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Abstract: Natural products with remarkable biological activities from Streptomyces are
important sources for drug discovery. The advancing sequencing technology has revealed the
biosynthetic potential of Streptomyces. Most biosynthetic gene clusters (BGCs) in Streptomyces
are at low expression levels or even in silence under routine laboratory conditions, which
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hinders the discovery of natural products. In situ activation and heterologous expression are
effective ways for discovering natural products in Streptomyces, in which promoters as the
“switch” of gene expression play a key role. Therefore, the study of promoters can promote the
activation of BGCs for the mining of new natural products. We introduce Streptomyces promoters
in terms of the structures, mining, design, and applications in natural product discovery. This
review is expected to provide new insights and methodological references for the optimization of
biosynthesis pathways and the discovery of new bioactive substances in Streptomyces.

Keywords: Sreptomyces; promoter; natural products; biosynthetic gene clusters
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Figure 1 Natural product discovery in Sreptomyces via promoter engineering.
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Figure 2 The structures of natural products activated by promoter engineering in Streptomyces.
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Figure 3 The prokaryotic promoter structures (A) Escherichia coli promoter structure (B) Streptomyces

promoter structure recognized by o

. CDS: Coding sequence.
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Table I Commonly used native promoters in Streptomyces
Promoter Strain —35region Distance —10 region Function Type References
(bp)
ermEpl S erythraeus TGGACA 14 TAGGAT  Erythromycin gene promoter Constitutive [27]
ermEp2 S erythraeus TTGACG 18 GAGGAT Erythromycin gene promoter Constitutive
SF14p S ghanaensis TTGACC 19 TACAAT  Promoter recognized by "% Constitutive [35]
phage 119
kasOp S. coelicolor TTGACA 18 TAAAGT Promoter of a SARP family  Constitutive [36]
A3(2) regulator
gapdhp S aureofaciens TAAACA 17 TACGCT  Glyceraldehyde-3-phosphate  Constitutive [37]
dehydrogenase gene promoter
tsrPlp S lividans TTGATT 17 TAGGGT  B-galactosidase gene Constitutive [38]
promoter
rpslp S ramocissimus TAACGC 18 TAGGCT  Promoter of 30S ribosomal Constitutive  [39]
protein S12
galPlp S lividans TGACAG 23 TATGTT  Galactose inducible promoter Inducible [40]
nitAp Rhodococcus TTGACG 17 TGCAAT  Nitrase gene promoter Inducible [41]
rhodochrous J1
chi63p S plicatus TTGACC 17 TATTCT  Chitinase gene promoter Inducible [42]
chi35p S plicatus TTGACC 18 TACGGT  Chitinase gene promoter Inducible
tipAp S lividans TTGCAC 19 CAGCGT Thiostrepton inducible Inducible [43]

promoter

DFIERAL , B2 15 3 F Rk REHIT L.
SR 24 i A A b BT R AR sh TR
WA, BT & LU 2 BHIE S A e
) 2 Fh T 2K o
2.1 AREBEhFRIZHE

—H LK, WFRENTEO T N A
Iz R RIS SRR Wi Rk . K
WG BB AR LR, Jash T4 7
BB EINZ ok & B A E B 2% T H X} DNA
FEANHEAT 43 B B T00 - AT 28 4 v 7 19 B g 1
AT I LAEAIE, 2016 4, Liu Z53E T sk
ST, RS AR B e T
TGase Jii 8l T BY 52 P 91 X 8k, 2% 5% ) TGase
A FHr—B B FS; 7 S lividans H1i
IR R, 12 BHLIE 1 4] 1) dle 2 1 5 2 2 T e T
=g T 81.3%, #F— LG RN LT
Ak, e 4 2 I g I ™ it R 36 0T 43 1) ik 3]

5.73 U/mL #1 0.14 U/(mL-h)%,

Ll DNA HBHR & B RNA B3 5k 2 2 5E
HRIEWE 2, B F7EL R RIE T H
YER,  PRLHAS 90 35 10 B BT e S /K- i
FTERFE LIRS 00 13 3 o0t o Luo S5
RNA-Seq 73#1 M\ Streptomyces albus 71074 H1ff
IR T 32 Mk SR s+, sRIEE ermE*p
(1 4%—1 300%, 38 32 3 — 00 5 e 4t KL D Y
SACE, BEH 10 M RE S 2, Xk
A s FHT<BIEEN &, B EM RS T
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3 b S IR AE R B 2 R ARG I R B ARt
2017 4, T 4 5 R A il (polyketide synthase,
PKS)JEH By Rk, i) % s 4 B0l o A L2
My 2,3- WA B RG Uk, R T —1 W
U5 ) 5l 1 5063p; f# il 5063p #¥ it PKS )i
3 gdmAlp, PKS Fik & A T8 A= B34 hn 1
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4-141 f%, H 4% /K 5% % (geldanamycin))™ it
PET 39%*, 2020 4, A RIRECN 2
Xt H AR 41 oK 2K UL %2 3R (milbemycin) £ A% ) FH
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otrR YRk, it Fa i HHA 2 A~
[F) 5 ) i s R A o, IF S F Ak
R GEM T i g 2hF iR R L) e

Bl AT S R L3R A | Rl IE SRR R AE 2
T 5 TR RS MU AR i TR R AR S
BUAE T R A TN B8 T IR S A A

T34k, TEHA A P B e s T
— S R B % . Pan SE B A
AR AR TRt T P g 3k BRI T DR 240 1 D 8] 2 3K 75
Kt DNA F B, fEHIH M 9K sh sk e 5t
it R R R, 25 is A MG T i
TESL LA i 2RI E A 3+ 2, Pasre-100
fiff Escherichia coli Hr L-4ZRR 117 514 1 1.73 1%,
SRS B Pew SZPE T Serratia marcescens H &
LR RIRTF 34.81%) ) BEEFEIR S TR &
A AT S B iy TR e M B, ik — 204
HRIRIB TR
22 FREBRIHTFHAL

ER ALY, ETREENEAR L
RO 4k R AR AR A 5 B B T AE N
B 0:g = N 7 i) = ) R e G i e S S N E
Hil2A R, (2B S A A BREGE iE S RS
Bl 0] B 558 1 P L R R AR RS B R T

S5 EWE B0 515 SRR AOCR W
5, BNINEM T —if SRR KO, IRk
ZHK T ER | R B A cumate 15 K5
RY Y] AR, Wang 253 i LA BE RS
FER A FE A FTF4, M Sreptomyces rimosus
PR T L ERIE ST HE T OuR ., YT
otrO FJF 3l otrBp , FI| FH iX £ REAIE B i 1) 352 1%
YUERHLETIHERBERERIERGE Potr*; Potr*
2 FEERE I o S KRS S RS, I
B T80 Streptomyces venezuelae ISP5230 H1i5T
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iy A THEBEERG ST, PR RTE A
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T BLIEFTINE , T ACHE A xyl A 72 D-AH
fEFE T Rk, Rk A xylA R s ik tr
FRGEAFE , 1% FR G0 0T A T AR 5 A Y
2019 4, SHSCELBENRES D B MBI A 7=, W5
HAE S lividans HAA EE T 75 5 5 (ti pAp ) /4 B 7Y
(ermE*p)MUH s TR X R G, HalfEIEHTK
RSB S NG AR I D R R R Rk, DA
R B 5 25 1 T WIS G D e fE =% 5
4, Torres-Bacete & 7E E. coli ") FH TCHLEEVL
Hema R ARG, K—AiR)a s T35 XN
R5F ) PHO IXIRGAF A, T 15 5 H ARG 3h+
Je , ANE I A B S L v JC AL A e B B AT
TR A K 5 =0 PHO ¥ T RS 7EM
Bz 06, [FEE PhoB 24 ¥4 2 I 1E
R R A B, XX R AR PR Tl Ak AR
HA | & m X,

ETOAMESRERS, HRENITE
BT — RN E S SR IB K. Matsumoto
SEAEHE R S PR KRB IR pSHI9 (FH %
KRG Pria-NitR) 51 A K FF B 5B 114
AR S (ColEN P AERPIMEEN, AT
6 i 4 B A - K A DR 5 R B 2R M A
Hid 3 AN 2A7E S lividans TK24 H BG5S 3%
KRS, JRA MR R IR IR TR,
TR R R A I P S A SR B R 1 2% L AN
ARAE, 2017 45, Li 2 7 —Fhad A R AR
TSR B SRS, SR SE R T Ik R

TRl BGCs WRis: Hoo, RAATFRA
Bl AR L B ek, 3 A L TR S L A e
R A R R RIS, s R
SRUUEE, THEAS BITER AR T ST AUR 3)
FRCRARA IR S 3+ e, iR
A TR, IWIMTEATGZALAF5 750 i
B RSB BGCs B AERBY, 12 X —ems,
TR £ 41 % (actinorhodin) 1 1 %% % (oxytetracycline)
7oA AR Gy R T IR s IR R T A
YR T L3 A 9.1 4%, K A shH TR
W T B T O T R B R AR RN RV ), A
IR T BB,

REMBETHRE ST, BEREEIT
BT AR R, (AH A B AT R R
HiE, RZEFAE s FE D35 S5 S
AR R, Kk, B3 ES A MRS
A B B A s A 7 TN, AN
FONG LT H A ) I R X R — 15 =45 S 0 )
B o PR, ERTE AR 0 R A T Ak
A7z . BEEAEEOR B A e, RATIHEIT
KR 2 B SRR s, TERER WA
TR b R HEEREEN, IF) T E
Wy v i 45 1] B A R o

3 HEWALREZ T WX
7

3.1 #HEREBFHEMEIT

ik e e R LTS R R 04 ) B T AR A
WARR, UM RIRIE 372 0 DL 2 52 Br
PR R . BTl , BFSE A2 2 RUA
AT EVE RO O, DAIARAR B AR
LIRIb) = koIS Ee

WG XEHIPLEL IR ABETE , BFTEA D1 K
PRLE N 52X R SRR RE - A, IR
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S JE AR R -0 3 45 A LS R T A R
it. SKEPET S coelicolor #)i33¥ kasOp % %
PRI T ScbR 1 ScbR2 () ™A% sl , A
NG E Jok kasOp #%.0 X %% ScbR M
ScbR2 MAHIRIZE AL OB B bR IFIHAT AR
FERRGE , 3RAG T 3R . kasOp =T 40 505
31 kasOp3; KJ5 78 LA X575 OA BEHL
AR, AR5 kasOp361, B HHTS
B2 N B3RS 8 F kasO*p, #E—4 5 EVH
(58 JE BT ermE*p Fll SF14p .4, kasO*p Ji&
7 R R 8K sh ek KSR R R
WA TR BT IR X3, 2018 41— T
FEOT AT R B T O R AR R B S5 S I b 1L R
FIFES, 1EEA pimMp B 3h F5eaE F,
T B SR T SR T R R TR BT
g, X R PR R R T
Tk = 5 A ) 5L R Rk M FE oo, B
B W TR R AR Z RIS . SRR X (5"
untranslated region, 5'UTR){V T Zufd X I Ji7 1M
ARERIPE, X A SRS,
WA LS & {57 15 (ribosome binding site, RBS).
Yi 5T S coelicolor M145 £ 4 #5194y
B, # 2 S HAAEE RN G35 44 5S'UTR
XIHATH G E, R T 8 HARshFIFsl,
X2 S B UK gl e 45 BRI B K iR K F 2
ermE*p FIFBK Y 0.03—2.4 4% 5 {57 FHAH ] 5 g ok
3 ACHEME ST, R ILRIFEER A
T SE BRI R ek 3 5 00, o Mk I sl AT
Pt B R RN T " BHBART, HAB SR
BESRARCR, AR BIPRCE I A A . Zhao 5%
TE 2019 4FEFF & T —FIaRORNE , 4 o’ Motk
B+ tacp MAZ LA S FIX 5T S lividans TK24
1 kasO*pris ) S'UTRgs Al 515 2] T tac*tp, H:
T M43 51 2 tacp #l kasO*prs 9 8.1 £ F1 1.7 %5
ZJa, EiL VLR S'UTR s 158 T et

JA 8T tac*prass, HLIHTE IR tac*p . kasO*pr;s
Fl tacp 19 2.1, 3.6 F1 17.6 157 (Kl 4), iX—W5%
RS RIS B TR s PR T A RUAE

A WAE B R R D B 5 TR B 1 ek
WM TE R, 2022 4E, Xu
BPROM . BacPP ix 2 NTEZ M T. 5., Azl
LR SR B F A 8, BT ik 10 2505 30
THA 8 50 30 B 2 B OAS R R B R
L, EREHEGRMT, REEH T HIE
F)(515.7+£25.3) pg/mL, EFE HATEREE AL
40 e 3k F G Hh R T 1 e KON
32 WMERBIHFXEMEE

h T AR RAETE ZONFBREE . AR T RE
WE B, X AR A T B AR A 98
RN RERTHEN TS 30F . #EE W
Jet B F 3 PE A gt 3 I T AR OR AT T 1 1 B AL
b DhRER R SCPE 2 5 55

TR FARRSF P I RENLAL,, Siegl 55
TELH 5 21 ermEpl B SLAE bk Tk, 2
ST B RUR ST, Horh-35 KAI-10 XY
. HhEL RS R, RS AR
FLEME T T 56 A Ua s T, XEE ST
f 5 B 2 ermEp1 ) 2%—319%, Hirb 21 TR
A, IR AT AR I B I 45 114 BE AR AL T
W, NG A BT LR SR A 8 F A
KIH AN 5 2 AR N S 2 AP i) T4 . [RIAE L,
Bai 7ERH )G AITFFEH LA kasO*p Ji ol F ik
M, tEET 2 ANBEPLIR AR RIS B SO, 43
X} kasO*p BY—10 X Fii#EF4]. —10 X F1-35 X
Z BRI N A T4, Irds 2 180 A~A Al
Ja BT RO TE Y B2 kasO*p # 0.95%—187.5%,
A 6 N s FRILT kasO*p, Hi 54k H
SR T3 AR AT R Bh A — 20 Ty
JE kB, TR KT 558 G 30§ R K] fEXT
SR E ST, Xy G BGCs
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Figure 4 Promoter and 5'UTR fusion strategy.

3 B S R G R T N E R R
LU B, AU Bl SO R X T
PEACTR AT ™ 0 £ W 6 B A ELA E B
FAME

2018 4, Ji M T — N HA G
FERTR N TIPS, A TR A A iy - E A A
K& i (nonribosomal peptide synthetase, NRPS)
FETIRshFHd Rae, %min] ik & nibe i
4 % (indigoidine) , M 1 BE 5 PR 7 2 K = 7
§1; ZJExE S albus 11074 R 3175 RBS &
JEREHLALG 0P SN AT e, R R A=
RE S dl oy o . P L SRS EEPE, Hodh A26.
A35 FIEE, Bl S kasO*p #2401,
2023 4, Z A 5T H B\ IE 7E CaExTun - 544 £

F@ : Strong promoter

: Weak promoter

MWW : MRNA

: Protein

HEHFEIFER N TP 5 SRS Cas9 B K5
TR, FECRUEDT VI AE ) i [R] B % Cas9
FETEM:, BN Se I T B 55 IS S 57
PESL P g7
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EFXHIETF B. subtilis B3R5 81 F Paa H—15 X
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Figure 5 Artificial intelligence technology-assisted promoter development.
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AEFR HL (primary metabolism module, PM)FIIK 2%
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Figure 6 The knock-in strategy based on CRISPR-Cas9. NP: Natural product.
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