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glucose consumption revealed a similar relationship.
L-arginine yield was also increased due to L-proline
supplementation. After 10 mmol/L L-proline was
added to the culture solution, L-arginine
concentration reached 16.5 g/L at 108 h,
approximately 70.1% higher than that of C. crenatum
MT (Figure 5B, P<0.001).

DISCUSSION

In Corynebacterium, NAGK (encodedby argB)
enzyme activity is inhibited by L-arginine. In order to
carefully engineer a high-producing L-arginine strain,
releasing the feedback inhibition of NAGK by
L-arginine was the most urgent issue. In this study,
site-direct mutagenesis was employed to reengineer
C. crenatum NAGK using mutant sites that helped to
reduce the affinity of L-arginine for NAGK that were
derived from the published data and our speculation
based on the L-arginine pocket of the E. coli ArgR
C-terminus. Because the results of our kinetic studies
showed that D311R and D312R mutations alleviated
the feedback inhibition of L-arginine, we speculated
that these two residues could participate in arginine
binding. NAGK enzyme activity was increased 19.5%
and the ICs; was increased 1.3-fold in the
D311R/D312R mutant compared with the wild type.
Indeed, the mutant NAGK M4 not only displayed a
14.6% increase in enzyme activity but also a 3.7-fold
enhanced ICso. This result further confirmed our
speculation regarding the function of D311 and D312
as an arginine pocket. Therefore, the mutant NAGK
M4 described here will provide a useful reference for

engineering a Corynebacteria strain for further
improvement of the industrial production of
L-arginine.

To investigate the decrease in the enzyme
activity of NAGK M2A, we submitted the C. crenatum
NAGK sequence to the SWISS-MODEL Workspace
and obtained a 289 amino acid NAGK model, based
on Mycobacterium tuberculosis NAGK (PBD code:
2ap9_E), without amino acid residues 1 to 4 and 294
to 317, and then employed it to compare the docked
conformation between NAGK M2A and NAG with
that of the wild-type NAGK and NAG using AutoDock
software. The results suggested that NAG was
located in the pocket of the wild-type NAGK from
amino acid residues 5 to 293 (Figure 6A); His26 at
this moment was tightly closed to the NAG substrate.
However, NAG was found closer to the gate with a
portion of its chain outside the pocket of NAGK M2A
(Figure 6B); the glutamate residue replacing His26
was also separated from NAG. Thus, the decrease in
steric contact between NAGK and NAG may lead to a
serious decrease in enzyme activity toward the NAG
substrate. The H26E mutation causes a slight
conformational change, possibly resulting in a pocket
that is in a more open conformation than the
original. Glul9 may not be directly involved in
binding because this residue is located far from the
pocket. Our results revealed that amino acid
residues in active pockets play important roles in
substrate binding. However, we cannot explain why
the combination of NAGK M4 with D311R and D312R
with H26E and E19R not only promoted recovery but
also improved enzyme activity. Hence, further studies

A B
107 sk
-8 AproB 1 mmol/L 18- * 1
- -~ AproB 1 mmol/L L-proline . —_
= 89 A AproB 10 mmol/L L-proline * = 164 - I
20 - AproB 20 mmol/L L-proline * 2o 144
S 5 T
S 6 £ 121
S 3 104
£ 8
e 4 a 8
] g 6
— c
3 2 W M
5 2
o8 > 72 3% 43 €0 72 81 9 108 120 == ' Y \ \
% N \ Y
Time (h) N @0\\ S @0\\ &
<& <& & &
Q N Q
) Q N v
© © & J
Q Q S \
Q Q

Figure 5. L-arginine production of C. crenatum MT-M4 proB supplemented with different concentration
of proline. (A) Cell concentration, (B) L-arginine production at 108 h. Compared with the control group,
designates P<0.05 and  designates P<0.001, respectively.
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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.? 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“g]. 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—prolinem]. 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.”?
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.”" 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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