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antibiotics with a broad spectrum of biological activities. Polyoxins show remarkable potency towards diverse crop
diseases due to their competitive inhibition of the chitin synthetase's activity during the building of fungal cell wall and
insect crust. This study aimed to construct a high polyoxin B-producing strain, which is one of the most bioactive
ingredients in polyoxin derivatives. First, a high polyoxin B-producing mutant strain Pol-12, showing a 1.2-fold higher
yield of polyoxin B than the wild-type strain, was obtained from the random mutants generated by ultraviolet
mutagenesis of the starting strain Streptomyces ansochromogenes that was isolated from soil and stored by this
laboratory. Second, the polyoxin biosynthetic gene cluster pol was directly cloned into p15A vector by ExoCET direct
cloning method; and the original promoter and the kasOp* strong promoter were respectively added upstream of the
first gene of pol. Third, the resulting shuttle vectors were used to transform the Pol-12 strain by interspecies
conjugation and the gene cluster po/ was integrated into the chromosome by integrase phiC31, leading to the pol-
duplicated strains S. ansochromogenes Pol-12::P,.-pol (M1) and S. ansochromogenes Pol-12:: Py, 0,+~-pol (M2). Compared
with Pol-12, the yield of polyoxin B was increased by 22 and 33 times in M1 and M2, respectively. These results
indicate that UV mutagenesis together with genetic engineering breeding can be applied in construction of high
polyoxin-producing strains. Increase of the copy number of biosynthetic gene cluster and strong promoter insertion are

effective for titer-improvement of polyoxin B.
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Fig. 1 Composition and structures of polyoxins'®
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CHNR AR =W 3L R ) AT BB, nI A%
P H5E R A% A 3 2>, 5. Ongley 55 ' I FH H
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FE T 20 28 70 FFARIT I BEATH K 2 A5
R Pk A T2, H R H A K
AR EBAR . AR, B AT O T W H
KOS ZHATERNRAGHMEWZ Y. &
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1.1 #H
1.1.1 BAF kI H

BT AR BRI R 1. R H R 5
VI mAE TAMTE (B BOERAE SR,
AT FERT I A% H IR T 51 4K 2.

1.12 ik

LBH; 774k (100 mL): |AM 1 g, R
0.5g, FAMENO.1g.

MS#:FEE (100mL): KGH2g, HEEEE2g,
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AT TR A ) R PR AN AL

Tab. 1 Strains and plasmids used in this study

Type

Characteristics

Source

Strains

S. ansochromogenes

S. ansochromogenes
Pol-12

S. ansochromogenes
Pol-12::P, -pol

S. ansochromogenes
Pol-12::P, , +pol

kasOp

ori

E. coli GB2005

E. coli GBO5-dir

E. coli GBO8-red

E. coli ET12567/
pUZ8002

Plasmids

pSC101-BAD-ETgA

pl15A-cm-tetR-tetO-
hyg-ccdB

pROK-oriT-phiC31

Wild type strain
High polyoxin B-producing strain prepared by ultraviolet mutagenesis

High polyoxin B-producing strain upon integration of pol into the S. ansochromogenes Pol-12
chromosome

High polyoxin B-producing strain upon integration of pol into the S. ansochromogenes Pol-12
chromosome, and the strong promoter kasOp* is inserted upstream of the first gene of pol

E. coli DH10B, fhuA::1S2, ArecET, AybcC; endogenous recET and DLP12 phage ybcC genes
are deleted, and fhuA is mutated to make it resistant to T1 phage

E. coli GB2005, Py, ,-ETYA; recE, recT, redy and recA regulated by the arabinose-induced promoter
are integrated at the ybcC site on chromosome

E. coli GB2005, Py, -aBYA, AlacZ; reda, redf, redy, and recA regulated by the arabinose-
induced promoter are integrated at the ybcC site on chromosome, and /acZ is knocked out
Donor strain for conjugation, methylated defective strain, pUZ8002 plasmid contains the

tra gene, which encodes the transfer protein Tra, and contains chloramphenicol and kanamycin
resistance genes

The plasmid contains ETgA operon regulated by the arabinose-induced promoter and tetracycline
resistance gene; the pSC101 origin is temperature-sensitive (replicates at 30 °C and stops
at 37 °C)

The plasmid contains ccdB, chloramphenicol, hygromycin and tetracycline resistance genes
with a p15A origin

The plasmid contains oriT, integrase phiC31 and apramycin resistance genes with a pR6k
origin

This laboratory
This study

This study

This study

Gifted from Professor Zhang
Youming at Shandong University

This laboratory

Gifted from Professor Zhang
‘Youming at Shandong University
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Tab. 2 Nucleotide sequences used in this study

Oligos Sequence
pl15Acm-PO-1 ctcegteatgteetacecactetcegecggececgeatgecgaagecgacAGATCCGAAAACCCCAAGTTACG
pl15Acm-PO-2 tcaccacgggegeeggtgaatggetggagggacacgtcgagageaatgcgAGATCCTTTCTCCTCTTTAGATC
pl5A-seq-5 GGAAGCGGAATATATCCCTA
tetR-seq-3 GACCTCATTAAGCAGCTCTA

CTCCGTCATGTCCTACCCACTCT
CCGGTCCCGCCGACCGCCGCACT

oripromoter-1
oripromoter-2
pl5Aapra-PO-1
pl5Aapra-PO-2

pl5Aapra-PO-3 CCCCACCCCCATGGCCCCGACGA

ccecacccccatggececgacgacgecgegacggecgegecegtegtgtc AGATCCGAAAACCCCAAGTTACG
aggegtgctgggegtggagtgcggeggteggegggaccggagatectttc TCCTCTTTAGATC

pl5Aapra-kasOp*-PO-2 gtattctectggecacgactitACAACACCGCACAGCATGTTGTCAAAGCAGAGACCGTTCGAATGTGAACAAGATCCTTT

pl5Aapra-kasOp*-PO-4 ccgacgeggeeggegtecgeggtggeageggeegeggggaactcegtcat AACTCCCCCAGTCCTGCACGCTGTCGTATTCTCCTGGCCA

CTCCTCTTTAGATC

CGACTTT
attP-up AAGCTCTAGCGATTCCAGAC
attP-dn TTCGTTCAGGATGCGTTCGAA
attB-up CCATCATCTTGTCCTTGGCCG
attB-dn CTTCCGTCGTTACGGGTAGCA

TE: ANEE N FRRE P TR N kasOp* R 3 151 .

frFRimEEFRE (100 mL): MR 2 ¢,
KNO, 0.1 g, K,HPO, 0.05 g, MgSO,-7H,0 0.05 g,
NaCl 0.05 g, FeSO,-7H,0 0.001 g, ¥ fl§ 2 g,
pH 7.0.

Fhrir gt (100mL): BERHEEU10g, R
F1 1.6 g, KNO, 0.1 g, KHPO, 005 g, MgSO,7HO
0.05g, NaCl0.05g, FeSO,7H,00.001 g, pH 7.0,

KR FRFEE (100 mL): JEM S g, HEHIN2.5g,
Fg BE4R L) 05 ¢, H ¥ ¥ 0.5 g NaCl 0.5 g,
(NH,),S0, 0.05 g, CaCO,0.2¢g, pH7.1,

1.1.3 2 Z XA LS

WG PREIPE DNA WIS B 5299 4= P Rl
A [ 7 7] #1 New England BioLabs /A 7] ; T4 DNA
¥ 4 B " B New England BioLabs 2 & ;
PrimeSTAR Max DNA % & /i . DNA Marker i H
Takara 2 @ ; RNase A I [ Omega Bio-Tek 2 ] ;
BHEHMR RSN H Oxoid AR BLAEW . T
B~ 50 x TAE HEPKZ2 /. 10 x TBE HLiK 22 il
Jé] 5 Solarbio 22 7] ; Buffer P1. P2, P3. DNA#fift,
MR & S e B R AR AR (b)) AR
YT

s 28 BERAMA AR Bruker U (1l
YRR TSR AL SRR I E IR VRIS FR 48 Bio-
Rad H ¥ £4%; Thermofisher Nanodrop fifl f& 45 #h 73
HIERETE; Tanon & RS R S5 -

1.2 FINFBUL RS ABRSTEK

1.2.1 2®4MFT

W W B RS 10 mL, B3 mLiR
ST B E TR PR b, 53 5 DUAS [E] B
[ (5s. 10s. 20s. 40 s, 60s) [F)454MIE I} ]
NN AL R, E T E A 20 min 15 Ak
WA (B 253.5 nm, 5EEE 30 W, FHES 30 cm)
AT A . RAMNR B AL S, NP kR
FEERA, HRROEFR, #EHE2h. B
WG R FHATEEEERBE (107 ~107), F55l
DA MR 21 5 94 B2 BRI 3 A T R T 355 R B8P A
28 °CHEALRE 72 4~7 do AN, R KA HL T
T HAT AT SERS, R NxIE .

BRI
IR VR B - AR L3Sy
HOE = o HEL B 7 e B ngmg}ﬁ@@ Al < 100%
X HE B 7R 2

W TR AME R IR, BT A R K A
BAZH . PREL100 HRRAL J5 ) S w %, AL —
il &1 B H
122 % 8FF R T G LA =240

FE b A 5] 2R A Bk 1 7 1 A R TR R A
T29°CH; 72 7d, ol WHR B AN, B
0.5 cm 3 25 mL Fp F #5775k (250 mL = M kel ,
250 r/min, 29 °C, ¥53%1d, A WL ALK & 400
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M) B 22 AR o 4% 10% #2 Fp & 5P kB 8 g A
(25 mL/250 mL), 250 r/min, 29°C, }3:6d, #|
W R, Bt R Ak R A S T
30°C. WHERBEW, BOEBREMA, T mL E
T, MA200 uL HEE, HR% 1 min, 5 8B O
10 min, WH FiF 347 HPLC &l .

HPLC & I 4% 14« €43 B YMC-Triart C,,
4.6 mmx250 mm, 5 pum; VBEIAH, A FHAIK+0.1%
M2, BMNZHEH0.1% R, ¥l feF N o~
10 min 100% A, 10~15 min 93% A, 15.5~23 min
0% A, 23~23.5 min 100% A, 23.5~28 min 100%
A; Vi#E 1 mL/min; A% K 262 nm; @A AR
20 uL.

PriE L & . 50% 2 A% %= B B R1E Nbs
VS, FREL2 mg, 0800 pL KA f#, 0200 pL
BE, IR, B s B0 10 min, WL EiEEE
4T HPLC &3]

1.3 ZEEHRERZNERERE

1.3.1 S. ansochromogenes Pol-12 & F 28 64 32 B

4 50 mL K 3% 2 d 8% 55 B B VR 8300 g 5 L
5min, 3 . 30 mL /0 ddH,0 & 1k,
W TE VR 5] 8300 g B0 5 min, FE FiE. 8 mL SET
ETNE RN, WRHERS . TN 10 mg ¥ H ., B
BIVEA), 37°C/AK¥# 1 h, [EIWEIE . HIA 500 pL
20mg/mL [#] Proteinase K, Hif8|VE€2J, hIA 1 mL
10% SDS, Hif#l¥8 %) . 50 °C/K# 2 h, v [a] &) A
8, HEWWHEIE. A 3.5 mL 5 mol/L NaCl, Hi
BIVEST . N 15 mL 28-S0 - IR (25:24: 1),
HifgRs), 2R, 8300 g B0 30 min. %
M S HU 3% 500 uL 70 2 %2 2 mL EP & . 1A
35 uL 3 mol/L NaAc 1 1.2 mL J&/K Z %, Hii {8 V&
5. HEAB2 mLEPE, A 1.5 mL 70% £,
A Sk# Z0K DNA ##2 = EP & b, 9400 g 550>
1 min. 3 b3, B & TWK4 B, 5T g
30 min. 500 pL ddH,0 % f# DNA .
1.3.2  S. ansochromogenes Pol-12 3k B 41 B 31 = 4

L=

1% B A IE 1 IR 1 9 V) g BsirDY, Wi D) 2 (A

W, BERCGEDR%E FBL. HUAK B2 R 200 ng/pL i 2 K]

ZH DNA 250 pL, I 40 uL 10 x Cutsmart, 15 puL
PR sl 4 9 VD BsrDI. 2 uL RNase A, JH XU 7% 7K #h
Z 400 pL, 37 °C/K N 4 he B 10 pL fE ) 7 4 # 35
TP g S P Gk R AT ARSI o ARSI 2 i R Yot S - 4 -
FIEE (25:24: 1) iZEEVI - MIBR 2 EH, AE
BEAT WAS TV o
133 HBAEHAGH &

PL p15Acm-PO-1 Al pl5Acm-PO-2 y PCR 5]
Yy, LLFCRL pl5A-cm-tetR-tetO-hyg-ccdB iy PCR i
B, HEAT PCRY™HY o 38 i Bt IR W 45 JC el A 0K
/N 2720 bp [ PCR 724 p15A-cm-PO PCR, V)%
[mlse B A B
134 38 FFARAENAELE

L o B 2 A R i 1) 5 IR A P ) A AR AR T4
DNA Polymerase iE ‘K : H{ 200 ng pl15A-cm-PO
PCR, I 2 pg & KA BV =4+ 0.2 uL 10 x
NEB Buffer 2.1. 0.13 pL T4 DNA Polymerase.
12.87 uL W 7% 7K, PCRAYH1 25 °C 1 h, 75 °C 20
min, 50 °C 30 min, 1/ME¥, 4 °CIRiR. M5
B2 5K PR S R R AR 30 mine BF_BIRBR RS A
VAR 2 L-Ara 5 F RS A E. coli
GBO5dir (% #5 pSC101-BAD-ETgA) . M#: 14k
AR B BRI, D EARIU R, AT )
3T

1.4 ZEEZREREGBBEROGE

1.4.1 Ji#plSA-apra-oriT-phiC31 # My 3

il & B K pl5A-cm-tetR-tetO-hyg-ccdB Al
pR6K-oriT-phiC31, F [R #i| ¥ i V) B Ase 1 1§ 1)
pRO6K-oriT-phiC31, 13 2|47 A [\ V5 & 1) B U) v B
apra-oriT-phic31. ¥ 8§ 1] 7 %) | Omega Bio-tek
DNA 2l 16 3 77 & 3 AT 2l 4k .« K 200 ng B 11 7= 4
apra-oriT-phic31 F1 200 ng pl5A-cm-tetR-tetO-hyg-
ccdB 3 [F] 3 ¥4k N 28 L-Ara 175 F 1) GBred-gyrA462
oo PRI R VR, ANEARIOTURL, PR D)
fils Ase TREAT D) %5 5€
1.4.2  pl5A-apra-P, -pol 4 #) 3

DL #E 7 B S. ansochromogenes Pol-12 % [ 41
DNA N#iHR . oripromoter-1/2 5|41, ##47PCRY"
¥, 15 3 JE 48 8 3 1 ) PCR 7= %) ori-promoter
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PCR; LLpl5A-apra-oriT-phiC31 N . pl5Aapra-
PO-1/2 /351 %), #E4T PCRY 44, 43 3| PCR )
pl5Aapra-PO PCR-1. L. ori-promoter PCR Al
pl5Aapra-PO PCR-1 AtHR , Ll pl5Aapra-PO-3 Fll
oripromoter-1 3 17 @ & PCR ¥ 3 , 73 #| pl15A-
apra-P PCR. il % Jii i p15A-cm-pol, 4 500 ng
pl5A-apra-P, PCR Fl 500 ng pl5A-cm-pol 3t [F] HL
A N2 L-Ara % 5 (1 GBred 1% 52 25 40 fd A,
PRI TR 75, DR IREE A ok, F PR B A
VIl BamHUFEAT BG VIS5 €, Kl 1) % 7€ 17 1)
FL pl5A-apra-P-pol i T AW T (L) Ik
U3 A B 2 ) 0 [ U5 B 0 40 2 AT I A

1.43  pl5A-apra-P,,,.-pol #3# &

PL pl5A-apra-oriT-phiC31 A B # , DA
pl5Aapra-PO-1 Fl pl5Aapra-kasOp*-PO-2 ~ 5| ¥ ,
AT PCR ¥ 1%, 13 % PCR 7 ¥ pl5A-apra-P,,,.
PCR. ¥4 500 ng pl5A-apra-P,,.PCR il 500 ng
pl5A-cm-pol 3t [F] WL ¥ {4 N & L-Ara % F [
GBOSred ) &% 52 A& 41 g F . HER 1 1% P ) fig
BamH1 X} 13 2| ) B H 7 AT V) %08, Klgv) &
JE 1E ifi 1) i KL p15A-apra-P,,,.-pol 1% 23 4 T4 4
TR CEg) A R w) o [F 5 & k1T
PSP
1.4.4  pol 7245 F W S. ansochromogenes Pol-12 ¥ #9

L E &

4 1 ki pl5A-apra-P_-pol 1 pl5A-apra-P,,,.-
pol 43 M AL N E. coli ET12567/pUZ8002 . %
HEEHM KA EMZEG RSB (28] £
A R IR IR B A TR A 1.2.2.

2 BiRMI

21 ZEINBFTREZSEBESTEHK

i 12 A KR RINBR IR, HE K
HR LI FEZSH N 5~10s (EIZE 90%~
95%) o £ 45 HM 757 FIT 100 PR il LBk 3% 1 98 4% B Pk
MZHAHERBTEHE, 73 REKS
ansochromogenes Pol-12, FLIEIH KT 6 d 5= E 4
AR SRR T 1215

2.2 ZEEXREFENEERE

221 AR ARREED

¥ 131 7 v e FE R 2, 9 FH R 1% 9 1)
fi BsrDUXT 25 [K 20 DNA AT EE VI, B Z AER
LR %, a8 Ik 35 W 6 fie F ik onT s R AL P g 1)
Prd AT Rl . w2 fros, oK g V) 10 5 X 46 DNA
N %, 1 BsrDIEE VIS 1) 2 [K 24 DNA %
W%, FHEEMN LR T EMER TR, U
732 (V) 7= 4 DNA Ji 2504
222 3REZARNKABRLERMKGHE

PCR ¥ # () # # A pl5A-cm-tetR-tetO-hyg-
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2.3.1  Ji#:pl5A-apra-oriT-phiC31 # # 2

KR T e B AR (1) Red/ET = 20 il 7 LAAE K g #+F
2 AN DNA 4 7 Fl— /N Ok DNA 4
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G R A R T SN, S R bR
OBV P8 R PUE S apra. FERE S GR AL A oriT
G W HE K phiC31 18 Bt apra-oriT-phiC31 i@ it
Red/ET 41 g /v 5 4 20 5 4H #5464 p15A-cm-
tetR-tetO-hyg-ccdB | [ S & R P FE K em (
5), 3R1GFK pl5A-apra-oriT-phiC31. iHiLEF1) %
5E 73 BT 6 A A - IR 1) 2% 7 39 5 Tl 2% 7 AH °F
MR 3 AN AL 7 AT RIS R A, 153 T
1A [R1E B8 7 41 1E 7 1 5 41 5 RL pl5A-apra-oriT-
phiC31.
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