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PRIZH B 7 20 20 B, AT e B0 o T ke PRI 2 o il 5
ARG A 8 A W) G O TR B 80 R T
L 22 ) B HC 7 0 45 4 1) I R A 7 - L TR
Mo IXSEAESIRG 3 Z5 A T AN FRIB B Wy HE LA
R 3] () BE DR, PR Ry B PR B PRI o B ok £
RIRFFAER PSRRI, 2 A B Hi A R
BT-B. BREIMAEYRIER — 7 Z2Fh RARPUER
H& 3 7 Bl BRAA7E M PUAE R B A D>
AU TR R MR R R ik 2 R0, Hoh
Xof ] e LR PR a8 A% PR AR S d5 o BRI R .
PR RTED A R E D& B R 3] T — AN e
ER, BRI E —FibtE RAEY SRR IR 54
IEARE AR 4R R R L e TE R R IR ) AR A
AME AT DUBOE A BR e BE R i Rk, i Had vl
PP R =R FEE, ORI N A R
AT DA DG e i PR 28 A B LI T e 3k, [l ) it
Al AR SCHTE R Rt Ik, P I fEBT
A2 R A R R FRATD SR 2 (S O T 1 R TR 1Y
TR

HER W HA S 2en LB oL, O
Z— BIVSCAE TR 22 57 B T JAE B R s s T 25 4
Fo WRIZ R A O R R B T, B R
REIE W K B I8 UK 68,1 B 1 5 BB T A
MR AR 22, Il B2 th 2 R Y
XEESE R Ay 44 whi FERUS, Hod whiB 18N
RE AL R R e e R s B h g &
PPV, 38 5 KL PR 4 91 43 A 2 W 7 B 2 T h R A
TERWLTF whiB B (whiB-like, whbl)fill wbid,
1} HLX — 2RI A e IR b U whld 1)
IR B e AN RE % BUBE 25 B B 1 (AR A
1M H A2 & T2 541 & (actinorhodin, Act), +—
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Mmoo R
(moenomycin) f{) 7= 5 P12 i AE A B %% BE
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IR 3 B0 1l F5 2 (natamycin) AN AEA M
5RE ORI T, & BT EG 7= hE
%% 1 (Streptomyces  ansochromogenes) (1) 3 [F 41
FEAE—NF whiB ZERISEE , FLE gl i 26 1 A
T AR T S WDLA 18 0 [8) PP o s (—
kA 96%), PRI A L by 45 4 whia™,
N T RS A AR TR T whlA R ERE, FATiE
1 RIVE RS B3 T whld PS4 bk o i ad A
WUEE | ISR LA & HPLC 4347, #8378 T whid FH
W 7 725 U I 85 K (nikkomycin) AREFZ A4, MK
WG — R BRI AE R A . PR FA% #E 3L IR 5
Brikss, 300 =Fib & Y mfe s 451 5% 0%
PR IS, PITRIE A I 25 S e8], X 3
ANAE A WX il 98 BEER AT A I P 0 M B 2 SR T
10 5441,

R T B whlA 527 BRI A R TR 1 4L
fil, {8 RNA-seq!"*Fl DACA (DNA affinity
capture assay) Ji 517, & B B A R (wild-type,
WT)HRRAIEL, 76 AwbIA ARk Fp A 7R 22 3L R B
B I SR PR, HH san7324 FERTE
HY A= R A B R SR, TIAE 2B bR AwbIA o
ANtede sk [l & LR A 7 0 B R TR R 4 e
A — N5 san7324 [6) J6 M 8 5 0 5 N
san7324L(— 3R 72%)7, AE IR TR A A
b, ARIGEIAXS san7324 Fl san7324L KR I BHKT
AT AT LR ol 8 Z AP A
MITIIRE, ki BH 280l SE R whld 1 R 43 1AL
il P L F AR
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1R
L1 B

L1l ERRAIBURL: [BE = GEER R 7100 (S
ansochromogenes 71005 A AN 58 1) 3= B 58 K
B, AR SR E AR s H 0 &K R (Candida
albicans) T Je 0] 5 R A YGRS R, A
S ARAY 5 TR DR AL B AT B K AT T
ET12567/pUZ8002 (dam™ dcm™ hsdM) il JM109
(recAl, endAl, gyrA96, thi-1, hsdR17, supE44,
relAl , A(lac-proAB)/F’[traD36 , proAB-+laclq,

lacZAMIST) B AR SR RAT 5 KIGAT I - 2 T
FREM pKCI139 (Apr), & A HER il AU
pSG5 & il 7, FFHREMBIL; pSET152 (Apr),

R R G AR, T IL I B oAb pSTI0T,

pKC1139 fijA= gk, T san7324 BHW; pSI102,
pKC1139 fitA= ki, T san7324L FHIKT
1.1.2  BEFRERERAM: B KA R LB
BigRdk, WRBETOAEEEM A MS Bt
YEME $5323E 80 MM I CH 52 5 o E— B Y5 ) B
Fedk, RV B R KBRS SP, BE AR
R E YR PDACIRZE J2 ) 11100 g, /il 900 mL
ZEWK, Wk 15-20 min, DPUZZ A uE, JERF
B 10 g %505, IS % 1000 mL, [#{4& PDA
FEFREERINA 1% BIE) IR 5 . R I 0 1
FRIMIE R 37 °C, HEHWEMREFRIRA N 28 °C, 1
STRATERMA PDA B35 | 28 °C 1558 5.d, 1M
FE 37 °C B, L pesEgRAparts,
1.1.3 5% A HAS I H Thermo Fisher
Scientific WA FIG L, FIYFHILE 1.

x1. KHRASY
Table 1. Primers used in this study

Primers

Sequences(5'—3")

Restriction sites

san7324-up-F
san7324-up-R
san7324-dn-F
san7324-dn-R
san7324-ex-F
san7324-ex-R
san7324L-up-F
san7324L-up-R
san7324L-dn-F
san7324L-dn-R
san7324L-F
san7324L-R
RTsanG-F
RTsanG-R
RTsanO-F
RTsanO-R
RTsanN-F
RTsanN-R
RTsanF-F
RTsanF-R
23S-F

23S-R

GCTCTAGATGAAGTTTCCCGAGCTACGTGATGG
CGCGGATCCCGTCATCCGCCCCAACTGGTC
CGCGGATCCGCCCGGTACGCCATCCTCGACATCA
CCGGAATTCTGGGCAGCCCGTCGCTGTGGAC
GGAATTCCATATGCCCGAGCAGGACGCGGCCGTATC
ATAAGAATGCGGCCGCCCGGATGCTCTCATTCGCGTGCGCC
GCTCTAGACGGGCATATCCGCCAGCACCTTC
AACTGCAGCAGGGCGTCGAGCACGGCCTTGCC
AACTGCAGGAGTGCGTCGTCTCCGGCATC
CCCAAGCTTGAACCGACTCGCACCTGACGC
TCCCCGAAGGGGGAGGCGTA
ACACGACCGGGCATGAAGTCGAT
GGAGGTCATCCGTGTCAACT
GGAAGTCCATCTGGTCCGAG
TCCGCCGTGAACCGCTACTTC
GGCACGCTCAGGAAGGTCGT
GACCTGACGCCCAGCAGAGT
TCGAGGTTCAGTCGTGAGGCG
GAACCTCGTGGACCTCATCGT
TGGTCGGCTTGTCCTTGTGT
CTCACCTACTAACCGCTTGGT
CAGGGTAAGTCGGGACCTAA

Xba 1
BamH 1
BamH 1
EcoR 1
Nde 1
Not 1
Xba 1
Pst1
Pst 1
Hind 111

The underlines are restriction enzyme sites.

http://journals.im.ac.cn/actamicrocn
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114 HAER., BEREH: FIEER(100 mg/mL
H,0), %% % % (100 mg/mL H,0), W& &R
(25 mg/mL 100% £ BE), 23 WE fi 2 (100 mg/mL
0.1 mol/L NaOH)E M Aifi 75 120 °C f-f¢ . 7E LB
gtk RIRER . LE&HER W ER S
100 pg/mL, HFRA 25 pg/mL, ZEIEFIIRIE MS
R R 2 25 pg/mL, RARE XML EHR
£ MS Kigf3E . YEME KigR3EH MM 55583k
W EY N 5 ng/mL, X-gal Fl IPTG FI T KW
MRS TR L, RS 40 pg/mL, 5250
Hh T FH 2 A 5 Rl R A N VT H TaKaRa il
NEB A#); miffE KOD-plus DNA R4 H
TOYOBO 7 ] ; T4 DNA ligase lJ | Thermo Fisher
Scientific 24 F] ; Fl T RNA $2HUH Trizol 12571 H
Invitrongen 23 F] 5 F T RNA 2GRl B Jb 5T
FEA D AR A W s 96 E & RT-PCR
i8] 2xSuperReal PreMix Il H KAR A ALEHE A FR
23 w) 3 DNA 75 YL I BRIz I F 3% R K AR A
PR F] s R . N6 A SR 7, 5% It Maxima RNA
S 5% AT RNase #4| 57 A Thermo Fisher
Scientific 23 )5 B G B8 44 AN e B R B 1)
Fisher Chemical 2\ #] .
1.2 DNA ZEA#AES 54

WA F Ry LE W) AR B E S IS+ 5
RESTIRHE R, A A AL A B B S MR R T
WL ERAETF L,
1.3 DR RHBT R A bR i

J TR san7324 BHITSE SRR, EEHEIY)
san7324-up-F/R Fll san7324-dn-F/R(F& 1)%] &&=
(AT 7100 KK 20 DNA 4353847 PCR ¥ 1815
FIPIEIA R 2.0 kb [RI I R B, 492003 751 [A]
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VR R Beh RS a0y san7324 WO BESN, B
A san7324 WM HADIERA , [EE3 A1 Xba U
BamH 1 F1 BamH 1/EcoR 1 W], %ERAEWL Xba 1
EcoR 1 WYl i)l B2 G5B Bk pKC1139
b, BB EHA RS pSI101. SR RFER
BARKY WG, T san7324L(F8 5= (5 25 B P ()
san7324 [AEIEH, ZOEM )75 —8 R 72%)F
Wr 98 A AR EAT T R A, A9 B A T 4L TR AT 44 O
pSIL02 , i #4 & W T kL 1
Scientific /A FIHEAT T . S Ma5EE LTI
w8 7 v 3 T 5SS A8 ) R w3 i AR AR T
san7324 1 san7324L WIBHWTZE 5Pk Asan7324 i
Asan7324L, [FR7E PCR ¥ 956 IF TF 8 5 A8 Ak
Asan7324 R T san7324L, RIS AL BHIKT 5
KK Asan7324-san7324L, FiE 15| san7324L-F
il san7324L-R #4177 PCR ik,
1.4 BHETRBHRRBFTE UL

P 45 7 e 2 T AT A TR B A R U K] BEL U
FAFKRAERIE MS . MMUSSICH ER BN BRI
AR FRIE A T, 1 28 °C &0F F 3%, AR
F18) 355 5 A 18] 300 5 PAT HR AR 4 4 P, 5 S8 G 2 ol L ¢
S RAERYZL ., BRI R R R
FRAEVFIEARHE, FHR B F B WA E 22 1k
HEFHERS, HOREECH 5000 18 .
1.5 JEFIE R HPLC S FiA: Y3 R

W Y A BRI S AR R (A 43 3 A 2] YEME
WARREFRIER , 7E 28 °C FEK(220 r/min)H553%
48 h VE AR . ¥ 0.5 mL(1% V/V)FFHmA
FHA 50 mL SP R IAREFRILR I, 7E 28 °C
FEIK(200 r/min) P85 3% 5 d J5 B0 RG KB, AR
Je FATALIEE0.2 pnm)ah 8, 753 14 &R =5 80R AH

Thermo fisher
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I (HPLC) /M e il 22 2 A 290 nm KbHY EE 5k
Wi PO, DA AR TR A A JE PR R LR
PERFE ST, RAARAED IR S Ok [21],
1.6 FEE MR

W K W% 24 48 h T AR BUE RNA,
RSB S SR [4,22] 7 s . cDNA AL
K Szt 3¢ % 5 B PCR(qRT-PCR) (1) #: 1 2 I8 SC
BR[22] )5 4T o

2 ERFAM

2.1 san7324 FHWTRAR IR KB IE

W5 g 2 7 4 B 4 TR pST101 B4 AL B K AT 14
ET12567/pUZ8002 &z 4Mirp, Ml 5 %
Wiz R 7% R R A A EE R T 7100 H, R[]
PR RS e 1 S W8 0 san7324 HEAT DR BEL 0B (1
1-A), 320 5 R HUE I RS B E M 45 1
28 °C #5155 5d Jim, Wl&MFERR, ES5ALE

(A)
pSJ101
2.0kb 2.0kb
Streptomyces
ansochromo genes
7100 genome
Asan7324 genome

J—

527 bp

& 1.

BRDUER MS PR a5l 100, 10° F1 10°
A/, 40 °C Kigk . T pKC1139 2 E
TRURAI AR, 40 °C W ZERERE R PR BE B 2 4
o 38 o 7] Y B A ok LRy 4 F A A B
1 S £ N/ 3 v B R a1/ S e v W 1
AL BT 28 °C AR 2 Yk, MLEHREEREAL, [RIERY
TR TR A A [R A e M pKC1139
R ER . IR RE A KR 2 AT
3 990 56 IS U AT TE % B 3R UM P AR B Al
¥ Apr® HIGHiR A K A BT T PCR i 615
7| BH U %8 78 Bk Asan7324 . 3 45 BH K 28 A8 Bk
Asan7324 J5 , 5|4 san7324-ex-F Fll san7324-ex-R
1T PCR Bk, 254 R DI AE RIS 4] DNA
BRI T PCR 444 FIr R4S 1 45115 K/ INA 888 bp,
M LA Asan7324 L[N 20 DNA JARiEF T PCR 318
FIFARAS 0 2571 K/ k527 bp,  HCEF AR AT R 1
FAF/NT 361 bp, SHUAZER—3, KRG T
TEAf %) 5 LA BB € 8 & Asan7324([&] 1-B).

san7324 AR THEMAENEIETER

Figure 1. Construction and confirmation of san7324 disruption mutant Asan7324. A: Construction of san7324
disruption mutant Asan7324; B: Confirmation of Asan7324 by PCR amplification; M: 1 kb Plus DNA molecular
weight ladder; lane 1: PCR product of genomic DNA from wild-type S. ansochromogenes 7100; lane 2—4: PCR

product of genomic DNA from Asan7324.

http://journals.im.ac.cn/actamicrocn
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2.2 san7324 F san7324L SUSEWTNT B (4R
BIE MR

[F) i L ) B0 R A 7 (B 2 TR A — A S
san7324 [FERMERSES B IEH san7324L . >R FAATR]
{14 (R RAS 6 58 WK R PR 28K pST102 3 A 3| 5348
Pk Asan7324 w | Fi B8 LR D BRFAWT san7324L, IF
W59 san7324L-F 1 san7324L-R Xt Asan7324
FDBIE N AR IEAT T PCR IR 4IE, 255 8 /R AR
FER AT KR Asan7324-san7324L RN 4] DNA H
BARHEATHY PCR 347 W) LLZE MR Asan7324
fI/NT 546 bp, SHIMILER—2, HILHRE TIE
i 4 XU 18] BELIBIT 28 A5 Ak Asan7324-san7324L([4 2).

FE VAT SRR IR G MS 55575 B SRR RE,
HY 0 A2 YRR 6% 7 AR B 1 96 1T S K 8 3R
R, BASLIR FHIMT 28 A5 Bk Asan7324 1 Asan7324L [
TSI Z I, TGk Asan7324-

(A)
WT Asan7324-san7324L

Front side

©

5.0 kv¥5000 5.0 um

san7324L ANBEF= AR A i HA KM, BIfE
TEFE K R FRINHA] 19 254 Rt KRBT R (8 6 U1
SAERZ(E 3-A), SFAREK 7100 i,

bp M 1 2 3 4

10000

1000
750

500

250
100

897 bp
351 bp

2. san7324 FA san7324L X PE B 38 5 £k Y56 IE
Figure 2. Confirmation of san7324 and san7324L
disruption mutant Asan7324-san7324L. M: 1 kb Plus
DNA molecular weight ladder; lane 1: PCR product of
genomic DNA from Asan7324; lane 2—4: PCR product
of genomic DNA from Asan7324-san7324L.

(B)
Asan7324-san7324L WT

Reverse side

(D)
Asan7324-san7324L

5.0 KV¥5000,5:0 1im
-

& 3. san7324 0 san7324L WEEIX B E-r SRR NESH 0

Figure 3.

Effects of the both san7324 and san7324L disruption on the phenotype and morphology of S.

ansochromogenes. A and B: Effects of the both san7324 and san7324L disruption on the phenotype; C and D:
morphology of san7324 and san7324L disruption mutant Asan7324-san7324L was observed by scanning electron

microscope (SEM, x5000).
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Asan7324-san7324L 1 B FREE F R4 T Bl
BRYHME R R (Bl 3-A, B)o [AEXT
A R 8 SR S M B BF AR BB AR 7100 0
Asan7324-san7324L iF4T T H B ISR (CK A
Ry 5000 %), 455 AR B B RR AR AR A
A5 (K 3-C), T AE R Asan7324-san7324L
A AR, Rk RERZ
(K 3-D), A, FH san7324-san7324L A4 RS
¥k (Asan7324-san7324L) )5, 0 LUK 55 85 A= R iy 2
RIGERABIR),
2.3 san7324 Fl san7324L RV BEREYE K
EEEEE

P4 7 (LB R 1A 7100 77 A2 Y JE Pl B R 2 — il
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80 |
=} L
= 60
& 40t >f
21 JM
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0 0 2 30
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=} L
= 60
€ 40t
20 +
0 10 .20 30
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(B)

WT Asan7324 WT

HA T ZEYE AT IR hiA: R, A s
WECAMRLAE, HOCHRSHIEE IR
PP . HF san7324 IR SEIN san7324L FEEAG
PAEEERETR 7100 HE T TP R, A E AL
WA 2,352 (HPLC) A A W3 P A I 52 36 40 Br 1 28
AFFE Asan7324 , Asan7324L Fl Asan7324-san7324L
PR e AR R B Ol F A B HPLC 23T,

RN, (ESAMEK 290 nm T, fEBFARLA
Asan7324L T& PR H 44 BE S 15 A HAG I 51 8 n] B R
Z X g, {3 Asan7324L H 8 H] R A
WA AR LU BB AR R BT RE AR, 28780k Asan7324
Asan7324-san7324L HRGIIARE I ER Z Al X
W SO0 (] 4-A) o LA SRR A8 7S T &

100 Asan7324-san7324L
80
D 60 |
£ 40 |
20 H u‘
~h kM-/A‘M—r“ )
0 10 .20 30
t/min
100 - Asan7324L
80 |
o 60+
g 40 -
20
0 10 .20 30
t/min
Asan7324L WT Asan7324-san7324L

4. RRIEZHH HPLC ALY E T
Figure 4. HPLC analysis and bioassay of nikkomycin production. A: HPLC analysis of nikkomycin production,
Nikkomycin Z and X have the same peptidyl hydroxypyridine homo threonine (HPHT), but their nucleoside moiety
is different; Nikkomycin X is 4-formyl-4-imidazole-2-ketone, and nikkomycin Z is uracil. B: The bioassay of

nikkomycin against Candida albicans.
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WEHAT T A ISR, 25 R, Bp AR TR %
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ARAFEN  FLHRTE 24 h 148 hit, Asan7324-san7324L
W sanG 1 %% 5 LU AR R vh (R 5 SR KPS BRI T
1 522, 1M sanO Fl sanN 5% 5 KEAE 24 h BFEE
A= R 5 WA 54 3T 1.5 A5 4 A5 42 4 AR (1]
5-A, B, C). ItAh, Asan7324-san7324L FIHFA: R
W sanF 5 SRR 8.3 22 71 5-D). Fik
GEIRKH] san7324-san7324L FHWr F 2520 T e
B2 AEYG BRSSP E R sanG FNZ5HY
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Figure 5.

actamicro@im.ac.cn

Transcriptional analysis of the related genes in nik cluster of S. ansochromogenes 7100(WT) and
Asan7324-san7324L. A: sanG; B: sanO; C: sanN; D: sanF'.
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ik T LAY S 2R R & AR SR G 5 42
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MR RIR T2, B0E T whbld SR S 4L 5 ]
R LR R O SRR P 7E 2011 48,
Chater 45 XJ K i (0 5% % @ o A0 24> whl BE A
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whIL Fl whIM)EAT T REIRP, 455 5o HAT whld
IR RERS R IR R A - 0 07 4, 1X 5 Kim
FREIAAYIS . BIHATY IR, BRIEE " O
T whlA JE7E pRH BOE OB R R U A, 1
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e s BE R A e, (ET LR 22k AR
P56 28 W) e B whlA e 1 55 B2 T vh X 2 A
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S ECR AN R A K LT S R e A,
ULEH WbIA ANMEAE R R BARES ™ P04 i o
PR T, i B AE R B A 4 a7 i T A
o, B— LT AdpA M ZRAEE T,

FIHRT ML, A% WA JE# 8 M H R
FER R B AT AT o B AR 2 A 200 2 5 Ao
Pl 7 (o BE B T 7100 e whld 5878 Bk gE AT
RNA-seq 77, 192] 7 K& 35 WDHIA 52K
M, Higih EMSA SCERRERINE] WhIA 5%
FRF S F X MEEE . HEEHE T WblA Ak
JE ) [4F e-4S] 45 # ffi 15 1% 88 I 7E RSBl S Ak T 2k
2T DNA Z547E 1P, Bush ZEoBiiffos & 31,
TEZE N B hifE 25 78 1 WhiB 5 WhiA JE i 5 1 — 5
P, X5 SR RA TR AR T, Bk WhiB
HEAARRSHERGH TGP, WhA 5
WhiB Z 02 7 51— R 50%, ASHERR WhIA 5
HoAth 2R T8 n S 5 52 5 0 T A VR 4 T g T
e . 7ERE G e A X whid ETT IR 28748 5
R whid FEAEMABR A e T B R, BUILHERR T
WbIA 5 WhiA J& B i — SRR ] BB

H AR S 06 28 2 A A 45 U TTAT L, e R R
FE AL 5 AR A L RULE whlA 58 RE P
A A —F, fEAWDIA F1, FATE I san7324
ANk, fEAsan7324 W, JR AT R A E L HE
M WIA A REE L ITE san7324 (R kAl e
TR ERNAY A, {HfEAsan7324
TER Al TR ARG MAEOLT . ZIARE R KLY
(B B R E o S, FRATTHH I A AR 7 P
PSR AT REAATE S san7324 [R]IR ) HAth
K, TE san7324 $RRGEARE, AR AT 28 SR A
KRR AW o FRATTHE— 2P o B P 2H 8

http://journals.im.ac.cn/actamicrocn



244

Jun Sun et al. | Acta Microbiologica Sinica, 2019, 59(2)

B R 04 3 A BRI 46 7 (8 B B TR 7100 HR A S A7

san7324 [APEILH san7324L17, — H4mbd iy 2 it
FRJF 9 — Btk (identity) K 5] 72%, HY5 san7324

KA, TEAWDIA W san7324L JEA FHARE S, A
WSS AT T san7324 F san7324L FUHEER BHKr 575
PPk Asan7324-san7324L WIFSEE, 45 R4 R %5848
PRAEASBE ™ A J8 7l 25 2 1 [l B AR R 4 f B 1K
O R T, TR SE KBS 35 A B I L R AT AR A
FE AR 22 R AL, B S FRATI A TH]

AR AE AU P ARG 1) 4% E@?%U%%F
Ao AERRRM AR, a2 R AN [R5

FHXT Asan7324-san7324L #1T Zi@ R RVER
AR R 28 AR T R ISR R A A R B R AR R ]
DA B o AR SEIG 5 A ZE SRR sanG FE DR BHLIBT
SHEUE W HRARAEYA R, FEBAREIER K
B IE BUK 610 BUARL 55, HBRIE S e
AW, I, san7324-san7324L XU K BH KT
FEGERT sanG BB FE—200, TR
M) P 265 7™ e 5 TR 1) R 7 oAb R il B R A
,iﬁWWﬂ4mWﬂﬂﬁﬁmG%lz@%Eﬁm
PR, WEMPLRRMA 27 M2 RA
H%oiﬁﬁﬁﬁ@%%3%¢fﬁﬁﬁmgﬁ
PEPE LR whlA TEHUA R AW G R S 40 A
05y RS, R AR 2 Bt Ik AR 7 4 A= )
£ B PR T RN A B B R B A R AR
e

2 % B

[1] Bérdy J. Thoughts and facts about antibiotics: Where we are
now and where we are heading. The Journal of Antibiotics,
2012, 65(8): 385-395.

[2] Ling LL, Schneider T, Peoples AJ, Spoering AL, Engels I,
Conlon BP, Mueller A, Schéberle TF, Hughes DE, Epstein S,

actamicro@im.ac.cn

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

(11]

Jones M, Lazarides L, Steadman VA, Cohen DR, Felix CR,
Fetterman KA, Millett WP, Nitti AG, Zullo AM, Chen C,
Lewis K. A new antibiotic kills pathogens without detectable
resistance. Nature, 2015, 517(7535): 455-459.

Liu G, Chater KF, Chandra G, Niu GQ, Tan HR. Molecular
regulation of antibiotic biosynthesis in Streptomyces.
Microbiology and Molecular Biology Reviews, 2013, 77(1):
112-143.

Liu G, Tian YQ, Yang HH, Tan HR. A pathway-specific
transcriptional regulatory gene for nikkomycin biosynthesis
in Streptomyces ansochromogenes that also influences
colony development. Molecular Microbiology, 2005, 55(6):
1855-1866.

Niu GQ, Tan HR. Nucleoside antibiotics: biosynthesis,
regulation, and biotechnology. Trends in Microbiology, 2015,
23(2): 110-119.

Jiang LJ, Wang L, Zhang JH, Liu H, Hong B, Tan HR, Niu
GQ. Identification of novel mureidomycin analogues via
rational activation of a cryptic gene cluster in Streptomyces
roseosporus NRRL 15998. Scientific Reports, 2015, 5:
14111, doi: 10.1038/srep14111.

Chater KF. Regulation of sporulation in Streptomyces
coelicolor A3(2): a checkpoint multiplex? Current Opinion
Microbiology, 2001, 4(6): 667-673.

Davis NK, Chater KF. The Streptomyces coelicolor whiB
gene encodes a small transcription factor-like protein
dispensable for growth but essential for sporulation.
Molecular General Genetics, 1992, 232(3): 351-358.
Fowler-Goldsworthy K, Gust B, Mouz S, Chandra G,
Findlay KC, Chater KF. The actinobacteria-specific gene
wbl4  controls major developmental transitions in
Streptomyces coelicolor A3(2). Microbiology, 2011, 157(5):
1312-1328.

Nah JH, Park SH, Yoon HM, Choi SS, Lee CH, Kim ES.
Identification and characterization of wb/4-dependent tmcT
regulation during tautomycetin biosynthesis in Streptomyces
sp CK4412. Biotechnology Advances, 2012, 30(1): 202-209.
Noh JH, Kim SH, Lee HN, Lee SY, Kim ES. Isolation and

genetic manipulation of the antibiotic down-regulatory gene,



NS | UEYEAR, 2019, 59(2)

245

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

wbl4 ortholog for doxorubicin-producing Streptomyces

strain improvement.  Applied  Microbiology  and
Biotechnology, 2010, 86(4): 1145-1153.

Rabyk M, Ostash B, Rebets Y, Walker S, Fedorenko V.
Streptomyces ghanaensis pleiotropic regulatory gene wblAdgy
influences morphogenesis and moenomycin production.
Biotechnology Letters, 2011, 33(12): 2481-2486.

Yu P, Liu SP, Bu QT, Zhou ZX, Zhu ZH, Huang FL, Li YQ.
WbIA.,, a pivotal activator of natamycin biosynthesis and
morphological differentiation in Streptomyces
chattanoogensis L10, is positively regulated by AdpAch.
Applied and Environmental Microbiology, 2014, 80(22):
6879-6887.

PR JAEE LD whid I rimP SR X BE R R AHCHU A R A
BLRYEENE . A rp E R B R R AR A8 3, 2015.
Lu C, Liao GJ, Zhang JH, Tan HR. Identification of novel
tylosin analogues generated by a wblA disruption mutant of
Streptomyces ansochromogenes. Microbial Cell Factories,
2015, 14: 173.

Wang C, Jin CL, Zhang JH, Bao QY, Liu B, Tan HR.
Transcriptomic analysis of Thermoanaerobacter
tengcongensis grown at different temperatures by RNA
sequencing. Journal of Genetics and Genomics, 2015, 42(6):
335-338.

A R PG R 28 AR TR R 2R A A W T 4R B R Y
HRERTFE. dbat: R B R = L 2 (g 3, 2017.
Kieser T, Bibb MJ, Buttner MJ, Chater KF, Hopwood DA.
Practical Streptomyces genetics. Norwich: John Innes
Foundation, 2000.

Sambrook P, Fritsch EF, Maniatis T. Molecular Cloning: A

[20]

[21]

[22]

(23]

[24]

[25]

Laboratory Manual. Cold Spring Harbor, NY: Cold Spring
Harbor Laboratory Press, 2001. (i %} HH it {5 B.)

Liao GJ, Li JN, Li L, Yang HH, Tian YQ, Tan HR. Cloning,
reassembling and integration of the entire nikkomycin
biosynthetic cluster into

gene Streptomyces

ansochromogenes lead to an improved nikkomycin
production. Microbial Cell Factories, 2010, 9: 6.

Feng C, Ling HB, Du DY, Zhang JH, Niu GQ, Tan HR.
Novel nikkomycin analogues generated by mutasynthesis in
Streptomyces ansochromogenes. Microbial Cell Factories,
2014, 13: 59.

Du DY, Zhu Y, Wei JH, Tian YQ, Niu GQ, Tan HR.
Improvement of gougerotin and nikkomycin production by
engineering their biosynthetic gene clusters. Applied
Microbiology and Biotechnology, 2013, 97(14): 6383—6396.
Kang SH, Huang JQ, Lee HN, Hur YA, Cohen SN, Kim ES.
Interspecies DNA microarray analysis identifies WblA as a
pleiotropic down-regulator of antibiotic biosynthesis in
Streptomyces. Journal of Bacteriology, 2007, 189(11):
4315-4319.

Huang HM, Hou LK, Li HY, Qiu YH, Ju JH, Li WL.
Activation of a plasmid-situated type III PKS gene cluster
by deletion of a wb/ gene in deepsea-derived Streptomyces
somaliensis SCSIO ZH66. Microbial Cell Factories, 2016,
15: 116.

Bush MJ, Chandra G, Bibb MJ, Findlay KC, Buttner MJ.
Genome-wide chromatin immunoprecipitation sequencing
analysis shows that WhiB is a transcription factor that
cocontrols its regulon with WhiA to initiate developmental

cell division in Streptomyces. mBio, 2016, 7(2): e00523—-16.

http://journals.im.ac.cn/actamicrocn



246 Jun Sun et al. | Acta Microbiologica Sinica, 2019, 59(2)

Effects of san7324 and san7324L disruption on morphological
differentiation and nikkomycin production of Streptomyces
ansochromogenes
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Abstract: [Objective] wblA disruption mutant of Streptomyces ansochromogenes fails to produce nikkomycin.
RNA-seq and transcriptional analysis revealed that the san7324 could be transcribed normally in S.
ansochromogenes (wild-type), whereas not transcribed in the wbi4 (a global regulatory gene) disruption mutant
(AwblA). This research aims to reveal the function of san7324 in nikkomycin production. [Methods] To investigate
the role of san7324 in nikkomycin biosynthesis, a san7324 disruption mutant was constructed via homologous
recombination, and was subsequently confirmed by genetic complementation. The transcriptional levels of selected
genes in the nikkomycin biosynthetic cluster were analyzed. [Results] The mutant (Asan7324) lost ability to
produce nikkomycin under the same culture conditions compared with the wild-type strain. Disruption of san7324L
(a san7324 homologous gene) caused the decrease of nikkomycin production. However, when san7324 and
san7324L were disrupted, the double mutant (Asan7324-san7324L) failed to form grey spores or spore chains but
conferred a white phenotype of aerial hyphae, and no nikkomycin production was observed in comparison with
wild-type strain. In addition, the nikkomycin production and morphological differentiation could be restored by the
complementation of san7324-san7324L in Asan7324-san7324L. Further studies preliminarily indicated that
disruption of san7324 and san7324L mainly affected the transcriptional level of pathway-specific regulatory gene
sanG in nik cluster, affected the morphological differentiation and nikkomycin biosynthesis in S. ansochromogenes.
[Conclusion] These results provided more evidence for investigating the relationship between morphological
differentiation and physiological metabolism in Streptomyces, and lay the foundation for elucidating the regulatory
mechanism of the pleiotropic regulatory gene wblA.
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