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Figure 1. The mechanism of ion transporter in C. crenatum SY PA5-5.
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111 BEBRFIBCRL: AR ER . Bk
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112 FEEM . BEHERY . B0k, BEEHR
FieE, AR TEAE T ANE, B RNA $2HC, 8
SRR fe PCRAR &, 4l B 2 DX 28 b 12
BRI &

1.1.3 FBESLWAUSS: AU R
ERE A RARE ICP-MS, JEEZHE
A AR, BRIV R GH B B e,
[%l Eppendorf /A F] 5 L KB, HAKRZ/AFE
PR, AR B Be LE YT WE 5T B SBA AR W)
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114 IEFrEs: LB Higekh. WRHERY 0.5%,
HE M 1%, NaCl 1%; LBO}EFRk: BEREEEY)
0.5%, B 1k 1%; LBG K555k : LB+ 45 4% 0.5%;
LBGS 5+ 5k: LBG+HH 20%.

PR R TR IR0k - AR 11% (5 HABZH 73>
TFKH), BERHZ Y 1%, KCl 0.1%, KH,PO, 0.15%,
MgSO,-7H,0 0.05%, (NH4),S0, 4%, FeSO,-7H,0
0.002%, MnSO,-H,0 0.002%, CaCOs2%.

RV R TR 3G R0k . A0 5%, bR
¥ 2%, KCl 0.1%, KH,PO,0.15%, MgSO, 7H,0
0.05%, (NH,),S0;2%, CaCOj;0.1%.
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1 AR AERR AL
Tablel. Strainsand plasmids used in this study

Strain/Plasmid Description Source
Escherichia coli

E. coli IM109 General cloning host TaKaRa
E. coli BL21(DES3) Host for recombinant protein production Novagen
Corynebacterium crenatum

SYPA5-5 L-arginine-producing strain Our lab
5-5Actapl SYPAS5-5 with deletion of ctapl This study
5-5Amrpl SYPA5-5 with deletion of mrpl This study
5-5(p10) SYPAS5-5 derivative harboring pDXW-10 This study
5-5(ctapl) SYPAS5-5 derivative harboring pDXW-10-ctapl This study
5-5(mrpl) SYPAS-5 derivative harboring pDXW-10-mrpl This study
5-5(mrplctapl) SY PAS5-5 derivative harboring pDXW-10-ctapl and pDXW-10-mrpl This study
Plasmids

pK 18mobsacB Kan'; vector for in-frame deletions [21]
pK18Actapl For in-frame deletion of ctapl This study
pK18Amrpl For in-frame deletion of mrpl This study
pDXW-10 Kan'; shuttle vector between E. coli and C. crenatum [22]
pDXW-10-ctapl Derived from pDXW-10, for constitutive expression of ctapl This study
pDXW-10-mrpl Derived from pDXW-10, for constitutive expression of mrpl This study
pDXW-10-mrplctapl Derived from pDXW-10, for constitutive expression of mrpl and ctapl This study

x2 AMREUERESIH
Table 2. Primers used in this study

Primers DNA Sequence (5'-3')?

Actapl-1 CGCGGATCCCCAAATCCCTGGATGTTATTC(BamH 1)
Actapl-2 CTTTTGCGCCCTCACGAATCGCGTCACCCGTGAGATAAGACTCATC
Actapl-3 GACGCGATTCGTGAGGGCGCAAAAG

Actapl-4 CCCAAGCTTTGCTTCGGACGTGACATCGGAG(Hind I11)
Amrpl-1 ATTCGAGCTCGGTACCCGGGGATCCTGCACCGTCAGCCGC
Amrpl-2 CCCATCCACTAAACTTAAACAGCATTATCCCTAATCGCCCAT
Amrpl-3 TGTTTAAGTTTAGTGGATGGGTTCTCGCACTGACAGTCGC
Amrpl-4 CGACGGCCAGTGCCAAGCTTCGCGAAAGGCACGATGATGT
10-ctapl-F GCAGCTTAAGCCGCGGAATGCTGGTCAGGGACATTTTTAT
10-ctapl-R CGCTAGCGAGCTCCCACTAAGAAACTTTTTCTTGCGTATC
10-mrpl-F CGCCAAAACAGAAGCTTATGAGTTTGCTATTTGTTGTGGC
10-mrp1-R CAGATCTCCGCGGCTTAAGTCATCGGTTTGCCTCCTCTTT

10-mrplctapl-1
10-mrplctapl-2
10-mrplctapl-3
10-mrplctapl-4

GCCAAAACAGAAGCTTATGAGTTTGCTATTTGTTGTGGCG
AATGTCCCTGACCAGCATTCATCGGTTTGCCTCCTCTTTG
CAAAGAGGAGGCAAACCGATGAATGCTGGTCAGGGACATT
GGGTACCAGATCTCCGCGGCTAAGAAACTTTTTCTTGCGTATCAAAAT

2The underlined part is the restriction site. The italicized part is the reverse complementary sequence.

actamicro@im.ac.cn
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RIERE R BRI IR G SR 5L Wb 7%, LR
¥5 0.8%, KCl 0.1%, KH,PO, 0.15%, MgSO,-7H,0
0.05%, (NH4),SO; 2%, FeSO,7H,O 0.002%,
MnSO;,-H,0 0.002%.

RIEE R WAL G R 58 . A4 50%, BELE:
2K 0.8%, (NH,),S0, 2%.

BEOTERAT R L 3 R S R 3k . B R 1%,
M BRIV 0.5%, NaCl 1%, 45 1%, &
0.4%, SHHME 0.4%, ntif 800.1%.

12 HEHREER

P FRF- R0 Al 18 B 1A R AT TR TRV e A RIS
LBG }5 553, 30°C. 180 r/min [AlfiE R 38 K 5 37
% ODgo=10.0,

1.3 AR

C. crenatum SY PA5-5 & I ZE X5 5 41, Ik
R WERES, 7B 4°C. 8000 r/min &.0> 10 min,
R, WARBE, —80 °CIRfE, HtdreA
R MERE A PR A FI T RNA $2HL, RNA Ji
K A% Je T2 St AL 3 o ARASH A 254 )
PEAT IR RIB 40T . LR 22 F R IE 0T . KEGG
Pathway T & 5401755 .

14 EHEMMWE

141 FEBRFERIAMEE: L C. crenatum SYPAS-5
FER M, RIS % Amrpl-1/Amrpl-2 Fi
Amrpl-3/Amrpl-4 34 H mrpl FEH R R B4
500 bp. [F1C i , LA F Rl A BOA AR AR , FILFH mrpl-1
M mrpl-4 51 Y)Rl-G PCR 3G ) mrpl BRI S R
B dlifb[mllle PCR P #3k4% mrpl & RIS B
pK 18 U AUy sl Ak I e, 1) P ] 58 2 20 gk
T4k, HHE Y AERBEAL E. coli IM109 857
&, RISE RIS R T, IR T

FORAEH . BT PCR FINF S0k . Bk £,
LWk pK18AMrpl 4 EE 3

L) C. crenatum SY PA5-5 LK 20 Jy kit , #1 ]

51915+ Actapl-1/Actapl-2 il Actapl-3/Actapl-4 [A]
FEOTIEY S ctapl JEHBE H B, PCR = 4#I
pK18 ik 4k 5 A BR v N VI BamH | FlI
Hind 111 XUEEYT, 4tk [k ctapd J& PR - B AN
pK18 UKL D) W) IF HEAT i A S . AR TR Y
R s AN BTN TN 0 7 S DA
pK18Actapl,
142 3R E BB KA R .
SYPAS-5 JE[HZH g kidl, FIHIER 2 gl s | ity
PCR 4" 4 B AT 845 mrpl JE[A 77 BL, pDXW-10 Jii
] FH BRI P9 DTG AE MCS (2 TaBe A s b )itk 7 7
EEY . U145 R JE, gifb il mrpl 35 5 A
PDXW-10 LAk 8dAk, [A)i g 2l g A ik e . 3%
B YL E E. coli BL21 &2 B4, +
AR RT3 0t e i A 7, IR kAT BORLSE
B, BY1. PCR MINFFRGUE. BoUEIER,, SR
Ki pDXW-10-mrpl FEERET o [FIRE T3 104 Sk
pDXW-10-ctapl,

L) C. crenatum SY PA5-5 JEKZH WA , 5|
Y%} 10-mrplctapl-1/2 #1 10-mr plotapl-3/4 43 4 1
OB mrpl IR ctapd BRI A B, WIS, VA
R BONER, FIHSI% 10-mrplctapl-1/4
B4 PCR ¢ H R L R mrplctapl, ikl
PCR r~#13k15% mrplctapl £:[H A Bf, pDXW-10 Jifii
KLy afi A DI, ) FH ) 958 i 2H Wt A T i 4
ALY A L E. coli BL2LIRZ 4, KINE
KPP AR SR e AT, IR T BORLSE
EEYl . PCR AN I8 0F . IR UFIEHG, B FOR
pDXW-10-mrpictapl ¥4 2 .30 .

Pl C. crenatum

http://journals.im.ac.cn/actamicrocn
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143 EHAERIME: BRI pK18Amrpl Hiif
¥4k % C. crenatum SY PA5-5 [H bR B2 A0, 1%
F& 2 h JE BRI A T RIBE R (15 pg/L)
itk . 30 °C B55% 36-48 h EF 745 —fe fifik,
PTG Ak B R & AR 5 — R AR S 2 Y TR A . Bk
YSURA I 7 Ak DA % T OCHiAE 1 LBG B35 S P %
SR 12 h, KEFRadfe b il DB i & A= 55—k
R 2H . WEHR 20-50 ul BRI A T35 20%
FEMECPIA R 10 LBG ARG IR AL, 36-48 h 5 i
TR A0 1E , BEMLAT EERE T Al bk A 58 K I
VR E L A T TIRVE PCR %58, S50 IEI 1Y
PR R RIS 5-5AmMrpL Bk o [FIRE Y 5 1248 58 A8 bk
5-5Actapl.

i F AR pDXW-10-mrpl H 774k % C.
crenatum SY PAS-5 PR #RIEAZ A, 55 5% 2 h J5 55
O IRAT T RABEE R (15 pg/L)BerE P4k .
30 °C #57% 36-48 h, FEHLPEE LBG - 1% 1k
T4 T PCR Y AE , %72 IE A (1 B RR B Ky 5-5 (mrpl)
PIRE . AR A R Bk 55 (ctapl)Fl 5-5
(mrplctapl).

1.5 MIA[NaT/[KT0E

B 1 mL B 8000 r/min 5.0 2 min. 7= i,
MK PRI HAR 37k, 60°CHLT, FRemf T,
1 ODse,=0.375 g/L #fififl T2 . BOHE T B 44, A 1 mL
WA E WL B, PR 100 5. KRR
JE AR g B g, FH O ICP-MS 3 A6 I it iy
[Na/[KAY . R 4K IR T
1.6 BCECF-AM ZGHEH KM pH

IR A AR BCECF-AM 7] &5 i3 ]
F5, BU 1 mL A& B 1000 r/min 2.0 3 min, 3 b
W, F HEPES il & 40 Mo, 20 MLvk B o

actamicro@im.ac.cn

4x10° 4~/mL ., ¥ 1 mmol/L ) BCECF-AM/DMSO
FEROMA YN B+, 37 °C H53% 30 min, H
HEPES 2% Mg ve i 3 Wk, Al 3x10° 4~/mL
(14 2 BB TR o o P O S SR AR I TR A R D
500 nm. % 5k 530 nm ARG I 20 i A 5 G
FIVEA TR pH (BT I Y FIR (€630 B He 8 )b o i
2k, IR B I P R A
1.7 FRPIPN B R I

BRI 24 h IRESY, B0 A5 I, #%
HE 22 3 52 - AT T T 95 6 3 A Ak 0 3590 6 106 BH 5 o
AR, 7€ 340 nm &b, eSS EROGE L, R
e idd B 452 3045 P T R R 110 7 T
1.8 HEHAWMMKAE

WOrp: 1.2 s my -l 1.5 mL A%
30 mL #5 & EERE SR 5L CoXI2YHy 250 mL &
FraE 2.5 mL #2550 mL 5 & B SR L 1)
500 mL #fH, 30 °C. 180 r/min 4 A K K
PSR

WO 1.2 hEEgR A1 15 mL 28R4
A 1000 mL 45 P44 7 150 mL & fefi 2 [ Fl 55 5%
FERIFRIH, 30 °C. 180 r/min [ ERTE K B 35 &
ODgo=25.0 1 R Fh Tl . A F IR 4%
ABH 15 L R TEMER IR G IR 5 L K #E
W, M EETR BN T 10 o/L B, KRS
2ok M R R VR 1 B A A R R, s ) R 3
JE . MR A BE 30 °C, it B 3R 50%E
K, pHE4ERFAE 7.0, HiEFEE A 600 r/min, 7255
FihE 1 m¥(m*-min).,
19 =¥atr

MR HE 14 ODsez 5 DCW [ ME K £ 1 ODsgo=
0.375 g/L DCW, fH ODsg, 14 4t i T8 (DCW).
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SR 8000 r/min 5.0 10 min 5, i TIE
WA AR . AL BT SBA-40C I E
BRWE B o TR0 OB o I S PO S R R

2 HERFH

2.1 K1 PO 5t L-ASE RS R m

BIHARFFEXT C. crenatum SYPAS-5 & i 55
SORALSES, RIAERMEG B L-K AR BL, G
KAFAE 17 100 T WS 0 55 192 A (N agPO,) L - 24 R &
AT BB TR, LTS VAR g S o ek
2, B AT L-KS 2R 5 B A K'Y 20 g/l [
£ 59/l Mi&A KPOL S AT LA 2B i
FFfE 20g/L D b UL R EES SR iz KES3
L 2 i B S BRAIR (T 2).
22 FERALHEST

C. crenatum SY PAS-5 [ L -5 2 iR /& e 45 77 5k
AL SE 56 & BUAFFE B ER X R el v 2, Fh o]
W5 % B, C. crenatum SYPAS5-5 [ R4 Na',

—=—K,PO, ——K(I
—a— Na3PO4 —— Na(Cl

L-arginine/(g/L)

1 2 3 4 5 6 7 8 9 10
Concentration/(g/L)

2. K'# PO L-HEEERA A AR

Figure 2. The effects of K™ and PO43‘ on L-arginine
synthesis. The data of L-arginine represents the mean
values and standard deviations obtained from at least
three independent experiments under different
concentrations.

K IH S5 a M K %is ATP BB K AES
JRAIN 25 g/l KsPO, Wik F| & . f'0.5 gL
K3PO, 771 C. crenatum SY PA5-5 4B 1 0.5 g/L
KsPO, MU HE I K %, ‘25 g/lL KsPO, E /R C.
crenatum SY PA5-5 #MEE I 2.5 g/l K3PO, I HE
KW, BEAFESEAG 2 kS e A
Wi 38, 16 0.5 g/l KsPO,vs-2.5 g/l K4PO,
i iE 8 Mrpl AHOCHEA Cgl0264-Cgl0269
BIA R FE, H Cglo269 Mixt . FHE Tz
ATP iGN Cglo482, Cgl1176, Cgl0386 #il
Cgl2962 H:[H 4351 |4 28.8. 8.4, 4.7 F1 6.0 %,
PR A % FIREER Cglo269 (mrpl)Fil Cglo482
(ctapl)#EA T B T s ML HR ST

0.5 gL K,PO, 2.5g/LK,PO,

ctap! e
Cgl0434 I
Cgl2974
Cgl2783 i
Cgl2729
Cgl1546
Cgl2732
Cgl0264 749
Cgl2731 Igig
(Col2]133 .

““““ | 589
Cgl0266 L 535
Cgl2734 = 182
Cgl2962 428
Cgl0267 } 374

ctap? W 321
Cgl0265 267

mipl 214
Cal0268 18(7)
Cgl0386 3

mrp2 0.00

3. C. crenatum SYPAS5-5 SNERMAELIRE K45
REKES

Figure 3. Transcriptome data analysis of C. crenatum
SYPAS5-5 on different concentrations of K™ medium.
Transcriptome of C. crenatum SY PA5-5 was analyzed
under the concentrations of 0.5 g/L and 2.5 g/L K3PO,.
Each sampl e has two independent biological replicates.

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

PR 141 A 1.4.3 Frid i p s e bR E b
5-5Amrpl, FEKK/NHR 2895 bp, ZeA7 Rl JEE &
500 bp, XJFTakiGHEAL 7T PCR IR, 45
W 4-A Fizs . PKGE 1 BHPEXTEER /N R 3895 bp,
TKIE 2 N EBR A FE IR A K/ A 1000 bp. #EFR
WPk 5-5Actapl, KKK/ 1953 bp, @ H ]
493 bp J& , XFPrikAG AL ¥ 1T PCR HIE, 45
AN 4-B iR, %08 1.4.2 il 1.4.3 Ard ikl
it FIKHE M 55 (mrpl) . 5-5 (ctapl) Fll 5-5
(mrplctapl), XJArakAsiELib 11T PCR Kk,
K 4-C. D M E iR, Sk A rY $E BUs
K3k RN R AT, W0 25 5 7 2 20 T Ak
PR
2.4 MrplA fil CTAPL XA [Na | FI[K "] K12

B s B RS SR AN A PR R
(A) (B)
bp bp bp M

10000

10000 7000

7000 3895 4000

4000 2000
2000

1000 1000 1000

500 500

250 250

© (D)
bp bp M

10000 12888

7000 4000

4000 2000
2000

1000 1000
500

250 500

250

nid s Na' /K s 4e RN A Nal /KRR EE , A
TM4ERE PR . TR pH MR T, B Fiizid
A BT R R A . S T RS B R A TR
FRASEMIETTIIRE, % C. crenatum SYPA5-5
FNGEABRREY 6 AN [R] Bof ] s A 7 A P PH S -k B2
M5E ., wE s RTR, 76 pH 7.0 B, 5 C. crenatum
SYPAS5-5 #Lt, 5-5Amrpl il 5-5Actapl 245 #k )
MY N B i 25 s, T KR BERRAIR . 32
THEFHzEO RN NaJokizs 1 4,
FLPY Na PR 2R 30k B I 25 8 0, 240 B 5 0 1
B FOmIE, SHEUEAN KM Rl B8 4
Kl 5-A Fizs, 5-5Amrpl ffgN[Na']4¢ C. crenatum
SYPA5-5, 5-5 (mrpl)#l 5-5 (mrplctapl) i,
HLFEE AW, PR RS 1 R IR R A [Na'] 22
SEPEROE 2 . 7R 96 h B, 5-5Amrpl ifi N [Na']
- 5JE C. crenatum SYPAS-5, 5-5 (mrpl)#l 5-5

1953
<« 1460
(E)
5 bp bp 6 1 M bp
10000
7000
« 1953 4848 —> 4000

4. ELHE#K PCR IIE
Figure 4. PCR verification of recombination strains. M: DL10000 marker; lane 1. PCR result of C. crenatum
SYPA5-5; lane 2: PCR result of 5-5Amrpl; lane 3: PCR result of 5-5Actapl; lane 4: PCR result of 5-5 (mrpl); lane
5: PCR result of 5-5(ctapl); lane 6: PCR result of 5-5 (mrplctapl).
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(A)

e
7000 -5Amr,
-5-5(mrpa') -
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5. MrplA #1 CTAPL fAEM[Na’ 1 F[K A5 0T
Figure 5. The effects of MrplA and CTAPL on intracellular [Na'] and [K™]. Intracellular Na'/K™ content was
determined by ICP-MS analysis as described in Materials and Methods. A: Intracellular Na'/K* concentrations of C.
crenatum SYPAS5-5, 5-5Amrpl, 5-5(mrpl) and 5-5(mrplctapl). B: Intracellular Na'/K* concentrations of C.
crenatum SY PA5-5, 5-5Actapl, 5-5(ctapl) and 5-5(mrplctapl). The results of intracellular Na'/K™ concentrations
are shown as the mean of three biological replicateststandard.
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6. BCECF-AM ZZ3#R$H#&3M C. crenatum SYPAS5-5 K& S8 254k A pH

Figure 6. Detect intracellular pH of C. crenatum SYPA5-5 and mutant strains by BCECF-AM. Intracellular pH
levels were measured by using the pH-sensitive fluorescent probe BCECF as described in Materials and Methods. A:
C. crenatum SYPA5-5 + 2.5 g/L K3PO,4, FIR 16, pH 7.4; B: 5-5Amrpl + 2.5 g/L K3PO,, FIR 20, pH 8.5; C:
5-5Actapl + 2.5 g/L K3PO,, FIR 19.5, pH 8.2; D: C. crenatum SYPA5-5 + 0.5 g/L K3PO,, FIR 18.5, pH 8.0; E:
5-5(mrpl) + 2.5 g/L K3PO,, FIR 12.5, pH 7.0; F: 5-5(ctapl) + 2.5 g/L K3PO,, FIR 12.5, pH 7.0.
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Figure 7. Fed-batch fermentation of C. crenatum SYPA5-5 and mutant strains. Comparison of cell dry weight,
glucose concentration and L-arginine production in the C. crenatum SYPA5-5 (A), 5-5 (mrpl) (B), 5-5 (ctapl) (C)
and 5-5 (mrplctapl) (D) strains under 5 L fermentation. The results of the fermentation are shown as the mean of

three biological replicateststandard.
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Table 3. The activity of PK (n=3)

PK/(U/mg protein)
Strains
0.5g/L KsPO,  2.5¢/L K3PO,

C. crenatum SY PA5-5 0.48+0.031 0.71+0.026
5-5Amrpl 0.39+0.017 0.67+0.024
5-5Actapl 0.21+0.040 0.40+£0.019
5-5(mrpl) 0.50+0.013 0.73+0.030
5-5(ctapl) 0.63+0.022 0.83+0.015
5-5(mrplctapl) 0.66+0.041 0.85+0.021
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Theion transporter endows ion- and pH-homeostasis enhancing
L -arginine synthesisin Corynebacterium crenatum

Jing Liu', Meijuan Xu®, Zaiwei Man?, Huifang Gao', Xian Zhang', Taowei Yang',
Zhenghong Xu?, Zhiming Rao"
! The Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi

214000, Jiangsu Province, China
2 school of Petrochemical Engineering, Changzhou University, Changzhou 213164, Jiangsu Province, China

Abstract: L-arginine is a semi-essential amino acid that is widely used in food, pharmacy and feed industries. In
recent years, the metabolic engineering of L-arginine producing strains is rarely involved in the field of ion
transport. [Objective] In this study, we found that adding appropriate K* in the medium was beneficial to
Corynebacterium crenatum SY PA5-5 to increase L-arginine production. [M ethods] Transcriptome of C. crenatum
SY PA5-5 was analyzed under the concentrations of 0.5 g/L and 2.5 g/L K3PO,. We selected significant monovalent
cation/H" antiporter Mrp1A and cation transport ATPase CTAPL to investigate the relation among K™ transport,
growth and L-arginine synthesis in C. crenatum SY PA5-5. [Results] The genes mrpl and ctapl were deleted and
overexpressed to analyze their effects on the production of L-argininein C. crenatum SY PA5-5. The overexpression
of MrplA and CTAP1 was beneficial to ion homeostasis, pH tolerance and osmoregulation, ultimately increasing
L-arginine production. In fed-batch fermentation, L-arginine production of 5-5(mrpl), 5-5(ctapl) and
5-5(mrplctapl) strains reached 61.4 g/L, 63.9 g/L and 65.3 g/L. The yield reached 0.383, 0.392 and 0.395 g/g,
which were 34.9%, 38.0% and 39.1% increase compared with C. crenatum SY PA5-5, respectively. [Conclusions]
The CTAP1 is K" transporter that can transport K* from extracellular to intracellular. Meanwhile, the MrplA can
transport K* and Na' to the extracellular, and the extracellular H" was transported into the cell, thus maintaining the
intracellular pH stability. The study of MrplA and CTAPL provide a foundation for understanding the relationship
between ion transport mechanisms and L-arginine synthesis.

K eywords; Corynebacterium crenatum SY PA5-5, cation transport ATPase CTAP1, monovalent cation/H™ antiporter
MrplA, K*
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