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Tn4560 EREEHEBEHPHNEEREERTER
THEREXEERTEROMAR"

YR BEFTT EFAT

(CEREREEYER O ALE 100094) C PEBERMEVHAFER JLE 100080)

# OEFATRHEATEARERBAESE 1501 K pUCIL69( pMT660 | | Tnd556 11
wh)EWR BB EE " EHBE-CEEHIFE A 7100 ME L&, HRIGAFEET,
SR M FR 4 i sl 2 T 50°C , 30min I H I & 7100 A9 A: B 1L K48 T ML T AR L
i, R 0.4 7540 F/ug DNA, FI3E A 7100 /9 pUCLL169 44646 A & pUCI169 By 7100 [R 4 BT
AL R 100 ~ 100 5. F 39T, MM/ Vie & 4 T 85 FF 5 # A pUCL169 ¥ 7100 H1 T,
Ta4560 % 5 0E, BTGB 4068 - H B K, JE N P8 F 8 Bk B oI % F B T fk 3T 8 £k
A5 B i DNA #E4T Southern 2238 734 # B3, Tn4560 Z /A 7E 4 AR B9 47 S 3 A8 7100 #
Y ik b, ASRECIKEN S ETEEAD S RA LA 30kb DNA B BV EH ME AR B
Y1 8 FRZEAFBR Y 8 DNA 4T Southern #5585 F A R FHBT 2 4k Niks AR LR THE
FESF/NBE AR 7100 5 R THREARH TEMARZES . HPLC a4 6,8 #hE
AFEEEE A B BRAET 4 o PR Niks 7 1 MR R TS —Fh R, W
B X THEETHRERHDNA SR TEELEMAENAE RN EET R MH R,
Tad560 JEEAF , FIE Niks BUBRSr B R L 1 R B o460 M 4 2kb A1 0.6kb B Z: f1 4k DNA
B, e XD DNA BB kT TR R 434 S5 5 K B 4.8kb B9 DNA W RS R E B IT
) R HE A — > A SERE Y TR AR B HE L1t DNA FBE 2 3% GenBank H:F, B85 28 AF349618.
XA BEFOGEN, Tndse0, HEET, BAREXEDTHRER

RESAES Q939,13 NMREERIRE A 3L RS :0001-6209 (2002) 01-0011-08

B SR 7100 EMEREFRI DRE BRI Bk, R A EIRNEES L
B, I A - BB RRRAER - EUEXE, BEUERSILTHESREBHRXRIE
4] UDP-N-Z. Bt HI B e 45 #2550, AT 25 e B L T BR A A A, AT A5 2080300 o S
Bh EheAERKY . RHEEEARRN T BEEM, LR XA HE AYEM
MEE, B -MEENRANET BRI RSREY, BTE R AR EAERR
WH BTN, TR RARMWES ., BUERd -+ EFAMR, KRBT
BEEZNX REENEDEHANY . EXRBRAEENEME REERT T HHH5E,
LB e n] B EF MM R S EARM O MENKRE TG AR LB AR, B
BEFHRERSFHRBETREREHHAER ERCHEREHBEANSTEATE -

*EFESE EFER RS (39925002 KT H

CCEHBERA

EEM AU 1966—) , &, W RITA PR VBFRAMEPHEMBIATR BL TEAFETE M
# Bode APtk AR LAE.

Y R B B :2001-03-08 , {8 B H 89 :2001-04-18
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B R ph B B 4 T -5 W e 4 T T B T TS R 0 b L i R A Tk L B AT A R
AEENEMEREERETEMEHAME R +2EE. Bt mESEANEREYS
BAHXHMER HEHETEENAYEREENERBERKMYE BN BAEER

HAERAYERBTEILTHE AN, AL MEE, SR X s B H
ik RS AR E TS EEENAMYLE S 058, 7 sk E s
TER. BRI HETFMER S EREAMNE T DNA i, N 5 b4 &L Y5 4
XMEHREEMATRE,

1987 45, Chung TEH REE WP E R R THBEHE B T Tne556, Tn4556 £ A T
1518 B FE B F Tnd560 ( Tn4556 2. vph)'* . Tn4560 EXEHEBHTH DA AR, F H
TndS60 MR FEFrYE , EEERESE MEBRERMN KEEFPR B TRAAE R W
M ERHIAEE 5102-10 AR KT AT, AW BB LT Tnd560 7£B &7 4k
EEP AR A RANERERMREGRAERTTEEZS WS BHCE B 584§ 5
M.

1 Ao Aer i

1.1 &

1.1.1 Bk GBI RIFE T B AR 7™ E4E B B ( Streptomyces ansochromogenes ) 7100, BF 4 7
BB ET AR ; X 65T J ( Streptormyces coelicolor ) J1501 3l B 35 B & ( Alternaria lon-
gipes) JETT B E AWM & Il :; KB E(E. coli) IM109; 5 # 5 ¥% JE T Tn4560 WY i kL
pUC1169(Tn4556 . : vph *  pMT660) ; Bluescript M13~ . LI L EF RSB A A T EE
S FHEETRERT EF pUCLI6 HRBER R, HH EEZM ML ot M
HFRREE T 34 Cn, FERREE S EE N,

1.1.2 HEHFR -SEFHERKEAREFER(MM) BABEFERE(YEME) FA R EEA RS FE
(RYE)¥3E Ak [ 10] Bl M EHR B KEE KAKEFE(PDAYE XE 11 ] ACH , LB #5 3%
B SBR[ 1218, B v ERE A MRS R B (SP Jr e & ) Semk [ 13 ] B .

1.1.3 /5 34 Rkl 5556 57 FH R BR & 4% 7 YT A8 ¥4 Roche 24 8] J™ &b , T4 DNA %
R Taq BENE LA T EAF M. BEE (Viomycin) H Sigma =& , W RIEE X
30mg/mL, & M BE A 10pg/mL; B 5% 22 78 & ( Thiostrepton ) B 35 B Squibb B %A X Er H
EHAEBTF MW, IR B9 100mg/mL, £ R2YE 55 3¢ 56 70 B4 08 3k I 2 30,/
mL,7E YEME F) MM 55 B f{E AR E R Tpg/mL; BFFEE M ESEW IR A A
o R TR BE N 100mg/mL, fF AW E N 100pg/mL, FIABEMREEZEVERYE -
20CRE, B ZE(PEG) 1000 I8 T Merck-Schuchardt A5, H FHBHE B4 BAFKL.
X-gal #1 PTG H T R M #T B8 PH PEFE AL T 7t ik , 76 LB 55 % B vh A% i FIVR I Ny 40pg/mls
1.1.4 b ERA & F DNA #4452 19 3E [5] 2 F #u & = ( Digoxigenin-11-dUTP) 12 7
£ 8°F Roche 22 H] .

1.2 AHik

1.2.1 DNA RSB S fh AN o]l - 8 0k (10 ] r ki 47 .
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TR BHENE%E.Toeseo ERETAHSETHEERRER BN AN S RN ZH AR PR 13

1.2.2 &AL A& S &ML 101317,

1.2.3 HBETEY L IEEHAE pUCII B IO BR T, FIRRTFER . AEU—F
MWERERAASHEEEVWEAERE FERK P EE, S 28CHEFIHE,
FHE RGHFRE CHEF4 -5, TFTHEARE, BaiRNB S EERXNME
HHEEPEAERE E BB Vic"Thic® W% BN Tnd560 Z4 T ¥ KK,

1.2.4 R ERWAEWSR $230m 11 #47,

1.2.5 Southern blotting &3¢ : #& SC#R[ 12 ]i#47 .

1.2.6 KEHHRZSHEAWN S  EX12]37.

1.2.7 RO EHEM HPLC 7347 : & B OCER [ 14 13847, P 3048 : 30mmol/L B 5 B BR 44 , 1mmol/
L EER 4 , pH4. 7 ; T2 : 1mL/min; 8 T ¥ £ :290nm; RP C-18 &,

1.2.8 DNA 57 & : DNA 58 & i K Takara 25 7 52 5, DNA 5 JF 3L ) (2 48 o3 47
H FramePloi2 3.1 2 F , B H EF 7 B R L3 A BlastX BFF

2 H#£R

2.1 #|FEH Tod560 HEHRK pUCIIY EHET B HB N DAL

REFMEL BT REEFEY KA X EGHEE 11501 8 FH
pUC1169( pMT660:: Tn4556 1. vph ) E XA BT B E L HBE - OB HE £ A 7100
W IR A= SR, B9 AR A8 B R4k 7, 1585 7100 %416 DNA FERBHRG SEmER. XH
FRL i B B8 I 1 T 50°C , 30min ZE S HI 45 7100 B IR A Bk, K18 T 4L 7, (EE L %
A%, 50pg DNA RIS | 20 4L+, B 0.4 ¥ 1k F/pg DNA. £ 50°C,20 ~ 40min P B
] ] 45 7100 AR A 40min Fl&EWFEARESRAEEE  RER2ERME, HE
A B 2 AR X R 5 T 75 B 20min 2R O AR AR LTS R B BB R MM RRK. TR
W, B IR T AT AR S 7100 4 PN PR 48 0 R R 35 MR R, AP U DNA SR B Ak i Th . RISk A
7100 B pUC1169 B ¥k A& pUCL169 B9 7100 A4 BidE, ¥ 1LSR TR E 10° ~ 10° £5, 4 400
~ 500 T¥4LF/ug DNA. 1] 7100 B X4 E DNA P EESR MR H/EM, Wi — B 48
DNA ¥EAL NG . 18 AT KTt E K e ER G SBm RSN, B, AEE
A G pUCLI69 B WL 7100 i , AR A KRS .
2.2 BRIBELEWSHENRETHAIRSE

pUC1169(pMT660:: Tn4556 . uph } HIEH A Tn4560 MR EH Fh, E7F 28CTHE
HFEEH (Vi"Thio") , E M CULAGAETER  ERBMEREE ST, Tnd560 A
e GRS T Ak E(Vio'"Thio®) . ¥HH#HA pUCIIO B 710 M TERK BRI — K
BEABESAEER(10py/ml)¥I MM L, A8 8CHEASRERFIHEL, RIS E 39C
gk 4~5d, BEn] WS, M ERHEN Tnd560 RAETHEBHMEE B EE—HE
E RYE #5353 L, 28CH53%8 4 ~-5d /5, BEHRZE N Smm MITFH TR E KA A ZE MBS
B oERERAASAHEAERBEY PDAHFEL BMEHEEABENEN. N
4068 4% B >4 i £ 48 El 8 Bk 2 AT B 59 BT = AR #k Nikl ~ Nik8.
2.3 PHETZETHEE DNA B Southern 3 47

B Nikl ~ Nik8 DA & 7100 #) & DNA, Al Xhol B8 411, 3+ i 17 35 HE 45 & B A1 3k, 1L
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pUC1169 H 25 9.0kb 4 Kpnl F B (B34 KEE 4 Tn4560) h B4 4T Southerm 2222 (B 1),
Tn4560 & — Xhol 47 &, BEYI /5 3.45kb 1 5.35kb WP, MBAEF SN EHRE
AT 3.45kb BIEI &, MEF AR 7100 P Tod560 , BN TR XS HM. WE 1
B RRE , Tnd560 L 8 BREAKT R A HP St R EHELCIEF 4 FHAFMH
%5 {55 , B R Nik1.Nik2 .Nik4 . Nik5 1 Nik8 (H BB A5 5 A/, (H A REIE 8 & 1]
BEHRRARE Xhol F B, WBl Tne560 E/AFET] 7100 R fafk | 4 MR R KA,
VLB Tn4560 F B 7100 e ik R EEVLE) .

1 2 DNA Xhol IS HITERE AR B ik (A) B Southern blotting # 3F (B)
Fig.l Agarose gel electrophoresis{ A) and Southern blotting hybridization of total DNA digested with XhoI(B)
1 . ADNA/ HindIIl MW marker; 2 ~ 9: Total DNA from nikkomycin non-producing mutants Nikl ~ Nik8; 10: Total
DNA from wild type strain 7100.

2.4 BEBTRTEHRHA HPLC 547

8 BRFH BT R T AE A B 7100 F SP T E F1EFF 64h,4000r/min, 10min B LW E
L, #47 HPLC 207 BFABEHRFENEBEABERU XM Z A ETEFHHS, AR
8 4 30mmol/L BEHEEEER S , Immol/L FFBREE , pH4. 7, HE 2N 1mL/min, 8 3 3 £ & 290nm #Y
#1TF IRE N 20°CE, BF AR 7100 M EE S 47 RP C-18 & _E Wy ¥ B Bt | 78 21 ~
28min Z [A] , M 8 #RPHWTRAEHRER nikS LLAN, H4xy 7 BR7EH B o4 18] 10min LUS B T B 1R
Yol 8 BRPHBTRATARAT 4020 2 RpR AL NikS H—F L8 , KL 78S —FHE B, NikS
B e i SHT A B SR AL BXAYEEE S X # 2 RYE(E 2),

2.5 FETRREDNA FEMN=E

' EFEET T, FERBEEZARK, AR TRE DNA W IRt XA R
EERMES. AREAABEEENFEEF—SMARA BTSSR ETFHERYS
BIER 4Bk X B SRR B T ER R BB MIZE DNA ATEERM A B — T RNHEHT . Hik,
Ml A B S T8 AJG 55 1 F B DNA B O BF A BY 3R (R SO PR Y R4 B, BAF S #EAT PCR 4
HrCLBh & 55 8 F AR MM SEFETE . 1R 48 Tnd560 Bi1- K% A9 DNA B3, 4 B3kt 2 %4319,
HFER 4518 PN1:5° -GAGGAACATCCGAACGAAA-3" 1 PN2:5  -GTCCACCACGCTGACCAG-
3’,PN3:5 -GATCGACTTTCTGCGTGC-3 #l PN4:5 -GAGGAACATCCGAACGAAA-3’, L FH Wi
ZE7F Bk M EF AL B AS 8 DNA AR P 18 Tn4560 PR S FEH, 8 BREE BT AR BR &R 4 B ¥ 3%
HFEAM 1.38kb F1 1.27kb /) DNA F EX, Wi BY A= B @ #k 7100 R ¥ M {Efsf DNA H B ([
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1 B . TeaSso EBETAEENT NS ERRTERTHEREY G A E B A 15

B, EA 8 B BH B 52 AE Mk Tn4560 MK SRBITTTE

B EA R R EBEEFE Y LR E
BHEBTEHRETEZAEYW A MA XM 30kb DNA K .
B, L 30kb P 6.0kb Bgill.7.5kb Kpn1.7.0kb BamHI

1 10.5kb Psl FEECRHIRE, a5 Lk 4 AR N
IR IE A 8 PREHB S 5 #R T B DNA & 7100 ) A
5 DNA #17 Southern %38, 45 Bk Niks AL F S, e

HAFB M2 3ES KA R AR, RER
MRS AL REMFEILFS (FB), B Nik5
‘& 30kb () DNA Jy BL, M Hor 7 Bk BH BT 5€ 28 Bk Gtk
30kb 1 DNA & Bt. #1:0 HEd X 7 £ BH by 25 Tk 3
@k DNA R4 T 20553 30kb B DNA KA B#y
W2 . Southern 7232 # HPLC Bl (E 1. & 2)M#14F B
ST R A R — A BYAE G, SR 2K 30kb DNA

Fr B B BHL BT 72 28 R L R BE WK HPLC P 3 o W B B ]
10min L4 J5 76 0 W8 , 7 30kb DNA K BE52 B39 NikS

H HPLC B3 b 3 89 0 fi] 10 ~ 28min [A] 475 #R 47 R M “
v, FIFAEMKY ETEEZR N NKS B IESH ST X/ q P
Z ) R Wi e,

FEWRE T Nik5S FF Tn4560 iR m KA RET
BEENADESREHNWEES, EEHE TS
NikS, L Tn4560 R#£4t , 52 % Nik5 $ Tn4560 W8 4
Refafk DNA R B, IR 1 BIRITER, M Xhol B8
Y Nik5 (8 DNA, 43 5] E i 8 ~ okb 1 5 ~ 6kb Y
DNA BB H 5 MI13™ ) Xhol BV BEE B, EHE o
WAL £ coliIM109, T I S M e
MEHERETFHEZENBEREL FEEKEERENY  ° 0o 2 0
1~2mm B, T E & 2238, MA£ 3000 0 B Efh T
iRl 6 MPHMETIE, £ BRI B MBI RIE, 6 B3 L b A B T
MHEREPIAELARRREERN. # 28 HPLC @i
Southern % L UE B, 3% 3 BRI H E 8, Ko — 4 Fig.2 HPLGC analysis of the culture filtrates from
fdi A BB 8 ~ 9kb B E 41 FR Bidr 8 D8 pZH258, 7 4 mutants and wild type strain
2 AR Bl 5 - 6kb B4 Bl i 44 9 pZH378 FN A: Nikkomycin Z & X; B: Sample from mutant
pZH459c Nikd; C: Sample from mutamt Nik5; D: Sample

4y4 T 40 JR B pZH258 F pZH378, pZH378
AR BB Tn4560 345, R 4K H) DNA W BLHE
500 ~ 600bp, T pZH258 H Y 4Kk DNA H Bt #9F 4 ~
Skbo Xt pZH258 4 T PRl tE B VT 534, FE 847 W B8 45 L AR 85 3 09 e A2 K DNA B 4r

|

7.8

L

from wild type strain 7100,
= :solid amay represents nikkomycin X and Z; % :

empty array represents nikkomycin | and J.
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FIFFIE . Tnd560 FEREW S5 E LA Sbp B FFIfE 1, FFo) 4 fr 45 R X B, Niks
Tna560 i 7] 42 B9 ¥R S A5 88 55 2 GGACA, ¥ pZH258 Fll pZH378 HFiE A B Y@ & DNA K¢
) HEAT IE B0 BE4E , 15 8] 4848bp B9 DNA F EX (GenBank % # 525 AF349618), Fi FramePlot2.
3.1 BAFHAT 407 ,4848bp B A 2 TR M T BIIZIE(ORF] ~ 2) f1— A 52 3 0 FF 30 3
BEHE (ORFX) (B 3), ORFX 2R Tn4560 ¥% WEFT i A H IR {EREZE , i 5 M sanAG, ORF1
 ORF2 M & 2N sanAGl Fl sanAG2, H K sanAGC £ PN KB R sanACl F sanAG2 THEEW
HR.ZLHEEEHTZP SRES AR,

1y a3 B33 336 >

2 U —A > Bl T ————— b T BHB— 99— D— D+
3 — —  ——] 01 i (T VI U
100

ORFX(smAG) ORF1 (senAGL) ORF2{sanAG2)

U RN ST SR VA NN SR ST SR [N SHT SR TR NN SR SN ST S SN TR A TS SR N TS ST SR [T T SR T T G S

PR R T T
0 1000 2000 3000 4000 (base mumber )

B 3 4.848kb DNA R B F M BliR4E
Fig.3 The open reading frame of 4.848kb DNA fragment
1,2,3:The triplels starting from the first, second and third base at 5° to 3’ end respectively.

3 itk

HERTRE—HAEHVWERNAERTE, SEEANBE AL FERTREE
AR MY AMIRICBERENERE SRS, MRS EEX RS, RITE A
A To4560 BYB MR pUCLIO BSARBEREES U "ERIEEZWEE~CH
EWP. BT THRET Tne560 £EEFCHBHTHHAERE, JPEILNHBMHAERSE
MERAXERNHRF R, #4545 THRNANBE-HBENESMEREER
HEREOHES,

BR&VEMEFES BEH PR, B IE DNA LR R T, SMR DNA F EL i
XOET R, REFAHMEFEEE AEE ELRHERSREERE ERARAH
EREMREEHEARCCEEMNBENRWERBSE L., Y RREE-OHERY
A7 DNA R U PR S B 15 1E A, 43035 Enget I FRH1 R34 T 2 B 96 B %) DNA %4k
7100 B B4R R (R AR 18 i Th . oA B M E B AT, AUEE 14.6kb 8K BB pUC1169 1, B M 5%
ABEFAEBERDP URI TEERERE/NMEDNARLKBE~OEEHRENFTRY
B RV ENRES T AEBEAT CHAREYASREE R EAET HEEHSE T+
FIHE,

MAERMEYAREE LT HEARN B ANSEWERAXHBLE L1 8
EEMERN AEEEMEY RN SBEPXERXRA N RESFE. ARALEE, M
DM EMHERED  RURETHREHY . RRESHAREYEHAEXNEN, B LK
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18 25E%s oo EREFrORBETHNSEREARAER/ED & R HESH X RN A 17

HEANFEH H S REERESME FHESHBEEE., hTRETFEEMRILE, AT
REASHAREMERAEXWEMER Bl WERNFE T EE . & T G 4848bp
M BlastX B FE A TFFI B EF HITRBE LR A REH, BHTFTREN sandc
Fe— A SERE BRI FEEHE L {H 3 1600 ~ 1700bp B 43 B = I K I (A 45 B 14 ATP/GTP
$aEEN 794 T RERERBRED 1317 M EEBRREA 60% MY [ I AL (1dentities ) HI 71 9% )
AR (Positives), BB XK BEOEERH ATP/CTP £S5 EAN A MR AN BN, 28K
sanAG #9 4000bp , M 2 /L {157 £ 58 f& 2200bpDNA 7 8, T RE AR 1B ST B W sandAG. 75 HE DY
sanAG AJRES R EEA YW S HE X, B sendC REMNEHA R HIEENFSR ., BarE
TEREEEH#TZ .

HEARAASERAENEA BB LA REER A& L BEFREE
BEFREENESSE . AXBANSKETERMEMETH, Kt 7@k
BRETHSHET Tnd560 AHBHELEFRSRETERE YA R LK 30k FEHH
DNA KR Belikk . AHEEBRAYT . 4 AR ERTFEBIAINRAZRRETHNIRE,
MAWHZAEREANAREADSRBEENRE, BF LR EERT P EHE T
EARCEMMER . RICHEERE 7 Rk DNA UK R A TR ik Tk R FS
HETFAX BARERTHNIFERBRSHAEEY AR A LN EERECERN , #E
A ERREMHESERSTIR.

8 £ X W
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Tn4560 Transposition in Streptomyces ansochromogenes and Its Application for
Cloning of Genes Involved in Nikkomycin Biosynthesis

Zeng Hongmei'?  Tan Huarong’  Li Jilun'
(! College of Biology, China Agricultural University , Beijing 100004, China)
(* Institute of Microbiology, Chinese Academy of Sciences, Beifing 100080, China)

Abstract: No transformant was obtained when pUC1169(pMT660: . Tn4556 .. vph ) from S. coeli-
color J1501 was used to iransform the protoplast of S. ensochromogenes by general transformation {or
many times. Transformants were obtained when the protoplast of S. ansochromogenes was prepared
at 50°C for 30min by heat attenuation of restriction. But the transformation frequency is very low,
only 0.4 ransformant per pg DNA. Transformation {requency increased 10° ~ 10* times when the
protoplast of §. ansochromogenes was transformed by pUC1169 from itself. With Tn4560 transposi-
tion, 8 mutants lost ability to produce nikkomycin were screened from 4068 colonies with Vio' -
Thio® . Southern blotting suggested that Tn4560 was inserted in at least 4 positions of chromosomal
DNA in S. ansochromogenes . By using the cloned 30kb DNA fragment invelved in nikkomycin bio-
synthesis as & probe, southern hybridization was carried out with 8 mutant total DNA digested with
different enzymes. Only total DNA from Nik5 displayed signals, which were the same as those of the
wild type. With HPLC analysis, 8 mutants could be classified inte two types for nikkomycin produc-
lion, one is NikS, the other is Nik1,2,3,4,6,7 and Nik8. As deduced preliminarily, the deletion
of large chromosomal DNA fragment involved in nikkomycin biosynthesis took place in the 7 muta-
nts. The partial gene library of NikS was constructed, the 4.2kb and the 0.6kb chromosomal DNA
fragment flanking Tn4560 were cloned. Sequence analysis showed that the 4.8kb DNA fragment
( GenBank accession number: AF349618) contains two complete ORFs and one partial ORF.

Key words: Streptomyces ansochromogenes, Tn4560, Transpositional mutation, Nikkomycin bio-

synthetic gene

* Chinese National Seience Fund for Outstanding Youths(39925002)
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