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Research progress in regulation of secondary metabolite synthesis
by two-component systems in Streptomyces
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Abstract: Streptomyces can produce various active secondary metabolites, which can be widely
used in medical, industrial, agricultural, and other fields. The secondary metabolite synthesis in
Streptomyces is regulated by pathway-specific, pleiotropic, and global regulatory genes. The two-
component system, as the main signal transduction system in prokaryotes, participates in various
physiological and biochemical reactions of Streptomyces and can globally regulate secondary
metabolites. The deletion or overexpression of specific two-component system genes can
significantly affect the biosynthesis of secondary metabolites. Identifying the functions of two-
component systems and elucidating their regulatory mechanisms can contribute to enhancing the
production efficiency of secondary metabolites by genetic engineering. This paper reviews the
research trends of two-component systems in various Streptomyces species such as Streptomyces
albidoflavus in recent years and particularly summarizes and elaborates on the regulatory
mechanisms of their secondary metabolite synthesis.

Keywords: Streptomyces; two-component system; secondary metabolites; regulatory mechanism
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Figure 1 Schematic structure of a typical two-component system.
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Figure 2 Schematic diagram of direct regulation mediated by two-component system through distinct triggering
signals. Arrows connect histidine kinases (HKs) with their cognate response regulators (RRs); Continuous lines
indicate a direct effect through genes involved in synthesizing or regulating the metabolite; Black arrow headed
lines indicate positive regulation, while red arrow headed lines denote negative regulation. ACT: Actinorhodin;
RED: Undecylprodigiosin; CDA: Calcium-dependent antibiotic; yCPK: Coelimycin P2; CEP: Cephamycin.
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Figure 3  Schematic diagram of indirect regulation mediated by two-component system through distinct
triggering signals. Arrows connect histidine kinases (HKs) with their cognate response regulators (RRs);
Discontinuous lines indicate indirect or unknown regulation; Black arrow headed lines indicate positive
regulation, while red arrow headed lines denote negative regulation. (1) Environmental stress response (indirect

modulation of secondary metabolism through stress signals such as oxidative or osmotic stress): SenS/R
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(responds to oxidative stress and regulates antioxidant molecule synthesis), OsaA/B (responds to osmotic stress
and maintains intracellular osmotic balance); (2) Regulation of morphological development (indirect modulation
of secondary metabolism via control of hyphal differentiation or sporulation): BIdM (regulates aerial hyphae
development), Whil (controls sporulation), RamR (regulates the synthesis of morphogenic peptide SapB); (3)
Regulation of nitrogen metabolism: GInR (regulates genes such as glutamine synthetase, ammonium assimilation,
and nitrate/nitrite assimilation); (4) Regulation of phosphate metabolism: PhoR/P (under phosphate-limiting
conditions, inhibits primary and secondary metabolism genes to prioritize phosphate homeostasis restoration); (5)
Unresolved regulatory approaches; (6) Cross-regulation of other regulators (indirect modulation of secondary
metabolism via activation or inhibition of global transcription factors or ¢ factors): EcrA1/A2, EcrE1/E2 (regulate
pathway-specific regulators redZ, redD); AfrQ1/Q2, RimA1/A2 (regulate pathway-specific regulators otcR).
ACT: Actinorhodin; RED: Undecylprodigiosin; CDA: Calcium-dependent antibiotic; yCPK: Coelimycin P2; Chl:
Chloramphenicol, PRI: Pristinamycin.

RED). # {4 % (coelimycin P2, yCPK). #5{Ki#i  3639/3640/3641, RR-HK-RR-HK). 34 /ML HK

P4 2 (calcium-dependent antibiotic, CDA)%, it
F P2CS K41 (http://www.p2cs.org/, T 2025 4F
2 H 19 Hiffla)k B, S.albidoflavus &4 100 4
HK F1 87 4~ RR, Hr1 63 X HK-RR AV AL,

120 ML RR (£ 1). HAG, S. albidoflavus H
A 34 X WAL 5 R G e R0, AR Sou
A WG HGE () L 5 RGN T SR, X
it 5 4F S. albidoflavus TCS 5T HE & ¥ R

MLy R GE, A 14 = IRR(SCO0870/
0871/0872, RR-HK-RR). 1 /> i {4 (SC0O3638/

FPREAT 1 B4, JUHR R R R A B
éﬂﬁ?\é Lo
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Table 1 Known typical and orphan two-component systems in Streptomyces albidoflavus

HK Type RR Family HK Type RR Family
SC00203 Classic SC00204 NarL SCO0211 Classic - -
SC00422 Classic SCO0421 NarL SCO0551 Classic SCO00552 OmpR
SCO0588 Classic - - SCO0599 Classic - -
SCO0946 Classic - - SCO1071 Classic SCO1070 NarL
SCO1137 Classic SCO1136 IcIR SCO1160 Classic - -
SCO1217 Classic - - - - SCO1220 LytTR
SCO1259 Classic SCO1260 NarL SCO1369 Classic SCO1370 NarL
SCO1402 Classic - - SCO1596 Classic - -
SCO1630 Classic - - - - SCO1654 NarL
SCO1744 Classic SCO1745 NarL SCO1802 Classic SCO1801 NarL
- - SC02013 AmiR NasR SCO2121 Classic SCO2120 NarL
SCO2142 Classic SCO2143 OmpR SCO2166 Classic SCO2165 NarL
SCO2215 Classic SCO2216 NarL - - SC02281 NarL
SC02307 Classic SCO02308 NarL SC02359 Classic SCO2358 NarL
SCO2518 Classic SCO2517 NarL SC02800 Classic SCO2801 OmpR
SCO2879 Classic - - - - SC03008 NarL
SC03012 Classic SC03013 OmpR SC03062 Classic SCO3063 OmpR
SCO3119 Classic - - - - SCO3134 NarL
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=3
HK Type RR Family HK Type RR Family
- - SCO3144 NarL SCO3225 Classic SC03226 NarL
SCO3284 Classic - - SCO3359 Classic SCO3358 OmpR
SCO03390 Classic SCO3389 NarL SCO3589 Classic SC03590 OmpR
SCO3654 Classic SCO3653 NarL SCO3740 Classic SCO3741 OmpR
SCO3750 Classic - - SCO3757 Classic SCO3756 NarL
SC0O3796 Classic - - - - SCO3818 NarL
SC0O3948 Classic - - - - SCO4009 Unclassified
SC04021 Classic SC04020 OmpR SC04073 Classic SC04072 NarL
SCO4120 Classic - - SCO4124 Classic SCO4123 NarL
SCO4155 Classic SCO4156 OmpR - - SC04201 RsbU
SC0O4229 Classic SC04230 OmpR SC04275 Classic SC04276 NarL
SC04362 Classic SCO4363 NarL - - SC04596 NarL
SC0O4597 Classic - - SCO4598 Classic - -
SCO4667 Classic SCO4668 NarL - SCO4768 NarL
SC0O4791 Classic SC04792 NarL SCO4906 Classic SC0O4907 OmpR
- - SCO5006 Unclassified SCO5131 Classic SCO5132 NarL
SC05239 Classic - - SCO5282 Classic SC0O5283 OmpR
SCO5289 Classic - - SCO5304 Classic - -
- - SCO5351 CheY SCO5378 Classic SCO5377 NarL
SCO5404 Classic SCO5403 OmpR SCO5435 Classic SCO5434 IcIR
SCO5454 Classic SCO5455 NarL SCO5460 Classic - -
SCO5540 Classic - - SCO5544 Classic - -
- - SCO5567 Unclassified SCO5683 Classic SCO5684 NarL
SCO5748 Hybrid - - - - SCO5749 Unclassified
SCO5779 Classic SCO5778 OmpR SCO5784 Classic SCO5785 NarL
SCO5824 Classic SCO5825 NarL SCO5829 Classic SCO5828 Unclassified
SCO5863 Classic SCO5862 OmpR SCO5871 Classic SCO5872 OmpR
- - SCO5881 NarL - - SC06029 NarL
SCO6069 Classic - - SCO6139 Classic SCO6140 NarL
SCO6163 Classic SCO6162 NarL SC06253 Classic SCO06254 NarL
SC0O6268 Classic - - SCO6353 Classic SCO6354 OmpR
SC06362 Classic SCO6363 NarL - - SCO6364 OmpR
SCO6369 Classic - - SCO6421 Classic SCO6422 NarL
SCO6424 Classic - - SCO6668 Classic SCO6667 NarL
- - SCO6685 NarL SCO6794 Classic - -
SC0O6943 Classic - - SCO7076 Classic SCO7075 OmpR
SCO7089 Classic SCO7088 NarL SCO7231 Classic SCO7230 OmpR
SCO7297 Classic SCO7298 TrxB SCO7327 Hybrid - -
SCO7422 Classic - - SCO7463 Classic - -
SCO7534 Classic SCO7533 OmpR SCO7649 Classic SCO7648 NarL
SCO7711 Classic SCO7712 NarL - - - -

ILFRMALESCOS T I T3 B i % 1 P4 09 A A 2 R (HK ) MR 25 45 3 (RRs) o — R BRI 2 735 K
LA AN 1 AR
The table lists all histidine kinases (HKs) and response regulator proteins (RRs) identified in this bacterium according to their SCO

numbers. — is used to indicate that the corresponding component is absent; Orphan kinases and proteins are labelled separately.
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2.1 AbsA1/A2 (SCO3225/SC0O3226)
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AbsAl it A BRI Sl {5 515 88, BER
LB AbsA2 73 5l 45 5 i A8 4 S v 45 ik
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G AbsAL Y5 TR 25 F 3 B Y HK
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(1] 2 4t 300 B0 A= 3 A R R A 325K
SUREERE R P A AbsA T AT i E AR R AR,
W AR5 A 5 A N TR AbsA #8901, 7E3k
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FlbRJa 8hF R /E =
2.2 AfsQ1/Q2 (SCO4907/SCO4906)
AfsQ1/Q2 2 5 S. albidoflavus HIH) AT
R FIE SR B R . TEIEH R0 T 5
IRt , AafsQ1/Q2 WM KA A R Pt R 32 5]
SN SR, FE7% 0.075 mol/L A2 MR a1 AR
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AafsQ1/Q2 R AER LK AT, ACT.
RED., CDA Fl yCPK Y™ & 1 3% F# (K ; BERIE
5L (electrophoretic mobility shift assay, EMSA)
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fhive, PEEARSUAE R G A, RS
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RS S —— S B 1 AfsQ4 SR A HE S BLRY
AfsQ4 3L 2K 5 M AfSQ2 1 [ B R fL K F-
HE 0 HE B TCS ARQL/Q2 i1 Fy RERS. A
Dnase I il #1Es, B T AfsQl BULRSFEE &
¥ 550 GTnAC-ng-GTnAC. AfsQ1/Q2 ULRESE N
AL R A N KRR, ABQL 5
GInR 3% 4 glnd Fl nirB W) 3l F X 3, £
AfsQ1/Q2 5 GInR 1 B A 77 7E 38 X7,
1E AafsQ1/Q2 ZR7AFRRH, colimycin P2 LK %
H cpkO. cpkN F1 scbR2 X 3 RN &2 K F
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SER LD S o
2.3 CutS/R (SCO5862/SC0O5863)
CutS/R JZHE % I A I BY 5 — X XL 73
gt, mEELRSE, IR ACT WAY G . G
0, i H 9% HL YT IE (chromatin immunoprecipitation,
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BCHEPIEIN , B R E R . 7ET
TN AN ERE A LT, AcutR/S FEAE BRI
actinorhodin A= 4G BB 2 L, (ECHLR
AN, BAh, CutR/S 25 41 M) 7 WA I 1
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filf) LA Bz SCO1507 [4EA: 3R K BR 48 1k W) ik I 1
(vitamin K epoxide reductase, VKOR)]) =412
2.4 DevS/R (SC0O0203/SCO0204)
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ACT j=it F e, INIEME NO RIE N (5540 3l
it DevS/R IE XL 55 ACT #9774z, 3 NO
We B GR B — 2 KE B, W Y DevR B HE S
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A,
2.5 DraR/K (SC0O3063/SC03062)
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b WIGAR SR B A R 15 2 800 B A )
PERI VR, SRR G ™) ACT BYIE ¥
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ORF4 W% A2 ACT AW G 5 AdraR
A, BESR R A KR (AdraR/afsQ 1)) actll-ORF4
M5 B0/, WEW] DraR/K 5 AfsQ1/Q2 P
WG actl-ORF4 %% 5%, 23 ACT i & i,
DraR/K Y5 kasO 2 H 1 )3 2+ X8 AH B AEH
0] yCPK (A= s X RED A 6 i 42 - A A
TR 2 N redD/redZ. DraR/K i [b)45
i) A IR A ™= ) S A ik, L 4E B0
BRI IO R L2 0y 7= A, SRR B A
T REHMIAE N ROEDE L DraR/K [k
I PR AN K F Zur B HARSE P 38 2
ik, R DraR/K TERFM RN ol e 35 OG5
PE TP, 78 Tl B 78 1R bk B 4 T 3K G R
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B R R ) e KO W R R, T aveR FI
aveC (P 2k 1 25 A B3 X)) A9 77 S K F 1 AP,
7 B DraR-KsaV 1F 8 4 2 85 25 - 1 8 42 B] 4
S

2.6 GarR/S (SC0O6162/SC0O6163)
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CCR)IE RPN IR HACH =4 0 A P 7E A2
BEINHI ST, GarR/S A2 8], GarR/S
5 SC05784/SC0O5785 A 1B = 1 A8 1) M (HK
58.86%, RR 77.52%); TE 0.5% #ij % il 254
T, GarR/S SRS EF actll-ORF4 F redD/redZ
ek B L, RIS ACT F1 RED
FEig, T I ) 2 AR B P L A BRI GarR
1 GarS #1, FTLMRE B2 B A B B P E R
PR KR R o i R TR T B T
AR A TITERER
2.7 GluK/R (SCO5779/SCO5778)

GIuK/R i T 5 45 5 4 & R LR &
(gluABCD #: ) m~FATHI M &, 2584
PR BRI . A 2R PT/E R GluK Y LA
5, TERA AR MR LAY GluR HIE S
B XA B AE R gludBCD JEH (B4 2
MR LR Ge) Ik, DT 2F DA PR 55 v 4 R
AR ; TR ERWEZET , B GluK/R #
WO, G EACRT E P R A Y A
GluK/R J& ACT AT IE A1, W& yCPK
1 RED & WA IE# 55 ¥, EMSA /R GluR
HAY actll-ORF4 . redZ/redD M kasO W5 shT
XIR4h 4, FW GluK/R WP E RS AT =
JEMIFERYET,

2.8 MacS/R (SC0O2121/SC02120)

MacR/S J& S. albidoflavus " 1Y 4 Jay P 1 455
R4, BESKEMAMEERFH ACT. RED,
CDA EWH M IE TR+ . RAER AmacR/S
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T4k ACT il CDA (LRI R R Ik 1 b 3 T R,
1M RED J A &35 oK 7 4 22 5 5 WF 98 kB
MacR I RIERN S actll-ORF4 F cdaR W5 30
T HAEMEAE Y, #E actll-ORF4 1y EI T
*AEEE’J MacR i i, WJ#EE ACT /=&,
T 0 3 s A T ) TR 0 A o Y E A
PRl 2% 3K 1) 3R B jﬁlﬁﬁﬁﬁi?i%é\ﬁihh
T E B, MacR/S R RES 5 5 fa & ¥,
5 A Bk AmacR ' Zur ﬂj’)’ﬁ.ﬁ] [ 7% 1)
B SR W b ek D R AR 1A () mmpA-C
(mmpA-mmpC 1) 6 >3 [K) /& MacR Y B £z 401
br, B mmpA—C 7] S EURA T 22 KB TE B
. MacR ilad 2 4> 7 nt 2 [0 & P FI 41 R
S 5 (TGAGTACNnGTACTCA) I8 i 25 11 il %
HH; FERAER AmacR ™, mmpA-C W%
ETUE, RIS A R 22 AR,
2.9 MtrA/B (SC0O3013/SC03012)
MtrA/B = 518#% S. albidoflavus W8 2551

1k BERRERACH AP AE R ARG s, R AR
LW A R A h BA EZREER, JHE
Z e PRSP AEE (B 4). MitrA/B i 4%
W actll-ORF4 . redZ. cdaR F1 cpkAD, il
ACT F1 RED WA W) & M, JF % CDA Al
yCPK M AEY) & 1. MteA BT DA 2 28 4 FU 0 11
aveR M) MtrA o7 5., 8 428 B 4 b 2% 4 55 1
(S avermitilis) B AEE E A = 0] LURE
&5 G H N R IEHFE T vald F1 valK 2[5 9
FETTAN, JHPEM K EERE T (S. hygroscopicus) 5008
- XIBE R AR, E S, albidoflavus W,
MtrA 7] ## i6 chpA-chpH. rdlA. rdIB. ramB.
ramC. ramS M ramR W% 5%, I I whiH F1
whil, IWITRESATH 2K E ;. RALKK Amird
R AR R A, GInR 5 MirA 554
LGN A AL, TEEERFMT MrA
TR AACHEEE N R GInR AU S35, RIS
{45 phoP FE N BIBEACI LR, ZEHp 40 N 19 &

Streptomyces mutabilis
Streptomyces coelicolor A3(2)
Streptomyces olivaceus
Streptomyces bullii

Actinocorallia cavernae

Actinomycetes

Streptomyces pimonensis

|Mycobacterium avium

0.50

LMycobacterium tuberculosis

Corynebacterium glutamicum ATCC 13032
—— Streptomyces lividans 1326

Streptomyces bingchenggensis BCW-1

El4 MrATEARETHIFRERD M. MAREE RGO, HAACHI RN mbrE 0.

Figure 4 Homologous distribution of the two-component system MtrA in bacteria. The orange font represents

Streptomyces albidoflavus, and the blue font indicates other bacteria that have been studied.
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V- AR BE i BN, FEBERE R A
HoAth il 26 B () 2 Ak R AR A I R R &
M TIRZ MurA $UIGL 8, R MirA &2 — 12
B A B AR R R
2.10 PhoR/P (SC04229/SC0O4230)

PhoP/R 7F 5% %5 B A B R Sh A0 . &1 .
WA AL FNR GAR U 55 A B 78 v R 45 4 Jmy Pk
PEFM, 78 B 1 37 3L % 920F, PhoP (RR) AT
Ve FZE I Pl oA . kAR
MR F B, HEIONCE G BEIRER L S Rt
— B R AR ANIEE L E™. PhoP/R AEE
WOE S CIAE DGR IR, TR Bt e &L Y
TN TR R, DLYERR A N B
i ; PhoR/P X HTE RAYIA MW IHEIF A B
WA R RN, e S 2R
SRR M AR $5PL, SEP LA afsS 1A )
T, i AfsS RN, M mHid: 4
A, e Ah PhoP 38 1] LA RNA B4 o K
T rpoZ WkE W (g1 S, albidoflavus T ACT Fl
RED 7~ H= i 20 R R
2.11 SCO04155/SC0O4156

SCO4155/SCO4156 5 &5 ¥ 4y &% ¥ i
(M. tuberculosis)H ) MprA/B [ 51| — E P55 5
A5 S. albidoflavus WA 22IE AT ACT 1Y
AN, 855 Z P g R R . AE
ZEAS KR Ascod155/4156 1, ACT 24 W14 5k A
R FE A sco5082 (BEFLFARE H). sco5083
(FiA ) . sco5086 (BT sco5087 (B-Filil
Tk A T TE 36 h A1 48 h IS4 F 0L 10 3 |34
EMSA JIE5Z SCO4156 £ H 7] H L4 A sco4157
A A FIX, EEMG SCO4157 K ik
sco4157 Yt —Fh HtrA-like 22 2 1% 5 H I, %
fitf & T HtrA 5805, 88 74 & 2 5 4l M fs
VAR QO AR TS IR S d [TANN
2.12 SCO0O5282/SC0O5283

TEMST S. albidoflavus 2112 B} /& L% AR FE
WA R R R EUE R IES, HE 20

>4 actamicro@im.ac.cn, 7 010-64807516

PEA KA PE A RN T A% Ge s 3% vh i WL T 22
ARG, o T /MBI R RO
A PR, X —RAM S A 2R L
SCO5282 (HK) HAMP %5 ¥4 3 rp KA S R ik ik
(D125) 8 H & W B (1 AR % P AR &, R
SCO5282 FEFE ARG I W IR B h k%
KRR s HE— R AL 2 E o B, AR
TR A B YRR P O s A A MO O TR R AR G
S RGN 32 RIS R AR R AR A A
PH 45 B —— B R M e oY R R R b UK
(phosphoenolpyruvate carboxykinase, PEPCK){f £
BB [FIE, TR AR R B X A SR R RS
S5 LR B VR A o ORI B 1, SRR i
RN T IRZ 2 RSB =Y 8%
BRS80S  a  A PN RE 1 0 T
BERT T BAREANERSCE. LiREH N
Tl 2 1 v 3 Ak A ) 9 4 U2 53 2R G R 22tk
BB A S AR PR AL T i AR, (R
7R T SCO5282/SCO5283 551l B 71 5 55 14 P
B3 7 TR T AE A R 4
2.13 SCO5784/SCO5785

SCO5784/5785 ELHEsE A S. albidoflavus ]
G I R HA LA AR, XF ACT Fil RED
AR AL AT IE B A IE
FEEAEH, R 3 5 o W B B R Ik
SCO5784/5785 W] 12 Xof YR AR 114 B[] 9 45 >k
i W BRI AR Ak, 24 SCO5785 ik K R R,
ACT 1 RED & A8 FIE s 2 BN AER i
HAZWHAIL A SCO4701-4721 (Jmtth 508 %0
R L23, L29 4F)Kik L 2-5 £, £
S. albidoflavus T BEFE ] U Z AR AH OG5 i 1Y
[ IS) 2 o) 6 00 AR = W ) PR R Y
SCO5785 1 kM, ACT 1 RED &8 &1
RCHERT EHAE 0, R EORH AL B R, &
B AE A K L B8 L D 8 0 B L A B
PR SE T G B A IR HEA TP A R A A it
Je ST AR R 4 AR T B AT
Gkl CANUEZS T RS R E vl g DT - S A S5 e
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1 ZHE AP . RT-qPCR rn, —E070 I H
It LR (U sco0762, At B AT B 2 1 T il
FNTE T F ik SCO5785 Witk @ % iRk,
2% B0 R R N TR R SCO5785 Fik K
A AL Tl A AR 09 F0 WA 2 1 A 77 e TS24Ik T
B, AR R LR R N SRR R A
15 EEIR

AR SO HAt ELF 5T 145 YR G A O A AL
o RGREE TR 20

3 HMBERFTHNALRS

3.1 AflQ1/Q2 (SLINC_5291/SLINC_5290)

W 4 B B (S. lincolnensis) TP 1 AflQ1/Q2
5 S. albidoflavus " ) AfsQ1/Q2 [A] ¥ , H
AfIQ1 (RR) AT I B FRAIF NIRRT &R
WA L HE R FE R 8 AN 3K R (ImbA . ImbJ
ImbK . ImbV . ImbW. ImbU. ImrA R ImrC)i%%
S AT B R A ), AIQ1 i H:
C %ty HTH (B2JE-TER% -18E ) 25 ba) e S MR 3
454 —> 16 bp 19 [81 3C)F 31 motif (GTCAC-Ng-
GTCAC), B il [ i 80 5L PR ) 4 5% 5[] sl
Imb FEH N B FAMIED ImbC . ImrB FIJE 5 HE
K bldA. SLCG Lrp K SLCG 2919 1 % %
AfIQ1 Myl A4k, AAQ2 (HK)M L (55
T RA G RRBE TUER) AfIQL, AflQ1 i I
TR A AR B L A ask-asd . asd2 F thrA
() 3R N T R AR IR AR, RIS i bR ] B R
AAEIA Y, AFIQL Y HTH 45 K4 s 7 ek v
B R B SR SF PE (595%), 2R B XT
AfIQ1/Q2 M HAE TR I P e vz 4k H T HAhHi A4k
R AR TR, X2t RN
A PR TR DAL
3.2 AfrQ1/Q2

0 SHEFETR(S. rimosus) M4018 TRy AfrQ1/Q2
5 S. albidoflavus W11 AfsQ1/Q2 [F¥E, AlVEN
4 Jey PR A7 R 38 2 9 - 5 3R (oxytetracycline,
OTC) A= ¥y 5 1 A1 I8 45 #H ¢ J& Al (oxyB . otrB.

otcG. otcR F otrC) 3K 11 4 ¥ OTC ;= 419,
AafrQ1 7€ TSB B¢ MS Hi§5 55}, OTC FEiifg
FIBHE 2, X—FRAY S, albidoflavus H)
AfsQ1/Q2VHI DraR/KP AL ; 7E Lk 50 mmol/L
Gly AMfE—%&RF, OTC Ay~ i & m. 5
Ab, FEAEACEE AR R R R IR, 6
K AfrQ1/Q2 Al /N OTC 7 i N R EE),
3.3 CepR/S (BB341 _RS13780/BB341
RS13785)

i /N BE S B (S. clavuligerus) F613-1 H1 [
CepR/S 1F #1453k B & (cephamycin C, cep) L)
B, X TP 4ERR (clavulanic acid, CA)JAEY &
BTC W R, R A PR AcepR (RR). AcepS
(HK) X2 AcepRS 138 R - m B W ZE AL, (HIf:

N R R R BRI MR AE K 5 CepR/S THE R Z
BB Z AW A NG FIA, RT-qPCR IR,
RAFKR AcepRS 13k 55 R AW A UL R 5L A
pchC.. pcbAB. lab (F3). cefD. cefE (WFIH)LA
M emel, emeJ. cefF. cmcH (M) R HZRIA;
RARKR AcepRS " v 1 4k R AE W A B AH ¢ 3 A
(cla. blp. orfl0 55)FiLKNV-K KA B E 2L
1t HIK CepR/S 3k 2 A W) & ILEE IR R e Rk
FIC R VREAE R, (BT g ik B0 18 i ek
PRI AL MR L PSR B R S ;. EMSA
B7~, CepR BE'S cefD-cmel FEH X 0] (P3 [X 1)
FRVESE S, HIES cefD Ml emel WG shFHH .
PEFRCT, 33 ki s AR TR SR st Ak b A & A
FERRHL TR
3.4 CseB-Cgsr (M271_22640/M271_22645)

fE T W B R B W (S, rapamycinicus)
NRRL5491 H1, CseB-Csg i 12 1F I 4% sigEse .
cseAsg. rapA. rapP. rapG. rapH Fl elal 55
Y6 S R T B R B e o, (R E TR IR R R Y
WG . R, B RS rapS/R . rapY .
elad. elaB. ela3 Fl M271 22625 55 & [H 09 #%
S, J/DTERNET R A A . EMSA IR,
CseBgr £ 11l 5 sigEe )5 ) 7 X &5 5, 4

http://journals.im.ac.cn/actamicrocn
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=2

BERTEMIEMENES RS

Table 2 Known two-component systems in Streptomyces

TCS#MR 4> e JEEERL SCHik
TCS name No. Function Regulatory mechanism References
AbrA1/A2 SCO1744/ Negatively regulates ACT, Strains deficient in AbrA1/A2 serve as host bacteria witha [51]
1745 RED, CDA biosynthesis and  significantly improved ability to produce the heterologous
morphological differentiation ~ compound oviedomycin. Fe may be the activation signal
for this system, and the self-regulation of AbrA1/A2 is
dependent on the concentration of ferric ions
AbrB1/B2 SCO2165/  Negative regulation of ACT Mechanisms not yet clear [52]
2166 and RED biosynthesis and
positive regulation of
vancomycin resistance
AbrC1/ SCO4598/  Positive regulation of ACT, AbrC3 directly activates act/I-ORF4 transcription and [53-54]
C2/C3 4597/4596  RED, and CDA biosynthesis positively regulates ACT biosynthesis AbrC3 may
and morphological indirectly regulate RED biosynthesis by affecting AfsS.
differentiation The regulatory mechanism of CDA is unclear
CagR/S - Regulating the biosynthesis of CagR binds directly to the promoter regions of the key [55]
clavulanic acid genes in the CA biosynthesis pathway, ceaS1, oatl, oat2,
as well as claR. CagRS also extensively regulates genes
involved in primary metabolism, particularly metabolic
pathways related to the biosynthesis of the CA precursors
glyceraldehyde-3-phosphate (G3P) and arginine
EcrA1/A2 SCO02518/  Located near the RED locus, it It regulates the biosynthesis of RED by affecting the [56]
2517 positively regulates the transcription of redD and redZ
biosynthesis of RED
EcrE1/E2  SCO6421/  Located near the RED site and Regulates RED biosynthesis by affecting redD and redZ [57]
6422 is regulating RED biosynthesis transcription
OsaA/B SCO5748/  Negatively regulates ACT and In R2YE containing 10.3% sucrose, deletion of OsaB [58]
5749 RED biosynthesis and is resulted in impaired aerial mycelium formation,
involved in morphological phenotypic baldness (no effect of deletion of OsaA), as
differentiation and osmotic well as a 3- to 5-fold increase in ACT and RED production
pressure regulation
RapA1/A2 SCO5403/ Positive regulation of ACT Deletion of RapA1/A2 decreased Cpkl protein abundance  [59]
5404 and coelimycin biosynthesis and reduced the transcript levels of act/[-ORF4 and kasO
- SCO3134  May be involved in the Mechanisms not yet clear [60]
regulation of carbon sources,
secondary metabolites, and
morphogenesis
- SCO04020/ May be involved in the SC04020 (RR) expression is up-regulated under glucose-  [61]
4021 regulation of carbon sources,  containing culture conditions.
secondary metabolites, and Mechanisms not yet clear
morphogenesis
- SCO5351  Positively regulates ACT and ~ Actll-orf4 and cdaR expression are down-regulated in the  [62]

CDA biosynthesis, aerial
mycelium development and
spore production

Asco5351 mutant

—RRNAAESTHR b A B A ) 44 PR 5

- denotes unavailable nomenclature or designation in existing references.

>4 actamicro@im.ac.cn, 7 010-64807516
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5 sigEsp M 57 NI 52 ) B 0 2 2 AR OS2
B A4 A e, 7E S, albidoflavus ', CseC/B
(SCO3359/3358) i RR CseB R {EEEES T (Mg™)
e BE AR 551 T 300G sigE BOFE Sk, LAERR4N
MuBESE R s ATk AcseB H ACT 7= i I & 1
hn, FEPH CseB 1E ACT & e S I,
3.5 CutS/R

TF 1% 5% 15 4% 55 144 (S. lomondensis) S015 H,
TCS CutR/S X ¥ 52 ELTA & 1 A4 W) ik 7 4 45
YEH. ifid qPCR 7T &L, FE cutR N cutS .
FEH R R R AR, 5K 5 LW R NEE R AL
FEBIFENAN lomol4 1 lomol0, VIR K RiiARY)
AW A R RN IphzB . IphzC ., IphzE
IphzG B2 IR B VY, 28] CutR
FI CutS X Wy v [1] 7= P 1 & LB A2 S 3 5 L TR
FR N A o ok A b %) 5 PR 3R R AT T A 0N
AT BRI T S L R ) 5
3.6 KasW/X

KasW/X J& & H -4 5 7 (S. kasugaensis)h
e mtEEE N, fREEREREREYE
WY FER P ERE LY Y, KasW/X i % R
WEIEIH kasT B 5% oK PR HE R R B R EY
B RFER R, B KasW/X i FH R~
AT LY 425 7 19%; 7577 Fik HY 4,
fftK RR KasW A2 ZE 42 5 kasJKLMNO. kasQP
Hl kasRABCDEF (%85 % A=W UM G R ) 7
S T |2 O I S B e oy N o e S o E el |
kasT 1 MerR K% B A K T kasV )ik
BEERIN; 7 HY bk KasW/X, BERER™
EHE T 58%!7,

3.7 MitrA/Bsbh (SBI_06494/06495)

K 3k BE BF B (S. bingchenggensis) W 1)
MtrA/Bgy 5 S. albidoflavus ' ) MtrA/B [A] )i ,
FHorh 2 R F MtrAgy, 52 KR I8 Z 77 A4 1
TG T, MtrAsbh R B2 KR DL & 0
PRI 7 R AR G BRFH DG 35 DR 7 2 308 ) 2 E R 45 oK
IRVEE R . KRIR B R AW A RN %

AR R TEIE N mild2 . mild4. milF. milR
milAl TE 5 7L KR AmtrAgy, TP RWE T I EAR
K, TR A 3k st U 2 8 S ) AR ) 2
P MTTN R BRI AHEE A A Y sbi_ 02769
shi_ 02770 Fl sbi_08290, V4K FH DY — R P4
fifg A A BIEH sbi 4601 FE3EFRIK MirA g, B
F VAT I MitrA gy BERSIE 135 IR AT A AL
FHOCHE PR i e TR 1 T 42 K R DL R il o
3.8 RimA1/A2

RimA1/A2 J& S. rimosus M4018 ] i A~ [A]
BT 30 - DA SR A P Oy S R s R
(oxytetracycline, OTC)A= = 4 Jm i T N+, 5
S. albidoflavus " i) RapA1/A2 [A]¥F . RapAl/A2
Oy B RS actll-ORF4 . actlll F kasO, 1EH
ACT FI coelimycin A= 4 A B ) 1F 18 ¥ IR 174
RimA1/A2 7] i@ i T 1# otcR 1] J& 45 OTC 4
7=, FELL Gly RiE—ZIRI MM 20T, =48
¥k ArimAl 35 OTC W& i &8 2 B
(oxyB. otrB. otcG. otcR Fl otrC) % 45 ,
OTC 4 B F 4R &), RimA1/A2 1698 % Whin
MAALIE T 25 OTC A/~ s . 72840
AR, ARk ArimA1/42 1 OTC 778 R %
BREEGR/N s A EB SR GEAH) T, OTC 47
R FRIRE RO R, 1 3Ri8 RimAV/A2 A
F T4 OTC HIHEWA R,
3.9 RspAl/A2

F {0 5% % & (S. albus) " ) RspAl/A2 5
S. albidoflavus W) AfsQ1/Q2 [R5, IEJHFEELE
ZEYA . RR RspAl ] IR SepE 25 A5 7E
AR VRO JE ] sinR (3 3h T IX I, E
P, WmfE B R AEY & 8. EMSA
F W], RspAl A YE N & A1k AH 5 2 H (gdhA
amtB. glnA S5 AN R 7 B3 5 LS 5
FRIBEEA, RS sigW Zatid—Fi i
SNIIRER sigma KIF-, 7T RspAl/A2 T, #
RspAl EHEHGE, &R WA & ROHE
HEAAA K, 5 RspAl/A2 BIFEIARTEHTT,
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3.10 SmrA/B

SmrA/B J&7E S. avermitilis "' J& PR — X XL
W RGE, (T 625 (4l ECF o T 625)
F_LiE, it 025 PR i E T E R
A BIEYE . BT smrA/B Fe R 2 5800 4 5
K mREmA A5, MRk smrdB o, BUYERR
RN B A & 2 87 A AR B4k, SmrA
(A A ™A% RS T I R 3 i SmrB, i SmrB i
A DLW R AL 5 SmrA A1 Y R 285 R 45 2R U8,
SmrA 454 3 sig25 FEH I 2 > ik E
5 ¥ 51 (CTGTGA-n5-CTGTGA), i% 025 M3
ik, 025 it aveR (B2 TR 2R AR R M
T LD B S RS olmRI (75 B iR iR Fr bk
TR R DR ) By 2 S ke SR A AT
3.1 SRO0293/294

i [C 4% 55 7 (S. fradiae) Men-myco-93-63 J&
AU 7 15 - 22 AR T 9% 1 — R 2R B B A B (o
] S ol 2 ) A P R A B 0 2 CGMICC
NO. 14700 SEAFE e, 3% A4 B 18 B & B 7 AR

— 2 FIR KA NP R
men-myco-A (R&M, [ 5), XI9RfMEJE . 5EH&
6L I 5 9 AN JE 17 Bl DLAR e IR L R B A BT
ROPMEIAE R s SRS AN & B, roflamycoin H.
BRI EREAE, SRS . A
JREFIRVASE 9 AN JE 17 Tl DUAR Y R L A A
BRI HIEH,, ECso /T 1.82-12.18 mg/L Z
BB (& 3),

SR0293/294 /& S. fradiae Men-myco-93-63
XTI S RS, 5 S. albidoflavus
(1) MtrA/B AL 8, T4 R&M 55 2 FK
KA =G Ko Asro293 X B 55
(Phytophthora capsica) W4 i 1% V5 BF A=tk Jo 22
S, 1M Asro293/294 (/)30 B 6 PE BT W REAL,
HK SRO294 1) bR 58 Ak Asro294 VU)X b
BEHEAGE R TR EE . U — 20X R AR R AT
HPLC ¥, & ¥ Asro294 F R&M 7= = T 9
HEBE; Asro293 W R&M =i S AEBRIC 22 575
Asr0293/294 A7 R&M., HIBLHEN, % TCS 5

roflamycoin &

OH OH OH OH OH OH OH

Compound 1: Roflamycoin

OH OH OH OH OH OH OH

Compound 2: Men-myco-A

5 Roflamycoin & men-myco-AR{LF 25481

Figure 5 Chemical structures of the roflamycoin & men-myco-A",
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Table 3  Toxicity of the crude antibiotic against 17 plant-pathogenic fungi

No. Plant disease Pathogen R&M Natamycin

ECs ECy ECs ECy
(ng/mL)  (pg/mL) (ng/mL)  (pg/mL)

1 Wheat sharp eyespot Rhizoctonia cerealis 2.05 7.44 6.18 27.17
2 Wheat scab Fusarium graminearum 2.14 4.32 2.50 12.42
3 Apple and pear fruit ring rot Botryosphaeria berengeriana 2.21 6.67 4.27 12.38
4 Wheat common rot Bipolaris sorokiniana 2.49 19.87 1.62 3.59
5 Potato early blight Alternaria soari 3.27 32.56 2.81 8.03
6 Apple and pear Valsa canker Valsa ceratosperma 3.37 7.06 5.81 22.68
7 Pear black spot Alternaria alternate 4.16 16.06 2.76 7.45
8 Potato mole Rhizoctonia solani 4.24 26.87 0.50 5.20
9 Cotton Fusarium wilt Fusarium oxysporum 4.43 14.27 4.61 14.44
10 Apple Alternaria blotch Alternaria brassicae 4.51 14.88 3.22 12.62
11 Celery Septoria leaf spot Septoria apicola 4.73 24.93 3.69 13.59
12 Tomato early blight Alternaria solani 5.72 23.13 2.97 10.63
13 Cotton Verticillium wilt Verticillium dahliae 5.80 22.01 12.45 32.44
14 Crucifers Alternaria leaf spot Alternaria oleracea 5.95 16.60 3.46 12.54
15 Cotton pink smut Cephalothecium roseum 6.79 16.11 2.25 6.31
16 Chrysanthemum root rot Fusarium solani 6.89 54.45 3.04 23.35
17 Grape gray mold Botrytis cinerea 7.09 22.48 2.29 14.91

S. fradiae Men-myco-93-63 F5HURERE TG HEA G,
HAE R&M S HAWR A4 vt 3] 22 5 i %
I PR I

4 FHRBEGRHAZRAR

e SR R 5 RS2 A8 RS . DI BEEK
FEFELE E S5E5 TCS /77 i 3 2 S A w15
SES RS, WL HK ML RR, £ EE
& ZeA R HK, AE SR G5 AR, R
FEARIAE . (1) FEH 2w LI R A
HK 8§ RR, FJi 28 fi I PR () e 7 J ),
A7 A6 22 X P AR s AR (L B HAES); (2) B
M2 Er 2 45 (hybrid systems), B HK 5 RR #94%
Fa Bl sl A Dy R CAn AL . H SR T Al
R —Z R, BRIt S A E S S
B, AR TES W ESORNRE G, L
HER ., L SRR EN SRS 3)

LR Wl R ke BRI R AT B R A A ARORS R 3 4
HBJ3 RR PR GBI R AL, s PRSP R A TR 98 A8 Bl
BRI T A o BRI O L R S A
B A (G EETAER) . SEAREAEN
PE (I R E A 4 A) BB S B (post-
translational modifications, PTMs) %5 & 8 1% 12 i
INRE, XA 48 T WARTE S 55 W38 300 R
THEEWBSCR, REBREZEGES, BT
R PR F 3R, 3 e B ML i > 41 B 1 11
F AR S IR e R, oA A
BOTB I T HARHE 7RI 0 THESR
4.1 Aorl (SCO2281)

Aorl & K57 By W & A W B, e
S. albidoflavus 1 1EJH# ACT, RED, CDA 4=
Y& AR, SR aor] 23 FBRAS
% ACT. RED Fll CDA j=#t i & N, HIEZ
RE MR, g air BoR, R
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Aaorl W, £I4% actll-ORF4. cdaR 1 cpkO 1N
1) 27 DI RIEACE R E T M, %RIK aor]
KW FRTPUE R E, ATRER X AbsA2
(SCO3226, 4 Jay Pk B 5 IR ) i) i 4 2 35 1
i (absA2 TERZLKE Aaor] W Y4 1.8 £5); Aorl
it SigB e S 5BBEN N, 1ERAH
Aaorl "', sigma [K¥ SigB J&#5 Y3 K 7% (SigL .
SigM %) L £k, —sE o HiE S SigB
AH ¢ 1Y 58 5L [ (whiB F1 dpsA) WA fF B, %
B4 aorl ThfEERICHT, 4NN RESLTE T SigB
P T BB 5 B B ML DL X 3 5 AR Ak
Aorl 82 Y sigma A F SigU A 5 1) 43I & M
i E 2

4.2 AtcR/K (SBI_06838/SBI_06839)

VK 38 5% 2% B4 (S. bingchenggensis) ' ) AtcR
(RR)FT AteK (HK)f: TR, HIFT
BEHE S S X S HES DR e g e Sk A S B
My ZE55. AtcR JE i MilR3 /15 A 98k [ W 1E
PPOKRNERWAEY AR, RAEEEER
BIERIA G BERALEY AtcR 5 SR IOE MIIR3
BESE, MIIR3 E IS mil R kel FE(N5E 5%, TR
i 38 1 G nanR4 (nan 55 A0 A0 61 PR 2 it 32
DDA nan #EHV 5% 5 B TE AateR 2278 HRH
51 A PkasO* )3 3l T 3K 2l ) NanR1 F1 NanR2
(M EBEZEYA RIS T, MEHER
177 A T X B PR TMB-C #8717 K2
45 1%, K% 6.08 g/L; id Fik MilR Fll MilR3,
Fe PKS FE[H (shi_06843-sbi_06845), [RIFfH
il & oAb A YA B ER WY AR, #RR
MR HER == R ERMN, WA E
1.34 g/L, B4 T Tk =i /e,

4.3 JadR1

JadR1 JE85% 1 P &2 BEAY 1A B XL 43
ARG, ERWNEGHIEERE (S venezuelae)F 7 2%
75 % (jadomycin B, JAB)A= ¥ 1l ] 72 B S )%
P JadR1 LR RR FP254 Mg* Y 2 4
QIR , TRgEEIRIL, K ut)E TR RN

>4 actamicro@im.ac.cn, 7 010-64807516

4 5 # 19 (atypical response regulator, ARR) ™,
JadR1 1 FARZ TR B MR P — a5
B jadJ W 1iiE, ATRRSAYELS A 3 jad) JG shF 1)
UG jads WEE S5k, JadR1 FIEESS & B B
B B X B, YR JadR1 PR C4E S R Bh
FHE LR IR(-4—60); [RHEE JadR1 W7 55 %%
M T X (-4—112), SE4BHET RNA B4
G, SCEXT A B R R ok, Rk E
) JdB 7] 5 JadR1 456, S HME 2k, 1
5% JadR1 Y5 jadJ 5 sh W45 A RES, HE—20%
IG5 5% MY JdB Wb i, JadR1 584 DA
jadJ RS FRLE, Lk BT ER, T8 R B s 5
P8 JadR1 1652 3] JadR2 (TetR 5 ik fHi8
F1) F1 JadR* (TetR #F B % 25 1) (9 P [5] 30 61
JadR2 F JadR* 1] F #4545 jadR1 WA 8T,
G WA KR AjadR*-R2 W, jadR1 W32
RBERN, SERZERTERERT, £
I3 2 BRI JTadR 1 AYFR0,

4.4 OhKA (SCO1596)F1 OrrA (SC0O3008)

POILLL A BR LB OhkA J& S. albidoflavus
AR ACT. RED Hl CDA 4 17 945 A
-, [l RS A TR 22T BN T A 1 T
A 5T O TR A JR 1L (acetyl-
CoA carboxylase, ACCase) ) accA2. accB Fl
accE FETE AohkA 575 bk v B %% 5) b 3 T
ACCase "Ht AT A Ak b T8 2 B ki il
A (malonyl-CoA), 1M malonyl-CoA J& ACT #
RED & LRI TR, Lo A kE Aohkd T4
= ACT #l RED 4= ¥ & B A /i AR {1 5 5 78
S. albidoflavus ™ w55 70 6 5 K ohkd 55 R BR
ACT. CDA (W) & WA B 1 vl 5 25 42
RED 1780 sk ohkd 23 B E RIS H 24
TE R T3 1) chpABCDEFGH #: IR By %E 5%, 2
AN 5T SapB JE B MHE B9 ramS/C/R 3EH
W% s 18 S. avermitilis R OhkA sav 1) 5%
RS S. albidoflavus L, SAEWE2LAEWH, 1
TERZBH HER R A 7 RIS, W] OhkA
R AL AR5 55 D R IR ST sty
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BT b7 Z2 R4 P 48 5 X whblA RN nsdA 1€ AohkA
sav AR B FE TP, OrrA JERS7 A9 b7
ZURTEEE, C%E N OrA & OhkA 1 [A] I
RR. Z578%k Aorrd 5 AohkA FKFRE BEFIML, 4
KEW®E, AKENEHaE, H ACT fl
RED FJ 4 K -2 1 B A= A M14552 whid
(T ACT, (EIHES K T B2 /R SREN)
Fl scol1375 J& OrrA BHEIEIN, OrrA BEUESS & H:
Jash+, HIEZRAERE Aorrd Wit 33k scol375 8,
whlA ] 3R 43P 5 B A R R R S Gk OrrA
PR BRI P2 A T R B 22 /0 T AR B R M145, HL
iR ACTPY,
4.5 PdtaS-p 1 PdtaR-p (SSDG_02492
F1 SSDG_04087)

PdtaS-p/PdtaR-p J& ff Ji¢ % & W
(S. pristinaespiralis)' ACT Fl RED 4 = ) 11 4
AT LUK A A R A IEJE T R PdtaS-p
PdtaR-p 7€ & K 24 - AN HHAE, @ F Pl 3%
PRSI, {4 A1 B R e B 52 56 (PdtaS-p 7T i iR 1k
PdtaR-p [1Y) D75 v f5) F1 B HTiESE PdtaS-p 5
PdtaR-p [A] Ui ; €Mk ApdtaS-p 1 ApdtaR-p 3
AL, 78 MS B3R5 FRBUHDERERA, B
JR % % (pristinamycin, PRI) & i W /> ; 7F
S. albidoflavus ", PdtaS-c Fll PdtaR-c 73 %] 5
PdtaS-p il PdtaR-p [F]iJii, $J pdtaS-c &Y pdtaR-c
2 FEEE S Z MM ACT F=mdgn, £
PdtaR-p/PdtaS-p 4 3 {4 18 45 1 4 55 b v] e &
PRSFIIPOL, 548 RR BURLN S5 F £ DNA 45
AB(HTH. OmpR %), ifii PdtaR-p M H:[FJE4)
) C dti BA — B E B ANTAR RNA 455454
B, ATaE A 2 AR AR B SR S KT I 1
FeIk, DR U HE R P R E T AR B A Y
ANTAR Ji#EHF, BEFDXITE5 TCS myiifE
B
4.6 SCO1135

TetR % % (19 9 37 1 #2251 SCO1135 J&
S. albidoflavus W0 & Ry PERE R+, 2501

T RCRIR GAR I = i 2 SR P . g <Ak
P22 R B K S ME L5300 chp FER Y chpA
chpC ML & KB 093 N whiH 18 58 728 b
Ascoll35 AT M2y 50%; RT-qPCR &I,
TE 72 h B ACT A= W) 5 Wk DAL A vl o] 4 35 1A
5c05085 . ZEFYFILH 5c05072 F sco5086 s i
IR B A Y |3 13-20 507, 78 YBP [E{A R
Fed b, SRRk Ascoll35 SR 2 IR BRI
00 SR T HE A B M145, ACT y= i WA 14
BRI 2-3 £5%%,
4.7 SCO1979

IS P SCO1979 2 XRE FKIEMI4 )R
PN T, W5 actl-ORF4. redZ. cdaR
GRS B RS G L E L SR iE v, 7
JE45 ACT. RED HI CDA A& i, i
PR chp. rdl, ram 55 % B A0 O RE R 75 1Y 5=
ik, SRR Ascol979 S AR 2204 B IR I
fol 7 e g B OP, Ak, SCO1979 J2—Fhik
SRR, ATLAS A B R8s FP81(-120-35 X
W) M B AE A, WH osco1979 W £ A H
SCO1979 TEias I IE T IR, 5 S. venezuelae
HH ) SVEN 6384 (84% — &), MK {0 4k 75 14
(S. griseus) "' ) SGR_1055 (81% — £k ¥) K
S. avermitilis " i SAV_6253 (90% — M) i) &
1 [R) R A, S s LT e AE UE Ak P
,f%%ﬂ_[lOO]o

5 R&EHRE

R B L AR B A LR A e AR
R R RN e 2 4 A 22 B IR R
AR = 9 B 5 K RE ST [ 45 o X B A B R 37
B 42 Z007 K5 ) TCSs P . #ZE B Ay, TCSs
1 T g B o AL 3 R R A X B
S. albidoflavus " 5E Y, TAEAEBIEE R P,
W2 TCS 1Y BRI RE FNVR AL AT A 9k 78 5048
TNo PRI R X S TCS X H A4 25 B 1 2 J
e E D S
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TCS JLFZ 5 A A 8, 4
EELE M. MBAC MR AR, U
SRR N . KRZE TCS Al LS 5 Z A
fhid e, HAESHRES, HER— LR,
Xf [F]— i P EA AR R, X A5 55 A T 4
JR AR TR AR MR A . AR TCS Z
) 5%, TCS 5 HoAh I8 15 8 11 505 = 8] 7T R A7 A2 AR
AR, X ER A AR A SO FE Y TCS (i
PhoP/R. GInR ., MtrB/A)if H b 3% il 5 B A 9]
Gt Ak, AR TS
R L, BRGS0 7l Ui ic g
FEFE o

KEHRSr TCS W] L2 ok (] 42 b i o 4 il i 728
RSP B YA R R 2 SR R
MDA R, B2 — e A PR 5 A0 RedZ A
St R AEY A U — 5 . ASA] TCS e ¥
AN [) B 2 B T R AR 0 7 A A P v
RSP, 40, DraK/R 7E S. albidoflavus HiE35
ACT F1 RED /=4, [RIBTLAE S. avermitilis
PR BT A O R RS R R A A I SR AR
RO, BCE B T AR
IR bR B B Kk, vl B g R EPUER
A= Re T . R BRI AR . B K F M
AL RR ) TCS X T Tl A =4 e AR =4 A
PR S, R TEBARR: 55 b 2 UBURDIR A2 K Y
BRI AR, (EHERTRYI BT A R, g
FOES A R BRI, Y6 R T BEARTE K& 1%
HEF AR FPUER A . FEE i TCS 7L
P A YA LR ik, E T R
Bl TCS (Flt0 AtcR/K), HH Ak i i, nf
DAY D TR TR PR okt 1) 5 2 e R AD 3R, W B g
EPUE R R, A, WATE R4 . pH
. BEEESETEOAENTRSHAZEN
PR SRR, BRI PO E] TCS YRR AN
PFPEE AL A IR AR E AR R, R
TCS AT A B K AEYHE AR 1.
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1B STk =

X8, B RSO BB BERHIL
MU B R SR 5 8K BORMUEE IS S
WICHIE; XIRHE, 2T BwXBU &S
WIS,

1E& A d5 ¢ RATE 7 A

VR P AN AEAT AR AT RE 25 52 W AS SCPI 4l
AR AT sl AR

S5 3k
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