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Enhanced production of bacitracin by knocking out of amino
acid permease gene yhdG in Bacillus licheniformis DW2
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Shouwen Chen?, and Xin Ma®
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Bio-Resources, College of Life Sciences, Hubei University, Wuhan 430062, Hubei, China

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

Abstract: Bacitracin is a broad-spectrum polypeptide antibiotic, which is formed by 11 amino acids residues. Precursor
amino acids supply might be the limit factor during bacitracin fermentation. First, our results demonstrated that increasing Ile
and Leu supplies were regarded as the efficient strategies for the enhanced titer of bacitracin. Then, the amino acid permease
YhdG, which was identified as the BCAA permease, was deleted and overexpressed in DW2, respectively. Our results showed
that knocking out of permease YhdG could improve bacitracin production remarkablely. The bacitracin titer of the yhdG
deficient strain DW2AyhdG reached 917.35 U/mL by flask fermentation, increased by 11% compared with that of DW2. In
addition, the bacitracin titer was decreased by 25% in the YhdG overexpressed strain. Meanwhile, the intracellular
concentrations of BCAA were higher than DW2 during the biosynthesis of bacitracin. The above results suggested that the
permease YhdG might act as an exporter for branched chain amino acids in B. licheniformis DW2. Taken together, the
increasing intracellular concentrations of branched chain amino acids by deleting amino acid permease YhdG could improve

bacitracin titer. This study provided a new strategy for high-level production of bacitracin.
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Table 1 The strains and plasmids used in this study

RS vl B AL, T DR T v [ A 5% 5 4 O
L, WARIARS . CCTCC M2011344, AHF5% fir
ARSI E 2.
1.2 FERF

BRI VIR (EcoR T . Xbal . Sacl), T4
DNA & i . Tag DNA RAHF. %K. DNA
S FEbnifE (40 DL15000 Marker, DL5000 Marker,

Strains and plasmids

Relevant characteristics

Sources

Strains
E. coli DH5a

F~ ®80d/lacZAM15, A(lacZYA-argF) U169, recAl, endAl, hsdR17 (r~, mk’),
phoA, supE44, L7, thi-1, gyrA96, relAl

TaKaRa Co., Ltd

B. licheniformis DW2 Industrial strain for bacitracin (CCTCC M2011344) CCTCC
DW2/pHY300 DW?2 harboring plasmid pHY300PLK This study
DW2/pHY-yhdG DW?2 harboring plasmid pHY-yhdG This study
DW2AyhdG Deletion of yhdG in DW2 This study
Plasmids

pHY300PLK E. coli-Bacillus shuttle vector; Amp"in E. coli, Tc" in both E. coli and B. subtilis  Lab collection
pHY-yhdG Plasmid pHY300PLK harboring gene yhdG This study
T2(2)-ori E. coli-B. licheniformis shuttle vector, for gene konckout Lab collection
T2-yhdG T2(2)-ori derivative containing homologous arms for yhdg knockout This study

Fz2 AMRFAARSY
Table 2 The primers used in this study

Primer name Primer sequence (5'-3")

pHY-L CAGATTTCGTGATGCTTGTC

pHY-R GTTTATTATCCATACCCTTAC

T2-L ATGTGATAACTCGGCGTA

T2-R GCAAGCAGCAGATTACGC

pHY-yhdG-1 GCTCTAGATGATAGGTGGTATGTTTTCG

pHY-yhdG-2 CATTTGCTGTTTTCCCATGTGTACATTCCTCTCTTAC
pHY-yhdG-3 GTAAGAGAGGAATGTACACATGGGAAAACAGCAAATG
pHY-yhdG-4 ATCCGTCCTCTCTGCTCTTTTATATACTTCTAGCATGC
pHY-yhdG5 GCATGCTAGAAGTATATAAAAGAGCAGAGAGGACGGAT
pHY-yhdG-6 GGAATTCCGCAATAATGCCGTCGCACT

T2-yhdG-1 CGGGCGGAAATGCTTGAT

T2-yhdG-2 GCTCTAGAGCTCTGAAGAAATCGGTAAAG

T2-yhdG-3 CCAAGATCAGCCATTCATACGACGGTGCTGCCCATAAA
T2-yhdG-4 TTTATGGGCAGCACCGTCGTATGAATGGCTGATCTTGG
T2-yhdG-5 CGAGCTCCCGGCTTGATGATAAAGGTA

T2-yhdG-6 CGGAATACCCGCTTCGTG

http://journals.im.ac.cn/cjbcn
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DL2000 Marker) 14 [ TaKaRa 2\ 7 ; Fastpfu DNA
R B AL 2 X AW E AR A R v 5 DNA B
ISR & A 38 A Al BRI
& 83t R E PR A YRR RHA R AR 5]
Y1 BB I R RO ENA R SSRGSl b
4 Biowest ;s D-H#E . D-1LALEEE Rl
RN A= Py AR Gl ilE 143256 77 s e AR i
it B H i e I b i ali s BERERR SR . R
F W A 92 E Oxoid A w]; SALEH . iR 5k
FE A E 2R A RA R TR, oK
VEMD . R T R G E AR A I Ik R AR LA PR
fefit,
1.3 EFEE

LB [k IR bt Bebkhiey) 0.5%, AN
W 1%, NaCl 1%, Zilgk 2%, pH 7.2,

LB W AR: e 5L Bebkhdey) 0.5%, REH
I 1%, NaCl 1%, pH 7.2,

FRTR IR & BB 2 56 . kT 10%, EOKIEM
4.5%, %55 0.6%, HilR#% 0.1%, pH 7.0,

1.4 TIEERMEE
141 ®iEBEEH YhdG WEBARETEERN
i)

Ui 85 21k T 72 1H DW2/pHY-yhdG (144 i 45 3
WF s ESC ARG R ZEHUFT TR 168 JE R4 A i Al 4™
W PA3 T BT, LAHAC 28 L FT 1 DW2 £ [F 41 DNA
BRI SRR i B B yhdG FITE B il
FEH amyL £ k7 TamyL, @3l Splicing Overlap
Extension (SOE)-PCR (SOE-PCR) 4%, H 89 Fr
B, SRJE i BRI I VI EocR T /Xba T4 H i
F BEAl A 5 28 28R pHY300PLK He, H4 Bl
BRI AR pHY-yhdG, f )5 EH IR L 2
A ZF JUAT B DW2 Hr, RIS L yhdG Ui 25 KA
T2 DW2/pHY-yhdG.,

1.4.2 #%EEE YhdG Sk TRE M

FEIZTE T YhdG B TR B A0 ) AR 3 )

&: 010-64807509

D5 ZH 0 JE R, 3 e TR AR SR AR A T2(2)-ori 5
BEP2E ) BAOEBRINR LA 25 AT B DW2
FEZH DNA it , 738 s 2 A yhdG
B _E SRR, PCR P4l , it SOE-PCR
W bR WS R, IR E R R0 A Bl
1 Sac T F1 Xba T WA D) i A it 508U 28 42 o3 ki
T2(2)-ori Hv, RAFEFREAR T2-yhdG. HFfilREk
& T2-yhdG H AL B MK ZFBEFF B DW2 1, 4R
JE BRBCBHPE TR T, i AR 20 pg/mL R ARHE
%%, T 180 r/min, 45 CHIZM LIS F %k
R, HERERZW ., 55 R A A8
PHE vE b 742 2 R S PibE g LB A, T 180 r/min,
37 CIFMF TSR FREN, B2 WA
Wit PCR KEM DNA MF 4341, 3545 yhdG Bk
K THEE DW2AyhdG,

15 BT

B AIE AL s PRIBCH 8 DR %) b A 28 B AT I
WA, FEA AN R LB SE A
FRURAT, 37 CHEFE 12 h, BRI TR 7% P-4 AH N Y
LB AR Rk, 37 ‘CHiFE 12 h,

P35 . N LB [EAREFR AL F HRBCR I %
FANE 20 mL LB k7R3 (250 mL $#2f),
230 r/min, 37 CHk%H53% 8-10 h,

PR BERE TR . RIERE SR 250 mL = ff)
AW 20 mL, 4%EFPE 5%, % 230 r/min,
37 CHigF, KB A 48 ho FEHR & 1w bk 2 /0
WEINEMER .

1.6 FFERBMNNE

A ST AT TR RSO SR P v 380 €8 1% (HPLC)
J7 I 48 Agilent 1260 VR (4 35S0k 7

{434 . Eclipse Plus C18 column (4.6 mm x
150 mm, 3.5 pm),

WEIAH: A B=35:65(AK: 100 mL fkihss
M (pH 6.0) A 300 mL Z€48/K; B A#H: 520 mL
HImES 40 mL ZIEIRG 5], VIV), i : 1.0 mL/min,
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el 30 Cs ZAMGMIARIE . 254 nm; M &
20 L,
1.7 REBEN A E

FESHATAL BRI VR0 o FRAMRE S . B R TR
BT 2mL B0 N, 12000 r/min &.0 10 min,
BCEEWAORAE T 4 CUKAR s MOAFESD . B 15 mL
KEER, 2000 r/min. 4 ‘CE5.0> 5 min, BUH 8 mL
FIET 20 mL B0E T, PEEMA 0 CHIRHY
2.5%FH AL (WIV) R 10 mL, A,
10 000 r/min, 4 CES.L 5min, 2 FiE. RIA4ME
VH ] 2.59% B 5 (WIV, 4 C)BIRTEL 2 %, A
3 mL 80%MHI fE (V/V) Hli4 5 min, 10 000 r/min,
4 °CEL 5min, WE R, BT, 4 CHRAF.

R A AR 7 vk - B R T4 5 600 pL 78
KR, MR B 500 pL, AN B3 E
500 pL, fiA 10 pL 7 mol/L S &AL A W fd pH
S, TR 500 pL JGUK Z S i RE TR A TR
(oK ZBE = MhE=4 - 1), BE4R7%39%5) . fin 100 pL
SR M8 (ECF), #7 1 min, #5100 uL ECF,
#E75 1 min. J 500 pL 1% 1% ECF Ay 445 F1 200 pl
TFIBRERE AN, JR%% 1 min, J 40 uL NFR SRS
B 2mL B0, HE 5min, 3000 r/min B0
5 min. BT 2 % 156 5 A T /K B BR 40 k3 2K 1Y
1.5 mL &.0% 4, 3 000 r/min .00 5 min, .1
WM A e AR, el

AR M @3 (GC) I ik I i,
Agilent 7890A A (i {0 AG I 1)

o 1%4%: : Agilent HP-5 column (30 mx0.32 mmx
0.25 pm); HANA, HW#E: 1.5 mL/min; #
A HERERE 1 pL, AN IREERE; BERE RN
280 C; AR BRI 70 °C, f&%F 5 min,
Pl 10 °C /min B TR S 280 'C, %5 5 min, 4
IR 31 ming KU RS ECKME BT AR DU 2
(FID), JE 280 C. #AJikt: 30 mL/min, =
L

A 30 mL/min, Z5S i 300 mL/min,

http://journals.im.ac.cn/cjbcn
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AL ESE 3447, R Origin9.0 i#17
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21 MEXHEEBMAMTERFENR
DW2 #F & FK 4 BE U0 B 22 i

T SERFSE T AR DRI R I B AN [R] B [ s S
S S BE R TAT BRSO O S o 3 BB BT[] A5
A0, 6, 12, 18, 24 h, SZAER IR MU Nk &
7 0.08 g/l FFRE KBS RFEW], 43517E 18 h
IFESAIN Hle FI7E 24 h #SH0 Leu B A5 K B 24 I
m(E 1A FIE 2A), AT B Sy B T
16%71 6%, THEN N Val X T B K R B A A
s (B 3). BJE, BFE T BIRFENRER e
I Leu XFAF TR KRN 5, IRk EE A 0.04
0.08. 0.12 g/L, #SANEtEIS;HN 18 h #l 24 h, &
PELh SRR, 2 e MMV 24 0.08 g/L B, AT
BRAORCM e i, %) 900.7 U/mL, #H LT X BRZH
PEET 17% (& 1 B); 24 Leu %S finvk & 4 0.04 g/L
BF, FFRARARU By, 158 871.6 UmL, #HLILT
XTHRZHSRE T 7% (& 2 B). 58 lle F1 Leu F%s
Ty DhSe S AT T AR, Hor e BB ISR # R
iNT

22 AREFRIEKTHEIEEB YhdG 313K i
& DW2 15 Bk A B2 RIS 1

RS RFERRUS INSE IR A R R, S e
I Leu HIUELS AT LA S AT KO pr, b e
ARSI T DA 2 32 R AT R I . s R
M PN G B RR L A B BE IR, Al 2 AT T
SRS R IE TR YhdG BT [ i N F 8 £
SRR IR NI Z R EER , JF A0 2
AR e BB END. Fik, &7 T
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PRI IZ R 1 YhdG X FF B BR A RN BsE R, 43 FFBARS A3 917.35 U/mL, 55 A T DW2 A
BT yhdG GBS AL F A T AR E DW2/ ARE T 11%. sRfbEEIs YhdG S, FFREIKEH
PHY-yhdG il yhdG &k T2 DW2AYhdG. Ffif5 A BT N, A8 F X Rk DW2/pHY300 FEAIL T
PEATFF R R, KRBz RUNE 4 FR, $5i28EH 25%., Fibg5 SRR, yhdG (5 SA A FHFF K
YhdG k5% )5 o] LUR B AT R RS, DW2AYhG  AUE L, X 5T A 45 AR .

B
1200~ 1200 -
1000 1000 7
— i &)
£ E
=} 800 ‘é 800
5l 5
2 600 2 600
£ - £
(=] o L
£ 400 £ 400
200 A 200
0 0
CK 0 6 12 18 24

CK 0.04 0.08 0.12

Time (h) Concentration (g/L)

B 1 SN e RN AR ZFAEATE DW2 A E R K EEM BIRZNE (A: AR 70 0.08 o/L lle 3341 & Ak & B
BN B: 18 h iRINAELRE BT le XF #F & BK & BE XN 5210)

Fig. 1 Effects of lle addition on the bacitracin production. (A) The effects of 0.08 g/L lle addition at different time on
bacitracin production. (B) The effects of different concentrations of Ile addition at 18 h on bacitracin production. The
different letters indicated the significant differences of bacitracin titers when Isoleucine addition (P<0.05).

A 1000 B 1 000 -
) = 800

£ |
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3 T 600

g s
Ei 5 400

£ E i
= & 200
0

CK 0 6 12 18 24 CK 0.04 0.08 0.12
Time (h) Concentration (g/L)

B2 SMNE Leu RN RFMETE DW2 HEREZENMBIFIE (A: REFE S0 0.08 g/L Leu X #F & Ak &
BESN SN B: 24 h iRINARIRE RS Leu 3 #F 3 Bk & B30 &2 1)

Fig. 2 Effects of Leu addition on the bacitracin production. (A) The effects of 0.08 g/L Leu addition at different time
on bacitracin production. (B) The effects of different concentrations of Leu addition at 24 h on bacitracin production.
The different letters indicated the significant differences of bacitracin titers when Leucine addition (P<0.05).
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N T HERZE M YhdG KKV Mt 2 1200
SEMFF AL, AT T yhdG fiF i3k 1000

K T.FEH DW2/pHY-yhdG F1 yhdG fksk T 7%
B DW2AyhdG HIE[H yhdG 7E 4B 30 h (FF B
JRBRTE A ) (L SO, ZESRIE 5 FR,

800
600

400

Bacitracin titer (U/mL)

1 000 - I
200

800
600

400

I Strains
200

Bacitracin titer (U/mL)

CK 0 6 12 18 24
Time (h)

B 4 REFEKTHHIZES YhdG 3R FHAF
B3 SMNR Val iRnxS iR 5 M4T = DW2 # B B & B2 B #F B AR & BE R B #2 i

A Fig. 4 Effect of different expression levels of permease
Fig. 3 Effects of Val addition on the bacitracin production. YhdG on bacitracin yield. The different letters indicated
The different letters indicated the significant differences of the significant differences of bacitracin titers among
bacitracin titers when Valine addition (P<0.05). recombinant strains (P<0.05).
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Relative transcript
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Fig. 5 Effects of deficiency and overexpression of yhdG on the yhdG transcriptional level. *P<0.05 and **P<0.01
indicate the significance levels between recombinant strains and control strain.
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DW2AyYhdG H3:[H yhdG 14557 KFH 0, i
B % 2 N 75 DW2AYhdG % i o0 fit B o 1
DW2/pHY-yhdG ' yhdG A% s /K-y o BE B ik
DW?2/pHY300 1Y 32.65 {5, Ui YhdG sfk ik
wkT yhdG 5KV Bt m . U Eg Rt
— AU yhdG FIR AT, B A TR K
H o
23 HiEEAEE yhdG &3 E b & B
2 A [5] BT BA Rl (A o1 S S U R BRI T BTS2 M

T PR s YhdG i i 5
L DA A1 S 2 R TR ke 3 DA T 552 Ml AT 1T IR A A 7
FATHE S A0 T DW2AyhdG FH & i kk DW2 7E
FETE KA A [R] IS A L P . B o 2 B R 2 i
A AR R B AR R 24 h (FF R IR & 0
191) . 30 h (FFIA kP& ) A48 h (R4 A1)
(B P A SRR SR RR U BE , RS X BT AR 1L
TR DW2AYhdG F DY | A1 ) S 4% o e vk
FETEAT B RR G BT A — B, (HUZAEFT TR AR
TG I RN A 2 N, ML PN S R R R 1) vk JEE
T2 1 T B DR R AR ZF HUAT 7 DW2, ] 6 s,
7E 30 h AT E A B, DW2AyhdG ity
YRR (R AR . WARM L ER) Wk
FE 43 )ik F) 24,51, 11.18. 21.25 pg/mL, J35IE
A ZE AT P DW2 #2551 6.27. 5.36. 5.9 fiF; il
16 48 h RS, DW2AYhdG il P 3 528 5Lk
(R R . WAL ERR) W0k
22.59. 14.54. 25.18 pg/mL, {758k ok BE B bk b
A ZF HUAF 7R DW2 1Y S RE A SRR B4t = 1 5.34 .
23.69. 3.6 fif. RS RERMEKLIZE T YhdG
AR P AR i i P S e B R UL 1le FH Leu
ORI, DT 325 3] i e A 7T O™ B AR . Sk
[ B}, DW2AYhdG 4 il 71 32 55 4 3L R 7 = 7F 30 h
148 h 5} 5 DW2 A LLARHIEE T % DW2AyhdG
oL PN i Ah S B A LR R I 25 SR R B, 52 R
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YhdG 7E #1425 J AT i DW2 H i D RE AT RE b 172
e N i SCEE A B s RIS, x5 AN Z AT
FEA B 25 JAT 1 P A A S A

AHIFERY YhdG fERE F2F AT R, BR T

'~

TEFER (Thr), %R (Ser). kB4R (Cys) HI
RAEMR (Asp) M¥gia, ik, FRAIREE R T
20 Fp iy WA LR HiA 17 R, HAP R
iR VA A A I 38 2 B R A I 45 SR & I DW2 AyhdG
LN Ala, T8 (Gly). i (Pro) FIF &
AR (Met) By 5 & 76 A & K& RE W& T
DW2(IEl 7). X 3% AL HAC 28 JfUFF 1R DW2 2 O
MRz YhdG AN 2 SCHE S HL R iy F S 1 5
B, HIIRERTRE N 0 TR M P 2 R I i 3]
Lok
2.4 IR FRFFE DW2AYhdG & B3 12 h 24
RS R R, TR DW2AyhdG 1)
FF U IRACH 7 T DW2, I H 2 FERRAG I 45 2 /R
HCHT N Ne A1 Leu & BETEAT BAK-G BB 91 4 B8 K
JEfRE . BEJE, TP YhdG iR X &
i 3o A v B A A A AT IR R B B s e, FRATTAS:
T TREE DW2AYhdG & Xt BE 1 #k DW2 18 % %
b AR P A ) AR TR RN I AR A £ 25
WKl 8 Frs , DW2AyhdG 76 & B 72 b i 2k Wy i
W v T LR A DW2, LI R AT BB R IR Dl i B 1
YhdG 625, FEU N SR SR I & =,
PR T S EERR N ER A A R RE T, TR T
DW2AyhdG %& s B i . 51 [R i, yhdG
R TR AR AE 5 R T o v () 280 S vy 1 X R
Pk DW2, i it —2PHIESE T 8k % ia 8 N yhdG
A LAS A T IR R LN 25 ik, DW2AyhdG
ELAG VT B AR 7 AR A B R W T, Tk 2k
Bz YhdG J& — R B m AT 1A R i A B
M

. cjb@im.ac.cn

923




924

ISSN 1000-3061 CN 11-1998/Q 44 T.#£2:4) Chin J Biotech

16 28
_ [ DW2 i s B DW?2
_ DW2AyhdG _ 77 DW2AyhdG
. St 7
El 5 7
=] S N w7
2 2 14 /4
g g r 7
g L /
S ST U
. Val_ 0 Ile / Val Leu
Amino acids Amino acids
C - D 00
EmDW?2 [ DW2

30 b L
- DW2AShAG - DW2AyhdG
3 Z 150 F
E E)
D =
= 5
£ g 100
8 2 |
s s
o =
= (=]
(3 @]

Val Val

Amino acids Amino acids
E
28 F _
[ Dw2 160 | Il DW2
S DW2AyhdG ~ | DW2AyhdG
EST E
e T
g I & 120
£l R
g 2 80
g | s |
) =
&) 5 40 |
Val Val
Amino acids Amino acids

6 HREKFIZEH YhdG Wit RFMITEERABIEPRAMINZEIEROZN (A: 24 hARXEaEE
BRE: B: 30 h AR EIRKE: C: 48h RN XHREBRKE: D: 24h NI ERERIRE: E: 30h
BN EEERIKE; F: 48 h ML ERIRE)

Fig. 6 Effects of deleting YhdGon the concentrations of intracellular and extracellular BCAA. (A) Concentrations of
intracellular amino acids at 24 h. (B) Concentrations of intracellular amino acids at 30 h. (C) Concentrations of
intracellular amino acids at 48 h. (D) Concentrations of extracellular amino acids at 24 h. (E) Concentrations of
extracellular amino acids at 30 h. (F) Concentrations of extracellular amino acids at 48 h. *P<0.05; **P<0.01.
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Fig. 7 Effect of deficiency of yhdG on the transportation of other amino acids during the bacitracin fermentation. (A)
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