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Identification of a putative citrulline transporter in Lactobacillus
brevis 2-34
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Abstract: [Background] Citrulline and ethyl carbamate are hazards generated during rice wine
fermentation. From rice wine fermentation broth Lactobacillus brevis 2-34 is isolated with the potential to
reabsorb citrulline. [Objective] To identify genes encoding citrulline transporters in this strain will help its
effective application in rice wine fermentation. [Methods] With vectors pRSFDuet-1 and pETDuet-1,
citrulline metabolism-related enzymes of L. brevis 2-34, including arginine/ornithine antiporter, arginine
deaminase, ornithine carbamyltransferase, as well as the two putative citrulline transporters,
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Cy4-dicarboxylate anaerobic carrier and AO antiporter, were expressed in Escherichia coli C43(DE3).
[Results] Recombinant E. coli had similar citrulline reabsorption ability as L. brevis 2-34. Both putative
transporters could absorb extracellular citrulline, and the transporting capability of DcuC was much
stronger. [Conclusion] DcuC and AO antiporter are citrulline transporters in L. brevis 2-34.

Keywords: Rice wine, Lactobacillus brevis, Citrulline reabsorption, Recombinant expression
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Figure 1 arc gene clusters of partial Lactobacillus brevis
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1 MRETE
11w
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MRS AT (g/L): EEAPR 10.0, Rk
5.0, 4 WEH 100, JoKHEEE 200, FrEmREE
2.0, Tween-80 1 mL, ZPR4N 5.0, K;HPO, 3H,0O
2.0, MgSO,4-7H,0 0.58, MnSO4H,O 025, Z &
& pH 5.0, FT A FUAFEH 2-34 198553,
1.1.2 EERAFIFUEE
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PRl (LA AR, L-NZAR)HI H TaKaRa 2
Ay POEEM . O . W EESEAGg el . ATk
FIERAR —HEE(OPA)E H Sigma A F]; FRidEEHGR

x1 AHRPEAFERIGY
Table 1 Primers used in this study
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BORGEE e ARAN , TEIRBER B R A BR A
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1.1.3 SI¥NgIt5 &K

M R FLATF 1 2-34 arc FE 5 arcB . deuC Fil
ao Antiporter JERWIRATIRITH, &it TR 1Y
YIS, A5 R R AR AR (E TR AR
NGRSy
1.2 KA
1.2.1 EHFR AR

PP LA 2-34 SERAL, HEDUH AR,
FrAsIFFInZE 1 s, LI PrimeSTAR EfdEF T
PCR ¥4, ZBiARPHEE R HL UK IR E , ) [l
dcuC. ao Antiporter F arcB FEH . WIHEZLATFHE
2-34 arcA J arcD FERMZATIRITY, &itZ2 i
F arcDA, " [a] Lk RBS # WK 45 A 47 5 % 5
(5'-TAGGAAGGAGATATACATATG-3")!!12 1% 5z |
5" A 343 IS EcoR 11 Sal T BV & (4
A =W s wl A AR

# arcDA . dcuC. ao Antiporter. arcB 3R F
BELA K2 6353814 pRSFDuet-1 Fll pETDuet-1 #% 18 %] 3
ME 4 Pos#EfT Y] &3 A R I AT IE
DH5al !, PRI I B A 2o 1 B RE 1 T

Gk Fe5) Bt
Primers Sequences (5'—3’) Modification
FdcuC GGAAGATCTATGGCTAATGCTGAAGTTCA Bgl 11
RdcuC CGGGGTACCTTAAACACCTGAAATTAATA Kpn1
Fao GGAAGATCTATGCAAGAACCTTCAGCCAAG Bgl 11
Rao CGGGGTACCCTAGAGTATGGCCATAATAC Kpn1
FarcB GGAGGATCCATGACTAAGGATTTTCGGGA BamH 1
RarcB CCAATGCATTGGTTCTGCAGTTAAGCTCGTGGAATGAATA Pst1

TE: FRIKPARTE PSR PERF VIO 551, MR 910 R R i .

Note: The underlined sequences are restriction enzyme site sequences and the thickening sequences are protective bases.
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A5kl pRSFDuet-arcDA . pRSFDuet-arcDAdcuC .,
pRSFDuet-arcDAao . pETDuet-dcuC . pETDuet-ao .
pETDuet-arcBdcuC 1 pETDuet-arcBao, BiJ5¥i3e 2
iR R BORLG f 2 KT IR C43(DE3)Hh 4
Hiktrn 4, EHRRBAAE M .
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Figure 3 Construction flow of pRSFDuet-arcDAdcuC
and pRSFDuet-arcDAao
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7959 bp

7911 bp

deuC, .
ao Antiporter,
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4 pETDuet-arcBdcuC #A pETDuet-arcBao £ 1A35E
TEHE

Figure 4 Construction flow of pETDuet-arcBdcuC and
pETDuet-arcBao

&2 AR ETARIBYE AR R
Table 2 Strains and plasmids used in this study

IR ETURL R IR
Strains or plasmids Property Source

pRESFDuet-1 Kan' Presented by
Professor Deng
Yu

pETDuet-1 Amp' Presented by
Professor Deng
Yu

pRSFDuet-arcDA Kan', arcDA inserted  This study

into pRESFDuet-1
pRSFDuet-arcDAdcuC Kan', dcuC inserted into
pRSFDuet-arcDA
Kan', ao Antiporter
inserted into
pRSFDuet-arcDA
Amp', deuC inserted
into pETDuet-1
Amp', ao Antiporter
inserted into pETDuet-1
Amp', arcB inserted into
pETDuet-dcuC
Amp', arcB inserted into
pETDuet-ao
Expression host

pRSFDuet-arcDAao

pETDuet-dcuC
pETDuet-ao
pETDuet-arcBdcuC
pETDuet-arcBao

Purchased from
Wuhan Miaoling
Biological
Company
Presented by
Professor Fang
Fang
Isolated from
fermentation of
yellow rice wine
Kan', pRSFDuet-arcDA  This study
transformed into C43
E. coli C2 Kan',

pRSFDuet-arcDAdcuC

transformed into C43
E. coli C3 Kan',
pRSFDuet-arcDAao
transformed into C43
Amp’;
pETDuet-arcBdcuC
transformed into C43
Amp'; pETDuet-arcBao
transformed into C43
Kan', Amp';
pRSFDuet-arcDA and
pETDuet-dcuC
transformed into C43
Kan', Amp'";
pRSFDuet-arcDA and
pETDuet-ao
transformed into C43

E. coli C43(DE3)

E. coli DH5a Cloning host

L. brevis 2-34 Kan', Spe’, Em', Cm'

E. coli C1

E. coli C4

E. coli C5

E. coli C6

E. coli C7
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Fifi ek ik % PCR FINFIGIE, FiHS 9
W 3 R,
122 BHHEBRBISESRIE

BEHFECL, C2. C3, CoMCTIRibE, #Fh
F4 5 g/LRGEIRR LB #5353 37°C. 220 t/min
RiFR 2 ODgoo 4 0.8-1.0, JIIAIE ST IPTG i
WeE A 0.1 mmol/L!™ | 30 °C. 150 r/min 55 24 h.,
S EAE M TFA SR RN LB KiRiks
ODgo 19 0.8-1.0, A IPTG ZEZHSE 1 mmol/L!"),
16 °C. 150 r/min %55 6 h 5%, W mREE A%
A 5 g/ LKA IRN LB H7:5L, 30 °C. 200 r/min
BEFR 24 he WAE R TR0 24 SR & it

B EAFE C4 M1 C5 HAlELIs, R
5 g/L IREBRMY LB K5355E, 37 °C. 220 r/min 1555
Z ODgo M 0.8-1.0, HMIAFEFH] IPTG ffi HZ Wk i
0.1 mmol/L, 30 °C. 150 r/min %5 24 h. =
AR T ARG VAR LB KRR
ODqgoo N 0.8-1.0, fIIA IPTG LM 1 mmol/L,
16°C, 150 t/mini%ES 6 hJr, WEERREE ASEE 5
A 5 g/L IRAPRIM LB #5584, 30 °C. 200 r/min %
F% 24 ho WOHE R RN R S SE TR 5 i
123 SHEEGISHRNAERZD LAESER/L-K
RS E

% Fl OPA HERifi74: HPLC B s L7,
VEMLET VRN 1 mL/min, FE¥ 35 °C, g
K 338 nm, {Ai%Hk:h ODS HYPERSIL C18 #F
(250 mmx4.6 mm), FEFAIER 4 fin. KEBERE
*3 EEFRREERIEFRAGY

Table 3 Primers used for identification of the
recombinant plasmids
514 ivalll B3| gl
Primers  Identified gene Sequences (5'—3")
Fa arcA ATGACAAGTCCGATTCACGT
Ra arcA GGTCTTCTCGAACTAATGGC
Fd arcD ATGGATGAAAATAAAGGCTT
Rd arcD CTAAATCTGGATAGCACCCA
FdcuC deuC ATGGCTAATGCTGAAGTTCA
RdcuC  dcuC AGTATCCCACCAAAGGTGAG
Fao ao Antiporter ATGCAAGAACCTTCAGCCAA
Rao ao Antiporter CTAGAGTATGGCCATAATACC

2253
%* 4 HPLC EBER
Table 4 Procedure of the HPLC
Hisf ] BN A TaAH B
Time (min) Mobile phase A (%) Mobile phase B (%)
0.0 92 8
27.5 40 60
31.5 0 100
33.0 92 8
35.5 92 8

4°C, 10 000 r/min &[> 10 min EERFEA)S, Wtk
Ly, BuEsmS OPA firhflRA G R ZE, R
Pepr i A AR T it

2 HRE540

2.1 EHEKHNHMESEE

FE AN 1 HTHE AR BRECBR L T, &l
E3E . BEBUTOR. DNA & PCR I600E, HE4HKBHIA
i H I B 5SS 558280, Kl 5 fr
N, G 1.2 kb (arcd). 1.4 kb (arcD). 1.5 kb
(dcuC). 1.5 kb (ao Antiporter), FPARMINGE T %
A HA k3K pRSFDuet-arcDAdcuC . pRSFDuet-
arcDAao . pETDuet-arcBao Fll pETDuet-arcBdcuC i)
157738
2.2 DcuC M RNRERAIEW UL

PRI 122 70 1.2.3 g, WEHRIB R
Cl. C2. C6 TR RiFRRIKIG, SHIRT K
W RS PR AR R & i e . & 6 wf
A, ARETEFHEFRIEAMAK AR, LR
HEARIBE AN AR, HAHAFKCL, C2HC6
BIReA R B b A RS 22, P R, 1
REEAEHIG, C2 il C6 A - MR & iig Cl
B S AR (2 B T 51.83%, 47.74%; 31.09%,
58.65%).

EHFEIFWMABRERNEEAR, &6
pRSFDuet-arcDAdcuC (WAL C2 TERBELSH
5, BEARECR(0.709%x10° CFU; 0.965%10° CFU)H]
BT Cl (0.958x10° CFU; 1.32x10° CFU)HI C6
(0.858x10° CFU; 1.45x10° CFU), U, pRSFDuet-
arcDAdcuC %t E. coli C43(DE3) 4= KA BN,
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Figure 5 Identification of vectors pRSFDuet-arcDAdcuC/pRSFDuet-arcDAao

#: M: Marker; A 1/2., 3/4 435} pRSFDuet-arcDAdcuC/pRSFDuet-arcDAao H arcA (1 233 bp) il areD (1 413 bp)FEK; B H1 1.,
2 43504 pRSFDuet-arcDAao/pRSFDuet-arcDAdcuC ' ao Antiporter (1 515 bp)Fll dcuC (1 563 bp)IEA; C w172, 3/4 435K
pETDuet-ao/pETDuet-dcuC ' ao Antiporter (1 515 bp)Hl deuC (1 563 bp)JE[H .

Note: M: Marker; A: 1/2 and 3/4 represent arcA (1 233 bp) and arcD (1 413 bp) genes in pRSFDuet-arcDAdcuC/pRSFDuet-arcDAao

respectively; B: 1/2 represent ao Antiporter (1 515 bp) and dcuC (1 563 bp) genes in pRSFDuet-arcDAao/pRSFDuet-arcDAdcuC
respectively; C: 1/2, 3/4 represent ao Antiporter (1 515 bp) and dcuC (1 563 bp) genes in pETDuet-ao/pETDuet-dcuC respectively.

EHESFRIE AreD, ArcA I DeuC HiMIE %
iR, EARE Co HfWIAMIKAEZRRNAETIEL Cl
M C2uE, HAME P RNERRR &5 EAL, il Co
FABRRISONZRRRE 1, B DeuC HAT N2
EIRWCIIRE, BB C2 X TAH IR B RIS A
C1 FNC6 2, HIFHFTRESRIAT 2+ HRIKRIE
P BEEE . ArcD A1 DeuC B, FE DA ] @ X 4
M, [ ESEEATTERIZ R T, Eadr
TR, MAFBIEAEERAL, A
JE AR 1 PR 2 S AN R Bokr i Rk i, AN
TE IR

TEFEREFEE ArcD. ArcA Hl DeuC J5 kS &
12, B C2 Fl Co FAL AR IO Z IR M e 11
87 Cl, #ENRRA 2w T HEHFLERE, |
FAT B ENM M DeuC Fl AreD B RN 1%
= —E T, ) T H IR R .

2.3 AO antiporter [N &R ER B E W UL
IR 122 A 1.2.3 WRRYIEE, XHAFRIRRE R

Cl. C3., C7 3R Laf Rk IG, v ki
WP RS SRR RN NEARR & b T, 255 niE 7
Fim. BIESWRAAFRERINEEAR, &6
pRSFDuet-arcDAao W E A E bk C3 TE K WSS RIS
A% (0.853x10° CFU; 0.565x10° CFU){KT Cl
(0.958x10° CFU; 1.32x10° CFU)FIC7 (1.42x10° CFU;
1.71x10° CFU), i, pRSFDuet-arcDAao X} E. coli
CA3(DE3)MA KA —E M

WE 7B Ui, TESFRIA ArcD, ArcA Fil AO
antiporter BTV IIAE 2R, B4R C3 M C7 HAfHE
PRI ISORS MR M RE 13985 F C1, MfEdFRE
ArcD. ArcA Fl AO antiporter J5 /NG AR, T4
W C3 N AR IO 2R Y RE LT C1 A
C7, HARILR B RN & A s, A
i R 53 % IR 2R hy 55 R e Akt A%, AL
R TR TP N2 8 % et S PR AR T IR AORS 2402 1)
feiit, VLA K Z w5 W 4 B A h TN 24 R 1
TR, R C3 %R IR 2RI A
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Bom I IcRE 71, BV AO antiporter 7] fE[] B HAT W
WOKS AR AR PR DI, LAk, 5 DeuC #HZ,
RIS LT R TR 1 AreD Fil AO antiporter
(R FERIBFNE L
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Figure 6 The growth of strains C1, C2, C6 and their
utilization of arginine and secretion of citrulline

DR 55 A 118 2 T8 LA R A1 T Ay A 21 A
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5. H5HRERE E. coli C43(DE3)HLL, E4
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A

3.0 - ®mArginine was added before induction
Arginine was added after induction
2.5+ I
~ 2.0
=
= I
% 1.5
= I
1.0
0.5 +
0.0
WT Cl C3 C7
Strains
B

3.5 - W Arginine was added before induction
Arginine was added after induction

3.0 + I

25}

The absorption of arginine by
recombinant strains (mg/10° CFU)
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Figure 7 The growth of strains C1, C3, C7 and their
utilization of arginine and secretion of citrulline
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TR 6C FE 7CH, FETE ST IR 2R 1) 4%
T, HARE Co M CT KB H N Sk = T
C2 Al C3, {HEAA AR BRI BT C2
C3, HEMTEZIFE AT Co F1 C7 XK EIRA 1
R, I M AE 2R ArcA J3ff R K
ARRITH I B NI, EER Co A1 CT XN R
A —E BRSO A A B R 2 R
R 2 FECR BRI KB RARAFE, T
C2 I C3 fExif RN PR E A RIE T, 1§
SRR D, AN AR R 1 A /L
2.4 DcuC #1 AO antiporter 3f X & 28I UL

HAE—HAERH DeuC F1 AO antiporter X} /N2 iR
AR TIRE, A I S R AR 1Y) AreB BEA
HEHRK, EWFIETHMNT, HAWK C4HF1CS
Byl SO R RS R , H 54 DeuC B /)
C4 THMON & B Hh N R I R B 1, PR UCE
B ) HAT VAR e, H DeuC XA

() T 1 (] 8)
A 4.0 ¢
’ m Citrulline was added before induction
3.5 | =Citrulline was added after induction
- 3.0 f
= L
2 2.5 T
S 20F
73
O 15+
1.0 +
0.5}
0.0
C4 C5
Strains

w

m Citrulline was added before induction
Citrulline was added after induction

050
045 |
0.40 |
035 | I
030 |
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WT c4 Cs
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The absorption of citrulline by
recombinant strains (mg/10° CFU)
=
N
W

8 EHEM C4 1 C5 K RRBUREELHER
Figure 8 The growth of strains C4, C5 and their
utilization of citrulline

3 ZikHitie

JNAREFLERT ADL &0y a4y, 2
Bk B A FEY) R EC (Ethyl carbamate) ) 5 2 Al
WY, A B & 5 R W R b 2 e 193 40 2L
M2 o HAA RSO Z B Y D RE (R L I 2
BRAHLH B = RGBT XN E R
iE RS DU TS TSI G PTP 5™, HAX
ok B R R S AR, %I RE L WM. 4
P AR TR it — 2D T R

ABIF 5 e P HAT B0 I 2 1R W WA ) i ) e L
FRT 2-34, XFH AT RE 4 4 i i 2R 1 9 ik
e KT CA3(DE3) il T IRk, [l A
JHl Duet-1™ FRINRKFIR, FHT ADI & f2H K
AR AH OB 11 22 101 S5 5 FR R 3k R AU o
Fik, I R RCRORE €T I S 2H B RR R R
AR . WIBURARIE L. TE35 A s
J AR E 2 R W Rl sk 2 Je I AKS &g, &
1 TR 24 RE W SOR RS R T BUR AR, (B
A HE a8 11 DeuC 1 AO antiporter F B ZH 7§ A&
TR N2 R & i W R — i R
IR ZBRAESE 1 P Fh % iz 2 16 N2 R 1 W AL
fg. [, FeA Tt &P DeuC #H HA B AN
PRI INRE, 11 AO antiporter XK 2 FR A1 TN 24 ik 4
B —Emiane s, BN R 15z 5T
f%F DeuC 1, X 5HEM D39 1 ArcE!' X%
PP LR 0 R A HAA AL Z A o A5 N IRER
FLERT ADI @48 b INE R is L SR Rt T
KR, WHK PRI EC BrAY AL 7
WA
Bl RAPREARE IR EAE I, Bt
HARAn X S BRI AR A A A S A6 B
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