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Abstract 
Arginine is an essential amino acid for bacterial system and known to be catabolized by arginine deiminase 

pathway. Therefore in this study,  three core enzymes; arginine deiminase (ADI), ornithine transcarbamoylase 
(OTC) and carbamate kinase (CK) of ADI pathway were purified from pediocin-sensitive and resistant strain of 

Enterococcus faecalis to investigate a linear correlation between arginine utilization and resistance 

progression under glucose limitation. Lysozyme was used for efficient bacterial cell lyses and enzymes were 

found highly active upon precipitation by ammonium sulfate (80% saturation). Further purification was 

performed with DEAE-Sepharose fast flow anion-exchanger column and gel filtration chromatography with 

Sephadex G-150 column. Total protein content, enzyme activity and specific activity along with purification fold 

were calculated at every step of purification. ADI, OTC, and CK enzyme had apparent molecular masse of 46, 

39, and 37 kDa, respectively. The optimum pH (7.0) and temperature (37°C) were estimated to determine the 

maximum enzyme activity from a range of pH (3-10) and temperature (0-100°C). Hence, this work important 

with respect to the introduced methodology to isolate and/or purify intact enzyme from any bacterial strain. 
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I. Introduction 
Bacterial system composes the most prosperous form of life to survive in the changing environmental 

habitats. The basic key of this survival success is their ability to sense, rapidly respond for fluctuating 

environmental stimuli and admirable genotypic and phenotypic plasticity (Lambert and Kussell, 2014). Bacteria 

has established a wide array of mechanisms to promote its survival in various harsh conditions including; innate 

and adaptive immune response of the host (Belkaid and Hand, 2014), exposure of the antimicrobial peptides and 

antibiotic (Batoni et al. 2015; Munita and Arias, 2016) and nutrients limitation (Chou et al. 2001). During 
specific response of energy starvation, bacteria turned into the state of viable but non-culturable (VBNC) rather 

than die and survive for longer time under nutrients limitation. The VBNC physiology has been observed in 

many bacteria such as Vibrio, Pseudomonas, Enterococcus and Escherichia coli (Oliver 1993). Previously, it 

was reported that under carbohydrate limitation, arginine plays a crucial role for bacterial growth and acts an 

alternative energy source (Deibel RH, 1964; Stuart et al. 1999). Arginine degradation via ADI pathway has 

reported in several studies (Townsend et al. 1996; Morita et al. 1997; Zuniga et al. 1998; Stuart et al. 1999; 

Noens and Lolkema, 2017). Typically, ADI operon contains genes; arcR encodes transcriptional regulator; arcA 

encodes ADI (EC 3.5.3.6); arcB encodes OTC (EC 2.1.3.3) and arcC encodes CK (EC 2.7.2.2) (Gallego et al. 

2012). ADI pathway plays a vital role in supplying intermediates (citrulline, ornithine) for amino acids 

biosynthesis (Townsend et al. 1996), producing NH4
+

 for bacterial protection from acid stress (Casiano-Colon 

and Marquis, 1988; Tonon T. and Lonvaud-Funel A. 2000; Lindgren et al. 2014), producing ATP for growth 
when carbohydrate is limited (Verges et al. 1999; Kim et al. 2009), producing carbamoyl phosphate for 

substrate-level phosphorylation (Colon et al. 1988) and pyrimidines as nucleic acids precursor molecules 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Belkaid%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24679531
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hand%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24679531
https://www.ncbi.nlm.nih.gov/pubmed/?term=Munita%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=27227291
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arias%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=27227291
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(Morita et al. 1997). The regulation of ADI pathway is highly depends on transcriptional regulator of arcR 

family and carbon catabolite protein A (ccpA) and factors including; arginine and glucose concentration, pH, 

temperature, level of intracellular ATP, NH4
+, NADH and CO2 also play major role (Lindgren et al. 2014). 

Enterococcus represents the paradigm for biochemical studies of enzymes isolation of ADI deiminase pathway 

(Angelis et al. 2002; Cheng-Fu et al. 2008). ADI, OTC, and CK enzyme successfully purified using ammonium 

sulfate precipitation, Q-Sepharose fast flows anion exchange chromatography and Sephadex-G75 gel filtration 

chromatography with molecular masses 46, 39 and 37 kDa respectively and their specific activity, purification 

fold and %yield were calculated for Lactobacillus sanfranciscensis CB1 (Angelis et al. 2002) and Lactococcus 

lactis (Mahdy et al. 2015). Many studies reported the active and stable form of these enzymes on a wide range 

of pH, temperature and substrate concentration (Angelis et al. 2002; Mahdy et al. 2015; Remaux et al. 2012). 

Therefore, the specific objective of this study was to isolate and/or purify all three enzymes of ADI pathway to 

perform further enzymatic investigations. Along with, this work will be very useful and can be consider as a 

reference to purify intact enzyme from any bacterial strains. 

  

II. Materials And Methods 
2.1 Bacterial strain and culture media 

Pediocin-sensitive and resistant E. faecalis isolated from raw buffalo milk (Kumar et al. 2019) were 

selected as test strains to examine the behavior of arginine metabolic pathway during resistance acquisition 

against pediocin. CDM (pH 7.0) was used throughout the study and prepared using several components; 1 gram 

(g) K2HPO4, 5 g KH2PO4, 0.6 g ammonium citrate, 1 g sodium acetate, 2.5 g NaHCO3, 0.25 g tyrosine, 0.24 g 

alanine, 0.42 g aspartic acid, 0.180 g cysteine, 0.5 g glutamic acid, 0.15 g histidine, 0.21 g isoleucine, 0.475 g 

leucine, 0.44 g lysine, 0.275 g phenylalanine, 0.675 g proline, 0.34 g serine, 0.225 g threonine, 0.05 g 

tryptophan, 0.325 g valine, 0.175 g glycine, 0.125 g methionine, 0.1 g asparagine, 0.2 g glutamine, 0.5 g L-
ascorbic acid, 38.5 milligram (mg) adenine sulfate, 27.5 mg guanine, 22 mg uracil, 10 mg xanthine, 2.5 mg D-

biotin, 1 mg vitamin B12, 1 mg riboflavin, 5 mg pyridoxamine-HCl, 10 microgram (µg) p-aminobenzoic acid, 1 

mg pantothenate, 5 mg inosine, 1 mg nicotinic acid, 5 mg orotic acid, 2 mg pyridoxine, 1 mg thiamine, 2.5 mg 

lipoic acid, 5 mg thymidine, 200 mg MgCl2, 50 mg CaCl2, 16 mg MnCl2, 3 mg FeCl3, 5 mg FeC12, 5 mg 

ZnSO4, 2.5 mg CoSO4, 2.5 mg CuSO4, and 2.5 mg (NH4)6 Mo7O2 dissolved in one litter of distilled water 

(Veith et al. 2015). CDM supplemented with 63.14 mM arginine was used to grow sensitive and resistant E. 

faecalis. 

2.2 Purification of the ADI pathway enzymes 

Enzymes of the ADI pathway were purified using four purification steps; (i) cell lysate preparation, (ii) 

ammonium sulfate precipitation, (iii) ion exchange chromatography and (iv) gel filtration chromatography. 

Enzyme activity, specific activity and protein concentration were measured along with sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE) analysis at every purification step.  

2.3 Preparation of cell lysate  

Pediocin-sensitive and resistant strain was cultured in CDM for 12 h and cells were harvested by centrifugation 

at 7,000 rpm for 10 min at 4°C. Cell pellets were washed thrice with potassium phosphate buffer (50 mM, pH 

7.0), resuspended in Tris-EDTA extraction buffer (20 mM, pH 8.0) containing lysozyme (5 mg ml-1) and 

incubated at 37°C for 1.5 h. After incubation, sonication was done with 30 sec off and on cycles 4 times to get 

cell suspension and cell lysate was collected by centrifugation at 10,000 rpm for 15 minutes at 4°C. Total 

protein concentration of cell lysate was estimated using Bovine Serum Albumin (BSA) as standard (1mg ml-1) 

(Lowry et al. 1951) along with enzyme activity and specific activity measurement. Further, cell lysate was used 

for SDS-PAGE analysis and next purification step.     

2.4 Ammonium sulfate precipitation 

Cell lysate solution was precipitated by adding certain weight of ammonium sulphate step by step at magnetic 
stirrer to obtain 0-80% saturation. Precipitates were isolated from precipitated solution by centrifugation at 

10,000 rpm for 30 minutes at 4°C and dissolved in potassium phosphate buffer (50mM, pH 7.0). Further, 

protein concentration, enzyme activity, and specific activity were measured of ADI pathway enzymes of 

pediocin-sensitive and resistant strain. Solution was concentrated using 3 kDa cut-off membrane ultrafilters 

(Amicon) and used for SDS-PAGE analysis and next purification steps.  

2.5 Ion-exchange chromatography 

Concentration solution was passed through DEAE-Sephadex fast flow anion exchanger column and eluted with 

potassium phosphate buffer (50 mM, pH 7.0) containing NaCl (0.1-0.5 M). Fractions (2 ml each) were collected 

with flow rate 30 ml h-1. Collected fractions were used to measure the absorbance at 280 nm and activity was 

calculated by performing enzyme assay to get the active fractions. Then, active fractions with higher enzyme 

activity were concentrated using 3 kDa cut-off membrane ultrafilters (Amicon) and used for SDS-PAGE 

analysis. Enzyme activity, specific activity and protein concentration were measured using active fractions and 
used for next purification step.  
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2.6 Gel filtration chromatography 
Activated concentrated fractions were applied to Sephadex G-150 gel filtration column and eluted with 

potassium phosphate buffer (50mM, pH 7.0). Fractions (3 ml) were collected with flow rate 30 ml h-1. Collected 
fractions were used to measure the absorbance at 280nm and activity was calculated by performing enzyme 

assay to get the active fractions. Active fractions with higher enzyme activity were concentrated using 3 kDa 

cut-off membrane ultrafilters (Amicon) and used for SDS-PAGE analysis. Enzyme activity, specific activity 

and protein concentration were measured using concentrated fractions and used for further study.  

2.7 SDS-PAGE profiling  

Characterization of ADI, OTC and CK of pediocin-sensitive and resistant E. faecalis was done during 

purification steps based on their molecular weight analysis by SDS-PAGE (Laemmli UK, 1970) with the 

reference protein ladder (Bio-Rad, #161-0374). Electrophoresis was performed using Bio-Rad Mini apparatus 

with 30 µg of protein loaded in the well of 12% acrylamide gel (thickness, 1 mm; separation distance, 10 cm) 

under denatured conditions. A constant voltage supply (70V) was set until tracking dye reached to the bottom of 

the gel. To characterize a single subunit of each enzyme, the distance of protein bands migrated toward anode 
was measured with their relative mobility (Rm). 

2.8 Enzyme assay   

Enzymes assays were performed to purify ADI, OTC, and CK enzyme from pediocin-sensitive and resistant E. 

faecalis and to calculate their activity. Enzyme assay for ADI was estimated using standardized method of 

Mahdy et al. (2015) with slight modifications and it activity was estimated by drawing standard curve of 

citrulline (enzyme product). Briefly, the reaction mixture containing 100 μl potassium phosphate buffer (50 

mM, pH 7.0), 100 μl L-arginine (100 mM) and 100 μl purified enzyme, mixed well and incubated at 37ºC for 

15 min. After incubation, the reaction mixture was centrifuged at 6,000 rpm for 10 min at 4°C and supernatant 

was collected. Then, 600 μl COLDER solution was added to supernatant and incubated at 95ºC in dark water 

bath for 15 min as suggested by Crow and Thomas (1982). Simultaneously, tubes of control without enzyme 

and blank without substrate and enzyme were also prepared. Enzyme activity was calculated by estimating 

citrulline production using recorded absorbance at 540 nm. Unit (U) of enzyme activity is defined as the amount 
of enzyme which catalyzes the conversion of 1 μmole of substrate per minute. The specific activity gives a 

measurement of enzyme purity from mixture and defined as the moles of product formed by an enzyme in a 

given time at standard conditions with per mg of total protein. Enzyme activity OTC was estimated by a 

standardized method (Ruepp et al. 1995). Briefly, the reaction mixture containing 100 μl potassium phosphate 

buffer (50 mM, pH 7.0), 100 μl L-ornithine (50 mM), 100μl carbamoyl phosphate (10 mM), 100 μl purified 

enzyme, mixed well and incubated at 37ºC for 10 min. After incubation, the reaction mixture was centrifuged at 

6,000 rpm for 10 min at 4°C and 600 μl COLDER solution was added to the collected supernatant and 

incubated at 95ºC in dark water bath for 15 min. Enzyme activity was calculated by citrulline estimation using 

recorded absorbance at 540 nm. Simultaneously, tubes of control without enzyme and blank without substrate 

and enzyme were also prepared. Enzyme activity CK was estimated using the method of Liu (1995). The 

reaction mixture containing 650 μl acetate buffer (50 mM, pH 7.0), 100 μl ADP (50 mM) and 100 μl MgCl2 
(100 mM), mixed well and kept at room temperature for 10 min. Then, 100 μl carbamoyl phosphate (10 mM) 

was added and incubated 37ºC for 15 min. A reaction was initiated by addition 100 μl purified enzyme and 

liberated ammonia was measured using ammonia assay kit (Cat. no. AA0100-1KT) to estimate enzyme activity. 

Simultaneously, tubes of control without enzyme and blank without substrate and enzyme were also prepared.  

2.9 Optimum substrate concentration for maximum enzyme activity  

Maximum activity of the purified enzymes ADI, OTC and CK from pediocin-sensitive and resistant E. faecalis 

was measured using a range of substrates concentration (0-500 mM for arginine and 0-100 mM for carbamoyl 

phosphate). The enzyme assay was performed with increasing substrate concentration and reaction absorbance 

was recorded to determine the enzyme activity and products (citrulline and NH4
+) formation. Enzyme assays 

were performed in triplicate to calculate the standard error. 

2.10 Optimum pH for maximum enzyme activity  

Optimum pH for the enzymes ADI, OTC and CK was determined from a pH range (3-10) using reaction 
mixture prepared with potassium phosphate buffer (50 mM) of different pH. Reaction absorbance was recorded 

from the essay at different pH to determine optimum pH for maximum enzyme activity. Enzyme assays were 

performed in triplicate to calculate the standard error.  

2.11 Optimum temperature for maximum enzyme activity   

Optimum temperature for the enzymes ADI, OTC and CK was determined by assays performed at different 

temperature (0-100°C). Standardized reaction mixture for the enzymes was set and incubated at different 

temperature for 15 min. Reaction absorbance was recorded from the essay at different temperature to determine 

the optimum temperature for maximum enzyme activity. Enzyme assays were performed in triplicate to 

calculate the standard error.  
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2.12 Statistical analysis 
Enzymatic measurements from three independent experiments were subjected to analysis of variance (ANOVA) 

for statistical study using GRAPHPAD Prism 5.01 (GRAPHPAD software, San Diego, CA, USA) to determine 
significant differences (P<0.0001). 

 

III. Result 
3.1 Purification of ADI, OTC, and CK enzyme  

Purification of the enzymes of ADI pathway from pediocin-sensitive and resistant strain was done 

based on their molecular weight and enzyme activity. At every step of purification, total protein concentration, 

enzyme activity and specific activity of the enzymes were calculated to draw purification fold tables (1, 2 and 3) 

of sensitive (a) and resistant strain (b). Variations in protein concentration, enzyme activity and specific activity 

were noticed at every purification step.  
 

Table 1. Purification tables of the ADI enzyme purified from pediocin-sensitive (a) and resistant (b) strain 

 
 
3.2 Ion-exchange chromatography 

A wide peak was observed upon absorbance analysis of the eluents collected during ion-exchange 
chromatography, but maximum absorbance along with highest specific activity was recorded of the fractions 

eluted with 0.3 and 0.4 M NaCl. Results obtained with maximum absorbance and higher specific activity were 

shown in figure 1 (for ADI (a and b for sensitive) (c and d for resistant)), figure 2 (for OTC (a and b for 

sensitive) (c and d for resistant)) and figure 3 (for CK (a and b for sensitive) (c and d for resistant)). 

 

 
Figure 1. Ion-exchange chromatography of ADI; Ion-exchange chromatography using DEAE-Sephadex fast 

flow anion exchanger column and specific activity (U/mg) estimation of the ADI enzyme; active fraction 

collection during ion-exchange chromatography (a for sensitive and c for resistant) and specific activity 

estimation (b for sensitive and d for resistant). 
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Figure 2. Ion-exchange chromatography of OTC; Ion-exchange chromatography using DEAE-Sephadex fast 

flow anion exchanger column and specific activity (U/mg) estimation of the OTC enzyme; active fraction 

collection during ion-exchange chromatography (a for sensitive and c for resistant) and specific activity 
estimation (b for sensitive and d for resistant). 

 

 
Figure 3. Ion-exchange chromatography of CK; Ion-exchange chromatography using DEAE-Sephadex fast 

flow anion exchanger column and specific activity (U/mg) estimation of the CK enzyme; active fraction 

collection during ion-exchange chromatography (a for sensitive and c for resistant) and specific activity 

estimation (b for sensitive and d for resistant). 

 

3.3 Gel filtration chromatography 

Likely, three peaks were noticed upon absorbance analysis of eluents collected during gel filtration 

chromatography, but maximum absorbance along with highest specific activity was noticed of the initial 

fractions. Results obtained with maximum absorbance and higher specific activity were shown in figure 4 (for 

ADI (a and b for sensitive) (c and d for resistant)), figure 5 (for OTC (a and b for sensitive) (c and d for 

resistant)) and figure 6 (for CK (a and b for sensitive) (c and d for resistant)).  
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Figure 4. Gel filtration chromatography of ADI; Gel filtration chromatography using Sephadex G-150 gel 

filtration column and specific activity (U/mg) estimation of the ADI enzyme; active fraction collection during 

gel filtration chromatography (a for sensitive and c for resistant) and specific activity estimation (b for sensitive 

and d for resistant). 

 

 

Figure 5. Gel filtration chromatography of OTC; Gel filtration chromatography using Sephadex G-150 gel 

filtration column and specific activity (U/mg) estimation of the OTC enzyme; active fraction collection during 

gel filtration chromatography (a for sensitive and c for resistant) and specific activity estimation (b for sensitive 

and d for resistant). 
 

 
Figure 6. Gel filtration chromatography of CK; Gel filtration chromatography using Sephadex G-150 gel 

filtration column and specific activity (U/mg) estimation of the CK enzyme; active fraction collection during 

gel filtration chromatography (a for sensitive and c for resistant) and specific activity estimation (b for sensitive 

and d for resistant). 
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3.4 Enzyme characterization by SDS- PAGE profiling 

During SDS-PAGE analysis of the purified enzymes of pediocin-sensitive and resistant strain, a sharp band of 

single subunit of enzyme with expected molecular weight was appeared on the gel. Molecular weight 46, 39, 
and 37 kDa was found for ADI (1), OTC (2) and CK (3) respectively during purification (cell lysate (a); 

ammonium sulfate precipitation (b); ion-exchange chromatography (c) and gel filtration chromatography (d)) as 

shown in figure 7. SDS-PAGE profile represented the enzyme purification at every step (Fig. 8 a) and a separate 

band of single subunit of the purified ADI, OTC and CK was appeared after 1/10th concentrated to gel filtration 

fractions (Fig. 8 b) of sensitive and resistant E. faecalis.   

 

 
Figure 10. Purification profiling of the ADI pathway enzymes; SDS-PAGE profiling of the ADI pathway 

enzymes at every purification step (a) and 1/10th concentrated gel filtration fraction of each purified enzymes (b) 

from pediocin-sensitive and resistant strain of E. faecalis. 

 

3.5 Characterization by enzymatic assay 

Characterization of the purified enzymes of ADI pathway was also done by enzymatic assay and significantly 

(P<0.0001) higher activities of the enzymes of resistant strain was recorded as compared to sensitive. Enzyme 

activity of ADI (Fig. 9 a), OTC (Fig. 9 b) and CK (Fig. 9 c) was obtained from the assay performed in triplicate 

with standard error.  

 

 
Figure 11. Enzymatic assays of the ADI pathway enzymes; Characterization of the enzymes of ADI pathway 

by enzymatic assay. Alteration in the enzyme activity of ADI (a), OTC (b) and CK (c) enzyme of pediocin-

sensitive and resistant strain with the standard curve. The values are represented as mean ±SD of three 

independent experiments with the significant difference at p< 0.001. 

 

3.6 Impact of substrate concentration on enzyme activity  

Activity of the purified enzymes of ADI pathway was found to be affected with changing substrate 
concentration. Initially, increasing substrate concentration gradually enhanced the enzyme activity but continue 

increasing substrate concentration, resulted the enzyme saturation. This saturation level indicated the optimum 
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substrate concentration for maximum activity of ADI (Fig. 10 a), OTC (Fig. 10 b) and CK (Fig. 10 c) enzyme of 

pediocin-sensitive and resistant E. faecalis.  

 

 
Figure 12. Effect of substrate concentration; Effect of substrate concentration on ADI (a), OTC (b) and CK 

(c) enzyme of ADI pathway isolated from pediocin-sensitive and resistant E. faecalis. The values are 

represented as mean ±SD of three independent experiments with a significant difference at p< 0.001. 

 

3.7 Optimum pH for maximum enzyme activity 

Activity of the ADI pathway enzymes purified from pediocin-sensitive and resistant E. faecalis was found 

stable at a range of pH (3-10). The optimum pH 7.0 was noticed for maximum activity of ADI (Fig. 11 a), OTC 

(Fig. 11 b) and CK (Fig. 11 c) and at pH 7.0, enzymes exhibited the maximum reaction absorbance and 

products formation.  

 

 
Figure 13. The optimum pH; The optimum pH for the enzymes ADI (a), OTC (b) and CK (c)  of ADI 

pathway to estimate the maximum enzyme activity for pediocin-sensitive and resistant E. faecalis. The values 

are represented as mean ±SD of three independent experiments with a significant difference at p< 0.001. 

 

3.8 Optimum temperature for maximum enzyme activity 

Activity of the ADI pathway enzymes purified from pediocin-sensitive and resistant strain was observed 

effected at a range of temperature (10-100°C). The optimum temperature was observed 37°C for maximum 
activity of ADI (Fig. 12 a), OTC (Fig. 12 b) and CK (Fig. 12 c) and at 37°C temperature, enzymes exhibited the 

maximum reaction absorbance and products formation.  
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Figure 14. The optimum temperature; The optimum temperature for the enzymes ADI (a), OTC (b) and CK 

(c) of ADI pathway to estimate the maximum enzyme activity for pediocin-sensitive and resistant E. faecalis. 

The values are represented as mean ±SD of three independent experiments with a significant difference at p< 

0.001. 

 

IV. Discussion 
ADI pathway has been talked several times to degrade arginine in many bacterial strains including; 

Streptococcus faecalis (Simon et al. 1982), Streptococcus sanguinis (Burne et al. 1989), Lactobacillus sakei 

(Champomier-Verges et al. 1999), Oenococcus oeni (Liu and Pilone, 1998), Lactobacillus plantarum (Arena et 

al. 1999) and Lactococcus lactis (Chou et al. 2001). Especially lactic acid bacteria (LAB) required ADI 

pathway for their survival in different food environment. Therefore, present study was performed specifically 

with enzymological aspects to investigate the role of arginine under glucose limitation for persisting resistance 

of E. faecalis against pediocin. Consequently, to purify the enzymes crude cell extract was prepared by treating 

cell pellets with lysozyme followed by sonication. Further, purification using crude extract was achieved with 

three steps including; ammonium sulfate precipitation, ion-exchange chromatography using DEAE-Sepharose 

fast flow anion exchanger column and gel filtration chromatography using Sephadex G-150 column. 

Simultaneously, total protein content, enzyme activity and specific activity of each enzyme were estimated at 

every purification step and purity was confirmed by enzyme assay and SDS-PAGE analysis. Previously, 
characterization of the ADI pathway enzymes of LAB and its effect during sourdough fermentation was majorly 

focused. Similarly, some heterofermentative sourdough strains such as L. sanfranciscensis CB1 (Gobbetti, 

1998), L. sakei (Zuniga et al. 1998) and L. lactis (Chou et al. 2001) showed enzyme activity of ADI pathway. 

Additionally, to purify the enzymes of ADI pathway, cells treatment with lysozyme emphasized an efficient 

method of cell lysis than other methods (Glass beads and Triton x-100). Therefore, in this study, lysozyme 

treatment was used for the efficient cell lysis. Protein content, enzyme activity and specific activity of each 

enzyme at this initial step of purification were estimated and supported by the purification achieved from 

Enterococcus faecium M1 (Mahdy et al. 2015). The enzymes of ADI pathway were precipitated with maximum 

activity up to 60-70% saturation (Cheng-Fu et al. 2008) and 80% saturation (Mahdy et al. 2015) using 

ammonium sulfate. Similarly, in present study, ammonium sulfate precipitation was achieved up to 80% 

saturation to get maximum precipitation and specific activity of ADI pathway enzymes. Enzyme activity, 
specific activity and protein content with purification fold of the enzymes were estimated using precipitates and 

similar purification was achieved as from L. sanfranciscensis CB1 and E. faecium M1 (Angelis et al. 2002; 

Mahdy et al. 2015). Further, purification of the enzymes was performed with DEAE-Sepharose fast flow anion 

exchanger column and gel filtration chromatography with Sephadex G-150 column. During purification, 

enzymes with maximum specific activity showed similar behavior as purification achieved from L. 

sanfranciscensis CB1 and E. faecium M1 (Angelis et al. 2002; Mahdy et al. 2015). Simultaneously, appearance 

of a sharp band of single subunit of the enzyme on SDS-PAGE gel confirmed purification. The molecular mass 

of a single subunit of ADI, OTC and CK isolated from L. sanfranciscensis CB1was reported 46, 39 and 37 kDa 

respectively (Angelis et al. 2002). Similarly, molecular mass of ADI and OTC was reported of L. lactis (45.98 

and 39.45 kDa) (Bolotin et al. 2001), Staphylococcus aureus (46.94 and 37.77 kDa) (Kuroda et al. 2001), L. 
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sakei (45.91 and 37.77 kDa) (Zuniga et al. 1998) and B. licheniformis (47.42 and 37.65 kDa) (Maghnouy et al. 

1998) and molecular mass of CK was found to be fluctuated in the range of 33.65 to 35.53 kDa (Gobbetti et al. 

1996). As per the above outcomes, the molecular mass of ADI, OTC, and CK enzyme of ADI pathway isolated 
from pediocin-sensitive and resistant E. faecalis was observed 46, 39 and 37 kDa respectively in this study. 

Environmental pH is an important regulator of ADI pathway (Olson, 1993; Vrancken et al. 2009) and highest 

catabolic activity of ADI pathway was noticed at pH 6.0 to 7.0 (Rimaux et al. 2012). Optimum pH 6.5 was 

noticed for ADI enzyme isolated from P. plecoglossicida from a wide range of pH (4.0-10) (Zhu et al. 2010). 

Maximum activities of the ADI pathway enzymes were observed at pH 7.0 isolated from E. faecium M1 

(Mahdy et al. 2015) and pH 7.5 for P. plecoglossicida (Zhu et al. 2010). Similarly, optimum pH 7.0 was found 

for maximum activities of isolated ADI, OTC and CK enzyme in this work. Optimum temperature was 

determined for the maximum activity from a range of incubated temperatures (25-50°C) and above and below 

temperatures from 37°C led to decrease in enzyme activity (Ibrahim et al. 2019). Similarly, optimum 

temperature for maximum activity was observed 37°C for the enzymes of ADI pathway in this work. To 

determine the maximum activity, substrate (Arginine) concentration also noticed to hamper the activity of ADI 
pathway and 50 mM arginine concentration was recorded most suitable for maximum (Ibrahim et al. 2019). 

Likely, in the present study also enzymes of the ADI pathway got affected with increasing substrate 

concentration from 50 mM and become saturated.  
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