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B E: [H8]) KRR F F0AFH (Bacillus licheniformis) 9945a B4R ¥ ydgF1 3 B % ¢4
Wi EFauirgneb . [ 23ME ydeFl A BT R XA 9945a/pHY300-Shu-ydgF1 F=sk
MRAR 9945a AydgF1l, K4+ T vA D-HR 2B A 7k — RUR 69 BF B 3k D- 7 28R (phosphate D-alanine, PDA)
BAREAAEFRAMRGA KGN, FHT@ORIK TR, F A FZ XKL E PCR (real-time
quantitative polymerase chain reaction, RT-qPCR)#F 4 & #& 9945a 5 9945a AydgF1 & LB 3% f2k F
T A K0 ydgF] #9483t Rk &, ARG 9945a 5 9945a AydgF1 /& #1649 3% 7 3 P40 H T 3K,
i+ F B % 1% (colony-forming units, CFU). [4 R ] & PDA 3& 73k F, 9945a AydgF1 #9tb 4
¥ ik & 45 LMK F 9945a, " 9945a/pHY300-Shu-ydgF1 & Kb A K ik £ 4 0336 h', £
9945a/pHY300-Shu 49 1.98 4%, JFH3Z I~ 15 h & 9945a/pHY300-Shu-ydgF1 #) ODgoo 184 3.04, &
9945a/pHY300-Shu &9 1.73 4. 20RO 25 ¥ , 9945a AydgF 1 B AKX D- 7 &R 69K Z 4 (0.509+0.055) g/L,
B 2 A% T 9945a F K 49(0.759£0.038) g/L. 9945a/pHY300-Shu-ydgF 1 F 4K 4 (0.821+0.021) g/L,
B 5 F 9945a. BT R K E T PCR 494 R KU, 9945a 49 ydgF 1 A5 & ik & £ 45 3 A Fafl & B3R
H PR3, 9945a AydgF1 49 ydgF1 AAsxf £ ik 2 & AR A KA HU-FAA 0. 9945a 5 9945a AydgF1
J&#169 CFU 7 ydgF1 693 R B35 T R F AT H 9945a B ey A Ahe . [44#4£) YdgFl A
RFFOHE 99452 T AL D-ARABMBI, A A THRFEHE 99452 9K IA4 4. WML LI
YdgF1 T A5 L-R A& Bl BOL.
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Functional characterization of the transporter YdgF1 in
Bacillus licheniformis 9945a

LI Shunyan, LI Youran, SHI Guiyang*

National Engineering Research Center of Cereal Fermentation and Food Biomanufacturing, Jiangnan University,
Wuxi 214122, Jiangsu, China

Abstract: [Objective] To characterize the function of the transporter encoded by ydgF! in
Bacillus licheniformis 9945a. [Methods] The strain 9945a/pHY300-Shu-ydgF1 with ydgF1
being overexpressed and the strain 9945a AydgF1 with ydgFl knocked out were constructed.
Phosphate D-alanine (PDA) medium with D-alanine as the sole nitrogen source was designed to
observe the growth ability of strains, and cell assimilating experiments were implemented.
Real-time quantitative polymerase chain reaction (RT-qPCR) evaluated the relative expression
of ydgF1 in 9945a and 9945a AydgF1 at different growth phases in the LB medium. Colony
forming units (CFU) of 9945a and 9945a AydgF1 at the anaphase in the LB medium were
determined by viable plate counting. [Results] In the PDA medium, the specific growth rate of
9945a AydgF1 was always lower than that of 9945a, while the maximum specific growth rate
of 9945a/pHY300-Shu-ydgF1 was 0.336 h™', which was 1.98 times that of 9945a/pHY300-Shu.
ODgoo of 9945a/pHY300-Shu-ydgF1 was 3.04 after culturing for 15 h, which was 1.73 times
that of 9945a/pHY300-Shu. In cell assimilating experiments, the concentration of D-alanine
assimilated by 9945a AydgF1 was (0.509+0.055) g/L, which was significantly lower than
(0.759+0.038) g/L assimilated by 9945a. 9945a/pHY300-Shu-ydgF1 assimilated (0.821+
0.021) g/L, slightly higher than 9945a. The results of RT-qPCR showed the relative expression
of ydgF'I in 9945a increased gradually at the transition and stationary phases, and the relative
expression of ydgF1 in 9945a AydgF1 was almost zero at all different growth phases. CFU of
9945a and 9945a AydgF1 at the anaphase suggested that the knockout of ydgF1 weakened the
viability of B. licheniformis 9945a in the anaphase. [Conclusion] YdgF1 assimilates D-alanine
in B. licheniformis 9945a, which is beneficial to the long-term survival of B. licheniformis
9945a. In addition, it may also assimilate L-asparagine.

Keywords: Bacillus licheniformis; amino acid transporter; thermosensitive plasmid; D-alanine
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168CA N AR, KBk ymd JEH 4
W ia B AlaP IRISHISMIF 25/ D-TN 2 -
FLRRFLIKA Y SerP2 iz I &N AlaP
MFE M DIRED . SH R ZE AR . LR FLER A [F)
Shy B 2% FG B TR 1 1A ZF R TR v R e is B
F AR E A RIS D-N AR RE . S AR
FELFF R H L D-TR 2R 1) iz 35 11 9T 4 e o)y
RE AT LA R A 2 A TR 1 N IR R A
TR i B T TE MR SR RAT I A BRTE B
ERLS

A WF 5% 6 ] BLAST 15 Hi A< 2F i 4F 14
(Bacillus licheniformis) 9945a )3 2 H 53K
158 8 AREIN ydgF 1 (region: 615 967617 349),
Pyt Fe ik bk 9945a/pHY300-Shu-ydgF1 IR
PR 9945a AydgFl. B8 2 MERK R : mibk
FLAS2H 9945a:9945a AydgFl it 6k A 4H
9945a/pHY 300-Shu:9945a/pHY300-Shu-ydgF1, Lt
B2 HEMRTELL D-TN 2R A ME— AR Y A1,
FREPWMAERKZER . REXT 9945a. 9945a
AydgF1. 9945a/pHY300-Shu-ydgF1 #4741k
WeSEss . 3 AR SR D¢ 6 1 PCR (real-time

quantitative polymerase chain reaction, RT-qPCR)
FARIEM 9945a, 9945a AydgF1 7E LB B3R

RIS ydgF 1 BERAIART AR, FERATPEAR
T TR 7 IS I 5 SR SR A v 7 B PR

x 1 AARRATH IS

(colony-forming units, CFU), il FiRSEEmw)
YR YdgF1 FIIRE.

LR

11w
111  E#RFFR
KWFF T (Escherichia coli) IM109, HiAC 2

FIFFE 9945a, ZEARFURL pHY300PLK F1 pMAS,
R TR, pNZTT FH 5256 %8 (898 ) 31T Paptes
B R B &R AR R A IR A R A
1.1.2 FERF

FR 1 N VI (BamH 1, Xho 1, Hind 111, Sal
I. Pst1. EcoR D) HFEER CHI/RBHE A ] T4
DNA W A = HEAYHRAGRAR; i
BERBGAT & . DNA Aifbikinl &, Skt
. ZOEE R PCR KNG B e st vEHE A
HARAF; & RNA $#2BGR5 &0 A buH i H
PHE AR AW AW BRI A e
WA PR A BRIl 5 HAh iR 0 B [ 25 4R 1A
2 A BR A A
1.1.3 5|

AT W5 1, BT AE
WYy T AR B A R F 5

A ST T 52 i 9 E it PCR 159 L3R
2, Bl A T TR BB R A .

Table 1 Primers used for amplification in this study

Primer name Restriction site Primer sequence (5'—3’)

Shu-F Hind 111 CAAGCTTGATCGTCACAATGCGCCATC

Shu-R Sal 1 ACGCGTCGACGGATCCCACTTTATGGACG

ydgF1-F BamH 1 CGGGATCCATGACAGAAGATGTAACTGACAACGATATAC
ydgF1-R EcoR 1 CGGAATTCTACACTTGCTGTGACTTAGGTTTCCTCAG
AydgF1-F Xho 1 GGCTCGAGCACGCTGTCCAAACAGACGGATATG
AydgF1-R Pst 1 GGCTGCAGCGAGTATATCATCCGGCTCGTG

Kan-F Sal 1 CCGTCGACGGCCAGTTTGTTGAAGATTAGATGC

Kan-R Hind 111 CGAAGCTTCCAACATGATTAACAATTATTAGAGGTCATCG

<l actamicro@im.ac.cn, & 010-64807516
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*2 AARATEMEAEEE PCR IS
Table 2 Primers used for RT-qPCR in this study

Primer name

Primer sequence (5'—3")

RTa-F GCAAGTCAAACTTGGCGAAAG
RTa-R GTAGACTGTCCCGCCTTGAA
RTb-F GTCGGAACCGGAATGGAGTA
RTb-R CCTTTGACTTTCTGGCCGTC
RTe-F AACGGACACGTAGGATTCGG
RTe-R CGTCCGATGATTTCGTGTGG
RT{-F TGTCAGGGACTACTTAGGCGA
RTf-R CAGCCATTGCGGTACATCAG
1.14 Zhigk5EHRE

LB} 73 (g/L): & I 10, BERERS 5, NaCl
10, [EASEHIMABER 15, BERR%E R (g/L):
NaCl 10, K,HPO, 7, KH,PO, 3, Mifah p-N%&
2 (phosphate D-alanine, PDA) 1% # %t (g/L) :
MgSO,-7H,0 1.232, K,HPO, 7.000, KH,PO,
3.000, #%3H¥ 10.000, D-INZIR 5. Wil L-K4&
ki (phosphate L-asparagine, PLN)1%5 553 (g/L):
MgS04-7H,0 1232, K,HPO, 7.000, KH,PO,
3.000, HZH 10.000, L-KEBERE 5.000, 1EH
PRAL IR TR S N 2R B R AW
9100 pg/mL . RAFEE R LU 30 pg/mL, P
IR LOREE N 20 pg/mL.
1.2 BEo-REBRFEERER

b A ZE AT TR 55 A 2 AR AT R AR B AR AR AH
), {#F] BLAST 1Y tblastn J 1] Hb %Ak B 2 H AT
B ytnA JER Gt )35 11, 7E A ZF fAF R 9945a
LD A P 4R 2 = BEAR LAY ydgF1 JE I (region:
615 967-617 349), FHPEIR 72%. f#H SWISS-
MODEL {4 X 1235 R 4t 11 B P 0B A 7 A, 2%
HER YdgFl J& T APC BRIER K EaE I,
15 A Protparam TR AT HIEAR P M, %8
FA 460 M BERR I, /0F1E 0 51.16 kDa,
PGS S 9.19, TMHMM Filll YdgF1 4
12 SR A BE, 5 SWISS-MODEL [y 4
—

1.3 ydgF1 i3 FRiXE kR

FI 514 Shu-F 1 Shu-R #7384 20 1% %0 J3 5+
Pohuttte09» Pshutticos JT B2 -5 ZEHR BT pHY300PLK 28
Hind 11 1 Sal 1 X Y] ] T4 DNA %4014
1, BALE KGR IM109 2 4. H7% PCR
T, IR EEHUIR pHY300-Shu, LA
AR ZEAAT R 9945a FLHA B, FIHEIY
ydgF1-F fil ydgF1-R §##4 ydgF1 ¥:[H , ydgFI1 F
Bt 5 Fkr pHY300-Shu 28 BamH 1 fil EcoR 1 XUfif
YIE%Es: . ik i b+, Bt BuUsk
pHY300-Shu-ydgF1. #4# 41 ik pHY300-Shu
F1 pHY300-Shu-ydgF 1 73 51| 1 5 10 A% 25 AT
9945a JRZ A . TR T, FEFRIFHRHUTRL
PEAT AU BT o Rl SEREM PR 51, A
KA RAS, M 9945a/pHY 300-Shu 1199453/ pHY300-
Shu-ydgF1 B &R EE R
1.4 ydgFI R PREPRIDE

DA A ZEAOAT T 9945a KD 4H ki, F 51
¥ AydgF1-F Fl AydgF1-R ¥4 AydgF1 F Bt
(region: 616 393-617 633). AydgF1 H Bt 5iRM]
JFURL pNZTT 4 Xho 1 1 Pst T XUEHVI %4, 3K
5 pNZTT-Y. VUK. pMAS Mt , F5IH
Kan-F fl Kan-R § 34 RAREE K Ptk B, 4
Hind 11 F1 Sal 1 A PGY) 3] pNZTT-Y 155
PNZTT-YK, 35405 0 DA w3k oA ) 2 50 Bl o
¥ pNZTT-YK HFEIL AR ZEAUFT B 9945a J&sZ
A, 30°C. 200 r/min ZH7GIL 2 h; 4% 300 uL
IR IIER I LB H354E, 42 °C. 250 r/min
Bi3% 16 ho IRELFRIAE 42 °C T ICIEEH, mibR
&M [EJEE S ydgF1 KPR & A= R EE 4
AR TR R A BN RIEE R
AR DU T B4k, 37 °CHig% . PRI
EHAMESRIBEZRMN LB 5T, 37 °C.
250 r/min }55% 16 h; §44% 150 uL WK 2 JcHi LB
Rigedk, 30°C. 200 r/min B53% 24 h, FE5HC

http://journals.im.ac.cn/actamicrocn
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PUdEFE 1 IR, 30 CRiEFIFERE R FRAE
il R & g — I [R) USRS i ydg FT &R & A [+
JREEZH, 2 Wk Im) U5 2 (A A i B e T
i B R BEROKTRRBEW 10°65, WA TR
W& ZPMEM, 37 °CHEgR. PRBCE T BAEV%
F 0 RAREE R BT AR IR, I —— X
Rl £ Pl 2 DU IR R Pk AR 6 0 U X i
Y R P AT IR, A7 KRR R Pk i Bl A
ydgF1 FEH, U] 9945a AydgF1 BRkA &2 .
1.5 EXBEFEEKILER

AR SHJepRiE" ", &+ T PDA &
Fidk. PDA iR Hrp S A #iamE . JohLEh
D-NAMRPEE R A . B E 2 MERK A &)
4 HLHC2H 9945a:9945a AydgF1 Filid 283k A2
9945a/pHY300-Shu:9945a/pHY300-Shu-ydgF1 .
W LR T JEHT AR R 2R TE AL, R TR &
15 mL/50 mL 1) LB 5 3E 3L L issE; ik
P A2 VAR R BT AR R LG Ak, B U R &=
iR, WREIRE ODgoo (HiEE] 3 Bf, A 5 mL
BN, B2 FIE W RIS B R
o3P 2 30 mL/250 mL 1) PDA K5k, B35
S35 37 °C, 250 r/min, %% 3 h BUFE 100 pL
MI5E ODgooo 11 Origin 2022 227 ODegoo HIHIL S,
B, F Logistic BRI AE K4k, Xf4E
K& ATk A 8] AR K R i 4k .
1.6 ZHBENRUTSCIE

P THERE 99452.9945a AydgF1 F19945a/pHY 300-
Shu-ydgF1 $F1 & 30 mL/250 mL () LB 5 55 5L 5%
F%, FFAA KA RIRE S A 50 mL 208
11 500 r/min, 10 min Z.0ELIM, F5 L.
A 8 mL WElR 2% vhiR 241, 37 °C. 250 r/min
k% 2 h, B.OFF B, MEBEHLOERNS
B, HORAIIEEE (1 000£50) mg. FRATA
8 mL BEFRZE i T, MR WRATE FE TR 28T
1) 50 mL 04, IR FERERRLE vhik 2 SRR

<l actamicro@im.ac.cn, & 010-64807516

9mL,HJFA 1 mL ) 50 g/L D-IN &R ,37 °C.
250 r/min PR¥% 30 min, WEUCSZEG AT G 45 BURE
100 pL, E5.00MH IR
1.7 p-ARERRERIESE

R IAE L D-INZRIIR I, S8 5Tl
WAE G A AR F BT T 1 AR
T FAE T ¥ 8 FH Marfey it ] (CAS: 95712-52-3)
HEATAERIAT A R AR ARG RS 10 A% /5 B 100 pL,
5200 puL 19 0.3% (JTRAAFL 5340 Marfey 7]
B P R AR A A 40 uL A9 1 mol/L NaHCO;
J& 37 °C.200 r/min #z % S 1 h, B JEHIA 20 pL
f) 2 mol/L HCI £ 1S ¥ . ¥4 Dikma® Spursil
Cis TR LL 0.1% (TR 350 R FN 26 it i
BAH, 0.9 mL/min BEEEGEMGST S, WML L
7 3020 CHR N RIS 340 nm &b AW il
A €3 43 B8 1 45 R Fh WO i RE L E ) T
YERS B4 Thermo Scientific Chromeleon 434 o
1.8 SERTREEE PCR IEN A E 4 KETHA
E& ydgF1 13t FREE

Wi kR 99452 FEFNE LB RiFE3L455% 6 h,
HURE B ORI, FRICE RNA SR 5 R 3k
3 cDNA., #%#E rpsE'™ . rpoB" | mecA® UKy
fREN SN, Wit It Ie uEdy 5% 2l
9945a 55 9945a AydgF1 7E LB 15355 il A= K iy
28, PRI AR AR SR . WU . B
Bl ROEWIERE . SRS LA cDNA 1
5 BN, SEYOEER PCR 1551
R E (cycle threshold, Ct1H). f# A geNorm

%3 HPLC SEBHE
Table 3 HPLC elution gradient

t/min 0.1% formic acid (%) Acetonitrile (%)
0 100 0

14 44 56

28 100 0
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PR HO A 3 AN SRR ) Rk Fe e B, ok th A e 1 i
TP AT NS HER . DL PR 9945a IR
Skt B PR AS [ AE B ydgF T AR ik it
1.9 FHRIEEITH

J T fRHIRE 9945a 5 99452 AydgF1 J5 BT
A AERE T AR TR B0 D e R 455 55 2L 1)
CFU, /3 i7EHbRA K 18, 22, 26 h BUkE 100 uL
BiIR3E, FH 900 pL AEBREKFRE, RIKHFRE 7
ANBERE . B 107, 10°, 1073X 3 BB EEUEST
SRR TE B TTEL, BRI 100 pL R RRR
i LB F-#e, 37 °CH53% 14 ho R8s an o &
R TN, 1A CFU,

2 ZERE54

2.1 ydgFI 3 FRIAEMRRIE

2 1.3 A2 M A 415k pHY300-Shu
(8 1A)H1 pHY300-Shu-ydgF1 (& 1B), ¥{diff]
Hind 1 Fl EcoR 1 XU V15K ik (Kl 10).
pHY300-Shu-ydgF1 BVIH 3 Mok, SHHSH
763, 933. 4 833 bp AH#F; pHY300-Shu 1Y

2 AN R/ NS B E 329 bp FiT 4 833 bp AT
25 Tl 1 D 50 YA = 11 Vi S AN I
9945a/pHY300-Shu 5 9945a/pHY300-Shu-ydgF1
TR -
2.2 ydgF1 SiFREREIHE

pPNZTT-YK 4 Xho 1 Fl Pst 1 W1 (& 2B),
FIri5 45 R/N S BB (H 5 333 bp F12 006 bp A
5o MR, pNZTT-YK @iBE & e 5 I . BEH
1) 20 DA -RARE R PP B IE VR (8] 2C) KB
SIARTEVUFR R PP AR B (B 2D, mBRAL
RAFE T

BE SR YU R 1E 6 1 PR TR I O B U 5L [
4, 1151497 ydgF1-F 55 ydgF1-R #£17 PCR §"44,
it SERISAE 2 140 bp MAF(E 3A). BRI
B, AR o IR aE R R RN R bk
R B CAHA ydgF1 FEHFY, BHkk 9945a AydgFl
Py . 7E NCBI Wk ] Graphics 4 1A A Hh
KZFFMIFFE 9945a FENAL(E 3B), ydgFl1 &K
(BALI_RS03075)-5 T i3 [H(BALI_RS03070) 2 [11]
FHIE 129 bp, MBS ydgF1 ASSEM R FESER %% 55

A B ‘ C
Hind I (1) Hind 1T (1) bp Wi @
EcoR 1(329)
Hind 111 (763) 5 000
3000
2 000
1500
1 000

750
EcoR 1(1696) <,

250
100

1 &k pHY300-Shu. pHY300-Shu-ydgF1 B3 &5 )36 iF

Figure 1

Double-digestion of pHY300-Shu and pHY300-Shu-ydgF1. A: Plasmid map of pHY300-Shu. B:

Plasmid map of pHY300-Shu-ydgF1. C: Plasmids digestion validation electrophoresis. M: DL5000 DNA
marker; 1: Hind III and EcoR 1 double-digested pHY300-Shu-ydgF1; 2: Hind III and EcoR 1 double-digested
pHY300-Shu.

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



1624 LI Shunyan et al. | Acta Microbiologica Sinica, 2023, 63(4)

(7319) Pst 1
(6808) Hind Il |

wOh

(5850) Sal 1 [

pNZTT-YK
(5313) Xho 1

2 pNZTT-YK HIEGYIIIE S 14 IE £ ik 9945a AydgF1

Figure 2 Double-digestion of pNZTT-YK and positive or negative resistance screening 9945a AydgF1. A:
Plasmid map of pNZTT-YK. B: Plasmid digestion validation electrophoresis. M: DL10000 DNA marker; 1:
Xho 1 and Pst 1 double-digested pNZTT-YK. C: Positive screening on the plate containing kanamycin. D:
Negative screening on the plate containing tetracycline.

B 618 500 618 000 617 500 617 000 616 500 616 000 615 500 615 000
M 1 2 [PE— ] (RIS (FFTISNDINTY| DPRRISTICT) RSN (ST (DS ST
bp 4 4 | | } |
e —— e
5000
3000
2 000 ; BALI_RS@3875
1 500 50306.1 up_pze4sezez) I |« ]
1 000 BALI_RSO3060 BALI_RS03070
750 HP_928450305.1 HP_9204503011
500
250
100

618 500 618000 617500 617000 616500 616000 615500 615000

3 ydgFI RSRUEIES ydgF1 FEH R GFRATE 99452 EFHP I E

Figure 3 PCR verification of ydgFl knocked out and position of ydgFI in Bacillus licheniformis 9945a
genome. A: ydgFI knocked out validation electrophoresis. M: DL5000 DNA marker; 1: Amplification products
of 9945a; 2: Amplification products of 9945a AydgF1. B: BALI RS03075: 615 967-617 349; BALI_RS03070:
615 055-615 837.

S BE B T o 12k 2Rk LA 2 A AR R 2 S s
Bl , 9945a/pHY300-Shu-ydgF1 7E 15 h B

2.3 PDA IEFHEEKELE
TERAE Y AR B 120 U IR RS 3230

R, R AR (1)K . DA D-NZ R
JE—R IR PDA ¥R 2 A K e i
Tr¥sse. MR tuicdir, Ttk 9945a () A Kk
RIHLKTF 99452 AydgF1([&l 4C), ydgF1 S:H
SR H 55 T A ZE AT I 9945a 7E PDA 5570k

P4 actamicro@im.ac.cn, & 010-64807516

ODgoo N 3.04, S 9945a/pHY300-Shu 1 1.73 f5(I&
4B). Ff-H. 9945a/pHY300-Shu-ydgF1 Y 1,=0.336 h ',
J& 9945a/pHY300-Shu ) 1.98 f%(/4l 4D). ydgF1I
FEDR A 3 IR 5 T A ZE AT IR 9945a 7
PDA 15373 H (1) 4 5E RE
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+ 99453
L 4 9945a AydgF1

0D 600

0 3 6 9 12 15
t/h
C 04, 99454
9945a AydgF1
03l
= 02|
0.1L
0 3 6 9 12 15

t/h

357
= 9945a/pHY300-Shu-ydgF1
30l ¢ 99452/pHY300-Shu
2.5
g 2.0
Q
S 15
1.0
0.5
0 3 6 9 12 15
t/h
D o4, — - —9945a/pHY300-Shu-ydgF 1
—— 9945a/pHY300-Shu
03] Vil
Fogl ‘f‘ \~\
—\? 02l / "
= / .
q N
3 .
0.1t & 3
/ h
o
./‘

i’h

4 WHLELATE PDA EFEPHE K& E KER

Figure 4 Growth curves and specific growth rates of two comparisons in PDA medium. A: Growth curves of
the knockout comparison. B: Growth curves of the overexpression comparison. C: Specific growth rates of the
knockout comparison. D: Specific growth rates of the overexpression comparison.

2.4 ZHREIRULCSELE

Fkk 9945a., 9945a AydgF1 . 9945a/pHY300-
Shu-ydgF1 54 3 1~FA T, #8817 Hri iy kg
WOF AR D-PNZ R AR RIS R D-TN 2R

MM BE(F 4). 9945a AydgF1 WA D-IZFRIVAE 1
HI AT 9945a; 9945a/pHY300-Shu-ydgF1 Wik b-
NRBRATRE IME =T 9945a, SRS TR YdgF1
TEHA AT 99452 &5 D-IN R

R4 BEk 9945a. 9945a AydgF1 F1 9945a/pHY300-Shu-ydgF1 WRULRET/EH p-A B K E
Table 4 D-alanine concentrations before and after stains 9945a, 9945a AydgF1 and 9945a/pHY300-Shu-ydgF1

assimilating
Strain Chefore (&/L) Catier (8/L) AC (g/L) AC; (g/L)
9945a 4.852 4.134 0.718 0.759+0.038
4.888 4.094 0.794
4.811 4.046 0.765
9945a AydgF1 4.893 4.448 0.445 0.509+0.055
4.775 4.233 0.542
4.872 4.332 0.540
9945a/pHY300-Shu-ydgF1  4.903 4.103 0.803 0.821+0.021
4.824 4.008 0.816
4.876 4.032 0.844
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2.5 SERPRREEE PCR IEN A E4E KETHA
E&A ydgF1 HH3tRIEE

FAPE 9945a 28 LB 557564558 6 h, URAE4
MIFEHCUE RNA ¥k 3k15 ¢cDNA, 10 {5k
5 AR o MR A LR BT AH R 1Y) 4 20514
XF(F 2), XF 5 DFEBEELEE R cDNA #F175E¢
JeE i PCR. HHIAS () Ct (B0 R A B 13 22 4l
PR g, FIbRMER AR b FE Y ROR
E=10""" 1. 4 PNIEH A9 BESCRARLE 90%-110%
Z I S), SRR ST

LB 5535 K55 37 i bk 9945a 5 9945a AydgF 1,
2 h BUREISE ODsgoo 26 7 WK, 224 K ik
(B 5A). 0lfedsss 3. 6. 9. 12 h BURE, Xt
AR R AR . XEON L B FRoE .
PEBOA [F B 40 B RNA, BB EY
500 pg/mL J5 [ ek, SN SOGE R PCR AN
AF %) cDNA M Ct {H(E 5B). f#f geNorm
BT, 3 MEBENSIEF P mecd FoikfarE
B M /)N, S8 mecd NABIFERINS LA,
PL 2R ydgF T BIARNS ik i, 9945a Y
ydgF 1 AR5 i 7E e 3 A R AR e B 4 5
I 9945a AydgF1 [H )y ydgFI &by, ydgF1
Xif Fe ik AEAN A A KB L T-#Rh 0 (B 5C),
2.6 FRFEEITH

¥k 9945a 5 9945a AydgF1 7E LB 5 55 5 rh
AR 18, 22, 26 h BPFARIG RTTEULER 6, 115
CFU 4% 30-300 MR K MR, 2 8
JEITE 30-300 1>, Z0lit4a CFU, # 2 MR
CFU HAfE>2, BUBUIME; #7 i<z, BCRE.

x5 SUESH

Table 5 Amplification parameters of primers
Gene Amplified length (bp) & E (%)
rpsE 137 -3.214 104.7
rpoB 143 -3.294 101.2
mecA 115 -3.269 102.2
vdeF1 142 -3329  99.7
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Figure 5 RT-qPCR evaluated the relative expression
of ydgFI in stain 9945a and 9945a AydgF1 at different
growth phases. A: Growth curves of stain 9945a and
9945a AydgF1 in LB medium. B: Ct values of three
candidate reference genes at different growth phases.
C: Relative expression of ydgFI in strain 9945a and
9945a AydgF1 at different growth phases.
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Fz6 FIREEITH

Table 6 Viable plate count

Strain t/h Dilution gradient ¢/(CFU/mL)

10° 10° 107

9945a 18 >300 >300 96  9.600x10°
22 >300 281 34 3.105x10°
26 251 67 5 2.510x10"

9945a 18 >300 >300 86  8.600x10°

AydgFl 2y >300 205 2.050%10°
26 84 15 8.400%107

gEHLRW] 99452 AydgF1 A ZIA CFU KT
9945a,9945a ) CFU M 1822 h F[%T 67.66%,
M 22-26 h FF&ET 91.92%.,9945a AydgF1 i CFU
SYHITFEET 76.16%. 95.90%. ydgFI1 HIREERIH

& 6

55 T HIA ZE AT T 9945a S5 IR A A7 RE ST .
2.7 YdgF1 &£F[EEE 5 L- K&tz IRUL
fifi FH NCBI Mzl CDD &7 1l T YdgF1 9
ik, YdgF1 545450 B IR 1Y AnsP 45462
L, AnsP by L-RABHMEEE A DL LR
Je JynE— AU PLN 853836505 2 MEK IR AH
PEATRE SR . RMBR LA, BB 9945a 1Y
Un=0.447 h7', KT 9945a AydgFl M um N
0237 h'' (Bl 6C); nlZRikLE 4l H, 9945a/
pHY300-Shu-ydgF1 #J un A1 0.322 h™', AT
9945a/pHY300-Shu 1) u, 0.136 h™' (& 6D). 2 41
WRRIGAE K22 SR BR D-INE RSN, YdgFl i
eSS L-RA BRI .

%35y 9945a ® s
. * 9945a/pHY300-Shu-ydgF1
3.0F *+9945a AydgFl 3.0 e 9945a/gHY300-Shu e
2.5}
g 2.0}
Q
S 15}
1.0}
0.5}
0.0L : ; ; , J ;
0 3 6 9 12 15 0 3 6 9 12 15
i/ i/
C mae D g5,
—ggjgg AydgF] — -~ 9945a/pHY300-Shu-ydgF1
y o ;
- - 9945a/pHY 300-Shu
~ 03} ~ 03¢ Frage- Y,
= = / M
= 02} o2 N
i N
! N
0.1} 01t %,
7 e
0 3 9 12 15 0 3 6 9 12 15
t/h t/h

A ELBYATE PLN 15 £ R E K& FIEL £ R E

Figure 6 Growth curves and specific growth rates of two comparisons in PLN medium. A: Growth curves of
the knockout comparison. B: Growth curves of the overexpression comparison. C: Specific growth rates of the
knockout comparison. D: Specific growth rates of the overexpression comparison.
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3 WwE5&#

AT S8 T A ZF AT 99452 5%
iZHE 1 YdgF1 B2hRE. FIH PDA SR T
2 HHRRE K BE ST, KB ydgF1 WIEBRALL %R
TR 25 A ZEFLFT T 9945a 7E PDA $55%
T AR AR I S B8 E— P BHIE T YdgF L
TEHIAR ZEFFT BT 9945a Hh3 5 D-N AR,
R T HUAK ZEAUAT T 9945a AR BRI A%

PG PR T e — B R A AR K AR
EW, BLRE YIRS BRI A AT
RPN A AR, YdgF1 Wi s
B D-NEAMR, S 5REMIEA . 99452, 9945a
AydgF1 A= 26 DL RO AOG TR 8 2 S
W, ydgF 1 o REBRXT A ZEAOAT 1 9945a i)
A RKBAT R , AE IS AR RIY X
WA R T 9945a Y ydgF 1 FHXT 2 ik FEAERE S AN
T e SR 3R ) SR

9945a AydgF1 RETE PDA 3535 3rh A K, 3t
H ydgF1 bR IG A ZFHIAT I 9945a XT D-TN %
WA WCRE 71, U BHAE A ZEFUAF S 99452
HiBR YdgF1 DIAhAAT HAth 2 S M2 & ik
D-TNE R .2 4L FRAE PLN B3P g K 22 57
VLI D-ERR LIS, YdgFl i Al fEZ 5l
LR A& Tt e e HA 45 F 25 (0L A S PR .
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