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Protease from Marine Citrobacter diversus and its Application in Detergent Industry
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Abstract: Protease is the largest selling enzyme in the world due to its various applications in the various
industries such as detergent, food and leather, meat and pharmaceutical industries. Protease-producing marine
bacterium Citrobacter diversus was isolated from Parangipettai coast,TamilNadu,India.Extracellular protease
was precipitated by ammonium sulphate precipitation method and partially purified by dialysis resulting pellets
were lyophilized. Molecular weight of partially purified protease was 35Kda from the results of SDS PAGE.
Washing performance analysis of protease from marine Citrobacter diversus indicated the impending
application of enzyme for detergent industry.
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INTRODUCTION dilutions was spreaded on each casein agar (Casein

Marine microbes are potential source of various CaCl 2H O-0.2, Yeast extract-5.0, Agar-20.0, 50% of
compounds such as pharmaceutical, nutritional seawater-1000ml, pH-7.4 ± 0.2 at 25°C) plates and then
supplements, agrochemicals, cosmetics and enzymes [1,2]. plates were at 37°C for 24 hrs. The total heterotrophic
Proteases are the single class of enzymes which occupy (THB) colony count was made and the colonies which
a pivotal position with respect to their applications in was having different morphological structures. The
both physiological and commercial fields. Protease has a isolated strains were preserved in casein agar slant tubes
long history of application in the food and detergent for further study 
industries and has conferred added biotechnological
importance[3]. The vast diversity of proteases, in contrast Screening for Proteolytic Activity: One loop full of
to the specificity of their action, has attracted worldwide isolated bacterial strains were inoculated in a nutrient
attention in attempts to exploit their physiological and broth tubes and incubated at 37°C for 24 hrs. After
biotechnological applications [4]. Protease constitutes incubation culture filtrate was separated by centrifuge at
59% of the global market of industrial enzymes. 8000rpm for 15 min. The culture filtrate was used for the

The major use of free proteases occur in dry cleaning, qualitative protease production assay. The casein agar
detergents, meat processing, cheese making, silver medium was poured into petriplates and after
recovery from photographic film, production of digestive solidification; the culture filtrate was streaked over the
and certain medical treatments of inflammation and medium. After 24hrs of incubation, the enzyme activity
virulent  wounds  [5].  Bacterial  Proteases  are preferred was observed as a clear zone around the streak, after
as they grow rapidly, needless space, can be easily addition of 1% mercuric chloride solution in 1N Hcl. Based
maintained  and  are  accessible  for  genetic on the diameter of the zone formation potential strains
manipulations [6]. were selected for further study.

MATERIALS AND METHODS Measurement of Protease Activity: Enzyme assay was

Isolation of Proteolytic Bacteria: Water and sediment culture filtrate, 3ml phosphate buffer and 3ml 1% casein
samples were collected from Parangipettai coast, Tamil was taken in a 25ml test tube. Then the test tube was kept
Nadu, India and serially diluted. 0.1ml of the appropriate in  a  water  bath  at  35°C for one hour. After the reaction,

Hydrolysate-5.0, NaCl-25.0, MgCl 6H O-20.0, KCl-2.0,2. 2

. 2

determined by the modified method [7]. About 3ml of
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5ml  of  20% TCA  was  added  to the solution for Determination of Molecular Weight by Electrophoresis
stopping the reaction. After one hour, the solution was (SDS- PAGE): SDS–PAGE was performed in a stacking
filtered.From the filtrate solution 1ml of enzyme substrate gel of 4% (w/v) acrylamide and a separating gel of 12%
mixture was taken in a test tube and  2ml  of 20%  Na CO (w/v) of acrylamide in Tris/glycine/ SDS buffer as2 3

was added to it. To this mixture 1ml of Folin Ciocalteu described by Laemmli [10]. The protein band was stained
reagent was added and immediately the contents of the with Coomassie brilliant blue.
tube were mixed well. After 30 min, 6ml distilled water was
added to it and the absorbance of the solution was Application
measured at 650nm in a spectrophotometer and calculated Washing Test with Protease Preparation: Application of
the amounts of amino acids released from a standard protease (100 mg/ml) as a detergent additive was studied
curve plotted from known concentration of tyrosine. The on white cotton cloth pieces (10×10 cm) stained with
enzyme activity was expressed in unit. One unit of enzyme blood. The stained cloth pieces were taken in separate
was defined as the amount of the enzyme that releases flasks. The following set were prepared and studied 
1µg of tyrosine mL  of the crude extract h .1 1

Protein Determination: Protein concentrations were (cloth stained with blood) 
determined by using a Lowry method with bovine serum Flask with distilled water (100 ml) + stained cloth
albumin (BSA) as standard [8]. (cloth stained with blood) + 1 ml tide detergent

Extraction and Partial Purification of Protease Enzyme: Flask with distilled water (100 ml) + stained cloth
The cell free supernatant was used for the partial (cloth stained with blood) + 1 ml tide detergent
purification of the enzyme. The protease partial (10mg/ml) + 100µg of lyophilized enzyme powder 
purification steps were described by El-Safey and Raouf
[9]. The  above   flasks were   incubated   at   40°C   for

Preparation of Cell Free Supernatant: The culture was rinsed with water and dried. Visual examination of various
harvested  at  36  hour  and  centrifuged  at  3000rpm pieces exhibited the effect of enzyme in removal of stains.th

under 4°C for 60mins. The cell free filtrate containing Untreated cloth pieces stained with blood were taken as
protease enzyme was collected and recovered through control.
precipitation.

Ammonium Sulphate Precipitation: Total culture was
divided into three equal parts and added with 40%, 60%, The maximum bacterial density was found in
80% saturation with solid Ammonium sulphate. Saturation sediment sample and it was found to be 4.6x10  CFU/g.
of  solutions  was carried out under 4°C for over night. 1.92x10 CFU/ml, was the density of bacteria in water
The precipitated proteins were collected through sample. A total of 45 morphologically distinct strains were
centrifugation at 3000rpm for 30 minutes. The non residue isolated by using Casein agar medium from the collected
matters were discarded and resulted pellets were water and sediment samples. 27strains from sediment
dissolved in 5ml of phosphate buffer of pH 7.0. Enzyme sample, 18 strains from water samples were isolated. The
activity was determined for every percentage of saturated potential of the strains were checked by measuring the
crude protease enzyme. clear zone formed around the colony. The isolated

Partial Purification: The obtained residues, collected Biochemical tests following the method of Bergy’s
from an ammonium sulphate precipitation were introduced manual.
into a regenerated cellulose-dialysis tube (this membrane
is partially permeable) for dialysis under 4°C against Partial Purification of Enzyme by Ammonium Sulphate
phosphate buffer at pH 7.0. The dialysis was done for Precipitation Method: The most potential strain
24hours and then the samples were centrifuged. Finally citrobacter  diversus  was  selected  for  mass  culture.
the resulting pellets were lyophilized. The lyophilized, The 1000ml of cell free supernatant was obtained. The
powdered samples were preserved under 4°C for further extracellular protease was precipitated with varying
analysis. amount   of ammonium   sulphate   (40%,  60% and 80%).

Flask with distilled water (100 ml) + stained cloth

(10mg/ml)

15 minutes. After incubation, cloth pieces were taken out,

RESULTS AND DISSCUSSION

9

7

potential strain was Citrobacter diversus identified by
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Lane 1 – standard protein marker
Lane 2 – Sample (Partially purified protease)

Fig. 1: Molecular weight of partially purified protease
enzyme using SDS-PAGE

Fig. 2: Washing performance of alkaline protease from
Citrobacter diversus in the presence of detergent
(Rin) (i) Control cotton cloth without blood (ii)
Cloth stained with blood (iii) Blood-stained cloth
washed with detergent only (iv) Blood-stained
cloth washed with detergent + enzyme extract

The 80% gave the maximum precipitation of protease
(1.3g) followed 60% (0.95g) and 40% (0.40g). The
purification started with the dialysis in a regenerated
seamless cellulose tube against phosphate buffer for 24-
48 hours. The dialysis membrane is partially permeable

and has a molecular weight cut off between 12,000 - 14000.
The pore size is 2.4nm meters. Finally the dialyzed sample
was lyophilized. 

SDS-PAGE: Protease enzyme molecular weight was
obtained from the results of SDS PAGE. The molecular
weight of Protease enzyme was compared with standard
protein markers and the results showed that the molecular
weight of partially purified protease is 35Kda. Olajuyigbe
and Kolawole [11] observed that 16 Kda molecular weight
from B. licheniformis. The molecular weight of alkaline
protease from Bacillus spp., was estimated to be 24.7kDa
[12]. Dutta and Banerjee [13] observed that the purified
proteases from the parent and mutant strains migrated as
a single band of 14.4 kDa suggesting that the purified
proteins were homogeneous. The purified enzyme had an
apparent molecular mass of 52kDa as determined [14].
Another extra-cellular alkaline protease from the culture
filtrate of Pimelobacter sp. Z-483 was purified and its
molecular mass was estimated to be approximately 23kDa
by SDS-PAGE [15]. The obtained results in the present
study along with other studies indicated that proteases
are of different molecular weight proteins (Fig. 1). 

Washing Test with Protease Preparation: The protease
(100µg/ml) secreted by Citrobacter diversus strain in the
present study remained active at room temperature and at
alkaline pH range favoring its inclusion in laundry
detergents. This is due to the in vitro protein hydrolysis
of blood tissue (Fig. 2). Alkaline protease produced by
Bacillus licheniformis N-2 had high capability of
removing the blood stain, which indicates its potential in
detergent industries [16]. In earlier reports, proteases from
alkaliphilic bacteria and Pseudomonas aeruginosa PD100
were used to remove the blood stain from the cotton cloth
in the absence of detergents [17]. Dudhagara Pravin et al.
[18] also studied the washing performance test of partially
purified protease. However, in the presence of detergent
rapid removal of spots have been observed which
suggests the impending use of enzyme in detergent
industry.

CONCLUSION

Protease from marine Citrobacter diversus was partially
purified by ammonium sulfate precipitation and dialysis.
The molecular weight of partially purified protease was
found to be 35 kDa. Partially purified protease removed
the blood stain from the cloth. This unique nature of the
protease clearly suggested that it can be used in
detergent industry.



Advan. Biol. Res., 10 (2): 93-96, 2016

96

REFERENCES 10. Laemmli, U.K., 1970. Cleavage of structural proteins

1. Vignesh, S., A. Raja and R.A. James, 2011. Marine Nature., 227: 680-5.
drugs: Implication and future studies. Int. J. 11. Olajuyigbe and Kolawole, 2011. Purification and
Pharmacol., 7: 22-30. partial characterization of a thermostable alkaline

2. Baharum, S.N., E.K. Beng and M.A.A. Mokhtar, 2010. protease from Bacillus licheniformis LHSB-05
Marine microorganisms: Potential application and isolated  from  hot  spring.  Afri.  J.  of.  Biotechnol.,
challenges. J. Biol. Sci., 10: 555-564. 10: 11703-11710.

3. Rao,  M.B.,   A.M.   Tanksale,   S.G.   Mohini   and 12. Darani, K.K., H.R. Falahatpishe and M. Jalali, 2008.
V.V.  Deshpande,  1998.  Molecular  and Alkaline protease production on date waste by an
biotechnological   aspects   of  microbial proteases” alkalophilic Bacillus sp. 2-5 isolated from soil. Afri.J.
Microbiology  and   Molecular   Biology  Reviews, Biotech., 7: 1536-1542.
62: 597-635. 13. Dutta, J.R. and R. Banerjee, 2006. Isolation and

4. Poldermans, B., 1990. Proteolytic enzymes.In W. Ger- Characterization of a Newly Isolated Pseudomonas
hartz (ed.), proteolytic enzymes industry: production Mutant for Protease Production. Braz. archives of
and applications.VCH Publishers, Weinheim. Biol. Tech., 49: 37-47.
Germany. pp: 108-123. 14. Schokker, E.P. and M.A.V. Boekel, 1997. Production,

5. Fekadu, Alemu, 2015. Isolation and Screening of purification and partial characterization of
Protease Enzyme Producing Bacteria from Cheese at extracellular proteinase from Pseudomonas
Dilla  University,  Ethiopia.  Int.  J.  Nutri.  Food  Sci., fluorescens 22 F. Int. Dairy J., 7: 265-271.
4: 163-168. 15. Oyama, H., M. Kinjoh, M. Watari and S. Murao, 1997.

6. Odu, N.N. and C.O. Akujobi, 2012. Protease Purification and characterization of an alkaline
Production Capabilities of Micrococcus Luteus and proteinase produced by Pimelobacter sp. Z-483. J.
Bacillus Species isolated from Abattoir Environment. Ferment. Bioeng., 84(4): 351-353.
J. Microbiol. Res., 5: 127-132. 16. Nadeem, M., J.I. Qazi, S. Baig and Q.A. Syed, 2008.

7. Hayashi, K., D. Fukushima and K. Mogi, 1967. Effect of Medium Composition on Commercially
Alkaline protinase of Aspergillus sojae. Important Alkaline Protease Production by Bacillus
Physicochemical  properties,  amino acid licheniformis   N-2.    Food    Technol.   Biotechnol.,
compositions and molecular conformation. Agri. Biol. 46: 388-394.
Chem., 31: 642-643. 17. Najafi, M.F., D. Deobagkar and D. Deobagkar, 2005.

8. Lowry,  O.H.,   N.J.   Rosebrough,   A.L.   Farr   and Potential application of protease isolated from
R.J. Randall, 1951. Protein measurement with Folin Pseudomonas aeruginosa PD100, Electronic J.
Phenol Reagent., J. Biol. Chem., 193: 265-275. Biotechnol., 8: 197-203.

9. El-Safey, E.M. and U.M.A. Raouf, 2004. Production, 18. Dudhagara Pravin Bhavasar Sunil, Ghelani Anjana
purification  and  characterization  of  protease and Shreyas Bhatt, 2014. Isolation, Characterization
enzyme from Bacillus subtilis. Inter. Conferences for and investing the industrial applications of
development and the environment in the Arab world, thermostable and solvent tolerant serine protease
Assiut Univ., pp: 14. from hot spring isolated thermophililic Bacillus

during the assembly of the head of bacteriophage T4.

licheniformis  U1.   Int.   J.   Appl.   Sci.  Biotechnol.,
2: 75-82.


