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Fig.1 Diagram of the central metabolism and the biosynthesis of several amino acids of C. glutamicum. Abbreviations: PEPCk PEP

carboxykinase ; PEPCx: PEP carboxylase; PYC: pyruvate carboxylase; arg]: ornithine acetyltransferase; ProB: y-glutamyl kinase; NAG: N-

Acetyl-glutamate ; y-GP: y-Glutamylphosphate. Dashed arrows indicate pathways consisting of several reactions; solid arrows indicate single

reactions.
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1
Table 1

The strains and plasmids used in this work

Strains or plasmids  Characteristics

Source

Escherichia coli

@80 LacZAMI1S5 deoR recAl endAl hsdR17

Stored in this lab

DHS5«

C. crenatum

8193 his~ SG" This lab
8493 -AproB his~ SG" pro~ 893 with proB knock-out This study
8493-AproB-C his~ SG" 8493-AproB complemented with pBS57proB This study
Plasmids

pMD19-T Tvector 2.7 kb Amp" lacZ TaKaRa Co.
pK18mobsacB Mobilizable E. coli vector; Km" Suc® Schifer A "
pT+¥proB pMD19-T containing proB upstream fragment from 8493 This study
pT-BproB pMD19-T containing proB downstream fragment from 8493 This study
pT-proB pMDI9-T containing 1.2kb PCR fragment of 8493 proB gene This study
pK18+proB pK18mobsacB containing proB upstream fragment from 8193 This study
pK18-AproB pK18mobsacB containing proB in-Hrame deletion fragment AproB from 8193 This study
pBS57 E. coli-C. glutamicum shuttle expression vector Km" This lab
pBS57 proB pBS57 containing proB from 8493 to generate proB expression or complementation for 84193 -AproB This study

his™ = no cell growth without histidine addition on minimal medium SG: sulfaguanidine pro~ no cell growth without proline addition on minimal medium.

AproB ) pH 7.0; ® :
60g (NH,),S0,35g K,HPO,*3H,0 | g
KH,PO, 0.5 g MgSO, *7H,0 0.4 g FeSO, « 7H,0

20 mg MnSO,*H,0 20 mg 0.1 mg
0.2 mg CaCO,30 g 50 mg 400 mg
( 8193-AproB ) pH 7.0,
1.2% o E. coli
37 C C. crenatum 30 °C o
: 100 pg/mL
50 pg/mLo
1.2 DNA
E. coli 12 E. coli
CaCl, C. crenatum B
1.3 proB N PCR
1.3.1 : C. glutamicum R
v- proB ( GenBank accession
number AP009044) 8-
193 proB proB N
 2).
P1 p2 proB o
P3 P4 proB FproB P5
pP6 proB BproB.
1.3.2 PCR 20 pL
198 C 10 s;68 C 1 min;30 o

0.5 pL EasyTaq DNA 72 C

10 mino.

2

Table 2 Primers for gene amplification and gene disruption

Primers Sequences(5°—3") Size/bp  Restriction site

TTTAAA| TAAGGAAGCTA
AAGTGACAGAGCTTCCCGAC

P1 37 Dra |

TCTAGA|TTATGCGCGCCTG
GCGTAGTTGG

P2 29 Xba 1

GGT |[AAGCTT|AGCCAGCGCC

P3

29 Hind Il

CGG |TCTAGA|ACTGCGCCAG
AGGACACAAC

s GAC |TCTAGA|TGATGATGGC 29 Xba 1

GCGGTGGAAG

P4

29 Xba |

6 CAC |GAATTC|TGGCTGTCAG 29
GAAGTGGCTC

EcoR |

Boxed bases indicate restriction sites; bold bases indicate Shine-Dalgarno
sequence; underlined bases indicate homologous sequences with proB.

o Primer premier 5. 0,
1.4
1.4.1 ~- : 8493.8493-AproB 8-
193-AproB-C @ 30 C

12 h o 50 mmol/L
Tris-HCI (pH 7. 0) 2
13500 r/min 15 min

14 37 <C 90 min,
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1 mL 155 g/L FeCl, 20 g/L 1.5.3 SBA-40C
21 mL/L HCI, v- o
Agso y— 1.5.4 12000 r/min
2250 Lemol "'+em ' 10 min 0.22 pum
y- Agilent 1200
1 nmol y- o
o Zorbax Eclipse-AAA
1.4.2 8193 8- (Agilent) ; A :40mmol /L. NaH, PO, pH7.8;B:
193 -AproB @ 30 C ACN: MeOH:  (45:45:10 v/v/v) "o
12 h o 100 mmol/L  Tris— 2.0 mL/min; 40 C; "
HCI (pH 7.5) 2 DAD 338 nm 262 nmo
o 1.5.5 Yo 80 C
13500 r/min 15 min 10 min 12000 r/min 10 min
0.22 pm
15 A, o NADH Agilent 1200 o
26220 Lemol 'ecm ™' Aminex HPX-87H (BioRad) ;
2.75 mmol/L H,SO,; 0.6 mL/min;
1 nmol NADH NAD" 50 C; 10 pL; :DAD 210 nmo.
1.4.3 8493  8493-AproB 2
@ 30 C 12 h
o 50 mmol /L. Tris-HCI (pH 6.3 2.1 proB
50 mmol/L NaCl) 2 HEPES 8193 DNA Pl P2
(100 mmol /L 20% ) -20 C PCR 1.2 kb o
o 3% CTAB pMD19-T E. coli DHS«
0.3% 1 min LB proB
o pT—proB.
1246 bp 1221 bp
16 . Al ORF GTG 406
o C. crenatum 8193 proB
1 nmol NADH C. glutamicum R proB
o 99. 34% 8 ;
1.4.4 100% - GenBank
v :JF897613.
1.5 Dra | Xba 1 pT-proB
1.5.1 8493.8493-AproB proB o Dral  Xbal
@ 30 C 300 r/min 12 h pBS57 proB E.
10% ® - coli DH5« LB
30 C 300 r/min 12 h o proB pBS57-
1.5.2 1 mol/L HCI proB.
600 nm 2.2 pK18-AproB
o 8193 DNA P3
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P4 P5 P6 PCR 1.1 kb o 2.4 proB
pMDI19-T E. coli DH5a AproB proB
LB PCR
pT+¥proB.pT-BproB. 8493  8493-AproB DNA
Hindll  Xba 1 pTFproB P3 P6 PCR PCR
FproB o HindMl  Xba 1 o 8193 -AproB
pK18mobsacB FproB PCR 8493 600bp
E. coli DH5 o LB  2) o
proB o
pK18¥proB Xba
I EcR1 pT-BproB BproB
o Xba | EcoR | pK18-
FproB BproB
E. coli DH5a LB
proB DNA
pK18-AproB 2 proB PCR
proB . Fig. 2 Characterization of defined proB knock-out mutant by PCR
analysis. M. DNA marker( Trans5SK DNA Marker) ;1. PCR fragment
2.3 proB
of proB of 8493; 2. PCR fragment of proB of 8493 -AproB.
pK18-AproB 8493
LB 8493.8493-AproB  8493-AproB-C
. pKI8-AproB 8193 30°C  48h.
pK18-AproB DNA :
DNA . 8193 -AproB
® 8493 8493 -AproBC ( 3).
©) proB
pK18-AproB sacB
DNA
PCR proB
proB ®
o proB
3 8493.8493 B 8493 B-C
8193-AproB. -Apro ~Apro
2.1 pBSS7—pI‘OB Fig. 3 The growth of 8493 8-493-AproB and 8193 -AproB-C on
prOB 8493 —APT'OB minimal medium. [ : Minimal medium containing histidine; 1 :
LB ° Minimal medium containing histidine and proline. a: C. crenatum
8193 - 8493; b: C. crenatum 8493-AproB; c¢: C. crenatum 8493-
AproB-C.

AproB-C.
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Table 3 Comparison of fermentation parameters of the two strains
Parameters
Strains
Py, /(g/L) X, /Cg/L)  Q/ g/(LeB)  Ry/ g/(Leh) Yo (g/9) Yy (8/8) D g/(Leh)
8493 12.13 10.12 0.83 0.14 0.20 0.17 0.17
8493 -AproB 13.78 9.32 1.00 0.13 0.23 0.16 0.19

P

Arg

Glucose; Yy, I Biomass yield on Glucose; ®: Arginine productivity.

( 4). 8493-AproB

( . . . .
. )
145% 194%  70% . . .

~

: Arginine Production; X, : The maximum Cell Dry weight; Qg : Glucose consumption rate; Ry : Average Growth Rate;

Y, s - Arginine yield on

8493 -AproB

8493

~

9.1% 31. 4%

5).

70.3%  31.2% ;a-

49.7% ;
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4
Table 4  The analysis of byproduct amino acids in fermentation broth
¢(Amino acid) /(mg/L)
Strains
Aspartate Asparagine Isoleucine Lysine Threonine
8493 137.86 £9.93 30.13 £0.89 1858.23 +66.08 86.70 +6.71 308.90 +54.58
8193-AproB 154.07 £5.56 33.20 £1.57 2249.27 +59.39 130.35 +4.67 370.99 +£22.77
Methionine Glutamate Glutamine Citrulline Serine
8493 78.00 £8.37 8.22 +1.21 4.15+0.68 749.77 £3.57 6.13 +1.10
8193-AproB 98.90 £6 22 20.10 £1.83 12.22 +1.10 1278.29 +18.05 6.87 +0.31
Tyrosine Phenylalanine Alanine Valine Leucine
8493 52.35 +6.55 55.80 £9.20 1546.10 +75.68 5.01 £0.62 28.17 £2.40
8493 -AproB 51.14 £2.67 55.14 £3.39 1350.72 +43.65 4.65 +0.30 28.92 £1.90
5
Table 5 The analysis of organic acids in fermentation broth
c¢(Organic acid) /g/L)
Strains
Citire acid Acetic acid Lactic acid Succinic acid Malic acid
8193 0.47 £0.05 3.72 £0.02 2.22+0.35 4.63 £0.38 1.54 £0.04
8193-AproB 0.48 +0.07 3.80+0.13 3.78 +0.34 2.33 +0.44 2.02 +£0.42
Pyruvate aKetoglutaric acid
8493 0.42 +0.01 0.33 +£0.12 0.00637 +0.00046
8193-AproB 0.32 +0.03 0.30 £0.00 0.00437 +0.00034
proB
a- 3
a- L-
o o 8-
193 v L-
| .
o 0 proB
2.6 Y- .-
proB 8193 L- 13.6% »
proB
o 8193- ° o=
AproB proB o-
75% 44% ( 6). .
8493 -AproB o L-
6 8493 8493-AproB
i 50% .
Table 6  Specific activity of PEPCx and
PYC of 8493 and 8493-AproB
Specific enzyme activity
Strains PEPCx/ PYC/
(U/mg protein) (U/mg cell dry weight)
8493 94.4 +6.9 57.2+3.6 o
8193-AproB 165.2 £12.0 82.3+13.9
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Effect of gamma-glutamyl Kkinase gene knock-out on
metabolism in L-arginine-producing strain Corynebacterium
crenatum 8193

. .12 . 1 . . 1 1 . . 1*
Xiaoman Li Zhi Zhao = Yingzi Zhang Yu Wang Jiuyuan Ding

" Institute of Microbiology Chinese Academy of Sciences Beijing 100101 China

? Graduate School of the Chinese Academy of Sciences Beijing 100049 China

Abstract:  Objective  In order to optimize precursor supply for L-arginine biosynthesis we constructed a
Corynebacterium crenatum 8493 mutant with gamma-glutamyl kinase gene (proB) in-Hrame deletion. The effects of proB
knock-out on physiological characteristics of the mutant were investigated. Methods The upstream and downstream
fragments of proB were cloned from C. crenatum 8493 chromosome and ligated to integration vector. The mutant C.
crenatum 8-193-AproB was obtained by homologous recombination. The mutant phenotype can be reversed by
complementation with proB gene from the expression vector. The physiological characteristics of the mutant were
investigated by measurement of the activities of phosphoenolpyruvate carboxylase ( PEPCx) and pyruvate carboxylase
(PYC). Results The proB gene inHrame deletion was screened and confirmed by PCR  gamma-glutamyl kinase
determination and complementation. The mutant lost the ability of growth on minimal medium without proline addition.
The proB knock-out mutant resulted a decrease of cell mass by 9.6% and an increase of L-arginine accumulation by
13. 6% compared with that of the parent strain. The analysis of by-products of fermentation broth showed that the
concentrations of glutamate—related and aspartate—related amino acids increased and the concentrations of a-ketoglutaric
acid PEP and succinic acid decreased. The specific activities of PEPCx and PYC increased in 8493-AproB.

Conclusion The proB gene knock-out of the strain 8493 blocked branch catabolism of L-glutamate and improved
efficiency of the glucose utilization and L-arginine accumulation.

Keywords: Corynebacterium crenatum gamma-glutamyl kinase gene knock-out L-arginine
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