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Analysis of secondary metabolite regulatory system and construction of the
biosynthetic platform by multiple regulatory control
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We carried out comprehensive analysis of the regulatory system in Streptomyces
rochei 7434AN4, especially for improvement of antibiotic production and genome mining. Second repressor
gene srrB negatively regulates lankacidin and lankamycin production by binding SARP gene srrY. The
tpg-tap gene pair coded on the linear plasmids, pSLA2-L and pSLA2-M, is essential for the maintenance of
linear topology of the Streptomyces rochei chromosome. Furthermore, multiple gene inactivation of the
regulatory gene together with main biosynthetic machinery resulted in activation of silent secondary
metabolite gene clusters.



7434AN4 2
(LC)
1) 3
-M, -S
LC, LM
(roc)

[Mochizuki et al., Mol. Microbiol.
48, 1501-1510 (2003)]

SrrA

RNA polymerase +

| SirX; SRB
| SrrA; SRB

Lankacidin C (LC)

LC, LM

14

Sy

N

Sreptomyces rochel

(LM) (
pSLA2-L,
pSLA2-L
type-ll
(crt)

&M — &3

ﬂ Ikc cluster

ﬂ Ikm cluster

Lankamycin (LM)

S. rochei

17
LC

PKS

LC LM
LC, LM

(Streptomyces rochei butenolide)

LM

S rochei

S rochei
(3-1)

SRB SrrA SARP srrY

srB

RT-PCR
2 SARP
srrY, srrZ LC.LM

srB

LC.LM [Arakawa

et al., Microbiology 153, 1817-1827 (2007)]



srrB

(3-2) S. roche

ORF
2011 [Hlumina
S rochei
Contig
PCR
100 kb
contig 35 Contig ; 407 kb
contig 8.85 Mb
PacBio
ORF
(3-3)
2-39
2-39
(3-4) IkcA
LC NRPS-PKS
IkcA LC
uv
(35

srrB
LC, LM
PKS KR IkcF-KR1
IkmE
KA57-A
(4-1)
S rochei srrX
(SRB ) — srrA (SRB
)—srrY (SARP )[-LC [~
srrZ (SARP )-LM
(G
s'rB
SITA, SrB,
srrY
SrrA sy, srB
SrrB srrY
2 SrrA,
SrrB
srB LC, LM

(4-2) S. roche

ORF

GA-II



100 kb contigs 35
170
PacBio RS-II
contigs 8
16S-23S-5S rDNA
PCR walking
8.36 Mb
33
(4-3)
S rochei pSLA2-L, -M
tap-tpg
(4-4) 1kcA
IkcA uv
28
(PM)
epi-
( 2 PM
(pem)  Sreptomyces avermitilis
(pte;
80.4 kb)
500 kb

srrX

M& OH  Me
Citreodiol

OH o

NN OMe

Me bH Me
epi-Citreodiol

Pentamycin

2  kcABRGFHBEKRNSEEET IR F FIEEY

(4-5)

srB, IkcF-KR1, |[kmE

KA57-A
( 3 KA57-A
([M+Na]'=239)
cis-1-
(C1'-C6") C-1
2
C2-C4
[3-C] C-4
[2,3,3-*H;]DL-serine
KA57-A  H-4

[1,1-"H,]1-hexylamine
KA57-A
([M+Na]'=243)
C10H20"H,N, 05
[1',1'2H,]1',2"-dihydro-KA57-A
*H-NMR

KAS57-A 12"



H
A
A
CH,OH
ﬂ H2 (@)
A
H

o—j CH3 % CH3COONa
1',2-dihydro-KA57-A

l c1-c2

MN*‘& \SX/ZV

KA57-, A
A H-1 of 1-hexylamine ® C-2 of acetate
B Nitrogen of 1-hexylamine A H-3 of serine
B Nitrogen of serine @ H-2 of serine
KAS57-A
9
X
Ada Yonath

Jack Tuszynski

H. Kunitake, T. Hiramatsu, H. Kinashi, K.
Arakawa

“Isolation and biosynthesis of an azoxyalkene
compound produced by a multiple gene
disruptant of Sreptomyces rochei”
ChemBioChem,16, 2237-2243 (2015).

DOI: 10.1002/cbic.201500393

Y. Nindita, Z. Cao, Y. Yang, K. Arakawa, Y.
Shiwa, H. Yoshikawa, M. Tagami, A.
Lezhava, H. Kinashi

“The tap-tpg gene pair on the linear plasmid
functions to maintain a linear topology of the
chromosome in Sreptomyces rochel”

Mol. Microbiol., 95, 846-858 (2015).

DOI: 10.1111/mmi.12904

Z. Cao, R. Yoshida, H. Kinashi, K. Arakawa
“Blockage of the early step of lankacidin
biosynthesis caused a large production of
pentamycin, citreodiol, and epi-citreodiol in
Sreptomyces rochel”

J. Antibiot., 68, 328-333 (2015).

DOI: 10.1038/ja.2014.160
K. Arakawa

“Genetic and biochemical analysis of the
antibiotic biosynthetic gene clusters on the
Sreptomyces linear plasmid”

Biosci. Biotechnol. Biochem., 78, 183-189
(2014).

DOI: 10.1080/09168451.2014.882761

Y. Nindita, T. Nishikawa, K. Arakawa, G.
Wang, K. Ochi, Z. Qin, H. Kinashi
“Chromosome circularization of the model
Sreptomyces species, Sreptomyces
codlicolor A3(2)”

FEMSMicrobiol. Lett., 347, 149-155 (2013).
DOI: 10.1111/1574-6968.12228

47



2015
2015 10 14

K. Arakawa

”Manipulation of the Sreptomyces regulatory
network for engineering natural product
biosynthesis”, 1 US-Japan Seminar on the

Biosynthesis of Natural Products for Young
Researcher 2014 3 3

38 2014

65

2013 9 19

2013 9 11

http://home.hiroshima-u.ac.jp/mbiotech/Slab/inde

x.html

€Y)
ARAKAWA KENJI

&)

®



