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Abstract: Streptomycetes produce a variety of secondary metabolites, which are highly valuable in

clinical practice, agriculture, animal husbandry, biotechnology, efc. The research on the regulatory
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networks of secondary metabolites in Streptomycetes will improve their yields and facilitate the

discovery of novel secondary metabolites. The biosynthesis of secondary metabolites in Streptomycetes

can be regulated in a global or pathway-specific manner. The global regulators can target multiple

pathway-specific genes and biosynthesis genes, playing a universal and complicated role. Therefore,

studying the global regulation will improve the understanding of the complicated regulation networks in

Streptomycetes. DasR, a global regulator, plays a key role in the nutrient sensing, morphological

changing, and secondary metabolism. In this review, we summarized the structure, sequence, and

function of DasR, and reviewed the research findings on role of DasR in the growth, secondary

metabolism, nutrient sensing, and primary metabolism of Streptomycetes.

Keywords: DasR; Streptomyces; global regulation; secondary metabolism; nutrient sensing
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Figure 1

Structure of DasR™. A: DasR dimer without DNA or a potential effector molecule; B: topology

plot of full-length DasR in the ligand-free state; C: crystal structure of dimeric DasR-EBD bound to
GIcN-6-P; D: topology plot of monomeric DasR-EBD in complex with GlcN-6-P.
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F1 $EEH 139 H dre FEFFIVARE
Table 1  Classification of dre in Streptomyces sp. 139

Homologous Gene

Function Locus Matched sequence Position Reference
gene name

Primary metabolism (31)

PTS (2) F3L20 RS08195  GGTTGTCTAGACCAGT 40 sco5841 ptsH [22]
F3L20 RS10900 TCTTGTCTGGACCACA -131 scol390-1391  crrpts [22]

Amino-sugar metabolism (14) F3L20 RS12255 ACCGGCGTGGACCTCA -2951 sco6013 chiH [11]
F3L20 RS05695  TGTGGTTTAGACCAAT -9 $€05236 nagB  [23]
F3L20 RS10695  GATGGACTAGACCAGT -92 sco1429 chiD [11]

ABC transporter (15)

Secondary metabolism (2)

Development (6)

Transcription

and translation (18)
Transcriptional regulator (7)

Ribosome (7)

tRNA (3)

Others (60)

F3L20 RS05010 CCTGGTCGACACCACC -419

F3L20 RS21835 ACCGGTGTAGACCGCT -148

9 are not listed here including F3L20 RS13615, F3L20_RS21775, F3L20_RS05695,
F3L20 RS05695, F3L20 RS14405, F3L20 RS15770, F3L20 RS09085, F3L20_RS24000,
F3L20 RS03630.

F3L20 RS12215  ACAGGTATAGTCCACT -436

F3L20 RS08285  GCCGGTGGAGACCAGC -253

F3L20 RS19540 ACCGGTGACCACCACC -93

12 are not listed here including F3L20 RS00275, F3L20 RS02960, F3L20 RS06515,
F3L20 RS23860, F3L20 RS26780, F3L20 RS05055, F3L20 RS07510, F3L20 RS12560,
F3L20 RS20495, F3L20 RS07685, F3L20 RS07860, F3L20 RS13795.

F3L20 RS12480 CCTGGTGTTCACAAGC -428

F3L20 RS18840  ACCCGTCCACACCTCT -11

F3L20 RS00150 ACTGGTCCAGACGCCA -331

F3L20 RS18075  TCCCGTGTACACCAGT 23

F3L20 RS19405  ACTGGTGGACACCGTT -351

3 are not listed here including F3L.20 RS01690, F3L.20_RS00685, F3L20 RS24680.

F3L20 RS11890  AATGGTTTAGACCAGC -274 $c05231 dasR  [22]
F3L20 RS13300 CGCAGTCTAGACAAGT -5

F3L20 RS22085  GTTGGTGTAGACCAAT -64

4 are not listed here including F31L20 RS11680, F3L20_RS17605, F3L20_RS01990,
F3L20_RS10690.

F3L20 RS10910  AGAGGTCTAGACCACC -431

F3L20 RS03475  TCCGGTGTTGACATCC 12

F3L20 RS02150  ACCGGTCAACTCCACA -110

4 are not listed here including F3L.20 RS03150, F3L.20 RS07770, F3L20 RS08895,
F3L20_RS10920.

F3L20 RS07000  GATGGTTTAGACCAGT -225 $€05550 [14]
F3L20 RS00865  ACCGGTCTAGACAACA -36

F3L20 RS03185  ACCGCTGAACACCAGT -200

F3L20_RS00060 TGTGCTGTACGCAAGT -69

F3L20_RS00065  AGTGGTGTTCATCTGA -117

F3L20 RS00790 AGCGGTGTCGGCCACC -99

57 are not listed here including F3L20_RS03790, F3L20_RS03850, F3L20_RS04710, etc.
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(A)

(B)

B2 XEGHEHE MI145 PRI dasR™ 55 BE 139 Ak stel RIFS T

Figure 2 Phenotype of S. coelicolor M145, BAP29, Streptomyces sp. 139 and Streptomyces sp. 139 D1. A:
phenotype of S. coelicolor M145 and the dasR mutant BAP29; scanning electron micrographs of S. coelicolor
M145 (above) and BAP29 (below). Bars: left and medium, 10 um; right, 1 pm. B: phenotype of Streptomyces
sp. 139 and the stel mutant Streptomyces sp. 139 D1; scanning electron micrographs of Streptomyces sp. 139
(above) and Streptomyces sp. 139 D1 (below). Bars: left, 5 pm; medium, 2 pm; right, 1 pm.
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Figure 3 Model of DasR regulating primary and secondary metabolism in Streptomyces. The dashed line
indicates the metabolic relationship, and the solid line indicates the regulatory relationship, in which the
arrow indicates promotion and the blunt end indicates inhibition.

<l actamicro@im.ac.cn, & 010-64807516



HRTE | WAV, 2022, 62(4)

1267

ik PTS Wk, FFwiRibAE M GIeNAc-6P.,
GIcNAc-6P 7£ NagA f1E M T % & Btk A4 Ak
GleN-6PP" GIeNAc-6P Fil GleN-6P ¥ fig f: A4k
Vi35 DasR 4545, JFE(% DasR 5 HAR A
[R5EFN T7 . Rigali PR BLS GleNAce WSS
HSE A pesH ptsI .crr¥35% DasR J##% , (GleNAc),
MGG IR % dasABC 5 ngcEFG W%
DasR 45, FXSEi#n] i GleNAc G ™)
GIeN-6P 5 GIcNAc-6P f#BRMbiIfEA, HitIE
B SE R B TR 1, DasR AE A AHE S HF,
REAE A IR 1B IR RS, R E SR A K,
L3 AR R PR SR e /b DT fih 2 4798 Bl

e A 35 o e e AT ) R A8 v Y R R O
1l TR M5 B2 TN W) 92 ¥R J4 I (phosphoenolpyruvate
carboxykinase, PEPCK)J& ik A i} H i 5 5t 1 ,
e SR TRAG IR 5 W e Ak 2, OF ELAEALRE 53
A — . TERE GRS T, sRNA
scr5239 i PEPCK 4 i, Engel ZVL T,
DasR B 5 H EiiF dre v 5 454 W0l L% 5%
40N PEPCK /KT, 51E PEP /KF-Jt
=, SR A GleNAc ¥4/, 855 DasR A4
YERT, BBt el g 1 RSt UiB] DasR 7
HRC A Hh R A A

PrReEssm o, 72 R w2 i i 20 b 2 1
%(Saccharopolyspora erythraea) HIBE 5T R R B,
DasR il acsAl 5%, LR Gmtth (1) £ okt Ty
A B U R LT R 2 AT P Rk AR Y
OCHENE, ] DasR 72k A s An /A
A 0 4 vh R AR AR FARY, TERE R T T
REAFTERAL R PR AR T

4 K2

FEREOHERD . THEHER
(Streptomyces lividans)P?' | KO B5ERE Y | P4k
55 75 1 (Streptomyces  avermitilis)* /N Aii 1 42 K&

R P40, 2 20 A Bk i AR ¥ & hl
BN, HhRZHE AR Z T E2AERE
WA . WS E RN, (R SRR
R P AR R, REBOEA oKL,
A 3k T VR 0 A R S e R 4 e PR R e R Ak
I35 8 SRR D0 AT LA ¥ 20 DO RR A8 Tk A8
FE) A G P, DasR MR h 4R AR 1,
P Z PR AR R SRR BN, JF HLRERS IR
BIE SN, B9 DasR RS AT
RE X VT B e Ok R A 7 B A TR LA
HET L,

KSR COERETE I 139 1B stel JEIA
J5, RAMEIH S dasR BEEHRAIEETR %
B, AR RN W2 R T A, I HK
HPZ PR R (7 SRR . P25 R BoR,
stel 5 K 0 5 75 1A K (8 5% 55 14 Y dasR 1)
JPA—EHE SR T3% 1 75%. HEM Stel HA
Y5 DasR M4 R AR, HiHE RN 2
WEEY& MR AT BB DasR ARG
R, FFAETE S AR S5 1800 b R R
A SR 2 RS Stel BB -5 K2R A Bk A 2 o
1) stel F ste5 IR SIFIXEEEG, B OK
DasR WHEHE 5 ZMAY & Rk RER, &
SRy kS B Stel fEEEEE P S A
JIAH G Y R 19 30 (%, 56 35 BE R T P R A
W A G R0 R 45 I 2, DLt S B FRATT N B 25
B P AR AT A B A IR AR T )

S 3k

[1] Urem M, Swiqtek—Polatyﬁska MA, Rigali S, Van Wezel
GP. Intertwining nutrient-sensory networks and the
control of antibiotic production in Streptomyces.
Molecular Microbiology, 2016, 102(2): 183-195.

[2] Santos-Beneit F, Rodriguez-Garcia A, Martin JF.
Overlapping binding of PhoP and AfsR to the promoter
region of glnR in Streptomyces  coelicolor.

Microbiological Research, 2012, 167(9): 532-535.

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



1268

Huang Xingyu et al. | Acta Microbiologica Sinica, 2022, 62(4)

(3]

(8]

(9]

[10]

[12]

Martin JF, Liras P. The balance metabolism safety net:
integration of stress signals by interacting transcriptional
factors in Streptomyces and related actinobacteria.
Frontiers in Microbiology, 2020, 10: 3120.

Van Der Heul HU, Bilyk BL, McDowall KJ, Seipke RF,
Van Wezel GP. Regulation of antibiotic production in
the
post-genomic era. Natural Product Reports, 2018,
35(6): 575-604.

Van Bergeijk DA, Terlouw BR, Medema MH, Van
Wezel GP. Ecology and genomics of actinobacteria:

actinobacteria: new  perspectives from

new concepts for natural product discovery. Nature
Reviews Microbiology, 2020, 18(10): 546-558.

S, Schlicht M, Hoskisson P, Nothaft H,
Merzbacher M, Joris B, Titgemeyer F. Extending the

Rigali

classification of bacterial transcription factors beyond
the helix-turn-helix motif as an alternative approach to
discover new cis/trans relationships. Nucleic Acids
Research, 2004, 32(11): 3418-3426.

Rigali
Subdivision of the helix-turn-helix GntR family of
bacterial regulators in the FadR, HutC, MocR, and
YtrA subfamilies. Journal of Biological Chemistry,
2002, 277(15): 12507-12515.

Fillenberg SB, Friess MD, Koérner S, Bockmann RA,
Muller YA. Crystal structures of the global regulator

S, Derouaux A, Giannotta F, Dusart J.

DasR from Streptomyces coelicolor: implications for
the allosteric regulation of GntR/HutC repressors.
PLoS One, 2016, 11(6): e0157691.

Tenconi E, Urem M, Swiqtek—Poiatyﬁska MA,
Titgemeyer F, Muller YA, Van Wezel GP, Rigali S.
Multiple allosteric effectors control the affinity of
DasR for its target sites. Biochemical and Biophysical
Research Communications, 2015, 464(1): 324-329.
Rigali S, Titgemeyer F, Barends S, Mulder S, Thomae
AW, Hopwood DA, Van Wezel GP. Feast or famine: the
global regulator DasR links nutrient stress to antibiotic
production by Streptomyces. EMBO Reports, 2008,
9(7): 670-675.

Colson S, Stephan J, Hertrich T, Saito A, Van Wezel GP,
Titgemeyer F, Rigali S. Conserved Cis-acting elements
upstream of genes composing the chitinolytic system
of streptomycetes are DasR-responsive elements.
Journal of Molecular Microbiology and Biotechnology,
2007, 12(1/2): 60-66.

Nazari B, Kobayashi M, Saito A, Hassaninasab A,
Miyashita K, Fujii T. Chitin-induced gene expression
in secondary metabolic pathways of Streptomyces

<l actamicro@im.ac.cn, & 010-64807516

[15]

[16]

[17]

[19]

(20]

coelicolor A3(2) grown in soil. Applied and
Environmental Microbiology, 2013, 79(2): 707-713.
Martin  JF, Sola-Landa A,

Fernandez-Martinez LT, Prieto C, Rodriguez-Garcia A.

Santos-Beneit F,

Cross-talk of global nutritional regulators in the
control of primary and secondary metabolism in
Streptomyces. Microbial Biotechnology, 2011, 4(2):
165-174.

Swiatek-Potatynska MA, Bucca G, Laing E, Gubbens J,
Titgemeyer F, Smith CP, Rigali S, Van Wezel GP.
Genome-wide analysis of in vivo binding of the master
regulator DasR in Streptomyces coelicolor identifies
novel non-canonical targets. PLoS One, 2015, 10(4):
e0122479.

Engel F, Ossipova E, Jakobsson PJ, Vockenhuber MP,
Suess B. sRNA s¢r5239 involved in feedback loop
regulation of Streptomyces coelicolor central metabolism.
Frontiers in Microbiology, 2020, 10: 3121.

Guo WW, Xu FY, Zhuang ZC, Liu Z, Xie JM, Bai LP.
Ebosin ameliorates psoriasis-like inflammation of mice
via miR-155 targeting tnfaip3 on IL-17 pathway.
Frontiers in Immunology, 2021, 12: 662362.

Zhang Y, Wang L, Bai L, Jiang R, Guo L, Wu J, Cheng
G, Zhang R, Li Y. Effect of ebosin on modulating
interleukin-1pB-induced inflammatory responses in rat
fibroblast-like synoviocytes. Cellular & Molecular
Immunology, 2016, 13(5): 584-592.

Wang LY, Li ST, Li Y.
characterization of a

Identification and

new  exopolysaccharide
biosynthesis gene cluster from Streptomyces. FEMS
Microbiology Letters, 2003, 220(1): 21-27.

FAF, 250, GE% R AT E H DasRABC MHFFE#E
JE. AP, 2010, 37(9): 1369-1373.

Bai LP, Li Y. Study of DasRABC in Streptomyces.
Microbiology China, 2010, 37(9): 1369-1373. (in
Chinese)

Bai LP, Qi XQ, Zhang Y, Yao C, Guo LH, Jiang R,
Zhang R, Li Y. A new GntR family regulator Stel in
Streptomyces sp. 139. Applied Microbiology and
Biotechnology, 2013, 97(19): 8673-8682.

Ai LM, Geng MX, Ma M, Bai LP. Complete genome
sequence of the ebosin-producing strain Streptomyces
sp. 139. Microbiology Resource Announcements, 2019,
8(49): €01283-e01219.

Rigali S, Nothaft H, Noens EEE, Schlicht M, Colson S,
Miller M, Joris B, Koerten HK, Hopwood DA,
Van Wezel GP. The
phosphotransferase system of Streptomyces coelicolor

Titgemeyer F, sugar



HRTE | WAV, 2022, 62(4)

1269

[25]

[26]

[27]

[29]

is regulated by the GntR-family regulator DasR and
links N-acetylglucosamine metabolism to the control
of development. Molecular Microbiology, 2006, 61(5):
1237-1251.

Swiqtek-Polatyﬁska MA, Tenconi E, Rigali S, Van
Wezel GP. the
N-acetylglucosamine metabolic genes of Streptomyces

Functional analysis of
coelicolor and role in control of development and
antibiotic production. Journal of Bacteriology, 2012,
194(5): 1136—-1144.

Seo JW, Ohnishi Y, Hirata A, Horinouchi S.
ATP-binding cassette transport system involved in
regulation of morphological differentiation in response
to glucose in Streptomyces griseus. Journal of
Bacteriology, 2002, 184(1): 91-103.
Martin JF, Liras P. Cascades
regulatory genes that control antibiotic biosynthesis.
Sub-Cellular Biochemistry, 2012, 64: 115-138.

Chen H, Cui JQ, Wang P, Wang X, Wen JP.
Enhancement of bleomycin production in Streptomyces

and networks of

verticillus through global metabolic regulation of
N-acetylglucosamine and assisted metabolic profiling
analysis. Microbial Cell Factories, 2020, 19(1): 32.
Zhang Y, Lin CY, Li XM, Tang ZK, Qiao JJ, Zhao GR.
DasR positively controls monensin production at
two-level regulation in Streptomyces cinnamonensis.
Journal of Industrial Microbiology and Biotechnology,
2016, 43(12): 1681-1692.

Liao CH, Xu Y, Rigali S, Ye BC. DasR is a pleiotropic
regulator required for antibiotic production, pigment
biosynthesis, and morphological development in
Saccharopolyspora erythraea. Applied Microbiology
and Biotechnology, 2015, 99(23): 10215-10224.
Colson S, Van Wezel GP, Craig M, Noens EEE,
Nothaft H, Mommaas AM, Titgemeyer F, Joris B,
Rigali S. The chitobiose-binding protein, DasA, acts as
a link between chitin utilization and morphogenesis in
Streptomyces coelicolor. Microbiology, 2008, 154(2):
373-382.

Nothaft H, Rigali S, Boomsma B, Swiatek M,
McDowall KJ, Van Wezel GP, Titgemeyer F. The
the

and utilization in

permease  gene  nagk? is key to

N-acetylglucosamine sensing

Streptomyces coelicolor and is subject to multi-level

(32]

[33]

[35]

[36]

control.  Molecular 2010,  75(5):
1133-1144.
You D, Zhang BQ, Ye BC. GntR family regulator DasR

controls acetate assimilation by directly repressing the

Microbiology,

acsA gene in Saccharopolyspora erythraea. Journal of
Bacteriology, 2018, 200(13): e00685-e00617.

Bentley SD, Chater KF, Cerdefio-Tarraga AM, Challis
GL, Thomson NR, James KD, Harris DE, Quail MA,
Kieser H, Harper D, Bateman A, Brown S, Chandra G,
Chen CW, Collins M, Cronin A, Fraser A, Goble A,
Hidalgo J, Hornsby T, Howarth S, Huang CH, Kieser T,
Larke L, Murphy L, Oliver K, O’Neil 8,
Rabbinowitsch E, Rajandream MA, Rutherford K,
Rutter S, Seeger K, Saunders D, Sharp S, Squares R,
Squares S, Taylor K, Warren T, Wietzorrek A,
Woodward J, Barrell BG, Parkhill J, Hopwood DA.
Complete genome sequence of the model actinomycete
Streptomyces  coelicolor  A3(2). Nature, 2002,
417(6885): 141-147.

Cruz-Morales P, Vijgenboom E, Iruegas-Bocardo F,
Girard G, Yanez-Guerra LA, Ramos-Aboites HE,
Pernodet JL, Anné J, Van Wezel GP, Barona-Gomez F.
The genome sequence of Streptomyces lividans 66
reveals a novel tRNA-dependent peptide biosynthetic
system within a metal-related genomic island. Genome
Biology and Evolution, 2013, 5(6): 1165-1175.
Ohnishi Y, Ishikawa J, Hara H, Suzuki H, Ikenoya M,
Ikeda H, Yamashita A, Hattori M, Horinouchi S.
Genome sequence of the streptomycin-producing
microorganism Streptomyces griseus 1FO 13350.
Journal of Bacteriology, 2008, 190(11): 4050-4060.
Ikeda H, Ishikawa J, Hanamoto A, Shinose M, Kikuchi
H, Shiba T, Sakaki Y, Hattori M, Omura S. Complete
genome sequence and comparative analysis of the
industrial microorganism Streptomyces avermitilis.
Nature Biotechnology, 2003, 21(5): 526-531.

Niu GQ, Chater KF, Tian YQ, Zhang JH, Tan HR.
Specialised metabolites regulating antibiotic
biosynthesis in Streptomyces spp.. FEMS Microbiology
Reviews, 2016, 40(4): 554-573.

Kalkreuter E, Pan GH, Cepeda AJ, Shen B. Targeting
bacterial genomes for natural product discovery.
Trends in Pharmacological Sciences, 2020, 41(1):

13-26.

(A4

FiE)

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



