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Natural products derived from actinomycetes and

their mining techniques

LIU Zhuging', WANG Junxiao®, XU Fei’*, LUO Xuegang'
('Key Laboratory of Industrial Fermentation Microbiology of the Ministy of Education, College of Biotechnology, Tianjin
University of Science and Technology, Tianjin 300457, China; *Qilu Synva Pharmaceutical Co., Ltd, Dezhou 251500,
China; *Institute of Pharmaceutical Biotechnology, School of Medicine, Zhejiang University, Hangzhou 310000, China)

Abstract: Secondary metabolites, also known as natural products, are substances with complex structures
synthesized from primary metabolites as precursors but no obvious functions in microbial life activities.
Microbial natural products possess rich skeletal diversity and structural complexity, and most of these
substances exhibit activities such as antibacterial, insecticidal, and antitumor properties. They are important
sources of lead compounds such as antibiotics and have significant advantages in the process of new drug
development, with wide applications in various fields such as human medicine, agriculture, and chemical
industry. This paper reviews the recent research progress of actinomycetes-derived natural products and their
mining strategies.

Key Words: actinomycetes; natural products; mining strategies
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KW ERRPUER, Elm AR L 322N A T 1 A
VBT H SR 51 RS A P R R e, H AT R
NI &R AEERR R, BER
(Streptomycin)!* & MK (0 55 B i (Streptomyces
griseus) P AR B A H R IAER, RUF
B B A RIE NI R AR 4.
HERNEMANRZ2EL S EZFEERS S,
TG AT W & E S R AT ) S5 AR
Ko BEHM, HERVRIGITESEZTEREE
2. 2% K (Erythromycin) & M 4L (055 22 14
(Streptomyces erythreus) 73 B 15 2B TAE R,
R E N KRINBERIAER, K - ENH T
W SRR R R 2 BR PR R STR IR L S . B
W2 Ak, BMEw RS MR, N
YEAEF R IETTRE 7T a4 . AR A, A
TR B = A 4e A =B, AT ARG SR A 4 1) B ade
PE, PR m ARAEP R P2 B A BT . LR DR Tl 45
B, WIMEHIRE R 4EERK, Ref GG 34
PR e ML D i o AR SR 3T 4 SR04 1 SRR 1 LA A
RV RN S HAZ B 4T T &, FFXd
AU AR K 78 B AT R

1 HERE SRIRRIR R A =4

LA, MR i b v 73 28 B 2k T e 6
PR 2 R IR . AR, B
HMBGE T MR TR R T T 2> B 45 2 1104 IR AR
Wy, bt amB R v4aD, Lk
42.3%. LREEMRAOVERRR. KER. L0
Spersls]
L1 EYwEELSY

LE WA (alkaloids) A& H SR S — 28 & B

Embellicine B

El SHEBERESERISEVIHELEY

Embellicine A

Embellicine C

AHAMEY, JFHRZ AAE RGN, A
JRPEEGERN, 7 REEMEE. % RAY
(8 R 2R T A IS RS L DRI B RS ik
WESE . — RGO, BR TR, ZBEHE . a(kk
M. IR, ZERR. B AL B A
3. HEYLAEROGII, HAASELED
BT . AR IR R AR T AR N A R
TR EEEAEH . H A s R 245
H, 75% NI AT

Al SubehZ&® W 7% J& (Sarocladium sp.)F1 4y
B33 (4L-& Y Embellicine A-E(&] 1)AE NS 4011 7L
JE A (MDA-MB-231) 35, HAF 8 Bl £
0.4~4.8 umol/L. FRILZ4b, AP Embellicine A
HMIEmbellicine EX} A BF H# 411 (OVCAR3) M B {1
R (MDA-MB-435) FL A7 35

Le M % 55 1 CNQ-490 1 Pk vh 43 B 75 2
PN A W Lodopyridone B. Lodopyridone CLPA
F A AL A P Lodopyridone A(1K2), Hilid G
PR A I, Lodopyridone A-CHJHEGEHHIB-TEH;
FEEE AT BE ARG, 3E i FELEB-Ve B AR R Ik
(AR & e IX—E R INAESN T % Bl IR 229 BRI
(AD)IHF 5T
1.2 KIFNEERUEW

KW EEIAL A2 B —A 2 0k N R I
—AEE Z A AR R — KRB &Y, 2
SR, R REER R A, 1 B AL FH I K
Bk Rl s 0, AT F 40 R AR R A . K
HABRRLAGY EE S R ATRRPER . A
FeRPUAER . FEPERRANERAY . B1EXR
HAERRZYE . RIS AERRPUE R KA
FEA WK FHIGH. A H,

Embellicine D

Embellicine E
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b #r % JE Tt oo R NEEE: BiRERR
T TEHRIA P g
LiuZ "N AR (5% 55 # (Streptomyces
argenteolus) 173 B 45 212/l B AL B - IR AL K
N Bigargenteolides Afllargenteolides B(¥13),
& B AT A vk . WAL IR B (nuclear
magnetic resonance, NMR). H [ —
(electronic circular dichroism, ECD)it# 45777k,
e 7 HA R B ATA XA 8 . argenteolides A
T U RIS AN G R SRR () 5/5/5 =38
P& RG . X% B Pk ) B R0 e A A= 45 8
MR, YatBargenteolides FIBGCsH 1A Ay2- H 5
TR A B A, RN R 3- R AT A A L
B (Agt28). il JE & (Agt27) Ml B 52 Bkl Bl A I 5
FE(EAL A L. P40 I L R P4SORF A gt23 F1Agt30

argenteolides A

A] fg fh Tiargenteolides i 42 2 AL AR fE 70+ A
=W, TR 2 B T T RE OB R A R AL R
J%. & Pargenteolides AFllargenteolides BIAJXT A
0 I FR(AS49. p388. HeLa)H A 1R o it 40 iy
P, FEXNEHEAHEARFEREA —ENHIE
T

Yang 2V ik 1 MR B0k g AT 2 R
MA AR B o M, g g8 B AR R & e
(Streptomyces somaliensis)H 7 B33 2| A MAFIA R
IR N B & YSomalactams  A-D(El4), FH4]
HEN T AEE USRS, $2 H Somalactams 3 2 H
— MR R A EGA G R, Heiirhe-Hik g
M spos G B AR AR LG . B A BE. 3-5%
T A SR (L G R, I e R R i s
BOAIERA T smiZE R #% 71 5 SomalactamsiX — b &4
AP G R, 5T R PR N R B LA SR At 1

argenteolides B

E3 REBSHTENBIRITAELELEY

Somalactams A Somalactams B

Somalactams C SomalactamsD
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22, @AY &I, Somalactams A
BABZEP RGN, NP EZNAYIT K
S FUEMATIRAD T

1.3 FERMEEMBIRELEY

SRR 32 EE 02 1 R e A T B SR
BitZ, B piiiin, WL, BRENFEBImIT
RGPS 1, LR A M B 2 50 O (B AN R4 1) 24
HIE P, SRR AR P A f) A R
9. REHEWRNWEYEAIME . SR
file VLo VIR ESFHEREEE, TEZNMAHTE
2y, AL TESADOR . KT IEBMEN RES
Fl— B G AR A AT T ) B R

XieZE S\ . 2h 18 B4 7% B IS 1 (Nesterenkonia
halobia)" 73 #5453 3 1 R T B 2K 65 Pinesteretal
A, EIE 2 RIS e T B e L M B (E5) . X
WG BB FIATYPHE S, 2,3- T ZEd i AR
M AT 4 6 IO, AR 8O A I A5 2 H bR
P AR T 4T IR X Z AR a(RXRa) H A —
JE WS BOE AR, UL B AE o MR 25 W 5 07 T
AR R A BN .

Sun“E "N EEE FSCSSIO 400697143 55 5| —K
FEREMAEEY, HAle-1988b&4, 20-22
NEHL A Y, B NMRATHR-MS S i H A
SESPTH 45 M, A Bh X -ray B A7 5 i e 45 1
H(E6).

nesteretal A

Es5 SEEAESKE~ENBY
ERBEXAEY

OH

14 #EELEW

iR &Y e B AR S b B i o K ) — 38
WAV R, 1 2O 7 R 0 5 AL 1 i
s Ak mAeEmsE REY, REELEY
FEEE., FEHR%. mALEWERE EF L
W DXL, BRI, PURSAENEME, JEHTZ M
T &l LAk ATk, Hodr, PAZEHA
& MR NER GG Z R T B
17k

Keller 5 e ¥ b R ) 7 2% i (Kibdelosporangium
persicum  sp.nov.) 73 B 15 2] — JEPE AL ) 2 Fmk
Ftb A WyPersicamidines A-E(K7). XU EY—
MR AR RIREES 73, AR IR 70 5 i SR 46 Ky b i
fE—il, I HIX— RSN SARS-CoV-2HThCoV-
229E B A U R B NGV, X Al 75 Persicamidines
FRUEW NIRRT AT RE

LiZel Pl SR A2 0 . S5 M B AT AL
SRR, N ZE N Hi R B R (Streptomyces
venezuelae) ATCC 154397 %5 5¢ Hi JTERJE [K 7% Ven,
RILT P BAT AS-5-6-TIU R F B (R R AR5 B il
T (28-29)(18), H HIHIA T i A HEVen AR
HLER, Dyl S & 22 AL S S S it 1 =5 S
Tl

2 WEMRAFTWIZET E

AN RIR =T EH R AR IE M — R P BHE 1
ARFTFE, MEVIEE . A RS ™
A B N A E R S R AT B %
ERRAE ML AR H T KA =248 J7 V5 3
G AEYNEVE SR B SRR, A
It LB TREOREE
2.1 RERATWIZIEA E

KIILICK, AN RA Y — BERAYHEE

O OH

O OH O OH
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OH
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53 BB R AR Z ) © O IR AR = 042 98 (1) B
FIA . FREEEEERA Y. Eady. A%
ST A2 I8 SN A 20 b T B AN R, KRR
IR FURE N — A BB B
22 BETFERAZHRATYIZHE

FEDRI 20 27 2 ] AR WA BT R DR 3R AT 8 B RE A
AR AR RAE LA SO0 A [A] e PR A 3R AT EU B — 1T 28 X
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JF e AR, AR AE W) I A A 7R PR T S 5
LI, 777 A2 B % 8 o 2k DR 40 S A B 9 A8 R AR A
AN o DR ZH INE AR 380 R Dy R AR 77 W 1 O IR 4 At
T Z KA Re Rz A P R B 4
=M HASE =80 TR K s 1 A
TR DL b, X O R A R A 3 4 T R Al
o Bl WP R B A W e, R A AN T P
fiK, A T A RBHIEER TR, WRARY
BGCs# # EMiBiG** (https://mibig.
secondarymetabolites.org). %R 7 ¥ H 4
NCBI®)(https://www.ncbi.nlm.nih.gov)%s. faj #ok
Ui, J5 DR 2H 472 4 590 A2 0o Ak A 4 5 DR 2800 e 45 2R
AR RAE IR ER =W IBGCs it 2 A 1 B 1224 T 1 510 43
B, HXSH AT B . BORER 1T 5
R A FZ PR E YRR = i R vp, SR 2 5
B (REILAR 6 . k. SRARSE. L4000,
B ITEGEREN T . RIERIE. 51wk,
SouthernEI 778 5Z) AWNEMEMNA DL i@ A&

GENOME MINING

Molecular techniques:

* Heterologous expressions
* Cloning

* Genome sequencing

*  Southern blot

N

Test on cancer cell lines

y

Chemical analysis:

* Nuclear magnetic resonance
spectrometry

* Mass spectrometry

* Crystallography

* Infrared spectrometry

/

Bioinformatic analysis for similarity
* BLAST

DRUG DISCOVERY

=9

ERBZRRA SRR
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& % %8 F(national center for biotechnology
information-basic local alignment search tool,
NCBI-BLAST)% £ % £ 77, A B T 75 EiR
NHE T i A P i AR BERAR A o A A R B, [ A
RE 1% 5 IR 1 245 0 A Y48 S AP I BLA) o i B8
FrHRTFB 2 BRUEY R IR P 5 I3
F T8 A0, DR 25 0T 3 At 1 8 e AN
2, AN HHE BN A= di Rk R0 R 245 MV R 00 R
NI R AN A TE SR B AR AL

KEREHNF R, Y 6 5
BGCs% TRIXMBGCs . H[R L2408 i i ik A=
ME B %20 LB, WPRISM(prediction
informatics for secondary metabolomes, https://
prism.adapsyn.com/results) T 25 #4 35 ¥ 2H A,
ClustScan g 8 Hi 4f J DX 2 I 75 45 SR Tt & D] 7%
¥k, RiPPMinern] ELTIIRiPPs(ribosomally
synthesized and post-translationally modified
peptides, RiPPS) BGCs, NRPSpredictorH T Fiilll
AR A IR B iy 2 5 K] 7% M T A 5 A0 S
SR, NaPDoS(natural product domain seeker,
https://npdomainseeker.sdsc.edu) FillINRPS . PKS
(polyketide synthase) %38 9 40 1287,
CLUSEANH - 43 b7 T W6 4 it 4 0 2 B AR Fr) IR
A= PIr A B . antiSMASHSE H 5T R 2 1
ST T H . antiSMASHH] LATGINRPS FIPK S 4
IRABGCsIERE LL A AZ L3 PR (R TN, X6F LR i AT
CAIMIBGCs. BiG-SCAPEPE NBGCs R A4
FKFa, et iR PEantiSMASH M T 45 AT &)
SERI R AR B B 2% o0 B o JTAEOR, R R AL
BORGE G AYE B 7 T RS2 KRR =i 5
R, B 10FT7R R R 12 BGCs 1) 2
AR ARCY, @ B AR R AT B T,
M7 45 4% 2antiSMASH. PRISM. MiBiG%5%f
HBGCsHEAT T 73 A s % T2 B 45 2L &40 5
JEIFTLC-MS. NMR&E 1% H A S 25 ¥ AT A 46
o XFEBLAT LUK 54 S B RAE ik, B
WFA SR UR] FHBGCs Y EN SR T He 5 AL &4
AREM AR SRR . ok, AT AT DUAR SR AL &
W1 5 R SR AR T 4 BT i AL S W AR B RO R A
1%, AT AENT AR & BOSAE .

anti
e EIED sp-dmmpupie
\\\‘

| MIBIG  gyninmeme

-.‘\.\.::‘:"‘/’/Ir/;" @J NN

L B0

B0 ETERBEFIZMMLEEBCCSHIRIE

2.3 ETFRiERIFHZNRATYIZTR

U 2R AL R 2 2. ERE A JERE
ER B — T 15k, W T AR N TR N AR
FEYI A RS SRR, BRI TR AR
BHY . ORI S5 N K AEE VI O A
B AR U A 2 R A T R FE R B (mass
spectrometry, MS)HFEATAE =Y M e . B
R E AR R A, R A 4L 2R
VB — P X6 AR 4 22t 95 5 VR LB T A .

RS S MY R A R R A S AR
TIPS, A SAE BT (mass to charge
ratio, m/z)HE T, FARIEmM/Z R NHEFIS 2] 1)K
AT AT SIS . H20MH 4S04 “E R
B2 7 A S B R T R 51 AE R B H B
K, MSIEWTCA G EMELE L —. 5
NMR. ZL4MYi(infrared spectroscopy, IR). UV
M, MSEALLUFA: —RRBES, @HE R
L1 uLAF RS st RE e R DU 45 2R, X T AR
Vb oy S EIME AL E YR UL, MSA2 A )
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A DM — ol B AR 30 240 5 1 7 i =R ik
P M BE R, AT A5 HPLC. S AH B i B H (gas
chromatography mass spectrometry, GC)ZEATVREY)
(1153 B fEAT o

JREAR MY EELHEMS (mass
spectrometry', MS"){CH# 412 FIMS?(mass
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