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B E [8¢) sinTl Ao sinTIl R EFEAMERERE PTG AN EEEG LR, RIEL
W1z &EF AN EN BT ABC 3412 & @ Kk, L ¥, sinTlI % ABC $i2 % & 49 ATP 4
ST, sinTII %075 ABC #%i2 & @ #9355 T, dEnlei T b EE X e A X, @i sinTl
Fa sinTII ¢4 KB F BT 58 F R AR ENN EFEFAEM SR EREFm. [FE]1 A
REDIRECT"# K, E#EE7A WG G4 EH XM211 P53 MET sinTl 4= sinTIl 9B E
#REM LI A= LJ02, FFid LK F @AM R RREAT T 309, A A A KA &K pPM927
8 EER XM211 P& sinTl Ao sinTII 34T S EARFRA. 5 sinTI F= sinTII F N E46F 4%
FH 1326 AT F R AR, BARAZRTIREMNTABAMRSEE LM, [£R] 4
ERAMXM211, REMRLION FHEEGZETHT 27.2%, LI02 FHET 45.4%, LI01 A= LJ02
g MR sind3 Feifld2 KB sinR 69 4% FOK-F AR R EK. B EEAXAMK LIO3 FHEEEY
FERDT 14.6%, HREREST LI ¥ R sinTl = sinTIl § & 5 FKTAH Ki@i2 g, @A
sinA3 Fo sinR % FK-FAL R EHA 5. WHAMNEREN, FRRZAKRTAEFTHER LI04 4T3
FEEWIHEARKTFEAIRSG. (458 )sinTl A= sinTIl 2 5 % EE A Mo mA N HER #89 ABC 4515
FORRE, 2R eHER XM A FEEZNEEZRMEAR,
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Involvement of ABC transporter genes SINTl and sSInTII in
salinomycin biosynthesis

LIU Jing'? JIANG Chun-Yan’ ZHANG Bu-Chang'®~ BAI Lin-Quan®’

(1. School of Life Science, Anhui University, Hefei, Anhui 230601, China)
(2. State Key Laboratory of Microbial Metabolism, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: [Objective] In the salinomycin biosynthetic gene cluster, sinTI and sinTII encode the ABC
transporter ATP-binding subunit and trans-membrane subunit, respectively. We speculate that s/nT/

E£MAB: (No. 31070070)
*BIES: : Tel: 86-551-63861965; < zhbc@ahu.edu.cn
: Tel: 86-21-62932418; B<: bailq@sjtu.edu.cn
WisBHI: 2013-02-01 #EZHHER: 2013-03-18 L H = H AR B #(www.cnkinet) 2013-10-11



: ABC sinTl  sinTII

59

and s/nTII are most likely related to salinomycin export. Here, the role of s/in7I and s/nTII on sa-
linomycin biosynthesis and resistance was investigated by gene replacement and overexpression.
[Methods] Using REDIRECT® technology, the s/n7TI mutant LJO1 and the s/nTII mutant LJ02 were
constructed, and further verified by trans-complementation with cloned corresponding genes. SInTI
and SInTII were overexpressed in the wild-type Streptomyces albus XM211. Also, sinTI and sinTII
were introduced into S. /ividans 1326, and the resistance to salinomycin of the resulted strains was
tested. [Results] Compared with the wild-type strain, salinomycin production in LJO1 and LJ02 de-
creased by 27.2% and 45.4%, respectively. The transcription of structure gene s/n43 and regulatory
gene sinR were both reduced in LJO1 and LJ02. The overexpression of sinTl and sinTII in the
wild-type XM211 resulted in a 14.6% enhanced salinomycin production. Correspondingly, the tran-
scription of s/nA3 and s/nR was also increased. Additionally, heterologous expression of s/n7/ and
sinTIl in S. lividans 1326 slightly increased its resistance to salinomycin. [Conclusion] s/n7I and
sinTII are identified to be related to the production of salinomycin, but not to be the main resistant
gene for salinomycin in the producer.
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Table 1 Strains, plasmids and primers in this study

Strains, plasmids and primers Related characters and sequences Resource
Streptomyces
S. albus XM211
S. lividans 1326
LJO1 XM211  sinTI
LJ02 XM211  sinTII
LJO1:: pLQ24 LJO1  sinTI
LJ02:: pLQ25 LJ02  sinTII
LJO1:: pJTU824 LJO1 pJTUS824
LJ02:: pJTU824 LJ02 pJTUS24
LJ03 XM211 sinTI  sInTIl
LJo4 1326 sinTlI  sinTIl
LJO5 XM211 pPM927
LJ06 1326 pPM927
E. coli

DHI0B F-mcrA A(mrr-hsdRMS-mcrBC) @80 lacZAM1S5 AlacX74 recAl GIBCO

endAl araD139 A(ara leu) 7697 galU galK A-rpsL nupG BRL
BW25113(pKD46) A(araD-araB)567 AlacZ4787(  rrnB-4) lapr—4000(lacIQ) rpoS369(Am), [11]

rph-1  A(rhaD-rhaB)568 hsdR514 pKD46
ET12567(pUZ8002) recF dam dem~ cml str tet km [12]

Plasmid
pBluescript II SK(+) bla lacZ ori(fl) Stratagene
pPM927 pSAM2  tsr oriT
pJTU968 bla PermE* pRSETb
pJTU824 tsr  bla PermE* int oriT
Fosmid 25E8 Fosmid
aac(3)IV  oriT Fosmid 25E8 BW25113(pKD46)
pLQ20
sinTI
aac(3)IV  oriT Fosmid 25E8 BW25113(pKD46)
pLQ21
sinTIl
pLQ22 pJTU968  Nde 1/EcoR 1 sinTI  sInTII
pLQ23 pPM927 PermE" sinTl  sinTIl
pLQ24 pJTU824  Nde I/EcoR 1 sinTI
pLQ25 pJTU824  Nde 1/EcoR 1 sinTII
Primer (5'>3)

SInT1-F TTGGCGCCCAACGAGTACGCAATCACCGCGGAAGGCCTCATTCCGGGGATCCGTCGA
SInT1-R TGGCGAGTACGGGCTCCAACTGGGCGTTGTCCACGTCGATGTAGGCTGGAGCTGCTT
SInT1-test-F TAAACACCCCTGACTGTCCGGTTCC
SInT1-test-R TAGTGGCGCATGAACAGCTCCTCCA
SInT2-F TCCCCCTACACCGGTACGCAGGCGCTGCTGAAGCTCGCCATTCCGGGGATCCGTCGACC
SInT2-R TCAGGGGGCGAGGTCGCGCCTGCGGAAGAGGGCGGCACCTGTAGGCTGGAGCTGCTT
SInT2-test-F TGGAGGAGCTGTTCATGCGCCACTA
SInT2-test-R TTCCCCTCCTGTGGGCTTTCCCGGA
SInT-F GCGCATATGTTGGCGCCCAACGAGTAC
SInT-R GGGGAATTCTCAGGGGGCGAGGTCGCG
E-SInT1-F GCGCATATGTTGGCGCCCAACGAGTAC
E-SInT1-R CGCGAATTCTCATCGGGTGGCCGCCTC
E-SInT2-F CCGCATATGAGCGAGAAGTCCCCCTACA
E-SInT2-R GGGGAATTCTCAGGGGGCGAGGTCG
Tst-F TTGGACACCATCGCAAATC
Tsr-R AAACCGAGGCGGAAGACG
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112 EFH . LB  E-sInTI1-F/R Fosmid 25E8
(Luria-Bertani) LA KOD DNA PCR PCR
TSBY (Tryptone soya broth) SFM sinTI Ndel EcoR1
(Mannitol soya flour medium) ISP4 0.96kb PCR
4% pBluescript II SK(+)
3% 1% 0.2% pH Nde 1  EcoR 1 pITUS24
3% pLQ24 pLQ24
1% 0.2% 0.2% 0.5% PermE’ sInTI
0.02% 0.01% 0.01% LI01  pLQ24 -
0.5% LJ01
1.1.3 FEiKA: Sigma
Fermentas sinTI LJO1::pLQ24
KOD DNA TOYOBO 1.2.4 sInTIl E#FREEHE LI02::pLQ25 HIHIIE:
DNA marker  rTag DNA 123  E-sInT2-F/R Fosmid 25E8
PCR Omega 1.63 kb
RNA Ndel EcoR1 pJTU824
12 Fik pLQ25  pLQ23 -
1.2.1 sInTI REREHKAIME:  Fosmid 25E8 LJ02 sinTIl
BW25113 (pKD46) sInT1-F/R LJ02::pLQ25
plI773 1 449 bp 1.2.5 sInTI #AsInTI R EREEBERIE:  Fosmid
aac(3)IV-oriT REDIRECT® 25E8 SInT-F/SInT-R PCR
sinTl aac(3)[V-oriT sinTl  slnTII 2.6 kb
pLQ20 pLQ20 ET12567 Nde I EcoR 1
(pUZ8002) - PCR pBluescript II SK(+)
XM211 Ndel EcoR]1
3-5d pITU968 pLQ22
EcoR 1 Mun 1 pLQ22
PCR sinTI ~ sInTII PermE’
LJ01 2.8 kb pPM927
1.2.2 sInTIl RTFEHRBIE: 1.2.1 pLQ23 pLQ23
sInT2-F/R REDIRECT® pPM927 ET12567(pUZ8002)
sinTII aac(3)IV-oriT -
pLQ21 pLQ21 - XM211 sinTl  sinTIl LJo3
XM211 LJ05
LJ02 1.2.6 sInTI #sInTIl B FIEFRIE:  pLQ23
1.2.3  sInTI @4 ZEFk LI01::pLQ24 RIHIEE: pPM927 -
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1326 sinTI ~ sinTII 129 RBEREFMTEBREZMERN .
LJ04 LJ06 XM211  sinTI  sInTII
12,7 REBRABRESWIN: LJ04 LJ06  1/100 ( )
XM211 TSBY 33°C TSBY
36h 1/1 000 ( ) 30 °C 3d
33 °C 24-28 h 1/100 ( ) 0.125 0.250 0.375 0.500 0.625
33 °C 5d 0.750 mmol/L
| HPLC 2 gt o i
Agilen 600 21 SInTl HRESBABESE TR
TC-C18 (5 pm .
2.1.1 sInTI BIRT K Bl 4b: ABC
4.6 mmx250 mm) 2% : (9:91
. ATP SInTI
) 210 nm 0.4 mL/min sInTI 807 bp
25 uL 45 min LIo1
1.2.8 SERER PCREMEFEFAKE: SInTl-test.F  sInTl-test-R
48 h PCR  ( 1A) XM211
RNA DNA 1.0 kb
RNA cDNA RT-PCR L0l DNA 1.60kb ( 1B)
Maxima™ SYBR Green qPCR Master Mix LJO1 sinTI
PCR  hrdB AACt sinTl
sinIl  sinTII sinTI pLQ24 pITU824
sinR - LJo1
PKS sinA3
( 2 Tsr-F Tsr-R 0.7 kb

sinTI LJO1::pLQ24
LJO1::pJTUS824
212 sInTI IRESHEEHRE TE:

F*2 EBEE PCRETASIM
Table 2 Primers used in Real-time PCR

Primers Sequence (5'—3") XM211 LJo1
hrdB-F TGGTCGAGGTCATCAACA

LJO1::pLQ24 LJO1::pJTU824
hrdB-R GTCACCGAACTCACTGTC
sInT1-F CCAACGAGTACGCAATCA HPLC
sInT1-R ACGGATGGTGGTGGATTT XM211 LJOI 27.2%(
sInT2-F TCAAGAGCACGTATGAGAAC 1C) LJO1::pLQ24
sInT2-R CGCACAGATAGGAGAAGAC LJO1::pJTU824 55.5%
slnA3-F GTGGAGTCCTTCGGTGTA LJo1 sinTI
slnA3-R AGGCATCCTCAAGAGACA sinTI
sInR-F ATCTCGGCGAAGCTCTAC pJTU824
slnR-R CTCGAAGTGCAGGTCCAT
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E1 sInTIZEEEHRTEEQ), WRHRETH LI01 89 PCR EiEB), BR#ESE XM211. LJ01. LJ01::pJTUS24
% LJO1:pLQ24 MR A8 (C)RAREESE XM211 F15 Lk LI01 & sInA3 1 sInR By FKEH (D)
Figure 1 Schematic representation of the replacement of sInTI (A), confirmation of LJ01 by PCR amplification (B), sa-
linomycin production of S. albus XM211, LJ01, LJ01::pL.Q24 and LJ01::pJTU824 (C), and real-time qPCR analysis of the
expression of SINA3 and sInR in wild-type XM211 and LJ01 (D)

M 1 kb DNA ladder 1 pLQ20 2 XM211 DNA 3

LJo1 DNA

Note: M: 1 kb DNA ladder; 1: PCR product with pLQ20 as template; 2: PCR product with the total DNA of wild-type XM211 as template;
3: PCR product with the total DNA of mutant LJO1 as template.

213 sInTI REMBEZEYERERZEREES

EE R sinTI 22 sInTI IRESHABBETET
221 sInTI BSRE R B 4: ABC
hrdB SInTII
sinR  PKS sinA3 sinTIl 1 830 bp
PCR sinR LJ02 ( 2A)

sinA3  sinTl LJO1 sInT2-test-F  sInT2-test-R

XM211 ( 1D) sinTI PCR XM211 DNA
1.80 kb LJ02
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SInT2-test-F SInT2-test-R

A — 1 830 bp C
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2 sinTH EFRERTEEA), WAHRETH LI02 &Y PCR IEiE(B), AEFESHE XM211. LJ02. LJ02::pLQ25
B LJ02:pJTUS24 MR A B 2(C)FABR EHEE XM211 #1 LJ02 & sInA3 A sInR BY3RiX KT 2 H7(D)
Figure 2 Schematic representation of the replacement of sSINTIl (A), confirmation of LJ02 by PCR amplification (B),
salinomycin production of S. albus XM211, LJ02, LJ02::pJTU824 and LJ02::pLQ25 (C), and real-time qPCR analysis of
the expression of SINA3 and sInR in XM211 and LJ02 (D)

M 1 kb DNA ladder 1 pLQ21 2 XM211 DNA 3
LJO2 DNA

Note: M: 1 kb DNA ladder; 1: PCR product with pLQ21 as template; 2: PCR product with the total DNA of wild-type XM211 as template;
3: PCR product with the total DNA of mutant LJ02 as template.

DNA 1.60kb (  2B) 222 sInTH MRESHIRBETETIE
LJ02 sInTII XM211 LJ02
sinTIl 454% ( 2C) sinTIl LJ02::pLQ25
sinTII  pLQ25 pITU824 LJ02::pJTU824
LJ02 66% LJ02 sInTII
sInTII LJ02::pLQ25 sInTII
LJ02::pJTU824 Tsr-F Tsr-R
0.7 kb 223 sInTll REMNBEREMEREEZRPH
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LJO5
XM211 LJ02 XM211 47.7%
sinR  slnA3 pPM927
XM211 LJ02  sinR  sInA3
( 2D) sinTII 24 sInTI #AsInTI B FIRERIEMNEEHNRER
RS-
sinTl  sInTII
23 sinTl 0 sinTIl BHBEXRKESHEER SinTl sinTil
a3 sinTl  sinTIl pLQ23
sinTl  sinTIl pPM927 -
XM211 1326 Tsr-F/R
sinTlI  sinTIl 0.7 kb
PermE* pPM927 sinTl  sinTII
pLQ23 - LJ0o4 LJ06
pLQ23  pPM927 XM211 XM211 LJo4
sinTl  sinTII LJo3 LJo6
LJ05 HPLC LJ04
LJO5 LJ03 14.6% ( 3A) 0.625 mmol/L LJ06
PCR LJOS 0.5 mmol/L
LJO3  sInTI  sinTII 8—15 XM211  0.625 mmol/L
sinR  slnA3 3-6 ( 3B) sinTl  sinTIl LJ0o4
sinTl  sinTIl XM211
XM211
A sy St
2 < Em )03
24t Z 4 CJLI0S
.8 g
3 B
2 3 237
g p=
(=) g
g 2t % 2L
g 2
210 Rt '
s ©
s % LCL . 1, 1
0 XM211 LJO5 LJO3 sInT1 sInT2 sInA3 sInR

3 HEHEE XM211.H A BERK LIS & LJ03 AYER A B =2 (A) & LJ03 F1 LJ05 F sInTI. sInTIH, sInA3.

sInR HY%% R 7K F(B)
Figure 3 Salinomycin production of S. albus XM211, LJ05 and LJ03 (A) and real-time qPCR analysis of the expression of
sInTl, sInTIl, sINA3 and sINR in LJ03 or LJO05 (B)
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