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Abstract: Carbamoyl phosphate synthase, Acetyl ornithine amino transferase and ornithine acetyl transferase encoded by CarAB, ArgD
and ArgJ were the key enzymes in L-arginine biosynthetic pathway. In Corynebacterium glutamicum ATCC14067, with the plasmids pEC-
XK99E-p and PEC-T18mob2, the genes of CarAB, ArgD and ArgJ in the arginine biosynthetic pathway were expressed individually, ArgD and
ArgJ were overexpressed in series and the CarAB, ArgD and ArgJ were co-expressed. The ability of producing L-arginine of the recombination
strains, 14067-pEC-CarAB, 14067-T18-ArgD, 14067-T18-ArgJ, 14067-T18-ArgDJ and 14067-pEC-CarAB-T18-ArgD]J, increased 1.61, 1.14,
1.19, 1.28 and 2.19 times, respectively, in shake flask which compared with the starting strain ATCC14067. The real-time quantitative PCR
showed that therelative expression of genes CarA, CarB, ArgD and ArgJ in strain 14067-pEC-CarAB-T18-ArgDJ were 2.50, 5.60, 3.59 and
4.70 times, respectively, than ATCC14067. Therefore, overexpression of CarAB, ArgD and ArgJ genes can effectively improve the production
of L-arginine.
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Table 1 Strains and plasmids used in this study

Strains and Plasmids Description Rf
Strains
F-, mcrAA(mrr-hsd RMS-merBC), ¢80, lacZAM1S5,
E.coli T(iPl& AlacX74, recAl, araA139A(ara-leu)7697, galU, galK, Store in this lab

1ps, (Strr) endAl, nupG

< ATCC14067

14067-T18-ArgD
14067-T18-ArgJ
14067-T18-ArgDJ

Brevibacterium flavum/ Corynebacterium glutamicum
ATCC14067 with plamid PEC-T18mob2-ArgD
ATCC14067 with plamid PEC-T18mob2-ArgJ
ATCC14067 with plamid PEC-T18mob2-ArgDJ

Store in this lab
In this work
In this work

In this work

14067-pEC-CarAB-T18
-ArgDJ

ATCC14067 with plamid pEC-XK99E-p’-CarAB-
T18-ArgDJ

In this work

14067-pEC-CarAB ATCC14067 with plamid pEC-XK99E-p’-CarAB In this work
Plasmids
pEC-XK99E-p’-CarAB Containing CarAB in pEC-XK99E-p’ In this work

PEC-T18mob2-ArgD
PEC-T18mob2-ArgJ
PEC-T18mob2-ArgDJ

Containing ArgD in PEC-T18mob2
Containing ArgJ in PEC-T18mob2
Containing ArgD and ArgJ in PEC-T18mob2

In this work
In this work
In this work

1.2 THEEfRH

PR &44 A DI Xba 1. EcoR I. Smal. Kpnl .
DL15000 marker. T4 DNA %3, Taq DNA % &1,
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0 B TaKaRa 22 7] ; PCR ARG  5UR. DNA
FEHGAFIEIIN H TAKARA AF]; RNA $2HGAG &
RNeasy midi Kit. PCR =93k i [51 UsCik 751) 2 ) H
QIAGEN A #]; RNA 4ifb kA &EIMWE MN A
(Nucleospin RNA Clean-up, Macherey Nagel).

1.3 #Exi

LB: HEMR 10 g/L, FERHER S ¢/L, NaCl 10
g/L; PhrRignst: AiErE 20 gL, HAM 20 gL,
K,HPO, 1.5 g/L, KH,PO, 0.5 g/L, MgSO, 7H,0 0.5
g/L, BEEHZH 10 g/L, biotin 0.005 g/L; KEEEEIF
FE: B ERE 150 g/L, KERy 20 g/L, JRE 3 g/L, K,HPO,
0.7 g/L, MgSO,47H,0 0.5 g/L, CaCO;30 g/L.

1.4 PCR 3143t X B & fr Bdy 35

CarAB-1. CarAB-2 ZE[K 5377746 Sma T . Xba I
(B UL 55 T4 3 CarAB Z: A (4529 bp )
D-ArgJ-P1. D-Argl-P2 2[5l Kpn I . EcoR 1
(IBED A7 A T4 48 Argd JE[X] (1212 bp); D-ArgD-P1.
D-ArgD-P2 [ 435445 Kpn T+ EcoR I [1EEYI{7 £
T3 14 ArgD 2[5 (1056 bp); 7EZEA Argl. ArgD

(1) b RIS A B X 5 ) Argl-1. Argl-2.
ArgD-1. ArgD-2, T EZ4EfH PCR ¥ Argl #1 ArgD
HHTPHE S BB BEE N ArgDI, BEVIALA N Kpn T .
EcoR I ; SIMA A REER G, BAAEFHINZE 2.

PCR 4 H43E[K CarAB(Argl. ArgD) (1)) Ntk £
450 uL: Primer Star HS 25.0 uL, b FiF5I#1% 0.3
ul, 14067 J£H4 1.5 ul, H,022.9 uL, SR 50.0
ulL, JREJEHATY 1. PCR MNFER: 95 ‘CTIARME: 5
min; 94 CAEME 30 s, 60 CiEBk30 s, 72 CZEH 1
min/kb, 30 MEH; 72 C a2 7 mins

FRICEER ArgD) 93, H AT IS A EZ X
Argl (5% Argl-1. Argl-2) K ArgD (514 ArgD-1.
ArgD-2), #AJ5iEid S A4S B H R ArgDJ .
PCR 434 HRIBC LK) ArgDJ [ 5 JwidAk 2254 S50 uL: KOD
Buffer 25.0 uL 5% (ArgJ-1. ArgD-2)-% 2 pL, 5tk
Argl. ArgD % 1 uL, dNTP 5.0 uL, KOD fi# 1.0 uL,
H,0 13.0 pL, &AF50.0 uL, VR4& )G T 15, PCR
SOVFERE: 95 C 1A 2 min; 94 ‘CA8YE 308, 60 C
1Bk 30s, 72 CHEH 3 min, 30 MEH; 72 CHJEIE
10 mine

<2 BREEY 18514
Table 2 Primers for PCR

Primer name

Primer sequence (5°-3°)

CarAB-P1 Forward: 5’-TCCCCCGGGGGAGTGAGTAAAGACACCACCACCTA-3’
CarAB-P2 Reverse: 5’-TGCTCTAGAGCATTAAGCCTTGACTGCGTGGT-3’
D-ArgJ-P1 Forward; 5’-GGGGTACCCCATGGCCGAAAAAGGCATTACCGCGC-3’
D-ArgJ-P2 Reverse: 5’-CGGAATTCCGGCCTGTGCCCTTTTCCCTGCTTG-3’
D-ArgD-P1 Forward: 5’-GGGGTACCCCATGAGCACGCTGGAAACTT-3’
D-ArgD-P2 Reverse: 5’-CGGAATTCCGAAAACCATCAAGAACAGCTTG-3’
ArgJ-1 Forward: 5’-GGGGTACCCCATGGCCGAAAAAGGCATTACCGCGC-3’
ArgJ-2 Reverse: 5°>-GCCTGTGCCCTTTTCCCTGCTTGTTAGTTGGAGTGTTGTTTCTTT-3’
ArgD-1 Forward: 5’-AAGCAGGGAAAAGGGCACAGGCATGAGCACGCTGGAAACTT-3’
ArgD-2 Reverse: 5’-CGGAATTCCGAAAACCATCAAGAACAGCTTG-3’

15 AR R

1.5.1 &iXHMA PEC-T18mob2-ArgD #9#)i&
( 2k PEC-T18mob2-Arg] F=b A3 )

¥ B MO B AgD  (BX Argl) Fll 3K & #K 4k
PEC-T18mob2 ¥ FHBRHI4 P VI8 Kpn I EcoR 1 247
S, SUEETIR R 50 pl: e dkek B %R B 25.0
uL, 10xM buffer 5.0 uL, EcoRI. KpnI & 2.5uL, %k
JKZ 50 uL, 37 ‘CHEY) 12 he XUEFVI =PI 10 g/L B2
REEEERZ (=105, T4 PCR P=palifbii g atift
B, T NP RN . 4 A R 10 pL:
FB 8.0 uL, #fk 0.5 uL, T4 i%$H: E-buffer 1.0 pL,
T4 ligase enzyme 0.5 uL, 16 CEHGIR . ¥ L%

60

1 BRI N KT B TOP10 323, I3 T8 VU &
FIREEH 0.005 /L ) LB R I, 37 CHEERETR
12~16 h. PREREEHTE T PCR %E (PCR AR
[ AT H LR E) PCR AR R, K548 52 IE0AA BV 54
NEVUMRRELIREE N 0.005 g/L () LB Wifkksswdt
W, 37 °C, 200 r/min I RIETE, FEEHUTREHEIT XU
Vs, BEYMARIFIET
1.52 F&AHIK pEC-XK99E-p-CarAB #9#&
H 8 Bt CarAB FIRIEH A& pEC-XK99E-p’ 1
PR 50 pL: #AMksl B FSER A BE25.0 uL, 10xM
buffer 5.0 uL, Smal. Xbal % 2.5puL, #MKZ 50 pL,
37 ‘CHgY) 12 ho PR RUIFT 1.5.1 ik, Kededseth
RN KIGFT B TOP10 JE&RSZ4, AT TS ain-
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BRELIREN0.05 g/L LB AR E, 37 ClEER:E
12~16 ho %75 1.5.1 frik.
1.53 $IEKAHIR PEC-T18mob2-ArgDJ 49
i

¥ HI¥ A B ArgD) figik#ifA& PEC-T18mob2 1%
M IA# A& PEC-T18mob2-ArgD [IHy%: J5 1147l
U, [l R Hih. %,

1.6 ATCC14067 &% 75 Wy ] & R B g #1b

1.6.1 FRZRBIREXAROME

%% ATCC14067 HUERZADT, Fptmir s
ik %4k PEC-T18mob2-ArgD . PEC-T18mob2-ArgJ .
PEC-T18mob2-ArgID L) 5 pEC-XK99E-p’-CarAB 43
LN ATCC14067 8327, i T-8A &K E
40.005 g/L FIPURRZ A LB b b DA & 4k Ny
0.05g/L [FRIFE 2 LB Tk I, 30 ‘CHr a5 E s
7% 48~72 W7, RIS 51 T %58, FHE B IEA
HOH MW Bk A A 4 8 14067-T18-ArgD
14067-T18-Argl . 14067-T18-ArgDJ . 14067-pEC-Car
AB.
1.62 HRXFHRAME

BRI 225344 pEC-XK99E-p’-CarAB Hiily
Ak ATCC14067 &S24, A TG 29KREEH 0.05
g/L W RIBEZFAR . ik A R R iR Ak il
#% 14067-pEC-CarAB & % & , 4 & & &K
PEC-T18mob2-ArgDJ Hi#iks{b A 14067-pEC-CarAB
RSZES, T HH RIRHERBLIREN 0.05gL, 1Y
HERELIRE N 0.005 g/L K LB P L, 30 CHIE
Big% 48~72 h, PSS TSE, B3 IEE
HIIE AT 44N 14067-pEC-CarAB-T18-ArgDJs

L7 E ARG R B AR B AR XA

%%E%ﬁ%ﬁ'ﬁﬁvﬂﬂ

171 0 0 KB

WA iS00 EE 4 R PR — I e fh 15 5
S, 250 r/min, 30 CIIRRTFE 24 he BB Hinmh
FREFEHE, 250 r/min, 30 CHEFEE A KA S,
A RIS, WM ODgo N 1.0, Ki3E
12 h JE NI E N 0.2 g/L 1 IPTG, JLKREE 72 h,
H=APAT .
172 REERTATREL = 2 694N

REELE RS, BUREAR 1 mL T 10000 rpm 2.0 5
min, 3, H 0.45 pm F5FLIER €, H T HPLC
B E R 'Y, A&t T, Aikich

Waters1525, it Agilent 20RBAXSB-C18 (416
mmx150 mm, 5 pm), PEisktE: #aitH A (pH 6.4
(MBS RN M) RBIAH B (800 mL/L [ Z.0)
=91:9; Yk, 1 mL/min; A, 254 nm; FFEE,
10uL; A, 43 C.

1.8 H ey HE KL EHTNEE PCR AN

HUS R R 12 h R AR, B 0B TS,
N E A RAT, FFHHUE RNA. R4 NCBI & 15
HIFE%1, FH Primer Premier 5.0 %11 514. BrAS 4
T, BRBEREREGR. KIFEFRES RNA 132
B, 7z RNA $2H0EGH & RNeasy. midi Kit

(QIAGEN), FHgi 11 e RNA BT e R N3RS

PEFFE dnaE S S 5K, CarAB. ArgD. Argl :[A
NEEBEIR . 2t ER PCR BAAFR (20 uL) KJ7i%
UIF: SYBR® Premix Ex Taq ™I (2x) 10 pL; IE[A]
514 (10 pMD 0.8 pb: A1) (10 pMD 0.8 pL:
ROX Reference Dye 11 0.4 uL; 4% (cDNA ¥ 2.0
uL; AEEZEK 6.0. SFER: TR, 95°C, 30s, 1
AEFR; A8, 95 °C, 5s; 1BK/IEM 60 C, 34 s,
40 FbfgihZe, HLas BBhiE: ARSI
3FLES.
3 WHEEPCR S|
Table 3 Primers for RT-gPCR

Primer name Primer sequence (5’-3°)

RT-CarA-1 Forward: GACCTGGGCATTAAGCAAAACAC
RT-CarA-2 Reverse: GCCTGATGGGTTGTACTGCTTGAT
RT-CarB-1 Forward: CCCTGGGCCGTAACTACAT
RT-CarB-2 Reverse: TCCCCTGCGAAGAACTCAT
RT-ArgD-1 Forward: TACCCTTACGGCGACACCGATTAC
RT-ArgD-2 Reverse: CGCCCGTTTCACCCTGGATT
RT-ArgJ-1 Forward: GCATCGTTGAGTTCGTCCTG
RT-ArgJ-2 Reverse: CCGTTACGTTTGACACCCTGGAT

2 #ER5IT
2.1 #4 ik PEC-T18mob2-ArgD. PEC-T18
mob2-ArgJ. PEC-T18mob2-ArgDJ % pEC-

XK99E-p’-CarAB i #42

B Eik 1510 1520 1.5.3 457 PCR XEiE
B2 I I B VR AT RR B 9%, HR BN EE 4H B Ok
PEC-T18mob2-ArgD . PEC-T18mob2-Arg]. PEC-T18

61
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mob2-ArgDJ . pEC-XK99E-p’-CarAB , ¥ Ji i
PEC-T18mob2-ArgD .  PEC-T18mob2-Arg] %
PEC-T18mob2-ArgDJ Jil EcoR I. Kpn I HE{TXUEF) %
E, MR 3Vt S ArgD. Argl A ArgDJ K
/N A FF I %% A, B B PEC-T18mob2-ArgD .

PEC-T18mob2-Arg). PEC-T18mob2-ArgDJ ¥J& %3
JF ki pEC-XK99E-p’-CarAB JH Sma 1. Xba I 347 X
D%, WEgYIRe U CarAB K MERFII AT,
VA pEC-XK99E-p’-CarAB A5 ali Il . FEJRASIN &

bp bp P

a b c d
& 2 E|4HEHL PEC-T18mob2-ArgD. PEC-T18mob2-Argd.
PEC-T18mob2-ArgDJ. pEC-XK99E-p’ -—CarAB RN EEL &L
Fig.2 Restriction map of PEC-T18mob2-ArgD.
PEC-T18mob2-ArgJ. PEC-T18mob2-ArgDJ and
pPEC-XK99E-p’-CarAB
JE: a: M: DNA Marker DL15000bp ladder; 1: % EcoR .
Kpn 1 M AEE4749 PEC-T18mob2-ArgD; b: M.DNA Marker
DL15000bp ladder; 1: £ EcoR I. Kpn I &4
PEC-T18mob2-ArgJ; c: M: DNA Marker DL15000bp ladQ
EcoR1. KpnI #4749 PEC-T18mob2-ArgDJ; dD: M.: DNA
Marker DL15000bp ladder; 1: £ Sma 1. Xba I #4749
pEC-XK99E-p’-CarAB.

22 SOt E PCRIEX W ER L AR

CarAB. ArgD. ArgJ Aiﬁi)ﬂj

6.5

6.0 = CarA
g 551 CarB
g Sol (I
& 45+
= 40
o 351
Z 3.0F
£ 251
= 2.0
5 154
o 1.0}
Hi— I
0.0 L
14067 14067-pEC-CarAB  co-expression
Strains

[E 3 carh. CarB EERIFRILE
Fig.3 Expression quantitation of CarA, CarB
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7E: Co-expression: 14067-pEC-CarAB-T18-ArgDJ,

IR RIREATEEN dnak ZERENN SRR, Xt
Ffk ATCC14067. 14067-pEC-CarAB. 14067-pEC-
CarAB-T18-ArgDJ H1[f] CarAB J:[H#HT R G2 &
PCR §"1#; ATCC14067. 14067-T18-ArgD. 14067-
T18-ArgDJ. 14067-pEC-CarAB-T18-ArgDJ ] ArgD
FER AT € & PCR ¥ ATCC14067 -
14067-T18-ArgJ . 14067-T18-ArgDJ . 14067-pEC-CarAB
-T18-ArgDJ "1 [] Arg) &R 3E47 98 € & PCR 7 3,

SR 3,
551
50 EAgD
45+ [ Argl
4.0 1
35
3.0
2.5
2.0
1.5
1.0
0.5
0.0

Gene relative expression

14067 14067-T18-ArgD 14067-T18-Arg) 14067-T18-ArgDJ co-expression
Strains
[l 4 ArgD. ArgJ EERIRIAE
Fig.4 Exbfession guantitation of ArgD. ArgJ

7E: Co-expression: 14067-pEC-CarAB-T18-ArgDJ.

# & 14067-pEC-CarAB. 14067-pEC-CarAB-
T18-ArgDJ ' CarA & [A 1 3K ik & 75 7l N W K
ATCC14067 [] 3.10 fi%. 2.50 i, FHH CarA (il &R
e =R S I < ¥k 14067-pEC-CarAB .
14067-pEC-CarAB-T18-ArgDJ ' CarB F:[H ()£ ik &
I3 AN ATCC14067 (1] 3.80 £i5.5.80 fif, %] CarB
g BRI S H N Wk 14067-T18-ArgD
14067-T18-ArgDJ .  14067-pEC-CarAB-T18-ArgDJ 1
ArgD [ FIFRIE =7 BNk ATCC14067 [ 2.274
2.85. 3.59 fi%, KM ArgD it EFRIAZA RN Bk
14067-T18-ArgJ. 14067-T18-ArgDJ. 14067-pEC-
CarAB-T18-ArgDJ ' Argl JE[KI)RIE &40 BN HE K
ATCC14067 [f] 1.46 1%, 1.45. 4.70 £, W] ArgD ¥
I ERB AN

23 EHAHEWKBARTE

¥ ATCC14067. 14067-pEC-CarAB. 14067-T18-
ArgD. 14067-T18-ArgJ . 14067-T18-ArgDJ, 14067-pEC-
CarAB-T18-ArgDJ 7SPREE T & 1%, I HPLC £l
HRBER IR 2. Wl S s, HSER
SEM8 1.01 gLy 1.63 g/L. 1.15 g/L. 1.20 g/L.
129 g/L. 294 g/L, HHGEBR™ &7t 1 1.61.
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1.14, 1.19. 1.28. 2.91 f%.

co-expression

+

14067-pEC-CarAB

14067-T18-ArgDJ

Strains

Wit

14067-T18-Arg)
14067-T18-ArgD

14067

1 1 ]
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B 5 FERKEKRERELE
Fig.5 Arginine production of the overexpression strains

3 ZHig

3.1 B K o #F T - A R B AT R IR AR kL
pEC-XK99E-p’ I PEC-T18mob2 X| ¥ & % 4T H
ATCC14067 ¥ 2B & ISR M ORI ] ArgD .
Argl. CarAB HHTHFRIA, HECRIE. JLEIE, 25
53] ATCC14067 14067-pEC-CarAB. 14067-T18-
ArgD. 14067-T18-ArgJ . 14067-T18-ArgDJ . 14067-pEC-
CarAB-TI18-ArgDJ /SR . X /SRR R 2 B2 1 BE
R BEE ATCC14067 73 ll$E 1 1,61, 114 1.194
128, 291 f&. /2R EMEA 14067-pEC-CarAB
-T18-ArgDJ ' CarA. CarB. ArgD. ArgJ JE[X )ik
=2 R ERE ATCC14067 (1) 2.50 fi%s 5.60 ﬁ
3.59 fi5. 4.70 i,

3.2 IXUEHERERH, I ERARERR G BRI S
BT EASRIRIN 2, e At LR 2R~
B AONE AL LR R PRENR, e L
R B BLE | Rl (R i R e kG 2 BRI 7 &
W%%iﬁ%ﬁ%ﬁ‘%ﬁ@ﬁé%&“Mﬁ?&ﬁ‘]@ﬁl‘ﬂE’Jl:l:
i, MM PEREBEAM NS SEE, Wi — e
*%’fk@?iﬁ; =
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