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Figure 6. The model of docked conformation between NAGK and NAG. (A) The docked conformation 
between wild-type NAGK and NAG, (B) The docked conformation between NAGK M2 and NAG. 

should be conducted to reveal the crystal structure 
of NAGK from Corynebacterium andto elucidate the 
mechanism of catalysis of NAGK towards this 
substrate as well as its inhibition by arginine. 

Plasmid-mediated structural gene amplification 
is a common strategy in genetic engineering. 
However, several problems restrict the application of 
this technique in industrial production. Firstly, a 
plasmid-based expression system is prone to 
structural and segregation instability, as well as allele 
segregation, which result in decreased productivity 
of the desired compound. Tyo et al.[21] reported that 
plasmid-carrying strains lose poly-3-hydroxybutyrate 
productivity after 40 rounds of subculturing. 
Secondly, plasmids generally carry genetic markers, 
particularly antibiotic resistance markers, which 
consume a large amount of antibiotic; these markers 
affect the physiological function of Corynebacterium 
and raise fears of spreading antibiotic resistance 
genes[19]. Here, the optimal mutant gene obtained by 
in vitro experiments was introduced into the C. 
crenatum MT genome. The result showed that the 
L-arginine yield of C. crenatum MT-M4 increased by 
26.2% through only one copy in the genome without 
any genetic markers.  

Metabolism in vivo is a complex process 
requiring multifarious enzymatic and spontaneous 
reactions. As such, factors other than the removal of 
feedback inhibition of NAGK should be considered as 
ways to improve L-arginine yield. Glutamate derived 
from the tricarboxylic acid cycle is a common 
precursor of L-arginine and L-proline[22]. To further 
obtain a high-L-arginine-producing strain, gamma- 
glutamyl kinase of the L-proline biosynthetic 
pathway was successfully deleted using homologous 
recombination. The results showed that L-arginine 

concentration was increased significantly at 108 h. 
However, cell growth remarkably decreased because 
the cells were deprived of L-proline. Ooyen et al.[23] 
reported that proline can be exogenously added to 
improve glucose consumption; therefore, cell growth 
is promoted and lysine yield is further increased. Lee 
et al.[24] found that proline can be catalyzed directly 
by ocd-ornithine cyclodeaminase to produce 
ornithine, one of the intermediates in the arginine 
biosynthetic pathway (Figure 1). Thus, an L-proline 
supplementation experiment was performed to 
increase cell growth and improve L-arginine 
production. As expected, cell growth and glucose 
consumption were stimulated; L-arginine production 
was also increased after L-proline supplementation 
was performed. After 10 mmol/L L-proline was 
added to the medium, L-arginine yield reached the 
optimal level (Figure 5B, P<0.05).  

In conclusion, feedback inhibition of NAGK M4 
by L-arginine could be relieved by site-directed 
mutagenesis and the enzyme activity could be 
increased by mutation; NAGK M4 was successfully 
introduced into the C. crenatum genome; proB 
deletion and exogenous addition of proline could 
induce arginine accumulation. This work highlighted 
the importance of lifting the inhibition on 
biosynthetic pathways and eliminating competitive 
pathways for a target compound, providing a good 
strategy for metabolic engineering. 
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