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1. ERRFIBTRL
Table 1. Strains and plasmids

Strains or plasmids Description Source

Strains

S. avermitilis

ATCC31267 Wild-type strain (WT), avermectin producer Laboratory stock
Asig5 sig5 deletion mutant This study
sAisgiégS/pSETISZ— sig5-complemented strain This study
gglgi 322152- sig5-overexpressing strain This study

E. coli

E. coli IM109 General cloning host for plasmid manipulation Laboratory stock
E. coli ET12567 Methylation-deficient strain [22]

(EDE(;I)Z BL21 Host for overexpression of recombinant Hisg-tagged protein Novagen
Plasmids

pKC1139 Multiple-copy, temperature-sensitive E. coli-Streptomyces shuttle vector used for gene deletion  [23]

pSET152 Integrative E. coli-Streptomyces shuttle vector [23]

pET-28a(+) Vector for overexpression of Hisg-tagged protein in E. coli Novagen

pDsig5 sig5 deletion vector based on pKC1139 This study
pSET152-sig5 sigd-complemented vector based on pSET152 This study
Is)fg};:Tlﬂ-ermp- sig5-overexpressing vector based on pSET152 This study
pET28-sig5 sig5-overexpressing vector based on pET-28a(+) This study

FEACTE e A B A4 B TR R AR R TR R D A B AR
L FESCHER[27) T 3 T 0 1 XSS 46 3 PR it O
R, 15 B sigsH e ARG PCRIGIE S5 A 444
Asig5(El1), Hrhsigswiim® ZHubk 5L N hyg it
B,

LA AT 2 4% B AT T A R TR FR B DN ACH B,
PCRY" #1005 bplsig54hfa 3K & Hm sh 1 X A
B, %A B BamH 1NV 4lifbf5 4 T 4/
JRipSET1523k 4% B 2H i kipSET152-sig5, 1% )i
b 22 P RLAL 5 7 A Asig5 P45 3 [BURM Bk Asigs/
pSET152-sig5. PCRY 14800 bp ¥ & A sig5 4t Ik
KIHIDNA F B, 3150 7 Be H Hind TITFIBgl 117
YIaifb s, FERERIpIL117 50k b 02T 55 R hi ik 5t

K 5 3l FermE*p Fiif . HBgl 10 ermE*pHil
sigSEEMFE R BT, Ak InS 1531291 kbAY
A B, TR pSET152 1 3k 45 5 41 i
pSET152-ermp-sig5, Fizivk & 34 5 % A B
A T R G B sig 5id RINHBRWT/pSET152-
ermp-sigd,

1.3 LAPEERRT-PCR(RT-qPCR)

R A B IR 2K AU A6 K (R e 1) i T 22
WAEW AP E 2K, H Trizoliali 48 U
RNA, RNAFE S RNase-free DNase T40F 2%
DNA75%%, NanoVue™ Plus(GE Healthcare)73 ¢t
JETHI E RNAMRBEFIZE R [ 5% 5% [ )W fER Nase-
freelJPCRAE A2 ng RNA, 2 pL Random
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2. 519

Table 2. Primers
Primers DNA sequenc (5—3") Use
LS57 AAGCTTTGTTTTGGTCAGCTGCGACT, Hind 111 Deletion of sig5
LSs8 CTGCAGACCCTCGTCG CACTTCTTGT, Pst 1
LS59 GGATCCGTACGACGTGAACGACCCGT, BamH 1
LS60 GAATTCGCTGTGAAGACCCTGGCTGT, EcoR I
LSe61 TCAGCGGGTGGTGAGCTG Confirmation of sig5 deletion
LS62 TTCCGGATCACCAACAGC
LS63 GTGATCACTCCTGTCCTCCC
LS64 TGTAGCGCACGTTGTCGA
hqf CGGGATCGCCAATCTAC
hhz CCATCCCAGCTCGGCAAG
LS77 CCCAAGCTTCCTTCTGTGGTTCCGTCAGA, Hind 11T Amplification of sig5 ORF
LS78 GAAGATCTGCCTGAGACAGCTGGTTT, Bgl 11
LS79 CGGGATCCGTGATCACTCCTGTCCTCCCCGT, BamH 1 Amplification of sig5 ORF and
LS80 GAAGATCTGCCTGAGACAGCTGGTTT, Bg/ 1 its own promoter
LS87 GGAATTCCATATGGTGATCACTCCTGTCCTCCCC, Nde 1 Amplification of sig5 ORF for expression
LS88 CGGGATCCTCACGCGGCGACGGCGG, BamH I of His¢-" in E. coli
LS52 ATGGTCGGGAACCTCCGCAA Probe avedlp
LSS3 CTGTGTCCTCACCGCTAGGC
GJ105 GGTATTCCATTCGGTGTTGC Probe aveRp
GJ106 TGTTATGAATTTGCCCTGGTG
GJ91 CCAAGGGCTACAAGTTCTCC Probe hrdB
GJ92 TTGATGACCTCGACCATGTG
LS197 ACCAGTTCAGTAGTCGGACC Probe SAV618p
LS198 ATAGGGCTCGGCAGTACGAC
LS199 GGTGACAGTGCGGATGCGTA Probe SAV612p
LS200 AGGCACGTCGGAGTATGAC
LS201 CTGATGTCCTTCTCGGGTTG Probe SAV614p
LS202 CGCCTGAGACAGCTGGTTTC
LS203 ACATCAGTACGTGACCGAGG Probe SAV615p
LS204 TGTGAAGACCCTGGCTGTGG
LS213 GGGAGGACTGACGCGGAG Probe SAV610p
LS214 TTTCGGAGCGGAGCCTTC
LS215 TGGGCAGAACGCCTCCGGGC Probe SAV609p
LS216 AGGTGCTCGTTGGTCACCAC

actamicro@im.ac.cn
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Figure 1. Schematic method used for sig5 deletion (A)
and confirmation of sig5 deletion by PCR analysis (B
and C). A: Thick arrows: genes and their directions.
Short arrows: the positions of primers used for cloning
exchange regions and confirming gene deletion. Blocks:
the homologous exchange regions used for sigs
deletion. B: Lane 1: the 1.5 kb band was detected with
primers LS61/hqf when genomic DNA of Asig5 was
used as the template. Lane 2: the 1.2 kb band was
detected with primers LS62/hhz when genomic DNA of
Asig5 was used as the template. C: Lane 1: the 358 bp
band was detected with primers LS63/LS64 when
genomic DNA of wild-type ATCC31267 was used as
the template. Lane 2: no band was detected with primers
LS63/LS64 when genomic DNA of Asig5 was used as
the template.

primer (6 mers, TaKaRa), #FRNase-free #H4li/K £
12 uL, 70 °C 25110 min, S7.BIYKIA2 min, filA4
pL 5 x MLV-Buffer (Promega), 1.25 pL dNTPs (10
mmol/L each), 1.25 puL7K, 0.5 uL RNase Inhibitor,
1 uL M-MLV RT (Promega)iR>), F&FEF30°C 10
min, 42 °C 60 min, 70 °C 15 miniFf7 /5% 5% %
N, FriScDNAZPCREG G F T qPCR.

S PO E BPCRI R 2 HR HIRoche 2 ]
AYFastStart Universal SYBR Green Master (ROX)%%

JEYRL, #E20 pLik R Tl cDNARINR . 1R
Y R GRNR ST, Rk HE R R . qPCR
R H FHRoche 48051} 2 i HPCRAY, i
FEF(95 °C 10 min, #E A40MEHRY 95 °C 10 s,
60 °C 30 s)iff47. MIEFRFF IR hrdB 2 H B HH
CAETH H IR SR K
1.4 EHFEHHis¢-o'7EE. coliff Fak R 4ifk

PCRY ¥ sig5 e N PR 4R B 51 B4R B A% 1
TiiF146 bpkt K800 bpAIDNA F Bt i 2 T Fik:
pET28a(+) I, 1350’3k I - 44 HpET28-
sig5, FHTFIBN-Iily A Hisehr 25 [ Hise-o” B2
Ho BpET28-sigsFMLE. coli BL21 (DE3)H,
37 °C LBIIREE IR £ 0Dgoi5 #10.4-0.6, A
0.4 mmol/L IPTGI%E S, 16 °C4kLetisridk, #Hm
WA, B WRATTE 4 SDS-PAGEK I 5
IR/ Hise-0 FEAETULET . 48 mol/L
JKZ KyLysis buffer [20 mmol/L Tris-Cl (pH 8.0),
200 mmol/L NaCl, 1 mmol/L EDTA (pH 8.0)|[#E%
TV R AL R AR I 55 % 22814 kDalBE Hrdsr;
WRE T &6, 4. 2. 1HI0 mol/LIRZ [ Lysis
bufferd4 °C Fi&EHT4 h; fH&%)5 & T Binding buffer
[20 mmol/L HEPES (pH 7.6), 10 mmol/L
(NH4),SO4, 1 mmol/L DTT, 0.2% Tween-20, 30
mmol/L KCI]H'5 h, B.LEE B, #aliEs
Hisg-o 2 18 4328 5 B T80 °CIRA T o
1.5 o EHZREIRKHE

o PR A R IE R A Fl il 45, ELISAK I K
#r41:10000.

1.6 Yt i 5Lt (ChIP assay)

BFFM-TTHR g T 15 37 2 K B T 24 ik 5 7 1 K P
1 mmol/L PMSFHI1%H = i 5cH20 min, A
LRI 125 mmol/LIY H &R L 1k 3c Bk, g5
P ARTE R AT S BB R, 1 g I A4 mL
Lysis buffer, ##IR2)5 VK i &30 min, XF4H
LSRR A TR TR R, AT (A /ADNA F B At
Z 534 F500-1000 bpl] .
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BHAEXS B (-CRO R il . Rkl mL B3 HmA
40 uL 5 mol/L NaCl, 65 °CH#gHes hy 288 /{54h
& CEEULVESS , MA100 uL TERH# o

ChIP assay: %500 uL FiEHIA30 uL G
H Sepharose (GE Healthcare), 4 °CIR2J1 hJ5, 4°C
3000 r/min#.C21 min, BRI, MA—ERKH
(42 FABLARE JE i (Sample), BN IR (-CK) A
AINFARSOM SRR , 4 CCIRAIERA; 1art
at TR PE X B 45 180 wL GEEH, 4 °CIR A4
h/5, 4°C. 3000 r/minf5.0>1 min, 5% E7; A5
FEITN ARIF T4 °CPEIRGHE M, BH-RVER3 min,
4 °C, 3000 r/minZ.0>1 min/53F 3. High salt
[50 mmol/L HEPES (pH 7.5), 500 mmol/L NaCl,
1% Triton X-100, 0.1% SDS, 0.1% sodium
deoxycholate, 1 mmol/L EDTAJPEZ 1K, Low salt
[50 mmol/L HEPES (pH 7.5), 150 mmol/L NacCl,
1% Triton X-100, 0.1% SDS, 0.1% sodium
deoxycholate, 1 mmol/L EDTA 417X, LNDET
buffer [10 mmol/L Tris-Cl (pH 8.0), 250 mmol/L
LiCl, 1% NP40, 1% sodium deoxycholate, 1
mmol/L EDTA P& 1Y, TEfE4 °CHIZE R4S
19K i) F B et B i f Elution buffer (1% SDS,
0.1 mol/L NaHCO;)ZERVEM 2K, BN A
Elution buffer 250 uL, %20 min, 3000 r/minZ
T B0 1 min/5IRCETE, ARAF500 pAE S AT
WG 7R B aRAS B A AL S A X B A30 pL
5 mol/L NaCl, 65 °CHscika h; 22/l L
UUVESS, IAS0 pL TERME; 76 H YRR G 3h+
X5 1403 SR BEPA: X B ARl AR I e B
FTPCRAGN .
1.7 BREIBHASEH(EMSA)

EMSAJT FHRET R b & Ebrid, BRET i
& SR AR 447 IR & (DIG Gel Shift Kit,
2nd Generation, Roche)ibdIHUEfT#1F

actamicro@im.ac.cn

1.8 FIAERMBHEE R =N E
I 4 PR BT AT 23 B HH 7 0 = i 11 ]
AT R TS B TYMS I 3 |, 28 °Cls g%
7-10 d, R FE B K O )5 3R 750 mL/
250 mLIGFh PR FR AL, 28 °CHREIREEFR24 h, %
5% HER RN T-50 mL/250 mL & FERG gt
PEIRKGFR10 d, BOMMIE o BT 2k 18 28 & B 207 1)
I 5 2R FH o PR RAH €83 (HPLC) ik o
1.8.1 HFEFALEE. HU1.0 mLAEER, finA4.0 mL
R, 2030 minkh |, RERF10 minfkim 1R, &
O ' W Bai = 5 T8
1.8.2 HPLCOMRE&M:: CI8supiH:, HK150mm,
FEN#R4.6 mm; HHIR40 °C; FzhAH R K
(90:10); Wii#1.0 mL/min; #EREARFH20 uL; #5i0
W 246 nm.,
1.8.3 A : P4 R BIARHES S 628
FR 72 A 97 % 1Y) BT 44 T 22 B 1a 13 % 114 By 24 7
#B1b, FFH AW EEECAL200 pg/mLAYIER .

2 RN

2.1 sigSRAEMHEEETIRERM

sig5(SAV614)HEH 4 1K654 bp, His—1-H
217 SR 5% B4 B ECF-c A (12-A) 6
sig5H) FIEREINSAVE1S5, SAVE16FISAVE1 S Hht
I FE H (secreted protein), SAV61 74w H & F-4%
ZP-TIATPHE, sig5m FUFHEIKNSAVE13H
SAVE 12w A I RERIER 1, SAV6 115 K 4t p-
ARG, SAV610H: A gmfIMFSK G E M,
SAV609FE F Faihth 3 -5 Ik 3 ACP & B Jif§(3-ox0acyl-
ACP synthase I11), SA4 V6083 FH 4 it ik 3t 72k 1A &
1, SAV607H:H g AR I A (K12-B). AAS
DR 1] B X A9 P B FIR T-PCR &S SR COR 7R Al 401,
sig5-SAV61SHFE S IE i — DR+, SAV616-
SAV617-SAV6 18I sk 1 o5 — 9\ 7,
SAV607-SAV608-SAV609-SAVE11-SAV6 1 234 544
KN T
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Figure 2. Conserved domain of 6 (A) and its gene locus in S. avermitilis genome (B). The three transcriptional units

are indicated by black bars.

22 o AR RNEY AR

NHRGE o T B k4 B B R A D RE, Bk
T sigSFEF R ER 22 A MR Asigs . IR K Asig5/
pSET152-sig5Flid A H I WT/pSET152-ermp-
sigSo PFiX BB IEARAE & BERG FEIEFM-TP AT FE
KW, DIVEPARIBERR(WTVE AN BE, R~
HPLC/MMr&s B on . Asigs TP 4E T8 £ 77 & L i
A RITE RS & 1 2068% 5 IR RR BT 4E T R 7 &
e Y NVE-EI LSRNV & e 37Ny U] CE A5
P R 2 B AR R R I 30%(813), P14
o Xt BT 24k B 2 1 A LA SR B A

TEYMSHIMM- - 35 57 5 1% B A R GRk
sig SR G A RN AN R PR A TR 9%, 28 °C
B3RT AMBR IR A KRS, RIAER AR
BB BE, BRI AR A TC I i 25 R (AR R
Ry, RUITE EIRIEFR AT sigs R ASFE A T
TRRIE A4k

P B A BRI TRIbR | sig SRR 5 708 Ak AR [Tk b T A
1E VAT R B FR BEEM-TT TP E AT R0 R 1, 227

AT 24 4 2% 7 ek 2R (P 4-A) R K i (E14-B) . 45
R, TEMAR R TR0, R TR T
HICHI IR 225, (HBRR SR8 R Asig5 i) T 2 T %
Fed I AR, Ui sigSBR AN R IR A K,
EAT UG BT 2 o 2R A5 B, T FLsig SR 515
) BT 24 B 2R 7 e b A S o AR T A A ke S
B o
2.3 sigSHRI MR avedk PRl K Bt 2 B % s K-
N3 W sig5 55 Bl 2 T 2R B i AH DG 3k A 8] 1Y) 14
FERFR, FIHRT-qPCREGIN 1 AsigS IR A= HU Bk
Hh BT AR R 2R A ) IR R B R aved TRIFR AR S
IE PRI R ave RV SRR R B 5E4E
IR, AsigSHhaved I )RR m1E KBESF 2R
MEEO AR B L ; aveRTE RIES 2RI 3R 1K &
AR, RS 6 R KL &I W& (ES),
Asig5thaveAl . aveRWHe sk /K- 5Pt 2™ &
IV B, R o™ T8 5% oK 4 BT 4
REIEYE
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3. sigSHEXEMRM4ERE R~ 2R

Figure 3. Comparison of avermectin production in
various S. avermitilis strains. WT: wild-type strain
ATCC31267. Asig5: sig5 deletion mutant.
Asig5/pSET152-sig5: sig5-complemented strain.
WT/pSET152-ermp-sig5: sig5-overexpressing strain.
Error bars: standard deviations from three independent
experiments. Statistical significance was analyzed by
Student’s ¢ test. *: P < 0.05; ***. P < (0.001. NS: not
significant.

T RAGI T sigSFE P U 2N Fsigs-
SAV615HISAVE16-SAVE17-SAVE18HVE—AFE A
SAV615FSAVE18TEAsigs T 1% K284k, 45
RANESHIAN, AsigSHSAV6 ] STE & e 2 KK Fik
5P A BRI LTS 22 5, FEES 6 RINFRIA
TR B AR B RRI30%; SAVEISTE R IS 2 R
IR [ R AR TR AR 70%, TESR6R YRR
HEE AR ERAM LG 825, BRe Xt
SAV615. SAV618HE N NPT TEHRY\ B AT IE A $
YEH

sig5 T UF R RN T SAV607-SAV608-
SAV609-SAV611-SAV612H & A nrps6FER 7]
RES SARMRGACH TG . Asigs X s
PRI FE 2 T 55 2 TR 1) e s 7K LG S A 780 T ok ) i
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Figure 4. Effect of sig5 deletion on avermectin produc-
tion (A) and growth (B) of S. avermitilis grown in
FM-II
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Figure 5. Transcriptional analysis of sig5 related genes by RT-qPCR. RNA samples were isolated from 2- and 6-day
fermentation cultures in FM-I. Relative transcription levels were obtained after normalization against the level of
transcription of the internal reference gene ArdB at specific time points. P values were determined by Student’s ¢ test.
*#: P<0.01; ***: P<0.001. Student’s ¢ test. NS: not significant.
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for control probe hrdB (+) was 1 umol/L. Arrows: free probes.
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Figure 7. In vivo ChIP assays of the interaction of 6" with promoter regions of sig5 related genes.
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Figure 8. Sensitivity of sig5 deletion mutant (D), sig5-overexpressing (O) and wild-type (W) strains to various stress
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ECF-o" in Sreptomyces avermitilis is involved in regulation of
avermectin biosynthesis and stress response

Shuai Luo, D1 Sun, Zhi Chen, Ying Wen’

State Key Laboratory of Agro-Biotechnology, College of Biological Sciences, China Agricultural University, Beijing 100193,
China

Abstract: [Objective] We investegated the role of extracytoplasmic function (ECF) o factor, ¢°, in avermectin
biosynthesis, morphological differentiation and stress response in S. avermitilis. [Methods] We constructed sig5 gene
deletion, complementation and overexpression strains and determined the role of 6° in avermectin production and
morphological differentiation by shaking flask fermentation and morphological observation of these strains. We used
RT-qPCR, EMSA and ChIP assays to identify the target genes of 6”. We used stress tests to reveal the stress response
that ° may be involved in. [Results] Determination of avermectin production and morphological observation in sig5
related strains implied that o’ inhibits avermectin production, but has no effect on growth or morphology. Deletion of
sig5 increased transcription levels of pathway-specific activator gene aveR and structural gene aveAl, but o° did not
bind to the promoter regions of aveR and aved . RT-qPCR and ChIP assays showed that ¢~ positively regulates the
transcription of itself and adjacent genes by binding to the promoter regions of sig5, SAV612, SAV615 and SAV618S.
Stress tests suggested that ¢” is involved in responding to osmotic stress. [Conclusion] Our findings indicated that ¢”
indirectly inhibits avermectin production by affecting transcription of ave genes.

Keywords: Streptomyces avermitilis, avermectin, ECF-c factor, o
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