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® 1. BHK

Table 1. Strains

Strains

Relevant characteristics

Source or reference

Escherichia coli
Topl0

ET12567
BW25113
Streptomyces

S. coelicolor M145
AinoA

AinoA”

AinoA " /AscbR2

AinoA " /AschR2 "

AinoA " /AschR2 " / plJ8660 ; P, 1 iinoA

F- merA A (mrr-hsdRMS-mcerBC ) $80lacZ AM15 AlacX74 recAl araD139
A(ara-lew) 7697 galU galK rpsL (StrR) endAl nupG

dam dem hsdS cat tet
K-12 derivative; AaraBAD ArhaBAD

Wild type, SCP1~ SCP2~

inoA : :aadA

AinoA: nt 1 —984 replaced with aitL sequence

AinoA”™ |, scbR2: :aadA

AinoA, AscbR2: nt 1 =984 of inoA and 60 — 608 of scbR2 replaced with autL
sequence

AinoA” /AscbR2" with reporter plasmid pIJ8660: :P_,, : :inoA

Invitrogen
[13]
[14]

[15]

This work
This work
This work
This work

This work

. . -
marker-free disruption mutant.
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1.1.2 BRFEMEFRFME R R IR LRSI
(9 15 9% SE T LR AR T T R W B T M14S K
HAT A WL 30CHEATH IR . BT IR 2608 MS
Il A 8% % B | DL H B B (WK EZ 0.5% ) Bk IR Y
MM [R5 57 55 DA K R2 [ (A5 R 2, 05 $ M B 2

B 2R K 2] DNA NI ] YEME (5% 34% BEWE ) W MR 1
FRHEEHTR . X inoA BH W 5 A8 Bk A7 4 AU SR Ol
AT I G SR IS INA WL Tmmol/L (1 1L
B, HEAT 2 RUGH BE I, 5 9% e AN BN LB

113 JR#L: 3 2 BT BT K i ik

2. ML
Table 2. Plasmids

Plasmids Relevant characteristics Source or reference

pUZ8002 tra, neo, RP4 [13]

plJ8660 aac(3) 1V, int-$C31, oriT, attP-$C31 [15]
HhKC1139 ori-pSG5, aac(3) 1V, oriT 15

¥ F

plJ790 A-RED (gam, bet, exo) , cat, araC, replO1" [14]

plJ778 aadA , oriT, amp [14]

plJ10500 hyg, int-bBT1, oriT, attP-BTI [12]

StH24 " S. coelicolor cosmid containing inoA, bla, neo [16]

SUH24-inoADM inoA replaced with aadA cassette by PCR targeting, bla, neo, aadA, oriT, attB,;- hi .
tHiet-ne ®BTI, aiP,,-¢BTI s wor

Scol3A3" S. coelicolor cosmid inserted with DNA fragment from nt 6933655 to 6967529 of genome This "

Peo sequence, containing scbR2, bla, neo 18 wor

Seol3A3-<chR2DM scbR2 replaced with aadA cassette by PCR targeting, bla, neo, aadA, oriT, aitB,- hi .
co -sch SBT1, auP,-4BT1 his wor

PKC1139; ;P .+ dBT1-int pKC1139 containing $BT1 integrase gene controlled by the tcp830 promoter, This work

Tt aac(3)1IV, oriT, ori-pSG5
PKC1139 ; : &BT1 -int pi(gsl 139 containing BT integrase gene with its own promoter, aac(3)IV, oriT, ori- This work
pS
pUS660 - : P, : inoA plJ8660 containing the ORF of inoA controlled by the promoter of cpkO, aac(3)1V, int- This work

$C31, auP-$C31, oriT

* StH24 was provided by Professor Keith Chater. * Scol3A3 was screened from a cosmid library, which was provided by Professor Gang Liu.

1.1.4 51453 ALK P EHBTIY.
L1.5  FZ 50« A5G b B e 1 iy BR ) 1 P 1) il
Y [ TaKaRa 2> 7], PCR fii A1 4 & f& 2 KOD-plus
DNA &8 H TOYOBO 2, Tag DNA % £ i 1y
H New England Biolabs 2\ &), T4 £ 4% H & B4
H New England Biolabs /% &], T4 DNA & # I B
Thermo 231, 51 4 & W K% M J¥ ¥t E ¥ Invitrogen
EEE7/ /NI A
1.2 PCR X DNA &

PCR 3 2[R br v 7 F2 AR AL, Hy T B 2 7R ik X 4
GC & HS , 75 2 AE PCR AR R MR INA W E R 5%
() DMSO ( R AR 45 97 58 A B iy GC & it il 24 94
#) ,PCR i 18 3] iy DNA J Br o B J5 35 2200 )7 56
UE. DNA FHOCHE 1 Qn a4k | % 4 | Bk 9 U0 il 4y
Br IRt Bl R Uk L B2 K #F T ( Escherichia coli) B %%
i BES WA F ket R N 4l
(BB R AR AE T

1.3 HWEHREHEE

VL5 kr pIJ10500 #4554k ( Chris den-Hengst 2%
BRI il B 519 44 BT1-s-in/ BT1-s-out/BT1-as 3§
PR B P, 50 1 : &BT1-int (1cp830 J5 3 745 ] $BT1
AW S, EE M5 Y BTl-s-in/ BT1l-s-out &
T 1p830 JR BT HY AT ) i 51 #%F BT-1-all-s/
BT-1-all-as k3" 38 H B GBT1-ini( H ¢BT1 AT H
B HR AL R ), P BeX 4 ad Hind 11T i
I, 45 20 59 9 B B2y 91 1R) EcoR V/Hind 11 XL 4]
() pKC1139 BEAT 3 , IRIGH4AL E. coli Topl0, 2 4%
b5 5 3E, B 45 %) % B 2% /& pKC1139:: P, o
&BT1-int F1 pKC1139 . : $BT1-int,
1.4 inoA & RA M E

AR 5 o 4 25 7 M145 36 541 B4R, 1 5
Y %f P6280-s/P6280-as K ¥ 1 cpkO 5 3h T F Bt
P o 51 W%t 38990RF-s/38990RF-as kP 3 inoA
Fe A gt X Fr Bt (inoA ORF) , Horh 5[4 P6280-as
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3. 519
Table 3. Primers

Primers Sequences (5'—3")

FRT-5 ATTCCGGGGATCCGTCGACC

FRT-6 TGTAGGCTGGAGCTGCTTC

LCR-2 GCCCAGTCAGGGCCTCACTCGTACACACAGGGAGCAACCGGACCAGGTTTTTGACGAAA
LCR-3 CAGATCCAGATGATCCAGCATTCCGGGGATCCGTCGACC

LCR4 GGTCGACGGATCCCCGGAAT

LCR-5 GCTGGATCATCTGGATCTGTTTCGTCAAAAACCTGGTC

LCR-6 CGGTTGCTCCCTGTGTGTACGAGTGAGGCCCTGACTGGGC

LCR-8 GATGCCGCGGTCCTTGGCGATCTTTGCTGAGTAGTTTCCCATGGAT

LCR-9 CTGTGTCCAGAGACAACAACCCAGCATGTAGGCTGGAGCTGCTTC

LCR-10 GAAGCAGCTCCAGCCTACATG

LCR-11 CTGGGTTGTTGTCTCTGGACACAGATCCATGGGAAACTACTCAGCAAAGATC
LCR-12 GCCAAGGACCGCGGCATCGGCGGCCCGATCCTGTCC

inoAF GCCCAGTCAGGGCCTCACTC

inoAR/LCR-7 GGACAGGATCGGGCCGCC

FF1 GCACGTACGCGTCGAGCT

FF2 CTGATTCTCTCCGCCGCCGAGCCAGGTTTTTGACGAA

FF3 ACTGATCCAGATGATCCAGCATTCCGGGGATCCGTCGACC

FR1 GGTCGACGGATCCCCGGA

FR2 ATGCTGGATCATCTGGATCAGTTTCGTCAAAAACCTGGCTC

FR3 GGCGGCGGAGAGAATCAGAGCTCGACGCGTACGTGC

RF1 CACCAGCGCGGACCCGGC

RF2 ACAACGCCGCCCGGGGCACTGGTTGCTGAGTAGTTTCCCATGGA

RF3 TCAGTGTCCAGAGACAACAACCCAGCATGTAGGCTGGAGCTGCTTC

RR1 GAAGCAGCTCCAGCCTACATGC

RR2 TGGGTTGTTGTCTCTGGACACTGATCCATGGGAAACTACTCAGCAACCAG
RR3 TGCCCCGGGCGGCGTTGTGCCGGGTCCGCGCTGGTG

BTI-s-in CCCTATCAGTGATAGAGATATCTGATCAGGAGGACCCCAATGTCGCCCTTCATCGCTCC
BT1-s-out TGCTGTTGGCTACTCTATCATTGATAGTGGTAGGATCCCTATCAGTGATAGAGATATCT
BTI -as CCCAAGCTTCTACAGCGCCGCAAGCTCCC ( Hind TII)

BT-1-all-s CCCAAGCTTGTGCGAAAAAGGATGGATAT ( Hind 111)

BT-1-all-as GAAGGAACTACTAGTTAGCCTAACT

sc039000RF-s ATGAGCCGGAGATCCGGCAT

38990RF-s ATGGGTTCGGTTCGCGTAGC

38990RF-as TCAGCGCTCGACCTCACCCG

62861Fproof-s CCGCGACCTCGTGGGCGT

62861Fproof-as
P6280-s
P6280-as

GCGAGGAACGCTCCCGCG
AAGGAAAAAAGCGGCCGCGTGAACACGCTGCGGTTCGAG (Not 1)
AACTCCCCCAGTCCTGCACG

38990RF-s ¥7EY 3G Hi i F T4 2 % H IR WLl HE 47
BERR AL AE i o inoA ORF Not 1 F YIS 1Y P, LA K
EcoR V/Not 1 XU Y] J5 1Y plJ8660 £ T4 DNA % %
ity i% 452 )5 e Ak E. coli Topl0, 2554k T 50 1IF , £33 1IE
1 1) 4 45 ok plJ8660 . :Pq,w: :inoA
1.5 XEBHEENERER

KOG HMEAEBE LRETFM S  HTF
inoA KPR 57 UBE L& i, R B IER AR S
G AT R BH BT 5 3 5% A8 RO BE 7E TG LB
TSN B 75 v I R AR K Boar Ak A, BT DUAE E AT
inoA & PR BHLWT (1 45 5 e B 2ok AR vh 75 ) 5% 55 6 o S

LY N 10mmol /L 1 LR, £ 50 9IE 465 T 161 1)
inoA FELIE 545 BRI , S 1% 7 bk B0 17 I 45 45 44 258 38 £
B L UV S 7T R A 25 1 mamol /L1

2 #X

2.1 EFEPREEH R

T inoA Jik PRI B Wt i) 2% 7 57 47 ( cosmid ) [ 44
% H PCR targeting £ 4t #4:/F ( Bertolt Gust 1# 1 3%
W) BB HEAT . inoA BHLWT I IR £ A IRAS 5 B AR
T B AR UE D BEAR TR, R AR ERAE R | S
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plI778 K #ikg , H FRT-5/FRT-6 5| ¥ Xt ¥ 1 aadA-
oriT Vg Ry 5 A8 i ¥ b i 5 LA 1% e #H B85 & 19 LCR-
2/LCR-3/LCR-4/LCR-5/LCR-6 fl LCR-7/LCR-8/
LCR-9/LCR-10/LCR-11/LCR-12 ¥ 41 5| ¥ i i i&
4% =2 )2 W ( Ligase Chain Reaction, LCR) (15 -20]
A5G R aadA-oriT ) TR A 38 7 31, H P A2 T R
98 bp, {45 5'-%f 42 bp [ inoA I i [F] P& &, 1]
36 bp (4 auB 7 575 K 373 20 bp 5 aadA-

oriT By S'-K W B X FEF1 5 478§ A 109 bp, 345
5'-%fi 42 bp [ inoA T iiff [A] i &, ] 48 bp (Y
(A) ©)
LCR-2 _ LCR-3 LCR attB,
TCRG TCRS  +LCRA ot 20mt
LCR-7_  LCR-8 LCR9 _LCR  aitP,
LCR-12 LCR-11  LCR-10 nt 19nt
(B) (D)
inoAF
aadA cassette H‘ =
inoAR

@PCR

42nt attB; aadA cassette attP,; 42nt

1.

attP 7 551 Je 373 19 bp 5 aadA BBt 3'-
AR it BE X 4 5 H R OR B AH B & 19 72 | aadA-
oriT Je 47 DNA Jy BoiR & 1F o SR , 3l 3 1 e #%
B, I TP G4 inoAF/inoAR #34 th  K p HI T
PCR targeting FH W inoA ) 3 [H & ( gene disruption
cassette) (& 1-A, 1-B) ; E“FU}ZK.EJ\_LEE%
b A & A plJ790 J StH24 I 4 3 %5 5 = IRED
AL R A BW25113 Ak, X inoA EE"Jﬁ.J\_
FTHL 9505 T 35 9 ML T 9 SUH24-inoADM i
ki (& 1-C) o

StH24

42nt  attB;

aadA cassette attP,; 42nt
lpCR—targeting
StH24-inoADM
attB; aadA cassette attP ;
inoR attB; attP; sco3898
aadA cassette
OBT1 integrase
N N
—/H > -7/ —
inoR  attl,; sco3898

inoA FRET EE EMIKE K inoA TIRALR KBS

Figurel. Generation of inoA disruption cassette and the strategy of marker-free mutagenesis for inoA. A: Synthesization of long

primer pair for amplification of disruption cassette by LCR, the dot at the end of each primer means 5’ phosphorylation. B: PCR

amplification of inoA disruption cassette. C: Construction of StH24-inoADM. D: Remove of the marker in vivo.

T scbR2 F (R BH W7 =% 17 i fﬁ’]*’]@ﬁiﬂﬂ
b HoP R 95 bp, WA auB, i ¥ 5
FF1/FF2/FF3/FR1/FR2/FR3 5| ¥ 41 % LCR /a\ﬁjz,
4% 106 bp, A4 awP, i BF57 i RF1/RF2/
RF3/RR1/RR2/RR3 5| ¥ 40 & LCR &%, &5
A aadA W) FEH & B FF1/RFL 51 4)%F 3647 PCR #4545k
PHGRAS o T sebR2 3 F 5K K €0 4% 55 o 5 BT i
Wi SUGT 0%, AN E FE AT BUAE He 3E A i B, TR B 3%
ITE R 18 1 K W6 €5 55 55 T 09 28 0 SCPE O 3R 1% T
Scol3A3 ik, I LA #E4T PCR targeting, 15 %] T

"] FH T sebR2 FL K FH T Scol3A3-schR2DM Jfi ki o
2.2 inoA B LIR BB

¥ StH24-inoADM 2% H Jii ki 5% A K i A1 14
ET12567/pUZ8002 B bk , i i 45 & 5 B 7 AR
WA BE 5 A M145 5@ o B 07 Bk | inoA PR AN T
H 5 ek [R5 5 A A e R A He o Gl BT
PETH 1 , 15 ) 4 5 R W R HUrE | RIR R R U
X AZ i ( double crossover) 1% P8 B A%, B inoA 3 K]
A BURER R AinoA |, 28 PCR #E47 T 41IE .

N T A5 inoA Y JC IR B BR Bk ( marker-free
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disruption mutant) , 5 — 5 FE 4T LA il Bk A G &
Y 35 A% PR AR 25 5 Al , AT 2230 T A oBTL B 5
Tt 5L DR ( HBT1-ine ) 1A N FEAT L s 4 S 1 H 4 L)
bR aadA $TPETR AR IC . A7 k585 W J ek -
A RIS GBT1 B 5 B PUNL S anB SR 5 R
A, ARG Gregory A 1 auB K anP {3 i3 LA
L P AZ R (BF Ay GT) g XF Rk & A= 20 &8
#e'"™ ) B Zhang 4338 (9 o0 PR TR R AT AR X,
HF 9 — BOr AL s B AU Ry, AN — B AL R
AT RAR M R 0 SR auB,y/auP  — XU
RO PR AE A CAYY ) BT aadA i g bx
00 A PR AIE T 20 A R A G 2 T TS 25 5 B AR
NSRS CR e N DR AR e

R AL S B 14 7 B 24K pKCL139 2P, g2 GBTI-
int (& 2-A) ¥4k K g 1 & ET12567/pUZ8002 , Ff 48
WG R A AinoA h JRAT Y B RR7E & A 2K

(A)

. int
ori OBT1
pSGS

pPKC1139::P,,,5;,::0BT 1-int P

1cp830,

aac(3)1V

pKC1139:¢BT1-int

B2 HEhHanaE

Figure 2. Construction of helper plasmids. A. pKC1139:.
Pyss0:: ®BT1-int, the expression of ¢BT1 integrase is
induced by anhydrotetracycline (aTe¢); B: pKC1139::$BTI-

int in which ¢BTI integrase is constitutively expressed.

J# 42 mg/mLJ 7K PU 35 2% (anhydrotetracycline, aTc)
8 9R 38 1A KRR S M g oBT1 B 4 il
AR A anB, F aueP |, 18] 7R Y47 5 S
] inoA NI TOIE B R AinoA T ([
1-D) o FRATTE A Bt fff 8 20 5 5% B 0 s 4
atl , WITRESR T 2 26 N R AR IS K 1 antl 5 auR 2
[B] R B 4H A, X FE $BT1 #2 4 Ei 5 PCR targeting
458 W bn] LAy (68 M 47 T R 1 A4 22 5 X TR R
Bro AinoA" fEREJF 12 h J5  ff H B T 39°C 48 8t s
T B AR E 0%, AT AT DLAE 1% 08 Bk T 4T scbR2
TR MR o 1 B 3R 5 T Y R AT T K
VU PR 2 9175 S 0 B, AR S 6 28 B AT Bk 32 B B AT I
E, ZRA% 0 IE 0 B H YT BR aadA BURZ9K 50% o FF
P33 inoA Jk PR 58 722 Wk A7 T WURSE 73 I A BE AR 15 5%
He BRI OGTE A ARG 5% A v s i LB S AE
B PR S 7 S B 22 5 7 IR T Y BE I (&1 3)

& 3. B # AinoA . AinoA " §J R B &5

Figure 3. The phenotypic observation of AinoA and AinoA # on
MM medium with (Down) or without (Up) inositol. a/c: S.
coelicolor M1455 b: AinoA; d: AinoA” .
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2.3 inoA FA schR2 WEH A LIHE SR

DAA B AinoA ™ S8 AR A H & AR, 2F — 2B iF
AT scbR2 4 JC IS R B S 50, HLARWE 5 inoA 1Y RBR 3R
WAL, 3% A1 36 aueB,/auP, — Xt A A7 (e
PR RS R CTY ) B F aadA-oriT B ARIC M
M FETCIR M bR B rh w7 A A BT -ins
F 53 3 7 19 5 B 2 /K pKC1139: : BT1-ine (] 2-
B), i T4 A B o0 41 7 3k, HOE o 5 41 VI BR
aadA FCRAEAR 295 B HL Pk % 5 B 0 1k rh o 100%
BT B Y 28 A8 bk R AL N B 4 BT OR, % %R bR
SchR2 & [ X} kasO (sco6280 ) K& A 11 7 11 o f 15
43 cphk BRI FEAT DL 3R IA , 76 B A WS i LI 1) 15 5%
BB EORFE R ALY [ I, AT D8 3 8 R AR
W W B A R, 5 LU SCHR R B R 45 R — s
2.4 RETHRHWIE

AR SO BT B 1) 98 AR AR ¥ HEAT T DNA $HL
K PCR B0F , AN 5 FF7R o inoA PRI i B Ak FH 511
%t (sc039000RF-s/38990RF-as ) LG E , P 3% H B
KBEANF R WK (55 75 1 M145 241805 bp, AinoA
2359 bp,AinoA " 4905 bp (& 5-A) , ¥ 5 # g i 5

(A) bp

"006=
5

000—|

2000—]
1600—|

1000—|
700—

500—]
400—
300—

200—]
100—

«—2359bp
<—1805bp

<—905bp

& 4. E#k AinoA” /AscbR2" 7 R2 2% E FHRB N4
Figure 4. The phenotypic observation of AinoA ™ /AschR2 " strain
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(A) attB,; CCAGG GACGAAACAGATCCAGATGATCCAGC
attP;; TGCTGGGTTGTTGTCTCTGGACACAGATCCATGGGAAACTACTCAGCA
attl,; CCAGGTTTTTGACGAAACAGATCCATGGGAAACTACTCAGCA

(B) attB; CCAGG GACGAAACTGATCCAGATGATCCAGC
attP; TGCTGGGTTGTTGTCTCTGGACACTGATCCATGGGAAACTACTCAGCA
attl; CCAGGTTTTTGACGAAACTGATCCATGGGAAACTACTCAGCA

OOACCAGGTTTTTOACOAAAE OAT CCATOOOAAACTACTCAOCAAAOATC( CCGAGCCAGGTTTTTOACGAA T ATCCATGGGAAACTACTCAGCAACCAG

unhuumuumhmAh;uuum.mmmm MMWMMMMMM

E6. MHRTRMBHEPHREFS anl,, 0 attL, #9155 51 E

Figure 6. DNA sequencing of both attL,; and attL.
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Construction of screening system for mutation of negative
regulatory genes in Streptomyces

1.2 . 1,2 1 } .
Yu Zhu *, Chi Feng ', Huarong Tan , Yuqing Tian "
'Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China
*University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: [ Objective] We aimed to create a novel report system for screening the mutation of the negative regulatory
genes, especially for those repressing the expression of cryptic antibiotics clusters. [ Methods] We used marker-free gene
disruption strategy, which combines with the “ REDIRECT ( Rapid Efficient Directed Recombination Time Saving)”
technology and in vivo site-specific recombination by Streptomyces phage ¢BT1 integrase, to construct a scbR2/inoA double
mutant strain of S. coelicolor M145. This strain was used as the host of the report system. For the construction of the
reporter plasmid, the SchR2 repressed promoter of c¢pkO from CPK ( cryptic polyketide) cluster was used to drive the
expression of a promoterless conserved gene inoA of S. coelicolor. Then the reporter plasmid was introduced into the host
strain described above to test the availability of inoA as a reporter gene in this system. [ Results| The scbR2/inoA double
mutant strain gave rise to a bald pheno type on MM medium in the absence of inositol, and produced yellow pigmented
secondary metabolite by the disruption of scbR2 to release the repression of ¢cpkO, a pathway specific activator gene situated
in CPK cluster. After introducing the reporter plasmid into this test stain, the resulting strain recovered the phenotype as
wild-type strain, indicating that the promoter of ¢pkO can drive the expression of inoA in scbR2 mutant and consequently
restore the biosynthesis of inositol. [ Conclusion] Our results indicated that inoA can be used as a novel reporter gene for
Streptomyces , especially for detecting the activation of the “silent” promoter. This report system might be available for
screening the mutation of the negative regulatory genes for the cryptic secondary metabolic gene clusters.

Keywords: Sireptomyces, inoA, reporter gene, marker-free gene disruption, cryptic gene cluster
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