel strategy to
enhance the production and accumulation of beta-carotene in Escherichia coli.
Metabolic Engineering, 2017, 43(Pt A): 85-91.

[?] Petschacher B, Nidetzky B. Altering the coenzyme preference of xylose re-
ductase to favor utilization of NADH enhances ethanol yield from xylose in
a metabolically engineered strain of Saccharomyces cerevisiae. Microbial Cell
Factories, 2008, 7: 12.

[?] Schmidt-Dannert C, Umeno D, Arnold F H. Molecular breeding of carotenoid
biosynthetic pathways. Nature Biotechnology, 2000, 18(7): 750-753.

[?] Dueber J E, Wu G C, Malmirchegini G R, et al. Synthetic protein scaffolds
provide modular control over metabolic flux. Nature Biotechnology, 2009, 27(8):
753-759.

[?] Westfall P J, Pitera D J, Lenihan J R, et al. Production of amorphadiene in
yeast, and its conversion to dihydroartemisinic acid, precursor to the antimalar-
ial agent artemisinin. PNAS, 2012, 109(3): E111-E118.

[?] Li J, Zhang Y S. Increase of betulinic acid production in Saccharomyces
cerevisiae by balancing fatty acids and betulinic acid forming pathways. Applied
Microbiology and Biotechnology, 2014, 98(7): 3081-3089.

[?] Liu D, Xiao Y, Evans B S, et al. Negative feedback regulation of fatty acid
production based on a malonyl-CoA sensor-actuator. ACS Synthetic Biology,
2015, 4(2): 132-140.

[?] Xu P, Wang W, Li L, et al. Design and kinetic analysis of a hybrid promoter-
regulator system for malonyl-CoA sensing in Escherichia coli. ACS Chemical
Biology, 2014, 9(2): 451-458.

[?] Farhi M, Marhevka E, Masci T, et al. Harnessing yeast subcellular com-
partments for the production of plant terpenoids. Metabolic Engineering, 2011,
13(5): 474-481.

[?] Thodey K, Galanie S, Smolke C D. A microbial biomanufacturing platform
for natural and semisynthetic opioids. Nature Chemical Biology, 2014, 10(10):

chinarxiv.org/items/chinaxiv-202303.00652 Machine Translation


https://chinarxiv.org/items/chinaxiv-202303.00652

ChinaRxiv [$X]

837-844.

[?] Wu T, Ye L, Zhao D, et al. Membrane engineering - A novel strategy to
enhance the production and accumulation of beta-carotene in FEscherichia coli.
Metabolic Engineering, 2017, 43(Pt A): 85-91.

[?] Arendt P, Miettinen K, Pollier J, et al. An endoplasmic reticulum-engineered
yeast platform for overproduction of triterpenoids. Metabolic Engineering, 2017,
40: 165-175.

[?] Shaw A J, Lam F H, Hamilton M, et al. Metabolic engineering of micro-
bial competitive advantage for industrial fermentation processes. Science, 2016,
353(6299): 583-586.

[?] Galanie S, Thodey K, Trenchard I J, et al. Complete biosynthesis of opioids
in yeast. Science, 2015, 349(6252): 1095-1100.

[?] Ajikumar P K, Xiao W-H, Tyo K E J, et al. Isoprenoid pathway optimization
for taxol precursor overproduction in Escherichia coli. Science, 2010, 330(6000):
70-74.

[?] Xue Z, Sharpe P L, Hong S P, et al. Production of omega-3 eicosapentaenoic
acid by metabolic engineering of Yarrowia lipolytica. Nature Biotechnology, 2013,
31(8): 734-740.

[?] Chang M C Y, Eachus R A, Trieu W, et al. Engineering Escherichia coli
for production of functionalized terpenoids using plant P450s. Nature Chemical
Biology, 2007, 3(5): 274-277.

[?] Zhang Xueli, Dai Zhubo, Liu Yun, et al. Triterpenoid 2 -hydroxylase MAA45
and related biological materials and their application in preparing maslinic acid
and corosolic acid: China, CN201610236283.9. 2016-04-14.

[?] Gao W, Hillwig M L, Huang L, et al. A functional genomics approach to
tanshinone biosynthesis provides stereochemical insights. Organic Letters, 2009,
11(22): 5170-5173.

[?] ZhouY J, Gao W, Rong Q, et al. Modular pathway engineering of diterpenoid
synthases and the mevalonic acid pathway for miltiradiene production. Journal
of the American Chemical Society, 2012, 134(6): 3234-3241.

[?] Scheler U, Brandt W, Porzel A, et al. Elucidation of the biosynthesis of
carnosic acid and its reconstitution in yeast. Nature Communications, 2016, 7:
12942.

[?] Wang J, Li S, Xiong Z, et al. Pathway mining-based integration of critical en-
zyme parts for de novo biosynthesis of steviolglycosides sweetener in Escherichia
coli. Cell Research, 2016, 26(2): 258-261.

[?] Chen R, Li S, Xiong Z, et al. Six new diterpene glycosyltransferases from Chi-
nese sweet tea and ashitaba complete the biosynthesis of rubusoside. Molecular
Plant, 2018, 11(10): 1308-1311.

chinarxiv.org/items/chinaxiv-202303.00652 Machine Translation


https://chinarxiv.org/items/chinaxiv-202303.00652

ChinaRxiv [$X]

[?] Wang C Z, Anderson S, Du W, et al. Red ginseng and cancer treatment.
Chinese Journal of Natural Medicines, 2016, 14(1): 1-16.

[?] Wang Y, Zhang Y, Lan T, et al. Ginsenoside compound K inhibits hormone-
independent breast cancer through downregulation of cyclin D1. Journal of
Functional Foods, 2018, 46: 159-166.

[?] Liao L M, Zhang Y, Lin S F, et al. Enzymatic transformation from pro-
topanaxadiol ginsenoside Rbl into rare ginsenoside C-K and its anti-cancer ac-
tivity. Advanced Materials Research, 2013, 641-642: 102-107.

[?] Yan X, Fan Y, Wei W, et al. Production of bioactive ginsenoside compound
K in metabolically engineered yeast. Cell Research, 2014, 24(6): 770-773.

[?] Wang P P, Zhang Y J, et al. Characterization of panax ginseng UDP-
Glycosyltransferases catalyzing protopanaxatriol and biosyntheses of bioactive
ginsenosides F1 and Rhl in metabolically engineered yeasts. Molecular Plant,
2015, 8(9): 1412-1424.

[?] Dai Z, Wang B, Liu Y, et al. Producing aglycons of ginsenosides in bakers’
yeast. Scientific Reports, 2014, 4(3698): 3698.

[?] Wang P P, Wei Y J, Fan Y, et al. Production of bioactive ginsenosides Rh2
and Rg3 by metabolically engineered yeasts. Metabolic Engineering, 2015, 29:
97-105.

[?] Yan X, Fan Y, Wei W, et al. Production of bioactive ginsenoside compound
K in metabolically engineered yeast. Cell Research, 2014, 24(6): 770-773.

[?] Xue B, Zhang Y I, Jiang H, et al. Effects of maslinic acid on the proliferation
and apoptosis of A549 lung cancer cells. Molecular Medicine Reports, 2016,
13(1): 117-122.

[?] Miura T, Ueda N, Yamada K, et al. Antidiabetic effects of corosolic acid
in KK-Ay diabetic mice. Biological & Pharmaceutical Bulletin, 2006, 29(3):
585-587.

[?] Bonte F, Dumas M, Chaudagne C, et al. Influence of asiatic acid, madecassic
acid, and asiaticoside on human collagen I synthesis. Planta Medica, 1994, 60(2):
133-135.

[?] Miettinen K, Pollier J, Buyst D, et al. A P450 enzyme that catalyzes the
C-2 hydroxylation of pentacyclic triterpenoids and its application in yeast cell
factories. Metabolic Engineering, 2019, 51: 70-78.

[?] Zhao J, Li Q, Sun T, et al. Engineering central metabolic modules of Fs-
cherichia coli for improving -carotene production. Metabolic Engineering, 2013,
17(17): 42-50.

[?] Li Q, Fan F, Gao X, et al. Balanced activation of IspG and IspH to elim-
inate MEP intermediate accumulation and improve isoprenoids production in
Escherichia coli. Metabolic Engineering, 2017, 44: 28-37.

chinarxiv.org/items/chinaxiv-202303.00652 Machine Translation


https://chinarxiv.org/items/chinaxiv-202303.00652

ChinaRxiv [$X]

[?] Bai Y, Yin H, Bi H, et al. De novo biosynthesis of gastrodin in Escherichia
coli. Metabolic Engineering, 2016, 35: 138-147.

[?] Li S, Li Q, Du L, et al. Biosynthesis of gastrodin via 4-cresol oxidative
degradation pathway. Journal of Natural Science of Hunan Normal University,
2018, 41(4): 33-40.

[?] Liu Y, Liu Y, Cao Y, et al. Production of scutellarin in Saccharomyces
cerevisiae by genomic analysis and synthetic biology approaches. Nature Com-
munications, 2018, 9(1): 448.

[?] Yao Y F, Wang C S, Qiao J, et al. Metabolic engineering of Escherichia
coli for production of salvianic acid A via an artificial biosynthetic pathway.
Metabolic Engineering, 2013, 19(5): 79-87.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202303.00652 Machine Translation


https://chinarxiv.org/items/chinaxiv-202303.00652

	Post-Print of Research on Synthetic Biology of Plant Natural Products
	Abstract
	Full Text
	Synthetic Biology for Production of Plant-Derived Natural Products
	Research Route for Plant Natural Product Synthetic Biology
	Production Case Studies
	Phenylpropanoids and Shikimate Pathway-Derived Products
	Conclusion
	References



