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WAL PR B G AT AR AR Z oA, [7 %] s R ERAI AR F ARG LB = M 34T 3 B0R
#8 &, 1% % (High performance liquid chromatography, HPLC)5#7, @it qPCR M Z XK F &L F69 %
1. [£ R YHPLC #5041 £, S015AcutR #= SO15AcutS ¥ A FZ AR Z 2713457 128.1426.4 mg/L
F=2 61.8+4.5mg/L, # A AFAER SO015 F &) 11.5 4542 5.5 4%, qPCR AWML I, SO15AcutR ¥ & #k
¥ lomol4.lomol0. IphzB. IphzC. IphzE #= IphzG %) %35 E 5 5|8 2|27 A A1 69 1 151.7+88.8.110.5+5.8.
129.3+7.7. 380.2+34.6. 348.2+42.1 #= 299.8+38.2 4%; S015AcutS X XAk ¥ lomol4. lomol0. IphzB.
IphzC. IphzE #o IphzG #9 &K &5 AL 5|54 A4 43205, 2.2£0.2. 9.3+0.9. 10.3£0.6. 20.7+1.5
Fo 20.4+0.8 45. [48]) cutRicutS WAL IE RGBSR EAER AR AR E o RE2 P L4
PRAEARAZ S I B o M G545 2K ) 6 KA A AR R, AT 37 4] B A

X827 HER., RA»iREE%, BARAGE

Function of cutR/cutS two component system in lomofungin
biosynthesis in Streptomyces lomondensis S015
YAN Ruo-Bing WANG Wei~ ZHANG Xue-Hong

College of Life Sciences and Biotechnology, Shanghai Jiao Tong University, State Key Laboratory of Microbial
Metabolism, Shanghai 200240, China

Abstract: [Background] The cutR/cutS two component system plays a significant role in secondary
metabolite in Streptomyces. [Objective] The aim of the study is to investigate the function of the cutR/cutS
two component system in the production of lomofungin in Streptomyces lomondensis S015. [Methods]
HPLC was used to analysis fermentation production, meanwhile accessing quantitative real-time PCR to
monitor the levels of gene expression. [Results] HPLC results indicated that the yield of lomofungin in
SO015AcutR and SO015AcutS reach the total amount of 128.1+26.4 mg/L and 61.8+4.5 mg/L respectively,
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that is 11.5 and 5.5 times of the yield of wild type. Results of qPCR indicated that in SO15AcuzR mutant
the relative gene expression of lomol4, lomol0, IphzB, IphzC, IphzE and IphzG reached respectively
1 151.7+£88.8, 110.5+£5.8, 129.3+7.7, 380.2+£34.6, 348.2+42.1 and 299.8+38.2 times of the wild type, and in
S015AcutS mutant the relative gene expression of lomol4, lomol0, IphzB, IphzC, IphzE and IphzG were
respectively 4.3+£0.5, 2.2+0.2, 9.3+0.9, 10.3+0.6, 20.7£1.5 and 20.4+0.8 times. [Conclusion] The study
shows that the cutR and cutS negatively regulate several main synthetic genes and side-chain modification
genes of lomofungin production in S. lomondensis, thereby reducing the production.

Keywords: Streptomyces, Two-component system, Lomofungin
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lomondensis) S015 4385 %55 H — o T my i
FRGACH 7 ) — % 5¢ LA 2 (Lomofungin) . 5
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Figure 1 Proposed lomofungin biosynthetic pathway in Streptomyces lomondensis S015

cutR/cutS L 53 VR¥E 2 50 JE4% 25 o B P S RE 1)
WEH TR RS, 1 PCTES T 5k B T (Streptomyces
lividans) W% e RIS M 8RR 2B, cutR/cutS

KU 3 87 2R A B TR A PR PR K i (B T .

coelicolor) W X} H: F BLIR HAC I 7= W) il £k R 41 &
(Actinorhodin, ACT)Af 4 /EHII, 7648 5 4k
BEW(S. lividans) ' [RJFE A R G A Py Y A=
P BHEIET cutR/cutS WALV RS HIRFSTE
RIERD, KT LRGN W IR PSR 4L

®1 EHREEHR
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Table 1 Strains and plasmids involved in the study
R A TR EjiBu e
Strains & plasmids Characteristics References
Streptomyces lomondensis
S015 Wild type Our lab
SO015AcutR In frame deletion of cutR This study
SO015AcutS In frame deletion of cutS This study

Escherichia coli

TransGen biotech

DH5a For transformation

ET12567(pUZ8002) For conjugation, Km®, ChI® [14]
Plasmids

pKC1139 Apr® [15]

pKC1139-RH Fused cutR homologous arms inserted in to pKC1139 This study

pKC1139-SH Fused cutS homologous arms inserted in to pKC1139 This study
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Table 2 Primers used in this study
GIL/ B Eit7)s 2l &
Primers name Primers sequence (5'—3") Purpose

R-UF AAATTTAAGCTTTGAGGAGCCCTGTGACCGAC cutR left homologous arm clone
R-UR CACCGCATCGGCGAGCAGTT

R-DF CTGCTCGCCGATGCGGTGCGCCCGTCATCGTCACCGTC cutR right homologous arm clone
R-DR AAATTTTCTAGATCGACACCCAACCGGACTCCTC

S-UF AAATTTAAGCTTCCCGCTTCGTACGGCCTGAT cutS left homologous arm clone
S-UR TGCCGCCGACGATCTTGAAG

S-DF TCAAGATCGTCGGCGGCACGGTCACATCTACGCCCAGC cutS right homologous arm clone
S-DR AAATTTTCTAGATCTCGTCTCGCTGCGGTTCAG

113 EFRERNMER

LB R 555 (g/L): A 10.0, BERHERW) 5.0,
NaCl 10.0, Bfig 15.0 (AR FEL), pH 7.5,

YEME WAk & B 97 5 (g/L) : BERREEUY) 4.0,
2 AR 10.0, #i%GHE 4.0, pH 7.0,

MS AR FEEE. BHEPH 30.0 g, fniEREK
TR, k1 hIEH 6 EOmaliE, Mg
A EEBEAIE 4 200 g, EAR 1L,

2xYT T R i Fe i (g/L): AAbEN 5.0, B%
BHEEM) 10.0, EMM 15.0, pH 7.5,

PUERWE (mg/L)WNT : 27758 2% (Ampicillin,
Am) 100, “ZEFEZE (Apramycin, Apr) 50, KAE
% (Kanamycin, Km) 50, % % (Chloramphenicol,
Chl) 25, ZEBERIAR (Nalidixic acid) 40,

1.2 FERFIRNEE

O 2-THR, WHlg. W=, ik EZER;
EAME . BERHEEY), Oxoid AF; Gk, H&
i, EARES, i e ER A E BRA F]; e
¥y, BB HPOABRA A ZZEMEREY), bRk
FABRAE; BREENYING, KiEs Y TRA R
Al RRRARETE AT . s, EEEeRHY
R H]

1.3 KWA%E
1.3.1 HEHKIEF

P KIGFF R R4 R LB Kigedt, %58
TEEEEE A SO15 MR LS ISCHR[16]: WK
BURTHER I YEME B5Rdt, B53RIREh 28 °C, %
PREE A 220 r/min; EIARE TR MS B FREE,

KRR R 28 °C,
1.3.2 ERFERKFERHIMIE K TF IR IE

(1) WBEHEAEF TR S015 2 JLH 4 DNA H$ZH

4 Tiangen 50 GBI EF LK 4] DNA
073 e

Q) G

BEAHBHMATE N E. coli ET12567(pUZ8002),
ZAKE R S. lomondensis S015, & A EAE Ik
Z BESCHR[17]

(3) LAt FHE DR il 2K 2 A8 TR 1) i G

Z BESCHR[ 1 7TEA 7 35 R SR 98 AR AR P9 7 12 1
IE. PCR J2WfA % : ddH,0 8.5 uL, DMSO 1.25 pL,
. FIESI(10 pmol/L)4% 0.75 L, DNA Hikx
1.25 pL, PrimerSTAR Max Premix 12.5 pL., PCR %
W44 : 98 °C 1 min; 98 °C20's, 59°C45s, 72 °C
60s, 30 MEFF; 72 °C 10 min,
1.3.3 S K&NER =5

(1) AR h&E

24 h W RBERGHEA THOREI & A 4k . B
200 uL & R B T EP & H, 12 000xg 5.0 5 min,
#E b, D1 mL ddH,0 &, Wkt 3 550
ddH,O My 78 FORF R, LA 5840 43 00t B 1
ODyso (8o VIUEBERTE] ARG ALK, LA ODyso (NN
At il R AE R 2

(2) HPLC 43H7

R IALFE . HUESR 4 d YRR 2 mL,
12 000xg 5.0 3 min, WCHU 2T 1 mL, L
6 mol/L () HC1 #15 pH £ 2.0, JIIA 1 mL 2- T i,
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PRHIRAT 5 min 2600, L) 12 000xg B0 5 min,
FIEAYMEEES 1.5 mL B0, 33 °C HASiE
IR RO ZE TG, T 1 mL B 0.1%H iR
K1 (RRREESW T, Gz i,
FH0.22 pm A HUAHNE L 38 2 3% HPLC /M,
HF =91 HPLC 547

FEI HPLC 43 Hr S BESCHR[18]. LA 0.1%H iR
WIR(A)F G B) M s, 1-4 min, A:B=8:2;
4-20 min, A:B=6:4; 20-30 min, A:B=8:2. ik
24 270 nm, 373 1 mL/min, F: 30 °C, 8] Agilent
Eclipse Plus C18 {i%41:(250 mmx4.6 mm, 5 pm)Ks:il
IR, R BHAEA 18 min 245 BHIF= 8 R 1%
SERLEA R o MRl 06 ) BRI 6 5% D TR b o il 4k
(»=0.015 4x-6.936 4, R*=0.991 8; Hr y Jy Wik
BE, A mg/L, AR ar x A UETE D) T

(3) qPCR 73 #fr

B 1 mL &% 48 h YT 4 °C. 8 000xg B>
5 min AR 221K, R EAN 1 pm BEERT
Redzol RN TR 2248, FEAN MRS L 77 2244
A% (6 500 r/min, 20 s, [A]8K 20 s, ¥k3% 2-3 MEI),
FRE 2-3 min, )R 8 000xg 2.0 3 min,
] B3 H A 200 uL 2R S S I E=25:24:1 (1K
FIPRA WL ERRE M, 12 000xg .0 10 min
IF ) ERFH A 200 uL SE45RAT; 12 000xg Bl
10 min, [ E#HAIA 200 puL Jo/k ZESR A0

S. lomondensis

ABLOHE 5 12 000xg B0 2 min Ji[a] 2O FRon
50 uL DEPC-water % f# RNA, 12 000xg #.0> 1 min
W EFE S . (] Fermentas ZNE [ RevertAid™ H
Minus First Strand cDNA Synthesis Kit 17 RNA 2
¥, cDNA ) Real-time PCR F| SYBR Green
Real-time PCR J7 S 47, XF lomol4. lomol0.
IphzB . IphzC. IphzE 1 IphzG 6 N3R5 14,
PUEFA AU SO15 1Y 16S rRNA KK h NS HEA , HEFT
qPCR L5,

(4) it orthorik

SRR AR ¢ K58 00 T

2 SR540
2.1 SO015AcutR %0 S015AcutS LT HRHIHIE

68 FH [RIHE BB () JELBIA EE cutR . cutS PRIE R G
AL R o f F UF/UR A1 DF/DR 51 #7%} 17 PCR
P35 WIERECH LR B b TR A B, Xt
gy b FUERNERE BGiE RS PCR,
N YT Hind 11 FN Xba T XURG )4 2 [R]EO0 - B
1 pKC1139 #fk, VI ™=#yfli A LigationMix fif
HRRIATER:, W T RBRITR . K R Bk
AL Z KGR TE ET12567(pUZS002)ME 4 4 %%
BALAE, SHPAR S015 YEATHEAHERS, BREL
K mEE 73R, X EI iEfT 5, 3K
15 IEA A B A S DR a2 TR R, 356 R g o i 24 Ao
Kl 2 TR .

Hind 111 Left cutR or cutS Right Xbal
chromosome I —
pKC1139 XX
l I [ [
Hind 111 eft Right Xba 1
Disrupted
chromosome | '/
Left Right

B 2 cutR B cutS ERE B RRIE

Figure 2 Mechanism of cutR and cutS knock-out
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W51t , 18 cutR EIFIRIERE 5490 R-UF Al
TUFRIEE S 1Y) R-DR 19 5943551 A Hind 11
Xba 1 FEUIL R B R IREE , 72T W R I 519
R-DF 1 55| A—B FiifRIEE 514 R-UR 1Y
Overlap [y 8 VST 7 J5 22mfl & PCR 5255, EiiflA]
I8 R Bl 1597 bp, T UlERIJEE FBehy 1587 bp,
[ JEVE A Bk 3 184 bp, T RAER curR HFElH F B
KN 562 bp.

PR RIRE R BT T cutS 519 o cutS Fi#[H
PR B BE R 1517 bp, R UFIRITERE A B KB R
1566 bp, [V SRR 3 083 bp, THiTER cutS
FE R B E A 952 bp.

Hrr cutR FEPRBRK FHRRH] R-UF/R-DR 514
XFHERT IR, W AE B AR PCR 934 7 Wy 454l
KJEHR 3 746 bp, cutR PRI BT I 45017 KB
3184 bp, H: PCR ¥ Mg ukHa vk BIIE AN & 3A fr
7N cutS FERER MR A S-UF/S-DR 5 |9t ik 7
PCR I00E, FOTEPARITRRER) PCR 934 Wy 454t
KJEH 4035 bp, curS FEPIERR R 25 BN
3083 bp, H PCR § H45FAL UK EEWNE 3B Fis .
H vk g R STEARAT, cutR F cutS BASLIR B 2,
R R R 44 R SO15AcutR F1 SO15AcutS.,

A B
bp M R W bp M W S
‘ 5000—
5000 — - — it
3000 — - 3000 -

3 cutR (A)K cutS (B)EE R FR PCR ¥ 1836 E FE Kk El 1L
Figure 3 PCR validation of cutR (A) and cutS (B) gene
deletion

¥ :M:DNA marker 2K Plus II; W: Wild-type S015;R: S015AcutR
ZEAKR; S: SO15AcusS Z7AEHE.

Note: M: DNA marker 2K Plus II; W: Wild-type S015; R:
SO015AcutR mutant; S: SO15AcutS mutant.

2.2 cutRlcutS W EFERZEWE I

P& SEAEEERE TR SO015 BRI K . SO15AcutR
K SO15AcutS 2875 #4572 YEME Wi (& K5 37 3,
28 °C. 220 r/min KEEFM TR, TEIKZFE K
KRR REGERE 4 ORTERE#E T HPLC
A3HT, 3 BRIE AR & B 0%t i i HPLC S P 0
4,

24 h S 2 TERURE DN S it A K i 2, an i
5A F7R, SO15AcutS ZRAFRPRS S015 B AE RIT#E
AR A K BEAT A S X 5, UEPH cueS LRI AR AR
BeA W E ;. SO15AcutR R IHREFEHT 4 K40
AR EE SO1S BFAETRIGEMEA BT 1%, B curR FE
(1) PR S3 XoF BTHA A A A A — S R VEH o

WHE I8 5 ELR R AU K % 4 d =Bk
e, WK 5B fos, A 4 d B SO15AcutR
SO15AcutS i8S FLIE R 53 5k H] 128.1425.4 mg/L
F161.8+4.5 mg/L, Sl /ZRFAE RIS 11.5 1%
5.5 1%,

1 800
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4 BFEHRAAEEY HPLC SKE
Figure 4 HPLC profiles of fermentation products from
different strains
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Figure 5 Effects of gene deletion on cell growth (A) and lomofungin production (B)

2.3 cutR F cutS FHERREE RS R ERFERIFER
Al

HFEEL cutR A1 cutS Wi FERTERS K FXT
R IR BB B 2, UK ¥ 48 h TR, AR
J7 I HRE RNA H4% 5% cDNA, LUBFA: 1 8015 (1 16S
rRNA KNS, X} lomol4 .lomol0 . IphzB . IphzC .
IphzE 1 IphzG & AR 4T qPCR 4347, Firfs 4
W 6 Frs o S015AcutR AR lomol4 . lomol0),
IphzB . IphzC. IphzE R IphzG 3k 85 Bk s 4
AR 1 151.7+88.8 ., 110.5+5.8, 129.3+7.7. 380.2+34.6.
348.2+42.1 F1 299.8+38.2 fi%; SO15AcutS ZALHEH
lomol4. lomol0. IphzB. IphzC. IphzE F IphzG 1]
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1200

Relative gene expression fold
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R B B A LAY 4.3+0.5.,2.240.2,9.3+0.9
10.3+0.6, 20.7+1.5 1 20.4+0.8 fi5, Y47 AL R TR ik
A PTHER
3 il

ARICZET cutR FN cutS W4FE R R 185 552 Flide
B E SO15 V%S FLIA 2= A U o &I cutR Fl cutS
TX T A B PR X 1 52 A 2 TR T 52 EL A R 195 Ui
FRENER . ME—98 cutR Tl cutS X5 H
WR GRS, AT 1K WA B R %
SEH R G IEE lomol4 . lomol0. IphzB . IphzC.
IphzE R IphzG % 53K F-0952 00 . Hod IphzB | IphzC |
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Figure 6 Relatively transcriptional level of biosynthesis genes in strain S015AcuzR (A) and S015AcutS (B)

TE: ** cRRAS R,

Note: **: The results of # test were extremely significant.
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IphzE 1 IphzG J2 Iphz SER % FIE %5 R AR
HFMERAEY A REZERAY T PDC A
G lomol0 FN lomol4 W &K 5 FLIH = A L 72
Hh G B 5 A8 A G P R TR . SO15AcutR
SO15AcutS S/ LIRS LR R B ML R lomol4,
lomol0. IphzB. IphzC. IphzE F IphzG Fik/KN-34
XS B9, UL cutR FIl cutS XX BEIEIR (k4T
PHIVERT o 4D cutR A1 cueS 45 mT 40| Wy v ] 7=
Y& W ROE 5 BR 2R A R RS R R, DI
TR R G, HLREILRA Rt — 200 5E .
UL 43 ¥ 22 0 A7 AE 4% 25 D O A Qs
FRER G, IS 5 AR B R
BT o cutR/cutS AL R G0 IR 4331
T S. coelicolor™F S. lividans il Hyx At i
P ACT BYARL, (BSCT 2 73 A R Ge vt i
B IR B BRI A AT AR B . AR SC
RS SRR AP S cutR/cutS W ¥
RYE, WP RIHXTR G118 5 H R A
SRIVHEAERT, VIR T2 5> RAAEIE 508
HERE TR SO15 ThIEEIE S B R BN, Shik—
N ST R TR A 7 S DN T AR MO B T At
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