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Abstract: Urease catalyzes hydrolysis of urea. The present investigation was undertaken to investigate the urease activity 
and its optimization during L-glutamic acid fermentation by a biotin auxotroph Corynebacterium glutamicum X680 using urea as 
the principal nitrogen source. Another interesting part of this study was to investigate the efficiency of this microorganism
for utilization of indigenous raw materials (such as hydrolysates of cassava starch, rice bran and wheat bran) as a cheap 
carbon sources instead of glucose. Among different raw materials, hydrolysate of cassava starch appeared to be the most 
suitable. However, the production efficiency is significantly less (p<0.01) with cassava starch compared to glucose. When the 
medium is supplemented with equivalent amount of (10g%) cassava starch hydrolysate, the L-glutamic acid accumulation was 
reported to be 18.2mg/ml with maximum urease activity (0.18U/mg protein) with pH7 at 300C.Thus, among the different 
agro-based wastes were examined, cassava starch hydrolysate appeared to be the best alternative of glucose to minimize L-
glutamic acid production cost. 
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1. INTRODUCTION 
 
Urease or urea amidohydrolase (EC. 3.5.1.5) is a nickel 
containing enzyme catalyzes the hydrolysis of urea to 
produce ammonia1. Bacterial urease is a gene product of 
ureaA, ureaB and ureaC, encoding ¥, β and α subunits of 
urease enzyme resulting a trimeric protein2. It was the first 
enzyme to be crystallized in 1926 and also first reported 
nickel containing enzyme3-6. Hydrolysis of urea by urease 
results one molecule ammonia and one molecule of 
carbamate. Later, in aqueous solution carbamate is converted 
to another molecule of ammonia and carbonic acid. 
Ammonia then protonated and increases the PH of the 
medium3. Ureolytic activity is found among different 
microorganisms including several species of bacteria 7-11. The 
present study was undertaken to examine the urease activity 
in Corynebacterium glutamicum X680 (a biotin dependent 
auxotrophic mutant developed in our laboratory in my 
previous study by induced mutation from Corynebacterium 
glutamicum X60 ) during L-glutamic acid fermentation and 
also to investigate the efficiency of this microorganism to 
utilize indegeneous raw materials like hydrolysates of cassava 
starch, rice bran and wheat bran as cheap carbon sources to 
minimize the production cost by replacing glucose. 
 
2. MATERIALS AND METHODS 
 
2.1 Microorganism 
 
Corynebacterium glutamicum X680, a biotin auxotroph was 
developed by induced mutation in my previous study12. It was 
used throughout the present investigation. 
 
2.2 Composition of growth medium 
 
The bacterial growth medium was composed of : glucose, 
2%; K2HPO4, 0.1%; KH2PO4, 0.1%; MgSO4.7H2O, 0.025%, 
biotin, 3µg/ml; water, 1L and agar, 4%. 
 
2.3 Composition of production medium and culture 

conditions 
 
Submerged fermentation was carried out with pH, 7.0; 
period of incubation, 72h; volume of medium, 30ml; size of 
inoculum, 4%(8X106 cells); age of inoculum, 48h; 
temperature, 300C; shaker’s speed (agitation), 150rpm; 
glucose, 12g%; urea, 1g%;calcium carbonate, 4g%; biotin, 
3µg/ml; potassium dihydrogen phosphate, 0.3g%; dipotassium 
hydrogen phosphate, 0.3g%; magnesium sulphate, 
heptahydrate, 2mg%; zinc sulphate, heptahydrate, 10µg/ml; 
ferrous sulphate, heptahydrate, 10 µg/ml and biotin, 3µg/ml. 
 
2.4 Analytical method for L-glutamic acid estimation 
 
L-glutamic acid was qualitatively estimated by descending 
paper chromatography. The spots were visualized with 

ninhydrin spray. Colorimetric estimation was done for 
quantitative assay12. The compound was confirmed with FTIR. 
 
2.5 Estimation of dry cell weight 
 
After centrifugation, bacterial pellet was dissolved by 2ml 
1(N) HCl and then neutralized by calcium carbonate. The 
remaining cells were washed twice and dried at 1000C until a 
constant dry cell weight was attained13. 
 
2.6 Preparation of hydrolysates of cassava starch, 
rice bran and wheat bran 
 
Agricultural residues like cassava starch, rice bran and wheat 
bran were grinded and sieved to a particulate size less than 
600µm. About 100g of each powder was poured into 1L 
Erlenmeyer conical flask containing 500ml water and kept it 
for overnight. Then concentrated H2SO4 was added to 
reduce the pH of the medium around 1 and autoclaved it at 
1210C for 15 minutes at 15lb pressure. The medium was 
cooled at room temperature and neutralized by adding 
CaCO3. Each treated residue was added to the fermentation 
medium replacing equivalent amount of glucose14.  
 
2.7 Estimation of Ph 
 
PH of the broth was estimated using pH meter (model: 
MXCL20X1). 
 
2.8 Urease assay 
 
Both the crude and purified (partial) urease was assayed. 
After certain periods of incubation, the broth was 
centrifuged at 10,0000rpm for 10 minutes. The supernatant 
was collected and partially saturated with ammonium 
sulphate followed by dialysis using 2M phosphate buffer at 
00C for 24h. Urease activity was assayed routinely by 
measuring ammonia using Conway method16.  
 
3. STATISTICAL ANALYSIS 
 
All data were expressed as mean±SEM, where n=6. The data 
were analyzed by using one way ANOVA followed by 
Dunett’s post hoc multiple comparison test using prism 4.0 
(Graph pad Inc., USA). A ‘p’ value less than 0.05 was 
considered significant and less than 0.01 as highly significant. 
 
4. RESULTS  
 
4.1 Effects of hydrolysates of cassava starch, wheat 
bran extract and rice bran 
 
Fig 1 shows the growth pattern and urea consumption by 
Corynebacterium glutamicum X680 over a period of 72h. 
Hydrolysates of cassava starch, wheat bran, and rice bran 
potentiated growth was proved to be the best alternative 
source of carbon with highest urea consumption. About 
72.6% urea was utilized within 72h. 
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         Fig 1. Pattern of urea consumption and L- glutamic acid production over a period of 72h by 
corynebacterium glutamicum x680 utilizing hydrolysates of cassava starch, wheat bran and rice  

bran compared to glucose as control (values were expressed as mean ± SEM, Whe 
 
4.2 Effect of different urea concentration on L-glutamic acid production using cassava starch hydrolysate as cheap 
carbon source 
 
L-glutamic acid production is characterized by assimilation of nitrogen. Initial 1% nitrogen concentration showed suitable for 
production using cassava starch hydrolysate as a cheap source of carbon (Fig 2). Higher concentrations inhibited bacterial cell 
growth as well as L-glutamic acid production. 
 

 
 
           Fig 2. Optimization of urea concentration for L –glutamic acid production by corynebacterium 
           glutamicum X680 production utilizing cassava hydrolysate as cheap carbon source  

( values were expressed as mean±SEM< where n=6) 



ijlpr 2020; doi 10.22376/ijpbs/lpr.2020.10.2.L31-37                                                                                                             Microbiology 
 

 

L-34 

 

4.3 Estimation of crude urease activity during L-
glutamic acid production using hydrolysates of different 
as cheap carbon sources 
 
Urease activity was confirmed with the color change of 
Christensen’s agar medium (containing urea as the principal 
nitrogen source) from yellow to red-pink due to change in 

pH by liberation of ammonia. Specific enzyme activities 
(urease) was estimated when the cells were subjected to 
submerged fermentation using different indigenous raw 
materials as cheap carbon sources (Fig 3). Among indigenous 
raw materials studied, maximum urease activity was obtained 
with cassava starch hydrolysate (10g %) after 72h of 
incubation with urea (1g%nitrogen content). 

 

 
 
             Fig 3. Crude urease activity of during L –glutamic acid production using hydrolysates of differenct 

carbon sources (values were expressed as mean±SEM, where n=6) 
 

4.4 Purified urease activity as a function of ammonical and amino nitrogen; residual sugar, pH using cassava 
starch as a cheap carbon source 
 
Table1 shows purified (partial) urease activity at different time intervals with changes of ammonical and amino nitrogen; residual 
sugar, pH using cassava starch as a cheap carbon source. Urease activity increases up to 72h of incubation with concomitant 
increase in pH of the medium. 
 

Table 1. Changes of ammonical and amino nitrogen; residual sugar, pH as a function of 
purified(partial) urease activity (U/mg protein) 
Incubation 

time(h) 
Ammoniacal 

nitrogen 
(g%) 

Amino 
nitrogen 

(g%) 

Urease 
activity 
(U/mg 

protein) 

Residual 
urea (g%) 

Residual 
sugar 
(g%) 

pH 

24 0.06±0.001 0.01±0.000 0.06±0.000 0.33±0.001 4.3±0.027 7.0±0.008 
48 0.15±0.001 0.06±0.000 0.11±0.001 0.48±0.003 3.8±0.016 7.1±0.016 
72 0.21±0.004 0.17±0.001 0.18±0.003 0.73±0.001 1.2±0.003 7.3±0.006 
96 0.18±0.002 0.11±0.003 0.13±0.003 0.61±0.001 0.8±0.038 7.4±0.0712 
120 0.11±0.001 0.09±0.001 0.08±0.000 0.41±0.002 0.4±0.001 7.7±0.016 

 
Values were expressed as mean±SEM, where n=6 

 

4.5 Effect of pH and temperature on urease activity 
 
Effects offive different pH levels (6, 6.5, 7, 7.5, 8) and seven 
different temperature (26, 27, 28, 29, 30, 31, 320C) were 
investigated on urease activity during L-glutamic acid 

production by the mutant Corynebacterium glutamicum X680 
using 10g% cassava starch hydrolysate and 1g% urea as 
carbon and nitrogen sources respectively. Maximum activities 
were obtained with pH7 at 300C (Fig 4 and 5).  
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Fig 4. Effect of Ph on urease activity (values were expressed as mean±SEM, Where n=6) 
 

 
 

Fig 5. Effect of temperature on urease activity (values were expressed as mean±SEM, where n=6) 
 

 

 
 

The product L-glutamic acid was initially identified by descending paper chromatography and finally confirmed by FTIR (Fig 6). 

 
Fig 6. FTIR of the product confirming it as L-glutamic acid 

 
5. DISCUSSION 
 
Bacterial urease is a multimeric nickel containing enzyme 
which requires some accessory proteins to operate17. Those 
accessory proteins are required to transport and incorporate 

nickel into the active centre of the apoprotein18. A helix turn 
helix motif (called ‘flap’) is essential for urease activity19. It is 
highly mobile and assumes two conformations: in open 
conformation it allows urea to move into the active site and 
in close conformation it restricts the entry of urea into the 
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enzyme 20,21. Bacterial ureases are highly conservative 
showing sequence similarities from different sources22. 
Burbank et al (2012) isolated soil bacteria from different 
sources which could exhibit ureolytic urease activity23. 
Urease activity was extensively studied by Liu (2017)24. He 
reported initial concentration of urea and pH affected urease 
activity and maximum activity was recorded after 96h 
fermentation. Very recently, Zhou et al (2019) extensively 
studied the urease activity in Staphylococcus aureus25. 
 
6. CONCLUSION 
 
This experiment reveals that though glucose appeared to be 
the most suitable carbon source for L-glutamic acid 
overproduction by the mutant Corynebacterium glutamicum 
X680, however, cassava starch hydrolysate can alternatively 
be used as a cheap carbon source. But the production was 

decreased significantly (p<0.01) from 27.6mg/ml to 18.6mg/ml 
when glucose was replaced with cassava starch hydrolysate. 
 
7. ACKNOWLEDGEMENT 
 
I would like to express my sincere gratitude to the 
Department of Chemical Engineering, University of Calcutta, 
Kolkata, and West Bengal, India for providing necessary 
Laboratory support. 
 
8. AUTHORS CONTRIBUTION STATEMENT 
 
The whole experimental work, interpretation of results and 
drafting of manuscript has been done by Dr. Suhadeep 
Ganguly. 
 
9. CONFLICT OF INTEREST 
 
Conflict of interest declared none. 

 

10. REFERENCES 
 
1. Colpas G J, Brayman TG, Ming L and Hausinger RP. 

Identification of metal binding residues in the 
Klebsiellaaerogenes urease nickel metallochaperoneurea 
E. Biochemistry 1999; 38(13): 4078-4088.  
DOI: 10.1021/bi982435t 

2. You J, Song B, Kim J, Lee M and Kim S. Genetic 
organization and nucleotide sequencing of the live 
gene cluster in Bacillus pasteurii. Mol cell 1995; 
5(5):359-369. 

3. Sumner JB .The isolation and crystallization of the 
enzyme urease. J BiolChem 1926; 69: 435–441.  

4. Dixon NE, Gazzola C, Blakeley RL, Zerner B. Jack 
bean urease (EC3.5.1.5). A metalloenzyme. A simple 
biological role for nickel? J American Chem 
Society1975; 97(14): 4131–4133.  
DOI : 10.1021/ja00847a045 

5. Mobley HLT, Island MD and Hausinger RP. Molecular 
biology of microbial ureases. Microbiol Rev 1995; 
59(3): 451-480.  

6. Konieczna I, Żarnowiec P, Kwiatkowski M, Kolesinska 
B, Fraczyk J, Kaminski Z and Kaca W. Bacterial urease 
and its role in long lasting human diseases. Current 
Protein and Peptide Science 2012;13:789-806.  
DOI : 10.2174/138920312804871094 

7. Suzuki K, Benno Y, Mitsuoka T, Takebe S, Kobashi K 
and Hase J. Urease-Producing Species of Intestinal 
Anaerobes and Their Activities. Appl Environ 
Microbiol 1979; 37(3): 379-382.  

8. Mobley HLT, Hausinger RP. Microbial ureases: 
significance, regulation, and molecular 
characterization. Microbiol Rev 1989,53(1), 85-108.  
Available from: 
https://mmbr.asm.org/content/mmbr/53/1/85.full.pdf 

9. Clemens, D.L.; Lee, B-Y.; Horwitz, M.A. Purification, 
Characterization, and Genetic Analysis of 
Mycobacterium tuberculosis Urease, a Potentially 
Critical Determinant of Host Pathogen Interaction. J 
Bacteriol 1995; 177(19): 5644-5652.  
DOI: 10.1128/jb.177.19.5644-5652.1995 

10. Murchan S, Aucken HM, O’Neill GL, Ganner M, 
Cookson BD. Emergence, Spread, and 
Characterization of Phage Variants of Epidemic 
Methicillin-Resistant Staphylococcus aureus16 in England 

and Wales. J. Clin. Microbiol 2004;42(11): 5154-5160. 
DOI: 10.1128/JCM.42.11.5154-5160.2004 

11. Jin M, Rosario W, Watler E, Calhoun DH. 
Development of a large-scale HPLC-based purification 
for the urease from Staphylococcus leeiand 
determination of subunit structure. Protein. 
ExprPurif.2004; 34(1): 111-117.  
DOI : 10.1016/j.pep.2003.10.012 

12. Ganguly S. Isolation, Characterization and 
improvement of a wild strain of 
Corynebacteriumglutamicum for L-glutamic acid 
production. J. Indian Chem Soc 2019; 96(6): 705-710. 

13. Shah AH, Khan GM and Hameed, A.Fermentative 
production of L-lysine:Bacterial fermentation I. Journal 
of medical sciences 2002; 2(3):152-157. 
DOI: 10.3923/jms.2002.152.157 

14. Brock S, Kuenz A and Prüße U. Impact of Hydrolysis 
Methods on the Utilization ofAgricultural Residues as 
a Nutrient Source for D-lactic Acid Production by 
Sporolactobacillusinulinus, Fermentation 2019; 5(12):2-
10. Available from : https://www.mdpi.com/2311-
5637/5/1/12/htm 

15. Short EI.The estimation of total nitrogen using the 
Conway microdiffusion cell.J clin Path 1954; 7:81-83. 
DOI: 10.1136/jcp.7.1.81 

16. Lee MH, Mulrooney SB, Renner MJ, Markowicz, Y. and 
Hausinger RP. Klebsiellaaerogenes urease gene 
cluster: sequence of ureaD and demonstration that 
four accessory genes (ureD, ureE, ureF, ureG) are 
involved in nickel metallocenter biosynthesis. J 
Bacteriol 1992;174(13):4324-4330. 
DOI: 10.1128/jb.174.13.4324-4330.1992 

17. Lee SG and Calhoun DH.Urease from a potentially 
pathogenic coccoid isolate: purification, 
characterization and comparison to other Microbial 
Ureases. Infect Immun 1997;65(10): 3991-3996.  

18. Park IS and Hausinger RP. Evidence for the presence 
of urease apoprotein complexes containing UreD, 
UreF and UreG in cells that are competent for in vivo 
enzyme activation. J Bacteriol 1995; 177(8):1947-1951. 
DOI: 10.1128/jb.177.8.1947-1951.1995 

19. Ha NC, Oh ST, Sung JY, Cha KA, Lee MH and Oh BH. 
Super molecular assembly and acid resistance of 



ijlpr 2020; doi 10.22376/ijpbs/lpr.2020.10.2.L31-37                                                                                                             Microbiology 
 

 

L-37 

 

Helicobacter pylori urease. Nat Struct Biol2001; 
8:505-509. DOI : 10.1038/88563 

20. Musiani F, Zambelli, B, Stola, M, Ciurli, S. Nickel 
trafficking: insights into the fold and function of UreE, 
a urease metalloperone. J Inorg. Biochem 2004; 
98(5):803-813.  
DOI : 10.1016/j.jinorgbio.2003.12.012 

21. Lv J, Jiang Y, Yu Q and Lu S. Structural and functional 
role of nickel ions in urease by molecular dynamics 
simulation. J BiolInorgChem 2011; 16(1):125-135.  
DOI : 10.1007/s00775-010-0711-5 

22. Mc Lion DJ, Mau M and Walker MJ. Characterization 
of urease gene cluster in Bordetellabronchiseptica. 
Gene 1998; 208(2):243-251.  
DOI : 10.1016/S0378-1119(97)00651-3 

23. Burbank MB, Weaver TJ, Williams BC and Crawford 
RL. Urease activity of ureolytic bacteria isolated from 
six soils in which calcite was precipitated by 
indigenous bacteria. Geomicrobiology Journal 
2012;29(4):389-395.   
DOI : 10.1080/01490451.2011.575913 

24. Liu X. Urease activity in autotrophic bacteria 
Thiobacillusthiooxidans. IOPconfSeries: Material Science 
and Engineering2017; 231: 012118.  
DOI: 10.1088/1757-899X/231/1/012118). 

25. Zhou C and Curation, D. Urease is an essential 
component of the acid response network of 
Staphylococcus aureus and is required for persistent 
murine kidney infection. PLoS Pathogens 
2019;15(2):e1007538.  
DOI :  10.1371/journal.ppat.1007538. 

 

 




