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Preface to the special issue: biosynthesis of natural products
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Abstract: Natural products, important sources of innovative drugs, food, spices and daily chemicals, are closely related to
people’s healthy life. With the development and integration of modern biological and chemical technologies of natural
products, the researches on biosynthesis of natural products have made great progresses in recent years. The biosynthetic
pathways of a number of natural products have been analyzed. Many pathway enzymes and modifying enzymes involved in the
biosynthesis of natural products have been mined and functionally characterized. Furthermore, genes encoding pathway
enzymes have been introduced into chassis to construct cell factories producing natural products through synthetic biology
technologies. Also, other biotechnologies including genome editing and genome mining, have been used in the biosynthesis of
natural products. In order to further promote the development of researches on biosynthesis of natural products, we edited a
Special Issue on the topic of “biosynthesis of natural products”, focusing on the researches progress in three aspects: the
analysis of biosynthetic pathways of natural products, genome-wide mining and functional characterization of genes encoding
tool enzymes, and the scale preparation of natural products by biosynthetic technology. Also included in this Special Issue was
the prospect of the biosynthesis of natural products. This Special Issue can provide reference and guidance for the further
development of natural product biosynthesis.

Keywords: natural products, biosynthesis, pathway enzymes, modifying enzymes, synthetic biology

RIRF=WIFEE L, BABENEY AN,
SERUE Y . A AR Aelh A AR A A
BORIRM, SEAEK, BEEBAEYHAR, RS
AR B B AR R R, R AR M) A= ) A
TR PR 2 KR 00 A W) G B A f AT
WS TR B —KMS 5RA W AEY A
LM T RS IR MR AES KL A
Py A IR AR AR 20 ol T B 0 M B A e A
PIANN T 3KAS T ZHh BARIE PR AR,

T AR R R B U AR 1 e B i R R
R, IR AR SURIE S R R, (A
TR ) HGUBRR T RR WA &
T, B8 7ok A ENZRBALRAE, AA
[ 5 1] AL AR AR vh 7R 1 R AR A= W ALY B
B . BARWE, B TR
YL S ISR AT, 25 KR S Il

http://journals.im.ac.cn/cjbcn

5 1B ) A A I A i A I ) 42 4 S RESRALL
VAR A I 2 o A= ) LE AR 45 AR =9 3 AT
VT FR) BBl A R, 5 7 I 2 T 3 S R 2 Ul ) S
A, e RO Y)E IR R — 2 A

1 RRFWEN R 0 R

A5 R AR B R AT R 5 AR W BOR T
R RIS , W] ROk A A SR A i
B ML s g, 8 AU @A i )
MM, LTER THE . AR, 57 A SRR
AN R AR Z TP K IR W) HE )5 A AT 19 B
Btk

WEIERAR =SS I | TR . 24
RUEYNMEER . BEREEHCLEIT AN
REGY. NI, W2 1ba W0 & R A 00 A
LA G U P FIHE A & TP 2008 Z



REB SIXAFUHENERENFS 1823

23T ANTRIG S A5 W e - LR A2 A M ) e
FEHERE . A B SE R g 28 I T R T 5T
Gl 7icee gl ARG TN R S S Y A 7/ BN
ZRH ., KPR, HER . JIES) . ZYEdit
EY (KA HHE) AR EERMAY (%
TER) SFZRIEY KR W) W) R AS BT
WFTERERE , D9 A R AR )™ W A Wy A A Y i A
PEULAE S R ST R T BN 53— e £ T A
G T AR R RAL G Y, IFE TR
P e RIAL & 1 7 e 28 RO B A 0 1ok A O i A
BERE, DAt RIS~ w7 ) B 24 F e B
P A O 2 S R L A R 2K
5 W) R IR ZR A= W0 AR A il A B BE 5 2 T ifE 4 7
THMNA, ARIRR I — SO R I Be 5
AT DU A P 2R RS R R AR
=, HAEYSHCEEPIIFE G . P EEAR
e 24 FAE WD T 5 BT ) R 22 T 50 B3 DR 201 1 A o
W T e R A Y& R A i iRk, ek
G 28 A 5 LI — B R T B T SR 2
BT 2T 1 AR BB R R A AR AT BA A A
NER KAV G BRI R TR . 7R SO
e, AEE IR ARSI ANy SR A, R T
SRR (IPP) %225 THABTR
AP G . BEBTTE N T A R R AW s A%
(o f b B T AT

PR T B, AT A RIS P A A
WA W AT TR MR, LT T L
8 K 2 1 452 48 e OVRN o R A e R T
P AR IR 5 X 3 5 B2 T A ] k9
GRS P A& R A 2t 4T TR B b
BB, DURITT B2 RIR 7 W) AR )5 JRE 5 T
fERMEZ %

VASES [ESTOE] Y @ e iU F S TS
b e i R A BE R R R AR I K, L T
THRRZGEREEN G T AREREAGYR
F2E R YGOSR AT DT SR, AT 7
FISZy A 1 ik E R it 1,

% : 010-64807509

2 T EEEH TR

25 KR A A L TR A
RSB, RS 5 KR YE 40
TR, PRERKTIIRIZEN . £ TINE A AR
C. AR BRI 55 KSR 7 W A ) & BLGE R
W G EEE AR BRI T T A BT AT . dEAE R C 2
— R ANRLT AR, AEMRAMS S T4
AR CIEMGRL, BRI PRIREE
- T BRG] 3k 2 5 Sl A R 7 . IS L AR A
(53 A RE A, DB EL I Rl 3 45 T
77 84 AR, A HE B X e i
Mgl 4 tE % C 459 7 07 i O AR Ak 2 — 2%
BRI =W, AU B 2R Ak A%
RAKA Bl (NRPS) 2H%¢ 5 . NRPS Zead i,
A DA BB R A AR R K T 25 W i 2 . NRPS
1 TR T B A S AU AR . v Rl
22 e A ) H AR 9 T B AR SR A AT LR A VA A
T 3MRIER NRPS TR dcs g , 4 NRPS T
e 3 4 0 T A S R T R R S
(SPS) & HERHA LAY BRI i . R LIV R J e
B AT SPS TEBEAER . A IhRE . Sk
SRR AL AL 45 5 T 2E R AT T R G AT
FIHE, 9 SPS (g — 4 B R 2 2 18,

JEAB M AT LA R AR = Wy kA T S5 R s, B
KRR AR ZREME G5 KR WP 5T
BTN ARAFE M R R LR . BRINAT
22 Pl 5 A M g B FLAE R SR 7 W 45 R A8 1 v i 5
HEJR . XSS BN F R A . RS
it | e 07 e AECTCG | W A RS T RO K AR 55
Jb Al TR 2 5 SLRR BOR2 T B 43 BT FsH e T F S
R RN GERALG Y . RGO
PrA: RSB R IR W e T H S A0AG 1 1) Joe B
FEURFEU . v [ B R o B 25 W 5T BT R A
5 G IR L F S A TR R TR I 2 R R K Tl
PETR LG B B SR M S5 R 5 1L AR . D RE
SE N CHAE WAL R 45 7 T e ke 0, op )

. cjb@im.ac.cn



1824 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

PR 27 b B 25 W0t 5 i ) FL g sl AU B R 4 U
GRS TR RO B R . SR I A I
4 P T HBERT e R 3-O- 11 I A Ak (B i i B Y
R G 2RI /N R A A T AR
A FHE 10 FEA BRI A BT 5 g 2
eI PPk AT RS T, LA T AR 5R
W Z [R]A OE3A S AN 2, X AR A Ml 7 il it A Fry ke
7 AT T R R Oy S A A R
Z BN T RN st e g it 1748 AR H

3 RBFWEME R

AR R AR M AR A AR P, R 2 b
IRAE RS S, A [R] AR £ 40 i Hh E A R
SRR AR, R ) sk 5 2
M PER IR, L TE R G T A MEY 4
ARIER &I EFHRAEY . WA E YA APyl
FALE W25 TT T BT TR

FFEGRAG YR RERNRR Y, 1
REFTL AR A ) Z N . TR A
5 AR AR A R B3R T 5 AR s R
il 76 05 T AL S PRI PEE . RERZ BB SR %L
FHBAZRA T HY) 2 B QR AR e TR R AT
PR IR R B S U E Y P RO SRR &
JEBUIR , B1E T e w7 i AR TR | S
SRR RN, AR ZWhiRte TR
P Sl T RN T T A R K
B 0 1 B i S AR XA W v 5 1 B R Y
BTt RO SR IR R A 4R T A K [ A
G i 5 AR A R 0T A R AR W R B
FERERE, PRVF T AT ST T I A3k S T A Y
P, LA D5 B R IR A W A e
TAERES I RV B RN A T 4
AR A AT AL F o R dest
IR 24 R 2 S AR BT 5 5% R BT 5 B 1A BA 4G 5
H AR, Fos TR & BAE Y A B il 4
TP AL G W TR RO R s M iR A
BN ARIFFIR, At B 2R R & 28 B3 Y

http://journals.im.ac.cn/cjbcn

TR, W amite, TREPEBEZNE R
77 %3k 5] 386.8 mg/LP,

BRI JRIR T A A 2 e AR i 25 24k
YRR . RO RIREAN AT NS
HAF D BB, HEZEMSIS 4 i RESl
B WA A 2R o e R W ks T
P AR LU B, B mMAS BT
2w DRSS B, A R IR 2
W1 W TSR s A B A AR 2 T P AT 5
JRP IR e A B R A A R A SR
W KA TR, dad fofb o, TREERES
A 37.4 mg/L SRR B P,

LA T A A Y 4 AR 2% A
FER IR =) B S50 B CRARR J ] o ARSEAF SR Bt
TRAAL 25 T 1K 37 RN A M 3 e SHL 50 A ) i 28
RAIRT= 45 B W2 B AR WS 1 e A L)

LA IE T A A A R A s R SR
FEYI R OB R . KRR TG 22 KR A W s 2 5 ik
FEEL & R EEY AR, B E RNk R
F1o BHKF B 2R 825 KRG £
JUR ) 2 4 S e AR P B R A IF s it g, DA RES
T AR 2 IR 0 R T R AR AR Al e T g
A F TR E WA A A E AR B B A
I 2. LTI, T EEAR 2R R
25 HE W B R WIS BT b IS A Y SR AL 8 T
17 v] R 85 R W & T B A 9T R . R
CRISPR-Cas9 R4t SHMEA T, Z IR A%
TR MR R A, SRR e R R 0
WY E, S E nlak 842.9 pg/mL, NATF|EE T
TR TR bR (0 — A O AL il i 28 1 Ll P8, g ok
AT AT IR N LR T 5 AR B R A
SRR R AR 7= W) A= 0 B I AR R S v R R 1
WFFE R, B A RIS S A N R AR it
RO, SRt — 32 Pk e 47 PR 7 24 5 S 2
R R B R N AR R A 28 1l i AR R 9
S RN . SRR IS . WETES . Rk
IR R Uk 2 TR 1 % SE AN () SR s AR B % B



REB SIXAFUHENERENFS 1825

Al angucycline/angucyclinone 254k4 % i) IR
FgERE, & T RRIRREO =0, A G R
PEM AR A AT IT & B T R B

AR T e A B A= T R T R A A BRI R
Wi, JFJRE R AR W) A= W6 LT 5 BE B 2 A aE R AR
FEYIR SR BIE G RITT 2 TAE . T4, KR
WA RIS T R TR, A
WL R R R T R YA UG s 8 ) 8 53
WEIER . A BRRE N KR W) A )6 Lt 5 i) gk
— R R —E N SE AL BT ACEAR,
TP R IR RAETMESR, R4 e Al
LRAZRL .

REFERENCES

[1] Atanasov AG, Zotchev SB, Dirsch VM, et al.
Natural products in drug discovery: advances and
opportunities. Nat Rev Drug Discov, 2021, 20(3):
200-216.

[2] Lau W, Sattely ES. Six enzymes from mayapple that
complete the biosynthetic pathway to the etoposide
aglycone. Science, 2015, 349(6253): 1224-1228.

[3] Caputi L, Franke J, Farrow SC, et al. Missing
enzymes in the biosynthesis of the anticancer drug
vinblastine in Madagascar periwinkle. Science, 2018,
360(6394): 1235-1239.

[4] Gao L, Su C, Du X, et al. FAD-dependent enzyme-
catalysed intermolecular [4+2] cycloaddition in natural
product biosynthesis. Nat Chem, 2020, 12(7): 620-628.

[5] Ro DK, Paradise EM, Ouellet M, et al. Production
of the antimalarial drug precursor artemisinic acid in
engineered yeast. Nature, 2006, 440(7086): 940-943.

[6] Paddon CJ, Westfall PJ, Pitera DJ, et al. High-level
semi-synthetic production of the potent antimalarial
artemisinin. Nature, 2013, 496(7446): 528-532.

[71 Ajikumar PK, Xiao WH, Tyo KE, et al. Isoprenoid
pathway optimization for taxol precursor overproduction
in Escherichia coli. Science, 2010, 330(6000): 70-74.

[8] Z=&Fk, YU, BRdhdh, 5. MIWRIRZFHRA )
WG BT k. AR T AR, 2021, 37(6):
1931-1951.

Jiang FL, Gong T, Chen JJ, et al. Synthetic biology of
plants-derived medicinal natural products. Chin J

% : 010-64807509

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Biotech, 2021, 37(6): 1931-1951 (in Chinese).
Fedn, WHAE, R, . AR BAT RS K
R WE T . A TR %4, 2021, 37(6):
1952-1967.

Jiang LY, Wen YH, Peng Y, et al. Advances in
biosynthesis of cadinane sesquiterpenes. Chin J
Biotech, 2021, 37(6): 1952-1967 (in Chinese).

FRE, BRI, RS, SE. BRI Ak S Y —iAE
YIRIRR AW 65 AR e it Jig. AR 12
2, 2021, 37(6): 1968-1985.

Gao P, Chen YX, Ke CR, et al. New targeted
compounds — biosynthesis of phytocannabinoids.
Chin J Biotech, 2021, 37(6): 1968-1985 (in Chinese).
T, WER, KREjo. WIBRAEY) &N
o, A9 T RE2E4H, 2021, 37(6): 1986-1997
Lou Q, Pu XD, Song JY. Advances in the
biosynthesis and application of bixin. Chin J
Biotech, 2021, 37(6): 1986-1997 (in Chinese).
HE, sk X, ®min, 5. 500 5k R i
B XA R R YA . A TR AR
2021, 37(6): 2039-2049.

Xia M, Zhang YF, Gao HY, et al. Effect of
isopentenyl pyrophosphate translocation on the
biosynthesis of triptolide. Chin J Biotech, 2021,
37(6): 2039-2049 (in Chinese).

KRR, X, Efh, 55 FREERRT WM
E R AR R, R TR 2R, 2021, 37(6):
2010-2025.

Liu LX, Li CF, Wang JW, et al. Synthetic biology
for the synthesis of aromatic natural products: a review.
Chin J Biotech, 2021, 37(6): 2010-2025 (in Chinese).
FEUIM, RRUAL, BAE, 5. HEBErHMEE YA
WG R . AW TR SR, 2021, 37(6):
1998-20009.

Zhuang YB, Wu FL, Yin H, et al. Advances in the
microbial synthesis of aromatic fragrance molecules.
Chin J Biotech, 2021, 37(6): 1998-2009 (in Chinese).
dfk, WRlEE, e, . RHFER LHATEYAEYS
RATEERE. AR T AR, 2021, 37(6): 2026-2038
Meng Z, Yao TT, Zhao W, et al. Research progress
in biosynthesis of podophyllotoxin and its derivatives.
Chin J Biotech, 2021, 37(6): 2026-2038 (in Chinese).
WRIA, JS3C, BRI, 4EER C AME BAHC A
EEWFIT R, A9 T R4, 2021, 37(6): 1827-1844.
Chen Y, Zhou JW, Chen J. Progress in vitamin C

. cjb@im.ac.cn



1826 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

biosynthesis related dehydrogenases. Chin J Biotech,
2021, 37(6): 1827-1844 (in Chinese).

T, BRI AR A KA i AR s Y
HEE. Y TRE2A, 2021, 37(6): 1845-1857.
Wang C, Xu YQ. Advances in engineering
non-ribosomal peptide synthetase. Chin J Biotech,
2021, 37(6): 1845-1857 (in Chinese).

e B, BRI, XIES, . RERERERR G I EE |
S r S AR PRI RO OF ST R AR R A 4
2021, 37(6): 1858-1868.

Su JY, Yao Y, Liu YH, et al. Function, structure and
catalysis mechanism of sucrose phosphate synthase: a
review. Chin J Biotech, 2021, 37(6): 1858-1868 (in
Chinese).

SRATHE, HGEAR, FVBTIE, SF. HLEE RS EEAE U
W& R Wb g . AR TR 24, 2021,
37(6): 1869-1886.

Zhang XY, Shen XL, Sun XX, et al. Application of
methyltransferases in microbial synthesis of natural
products. Chin J Biotech, 2021, 37(6): 1869-1886
(in Chinese).

EF, e, X2, B YL R R IR R
SLEERE WA SE A . DHREFINL . AW TR 4,
2021, 37(6): 1887-1899.

Wang Y, Yang Y, Liu MZ, et al. Structure, function
and application of serine carboxypeptidase-like
acyltransferases from plants. Chin J Biotech, 2021,
37(6): 1887-1899 (in Chinese).

FHEEE, LA, B G U R 3-O-H 1T T Ak
R ARk . AW TR, 2021, 37(6):
1900-1918.

Wang XN, Kong JQ. Enzymatic synthesis of
acylated quercetin 3-O-glycosides: a review. Chin J
Biotech, 2021, 37(6): 1900-1918 (in Chinese).

XSS, MR, 2wy, S5, BTG O SR
SR, A TRE2EHR, 2021, 37(6): 1919-1930.
Liu R, Liu Y, Li QF, et al. Strategies for engineering
the thermo-stability of glycosidase. Chin J Biotech,
2021, 37(6): 1919-1930 (in Chinese).

By, XE, BER, & MYZHNBEY S
. AW TRE2A, 2021, 37(6): 2050-2076.

Li LL, Liu X, Qiu ZT, et al. Microbial synthesis of
plant polyphenols. Chin J Biotech, 2021, 37(6):
2050-2076 (in Chinese).

SOk, 1T, MG, S TPEER KR TREE

http://journals.im.ac.cn/cjbcn

[25]

[26]

[27]

(28]

[29]

(30]

FIFEE. A=) TRE#4R, 2021, 37(6): 2077-2084.
Zhang L, Ding N, Hai Y, et al. Production of
curcumin by engineered Escherichia coli. Chin J
Biotech, 2021, 37(6): 2077-2084 (in Chinese).
PREAEIL, mmgrt, THbag. Ao R A S
AR AL A YRR ST R . R TR AR, 2021,
37(6): 2085-2104.

Chen MK, Ye LD, Yu HW. Research progress in
metabolic engineering of Saccharomyces cerevisiae
for terpenoids biosynthesis. Chin J Biotech, 2021,
37(6): 2085-2104 (in Chinese).

AR, o, i, 55 HEM B G RE
PEAE R WA b A F AL, AR AR SR,
2021, 37(6): 2105-2115.

Shao XX, Meng YH, Zhou ST, et al. Construction
and optimization of squalene epoxide synthetic
pathway in Escherichia coli. Chin J Biotech, 2021,
37(6): 2105-2115 (in Chinese).

FEH, FHoR, KB, % RIRTETEZ IR & i
TSR R, AW TR, 2021, 37(6): 2166-2180.
Wang YJ, Li SC, Guan CG, et al. Functional
exploration and production technology of natural
bioactive peptides. Chin J Biotech, 2021, 37(6):
2166-2180 (in Chinese).

XIAHAE, SKUF, #F 1%, FIJH CRISPR-Cas9 #4:
SRR TR RAT B B A R R AR AL
244k, 2021, 37(6): 2116-2126.

Liu JJ, Zhang Y, He WQ. Construction of a novel
carrimycin-producing strain by using CRISPR-Cas9
and ribosome engineering techniques. Chin J
Biotech, 2021, 37(6): 2116-2126 (in Chinese).

A, Beesc, BUmERE, S AR SRR T
I3 BB A ORI R AR Y B R T AR T
244, 2021, 37(6): 2127-2146.

Xiong W, Duan YW, Yan XH, et al. Improvement of
natural product production in Streptomyces by
manipulating pathway-specific regulators. Chin J
Biotech, 2021, 37(6): 2127-2146 (in Chinese).

aE R, BLESC, ARWAL, 5F. Al angucycline/
angucyclinone ZSRAR WU IERE (2010-2020).
AW T RE2AAR, 2021, 37(6): 2147-2165.

Zhang JY, Duan YW, Zhu XC, et al. Novel
angucycline/angucyclinone  family of natural
products discovered between 2010 and 2020. Chin J
Biotech, 2021, 37(6): 2147-2165 (in Chinese).

(AR5 M TT)



