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B sInR, P840 Hr R sald JE A P81 58 42—
. TEASZEFT IR S. albus BK3-25 i #k

Fe3 o Hr R [ FEA77E5 S. albus DSMA41398 3
G 5E 4 —HY 3 MIBTERYIREE LN, TG — i
% sInR. sInN #i1 sInO®, Hrb sInR K[ 280758
RS Ay #h 55 3R AR W5 U DN IR AR R S A A A 4
JEPEE A sInN L sInO JEPE S REA A, j@ 1 NCBI
Protein-Blast ZfFH X}, &P sInN JE K 4 5 25 1
5 Z ® it 250 5 N7 (Multiple antibiotic
resistance regulator, MarR)Z % [a] 14 ik 61%.

MarR &) I AF7E T 4 i Al ity i o v — 25 R ST 1Y
s RN, AFEAEFE B MarR (R J5 8 1
A DL 1 R B PR BE BT e A A A

KW, WEHCERYOE. REEam N . FEik
81 DL RS A A AR RO A S i Xt
S. albus BK3-25 F#kH sInN it [H e . LA
ik, AT E B PCR F AR AT A itk 5
R Z R Rk 22 5, 9 sInN JE [
TR R AW A RS AR AR . ik —
38 o 7 SRR s B R R ST W ARAT T
FER

1 BB

1.1 #Bk
1.1.1 Bk, RS54 k1, 2. 3R,

F 1 ALBATRAME

Table 1.

List of strains used in this study

Strains Description

Source/Reference

S. albus BK3-25

The original strain for salinomycin production

Zhejiang Shenghua Biok Biological
Company (China)

sInNDM sInN gene-deleted strain This study

sInNOE sInN gene-overexpressing strain This study

BL21(DE3) Strain for recombinant protein expression Invitrogen

TG1 Used for usual transformation in plasmid construction Amersham
BW25113/pKD46 Strain used for PCR-targeted mutagenesis Chunyan Jiang et al, 2012
ET12567/pUZ8002  Non-methylating ET12567 containing non-transmissible RP4  [11]

Bacillus subtilis

derivative plasmid pUz8002
Indicator strain for salinomycin bioassays

CGMCC 1.3358

R 2. RSIPTH AR

Table 2. List of plasmids used in this study
Plasmids Description Source/Reference
p1J8660 Site-specific integration vector carrying ermEp # ¢C31 int, and attP [9]
p1J8661 p1J8660 with extra MCS including Nde | and Kpn | restriction sites This study
15D8 Fosmid carrying the sInN gene This study
pl1J8661-sinN pl1J8661 with a 984 bp Nde I/Kpn | DNA fragment This study
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%3 AXFHTHAR PCRIIEREKRHKEE PCR I
Table 3. List of PCR primers and fluorescence
quantitative PCR primers used in this study

Primer names Sequences (5'—3’)

Ntar-F GGCGACGGCAGGGCAACGGCCGGAGGA
GGAAGGCGGATGATTCCGGGGATCCGTCG
ACC

Ntar-R GCAAAAGCCGTGGCCGCGCGCCCCGGTG
GACCGGGCTCATGTAGGCTGGAGCTGCTTC

JDN-F AGTCGCCCGATCCCTGTCCCATGC

JDN-R TGCCCGAGCTTCGCCTTCCGT

GN-F GGAATTCCATATGCACGGCTATACGCACTT
GCG

GN-R GGGGTACCTCAGGAGAGCAGGTCGAGTA
CGGAG

HN-F GCCAACTCCCCTGCCTGGTGCGGTT

HN-R TCAGGAGAGCAGGTCGAGTACGGAG

N-F CGGGATCCATGCACGGCTATACGCACTTG
CG

N-R CGGAATTCTCAGGAGAGCAGGTCGAGTA
CGGAG

Tsr-F TTGGACACCATCGCAAATC

Tsr-R AAACCGAGGCGGAAGACG

ghrdB-F AGGACGACGCCCCCGCACAG

ghrdB-R CCGGCCTCGATCCGCTTGGCG

gN-F CCCACCGCCTGCATGCCCGA

gN-R CGCTCCACCACCGGCTGCCA

qAl-F ACCTCGCTCTCGCCGGAGGC

gAl-R CCGTCGGCCCGCTCGTCGAA

gF-F CGGCCACGAGACCACCGCGA

gF-R CCCGGTGCCGAGCGGGATGT

qT1-F AACGCGGTGGCCGAGGGCAA

qT1-R CGGGGGCGTCGCCGTAGTGG

qC-F GGCGCGCACCGCCTCTACCT

gC-R TGGCGGCGCACCACCCAGTC

qB3-F CTGCCCACGCCGGCCGATCC

gB3-R CTCGTGCCCCAATAGGCCCGCA

gR-F CGGGCACCCAGGCCGACGAG

gR-R GCGGTCGGCGTGGTCGGTGT

erme=*P-F AAGCTTGGCGGCTTGCGCCCGATGCTAGTC

F stands for forward primer, and R stands for reverse primer.

actamicro@im.ac.cn

112 ¥EgREE: KWFFFCRA LB 53R 5H1 SOB
Bk BERDTARIE SRR AT 1SP4 [E A B 57 5
B RN R R TSR A . 3.0% TSB;
RWEEFRHT ) YMG B bk BEREHREUY) 0.4%,
A LEPREU 1.0%, A 0.4%, CaC030.2%, Fi
10 mol/L NaCl ¥ & pH 7.2, H:ARPET 5 i 10%F) K
R

113 FEEN . ALWPTANNIIE . 5%
¥ TaKaRa /A 7], KOD = {4 2 DNA B4 it
H TOYOBO /7], DNA marker £l rTaq fi g H
TaKaRa Ar], PCR ¥l afifbiii & . DNA
ok R & [ Axygen 23 H] . RNA il
Ffr . POt it PCR AT &4 TaKaRa 23] i
ER T ZAGIN (0 ) 4- U R AR SR
Bt IRIHTAE R Ik Sigma 24 w7 i

1.2 sInN BB AN LR MRR 44

FFH AT M HE Y BK3-25 I bk Y JE K 4
Fosmid 3CJ%, FH] PCR # AR sinN FE[A
i) fosmid 15D8. F JoH 15D8 #& A Kt
BW25113 (pKD46)H, FF|H Ntar-F/Ntar-R k5]
Yy, Lk pld773 (£ Hind I11+EcoR | XL ERIAR ,
PCR #"#¥Jf- %1 [0 it 1.38 kb 747 557 . R
PCR-targeting £ AR AT AR [ & B 2= (chl) . B
THH 8 2 (Apra)] 0 28, R4S FH T 308 4 1
pSL2 (& 1)

B pSL2 5Tk A K FF I ET12567
(pUZ8002)H, FIHlfEEH—-E. coli J&I4E5%
Seg, E T Apra BTSRRI IE , RIS BUERE
HF, RGBS T AR E, Al
FH sInN LR WA [ 555 51 4% IDN-F/IIDN-R, R
PCR Jy:IRiiF 4R sInN i PR e 25 1y XA 48 58 A4
Pk, 44 sInNDM.,
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984 bp
< >
IDN-F JIDN-R
> -«
— )y — > VT
~ e ~ P genome
™~ Pl sinN gene ™ ~

oriT aac3(1V)

sInN mutated fosmid (pSL2)

o — S U

genome

1.38 kb

1. sinN EERFRFKEEREE

Figure 1.
REIE sSINNDM A2 H F sInN JE[H 2248 5|
R, R KT sINNDM BRI [E Rk . R
Wt SERIZH DA, LIRSS 19 HN-F/HN-R 37
14 1560 bp AYF51 (£ sInN J&[K K AT BE Y S a7 751
576 bp), %A B pl8600 &R, #EAKIGHF
W ET12567 (pUZ8002)H', 5 sINNDM [ kA 14%
G5, ek Apra+Tsr ST, FEHRBCER4H
DNA BE, fSZPAFREME, fi4h sSMNCOM,
1.3 sInN ZERFE S RBERGE
Wit 4 5P 51 4 (GN-FIGN-R) 4" 3 5¢ % (1)
sInN £ [H (984 bp), SAJFiZHEH 2L Nde 1/Kpn |
XTI FEIRE R, SR 55 Nde I/Kpn | XY 5
[y plIse6L Rk AR 4, fT%ILNAE ermEp=i ]
FFEGZT, s R E A ok pliee6l-
sInN. 3% ki #% 4k ET12567/pUZ8002 % , 15 BK3-25
W TS 56 5, Apra Btk ARk, PCR I
JE ermEp+Ji 8l 17 51 2 A G B Y A A FE R 41 |
(G143 3 H . ermE*P-FIIDN-R). K5 3R15 (14 55 %

Construction sketch of sInN gene knockout strain.

KRR 4% R sINNOE.,

14 H:HBE LR ABELR

TERE G, 2H 1 cm? K/ BK3-25 HvE
(EL 78 ISP4 [ BEFREE FRESE 1), A KE
(24 30 mL 3% TSB 3EF LA HE I (77 18 /)N
BESER), BT 33°C. 240 r/min BYIEIRFE IR PR IR
26-30 h, SRJGHHEEFRUF RN H% 10% LL (4R 3]
40 mL YMG KRR FRIR (7 10019 K3, % 18
WEESER), F 10 )220, B F 33 °C., 240 r/min
TEVRFEAREE SR 4 d, 4N 5% KB, 4kEi853% 4 d,
e R TR 2 50 mL B0 . & )4 H E
1-2 mL RRER A TE R 2 T Al
15 H/RKEEYHI 5B

KRS 1 MK OB ESR G, #H
PEHEHL 20 min, g, BOGEW 1 mL 2 10 mL £
IRHIOK CREESS ;. FREFRIGE 2 DR
0.5 mL FHIZEE T, IMATKZEE45mL, &
a7 5 mLo X B . HERRIZ IR 0.5 mL, 100 pg/mL
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X B H R R ATK ZEE 45 mL, B
5 mL, $E5] o FEIRAER IR R [F] iA 70 °C
fERZKYE 20 min, BHEREIMOEEE, 18
ODegoo PATG/K 2B 925 11, 0 Xof BEV AR V11
WOGAE . XFRESRI 2 Yk, 4axd 22 {H/ N 0.01,

KRN Ug= XN (~31)

X1 OD w: FERIEWOGME; OD w: Xf
HOBRWOGIE ; C: ARiEREM IO EE s n: FRRAEEL.
1.6 HEZXKBYH HPLC Rl

BURTER 2 mL, 4% 1: 9 MH@limA B EE,
#i 20 min; 12000xg 5.0 10 min, B i A
FAPLUEROR 3285, B 200 L #£47 HPLC
K, e gcE ol . AL M4k B 2 A
B=9 : 91; Ji# M 0.4 mL/min; #EEER: 10 pL;
FE SR IIES[E] : 45 min; €354 . Angilent XDB Cyg
4.6 mmx150 mm, 3.5 um,

17 BEFFERNEYIRRIR

PRI FLZE AT IR BRI T% . 7E 5 mL Media
Number 51 (MN51) 555 E7 3%, 30 °C 245 r/min
Kigf 16-18 h, SRIG7EE G, B 100 uL
7E MN51 AR IR %, 1EjE 30 min, 30 min
DU TEFAR AT pRic, I A Sk BUE R H 6
WK RIE, I FECT, IERTE
AR FIFRERERR T o S8 BUE IETE 4 °C vKAR R
(/0 14h DI 1), 30 °C #555: 12 h 247, WEHI B
el (T B FHA IR
1.8 HEHEREMN RNA $2E. DNA JHg &

RNA HEHCR FH EASY spin Plus 4HE RNA R
B IO & (b SRR A R A PR F)) il
P&, BRAEIE WA G U] 5. JEIKZH DNA I fi
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I #2: Total RNA 40 ng; 10xbuffer 10 uL; rDNase
I 4 uL; RNase Inhibitor 1 pL; /it DEPC H,0 %Mt
% 100 uL, 37 °C, 45 min, SRJG ISR BUN R/
AT, JOKCREUURE, 70%CEEBEIRTTNE,
5 J5 0 25 pl ddH,0 (RNase free) A f# i TE ,—80 °C
Ao SO0 AR TaKaRa 2w i)
Reverse Transcriptase M-MLV F2 % 5487 &, HAK
AR DL ST 45

1.9 %t ER PCR(QRT-PCR)LE:

IR 5 1 cDNA Bk . A
TaKaRa 2\ #) ) 2xSYBR premix Ex Taq i #] 317
PEE L PCR 2. LA hrdB JER S AL,
KR 3 hrsI (AT EES g B9519), 435t
sInN ., sInAl. sInF. sInT1, sInC. sInB3. sInR 3
968 2 Hr, mRNA M ik & ry 28k
T F=27C

2 HERAAMN

2.1 sInN Z:FH SRR ES S E

TRV sInN B H5EE R e R, &
THE 1 Ry s B R A sinN B[
(984 bp) /¥4 B4 Apra Btk IE K (1.38 kb), ik
ARG XA W Bk sINNDM . F) F [] YU 51 4
JDN-F/JDN-R % sSINNDM X A2 #e i ¥k 381 7 PCR 5
IE(E 2), WK 2 hRTLUEH, PUREG H KR (S.
albus BK3-25) & [F 20 Sy B Ak 47 1 ) 254 K/ h
1.2 kb Ze 45, T LAZRAE Bk sSINNDM Ry B b 38 i 2%
WAR/NHK 1.6 kb Ze47. SINNDM B AR Bk 19 56
UE, SR o EE 22 R FE K 195 1Y) (Tsr-F/Tsr-R)
A1 sInN FE K (49514 (N-F/N-R)#E4 T PCR %52 ,
SE M SRED 1 0.7 Kb (9 Tsr itk Bl 1 kb
AeAT 0 H A FE DR 257 (DNA HLTK TR ) o
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Figure 2. PCR identification of deletion mutant of
sInN gene. M: DNA marker; lane 1: Amplification by using
the WT genome as a template; lane 2-5: Amplification by
using the sINNDM genome as a template.

2.2 sInN ZE R R BRI STHE

FI FHEE A R R plJ8661, fdi sInN JER 4k F
ermEp+if i s FHEhil 2 &, A H s A R E 21 TR
p1J8661-sInN. % ki 4%k ET12567/pUZ8002 I,
S 506 0 R R THe G 5 5, Apra TUPE AR
Pk, PCR I&1IF ermEp*J&i sh T4 R 4 A B e fa
PREERIZE E (] 3). RIUMM WT ZER AL A i 2%

bp M 1 2 3 4

2000

1000

750
500

250
100

B 3. sInN ZEESFREMKR PCR £7E

Figure 3. Identification of sInN gene over-expression
strain by PCR. M: DNA marker; lane 1-2: Amplification
by using the WT genome as a template; lane 3-4:
Amplification by using the SIhnNOE genome as a template.

W, TAE SINNOE B REIER 2 7 mT A4~ 4 1000 bp
LA &, UL ermEp+Ji s TR &M A B @
(NI
2.3 AF sInN EH RAERKIE LR

SR FH A= W48 7 1 (Rl B 2R AT 1), A 11 6
B B R E(WT)5 sinNDM . sINNCOM . sInNOE
= AR D AR 22 R R AR 1 B SR R
sINNDM B& & [ 310 1 8 b WT BH @38 (& 4), 1
76 sInN R #I8J5, sINNOE FEtk i E e
WT B E 08/ a4k sSInNCOM (4 18 5 WT
P, BRSPS R sInN JEF AT fgle—4
AN, HmRaxtRmRMEYE A —
FERINHIVER, AANS 582l T sinN P B
RIGaW RIEMEBRFERNAEY AL, UL sInN 5
D] Ay it 2R AT LA A I S T 4 S A 56 R 1) BRI A FH
2.4 AFERGEBESLE

BRI R B IR 5 BT LA, sInN- JE PR
Bk (sINNDM) 1 £6 55 2 7 12 B I L0 HE v 1 7 6
By, PUELR S YY) 35% 45 A5 T sInN Rl R Rk
PR (SINNOE) 1, & 3L 5 M K TR AR Ay 7™ St AH L 2 B
BRARH, $hE R R T RS 43% 44 (WK
5 fiR). LRSS H S0 TE B SC I 45 AR, Ut
B sInN SEA AT REJE T — A i st N, Hod b8
R A A F R AR EE P RIE A, (HOR 258
Eceiki
25 sInN FEERFHES S EREIHRE gRT-PCR
o

TERTHIRF sInN JE A %) Protein BLAST Ft X4y
MR, ZHEEET Mar ZIEMREREE, H2
MarR Z 545 2 PR R o] LU E [ 45, AT LLfR
)R o AR 30 o T ) 35 PR R AL R 2o
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4. WT 5 sInN ZRE A [RE R LTk 8 8940 = Bl LbiR
Figure 4. Comparison of inhibition zones between WT and sInN gene mutants. A: WT; B: sihNDM; C: sInNOE;

D: sSInNCOM.
14000 —

—— Wt

— il sInNOE

—&AsInND

12000 |-
10000 -

8000

t'd

B 5 WT 5 sInNDM. sInNOE H#kZ BlHEE B &~
SR

Figure 5. Comparison of salinomycin production
between WT, sInNOE and sINNDM strains.

RS IOE, & BHXT B R AW A SLbrRE
FOEHPEER . b T E— 205 SInN 2 A TR HL
H, ASZIGHLEC WT F1 sSINNDM W F B Ak 14 2 1

actamicro@im.ac.cn

W22 5 RNA, DL hrdB NS IR, R
qRT-PCR 7, BESTER R A UL R rh 45
SEN RG22 5 . S5 RRY], TE sInN BRI B2k ik
(sSINNDM)H, &3 sInO F1 sInAL J& K 1) & 1k 7K -
A B, T A R R SRR K B A TR e . 1
A sInN 2[R g i T BEXT sInO Al sInAL 5K
m (& 6), ot sinAL J23h B R FH A1 ¢
A MMERE, JFH5ERES 8 M mER
(sINA2—sINAQ) AT L4 5%, i KL H 1 2638 IR Bk
EHERBRME SGEE 2R, 1M sInO A
MAEYIE B2 Eortr il s T MarR &R
WEER, PR SRR M A P RIS

MAE sInN &R 3ok LR w R H (K 7), gRT-PCR
BT RI— 5T sInO JE[A | sInAL JER R EKF-
BRI, 1M sinF. sInT1 A5 /K B2 Fif.
MarR Z 5 15 25 AR B 2 17 5¢ 22 24 24 31
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Figure 6. Analysis of transcriptional level of genes involved in biosynthesis of salinomycin between WT and
sINNDM strains. The relative expression level of each gene in WT was set to 1.
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Figure 7. Analysis of transcriptional level of genes involved in biosynthesis of salinomycin between WT and
sINNOE strains. The relative expression level of each gene in WT was set to 1.

AR S50 sInN 6 L8] 232 J B AT LAY 1 6 85 2% 19
AWy a G, AT ER R R A SR, nTRE
SR A BB Z T A G

3 AT fritis

SInN J& MarR ZRIE B+, KRR
T FEGHEEMMREERRE . NI # I
PUAE R A LA A G, W R A R U TE
IV 2255 40 A A B DG O 3 B 0 MarR el
SR DR B AT DU B0 70 AT USRI, A

S TR R B Ay e R -, E R R Sk
MarR ZGH TR EA B, HRZ% MarR
TR ) F R A SGE s sInN £
R SE IR R F IR TCLS, GIESE sInN JERIXS ER A R
A= & ke T AE . gRT-PCR 20 Mk B
sInN JE A B2k 235 58 sInO i sinAl JER 1y i,
MATAIER ¥ ER 3 2R A LE )& GBS . T sInN S [
I FRIBL T sInO 5 sInAL FERI KK, e 5
XWEY G RGERE . 4546 MarR KRR+
AR, HEM sInN 2[R 52 At (55 W Joe it s
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AR R R ALY A O | I RER R IAME,
B 1k Eh % 2ot X HE R A SR, (H R
TR 5 it — 2T o
XTI R AR AR AL, FETEAr TR
PUER WA G e 5 R 2L, —JF
TET AT LA o 5 S B 4t f R TR 9 5 DL, xS

RN IE R VR T A, DAk T, /e
A AR 5T AT DS e X A

PR Rk, s R L R A T el R, ATk 2]

REPUE R A H AT, A58 i % sInN 3
R REI R, W T —LHERRTH
PRAY IS A G T T R4 SRl

¢

" ) A 9 S 1 R A A e
S A MR B A 2 A H 1 A SR R [ 4
FAI o A AL B R BOR DT T 45 5
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Regulation of sInN gene in salinomycin biosynthesis

Zhenhong Zhu'", Han Li?, Yongquan Li*

! College of Life Science, Zhejiang Chinese Medical University, Hangzhou 310053, Zhejiang Province, China
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Abstract: [Objective] To study the potential of regulatory gene sInN upstream of salinomycin biosynthesis gene
cluster. [Methods] We used genetic manipulation technique to knock out and overexpress the sInN gene in the
original strain Streptomyces albus BK3-25. Then, using inhibition zone test and fermentation experiment, we
detected the changes of the production of salinomycin biosynthesis in different derivative strains. At the same time,
we used gRT-PCR technique to analyze the difference of the structural gene expression between the derived strains
and the original strain. [Results] The production of salinomycin was increased by about 35% in the sInN
gene-deleted strain (sSINNDM), whereas the production of salinomycin was decreased by about 43% in the sIinN
gene-overexpressing strain (sINNOE). qRT-PCR analysis revealed that loss of sInN gene caused up-regulation of
sInO and sInAl genes. The sInN gene overexpression, on the one hand down-regulated the expression of sInO and
sInAl gene, on the other hand caused sInT1 and sInF gene up-regulation. [Conclusion] The sInN gene has a
significant negative regulatory effect on the biosynthesis of salinomycin.
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