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B OE AR —HIEZH TG AN SRR ERAE, BA 2R A TEHMR. R ERE
MEAARBARE P LA TR, P UG KRI LA & H R F 24T E Bacillus licheniformis DW2
A K ER, BAMBT TR S LR ZmLE £ bd 2B ALELE cydB & Bk, LI cydB & B ATH Ik
B AR ATP REAI T2t BB E AR A48 5 T 10.97%A 22.96%. 445, iEF T kX 7 9 — K RAk 5 L
BR—mE & aa; BAEEAFE qoxA #9548 SAF I KA R IKTF, ;Et#ﬁzj}]i:yiﬁ‘ﬁv}]@#] ATP JRE AR T 2T B H
MRS T 18.27%F= 34.00%. %1k ADP & AL AL RALB LA ATP RE A 2R %, 4 REWBLEAKXIR
MBS DeK Ao iR H B BE AdK 3T AR S AR F el ATP JRE, HEFifbkik DecK ARESF, EAFH
PR AR AT PR AR 3 16.78%. kB, BEAMESKH TEFA, AKRE cydB X H DW2AcydB Aah b 4 F &
T qoxA #= dck, #F%) TA4Z##k DW2-CQD (DW2AcydB::qoxA::dck), & B4 % &80, DW2-CQD AT # Bk ik %)
954.25 U/mL, ARtk TR A MR 5 T 21.66%, A% H AAF B KM A 2.11 UICFU, #atbaf B4R 5 7 11.05%. st
4F, DW2-CQD J& 1] ATP i#&/Z 4 39.54 nmol/L, A8 T+ BB E T 49.32%. £ RIEL AT KM TEIESHEK
BB 0GR R, RABET — B T b R AT F 694 B KA P B AR
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Enhanced production of bacitracin via energy metabolism
engineering in Bacillus licheniformis DW?2

Qing Zhang', Shan Zhu', Naixiang Cui', Bowen Zhang®, Zhi Wang?, Xiaobin Chen?,
Jun Liu®, Junhui Li®, Dongbo Cai', Zhifan Yang®, Shouwen Chen', and Xin Ma*

1 Environmental Microbial Technology Center of Hubei Province, State Key Laboratory of Biocatalysis and Enzyme Engineering,
College of Life Sciences, Hubei University, Wuhan 430062, Hubei, China

2 Hubei Provincial Key Laboratory of Industrial Microbiology, Key Laboratory of Fermentation Engineering (Ministry of Education),
School of Food and Biological Engineering, Hubei University of Technology, Wuhan 430068, Hubei, China

3 Lifecome Biochemistry Co. Ltd, Pucheng 353400, Fujian, China

Abstract: Bacitracin is a broad-spectrum cyclic peptide antibiotic, and mainly produced by Bacillus. Energy metabolism
plays as a critical role in high-level production of target metabolites. In this study, Bacillus licheniformis DW2, an industrial
strain for bacitracin production, was served as the original strain. First, our results confirmed that elimination of cytochrome
bd oxidase branch via deleting gene cydB benefited bacitracin synthesis. Bacitracin titer and ATP content were increased by
10.97% and 22.96%, compared with those of original strain, respectively. Then, strengthening cytochrome aaz oxidase branch
via overexpressing gene qoxA was conducive to bacitracin production. Bacitracin titer and ATP content were increased by
18.97% and 34.00%, respectively. In addition, strengthening ADP synthesis supply is also proven as an effective strategy to
promote intracellular ATP accumulation, overexpression of adenosine kinase DcK and adenylate kinase AdK could all
improve bacitracin titers, among which, dck overexpression strain showed the better performance, and bacitracin titer was
increased by 16.78%. Based on the above individual methods, a method of combining the deletion of gene cydB and
overexpression of genes qoxA, dck were used to enhance ATP content of cells to 39.54 nmol/L, increased by 49.32% compared
to original strain, and bacitracin titer produced by the final strain DW2-CQD (DW2AcydB::qoxA::dck) was 954.25 U/mL,
increased by 21.66%. The bacitracin titer produced per cell was 2.11 U/CFU, increased by 11.05%. Collectively, this study
demonstrates that improving ATP content was an efficient strategy to improve bacitracin production, and a promising strain B.
licheniformis DW2-CQD was attained for industrial production of bacitracin.

Keywords: Bacillus licheniformis, bacitracin, ATP supply, metabolic engineering

FFATAR R —F T 12 2 BRI 2 B ) PR AR
Ui RIBTA F L T2 A T TR R R R 2 A
FrE e AR B O, D-Phe,
His. D-Asp. Asn, Lys. D-Glu, Cys. Leu. lle
A1 Val 3t 11 R R R IKR: i 2Rl 2 R
Rew®, WIEFFEK A, AL, B1, B2, B3, C.
D.....G %, Hrh A, BLl., B2 414rmE¥is k2
b R AW R 95% LA o AFRIKH 7 Rk
PR 2H L R R M PR Y, 3K R AR 118 2 R R 4 )
RHA G i R, Hw DA R AR EEEL B 20
fE1e, INTZE A SR bR thsm ™. Frakgs &
WAl LS A A RE G S B R s A T
T A AT 4 AR 5 B, AT b X 22 PG 2 7 AR
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H A2 FOBAPE LA R ACR P, e
PP A 22 e 1R AR = T ) N2 Yy
i, FEHKE—h 700-800 U/mL, BRI T FFH
JOR I A 7 Ry A
5EE A LTI, AR IO R
(3 NN A T A L = 1 2 9 LA DN
R B R 2 5 I EE WS 1 = W5 R (Adenosine
triphosphate, ATP) 454, HiZEENY A S5 ifi#
A S PE AW -AMP, JET A B RIK . B4k,
ATP &2 A QI FH A e B Ak, 7EA k4t i A
Ko ARG A R, dERRANIE N R R E . B
P 3 45 22 07 T R VN AT s B AR R H
A, BEEACH TR WA R AT 2 KTE,
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LR AR IR TS BB ) I £ 8 11 VHD, AT
BERE THEMATE Ry SRS, SR
i (204 3 9y 1 4 TR S & T 2 AT 81 86 04 4 45
PR RECY, Dt b 40 i 0T 1 4 43 S ik AR A T
2 A 4 R A RE B BEAR, 2E A R T H B ey
45 1o Nicola 45 MO o i A 2 25 M AT 1% RBSO
FP I G i 2 i 41 6 2 bd AL, R R QI
RERRAR T 40%, HEM4E 1w Ac2E 4 Fi o
E . RAFEEEFER, Liu 205 cai %00
3 B T AT N- T R M 2R -
y WER R, Zhao 251N 1 L 1k 4 o A AL Tl
RKIkKF, KBRS B-HE bR ER
T+ 21%.

HAK ZE AT DW2 & —FRFF B K Tl A= 7
Wtk ZETRIBER R, A PR A o s A IR R
I kR (DA . AR . S
MR%) e BN A A R TR
Jk =i, (E T RE B ACOE ST RIS Y 56
F G ANBHBET o A5 0038 P Ak A i P 0 A 3 SZ
e, ik ATP & s S5 ae U TR K
W% AR A AT T IR 55 7 M AR ZF AP 7 T AR R bk, b
PE TR AR 7 K

1 MRE5FE

1.1 E#RE R

A S H T TR AR R A B R Tl A B o AR
ZEMEFF R DW2, R gt AR A0 A IR w42
fit, RS CCTCC M2011344., AHFSE T
FHBE AR WL 1. M5 L3 2,
1.2 EHFE

LB Wi iAsE S SR 10 g/L . BRI
5g/L. S&4b#h 10 g/L, pH K 7.0-7.2.

LB [R5t Bk 10 o/L . FEEHREIRY)
59/L. AN 10 /L. Biifig 18 g/L, pH 2 7.0-7.2,

FRE KRR BERG SR 56 . EOKTENRY 45 g/l 5245
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6 g/L. BilR%L 1g/L. &A1100g/L, AR pH.
1.3 FZRF

Taq DNA B4 . Pfu DNA 45 7F . dNTPs
W 1 Ab a4 A R MR BRA F) 5 DNA BRI
UM . T4 DNA %40 . DNA 7 1 5AnifE B
FAEY TR (KiE) ARAAE,; Fob/MMEH & .
DNA [El e 2l k57 £ H Omega Bio-tek 24l ;
ATP iR &0 B T3] B RAEVH ARG IRA
"l 5IYE BT A D E 4 B G R A )
BARAWAF M EAM . B . 5
WEWA A Spanish A +l; o-TEMEE ., PT4EFE (Amp.
Kan. Tet) I B FTH7r T35 () ARAA; &
ML EoKTER . BRI T AR A AL B A B
Al A E ] (s ak) ¥ A E 2
AL 2710 A R )
1.4 MRFEFELIEEKRGE
141 HOARZFMAT IR KRB R

oA ZFOM O O OWE B R X W Bk
DW2/pHY-goxA . DW2/pHY-adk Fil DW2/pHY-dck
IR 1, DL DW2/pHY-qoxA R, T5E, LA
Wi B ZEMUAT B 168 LKA AR AR, 514
PHY-qoxA-1 Fl pHY-qoxA-2, #" 314 H) P43 325 5)
T o DhHb AR ZF MK B DW2 b B AR, A
pHY-qoxA-3/4 F pHY-qoxA-5/6 43 514" 14 i qoxA
LA amyL 21k F S E A PCR EHEH 31
qoxA FERFIZ ET (pHY-dck-1/6). Bf)5, FBR
Wi Ve N B B BamH 1 /Xba I /i ¥ F BX 5 ki
PHY300PLK, Z:ii% 5 b R, 1535135 25
FiR# AR pHY-qoxA, Ffif5, pHY-qoxA £ H 41k
EWARZFMATE DW2 o, GRS 2 A PR L
¥, B4l B R IA Tk DW2/pHY-qoxA, R H[H]
FERY 7, R ARAS i 2 35 T bk DW2/pHY-dck
1 DW2/pHY-adk .
1.4.2  HbA 3 BRAT 8 2 R AR TR R A 22

Hi A 2 LR TR R DR R PR PR R A A i, DU
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cydB Bk (1% 1 A 25 AT 7 DW2AcydB #4) 2 4 il
DLl A ZE M AT B DW2 R AR MR, f# 51
cydB-KF1/KR1 F1 cydB-KF2/KR2 43 %41 cydB
FED B F AR eIl R o S S AE i PCR %4 I
TR . BERS , RN DI Sac 1 /Xba I i)
FRABAK T2(2)-Ori A1 T E[RIJEE H B, 20
L OEAL R IB AT, 5 UE JF IR A9 R R gk K
T2-AcydB K iZ 2K L 5% Ak 28 b A 2F MU AT 7 DW2
W, S-S, B UEFF AT PR LT, 15

1.4.3 HARZFMIFT RS RIAE KRN E

Hb A 2 HAT TR 5 R G 3R 38 TR AR I g e vk
A 2 B R R TR AR A A R « DAJE TR qoxA 25
TR A A B, el A AT DW2
BEAR, 0 50 358 A A AR I T U R R LA
qoxA JE[RFKik &, HEEHIEM PCR %4 bk 3 4
B, R BVl B R R A 2Rk A
T2-:qoxA. BJE, WG RIKEIL T2-:qoxA H
P EMAZEMFF RS, L RS, Wik

Hi1 A ZE AT BT cydB 3 R Bk 2k A R DW2AcydB. A ZEHEFT TR qoxA LR 34 & R H kK o
F 1 AMRETARBEKS R
Table 1 The strains and plasmids used in this study
Strains or plasmids Relevant characteristics Source/reference

Strains

E. coli DH5a

F~ ®80d/lacZAM15, A(lacZYA-argF) U169, recAl, endAl, hsdR17 (rx~, mk*), TaKaRa Co., Ltd

phoA, supE44, L7, thi-1, gyrA96, relAl

B. licheniformis DW2 Bacitracin industrial production strain (CCTCC M2011344) CCTCC
DW2AcydB Knockout of gene cydB in DW2 This study
DW2AqoxA Knockout of gene qoxA in DW2 This study
DW2/pHY300 DW?2 containing plasmid pHY300PLK This study
DW2/pHY-qoxA DW?2 containing plasmid pHY-goxA This study
DW2/pHY -dck DW?2 containing plasmid pHY-dck This study
DW2/pHY-adk DW?2 containing plasmid pHY-adk This study
DW2-CQ goxA integrated overexpression in DW2AcydB This study
DW2-CQD dck integrated overexpression in DW2-CQ This study
Plasmids
pHY300PLK E. coli-Bacillus shuttle vector; Amp" in E. coli ,Tc" in both E. coli and B. subtilis Lab collection
pHY-goxA Plasmid pHY300PLK containing P43 promoter, gene qoxA and amyL terminator This study
pHY-dck Plasmid pHY300PLK containing P43 promoter, gene dck and amyL terminator ~ This study
pHY-adk Plasmid pHY300PLK containing P43 promoter, gene adk and amyL terminator ~ This study
T,(2)-ori E. coli-B. licheniformis shuttle vector, for gene konckout Lab collection
T,-cydB T,(2)-ori derivative containing homologous arms for disruption of cydB This study
T,-qoxA T,(2)-ori derivative containing homologous arms for disruption of qoxA This study
T,-::dck T,(2)-ori derivative containing homologous arms and dck expression cluster, to This study
overexpress dck
T,-::qOXA T,(2)-ori derivative containing homologous arms and gqoxA expression cluster, This study

to overexpress qoxA

% : 010-64807509 E<L: cjb@im.ac.cn
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Table 2 The primers used in this study

Primer name Sequence (5'-3")
pHY-F GTTTATTATCCATACCCTTAC
pHY-R CAGATTTCGTGATGCTTGTC
T,-L ATGTGATAACTCGGCGTA
T,-R GCAAGCAGCAGATTACGC
cydB-KF1 GGCGAGCTCCACTGCAAAAGCAATATGAAG
cydB-KR1 GCTGACCCGTTTTCTAAAAGAAAGAAAAAACCGATGAACAGC
cydB-KF2 GCTGTTCATCGGTTTTTTCTTTCTTTTAGAAAACGGGTCAGC
cydB-KR2 GCTCTAGACATAAAAGTGATTAAAATCGGC
cydB-KYF TCTGATGAAGAGCCAGCCGATGA
cydB-KYR TTCTTAGTATGTGAACGGCTG
qoxA-KF1 CGGGATCCAAGCACATCCGAACGGCTATCA
qoxA-KR1 CGGAGACAACGGTTTATAGCCCAGCCGCCCAATAAAAAAACG
qoxA-KF2 CGTTTTTTTATTGGGCGGCTGGGCTATAAACCGTTGTCTCCG
qoxA-KR2 GCTCTAGAATCCGCCGATGACGAATGAAAT
qoxA-KYF ATACAATCTCGGAAACGGAAC
qoxA-KYR CAGCGTTGTCCAAGTGAACAT
pHY-goxA-1 GCTCTAGAGCGGAATTTCCAATTTCATG
pHY-goxA-2 TAAATGCTCTGAACAAGAGGATCACGTGTACATTCCTCTC
pHY-gqoxA-3 GAGAGGAATGTACACGTGATCCTCTTGTTCAGAGCATTTA
pHY-goxA-4 AAATCCGTCCTCTCTGCTCTTCTAGTGAGAATCTTGGTCTTCAGA
pHY-qoxA-5 TCTGAAGACCAAGATTCTCACTAGAAGAGCAGAGAGGACGGATTT
pHY-qoxA-6 CGGGATCCGATCACCCGCGATACCGTC
pHY-dck-1 GCTCTAGAGCGGAATTTCCAATTTCATG
pHY-dck-2 CTTTCGGAATAGCATATACACTCATGTGTACATTCCTCTC
pHY-dck-3 GAGAGGAATGTACACATGAGTGTATATGCTATTCCGAAAG
pHY-dck-4 AAATCCGTCCTCTCTGCTCTTTTATCTTTGAATAGCTTCACTG
pHY-dck-5 CAGTGAAGCTATTCAAAGATAAAAGAGCAGAGAGGACGGATTT
pHY-dck-6 CGGGATCCGATCACCCGCGATACCGTC
pHY-adk-1 GCTCTAGAGCGGAATTTCCAATTTCATG
pHY-adk-2 GTCCCATTAAGACTAAGTTCATTTCATGTGTACATTCCTCTC
pHY-adk-3 GAGAGGAATGTACACATGAAATGAACTTAGTCTTAATGGGAC
pHY-adk-4 GTCCGTCCTCTCTGCTCTTTCATTTGTCCCGGCCTCCGA
pHY-adk-5 TCGGAGGCCGGGACAAATGAAAGAGCAGAGAGGACGGAC
pHY-adk-6 CGGGATCCGATCACCCGCGATACCGTC
T2-dck-1 CGGGATCCCGTGATAGGTGGTATGTTTTCG
T2-dck-2 CTTTCGGAATAGCATATACACTCATGTGTACATTCCTCTC
T2-dck-3 GAGAGGAATGTACACATGAGTGTATATGCTATTCCGAAAG
T2-dck-4 AAATCCGTCCTCTCTGCTCTTCTAGTGAGAATCTTGGTCTTCAGA
T2-dck-5 CAGTGAAGCTATTCAAAGATAAAAGAGCAGAGAGGACGGATTT
T2-dck-6 GCTCTAGAGCCGCAATAATGCCGTCGCACTGGC
T2-dck-KYF AGCTTCAATGCTACCCAAGCAGC
T2-dck-KYR GCCTTGTCTGAAATACATATA
T2-goxA-1 GGACTAGTCC TGATAGGTGGTATGTTTTCGC
T2-goxA-2 TAAATGCTCTGAACAAGAGGATCACGTGTACATTCCTCTC
T2-qoxA-3 GAGAGGAATGTACACGTGATCCTCTTGTTCAGAGCATTTA
T2-goxA-4 AAATCCGTCCTCTCTGCTCTTCTAGTGAGAATCTTGGTCTTCAGA
T2-goxA-5 TCTGAAGACCAAGATTCTCACTAGAAGAGCAGAGAGGACGGATTT
T2-goxA-6 GAAGATCTTCCGCAATAATGCCGTCGCACTGGC
T2-goxA-KYF GAGATTATTCGTAAAGCCGAGATG
T2-qoxA-KYR CTGTCTCCCGTGTCTTTACCCG

http://journals.im.ac.cn/cjbcn
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15 HEMKEAE

Tl 55 5% . B ORAF T BB AR IR VKA b i TR AR AR
VR AT Tl A AR R PTPE Y R LB PAl |, 37 C
Fi3% 12 h, Bl S PRI T VR RS AL T AR R BT
AR o FREBCE AR B AT 1 SRR TS R S mL
WA LB 553750 PA TR, 230 r/min., 37 C4:1F
THEFR 12 ho FRLL 5% L 3] 20 mL K
1A LB 57311 250 mL = A3+, 230 r/min .37 C
TSR 6-7 h Ja it 2 R I

PEM R WS F%: Fh P L. S%tfh B E &
20 mL FFRE L TR SR B0 250 mL =i,
230 r/min, 37 C&AF R 48 h, BfiJE, MIEX
B pH, pH # 8.0 BFEREI A B S . KB4
MRS E 3 AT,
1.6 ShAE

b AR 2 LT TR A= 0 1 SR PR B U A TR
FF T RALA A SR 24 1260 WAH 2 1543 58
B, g4k S . Eclipse Plus C18 column
(4.6 mmx250 mm, 3.5 um), WEIAHEE : 2 -
hAH R 60.4 1 4.6 1 35, MEAEIARRIN 20 pL; i
91 mL/min; #EEZH 30 °C; SEAMGII AR K R
254 nm . Jitd N ATP ¥ J52 fufi i ATP A4S I 35) 62 00 7
ATP Fa il i BORE 55200 24 he

FFEE A B R0 (30 h) A 22 i R ok 5
FHAZHEAS T890A AR EIEALINE o XF T Hufh s Ak
PRGN B TRAL B . WK 2 mL & BER T B O,
12 000 r/min, 4 ‘CE.0> 10 min, E a4 .
XoF TR P S R AG I Y TR AL B . MR 15 mL & I
WFE.O&d, 1500 r/min, 4 CE.C> 10 min, 1
B8 mL IS 10 mL Fi¥d 2.5% (W/V) S Ak4h
IR A), 10 000 r/min, 4 “CE.0 5 min, 3 s
TUVEA] 10 mL Ti¥8 2.5% (W/IV) Bk IR 8% 7 W DR 14
2 K, B 1 3 mL FivA 80% (V/IV) FH i i b 4R
5min, IEWZRTIEINZE K 5

fir A AL Ab 3 . B 500 pL A, JA 10 ub 1
7 mol/L S A ALANTE A 500 pL Jo/K 2B 5 e

% : 010-64807509

RAW (L 40 1), ]RGS A 100 pb 54
R Z GG, A 1 min, TEIZEEE—W; A
500 pL 75 1% ECF 14 LA S 200 pl ff A
PR ANV, IR 1 min JEHA 40 ub 1% L4 2.
fik IE-A Y& 5 min, {E)5 3 000 r/min &5.0> 5 min,
B2 RES 0.1 g BRI EP .
3000 r/min &.0> 5 min, B IS REE RS B SADR

SAHEIER I . kS Agilent HP-5
column (30 mx0.32 mmx0.25 pm), A& %% i E N
280 C, HEFEMRFR 1 pL, AW 1.5 mL/min,
FR AR, ARWHESH N 300 mL/min
30 mL/min, 30 mL/min,
1.7 ZitHHh

Fi A B SEge I /0 E A 3K, BR 3 P47,
% Origin 8.5 1 SPSS 18.0 #47 %k #i 4 ¥ FN 43 K7
(Hrp, *%REHFHWE (P<0.05), **F/R2%FHK
B (P<0.01)).

2 BREL

2.1 EF cydB SREMITFRERK S K EIF N

ZHTHE SR E TS R ZE T TR R A 2
MIAF RS 4 PP st R um A ALl 25008
A fifg {2 %K caas A ALEE (ctaCDEF Zwfth) . 4 (o &
bd ALK (cydABCD Zifid) . 4l (2 K aas %A AL
(QOXABCD #4ifh) . YthAB “& 1Ll (ythAB %
) Ho g (% bd EALEEE MR, %
AN A s T W BS Ol , Bf%iE 1 T
{UREIANEERS 1L AN RT, H ey 12220 e,
X 55 53 SR AR B R S BB AR LU I iR AR
(B 1), AdtgEdr, FRATELE cydB B R
#Ak, 53T cydB R EKRFE P DW2AcydB.
)5, ¥ DW2 Fl DW2AcydB 43 5l R0 T LB &%
FRHEH, AR T E AR LRI, cydB Bk
JE M A R R TR AR (B 2A). 456200
B SCHRHRIE , LA cydB k2 REAR T R A 2 15 1R 041
g, ARTREKER,

. cjb@im.ac.cn



1132 ISSN 1000-3061 CN 11-1998/Q A4 T #£244f  Chin J Biotech

NADH dehydrogenase

cyt be, complex cyt aa, oxidase

cyt aa, oxidase (qoxABCD)

(ndhF) (qerdABC)  (ctaABCDEF) ¢ b oxidase (crddB) ATP synthase
4H" ; . cyt bd oxidase (cy
Succinase dehydrogenaseZ 2 2H (atpABCDEFGH)
(sdhCAB) A YthAB (y1hAB)
sane < yEFeIay ‘-_-?Q
i
2H
Succinate  Fumarate 1/20,| H,0 0, HO
NADH NAD* » " 3 Y
Adenosine % AMP- Y pi+ADP ATP
pvk  ndk
Deoxyadenosine. 4K qamp. 4 . yapp. ndk . garp

1 RZFFMEFTE DW2 MR B F L b

Fig. 1 Respiratory electron transport chain of Bacillus licheniformis DW2.

BiJ . ¥ DW2 Fil DW2AcydB 43 £ RN T4F
PR R Bk SR b o A Bk e s A i L A
A RSN ALY ATP YR . &l 2B B 1, DW2
R4 W& (24h) S 413.54x10° CFU/mL, cydB
Bk Bk AR Wil 431.35x10° CFU/mML, #2571
4.31%. cydB BREAFTAFRALE L, HAFHK
A (48 h) $&/& T 10.97%. DW2AcydB
7 B FF B BRSO 2.02%1078 UICFU, A B %
HRE Bk (1.90x1078 U/CFU)E T 6.87%. IL4h,
Wik xt —FH N ATP &4 (24 h) K &3,
DW2AcydB Hfifi )y ATP ¥ J& 14 %] 32.56 nmol/L,
AT BRI R (26.48 nmol/L) 3255 T 22.96%
(1 2C). HEAI L, B2k cydB nf LAFE & PN ATP
HELG K, HETAA AT AT B AR 7
2.2 SR{LFTIE qoxA EE X EKE KM

ZHTRIBFR Y, A48 AR bd A ALEG
i aag FUAHGEIE 25 BT AT Hh 32 B0 0 250 IR 4
TR MIZETE LA R bd AfLERR T
JERERE LA R 1R A, IFE R Bk cydB £ T4
SEAR A KSR R At R
aas AL S5 S W6 U 2 RIFARA AW .
AW, FA1 BT qoxA Bk K s Ak Fik
P kk DW2AgoxA 1 DW2/pHY-qoxA .
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W 3A s, B2k qoxA FER S, 4R
A FTREAG, AL TR BRI R TR T 11.46%. 1M
5L FIK qoxA NI REAS 25 45 v B AR A KK Bl
Je, B IR 4 R A3 0B R AT TR K & R R
o, BRI BESS R, qoxA AR T RAT TR Ik B
B (48 h) Hk 693.24 U/mL, AH E T X BE A
T 11.61%), s®ALFEE qoxA A3 ] FHF KA K,
AT TR R AR LT BR AR B T 18.27%, AL TA
AT AL 4R 8 T 11.13%., tbAh, s ad i
ATP &EINAIL, qoxA sibFRIKFEMRG ATP
Wl (24 h) 53] 27.67 nmol/L, AH I T-Xf BBk
DW2/pHY300 (20.65 nmol/L) #2& & T 34.00%
(% 3). 4 b, MR aas AALFETEHAC 25 HUAT
PRI AR 2 P 5 AR, SRAE 5 qoxA
AT ATP {45 FAT B KA A%

2.3 GRILFRIE dek EE RS REKEBKFE
ADP HEL5 KXt F i g ATP B AR =4
A E TR R ADP 4 K E 2 T 4R
P ATP VB, FRATTIE o 44 IR RS DeK L T
PR Wt AK 17 25 IR A4, 43 B A T dek il adk
if 2% 35 B Bk DW2/pHY-dck FI DW2/pHY-adk
(B 1), KasRRW], i35k dok Al adk ¥n] LA
WAL A ATP 25K, [R] AT TR IR0 AR F



WiE ZAEEAH TIRENRTFETE DW2 SRS RITEREK 1133

A
14 - - DW?2
nl ™ DW2AcydB
;% 10+
S gt
E 6f
2
M ogt
2 -
0 4 8 12 16 20 24 28
Time (h)
B -
)
£ [_IBacitracin "
2 [ Biomass =
O 800 1
[=}
X
2z 600
<
g
9 I
/M 4001 B
=)
E
S 200f
g
g .
z 0 DW2 DW2AcydB
2 Strains
C 35¢ *
f
3 30f
E 1
é/ 25+
8
5 15F
3
5 10}
Q
(=]
g st
0 1
DW2 DW2AcydB
Strains

B2 cydB SREXMMMEKR. FEREMNKEAR ATP
EENEM

Fig. 2  Effects of deleting cydB on cell growth,
bacitracin titer and intracellular ATP contents. (A) The
growth curves in LB medium. (B) Bacitracin titers and
biomass. (C) The intracellular ATP contents at 24 h.
*P<0.05; **P<0.01.
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(A) The growth curves in LB medium. (B) Bacitracin
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**P<0.01.
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Fig. 4 Effects of enhancing ATP supply on biomass, bacitracin titer and intracellular ATP content. (A) Bacitracin titers

and biomass. (B) ATP contents. *P<0.05; **P<0.01.
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Table 3 Bacitracin titers, bacitracin titers of per cell, biomass and ATP contents of recombinant strains

Strains Bacitracin titers (U/mL) Bacitracin titers of per cell (U/CFU) Biomass (108 CFU/mL) ATP contents (nmol/L)
DW2 784.34+23.43 1.90+0.02 413.54+15.43 26.48+1.43
DW2AcydB 874.35+18.76 2.02+0.03 431.35+16.53 32.56+1.52
DW2-BQ 904.35+21.54 2.05+0.02 441.54+18.54 35.43+£1.74
DW2-BQD 954.25+22.25 2.11+0.02 451.53+£19.34 39.54+0.56
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Fig. 5 The bacitracin synthesis curves of DW2 and
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Fig. 6 The intracellular and extracellular concentrations of precursor amino acids of DW2 and DW2-CQD. (A)

Intracellular. (B) Extracellular. *P<0.05; **P<0.01.
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