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ABSTRACT

Auxotrophic mutant formed from ddh gene recombinant ATCC 13032 with blocked homoserine dehydrogenase
showed increased yield of L Lysine of 24.89 g/l from normal ddh gene recombinant ATCC 13032 strain which had a
yield of 20.66 g/l of L Lysine. The maximum yield of L Lysine for the auxotrophic mutant is attained at 7.5 PH,
30°C of temperature and an incubation time of 96 hrs. The Auxotrophic mutant of ddh recombinant C. glutamicum
showed nearly 6.52 g/l more amount of 1 lysine than Auxotrophic mutant of wild type with 18.57 g/l of L Lysine.
The Chemical mutagen ENU caused a mutation in the Homoserine serine dehydrogenase enzyme diverted the
Aspartyl B semialdehyde to bind with 2,3Dihydrodipicolinate synthase to participate in the L Lysine synthesis
through 2,3 meso- Diaminopimelate (Meso-Dap). Being a recombinant for diaminopimelate dehydrogenase (ddh)
the auxotrophic mutant for the homoserine dehydrogenase follows the ddh pathway by overexpression of ddh by
deviating the Acetyltransferase and Succinyl transferase is the reason for the high yield of L Lysine production.
Keywords: Lysine, ddh, 2, 3-meso DAP, ATCC 13032.
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INTRODUCTION
L Lysine is one of the most important essential amino acids which could be used in many biophysical
mechanisms in living organisms. Corynebacterium glutamicum is used to produce L Lysine

commercially.! L-Lysine is an essential amino acid which is utilized in many biochemical reactions like
phosphorylation and also used as an additive for fodder crops.” Annually around 80, 00, 00 tones were
produced which made L Lysine second among global amino acid synthesis at industrial scale.* Chemical
synthesis, enzymatic method, fermentation, extraction from protein Hydrolysate, genetic engineering and
protoplast fusions were several kinds of technologies employed in L Lysine synthesis from
Corynebacterium glutamicum .>* L-lysine is one of the most deficient components found in the food of
both human and animals. Animal feed generally contains a less quantity of L-lysine and is not synthesized
by cattle, poultry or other livestock, so L-lysine will be added as a food supplement for animals to meet
feed requirements.® L-Lysine, one of the eight essential amino acids for animals and humans which is
used as feed additives, dietary supplements and also as an ingredient of pharmaceuticals and cosmetic.>’
Corynebacterium glutamicum is a non-lethal and non-emulsifying gram-positive bacterium. It exhibits a
low protease activity in the culture and can secrete protease-sensitive proteins into the culture
supernatant.'* C. glutamicum is a gram-negative bacteria with the absence of lipopolysaccharide removed
in the production of therapeutic proteins' increases the yield by reducing the purification steps.C.
glutamicum is generally recognized as safe (GRAS) for the industrial biochemical production of L Lysine
and L glutamate.'®

Corynebacterium glutamicum is one of the major microorganisms used in amino acid synthesis. The
Corynebacterium glutamicum is a rod-shaped bacteria, aerobic and gram-positive bacteria grows in the
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soil, on the surfaces of vegetables and fruits,'” C. glutamicum has the capability to metabolize glucose,
fructose, and sucrose.'® * C. glutamicum utilizes many different kinds of carbohydrates, organic acids,
and alcohol as a carbon and energy source for rapid microbial growth and for many amino acids
synthesis.”* 2° The glucose, or sucrose or any carbon source is utilized by the Corynebacterium
glutamicum  for 1 lysine synthesis by fermentation.® The time of incubation is reported for maximum L
Lysine is between 48 hrs to 72 hrs.***' The ddh recombinant Corynebacterium glutamicum ATCC 13032
produces more amounts of L Lysine compared to Wild type. This is because of the expression of more
amount of ddh which acts as an enzyme for the substrate 2,6 dicarboxylic acid with the participation of
less number of enzymes. Chemical mutagenesis with ENU increased the yield of L Lysine in the mutant
than the Wild type strain.”” The ENU causes insertion or deletion mutation and shows its effect on protein
synthesis. The ENU causes a mutation in Homoserine dehydrogenase gene to cause the Homoserine
Auxotrophsof C. glutamicum.”'

Generally, The Aspartyl f semialdehyde is produced in two ways. In the Krebs cycle of Corynebacterium
glutamicum , the Oxaloacetic acid (OAA)" ** undergoes a transamination reaction with the presence of
glutamate: oxaloacetate: transaminase enzymes produce aspartyl B semi aldehyde which further
produces homoserine and L L diaminopimelate (2,3 meso- DAP) by two different pathways'. The
Aspartyl B semialdehyde is also formed from Aspartate dehydrogenase from Aspartyl phosphate which
was formed from Aspartate by Aspartate kinase.”'* The aspartyl B-semi aldehyde acts as a common
substrate to produce L Lysine through L L diaminopimelate(2,3-DAP)and Methionine or threonine
through homoserine.'”® The aspartylB-semi aldehyde converts to Homoserine by reacting with
homoserine dehydrogenase.” which participates in the Homoserine pathway in the production of
Threonine and Methionine.”>* Homoserine reacts withMet’ and produces O- Acetylhomoserine which
reacts with Met B synthesize Cystathionine further reacts with C” to produce Homocysteine finally reacts
with Met E or Met H to produce methionine or Homoserine reacts with homoserine kinase produces L
homoserine phosphate and converts to threonine'' by Threonine synthase in Homoserine pathway.
Aspartyl B semi aldehyde reacts with 2,3 Dihydrodipicolinate synthase produces 2,3 Dihydropicolinate
which further reduces to 2,6 Dicarboxylic acids by 2,3 Dihydrodipicolinate reductase. Corynebacterium
glutamicum  chose three kinds of enzymes namely Acetyltransferase or Succinyl Transferase or
diaminopimelate dehydrogenase (ddh) to produce L L diaminopimelate (2,3 meso DAP). The LL
diaminopimelate (2,3 meso DAP) converts to L Lysine by Lysine synthase. By Recombination with ddh
gene with a constitutive promoter enhances the productivity of L Lysine by diverting the acetyltransferase
and succinic transferase pathway to ddh pathway. The Chemical MutagenN-nitroso-N-ethyl urea(ENU)™*’
has the capability to cause deletion or insertion mutation in the Homoserine dehydrogenase' enzyme and
blocks the Homoserine Pathway which generally leads to the production of threonine and Methionine.
This block in the homoserine pathway diverts the aspartic p-semialdehyde to react with 2,3
Dihydrodipicolinate synthase the enzyme to produce more amounts of ) -diaminopimelate (3, DAP)
through ddh pathway.2,3 Dihydrodipicolinate synthase® converts aspartic B-semialdehyde to 2.3
Dihydropicolinate. In the presence of reductase 2,3 Dihydropicolinate reduces to Piperidine 2,6,
dicarboxylic acid. The formation of DAP will be done by binding of Piperidine 2,6, dicarboxylic acid
with three different enzymes acetyltransferase or Succinyl transferase or diaminopimelate dehydrogenase
enzymes leads to three different pathways for the L Lysine production through DAP. 2,6 dicarboxylic
acid reacts with acetyl transferase produces the N — acetyl 2 —amino 6-keto L-pimelate which reacts with
the enzyme aminotransferase produces N- Acetyl-L-L-diaminopimelate produces L-L-DAP by
deacetylase in the acetyltransferase pathway which is a three-step pathway. 2,6 dicarboxylate reacts with
Succinyl transferase to produce N Succinyl 2- amino 6 keto L pimelate which reacts with dap C Produces
N Succinyl — L-L diaminopimelate which again reacts with dap E gives L L diaminopimelate is also a
three-step pathway. The ddh recombinant strain produces morel. L diaminopimelate (2,3 meso DAP) by
overexpression of ddh enzyme which follows ddh pathway for the production of L L diaminopimelate
(2,3 meso-DAP) by reacting with 2,6 Dicarboxylic acid as substrate by eliminating the more number of
reactions that were in the remaining acetyl transferase and Succinyl transferase pathways by
overexpression of ddh by the ddh recombinant strain of C. glutamicum ATCC 13032 strain with
constitutive promoter. The general events that took place in the Lysine production are illustrated in Fig.- 1.
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Fig.-1:The Homoserine Pathway for Threonine and Methionine Synthesis and Acetyltransferase, Succinyl Synthase
and Diaminopimelate dehydrogenase Pathways in the Synthesis of L Lysine through L L diaminopimelate (2,3
meso- DAP).

EXPERIMENTAL
Bacterial Cell Cultures
The bacterial strain used in this research is a recombinant of ddh gene with a constitutive promoter of C.
glutamicum (ATCC13032) developed by cloning® in the lab of Ramesh Malothu, school of
biotechnology, INTUK which had an increased yield of 20.66 g/L of I-lysine.
Recombinant strain developed in our laboratory from the ATCC 13032 wild type C. glutamicum, by
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recombining ddh gene with a constitutive promoter was utilized in the process of chemical mutagenesis
with-nitroso-N-ethyl urea (ENU). The mutagenic power of N-ethyl-N-nitrosourea (ENU) stems from the
generation of diazomethane.”**

Chemical Mutagenesis Method

Seed culture medium (D-Glucose 10 g/1, Peptone 5 g/1, Yeast extract 3.75 g/l, NaCl 5 g/l, (NH4),SO, 17.5
g/l, K,HPO, 25 g/l, KH2PO4 25 g/, Threonine 20 g/l, Methionine 20 g/l, ZnS040.5 g/1, MgSO,.7H,0 25
g/1, FeSO4.7H20 1 g/l and MnSO,.5H,0 0.5 g/l), LB medium (Tryptone 10 g/I, NaCl 10 g/l and Yeast 5
g/l). The ddh recombinant ATCC 13032 strain was grown on LB medium and collected into test tubes
with 3 ml each into 5 test tubes which were used for inducing the chemical mutation. Then the cell
cultures were incubated for 24 hrs. at 37°C in an orbital shaker. Centrifuge the tubes at 10000xg for 5mins
and collect the pellets. These collected pellets were suspended in 3 ml sodium citrate buffer and again
centrifuge these pellets at 10000xg for 5 mins. The pellet is collected and resuspended into a 3 ml buffer
containing sodium citrate buffer with a PH of 4.1 and 1.2 ml of N-nitroso-N-ethyl urea (ENU) with 100
nm concentration. The cultures were incubated separately for 0,5,10,15,20,25 and 30 min and
centrifugation has done at 10000xg for 5 mins after the stipulated time. The pellets were collected and
suspended in 3 ml sodium citrate buffer to wash the mutagen ENU and the resulted pellets were again
suspended in the 3ml sodium citrate buffer to remove the traces of ENU. These pellets are incubated at
30°C for 3 days in the threonine and Methionine enriched seed culture media.

Isolation of Auxotrophs

The growth obtained after 3 days of incubation was inoculated in 1 ml seed culture media without
Threonine or Methionine and penicillin G is added. Incubated for 20 hrs. in 30 °c in an orbital shaker. 50
units of penicillinase were added to each tube and left for 10 minutes.100ul of this growth inoculated on
to seed culture media with threonine and methionine and also onto the seed culture media without
threonine or methionine and incubated for 3 days at 30 °C in the orbital shaker. After the time of
incubation is completed the samples were screened for Lysine production. The samples were centrifuged
at 15000xg for 10 min. The supernatant is collected for lysine analysis. Quantitative analysis of L Lysine
was done by SDS PAGE.

Optimization of Fermentation Parameters

Different parameters like Concentration of ENU, Time of exposure of ENU, PH of the culture media,
Temperature and time were tested to find the better growing conditions of the recombinant strain when
treated with ENU for the high amount of production of L Lysine was tested.

In the chemical mutagenesis, we tested for different concentrations of 25, 35, 50, 75, 100 and 120 nm of
the concentration of ENU and different times of exposure of ENU of 5,10,15,20,25 and 30 minutes to the
Bacterial strain were tested at Constant Temperature, Time, and Ph. Which are optimized conditions of
wild type C. glutamicum for L-Lysine production.”’ The recombinant strain after treating with ENU,
temperature and time of incubation was kept constant and tested for different pH values of 6, 6.5, 7.0, 7.5,
8 and 8.5. After checked for different PH the ENU treated ddh recombinant cultures were tested for
different temperatures of 10, 25, 29, 30,31 and 35 by keeping the Volume, pH and time of incubation
constant. The 100 nm ENU treated recombinant C. glutamicum was tested for different time periods of
incubation 24, 48,72, and 96 hrs.by keeping the pH at 7.5 and temperature 30 °C constant.

By checking for all the parameters we chose the best-adapted values of chemically mutated recombinant
strain which had given a high amount of yield of L Lysine to culture the recombinant strain and compared
with Wild TypeC. Glutamicumfor productivity of L Lysine."?

Culturing the Chemical Mutagen ENU (100 nm) Treated ddh Recombinant Strain of C. glutamicum
ATCC 13032 Under Optimized Conditions

After optimizing the different conditions of Temperature, PH and time of incubation 20 min chemical
mutagen ENU (100 nm) exposed ddh gene recombinant strain ATCC 13032 was cultured in under these
conditions. The ENU treated ddh recombinant was cultured at 30°C of temperature, 7.5 pH and with an
incubation time of 96 hrs. was tested for the productivity of L Lysine from mutant ddh recombinant strain

1248
L LYSINE PRODUCTION Bhushanam Vanasi et al.



RASAYAN J. Chem.
Vol. 13 | No. 2 |1245-1261| April - June | 2020

compared with normal wild type ATCC 13032 C. glutamicum mutant.**

Molecular Docking Analysis of Aspartyl p semi aldehyde with Homoserine Dehydrogenase and 2,3
Dihydrodipicolinate Synthase

Molecular docking was performed for Aspartyl B semi aldehyde with Homoserine dehydrogenase and 2,3
Dihydrodipicolinate synthase to find the bonding interactions between the Protein and ligand. The amino
acid sequence of Homoserine dehydrogenase enzyme of C. glutamicum ATCC 13032 with accession
number NP_600409.1 and 2,3Dihydrodipicolinate synthase enzyme of C. glutamicum ATCC 13032 with
accession number NP_601846.1 was collected and from NCBI and checked verified in the UniProt and
the sequences from UniProt is used to build a protein model by Homology modeling in the SWISS-
MODEL Server belongs to Swiss Institute of Bioinformatics (SIB). Protein model quality built by Swiss
model server analyzed through the PDBsum database. After checking the Ramachandran plot and RMSD
values we choose the protein models of Homoserine dehydrogenase and 2,3 Dihydrodipicolinate synthase
to dock with ligand Aspartyl B semialdehyde in the PyREX software. Finally, the image analysis and
amino acid interactions in the Protein-ligand are generated in the Discovery studio.

RESULTS AND DISCUSSION
Chemical Mutagenesis
Effect of Concentration of ENU on the Recombinant Strain of C. glutamicum
The amount of ENU used to treat plays a pivotal role in causing Mutagenesis in the bacterial species. The
recombinant C. glutamicum showed high productivity of L Lysine of 23.28 g/l of yield by keeping the
temperature, time of incubation, and PH constant at 100 Nm concentration of ENU. Optimized conditions
to grow the wild type C. glutamicum ATCC 13032 strain for maximum yield of L Lysine of 96 hrs. time
of incubation, 30 C of temperature and PH 7.5. Kept constant by checking the yield for 25,35,50,75, 100
and 120 nm of concentration produced 20.66 g/1, 20.11g/1, 21.05 g/1, 22.10 g/1, 23.28 g/l and 18.17 g/l of
L Lysine respectively. We got high productivity of L Lysine at 100 nm concentration of ENU 23.28 g/l
for Auxotrophic ddh recombinant mutant and a high yield of 16.23 g/l for Auxotrophic mutant of wild
type C. glutamicum when compared to 35 nm, 50 nm,75nm concentrations of ENU.

Table-1: Table for L Lysine Production at Different ENU Concentrations

S.No. Time of Temperature (0 °C)| The Concentration pH L-Lysine L-Lysine
Incubation of ENU Treated. Concentration Concentration
(Hours) Auxotrophic Auxotrophic
Wild Type Mutant

1 96 30 25 7.5 13.26 20.11

2 96 30 35 7.5 13.50 20.66

3 96 30 50 7.5 14.40 21.05

4 96 30 75 7.5 15.80 22.10

5 96 30.0 100 7.5 16.23 23.28

6 96 30.0 120 7.5 14.99 18.17

The amounts of L Lysine produced shown increased trend from 25 nm concentration up to a maximum
amount of L Lysine achieved at 100 nm concentration of ENU 23.28 g/l which is increased from 20.66g/1
represented in table 1 and plotted in the Fig 1 by taking L Lysine concentration on Y-axis and
Concentration of ENU on X-axis. The pattern of increase of L Lysine production shown illustrated in
Fig.-1.

The Effect of Time of Exposure of ENU on Recombinant C. glutamicum ATCC 13032

The ENU treated recombinant C. glutamicum showed maximum yield of L Lysine of 24.02 g/l for 20
mins of exposure of chemical mutagen at 100 nm of concentration were compared to different times of
exposure chemical mutagen at 100 nm concentration for 5, 10, 15,25 and 30 mins. The effect of ENU on
the L Lysine is recorded maximum at 20 min of exposure before washing with citrate buffer in the process
of creating the Auxotrophic mutant* from the recombinant ATCC 13032. The increased productivity of L
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Lysine Yield by taking the time of exposure of ENU is represented in the Fig 2 by plotting the Fig
between Time of exposure of ENU on X-axis and Concentration of L Lysine on Y axis from the values of
table 2 got for different times of exposure of ENU by keeping Time of incubation 96 hrs., Temperature 30
C and 100 nm Concentration of ENU and PH of 7.5 Constant. The trend of the Fig increased from 5 mins
of exposure till 20 mins of exposure recorded 20.22 g/, 22.67 g/1, 23.17 g/l and 24.02 g/l for 5 mins,
10mins, 15mins and 20 mins of exposure to ENU respectively. The maximum yield of L Lysine achieved
by the Auxotrophic mutant of ddh recombinant is 24.02 g/l and for Auxotrophic mutant of the wild type
strain is 16.48 g/l at 20 mins of exposure of ENU. After 25 mins of exposure decreased the amount of L
Lysine yield to 22.23 g/l and at 30 min of exposure, it was 21.56 g/1.
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Fig.-2: A Plot between Concentration of ENU exposed Vs Concentration of L Lysine produced. The L-Lysine
concentration showed an increased pattern with an increase in the concentration from 25 nm till 100 nm with a
maximum yield of 23.28 g/l and decreased at 125 nm concentration at constant values, time of Incubation 96 hrs.,
Temperature 30°C and PH 7.5.

The amounts of L Lysine produced shown increased trend from 25 nm concentration up to a maximum
amount of L Lysine achieved at 100 nm concentration of ENU 23.28 g/l which is increased from 20.66g/1
represented in Table-1 and plotted in the Fig.-1 by taking L Lysine concentration on Y-axis and
Concentration of ENU on X-axis. The pattern of increase of L Lysine production shown illustrated in
Fig.-2.

The Effect of Time of Exposure of ENU on Recombinant C. glutamicum ATCC 13032

The ENU treated recombinant C. glutamicum showed maximum yield of L Lysine of 24.02 g/l for 20
mins of exposure of chemical mutagen at 100 nm of concentration were compared to different times of
exposure chemical mutagen at 100 nm concentration for 5, 10, 15,25 and 30 mins. The effect of ENU on
the L Lysine is recorded maximum at 20 min of exposure before washing with citrate buffer in the process
of creating the Auxotrophic mutant* from the recombinant ATCC 13032. The increased productivity of L
Lysine Yield by taking the time of exposure of ENU is represented in the Fig.-2 by plotting the Figure
between Time of exposure of ENU on X-axis and Concentration of L Lysine on Y axis from the values of
Table-2 got for different times of exposure of ENU by keeping Time of incubation 96 hrs., Temperature
30 C and 100 nm Concentration of ENU and PH of 7.5 Constant. The trend of the Fig increased from 5
mins of exposure till 20 mins of the exposure recorded 20.22 g/1, 22.67 g/1, 23.17 g/l and 24.02 g/l for 5
mins, 10mins, 15mins and 20 mins of exposure to ENU respectively. The maximum yield of L Lysine
achieved by the Auxotrophic mutant of ddh recombinant is 24.02 g/l and for Auxotrophic mutant of the
wild type strain is 16.48 g/l at 20 mins of exposure of ENU. After 25 mins of exposure decreased the
amount of L Lysine yield to 22.23 g/l and at 30 min of exposure, it was 21.56 g/1.
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Table-2: Table for L Lysine Production at Different Times of Exposure of ENU to ddh Recombinant Strain.

S.No. Time of Temperature Time of | Concentration | pH L-Lysine L-Lysine
Incubation (00 o) exposure | of ENU in concentration concentration
(hours) of ENU | Nanomolar Auxotrophic Wild | Auxotrophic
In Mins. Type Mutant
1 96 30 5 100 7.5 13.05 20.22
2 96 30 10 100 7.5 14.78 22.67
3 96 30 15 100 7.5 15.23 23.17
4 96 30 20 100 7.5 16.48 24.02
5 96 30 25 100 7.5 15.54 22.23
6 96 30 30 100 7.5 14.23 21.56
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Fig.-3: A Plot between Time of Exposure of 100 nM ENU and L. LysineYield. The L Lysine concentration showed
an increased pattern with an increase in the Time of exposure of ENU from 5 mins to 20mins. with a maximum yield
0f 24.02 g/l and 16.48g/1 for Recombinant and wild type mutants respectively and decreased at 25 mins. of ENU
exposure at a constant time of Incubation 96 hrs., Temperature 30°C and PH 7.5.

Isolation of Auxotrophic Mutant

After three days of incubation, the strains that show growth in the presence of Methionine or Threonine or
the presence of both the amino acids were considered as auxotrophic mutants and were isolated and
cultured. Due to a lack of homoserine dehydrogenase, the mutant strains utilize the Threonine and
methionine supplemented in the media. The auxotrophic mutants require more quantity of threonine and
methionine in their media signifies the lack of Homoserine pathway that could occur in the normal strains
of both Wild types as well as ddh recombinant varieties of C. glutamicum ATCC 13032. These
auxotrophic mutants were used further to know the optimized conditions of PH, Temperature and time of
incubation.'’

The Chemical mutagen had shown its maximum activity at 100 nm by blocking the Homoserine
dehydrogenase a key enzyme in the production of Threonine and methionine. The ENU caused mutation
in the Homoserine dehydrogenase gene which generally combines with Aspartyl B Semi aldehyde to
produce the homoserine. This blockage in the Homoserine pathway favors the DAP pathway by
combining with 2,3, Dihydrodipicolinate synthase produced 2,3, Dihydrodipicolinate which reduces to
2,6, a dicarboxylic acid.

Optimization of PH, Temperature and Time of Incubation for Chemical mutagen ENU treated ddh
recombinant strain of C. glutamicum ATCC 13032

Effect of pH on the Recombinant strain of C. glutamicum

The ENU concentration used to mutate the recombinant strain is 100 Nm which was an optimized
condition for high productivity of L Lysine was used which was treated on Recombinant strain for 20
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mins. The recombinant strain has shown maximum lysine productivity of 22.16 g/l at 7.5 pHs when
compared to ENU mutated wild type strain ATCC 13032 at the same 7.5 pHs. The Productivity of I lysine
is increased considerably in the recombinant strain for all the Ph values when compared with wild type
strain. But both the strains had shown maximum productivity at 7.5 pH.

The trend of production of L Lysine increased from pH 6.0 to 7.5 and shown decreased productivity for
pH 8 and PH 8.5. The L Lysine yield recorded maximum at pH 7.5 with an L Lysine concentration of
24.32 g/1.16.50 g/1, 18.17 g/, 22.16 g/1, 24.32 g/l, 19.17 g/l and 17.29 g/l of L Lysine yield was reported
for 6.0,6.5 7.0, 7.5, 8.0 and 8.5 pH values respectively represented in the Table-3. The L Lysine yield
recorded maximum at 7.5 pH with 24.32 g/l for Auxotrophic recombinant mutant and 17.02 g/l for an
auxotrophic mutant of wild type C. glutamicum. The Fig was plotted by taking PH values on the X-axis
and Yield on the Y-axis and illustrated the trend of increase in the productivity of L Lysine in Fig.-3.

Table-3: Table for L Lysine Production at Different Times of Exposure of ENU to ddh Recombinant Strain.

S.No. Time of Temperature pH L-Lysine L-Lysine
Incubation (00 o) concentration concentration
(hours) Auxotrophic Wild | Auxotrophic
Type Mutant

1 96 30 6.0 14.78 16.50

2 96 30 6.5 15.02 18.17

3 96 30 7.0 16.35 22.16

4 96 30 7.5 17.02 24.32

5 96 30 8.0 16.21 19.17

6 96 30 8.5 13.23 17.29

The pH showed its impact on media utilization and glucose consumption by maximum uptake of glucose
at 7.5 pH had supported the increased participation of the C. glutamicum in the Dap pathway for the L-
Lysine synthesis. The pH had shown its impact on the fluidity of bacterial cell wall and Plasma membrane
of the C. glutamicum at 7.5 which helped in glucose consumption.

30

—  Wild Type A
— R Mutan t

20 —

L-LysineYkld(g/L)

o T T 1
6 7 8 9

PH
Fig.-4: Plot between a pH of the Media and L Lysine Yield. The L Lysine concentration showed increased pattern
with increase with the increase in value of pH, from 6.0 to 7.5 reached the maximum yield of 24.32 g/l L-Lysine and
decreased for further increase in the PH by keeping time of Incubation for 96 hrs., Temperature 30°C constant after
treating with ENU (100 nm) with 20mins of exposure before washing.

Effect of Temperature on the Recombinant Strain of C. glutamicum
Here the strain treated with 100 Nm concentration of ENU which was exposed to ENU for 20 mins was
tested. The incubation was kept for different temperatures and pH of 7.5 and time of incubation 96 hrs.
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was kept constant. The recombinant strain showed an increased productivity of L Lysine with the
maximum amount of L Lysine was 24.20 g/l at 30 C of temperature. All the recombinant strains showed
an increased pattern in the L Lysine production till 30 C and productivity decreased for 31C and 32 C of
temperature. L Lysine yield of 17.11 g/I, 19.52 g/, 22.78 g/l, 24.20 g/l, 22.16 g/l and 18.17 g/l for
temperatures 27.0°C, 28.0°C, 29.0°C, 30.0°C, 31.0°C and 32.0°C respectively was reported is represented
in the Table-4. The Auxotrophic mutant of ddh recombinant strain had shown the maximum L Lysine
productivity of 24.20 g/l and wild type auxotrophic mutant shown 18.13 maximum L Lysine yield at
30°C. The trend for the increase in the productivity of L Lysine is illustrated in Fig.-4 by taking the PH on
the X-axis and L Lysine Yield on Y axis.

Table-4: Table for L Lysine Production at Different Temperatures of ENU treated ddh Recombinant C.glutamicum.

S.No. Time of Temperature pH L-Lysine L-Lysine
Incubation (00 o) concentration concentration
(hours) Auxotrophic Wild | Auxotrophic
Type Mutant
1 96 27 7.5 15.23 17.11
2 96 28 7.5 16.07 19.52
3 96 29 7.5 17.45 22.78
4 96 30 7.5 18.13 242
5 96 31 7.5 17.66 22.16
6 96 32 7.5 16.52 18.17

The L Lysine concentration showed an increased pattern with an increase in temperature, from 27 °C to
30°C reached the maximum yield of 24.20 g/l and 18.13 g/l L- Lysine respectively for Auxotrophic
mutants of ddh recombinant and wild type and decreased for a further increase in the temp. by keeping
the time of Incubation for 96 hrs., pH 7.5 constant after treating with ENU (100 nm) with 20 mins of
exposure (Fig.-4).

The temperature had shown its significant effect on the rate of metabolism favoring the enzymes and
substrates that participates in the synthesis of Amino acids. The temperature of 30 °C had favored the
enzyme-substrate complex formations and showed its impact on the increased rate of reactions by
reducing the activation energies of catalytic enzymes that were involved in the L Lysine pathway by
keeping the Time, Volume and pH are constant.

30—
I Wild Type

— AR Mutant
25 4

20

L-Lysine Yield{g/L)

10 T T T T T 1
26 27 28 29 30 31 32

Temperature
Fig.-5: A Plot between Changes in the Temperature vs L-Lysine Yield

Effect of Time of incubation on ENU treated recombinant strain of C. glutamicum
The recombinant strain has shown maximum productivity of 24.16 g/l after 72 hrs. and also shown
increased productivity when compared with ENU mutated wild type strain. The time of incubation is 96
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hrs. for wild type strain which is also the same for both Recombinant and ENU treated Recombinant
strains of C. glutamicum ATCC13032. The Time of incubation signifies the growth kinetics of C.
glutamicum. Further incubating the strain showed the decrease in the quantity of L lysine production due
to the strain entering into death phase between 96 to 120 hrs. of incubation.

The L Lysine productivity increased while the time of incubation is being increased. The L Lysine
productivity for 12 hrs., 24 hrs.,48 hrs., 72 hrs., 96 hrs., and 120 hrs. was 10.23 g/I, 13.21 g/l, 17.16 g/l,
18.68, g/l, 24.16 g/l and 18.17 g/l respectively represented in the Table-5 and plotted in Fig.-5 by taking
Time of incubation on the X-axis and L Lysine yield on the Y-axis. The trend of the time of incubation
increased from 12 hrs. to 96 hrs. reached the maximum L Lysine concentration of 24.16 g/l for
Auxotrophic recombinant mutant and 17.98 g/l for Auxotrophic mutant of L Lysine further decreased to
18.17 g/l and 15.23 for Recombinant and Wild type mutants respectively at 120 hrs. of incubation.

Table-5: Table for L Lysine Production at Different Times of Incubation of ENU Treated ddh Recombinant

C.glutamicum
S.No. Time of Temperature pH L-Lysine L-Lysine
Incubation 0°C) Concentration Concentration
(hours) Auxotrophic Wild | Auxotrophic
Type Mutant
1 12 30 7.5 14.56 15.78
2 24 30 7.5 15.11 16.43
3 36 30 7.5 16.32 17.16
4 48 30 7.5 16.43 18.68
5 72 30 7.5 17.98 24.16
6 96 30 7.5 15.23 18.17

The L Lysine concentration showed an increased pattern with an increase with the increase in time of
incubation, from 12 hrs. to 96 hrs. reached the maximum yield of 24.16 L and 17.98 g/l Lysine for
Auxotrophic recombinant mutant and auxotrophic wild type mutant respectively and decreased for a
further increase in the time by keeping temperature 30°C., PH 7.5 constant after treating with
ENU(100nm) with 20 mins of exposure before washing.
The Corynebacterium glutamicum had entered the stationary phase after the 96 hrs. of incubation is the
reason for and production of L Lysine increased substantially after the logarithmic phase and reached the
maximum amount of L Lysine production between 72 hrs. to 96 hrs. of incubation.

30
—= Wild Type
— AR Mutant

25 -

20 —

L-LysineYield{g/L)

108="=y T T T T T T T T 1
12 24 36 a8 50 72 84 86 108 120

Time ofIncubation(Hrs)
Fig.-6: A Plot between Time of Incubation for ddh gene Recombinant C. glutamicum and L Lysine yield.

Comparative Analysis of Maximum Yields of L. Lysine for Auxotrophic ddh Recombinant Mutant
and Auxotrophic Wild Type Mutant at Optimized Conditions
By optimizing the growth of ENU treated ddh Recombinant ATCC 13032 strain of C. glutamicum we got
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23.28g/1 of L Lysine and 16.2 g/l of L lysine for wild type auxotrophic mutant for 100 nm concentration
of ENU. By treating the ENU (100 nm) concentration for 20 minutes we got the better yield of 24.02 g/l
for ddh recombinant strain and 16.48 g/l for the Wild type. After isolating the Auxotrophic mutant for
Threonine and Methionine after exposing to ENU (100 nm) for 20 mins of time of exposure of ENU
before washing with Citrate buffer was checked for different pH, different Temperatures and for different
times of incubation for ddh gene recombinant ATCC auxotrophic mutant of C. glutamicum and wild type
auxotrophic mutant. we got a better yield of L Lysine of 24.32 g/L for the ddh Recombinant auxotrophic
mutant and 17.02 g/1 for wild type auxotrophic mutant at 7.5 pH. We got a better yield of 24.20 g/l of.
Lysine for Auxotrophic mutant of ddh recombinant C. glutamicum and 18.13 g/l for wild type
auxotrophic mutant at 30°C of temperature and high productivity of 24.16 g/l and 17.98 g/l of L Lysine
respectively after 96 hrs. of time of Incubation (Fig.-6). Hence the best optimizing conditions for ENU
treated ddh Recombinant mutant strain of Corynebacterium glutamicum  shown for high yield of L
Lysine at the 100 nm concentration of ENU with an exposure time of 20 mins created an Auxotroph
which shows a better yield of L Lysine at 7.5 pH, 30°C of temperature and 96 hrs. of Incubation. The
Optimized Parameters and amount of L Lysine Produced for Recombinant mutant and quantity of L
Lysine produced by wild type auxotrophic mutant at the same conditions of recombinant strain was
tabulated in Table-6.

Table-6: Table for L Lysine production for ddh recombinant mutant and wild type mutant at the optimized
parameters of ddh recombinant mutant.

S.No.| Optimized Parameters L Lysine in Wt.mutant (g/1) L Lysine in AR
Mutant(g/1)
1. Conc. Of ENU (100 nm) 16.12 23.28
2. | Time of exposure (20 min.) 16.48 24.02
3. PH (7.5) 17.02 2432
4. Temperature (30°C) 18.13 2420
5. | Time of incubation 96 hrs. 17.98 24.16

30
Nl wT

- - - - AR Mutant

20 -

L-Lysine Yield(g/L)

QN(‘L 5'},‘& QGL _{,M M
9‘

Fig.-7: Maximum Yield of L Lysine for Auxotrophic Wild Type Mutant (WT) and auxotrophic ddh recombinant
mutant (AR Mutant) based on Optimized parameters of Recombinant strain.

Molecular docking analysis of Aspartyl § Semi Aldehyde Ligand With Homoserine Dehydrogenase
Protein

Homology model is developed in the SWISS-MODEL server for the amino acid sequence collected from
UniProt.”” The Protein model built in the Swiss model®® collected in the .pdb format. The protein model
is further analyzed in PDBsum’’ database to check the protein quality for docking. The Ramachandran
plot had shown nearly 91.5% of residues in the favorable regions and RMS distance from planarity is
around 2 signified good protein quality. The ligand of aspartyl semi aldehyde collected from PubChem is
used to dock in the PYREX?® software with the Modeled Homoserine dehydrogenase protein. The ligand
Aspartyl B semi aldehyde had shown its interaction with glycine GLY (151) with a hydrogen bond
and also a carbon-hydrogen bond with glycine GLY (288). Proline PRO (B: 287) Alanine ALA (B:289),
tyrosine TYR (B: 178,155), Glycine GLY (B:268, 151), Asparagine ASN (B:270) and Leucine LEU (B:
154) are the interacting amino acids with the ligand in Homoserine dehydrogenase. Homoserine
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dehydrogenase enzyme is with one conventional hydrogen bond. The Homoserine dehydrogenase showed
good interaction with the ligand Aspartyl B semi aldehyde with a binding energy of -5.2 Kcal (Fig.-7).
Homoserine dehydrogenase had nine interacting amino acids is the reason for having high binding energy
even though having only a hydrogen bond and a Carbon-hydrogen bond™.

Molecular Docking Analysis of Aspartyl B Semi Aldehyde Ligand With 2,3Dihydrodipicolinate
Synthase

Homology model is developed in the SWISS-MODEL server for the amino acid sequence 2,3
Dihydrodipicolinate synthase collected from UniProt. The Protein model built in the Swiss model
collected in the .pdb format. The protein model is further analyzed in the PDBsum database to check the
protein quality for docking. The Ramachandran plot had shown nearly 90.05% of residues in the
favorable regions and RMS distance from planarity is between 1.5 to a signifying good quality of
modeled protein. The ligand of aspartyl semi aldehyde collected from PubChem is used to dock in the
PyREX software with the Modeled 2,3 Dihydrodipicolinate synthase protein. The ligand Aspartyl B semi
aldehyde had shown its interaction with Leucine (B:206), Serine (B:261), Aspartate ASP (B:205) and
Isoleucine (B:257) with a conventional hydrogen bond. 2,3, Dihydrodipicolinate synthase is with 4
conventional hydrogen bonds. Leucine LEU (B:206), Aspartate ASP (B:205), Serine SER (B:261) and
Isoleucine ILE (B:257) were the interacting amino acids of 2,3, Dihydrodipicolinate synthase. The
2,3Dihydrodipicolinate synthase showed good interaction with the ligand Aspartyl semi aldehyde with
binding energy of -4.4 Kcal (Fig.-8). Even though it had fewer amino acid interactions but due to the
presence of 4 hydrogen bonds it can able to show considerable binding with the Ligand®’.

Ramachandran Plot
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A d Bl

Fig.-8: (a) Ligand Aspartyl B semialdehyde, (b) Protein Homoserine dehydrogenase (¢ and d) Protein-ligand

interaction (Docking in Pyrex), (e) lid plot analysis (PDBsum) of Ligand Aspartyl B semi aldehyde with Protein
Homoserine dehydrogenase: GLY (151), H-bond and C-H bond with GLY (288). PRO (B: 287), ALA (B:289), TYR

(B: 178,155), GLY (B:268, 151), ASN (B:270) and LEU (B: 154) are the interacting amino acids in protein

Homoserine dehydrogenase with the ligand Aspartyl § semi aldehyde, (f) Ramachandran plot for HSD with 91.5%
favored regions,(g) RMSD value of HSD between 1.5 to 2.0 for HSD signifying the good quality of Protein to be
docked with the ligand.

Table-7: Ramachandran Plot Statistics Representing the Quality of Proteins Used for Modeling

S.No. Plot Statistics Homoserine Dehydrogenase| 2,3 Dihydrodipicolinate Synthase
1 Residues in most favored regions 1124 91.5% 447 90.5%
[AB,L]
2 | Residues in additional allowed regions 92 7.5% 42 8.5%
[a,b,Lp]
3 | Residues in generously allowed regions 8 0.7% 2 0.4%
[~a,~b,~1,~p]
4 Residues in disallowed regions 4 0.3% 3 0.6%
5 | Number of non-glycine and non Proline 1228 100.0% 494 100%
residues
6 |A number of end-residues (excl. Gly and 8 4
Pro)
7 | Number of glycine residues (shown as 92 24
triangles)
8 Number of Proline residues 48 18
9 Total number of residues 1376 540
The aspartyl b semi aldehyde had shown higher binding energy of -5.2 k. cal with homoserine

dehydrogenase with 9 interacting amino acids and two hydrogen bonds than 2,3 Dihydrodipicolinate
synthase enzyme with - 4.5 k.cal of binding energy (Fig.-9), four interacting amino acids with four
Hydrogen bonds. As the chemical mutagen, ENU caused a mutation in the homoserine dehydrogenase
caused protein not to express or might have produced a protein which could not bind properly with
Aspartyl B semi aldehyde diverted the Aspartyl semialdehyde to bind with 2,3 Dihydrodipicolinate
synthase enzyme entered the dap pathway. As the binding energy is more for homoserine dehydrogenase
enzyme it showed higher reactivity with the Aspartyl B semi aldehyde but lack of it caused the Aspartyl
semialdehyde to bind with2,3 Dihydrodipicolinate synthase which directed to L -Lysine synthesis through
producing L L diaminopimelate. Being a ddh recombinant strain the Corynebacterium glutamicum
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produced more ddh which deviated the 2,6 dicarboxylic acid away from reacting with acetyltransferase or
Succinyl transferase to produce L Lysine.

The L Lysine yield in the newly developed auxotrophic mutant of ddh recombinant strain of
Corynebacterium glutamicum ATCC 13032 strain in the presence of Homoserine based amino
acids

Auxotrophic ddh recombinant strain in the presence of methionine and threonine had produced g/l of L
Lysine, in the presence of Threonine only had produced 22.34 g/l and 23.54 g/l in methionine only and
22.92 g/l of L Lysine in the absence of both methionine and Threonine from the auxotrophic recombinant

mutant.

Ramachandran Plot
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Fig.-9: (a) Ligand Aspartyl  semialdehyde, (b) Protien2,3 Dihydrodipicolinate synthase, (c and d) Protein-ligand
interaction, (e) lid plot analysis of Ligand Aspartyl B semi aldehyde with ProtienProtien 2,3 Dihydrodipicolinate
synthase : LEU (B:206), SER (B:261), ASP (B:205) and ILU (B:257)are the interacting amino acids ofprotien2,3
Dihydrodipicolinate synthase with 4 conventional H-bonds formed with the ligand Aspartyl B semi aldehyde, (f).
Ramachandran plot for DHPS with 90.05% favored regions, (g) RMSD value of HSD between 1.5 to 2.0 for DHPS

signifying the good quality of Protein to be docked with the ligand.
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Fig.-10: L Lysine Yield of Auxotrophic mutant of ddh Recombinant strain of C. glutamicum.

In the presence of both Methionine and Threonine, the L Lysine Yield is 24.89 g/1, in the presence of
threonine only the L Lysine yield is 23.54 g/l, methionine only is 22.34 g/l and in the absence of
Methionine and threonine is 21.92 g./l for the Auxotrophic mutant of ddh recombinant ATCC 13032
strain of C. glutamicum (Fig.-10).

The ddh Recombinant mutant produced more amounts of L Lysine under because of the effect chemical
mutagenesis of ENU by blocking the Homoserine dehydrogenase of homoserine pathway diverting the
aspartate f-semialdehyde to bind with 2,3 Dihydrodipicolinate synthase. The auxotrophic recombinant
mutant had shown a yield 24.89 g/l L Lysine in the presence of threonine and Methionine.23.54, g/l in the
presence of threonine only and 22.34 g/l in the methionine only and 22.92 g/l without threonine and
methionine in the media signifies the mutation had occurred in the Homoserine dehydrogenase which
participates in the Homoserine pathway of the auxotrophic mutant of ddh recombinant Corynebacterium
glutamicum ATCC 13032. Binding energy for the protein homoserine dehydrogenase of — 5.2 K. Cal
with one conventional hydrogen bond binds more strongly with -0.7 k.cal greater than 2,3
Dihydrodipicolinate synthase with -4.5 K.Cal with 4 conventional hydrogen bonds with aspartate [-
semialdehyde. Due to the lack of Homoserine dehydrogenase in the auxotrophic mutant of ddh
recombinant, the energy utilized in the synthesis of Threonine and Methionine by Homoserine pathway
will be utilized in the L Lysine synthesis by binding with 2,3 Dihydrodipicolinate synthase to produce L
Lysine through L L diaminopimelate (2,3 meso-DAP). Even the number of hydrogen bonds and
interacting amino acids of the proteins play an important role in the diverting the Homoserine pathway to
DAP pathway can be analyzed in the molecular docking analysis of Protein and ligand.

Being a recombinant for ddh gene, the recombinant mutant expressed more amounts of DDH enzyme
which further diverts the strain from entering 3 enzymes involved pathways of acetyltransferase and
Succinyl transferase to a single enzyme involved ddh pathway in the production of L. L diaminopimelate
(2,3 meso-DAP) for the production of High yield of L Lysine.

The wild type mutant and ddh recombinant mutant had Chemical mutagen ENU induced blockage in the
homoserine pathway and overexpression of ddh gene directed DAP synthesis in ddh recombinant strain
with the involvement of fewer enzymes compared with Acetyltransferase and Succinyl transferase
pathways lead to increased production of L Lysine than auxotrophic mutant Wild Type of C. glutamicum.
Nearly 4.23 g/l amount of L Lysine was increased in this newly developed Strain when compared with
normal ddh recombinant strain which had a yield of 20.66 g/l L Lysine. The L Lysine Yield of
Auxotrophic mutant of ddh recombinant is 6.32 g/l L Lysine Yield more than auxotrophic mutant wild
type with a yield of 18.57 g/l L Lysine. In the case of Auxotrophic mutant of ddh recombinant strain
shown the maximum yield in the presence of both threonine and methionine of 24.89 g/l L Lysine, 23.54
g/l L Lysine in the presence of threonine only, 22.34 g/IL Lysine in the presence of only methionine, and
finally 22.92 g/ of L Lysine in the absence of both methionine and threonine. From this study, the
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amount of lysine production enhanced is discussed on the basis of molecular docking which further
supported our results. Hence we developed an auxotrophic mutant from the ddh gene recombinant of
Corynebacterium glutamicum ATCC 13032 which will be helpful in industrial L Lysine Production
through this new Auxotrophic mutant (Fig.-11).
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Fig.-11: Yield of L Lysine of Auxotrophic mutants of ddh recombinant and Wild Type C. glutamicum at Optimized
conditions of ddh Recombinant mutant. R- L Lysine in an auxotrophic mutant of ddh Recombinant C. glutamicum
ATCC 13032 is 24.89(g/1). L -Lysine in an auxotrophic mutant of wild type C. glutamicum ATCC 13032 18.57

&D.

CONCLUSION
By culturing the chemically mutated ddh recombinant ATCC 13032 strain the L Lysine yield was
increased to 24.89 g/l at optimized parameters of PH 7.5, temperature 30 C and 96 hrs. of time of
incubation compared to an auxotrophic mutant of wild type strain with a yield of 18.57 g/l of L Lysine.
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