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BldM regulates morphological development and antibiotic
synthesis in Streptomyces pactum Actl2

ZHANG Yuan', ZHOU Hangi', ZHAO Kangkang', XUE Quanhong’, JIA Lianghui’,
YAN Xia'", YAN Hua'

1 College of Life Sciences, Northwest A&F University, Yangling 712100, Shaanxi, China
2 College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, Shaanxi, China

Abstract: [Objective] To investigate the regulatory role of the transcription factor BIdM in the
morphological development and antibiotic synthesis of Streptomyces pactum Actl2, a
biocontrol strain with multiple effects. [Methods] The bldM-deleted mutant strain AbldM and
the bldM-overexpressing mutant strain OE-bldM were constructed by genetic engineering. The
scanning electron microscopy, antibacterial high performance liquid
chromatography, and real-time quantitative PCR were employed to compare the morphological
development, growth rate, oligomycin yield, and resistance to pathogens, respectively, between
AbldM, OE-bldM, and the wild-type strain Actl12. [Results] The sequencing results proved that
AbldM and OE-bldM were successfully constructed. AbldM showed significantly reduced
production of oligomycin D and was incapable of forming aerial hyphae. OE-bldM presented
dense aerial hyphae and active sporulation. Compared with the wild type, OE-bldM showed an
increase of 23% in the yield of oligomycin D and the up-regulation of 2-3 times in the
transcriptional levels of the genes encoding oligomycin core synthetase. Moreover, the
antimicrobial activity of OE-bldM remarkably enhanced. [Conclusion] The global
transcriptional regulator BIdM can not only affect the formation of aerial hyphae and
sporulation but also participate in the positive regulation of oligomycin synthesis in Act12. The
results of this study supplement the knowledge about the regulatory function of BIdM and
provide a reference for further research on the growth, metabolism, and regulation mechanism
of S pactum Actl2.

Keywords: Streptomyces pactum Actl2; oligomycin; bldM; morphological development

experiment,

TS e — R HAA S RECRTE 22 IR 22 IR
PR, VERAEDTEIEALE YD . B 2402 AT
R0 B R, R AR AR 8 1Tz
iR Y EGE, HarEa 2/3 BBt
TR 2B P03 P ) o B0k R A TR AR AR
U=, 8 i I A A=A L
JE [H #% (secondary metabolites-synthesize gene
clusters, SM-BGCs)Z VT BRai LK, HER A
J& FR TS AE ) R AR IE M ) BT IR R AR B S AT Y

FEIRAA D, WA OCRTIE R, X B A A
P TetR 2 A F I TE N 5 DepR1 [ ik ik
JG, BIEHRN R TR A TIRTE T 41%;
A JREETE N 5 Avel FED Ak D) S B 2 i
T PP R R ARG RN T 10 5, A5G
F 58 UE B 2o B8 PR TR T Box 8 03 e s IR 7
Ayl mlad 2 1K B B J i A T U AR A
Y& A RO %

SRR TR R 110 U A Al A B ST I

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



132

ZHANG Yuan et al. | Acta Microbiologica Sinica, 2024, 64(1)

O3 3 FPRAL, AR A R PR T L R N TR
R 20 N0, Ho, &Rtk sty
DR ol 22 A i 42 1 HL AT DA 1 7 92 e il
T X WEAEAY S R, WH RS
(two-component system, TCS)F A4 sy Pk JH % A
T FEB R, HR AR 0 52 2 2 A
BT B AU T3 s PR i3 e, R
W9 R TCS AN R T ELNFE 515 7 R
4t, B 5 AS A IR R, RRAR SR
BB S S RPA B A DA T
BldM J& T 34153 45 R 48 LuxR Z 0% NarL/FixJ
WEZTHNY DNA S5 G w4 7, A7 18 e -
B -125E (helix-turn-helix, HTH)45 A3k, 76 % 2%
VA i or ik 2 TR R B (L B TR Y BIAML Dl et
FER R, SN R, it
B LA — R 4K BlAM-BlAM 5 5 i — R K
BIdM-Whil % TS SER, fudE ssgR. rshA.
whiB., smeA-sffA Fll WhiE, M i 76 5% 55 i T 5
o kiR GRS, B BlAM 252
SR R R AR A T W AT A A
AHIESE U LA — R A 2 B R I R RS B
Jilt £k TR —— % Jie 5 B 14 (Streptomyces  pactum)
Act12 WBFFERTGE, IZ5E B AR 2 P i EC TR T
AW REIER, MR SR ASHFEZH
AR A BRI AAER , AT Lhskid2 32 15 4
AR, ] AR E R A A
BEEAE VI BRI VI VR 451 , didy 1 RUE R
A, HA 2R A A, T Act12
G BRI FE AT 400, FTREAATE 30 MIRE
G AR, BRI, Actl2 MRAAE™ )
HERCBRN B E0E , 18 2 XA O a4 [
T SPA7074, SPA0520, LuxR-2306 1Tk M
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FRASpa7074 JEATH: 42203 Fr ), 2 BE bldM 4k
(X 7€ Aspa7074 A bk T 19 e S K - B¢ 1Y A=
Actl2 i 2.69 %, #EM BldM 5% N7 AU S
SIS KRB EEE, R Act12 ARG
WA —E M ER . ST, A58 LI
BERE T Act12 AFFEX 4, Xt bldM JE [
el a2k, #R5T bldM JE R Actl2 TEZS
KB MERRAMAEm, X5EHF BldM 1
P REHEA TR T, I WIS SR AR T
B A e 5 1A R A AR 0 A R R A B Y
Bigt Ly =u

1 MRETE

1.1 R
1.1.1  EPRFABRAL

AT I R %5 IERE 25 14 (Sreptomyces
pactum) Act12; FEPEGRKFEASHRADIAM (TEHF AR
R Act12 Ay [ i IR A AR ) S
M3 26 ik 28728 ¥k OE-bldM (Gl 3 3 5 5 S 4
F A5 2]); KIAT I (Escherichia coli) DHSa,
S17-15 S RJERAHE (Valsa mali) | il BAZHE
(Sclerotinia sclerotiorum) 1 8 % 7R &2 ik &
(Alternaria alternata) .

ARG BORL . KT P -k 5 T 2P AR T
ki pKC1139, A ZE s Ry, S5
PRI R pSGS i, IR T 39 °CHEAR
RE A AW, T I IR i Ok 2 A RR Y
pSET152::PermE*, A LR RIUEEN, &
LI RPUERER AR S 2h 1, T e Rk TR
Pk; pET28a, A RAREG RPUIERR, HAIRY”
B kan JER R B (DL B RMR . ORI A SR =
TRAF)o
1.1.2 EFREMNRERERRE

KGR SR LB, BE3IE K 37 °C;
BT R A TR IR TSB, KB IRIEH SPY,
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AR 2CMY i FREE(EE AR 0.2%, 7T
PEVER 1%, BALE 0.1%, R 0.2%, B
B2 0.1%, TRIRES 0.2%, WHIRH 0.1%, JC
PLERIRIR, BilE 1.6%), WIAREFRIN NP 5%
S IR —S R MS B3 R2YE K53
e, WS 28 °C; HIAISE IR N D A
% BEBAIE (potato dextrose agar, PDA), HiFFiRE
28 °C, EARKGFREEMILHI S (RUEY =52
KT, LB KR &% 5 55 (ampicillin,
Amp)F-FHALE &K (kanamycin, Kan)fifi 2k 1Y
50 pg/mL. fmK—SEFRAEPRIRE R L
5% 2% (apramycin, Apr)ffi UK A 10 pg/mL,
ZEE A 2 (nalidixic acid, Nd)Z4¥k &k 25 pg/mL.
1.1.3 5|4

ABETEI S YR DH A TAY TR
TR AR A RN w5 B o
1.2 ERERARTHRE

DL %% e BE 25 A Act12 kIR 41 Sk B A,

*1 AKWMRFAAS

Table 1 Primers used in this study

bldM-U-F/bldM-U-R . bldM-D-F/bldM-D-R ¥ %}
157 A4 bldM b FFREE, DL pET28a
R A N, bldM-KANA-F/bldM-KANA-R
Sy R H R A kan 2L R B, IFiE
1% A B A V5 5 20 B 5 22 Hind TIUFT EcoR TRt
VI 4K pKC1139 4 15 3 i B =1 41
PKC1139::AbldM, B J5 8 o # ki b 2= K
MR S17-1, 248 5N s A Tk s 2
Actl2, 40 °CiRifk3EFs, W@ HUrERmik S R
& Kan HUPER ST RETR AR, Ay XS 46k e
RGEERER, BJE AT PP B, ARAS BRI Ak 58
A RRADIAM
1.3 BRI RERTHRIIE

R [A]UR B kA Rk
pSET152::PermE*-bldM, BfiJ5% = S17-1, it
HEHB T EARAEES R Actl2 ERHA
R R UM S IR, A5 LA
1 RIBRAS P OE-bldM.,

Primers Sequence (5'—3")

bldM-U-F

CTATGACATGATTACGAATTCTTCGCGACCGACGACTATCC
TATCCAGGGGACATCTCTACGCAGACGAGGACGGAAGT

bldM-U-R

bldM-KANA-F GTAGAGATGTCCCCTGGATACCG
bldM-KANA-R TCCTCGGAGAGAACCCCAGAGTCCCGCTC
bldM-D-F TCTGGGGTTCTCTCCGAGGACACCGTCAAG
bldM-D-R

152-erm-bldM-F
152-erm-bldM-R

ACGACGGCCAGTGCCAAGCTTTCCATGCTAACGGGAAGTGG
TCGTGCCGGTTGGTAGGATCCGCGGAGGACGGCCATGAC
CAGGTCGACTCTAGAGGATCCCTAGCGGACCAGGCCCCA

0li2298-qPCR-F TGGGTGGGAACCGAGAAATC
0li2298-qPCR-R GTCAGATCCCCGTCCGGTA
0li2302-qPCR-F GGTTCTTCGGGATCTCACCC
0li2302-gPCR-R GTACCGCCCACGAAGACTC

0li2305-qPCR-F
0li2305-gPCR-R

CCACCGAGGAGGAACTCGTA
CATGTGCGGTGAGTGGAAGG

hrdB-F CATCCGTATCCCGGTGCA
hrdB-R GTCACCGAACTCGCTGTCG
bldM-qPCR-F CCTCGTCTGCGACGACTC
bldM-qPCR-R ATGCGCACGTCCATCA GAA
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1.4 ARIEAFEFEPRERSUER

435K wild Act12 . AbldM Fil OE-bldM 4
2 4 PO R AR SR, 28 °CHE SR 7 d J5 MR
3ANHRETEA . P S Iy 22 5% o
1.5 FEBREMNE

¥ wild Act12 ., AbldM FIl OE-bldM #F7£ &
[R—F 3R B RIZ G5, b5 HAE<7 mm
RSP 454 F 538 7 d, 1 2.5%% 1
HIRREEE 1 h DLk, Hi)E 4 °CfiIRFE 2 h
LI, FpH 7.2, ¥ 0.1 mol/L BYBENRZE ik
?ﬁ?&(phosphate buffered saline, PBS)iz ¥t 2-3 1K,
TR 30%. 50%. 70%. 80%7# 90% . it 14
JEWEAK, FR 10 min, FEFHICK ZEESEA TR K
2 K, AR 10 min, )5 FH ORI BRUEA T & 4,
BF B 10 min . Bifl 5 X FE b TR 8 4 5 A T4
BiER .
1.6 ALz

PREE B RE SR 7 d AR VE R 2
TSB J5354E, 28°C. 180 t/min 5535 3 d, Bntii
1:100 (IRFREL) R LU iR 2 SPY AREkET AL,
28 °C., 180 r/min KMEkEFE. MR 24 /NI TFIG,
B 12 h B, flE. ZZAREHEE, PREYHT
&, BH3IANER, BePEIFSHARK L.
17 REEGHIESEMHENEESZD ENh

4R 3 d 1) TSB B A IR 1:100
() B HE RN 2 200 mL SPY K BEREFRAE,
RHHKE 3 ANEKE, 28 °C, 180 r/min AFER:FE
10 do SR FHBR 2225 K AL PO 45 BRIk A T AT
RESJHEA TR, BGE A TR 8 000 r/min B0
10 min, #f FIHRZ 0.45 um JEMETIERREE, RO
FIE 110 (RFRED B LLBIINE L) 60 °CEAlfLAY
PDA igrdk, WAEHIAER 9 mm MK R KSR
A, RIS LUK 7K ) PDA 553735605 R 2
M, FHECEAN 5 mm AR EE EPFE T B
O, T 28 °CHEFR 5 do R 758 SR et 1
AR EAR, FERMERR AKX 1),
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7% B (mm)=Ill i B2 - 0F EAR

I = 0] BT B AR —Ah P A28 )/ % R T
HAZ]x100% F()

oA S TR U 5 B 121 (R G B9 B 9] iy L
HINACRR Gl A T2, FEAEH 2 ¥, Bl
G AT, RIS ZERUSE M LR TR, T
B LA T e 7% L 25 T 5 W 2 mL R i
F30.22 pn A7 HLIE LI I8 R TS T i RO 68
J&% (high performance
HPLOK, HPLC AYZ&(FK: (i Symmetry
5 um [ C18 el J2HrHE; DA s A,
KR ENAE Bo BB A 0-10 min 80%
FIEE . 10-13 min 95% M, 13—14 min 95% 1 fiv—
80%H i . 1420 min 80% H 2. TR 25 °C,
FERYE I 45 °C, EFERE 10 pL, 3% 1 mL/min,
RIS 215 nm.
1.8 SEBTIKFEEE PCR (quantitative real-
time polymerase chain reaction, qRT-PCR)

vak i

KT SEIF 926 B PCR 4347 55 AR 1 1 £k
wild Act12 5925 FkAbldM 1 OE-bldM H 285
R R SEIE R A5 5K, LA cDNA A,
hrdB JL[H - N2, MR AAC By AR, &
T HAE C BT E bR ik PR 7 4% 28 A8 TR R AN T A
PRI R S K- 22 57

PRI RNA, 775K BE TaKaRa RNAiso
Plus i &#AEULIIH5iE4T, gDNA BRI
RNA Ji2 #% 5% I Thermo Fisher Scientific i{7] /2y
FIA G UL RS, qQRT-PCR J o 4 1R | 7AF
BN E YR E R PCR KR & Hieff®
qPCR SYBR Green Master Mix #E LR T

2 BER540

2.1 Actl2 7 BldM BIF5I5#R
Sreptomyces pactum Actl2 FEFH 415 bldM

liquid chromatography,
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(B1H29_14650), M. 4it% & 14 LuxR K%
NarL/FixJ V. Z % il DNA i 835 K 1, % &
Il 203 A2 SE R A AL, T 4354 22.0 kDa,
55K Z Homm B 5 S TR T —FF 2R 1125 R T
BIdM 7 1 > N 332 (A Z5 #4318, REC LUK C 2K i
) HTH 1) DNA Z54 2545 . iF9E B1AM 192
fE, L AEE B 2= AT iR BN [R5 B A R 4
HRORT I P[] Y5 B 1 G P 91 3 2R T E X b, &
B Actl2 1 BldM B2 IR F 915 K (5 2 A
(Sreptomyces griseus) . [ {45557 [ (Streptomyces
albus) . K % {2 5% 25 p& (Sreptomyces coelicolor)

BldM_Act12
BldM_Streptomyces griseus
BldM_Streptomyces albus
BldMStreptomyces coelicolor

BldM_Act12
BIdM_Streptomyces griseus
BIAM Streptomyces albus
BIdM_Streptomyces coelicolor
BldM_Streptomyces venezuelae B

BldM_Actl2

BIdM_ Streptomyces griseus
BldM_Streptomyces albus
BldM_Streptomyces coelicolor
BIdM_Streptomyces venezuelae

12 N Fii hir 5 75 R (Sreptomyces  venezuel ae)
[ 5 2 11 2 LR )P 41358 100%— (Bl 1),
Z A 7 BA m R e, B, XF
Act12 JEF ] bldM | T ¥k R 5 K i (6
B TR RN 2 N B B A TR AT LU AT (B 2), R
B Act12 JERZH 1 bldM | R F I ST Y 4 4~ FE [
HRE ORGSR MEBEN R SR T bldM |
T 4 DEEREER R, BAE Actl2 BRI
bldM B K R iF 40 kb ¥ Fil N IR & LA 2R
P25 BE N, R Sk B+ BlAM J& T9R57
M i 80 42 R 72

E RSCLIJL
ANGEEVLRRWGADRSCLI|LN CLCGVETVRRLL

AANGEE VLRERWGADRS CLI[LNCVRNP CL CGVETVRRLL

RAELRATVICALADPTWRLAPRRLRS AENGAAP
RAELRA CALADPTWRLAPRRLRS AEM
DPTWRLAPRRLRS AEN
LADPTWRLAPRRLRS AE)

ADPTVRLAPRRLRS AENGAAF

1 FEE#KIR BlAM EREBNRERE L FIIEEXTER
Figure 1 The result of multiple amino acid sequence alignment of BldM homologous proteins from different strains.
B1H29 14640 B1H29 14645 B1H29 14650 BI1H29 14655 B1H29 14660
a2 —— N A\
+139 +190 +309 +162 bp
SCO4771 SC04769 SCO4768 SCO4767 SCO4766
S. coelicolor —\ |—\ \—
+168 +273 +381 +65 bp

vnz_RS22165

vnz_RS22170 vnz_RS22175

vnz_RS22180 wvnz_RS22190

S. venezuelae —\

+205

—\—

+153 +432 +74

2 Actl2 5 Streptomyces coelicolor & Streptomyces venezuelae # bldM _E T~ iis % F BELE 55

Figure 2 The alignment of the locus of bldM (Act12) to the locus of bldM in Streptomyces coelicolor and
Streptomyces venezuelae. The black arrows represent bldM (Actl12), bldM (S coelicolor), and bldM (S
venezuelae). The gray arrows represent homologous genes between the three strains. The numbers above the
genes are the gene numbers in the genome sequence of the three strains. The numbers below the gene line
indicate the gene spacing.
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2.2 bldv ERERKLRTH ST FIXRETH
R

T HRFE bldM I R 7 25 HERE R A Act12 11
TR , 30 2k [7] Y T 4 3 A o 1 2 DR B 2 A
PKC1139::AbldM 51 F ik 2k {4 pSET152::PermE*-
bldM %% 2 KIGAF# S17-1 5, 7915 Actl2 BF
TG 5%, B BU M 15 21 n] BE i A 4
PRI 28 AR R R Fe R 8 A8 k. IIT 5 itk AT
PCR 431 DNA Wl J5, FH T G ik 5 5 BUAE i

JGARRI S B 3 B, Gk 15 2 1 i
£) bldM R 28 28 MR D bldM 3 323k RAERR (K 4) .
2.3 bldM EREERE KT RIEXS Actl2 7S
- L:0bAD

i 5 s, K wild Act12 . AbldM F1 OE-bldM
HeRP ZERF P EARE SR L, 28 °CHEFR 7 d Ja g%
F|, Pk wild Actl12 F1 OE-bldM B 7% 2% Ifif &2 3K
THE . ANBHRBE N L2GRE, BEA R
SR TRk, H. OE-bldM &R A1+

F1 F2
— U kana D
— T
-« -«
R1 R2

3 IEEEER R IRR 5L

Figure 3  Primers design for validation of gene deletion mutant strain.

A B
bp M 1 2 3 4 5 6 7 8 9 bp bp 1 M 2 3

5000 3773 2 000

3 000 3 683

2 000 l’ Zi; 1000

1 000 1377 9 642 bp
500 250
100 100

4 bldM FAZHRER KRR AT FRIX E R KL IE

Figure 4  Electrophoresis verification of the bldM-double exchange deleted mutant strain and the
bldM-overexpressing mutant strain. A: Electrophoresis detection of the bldM-double exchange deleted mutant
strain. M: DL5000 DNA marker; Lane 1-3: Electrophoretic detection of the bldM-double exchange deleted
mutant strain. Lane 1: Primers F1/R1 were amplified to obtain the upstream homologous arm; Lane 2: Primers
F1/R2 were amplified to obtain the homologous knockout box; Lane 3: Primers F2/R2 were amplified to obtain
the downstream homologous arm. Lane 4—6: Using the total DNA of the single-exchange mutant strain as the
template. Lane 4: Primers F1/R1 were amplified to obtain a gene fragment containing the upstream homology
arm. Lane 7—9: Using the total DNA of the wild type strain Actl12 as the template. Lane 8: Primers F1/R2 were
amplified to obtain a gene fragment containing the upstream homology arm, the target gene and the downstream
homology arm. B: Electrophoresis detection of the bldM-overexpressing strain. M: DL2000 DNA marker; Lane
1: Negative control using total DNA of the wild type strain Actl2 as the template; Lane 2: Amplified product
using total DNA of the bldM-overexpressing strain as the template; Lane 3: Positive control using the
overexpressing vector pSET152::PermE*-bldM as the template.
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A, MAbIM TH 7R EBON R, LI
DEIRTRAL, IR T R R

—MEE, WK 6 s, B AR IEE K TP
B T 22 FFL -, AbldM SR WLEZ 3 #1122 1Y T
BRI T 434k, B 22 D0 oA L T 2
TR MHLBE B KBS 454 Y, 11 OE-bldM
T 5= A K T 5 A B 1) SR TR 24 9 Tk R o
Zeiih . IR RS R R IR, HHAA
e S 14 0 1~ 22 LA % 8 A B A4
2.4 bldM ERFFREFZIRIEX Actl2 £
RSH N

2o b o e e 75 3k vh TR R o B ) Bt

FrH

FEIFFRE, 20155 wild Actl2, AbldM 5
OE-bldM A=K £k, aniEl 7 Fiw, A K #hZ &M
AbldM F1 OE-bldM #H# T wild Actl2 f#7E—&
M2E5¢ . TEF 148 h ZHT), AbldM A= K5 h%%
1%, FEAEBIEAHERS, M 60 h # 84 h, B4k4L
AR IFRAFE R EY i, 1 OE-bldM JUJ7E R
IR P AR K A, [HA 60 h iR T
ATHERRES, 74 T ERN A&
2.5 bldM EFEK KT FRIEXT Act12 HIE
g oA

SR FH PR 24 1 K i 0 X 45 TR R R IRV 0 R
RESIUEATAIN, Nl 8 FisR, Mtk OE-bldM &

B 5 AREFRELFESERTERNEZLSLEE

Figure 5 Comparison of colony morphology between the wild type strain and mutant strains on different solid
media. A: NP medium. B: Gauze’s synthetic medium No.1. C: MS medium. D: R2YE medium.

S- J\ul IunL\ 7.6 mm -it ) k

10.0 un JS-4800 10.0kV 7.6 mm #5.00k R

E] 6 FAHGEIEWE bldM 3F Actl2 275 % B HIR N

Figure 6 Scanning electron micrographs (SEM) showing effects of bldM on morphological development of
Actl2. The results of SEM show the developmental changes of the wild-type strain Actl2 and the deleted
mutant strain AbldM and the overexpressing mutant strain OE-bldM, which grew on Gauze’s synthetic medium
No.1 at 28 °C for 7 days. The scale is shown in the figure. A: Mycelium morphology of wild Actl2. B:
Mycelium morphology of AbldM. C: Mycelium morphology of OE-bldM.
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R YRR i T 9 S AR T Y R TR A s T A
IR AL DR IS B L O v R O TR S i A A
22K AZ B T BRG], TTAbIAM WIAH S o fifi
J&E G A ELAR T B 25, Ik 2 PR,

TR OE-bldM J& B0 % Jt B () 45 B e ) b 2
HaaE, AbIAM U] S H SR A ROR . 7R
3 N D LR, XV S PR A 28 TR 4 0 TR T A
3%, wild Act12, AbldM 5 OE-bldM f il 15 % 43

E7 fBEHKEKZ
K 42.08% . 27.29%F1 73.96%.

Figure 7 Growth curve of each strain.

CK Wild Actl2 AbldM OE-bldM

AR

Valsa mali

IR R 1
Sclerotinia sclerotiorum

R R

Alternaria alternata

El 8 FBEHAERNREEEENEIER

Figure 8 Inhibition activity of each strain against pathogenic fungi.

®2 BERAEGESREEEINERNESR

Table 2 Results of inhibition rate of each strain fermentation broth to pathogenic fungi

Actinomycete Valsa mali Sclerotinia sclerotiorum Alternaria alternata
Inhibitory diameter Inhibitory Inhibitory diameter Inhibitory  Inhibitory diameter Inhibitory
(mm) rates (%) (mm) rates (%) (mm) rates (%)
CK 0d 0d 0d 0d 0d 0d
Wild Actl2 14.67+1.26b 18.33b 33.67+0.76b 42.08b 29.00+0.87b 36.25b
AbldM 8.83+0.29¢ 11.04c¢ 21.83+1.04c 27.29¢ 22.33+0.76¢ 2791c
OE-bldM 29.50+1.00a 36.88a 59.16+0.58a 73.96a 40.16+0.76a 50.21a

The data represent means+SD, and different letters in the same column indicate significant differences (P<0.05).
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Figure 9 Determination of oligomycin D in fermentation extracts of different strains. A: Wild Actl2. B:

AbldM. C: OE-bldM.
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Figure 10 Analysis of transcription differences of the
genes encoding oligomycin core synthetase and bldM
gene in different strains. The relative expression levels
of three genes encoding oligomycin core synthetase and
bldM in different strains are displayed with hrdB as the
internal reference gene (N=3). The error line represents
the standard deviation, and different lowercase letters
indicate significant differences (P<0.05).
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