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and room temperature plasma, ARTPRARA LN E A5, 54385 S Hbk, JTES Z Ak Lalhiss
A EWI A LR EHEA T #2428 A trpEL. trpE2, Atk iAABALELR afsR, [££] AA%
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#heg 1313 42, [42] ;%iéﬁ BB F IR L T ET AR BIR LS T A RARAZ R TR, FELBRER Rk
i, @it ARTP AR5 T, 445 M6t A TaeE, it —FRIBZAFH LN~ 2.

;&%giﬂ / ‘;’L"fliﬁ-‘@’ /a %ﬁ‘ﬁ]% T’J fﬂﬁlﬁ 9/5\1%9:, }j_{_]—_ﬁi

High throughput screening and combined breeding of
Sreptomyces lomondensis for high production of lomofungin

JN Ming WANGWei ZHANG Xue-Hong'

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

Abstract: [Background] Lomofungin, a phenazine compound with broad-spectrum antibacterial activity, can be
biosynthesized by Sreptomyces lomondensis SO15. [Objective] Dueto the low production of lomofungin in S015,
this study aims to enhance its production by combined mutation breeding and genetic engineering. [M ethods] A
high throughput screening method was established to anayze the production of lomofungin of mutants, and the
lomofungin high-production strains were screened after atmospheric and room temperature plasma (ARTP)
technology and ultraviolet (UV) combined mutation breeding based on the starting strain S015. Then, trpE1 and
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trpE2 genes which are key genes in chorismate-competing pathway were knocked out in the lomofungin
high-production mutant, and the global regulatory gene afsR was overexpressed. [Results] According to
lomofungin’s characterized UV absorption peak a 375 nm and the positive correlation between the concentration
of lomofungin and the value of Agzs, a high throughput screening method, which is based on 24-deep-well plate
culture and microplate reader, was built successfully. After 6 rounds of ARTP and UV combined mutation
breeding, strain M6, a genetically stable and high lomofungin-production strain, was screened from 4 320 mutants.
Its yield of lomofungin is 61.33 mg/L, which is 7.35 times the yield of starting strain S015. After two branch
pathway genes trpEl and trpE2 were knocked out from strain M6, the lomofungin production increased to
81.89 mg/L, and then it increased to 109.53 mg/L when afsR was overexpressed, which is 13.13 times the
production of S015. [Conclusion] The high throughput screening method developed in this study could efficiently
anayze the production of lomofungin of mutantsin a simple and fast way. Combined mutation breeding of ARTP
and UV aswdll as genetic engineering is an effective mean to obtain high-yield strains of antibiotics.

Keywords: Sreptomyces lomondensis, Lomofungin, High throughput screening, Combined breeding,

Genetic engineering
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Tablel Srainsand plasmidsinvolved in thisstudy

AR AR fifiik
Strains and Plasmids Description

Source

Escherichia coli
DH5a For E. coli transformation

TransGen Biotech

ET12567(pUZ8002) For conjugation, Km®, ChI® [12]
Sreptomyces lomondensis
S015 Wild type Lab stock
M6 High production mutant This study
M6AtrpEL M6 with trpE1 deleted This study
MG6AtrpE2 M6 with trpE2 deleted This study
MG6AtrpE1AtrpE2 M6 with trpE1 and trpE2 deleted This study
Plasmids
pK C1139 Apr® [13]
pKC1139-trpEl pKC1139 containing trpEl upstream and downstream This study
pK C1139-trpE2 pK C1139 containing trpE2 upstream and downstream This study
plB139-afsR plB139 containing afsk gene Lab stock
x2 AMRFASIY
Table2 Primersused in thisstudy
GIEYEA S 751 Jiibzs
Primers name Sequence (5'—3) Purpose
trpE1-UF CTAGTCTAGACGGTGCGGTAGAAGCCGTCCT Clone of trpE1 upstream

Clone of trpE1 downstream

Clone of trpE2 upstream

Clone of trpE2 downstream

trpE1-UR CGCGAACTCGTAGGCCATCCA

trpE1-DF TGGATGGCCTACGAGTTCGCGGCCTCCGGCATCCCCAAG
trpE1-DR AAATTTAAGCTTTCCCTGGAGCGTGGCCTTG

trpE2-UF CTAGTCTAGAGGGGCAGTACAGGCCCGTGTA

trpE2-UR GTCATGCACATCGTCTCGACGG

trpE2-DF CCGTCGAGACGATGTGCATGACCTTGCGGGTGACCGGGATGA
trpE2-DR AAATTTAAGCTTTTCGAGGTGACCACCCACGG

112 FERFIFNLEE

PrimeSTAR DNA R ECRA T . PRI TR
P . EasyPure Genomic DNA e afifk i 7 &,
FAY TROGE) A R AL BORAE UL £ DNA
RBeaifbiR & . BSOS, R (R E)
H PR/ ; EasyTaq Mix DNA 247 . DNA Marker,
b XA EARGR AR, CHE. 2-TH . H
fie . HEEmE. Sedy. Hman, E25Er ks
WA RAE]; BEE . PR, Oxoid AF]; ¥
SHky, g HIUABRAR; IR, bR
HFEARAF,

AR AR T . gk, EER R
(PENARRA A W EERE S T IRIGEEERL,
b nt BIEE AEYRHL A F] AP B, Perkin
Elmer Awl; fHIRIRGGEFRH, LA KEEER

#% )75 96 1L PPififrt, Greiner Bio-One /Al ;
24 FLIRALAR, W] /R SL IR 85 M A FRA W]
113 BREREREMH

LB #5573 (g/L): B R 10.0, BEEEEZ I
5.0, #fb4h 10.0, EAREEFREINABE 12.0,
1x10° Pa K1# 20 min, Frf KIGFF#TE LB Kigidt
th 37 °C 555,

YEME 557 3(g/L): #i%ihE 4.0, )
10.0, BERHEEUY 4.0, 0.68x10° PaK[E§ 30 min,
KBS EERE KA YEME B3ihittr, F
28 °C K%,

MS }iFRHE(glL): KA B G PR 20.0,
Ak 30 min JE b g, FHIMACH 2B 20.0, Bitflg 20.0,
1x10° Pa K14 20 min, &S 1E5E85 R TE MS [E{4F
M b 28 °C {88 155% 6-8d Al IFH B L T
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2xYT - Hid ARG TRk (g/lL) . Afbin 5.0, BEbk:
$2UY 100, HEEFE 15.0, 1x10° Pa’Ki# 20 min,

P E: CHERRIRIE N 50 mo/ll HIBTIR 52
Z (gpramycin, Apr), 50 mg/L AFRAREEZ (kanamycin,
Km), 25 mg/L f)5 %5 2 (chloramphenicol, Chl),
40 mo/L FZERERRARR (nalidixic acid). {57 FHi4 1/1 000
R LB A SR 2

ABISE I S T B T Y B R A S B E Y S
HESCHRI4] -
12 FH&
121 SBEEFEREIERE

PR JGTE MS AR AR R 1 B TRV 4
PR FRALEA 3 mL YEME B53R LY 24 FLIRFLAR
I EESE NS, BT EIRRG R SRR T
28°C. 400 r/min }53% 60 h, WZHL 24 fLR P &L
PRV 400 uL F 96 FLIRFLAR T, Fin A %L 400 pL
(%) 2-THRFN 2 ul 1 6 mol/L £hif2 , IS RE R
ZEHL 10 min, HUAEFL 200 pb 3 W& T80 96 £L PP
EEbRA R, Al BRSO 375 nm &b A ' FE A
(Agzs) A TR . B —FEHIBAR LR BE 720 BRIEAR
B, MHIBEER Agzs (ELER KN 10 BRI FREI A R
i, H HPLC K™, IFKIE 5 B R 0™ i fix
R BRARAE N T — 50528 1 H R TR bk
122 EBRERZTEMNE

KRR EM . BUESRT 4 d SRR RER
2mL F 5 mL g0, MAGERAY 6 mol/L $hig
P95 pH 2 2.0, FEIIA 2mL (9 2- T, FE0RY
ZEEL 10 min J5, LA 12 000 r/min .0 3 min, R
FEANAET TS 1.5 mL B0 78 B2 gkt
ZERAH 35°CZ&T )5, A 1mL ZJEh 1 mL HR
K (0.1%) FE 43V f# , f#FH 0.22 um A HLATE K338

FEYIRY HPLC 2300 L 0.1%FH R /K7 (A)
MZNEB) MF A, 1-4 min, A:B=8:2; 4-20 min,
A:B=6:4; 20-25 min, A:B=8:2, #: % K& 270 nm,
W L mL/min, #1330 °C, fifi 1 Agilent Eclipse Plus
C18 {6 3541:(250x4.6 mm, 5 um)Ki & 52 BLE 2%,
PREABIE] A 18 min B (7= g S LR 2

123 ARTP MIZHINELIFT

(1) ARTP A5 i 1

%% Du, {LHA%I ARTP 545074k,
H4h G ARTP AR R XHE T ek, B
WANR . AEE AR G HPEIBORICE MS Al b
BE ST (0 0% 52 1A 2 R 90, b AR T A
AR B A 6Tk BE B, AR5 R TG TR K
B 10°-10° cells/mL (71T k. 17T ARTP
BT, KPR e 100W, ARH &
10 SLM, HU 10 pL il &4 i f 7 BRiR TR ik AR
A& EE R B, S AR 540 BR8] J5 T 46 75
AR o RN BRI TSR 200, JE LAAL SR (8] 2 AR
i, HVEAS R AL B R R RIB AR SOE R Lk, #iE
PR e ARTP AR A B [A] . BOER =554
AR 96 B 75 708 5 A 00 1A 96 7 50 15 AR i 11 7
TR B 10096170 it s d A A AL BRI, A4
HF M4 BE A EIA S L mL KHE/KAY 1.5 mL &
VR FEATIRTIE S G 7K R & 100 7%, B 100 plL
BI5Ai 5 MS MR |-, 28 °C 1535 3d &, RHKH
(14 DA A T v T 22

(2) LIMAAE T

LHMNBAS RIS ARTP 7548 i BE P HF— 20 5
W], ATSRE 10 pb il 28 4 BRR T4 Jm 8
b, BERBET 30W E4MTIE R 20cm 4k,
AN —E IS, RIS 14 R O LA
A 1mL TR 1.5 mL &0 g, IR
100 f5JE AT MS Al b, ol TE 40K =
D RIRE TR AL EE, DUk G S8 AMAAR 5 &
SEING o SRHIMF AR b B ISF 1] A 5 A e 7= e 14 0 1
IR 5 ARTP ARk —3L
1.2.4 EREBK., SREEKNIDE

(1) 44 # [A U5 8 41 i ki pKC1139-trpEl |
pKC1139-trpE2

DLB AR S015 N4l Mtk , 519
trpE1-UF/trpE1-UR #l trpE1-DF/trpE1-DR 43751  1#
trpEL JEH | R . PCR RVAA R : ddH,0
85uL, DMSO 1.25uL, I, Fi#5147(10 umol/L)
£ 0.75uL, DNA i)z 1.25 uL, Primer STAR DNA
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R E R AT 12.5 uL . PCR S 2514: 98 °C 1 min;
98°C20s, 60°C45s, 72°C40s, 30 MiE#f; 72 °C
10 min, A4lifbfang trpELl FEH . FUFEVEE
R, trpEL-UF il trpE1-DR N5 ¥ 3EfTRlS PCR,
Py trpEL LR i[RI S RN RS R
Bt. PCR WA Z : ddH,0 8.5 ul, DMSO 1.25 L,
. FH#5147(10 pmol/L)4% 0.75 pL, DNA fAR
1.25 L, Primer STAR DNA Ei{f E R AT 125 uL .
PCR S 41F: 98 °C 1 min; 98°C 20's, 60 °C 45 s,
72°C90s, 30/MEH; 72°C 10 min, HHELEH Bt
4fifkJ5 5 pKC1139 JF ki ] Hind 11 F1 Xba | XL i) |
A%, IFREALEIK AT DHSo 25 . fhf
R, MPIUESE, R4 BTk pK C1139-trpEl %4k
N KT E ET12567(pUZ8002)H ., # AR 4
TRy pK C1139-trpE2 #h {4, H- 55 1L 3| ET12567 1.,

B

0.0
350

375 400 425
Wavelength (nm)

0.9

0.6

A375

0.3

20

3 10 15
Lomofungin (uL/mL)

1 BRRERRH 2T AR EER

(2) FBHHs . WS IR BRI T 16 5 Bk

BOHRIZIRE N M6, (AT A AT AR
BRI ZF R RIAFF A ET12567(pUZ8002), k& 4;
. RS I RR T E 5 B0 UEARAE 22 IR
22409
2 HRH4W
21 SRERRGENEL
211 BREBEZRNKEM Ay %R

T SR e A S B T A 0 S LR R AT
T 2- THH, JF RS pH I8 2 2.0, B
FERT 2- THAEIUG FIRAS, B 200 pl i ioE
FEEAR P PEAT I K 350-420 nm fY I BE (I
(K 1A), KB 375 nm AbAFAE— RIS, it AN
375 nm S 52 LI B I — M REERIOE K, AbFE

0.9 - e
b
—_—C
0.6 .
— ¢
X —f
0.3 tf—_\\ g
\\ h
—i
0.0 ' ' '
350 375 400 425
Wavelength (nm)
— 4125
1.2 3525
— 3107
0.9 - — 2334
— 2326
— 18.89
0.6 - 18.25
“\_ — 1671
03 L — 1557
— 1029
' - ' 4.03
350 375 400 425
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Figurel Absorbance detection of lomofungin in methyl ethyl ketone

TE: Ax TEHIBEA I8 S B R R 2- T IR OC B EARI s B: LAY O IR [RII% 52 A 2 M 00 2- T A i i ot
EASIN ;s C: AR MNIE S B RIS 375 nm ALBOG MR R E R REMAEE; D: 1L RAFRES Bl R g5
TR W R MR B B2 DU DB BEARAG , P10 v 50 DA 5 O 18 S R 3 52 L T R VR (/L ).

Note: A: Scanning of lomofungin in methyl ethyl ketone solution; B: Scanning of 9 lomofungin solution; C: Correlation between

lomofungin concentration and absorbance at 375 nm; D: Scanning of methyl ethyl ketone extract from 11 samples of fermentation liquor,
and the legend shows the lomofungin production (mg/L) of each sample.
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Ja 1 5 B )2 A WA Agrs [ — 2 R I RE S Mk
HIKSZEHERMN G

RBSUELL AR, RIS S L R A 2- T
B A O A [l Wk B A W e, g bR A AT
350420 nm MO EEE BRI, 55 anE 1B s,
AJ UL B AE 375 nm AZbAf SERT A — B B A9 R i
I FLIH R V6 58 FL IR R VR S ) Agzs (B BROR B HE
L BRSO EE(E AT LA TR 2- T
WIS SF ER RN KR 1B iy 9 FhiE i
(14 Az FIVRHLI P 1 552 0 I 2R il vk B2 g — I 1
mE 1C PR, #HfT&MERIE S R=0.85. UiH]
2- T AR BRI W Aars (I R/NRE S K 52
HERWE,

R TR B S I S A A TR Y R R P R TS
FEAE AL B9 T P08 55 & B 25 B 19 )2
FHUAHE Agrs (B, B 11 FRASIA] 18 52 B 7= B
SR 4 d )5 REER, H% 1.2.3 i BAb
b SRR R O Y I = = 51 W E B
350420 nm [MEEME, 455 1D iR, %
Mk 375 nm AbERAEAEMIE, BRASHIAS B S
R E B S A 22 5, SRy L 1%
5 FLIA 3 MR B 18 5 W) Aars (EDBROR R AR . B S2BR
TEOLT, T ] L2
212 BEA AN EBETRIESE

[R]85 TL TR 2R VAV VAR FE R Agrs 22 R A7 IEAH
KRR, IEE S EEE & I R R B 5 1) )2
BUAHIY Agzs (EAE P FIT & 52 O R 5 i bR
i, BT ARTP, S4MAETmEL RS, H 24 4L
TRALBOG 2 A R E T R e e, 4208 1.2
WX R A THEE AT, W F R A VAR =
96 FLEFAR A AT Asrs EATINAE , Agys (AR, HI
RIFZ IR B

T TEvE BRI A 24 FLIEFLAR AT LA AR
1T 720 MRS ARRR I K, f FHEGHR L BE LA B4 2y
100 /™ BRTARAF: i 14 B A TAGHIN , - 2 2 s ] PR 2
KA, T PR i I8 52 L %™
TR R R S AR R E AT

22 ARTP., £NEEFTRETEKIFIE
221 BFEEHILEEL

iz FH O T B BT X 5 L TR 2 1) R 3 1 T
T, R 121 Ry KRSk T ARTP
VAN B Kk . $i ARTP ISR 2 555840
VA 248, fof ARTPIAAS 2 5yt T, 4
—HEEAR DL b — R0 Y i R A AR RO H R T
PR, Uik 720 BRSASKK, 43 3MtEA T, AE—HtAEg
Fi 240 KRZ7TRE, DL 24 KR R ERMRAES IR

HRAE SCHR[17- 18] 438 S A 52 56 % i A F 9
A R P BOCRRFRTE 70%-80%H] LL 3k 15
BRIERAR, HFRERREZ, Ui
ARTP AR R EER 1 2R AEE—HE g A ), aniEl 2A

100

80

60 -

Lethality (%)

40 -

20

0 1 1 1 1 1 1
0 60 120 180 240 300 360

1(s)
0.6

ARTS

0 50 100 150 200 250
The amount of strains

2 HIERMLS T ERTGIE

Figure 2 Lethality
high-production strains
TE:  A: S015 #HkM ARTPIFEBEIER ML B: 5 14K
ARTP 5 Agrs KI5 2R, &5 24 4> S016 B bk (K (4) 0
240 NGB RR(FR ).

Note: A: Lethality curve of SO15 by ARTP mutation; B: Agzs of

mutants in 1% round ARTP mutation breeding, including 24 S015
strains (gray) and 240 mutant strains (black).

curve and screening for
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fin, 1EHL 60 stk SO15 HtkAY ARTP 28 b3
BFa], SN 79%., #E L EE, A2
(R TR R RIS — 8 1 HH & TR PR S015 BT 24 FLITRAL
WA T T, g R TR A B AR SRS Agzs
{E, WKl 2B Fi7R, BEEL Agys (IR o 147 TR 1A 1E
TR R B T

HZ2T 64 ARTP MISHNE &4 5, BiT
e T 4320 BRI MR . 1-6 51570 I i e 5 21 1)
e @A M1, M2, M3, M4, M5 Al
M6, TZATH|HIE - Hk M6 IS S EE £ Rl
61.33 mg/L, J& & ERIE S EEE R S015 Y
7.35 1%, W& 3 iR, 78 ARTP FIEAMY L5748
T, DR A=A S & IR ARAS 1 AR R 5 LR 2
BESETE, T ARTP FILHMGE A5 RUR
RAF, FF HALE T A i i v 3 i 6 5 ™
WS LA R R RIS AT, R EPRE AL,
SN e ES NN T8
222 HHREMEIE

AT T RIERE M6 Z )5, AR HAE MS P
BT, EARRESR, B 2 d Bk, 1B
30U M A T R Bt HPLC U TS SR L TR 2
FEEAREIN . SN 4 B, SRR 30 UE,
M6 HRRATRE S KR e tE, WVEIERS S015
T B2, HHHEFERRN - RhaEdE R
£ 60 mg/L ZEA47 BY7KF-, AT I M6 TR AR AR e M AT

= S
(=R = =
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Figure 3 Lomofungin production of S015 and strain

M1-M6
Note: *: P<0.05; **: P<0.01.

60 -

50 -

40 -

30

20

Lomofungin production (mg/L)

[ 1

S015 M6 M6-30"

4 S015, M6 FifE{X 30X M6 MR RER R~ £
Figure 4 Lomofungin production of S015, M6 and
M6-30"

Note: **: P<0.01.

23 BSFEN M6 WEREITENE

R R, trpE JER gl AR oK
R G T BB A A 70 S R 15 2 5k I vy A i 408 2 2
TERERD, % AR B B R A T
BEFTARSY SR, DRIHEIDRE trpE JE D5 AR T L BH T
ZastE, TRESM R M6 AR K R R R
ZHEE EWR G BETARD SR, & e 21
WE W R, AEARTR AT TR, Caxhgs
TR R S015 PEAT TSR, Hgh R
/N, S015 HHKHETE 2 ANThREAHFIY trpE JLH 7
G, IVEXSE, 435 HAr 44 trpEL A trpE2, X
M6 f4) trpEL Fl trpE2 JEF Y, A IUARIEHAE R L
AR SR

HIHIT S R, TEV st R S015 i, 4
Jry RN afsR BRI A 4 = MRS LRl phzC Fil
phzE FY A RALEHIE 52 LR R AW 6 i TESEE
PR M6 BFERE 1T afsR FER Ak ik, BHiEi%
FERUHI AR AR 5 W TR 2 SRR AT A T
231 SFEME M6 trpEL, trpE2 EERIERR

fEtrpEL JE N | RIS T RE R 1 670 bp
(4 1 I RI IS A 1 544 bp (R EIRIIERT ,  [R1 5 il
SHBKE N 3 214 bp, WiiFEBR A BKE N
759 bp, #% 1.2.2 A IENT M6 Bk trpEL ME TR
4%, L) trpE1-UF F trpE1-DR A5 1%, XFiiikslfy
WA AR O FE R 2 2817 PCR IR IE, it M6 #ikiY
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PCR 34 4545 /3 3 952 bp, trpEl Hlt4: Ekki) PCR
P14l 3214 bp, PCR B iELS S An& 5A Fs,
SHHAMSE, SRIFEFE S IEA RN, H R
FSH trpEL FEH R s o

[, 76 trpE2 R F . FHIF T RKE N
1 689 bp AY_F-iF Rl JEE A1 1 573 bp (14T IiE R,
A A A Bl 3 262 bp, TR B K
J° 1044 bp. M\ M6 [ trpEL JE A i BAk 4
E— ARl trpE2 JE[H, R IRIARRY PCR o3 4%
4 4306 bp, trpE2 B F R PCR 44 450
3262 bp, PCR J 45 S 4Rl 5B R, S HUHAHAT
SRIGHEFE IR ARy, OXT IEAA 22 B trpE2 3
2.3.2 trpE EE R & BEIGIIE

Xt M6 Bk trpEL., trpE2 LA 1) BA Rk AR
PRI T KB, FEHH HPLC Kl i% 52 L K (=i,
HEERE 6 fian, M6 Hkk trpEL. trpE2 H:A
BALRRL PR I8 5 EL I B T 4 71.38 mg/lL
66.17 mg/L, 49l M6 EEEIETH T 18.38%7
9.72%; M6 IHHk trpEL, trpE2 FEN XA 1% 5¢ I
5 81.89 mg/L, H M6 EFEETH T 35.21%.
KREELE R, @It trpEL, trpE2 KK R
REAS LA S50 BH T 73 2 TR T #E iR A2 —— (B 2 TR
ARastE, I HAHHRE 2 IR g R AR R A

AR o

A B
bp bp
5000 5000
3000 3000
2000 2000

5 M6 E#k trpEL (A)FN trpE2 (B)E F &I FRAY PCR
BE

Figure 5 PCR confirmation of trpEl (A) and trpE2 (B)
gene deletion in M6 strain

Note: M: DNA marker; a M6 strain; b: M6AtrpE1l mutant; c:
M6AtrpE1AtrpE2 mutant.

100 -

HH «

80 -

60 -

=

40 -

20

Lomofungin production (mg/L)

6 trpELl.trpE2 EEX M6 B EFRER =2/
A
Figure 6 Effects of trpEl and trpE2 gene on the

lomofungin production of M6 strain
Note: **: P<0.01.

233 Z£FEBAEERA afsR BRI

AU IT R, afsR 3 M eI i $2 /e & 1k
HEH phzC il phzE YRR RAEHH I 5 I R AEY)
A, B AEE L TE MBAtrpELAtrpE2 bk
1k afsRELH , HR5T 1% 4 A R T A PR AL
TERZ R R BIMRAR, M6 R TiE
B AL TR G

TE MG TH AR Y trpEL  trpE2 BL K AL bk Ll |,
FI ] plB139-afsR i Fe ik Bk kAT afsRA: A i) 3
ik, JFLL plB139 TR S I, RIS AN
Bl 7 fis . FEXGER it Rk 4R 3L afsR
G, WAESHME A% 109.53 mg/L, HW
FEFRERTE T 33.75%, JEEFAER S015 (1) 13.13 f%.
SRR RB e RMEILE afsR 684 &L
M6BAtrpELAtrpE2 B #k HH 7% 52 FL B & AR A A,
I Hi%g5 85 Wang 2R E 153 %15 afsR fEfR
1= S015 TR A H i 5¢ EL I R 1Y i A — B0, R
Feih 4 SRR FE IR afsR A AT 5 77 T AR X — TR
TER 7 Hk MBAtrpE1AtrpE2 FRTISRA L, M6 ml LA
3 PR T AR s AN
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100

n
(=)
T

N
W
T

Lomofungin production (mg/L)
~
n
T

(=]

E 7 afsR EE X M6AtrpELAtrpE IR SR EE H /-
BRI

Figure 7 Effects of afsR gene on the lomofungin
production of M 6AtrpE1AtrpE2 mutant

I . M6AtrpElAtrpE2’ Jy &% A pIB139 %5 Jiw R 1
MBAtrpE1AtrpE2 il #k. * . P<0.05; **. P<0.01.

Note: M6AtrpE1AtrpE2’ mutant is M6AtrpEIAtrpE2 mutant
containing vector pIB139. *: P<0.05; **: P<0.01.

3 WikE4w

PUAE 2205 7™ DA RR 114 v 3 07 3 9k A ST
PR IR EE, W HAATR NS E AR
PO R AR TR N R, AR
FIARICIEA WA, XLl [ M TR (AN .
HER ), S RILPOEE ST HmiMELL 284
HPLC A5l 7™ 4o 2 % F i s Fas il =Bz, JFH
A REERERPERY (AR HPLC RGBSR i 3 ik
T2 10-40 min FYIFE], 7EFEG B AR H KR
N SFETR R ]

AWFFEARIE IS S ELRE R 2- T T W AE 541
Pt 375 nm Kb FRFIEIISCE , DA RS SR 3R
WEEFN Agzs (EIIEAR GG R, R 24 FLIRFLARIY
TSR RN PRSI, N T e i
IR R S B R AR k. Rk
FERI A 24 FLRF LA, RAERGEFA R 2= A R,
5 R] LASE BRI A 5 720 BRI ASKR I A 1 5 (i FHIBG

FRAXRELABESM B2 100 AN BRI ARAR S AR5 BE R A T 4G
DU, TSR] A AT A58 BORE A PR BT, S e
R 75 1 o Bergy ™t 118 % 5% BB 2 14 P B
PEVWAE 375 nm AbA — Wi, (RS S ITEE
FAE 2- T WP M LR I i, TR, TLA
YER 2- T Hafdes Ao 1 HL, 590 bRk b,
ABIFGT BT I e 3 R O SR, A%
Wk A B2, BRI hFE AR, SE%N
HPLC K7 A E, ASBIFZE 7 1 v 2 0 ey
TR T AR BT PR St R i [RS8 ARG, BB
BEERL, LAY AR ]

I il Ok ik, dad 6 46 ARTP IR 4h
HAEVEAE, M 4 320 PRISAR TR i 845 51—k e
FRHIER M6, W8S EIE R E A 61.33 mg/L, i
KUKk S015 #y 7.35 1%, I H MRk R AT
Huang 2535 1 2251l MNNG [ &7, [l
5 155 (Aspergillus tubingensis) Rn14-88A &tk AYH:
W= AR T 161.44%; Su 2P AU TR
ARE M, B ZF AT R (Bacillus sp.) S65 FIFR I 5E R M
=M 4.1 mg/L 25 E 25 mg/lL, 25 1 510%.
M= IR TRCR AR R . NS T 50
£H . NTGEAFA, NI AR F ARG,
AW S 25175720 5 0 e R Rt H AR 7= 4 1) ™
BT A, B —E

AL G FEA TR, TERZE R/ M6
HRERE XGRS T trpEL A1 trpE2 LA, FHIT T
5 LI R AT S> IR THFE IR R —— R B L
W, HRHIE S B R misF 81.89 mg/lL. 1E
M6 1) trpEL il trpE2 FE R X Eikk A LAl [, k%
KT RPN afsR, RZIESHFE R RIAT
109.53 mg/L, 2EPA %! S015 1 13.13 1%, UilHE
AR TR RATY REAE B AR A R TR el

AR5 2% B K AN ()15 70 7 0 R i R T o
FAZE G W] LU & HAR i, W] Sy HoAtdt
Az R KU AR 7 00 1 15 7 TR PR 7 2 5 s AL
KA
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