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Figure 1. LC-MS analysis of the fermentation extracts
of S. luteosporeus NRRL2401. A: The detection of
indolmycin from fermentation extracts of S.
luteosporeus NRRL2401 by HPLC; B: Validation of

indolmycin from the fermentation extracts by mass
spectrum analysis.

B INGEN TR T ATITIE, FFBE— 2D S BE [l 2l
i, P Sl . HAT, %Rk Ak g
By WA 38 AL BRAE 5k TR SCE I i AL T 25 R
&, TAHEEROITOT SO R Y A R 4 A
fifto MG, AWFFEEEST 1 e A B R A R L 1R
TERGE, Mg 7 ISR, IFLISIRER N
1, 3@ BB S | AT PCRR I i 165 A 5C
JERTT i, WIEARAT T W5 2 A ) & iR N 7R
L, A — LR R A&
AL B T EEAL

1 ARfarrik
1.1 LA
1.1.1  BERRSBRE . AN S0 R H i ¥ A 1 B

actamicro@im.ac.cn

FINRRL 240 1% 5 38 [5 4 b o 52 18 F O e rh
o AR R pPM927" | pSET152!"
MpITU1278" ", RIGATFIEET12567/pUZ80021%)
F I v 22 38 K A A AR AR ] R S e R
W, K HpCCIFOS™, i R H N K IGHTH
EP1300™-T1%, I [ Epicentre/A 7l

1.1.2 FERFIAYEF: PCRN%EH TaKaRa
TagiAF &, W ESCEM HEpicentre/A Al )
CopyControl Fosmid Library Production kit, (i
SBUIEBEE I Amresco/y F], B AENERG 1 BamH 1
fi§ ¥ F Fermentas /s 7, [WERE 2 bR ife i 8 H
BioaustralisZy Fl o 5 A0 A (3% (HPLC) i
Agilent 1200 Series, BB H[LC-MS(n)]/#7{#
FAgilent 1100 series LC/MSD Trap System, &%
¥R Agilent TC C,gJ2 a1 #£(5.0 um, 4.6
mmx250 mm),

1.2 BREAMESRNRRL 2401 FBRRERN A
B, DBREE

120 EEERMFYNE . LITSBY 3Ry Fh
TIEFREL, Pl A fU 55 B BINRRL 240 1HEFN T
T30 °CREAH;R24 ho P H A B R e
(ZEENR20.0 g/L, BEbRERYI2.0 g/L, LK
ARV mg/L, METLRER"™ 1 mL/L,
pHIH%6.95)H, T30 °CFEKRK;F%72 h, FHHCIH
YR MW pH R34, F | i uE B 2 [ 45
Y, MR CIR CTRABGBIR, 730K #
i A HLAH I 1/30(RFL A 10% Nay,CO B
BOW R LA R, P IEKNa,SO4-R A il
K oy o APV 28 KAz T, JJa ]
1 mL A ol e =™

1.2.2 HEFP=YHPLCKLC-MSKM : F) H &3k
AT (HPLCO) PR WA TR I, I shAHAAE R
0.02 mol/LE[R, BMALNE. HIFEFanT
0-80 min, BHH5%-90%46 ML ; 8090 min,
BA190%—-98%4 FEVE ; 90-95 min, B
98%—5% R VENL . 280 nmif K HEATKIN K
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1.3 BIERIERGERNEL

1.3.1 #BEIBENE: HIERATEER
(Ampicillin, Amp). 5% K (Chloramphenicol,
Chl), FJR% % (Kanamycin, Kan), AW HEH &
(Spectinomycin, Spec). #ii$%%%# % (Thiostrepton,
Thio) MIFAYH$7 %% % (apramycin, Apr)J35) Bie i 5%
¥ a H I, EI100, 25, 100, 50, 25,
30 mg/mL, 2 5LALAE . 0. 165 F10.0 L5 BE A6
WA T SEMAEMR AP 145 24520 pL b5 ik B2 1
PrAERINA980 pL/AK IR EE, 430i202.0. 0.5,
2.0. 1.0, 0.5, 0.6 mg/mL), HHFIHLNEMTES
PR B, 30 CCHEFRBFIGEAR, WETHE I A K
THI

132 KBiTl. SREBRBEAHE™ . Kk
FipPM927 (¥t K Thio/Spec). pSET152 (Hitk N
Apr)HipITU1278 (Hitk:H Amp/Thio) 73 L A K
AP ET12567/pUZ8002, 15 3| K W #F
ET12567/pUZ8002/pPM927 . ET12567/pUZ8002/
pSET152., ET12567/pUZ8002/pJTU12784E N4
ERMULARTR . B XK AT I 43 D 2 LB 57
K (435 % Thio/Spec. Apr. Amp/Thiofitk),
37 CCHEIRII R 5 HE10% AL FP 553 25 mL
WELBR: F2 A (4 3 & Thio/Spec. Apr,
Amp/ThioBith), 37 °CHi#%2.5 h; WA B 55
FfT, HEHEF T3 mL TESIER T (pH 8.0),
50 °C/KIB K10 min, RHEFEGINA G
(3 mL) 24 8 A& W (ffi FH I A 29 E20.01
mol/L CaCly), 37 °C. 250 r/min¥ki% 572 h, &
OWEERE B R AT AR R, A SHUELBYE
VR, KIGFFE AR S HUER B LBYER 2K,
WA, #10°: 10°LBRE, A TSFMF
M, W+, F30°CH;FE1S he H1 mL H,OF A
20 LZEREERFR FN20 nLAHRN HTAd RiFf T, W
T, B T30 °CHEFR, MEEEFAKEN., kit

A TR FTSBY 460, DNA", 4R
Pt A R SR H ) B 22 TR 2R PR DR s RTBAT Y 7
BE PSR aac3)1vikityires ¥, H
PCR#FEATHRIUE ., BWIESI ¥ : ThioF: 5'-
TTGGACACCATCGCAAATC-3', ThioR: 5'-
CGGGAAGGGAGAAGACGT-3'; AprF: 5'-
GGACACGATGCCAACACG-3’, AprR: 5'-
CCGACTGGACCTTCCTTCTG-3',,
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HL UK R DNA B K/, 8 B 32 4541 R /MR
40-50 kbEBEREL, B R EDNAHUKIT B, HLAK
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Wit 5 4 7 IOk i 37 AV 0 R 3 B W H DK 2R AT 43
B, FHEE RIS 1L 9 W40 kbZe Ay Fr B, [T
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PR W=t e W KA FF R EP1300™-
T1%, Pkik2880/ va ke 2 96FL At vr JE K U
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it
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107, 10710 BEEER RS, U100 nL KT 3
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Ji (CFU/mL)=(FAE B 5 50 A8 K< 107 uL/mL)/
RATRF(UL) o 7R T-HR L RlALPkE FofE37 o ChE 3%
R, AL F51 mmol/LAL-Fa i 4 k47
W, $REUSURIF TR 95 UEFosmid Y 2 281
AR BRI e RPETR A R BRI TSR 4
BaR, REAEERITE AKX N=In(1-P)/
In(1-f/g) LT NZFEEAN S, PREESR, [
DNAF B K/, g2t KN,

1.5 CEE

1.5.1  FEEEESCERTIWFI: AR R
fiff(methyltransferase, MT)JEH 7551 fR 51
M. MT2F: 5-TTYGGNTAYCTNGAYGTY-3',
MT2R: 5'-NAGRCTCATRAARCTCAT-3'; fiik
XEES#H): MT3F_Hind III: AAGCTTITGTCGGGTC
TGCGGGTCGTA, MT3R_EcoR1: GAATTCGCCC
ATCGTCTCCCTGTGGAA,

1.5.2 BEYEPCRIGEE: M SCFE i 2 5 5
BRPEMLBY, 37 °CE3Rd 7K . PCRIZ A
%: 10xPCR buffer 2 uL, DMSO (50%) 2 pL, iE
FESI¥(10 pmol/L)4#$1 pL, MH#1 pL, dNTPs
1 uL, TaqRi§0.4 pL, #h/KZFE20 uL., PCRII 5%
f£: 94°C 12 min; 94°C30s, 64°C30s, 72°C
30 s; 30MEFR, 72 °C 10 min, k. H—
FR 0 58 FH 30/ M il /¥ B VR E A TPCR, 3RS BH P e
AT ZE AR 55 58 58 0 e A R A Tt A9 84
T AR AT PCRIf e, RA5 BH M v b Fr 7
Tridhs; 55 =500 e K AH N AT H ) B e R AR
AR IEATPCR , FRAS X A BHE Se e o K i
FHVESERE R AR AT 3%, TR IUBR 1T PCR S
E, BRIk BEPE SRR IE AP

2 GRAAH

2.1 BREARHEBHENRRL 24015 RERK
%L5E
AT UE R B AR f A% R TRINRRL 2401 7] Lhy™
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A 5| 2R (indolmycin), FRATIZH AT T A B
FUHL™ 408, R HLC-MSKR T H & B =4
A ZE R (E-A)P AT LUE i, 51.2 mindh By0E
S| W AR — 2, WA LC-MSX i —
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TR SRR W m /2 A S | R R — 8
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240177 TR
2.2 FEEAEFIEEETINRRL 24015010052 2550
Ry T A AR RS RS RINRRL 240111935 1%
BAERS, THERIGZ 0 PUAE R P
Bl B, HEAREYUERNSEMPAR" EREFE,
RIFEFR2 dE R R a2, 4 dit, 7]
QR WA X7 25 1 50 o IEE B S O w31 s A €583 1
TAIMRENATEER . AER. FIIER.
HUER . ek R . FAPIE R N PUE PR
TR AR S BE NRRL 240185557, 4 d)F,
SR BN RSN TR, FEDIRERS, 2%
HEREZTRKBASOTAGEE, MUERP KN
-5, HALRTE R PR K A A
W& RO IREERT, FrfAdiER K iAa
W%, (HRTEmEE 22 W R USRI -5 AR
%, RAREZEFBTAHIE R PR 110207 AR
%, FERPERE30-60AGEE, Hibdd
EHHAERKRHBZA20040 D EA@EE; MAE
0.01x¥REERT, FrAHutk- Pk b4 ik 2 21501
FE TR, B LIRAT AT LU i i R &
PR R . 2R . AE R AU,
P 5 22555 rhon] LK LR A R o L R 1
SRR S ASRR B TR BERR IO, I AT LA AR R ()
DU FET AR 3R ST i i
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1. BFEERESFENRRL 240180 5 /MINERE MR
Table 1. Minimum inhibitory concentration test of S. luteosporeus NRRL 2401

Concentrations for storage/

Antibiotics (mg/mL)

Concentrations for use

1% 0.1x 0.01x

Ampicillin 100
Chloramphenicol 25
Kanamycin 100
Spectinomycin 50
Thiostrepton 25
Apramycin 30

+ ++ ++

- + ++

- + ++

+ ++ ++

- + ++

- + ++

—: no colony; +: 0—100 colonies; ++: more than 100 colonies.

2.3 BREBER

I FF DA RN S 55 11 I ()4 & e B S H Tk
W W B RE R G N iz —. AR
Ve B pPMO27 HIpSET152 & Rk, Hih &
BintF K, o7 LK AME R B B HE A B Y ok
b, pITU127842 HipHZ 1358 325 171 3k 14 5 1 8 2%
. PR REL Bk A L, & A AN 5%
T, ARG AR, #eTFAK
B K 2-A, 3R TR AT DR Y5 A B AR A
HEFETRNRRL 2401, HrhpSET152° V4 b iy4&4
Tz, FARCRK R, MiplTU12785pPM927
A A, AR, A RIS
TE A AR B I R SRR R R, 1
A2 dfs KB A EETE, BRI G F= IR
1), JEET diEFFR 7RI GAT-. RFP S TR
BL Bk 5k 34~ B 95 IR 15 3% J5 AT P CR G IE
(¥12-B), &ABNAN YRR aac3)IVIES
Tl LIASE] R /N K200 bpUPCRAZY), &4 Bkt
22 FZ YL H esr 3G 70T LS 8RN
508 bpHIPCRf™¥, WiF A T HIPCRZHYI R/
H5HIWEMA, X — LU TpSETI52,
pJTU1278 5pPMO27T#F L% A T4 & .
U, FRATTAT AR S5 R S50 e P 3P Bk AR Sy
AR, X AL MU BE A NRRL 240 1073 f4 1
YRR T

(A)
4.0%10 ¢ 4

2.0x10 © 4

Conjugation frequency

pPM927  pSETI52 pITUI1278

(B) VIG123MV2456V3789 GM

200 bp 500 bp

2. TRIBHXMEFERE BIEEENRRL 24010914
LS ES

Figure 2. The conjugal transfer of shuttle plasmids into
S. luteosporeus NRRL 240. A: The conjugation
frequency of pPM927, pSET152 and pJTU1278. B:
PCR identification of conjugants: lane 1-3, NRRL 2401:
: pSET152; 4-6, NRRL 2401: : pPM927; 7-9, NRRL
2401/pJTU1278; V1, pSET152; V2, pPM927; V3,
pJTU1278; G, wild type; M, 1 kb Plus DNA Ladder.
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2.4 Fosmid L EME

R T ARG R TR Y S R SO, AR AR RNV 4l
JEAIEMDNA T BORCHE, AR5, @ EhpT
PR T R AE U BE R AINRRL 24013 A4
DNA, H(200 ngk: N4 DNAPEIT /NG TS 56 VA
TR AR TR ET FTHIDN AR I (F13-A), H
VKA 7R, 1000 R AT15 3 iy FE K ZHDNA %
REAA0 kbt . BE, H4 ng DNASEFTHT T,
FEHLIK EIS40 Kb A A 4571, fm Xt B Beitt Ay
K (E3-B)o MEIFRATLIE H, IR BER/INE

(A) M 1 2 3 4

48 kb—

©) M 1 2 345 6 7 8910I1112M

& 3. ERFEEAESHBIREREYESREEHPCR
Uijvid

Figure 3. Construction of genomic library of S.
luteosporeus NRRL 2401. A: lane 1-4, fragmentation of
genomic DNA by shearing 800, 1000, 1200, 1400
times; M, Lambda Mix Marker. B: lane 1, the recovered
DNA fragments used for genomic library; M, Lambda
Mix Marker. C: lane 1-12, analysis of DNA fragment
inserted into the fosmid of the constructed genomic
library by BamH I digestion; M, 1 kb Plus DNA Ladder.

actamicro@im.ac.cn

35-48 kbZ [A], REGEIH 2 P SO R K
[l FUDNA A Bt 5pCCIFOS ™ 32, A3
WA, FEY R FFEEPIZ00T-T1Y, MMk
T HETE fAE R AINRRL 2401 KK SCJ%
2.5 XERRELE

R 7 B 1153 3045 Hh A IR 5 T A ST
N3.1x10° CFU/mL, AEKMERE, FEHLPkGE
2880 FEREE I . M BENLIERO 2 Take, $EHL
Fiki, HBamH IEV))E, HIKKEI(E3-C). ElH
8 kb A7 457 N E R pCCIFOS™ ¥ BamH 1]
Ja e R B, AR AR BER /N 30-40
kb, FHRNLH35 kb, ZEFNT 1%, Rk
B A A A TR 4R/ T Mb, #REE AT
B CEE B HEN9.99%, M as N4
16.51% o 3% SE A 2 B AR BIF 5 T ) 8 1) 6 PR S 22
FREAE, BERST LT S i B G A
A HE R 1 SR 2K
2.6 WIREREYERERBENVIL TR

BORSPUE R AN G BGERE, DR
RSB PR SCPEHEAT I E o AR 5| WA R 1
S R M R s Ik AR, AR A
WA PAFAE— MO EBRB-C H IR ™, X —2%
fi H A & PLAY A maremycinE¥) & W& 42 T
marIFER (ID:AHJ60978.1), streptonigrin/:#) & il
wREH st O IIEF P (ID:AFW04573.1), BEA1H
FP A [RIVE AR 55 (— B IR 5 78%) . AL BATTHH LY
BT R S R A A (RS XN
F'22G' Y ' LDV R RS X N -
MUSTFEMIER LY AR E I LIStQ1F
5 hS%), BETRIFSITY, DARE A A A
FINRRL 24013 R ZHDNA MR, FZ R 5149
#HATPCR, XTPCRy“ZHIHEA TN, W7 45 Uk S8
PCR™ Yk LG Feo lili  Br, ARAEIF IF51, &%
TS B — XL SRS Y. BifE, A% SO
ST R PR SO o, 30 A W b -1 7 b - B T
SRR, 194G7. 8F2. 8H6. 9Gl. 15B9.
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16E1, 21C6. 22D3. 26C7THOHYETERE(E4).,
X T RER AL AL T I W TR A R R A Y
L, R S i W B R AR W O R e A
TR,

1 234 5GM67 89

bp bp

1000
650
500 500

4. BERAERBIREREM A BREFERPCRIFIE

Figure 4. PCR screening for possible indolmycin

biosynthesis genes from the genomic library. lane 1-9:
fosmid 4G7, 8F2, 8H6, 9G1, 15B9, 16E1, 21C6, 22D3,

26C7; G: the genomic DNA of S. luteosporeus NRRL
2401 as PCR templates; M: 1 kb Plus DNA Ladder.

3

AT 5T A X T ¥ A2 FL B AE INRRL 2401317
KM= B Ia, Kol 2] T ms|mess Z i =4
A, FRATEEHLC-MSK I At F2 25, & B
55.6 minkb ) Wm/z(E ~229.0[M+H] , SiZHE K%
— Bl W e R R 43 B i 228.0) N EE
—3, (B, MR, XATReREE NIRATH
TR FH 04 B 53 2 25 A B Al 1 i AN 38 G T
R, e ia it — R R
FRAF RN Ty vk o AN, 78 X B A A A T
NRRL 240 U™ shfE A p sl i sk fg v, JRA1 & 31
R T B B3R g R R M HPLCIE S MA A1 2
BRI, X 3% I Bk 9 E 55 S INRRL
2401 K BE= Wil B S BB Z MR, A
FERRATE— 2D IR E R 52

— AR B R B AL B RGN — A B
) 5 R S P S T FR A A ) U B AR 7 1 R 5 i
FERFR B AL . AWF5 P, pSET152,
pITU1278 5 pPMO27fE M i J& 0] $5 & 5 B 1) 7

W, F AR AR R ENRRL 2401, MISLEM)
AR =4 2 A5 B DR ) 5 DR i o L R PR ]
AL FEE R Z RIS AR R T
Bl 5398, ARBFFTEZAR T HURTT Wik 7 = R
SRR SO A, FEAR R SO, SE AT S A
E T B IE LA TR, ARAG T 40 kbZAEfy
(IDNA R B, [FlR), 3488538 1 2R e A g 5t
PR SCIE R B ZEIRTYT, ARFGT £ A pCCIFOS 2k
1AT] % 435-45 kbIUDNAF Bt , fEE W% H
R A = A A O R FR I BESR eSO
PRI, &2 LA DI A7 7 T 18 B R
(), XK RHE R T T S R S R e . )
B, R A — AR GG 7 s ori VEEA
FEEPI300 ™ Y trf AL PR Bl B RAF AHA 5 k1
EISTE AR R TR E IR, o
PEDUIRL, (A% )5 2 Se e oy fE . [
U, TEE AR R s R, AT EH
1 S IR )2 P L) R ) 25 DR 2L DN AT 2 7T D 48
PEFTHLARATIG . XA b T SC 20 B8, i3
T IR S A BERILE

PAPCRE| 4 M 455 M Ik PRI SC 28 v s 5 35 PR
WERT ISR i R A, RB s ok e, & —
A e 8 B R SO I 3 7 vk o Ry i v s 2
RUSCE R0, FEFE R SO R st f v, SR TR
AR AT —F TR R Y R R, DU
VeI IR SCE AT /0 4 PCR . AW 5T 7E AT PCRIGY
WH T HEVEPCRINF L, ZITETA T #EUTR
LD TR N NG = B i S B L I - |
&, TEE AR, ARSI AR KA RS
PCRAYHEATIN R RIS, XA [AI R AT DL 3E i 4
o R TR B AN N R R R R R B, BRBE
i g O A A R DR 43 AN
A PR, 5% B2 RIE M AE) A i3k
R B e S R SCE 5 19, ml AN H i
i 4% B e 5 AE FBE B HINRRL 240170 il AH Ry
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Hi% ., WIEStreptomyces griseus ATCC 126487115]
WREE R AW A GEE, RTRATE— 28 A g i g o
T BN D IREEF G R Ind3 FIZEM|E TR R A&
B FR R S <F OO A Y Inde, HEANA £
X AL A DR 7 14 o T i

2

SRS LISl R AL AR . KRR | XIES
FEH PR AR PR AL A I, SRRSO A5 5%
ARGEE A L AR QI PR AUAT OC FH SR B B il 2
Feol,

2% UM
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Genetic manipulation system and genomic library of
Streptomyces luteosporeus NRRL 2401

Xueqing Cheng, Tao Zhu, Zixin Deng, Delin You
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Shanghai 200240, China

Abstract: [Objective] To clone the biosynthetic gene clusters for secondary metabolites, we developed the genetic
modification system and constructed a genomic library of Streptomyces luteosporeus NRRL 2401. [Methods] The
genetic modification system was developed by using conjugal transfer vectors pSET152, pPM927 and pJTU1278
which were transferred from Escherichia coli ET12567/pUZ8002 to S. luteosporeus. The genomic library of S.
luteosporeus NRRL 2401 was constructed by the fosmid vector pCCIFOS™, with E. coli EP1300™-T1" as the host
strain. A PCR-based method was then developed for screening the biosynthetic gene clusters of secondary metabolites
in the constructed genomic library. [Results] Vectors pSET152, pPM927 and pJTU1278 were successfully transferred
into S. luteosporeus for genetic modification, with pSET152 presenting the highest transformation efficiency. The
constructed genomic library of S. luteosporeus NRRL 2401 contained 2880 clones with an average —35 kb inserted
DNA fragment in each clone, indicating the 99.99% coverage of the genome in the library. In this genomic library, we
detected 9 clones containing possible indolmycin biosynthesis genes by the PCR-based screening method.
[Conclusion] A stable, efficient genetic modification system and high-quality genomic library could be used for

discovery of the biosynthetic gene clusters for secondary metabolites in S. luteosporeus NRRL 2401.
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