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Abstract 
Four  different isolates were isolated from different sites of infection, these include 2 isolates of  

G +ve  bacteria ( Staphylococcus aureus  from urine and Bacillus cereus from tooth)  and G-ve 

bacteria ( Pseudomonas aeruginosa from  burns  and Klebsiella pneumoniae from sputum).To 

detect the ability of these bacteria to produce  alkaline protease enzyme in one hand and to 

correlate the production yield to site of infection from other side, it had been performed the 

qualitative screening on solid media by using skim milk agar and quantitative screening by 

measuring the specific activity of each isolates.The results of qualitative screening showed the 

inhibition zone of Staph aureusand Bacillus cereus were higher than Pseudomonas aeruginosa 

and Klebsiella pneumoniae (2.8 , 2.1 , 1.3 and 0.5 cm respectively). When these results 

compared with quantitative results , it had  nearly same, in which specific activity of Staph 

aureus and Bacillus cereus were higher than Pseudomonas aeruginosa and Klebsiella 

pneumoniae (1955.7 ,1902.8 , 100.8 and 65.4)U/mg respectively. 
 

 الخلاصة
حى عزل أربعت عزلاث يخخهفت يٍ يٕاقع يخخهفت يٍ انعذٖٔ، ٔحشًم عزنخٍٛ يٍ انبكخٛزٚا انًٕخبت نصبغت انغزاو      

)انًكٕراث انعُقٕدٚت انذْبٛت يٍ انبٕل ٔانعصٕٚت انشًعٛت يٍ الأسُاٌ( ٔعزنخٍٛ يٍ انبكخٛزٚا انسانبت نصبغت انغزاو  )انزائفت 

زئٕٚت يٍ انبهغى(. نغزض انكشف عٍ قذرة ْذِ انبكخٛزٚا عهٗ اَخاج اَزٚى انبزٔحٛٛز انقاعذ٘ انزَدارٚت يٍ انحزٔق ٔانكهبسٛهت ان

يٍ خٓت ٔبٛاٌ علاقت الاَخاخٛت يٕ يٕضع الاصابّ , فاَّ حى اخزاء انغزبهت انُٕعٛت باسخخذاو ٔسط انحهٛب انخانٙ يٍ انذسى  

عزنت. اظٓزث َخائح انغزبهت انُٕعٛت اٌ قطز يُطقت انخثبٛط نهـ انصهب ٔانغزبهت انكًٛت  يٍ خلال قٛاس انفعانٛت انُٕعٛت نكم 

Staph aureus   ٔ Bacillus cereus  ٍكاَج اكبز يٍ قطز يُطقت انخثبٛط نكم يPseudomonas aeruginosa   ٔ

Klebseilla pneumonia (2.8 ،2.1 ،1.3  ٔ0.5 ٔعُذيا قٕرَج َخائح انغزبهت انُٕعٛت يع َخائ )ٙح انغزبهت سى عهٗ انخٕان

اعهٗ يٍ  Staph aureus  ٔ Bacillus cereusانكًٛت ٔخذث آَا يخقاربت . حٛث كاَج َخائح انفعانٛت انخخصصٛت نهـ 

Pseudomonas aeruginosa ٔ Klebseilla pneumonia(1955.7 ،1902.8 ،100.8 ٔ65.4 )U .ٙيهغ عهٗ انخٕان / 

 

Introduction  
 Pathogenic bacteria need to interact with their host to establish an infection and to maintain it 

successfully afterwards. This requires  to  “understand”  signals  of  the  immune-system    to  

“respond”  appropriately  when    host  tries  to  defence against its. Part of  response of successful 

pathogens is secretion of so called virulence factors which manipulate or even destroy defense lines 

of the host. An important part of the arsenal of bacterial virulence factors are proteases. Proteases 

are enzymes that hydrolyze peptide bonds and can therefore degrade proteins and peptides. As 

proteins are one of  the basic building blocks  in nature, proteases  can  influence  a broad  range of 

biological  functions  including  the  infection process which is not just a simple and rapid 

multiplication of bacterial cells in the human body. The opportunistic human pathogen  

Pseudomonas  aeruginosa  k.pneumoniae ,Staph aureus and B.cereus have  an  arsenal  of  

impressively  efficient  proteases  that  helps  establishing  and maintaining  an infection and 

thereby controlling and modifying the environment according to the needs of the bacterium within 

the host tissue.Also  Pseudomonas aeruginosa , Klebsiella  pneumoniae, Staph aureus and Bacillus 

cereus  are  the epitome of an opportunistic pathogen of human and animals which causes a 
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secondary bacterial  infections particularly to patients suffering from neutropenic cancer undergoing 

chemotherapy, immunodeficiency relating to AIDS, diabetes mellitus, severe burns, cystic fibrosis, 

paranasal sinus, meningitis, brain abscesses and devastating infections in the human eye (1,2). 

 In spite of the availability of different type of antibiotics the mortality rate of these bacteria 

still high and there is no effectiveness vaccines against it (3) 

 The pathogenicity of these bacteria may related to ability for production of various virulence 

factors, which some of these were produced extracellular such as alkaline protease, hemolysin and 

elastase and another’s were somatic antigen such as lipopolysaccharide  and alginate (4). 

 Protease enzyme considered as one of the enzyme that play an important role in bacteria by 

aid the cells to remove abnormal proteins and supply  with amino acid, needs in proteins synthesis, 

also can help  bacteria to invade tissues by resistance to  phagocytosis and breaking 

immunoglobulin and inhibit their activity. 

 According to those mentioned above, this study was aimed to:- 

Quantitative  and qualitative screening of isolates for the production of protease enzyme from 

different clinical samples. 
 

Materials and methods 

1. Bacterial strains 
The bacterial isolates used in this study are list in Table (1) 
 

Table (1) Types and sources of bacterial isolates 

Bacteria Gram stain Source 

Pseudomonas aeruginosa 

G -ve 

Burns 

 

sputum 

 
Klebsiella pneumoniae 

Staphylococcus aureus 
G+ve 

Urine 

 

Gingivitis tooth Bacillus cereus 

 

Identification of  test  isolates  

The following tests were employed to identify the presumptive colonies of P. aeruginosa  , 

K.penumoniae , Staph aureus and B. cereusfrom nutrient  agar plates: 

 Gram’s stain:   A single colony was transferred by a loop to a clean slide. The smear was stained 

with crystal violet, treated with iodine, decolorized with absolute alcohol, and counterstained with 

safranine, then examined by a microscope.(5) 

 Catalase test  

This test was performed by adding drops of hydrogen peroxide (H2O2) 3% on a single colony grown 

on trypticase soya agar. The productions of gaseous bubbles indicate the presence of catalase.(6) 

 Growth on manitol salt  agar  

This test was used to examine the ability of isolates to tolerate high concentration of salt (NaCl 

15%)  . In this test, a colony was inoculated on to the surface of  medium and  incubated overnight 

at 35ºC. The appearances of colony  indicate the positive result.(7) 

 Growth on MacConkey agar  

This test was used to show  the ability of isolates to ferment the carbohydrate as a sole source of 

carbon. In this test, a colony was inoculated on to the surface of MacConkeyagar  plateand the 

medium was incubated overnight at 35ºC. The appearances of growing colony indicate the positive 

result.(7) 
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 Citrate utilization  

This test was used to examine the ability of isolates to utilize citrate as a sole source of carbon. In 

this test, a colony was inoculated on to the surface of simmon citrate slant and the medium was 

incubated overnight at 35ºC. The appearances of blue color indicate the positive result.(7) 

 Motility test  

This test was performed to demonstrate the ability of bacteria motility . The tubes of soft agar media 

were inoculated with bacteria by stabbing, and then the tubes were incubated at 25
o
C for two 

days.(5) 
 

Screening the test isolates for production of alkaline protease 
 

1. The Qualitative Screening on Solid Media 

To detect the ability of bacteria to produce the alkaline protease enzyme, skim milk agar was used 

as described by (5).   

It was performed by placing aseptically loopful of culture on the center of the plate and spread it in 

a circular fashion to cover an area about  (5 to 18mm in diameter) then incubate the plate in a 

inverted position at 37ºC for 24 to 48hrs. Clearing the cloudy agar (zone of proteolysis) indicates 

the positive result. 
 

2. The Quantitative Screening in Liquid Media 

The liquid media  used in this test was trypticase soya  broth as described by (8).   

Twenty-milliliter aliquots of this media were dispensed in to 100ml Erlenmeyer flasks. Following 

sterilization by autoclaving, 0.2ml of  each isolate fresh (18 hrs) culture were inoculated per flask, 

and then incubated in shaker incubator (130 rpm, 35ºC for 24 hrs). The production of alkaline 

protease was determined by using casein as a substrate working solution at pH 8 as will be 

described.  
 

Assay of enzymatic activity 
 

A. CrudeEnzyme Extraction 

 Alkaline protease enzyme was extracted from liquid culture media by a centrifugation at 

5000 rpm at 4ºC for 20min. the supernatant was used as a crude enzyme for the following steps. 
 

B. Assay of protease activity 

Alkaline protease activity was determined according to the method originally described by (9) and 

modified by (10)) as following: 

Casein (0.8 ml, 0.5%, pH 8) was preincubated in a water bath at 37ºC for 10min then 0.2ml of crude 

enzyme was added to the substrate working solution and incubated for 20min.The reaction was 

stopped by adding 3ml of TCA (5%). The blank was prepared using the same steps apart of TCA 

(5%) were added before the addition of the crude enzyme. Both reactant and blank were centrifuged 

at 5000rpm for 20min.  

The amount of TCA-soluble products formed can be determined by measuring the absorbency of 

the supernatant at 280nm. 

Unit of activity was defined as the amount of the enzyme, which gives 0.001 increases in the 

absorbance (280nm) per min. under the determination condition. The protease activity was 

determined by using this equation. 

Alkaline protease activity U/ml =
ml2.0min20001.0

nm280atAbsorbance


 

 

C. Determination the protein concentration  

The protein concentration was estimated by absolute method as described by (11) as following: 

The protein was precipitated by adding 3ml of TCA (5%) to each 2ml of extracted enzyme, and 

then centrifuged at speed 5000rpm for 20 min.The precipitation was dissolved by adding NaOH 



Journal of Kerbala University , Vol. 11 No.3 Scientific . 2013 
 

312 

(0.05M), then measuring the absorbance at wavelengths 280nm and 235nm by using NaOH 

(0.05M) as a blank. 
 

The protease concentration was estimated by using this equation: 

Protein concentration (mg/ml) = .F.D
51.2

nm280atAbsnm235atAbs



 

where D.F.: Dilution factor. 

Specific activity (U/mg of protein) = 
)ml/mg(ionconcentratoteinPr

)ml/U(activityEnzymatic
 

 

Results and discussion 
1. Identification of bacterial isolates 

    Four isolates from different clinical samples (Pseudomonas aeruginosa , Klebsiella Pneumoniae, 

Staph aureus and Bacillus cereus) were selected randomly to make a comparison  for production of 

protease enzyme between different site of infection  , these isolates were submitted to some of  

biochemical test according to( 12) . 

 

Table (1): Morphological, Physiological and Biochemical characterization of isolated bacteria 

 

Character K.pneumonia P.aeruginosa Staph.aureus B.cereus 

Gram stain G-ve rod G-ve rod G+ve spherical G +ve rod 

Catalase production - - 

 

+ + 

Citrate utilization + + - + 

MacConkey's agar + + - - 

Growth on Mannitol 

salt agar 

- - + + 

Motility - + - + 
 

 

2. Screening the isolates for alkaline protease production 

A. The qualitative screening on solid media  

All the isolates used in this study were alkaline protease producer when they had been grown on 

skim milk agar and incubated at 37
o
C for 24-48 hrs. The proteolyticzone around the colonies was 

very clear and could be simply detected. The diameters of zone were varied from one isolates to 

another, Staph aureus was  given a very large zone (2.8 cm); while the others were about (0.5- 2.1 

cm) as shown in Table (2). 

It was shown that there were clear variations in the efficacies of the production of alkaline protease 

from different species and different source, these variants were due to differences of genetic ability 

among isolates and site of infection. (13). 
 

Table (2). Qualitative screening of isolates for alkaline protease production on skim milk agar (pH 

7.2) at 37
o
C for 24-48hrs 

Bacterial strain Source Diameter of zone 

inhibition (cm) 

K.pneumoniae Burn 0.5 

P.aeruginosa Sputum 1.3 

Staph aureus Urine 2.8 

B.cereus Gingivitis Tooth 2.1 
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B. The Quantitative screening on liquid media 

For further detection and accurate selection of efficient isolate to produce alkaline protease, the 4 

isolates were tested again in a liquid media which was casein broth (pH7) as described by (8) and 

incubated at 37
o
C for 24 hrs.The production of alkaline protease and estimation of its activity and 

specific activity were detected . 

    As shown in Table (3), the Staphaureus  gave the highest enzymatic activity in which the specific 

activity was 1955.7 U/mg protein while B.cereus had  specific activity  1902.8 U/mg . the specific 

activity of K.pneumoniae was 100.8 U/ mg andP.aeruginosa was 65.4 U/mg. When these results 

were compared with qualitative detection of enzyme Table (2) they were nearly identical. 

Staphylococcus aureuswas the highest enzyme producer and this may be related to site of infection 

(i.e urine). In this site,  it need protease enzyme to invade tissue  , due to role of alkaline protease 

enzyme to resist  phagocytosis  by cleaving the lgG, degrading gamma interferon and inhibited  

neutrophil function. (14) onother hand  high  enzymatic activity in tooth specimens may be 

attributed the surface of teeth , may sustains growth of B.cereus to adhesion(15). 

Also Staph.aureushave ability to produce several toxins and digestive enzymes, as well as a large 

number of proteins on the bacterial surface that bind to extracellular matrix and plasma proteins . In 

vitro studies have shown that staphylococcal proteases can cleave and degrade a number of 

important host proteins, including the heavy chains of all human immunoglobulin classes, plasma 

proteinase inhibitor, indicating that they are important virulence factors. Proteasesenzyme  alsoplay 

a role in the transition Staph. aureus cells from an adhesive to an invasive phenotype by degrading 

bacterial cell surface proteins, such as fibronectin binding protein and protein A .( 16) 

        On the other hand,  the specific activity of B.cereus  show  high ratio of protease production 

may due to  ability of these bacteria to colonized  surface of teeth depending primarily on the 

biofilm formation and then help bacteria to digest  remaining food especially protein by ability to 

produce  protease enzyme.(17,18) 
 

Table (3):  Quantitative screening of isolates for alkaline protease production on casein broth at  

pH7 and  37
o
C for 24 hrs. 

 

Name of isolate Source Activity U/ml Specific activity U/mg protein 

P. aeruginosa burn 23.75 65.4 

K.pneumoniae sputum 26.75 100.8 

Staph. aureus urine 57.5 1955.7 

B.cereus Gingivitis 

Tooth 

47 1902.8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Journal of Kerbala University , Vol. 11 No.3 Scientific . 2013 
 

314 

References 
1. Mims ,C.A; Playfair,J.H.L. ;Wakelin,D. ; Williams,R. and Anderson,R.M.(1993). Medical 

Microbiology. Mobsy, London. 

2. Gerald,B.P.;DeJarden,D.:Grout,M.;Garner,C.;Benette,S.E.;Pekoe,G.;Fuller,S.A.;Thornton,M.O.;

Harkonen,W.S.andMiller,H.C.(1994). Human immune response to Pseudomonas 

aeruginosamucoidexopolysaccharide (alginate) vaccine. Infection and immunity.62(9):3972-

3979. 

3. Schreiber,J.R. and Dahlhauser ,P.(1994). Immunogenecity of Tetanus toxoid conjugates af anti-

idiotypes that MimiePseudomonas aeruginosa surface polysaccharides. Infection and 

immunity.62(1):308-312. 

4. Kadurugamuwa,J.L. and Beveridge,T.J.(1995). Natural release of virulence factors in membrane 

vesicle by Pseudomonas aeruginosa and the effect of aminoglycoside antibiotics on their  

release. J.ofantimicrobial.chemotherapy. 40(5):615-621. 

5. Harely P.J. and Prescott, M.L.(1996).Laboratory exercises in microbiology . McGraw. Hill, 

USA. 

6. Maza,L.M.; Pezzlo,M.T. and Baron,E.J..(1997). Color atlas of diagnostic 

microbiology.Mosby0Year-book,Inc.,USA. 

7. Atlas,R.M.;Parks,L.C. and Brown,A.E.(1995). Laboratory manual of experimental microbiology. 

Mosby-Year-Book,Inc.,USA. 

8. Hassein,S.S.(1996).Production, Purification and characterization of alkaline protease from 

Aspergillusoryzae by solid material fermentation method, PHd.Thesis,College of 

Science,Baghdad  university.(In Arabic) 

9. Murachi, T. (1970). Bromelainenzymes. In: Methods in Enzymology (eds. Perlman, G.E. and 

Lorand, L.) Vol. 19: 273-284. Academic Press, New York. 

10. Senior, B. W. (1999). Investigation of the types and characteristics of the proteolytic enzymes 

formed by diverse strains of Proteus spp. bacterial pathogencity. J. Med. Microbiol. 48: 623-

628. 

11. Whitaker, J. R. and Granum, P.E. (1980). An absolute method for protein determination based 

on deference in absorbance at 235 and 280 nm. Anal. Biochem. 109: 156-159. 

12. Holt, J. G. ;Kreig,N.R.; Sheath,P. H. A.; Staley ,T. T. and Williams, S. T. (1994). Bergey’s 

manual of determinative bacteriology .9th ed. Williams and Wilkns, USA. 

13. Al-Rubaei, B.L. (2001). Enzymatic study on the Protease produced by Proteus mirabilis causes 

urinary tract infections. M.Sc. Thesis. College of Science, University of Baghdad. (In Arabic) 

14. Rooijakkers, S.H.; Van Kessel,K.P.; Van Strijp,J.A. (2005). Staphylococcus innate immune 

envasion. Trends Microbiology 13:596-601. 

15. Kawaharajo, K. and Homma, J. (1977). Effect of elastase, Protease and Common antigen 

(OEP) from Pseudomonas aeruginosa on infection against burns in mice. Japan J. Exp. Med. 

47 (6): 945-500. 

16. ChavakisT. ;Preissner, K.T. Herrmann,M. (2007). The anti-infalmmatory activities of 

Staphylococcus aureus. Trends Immunol. 28:408- 418. 

17. Gupta,R. ;Beg,Q.K. ; Khan, S.; Chauhan ,B.(2002a) . An overview on fermentation 

,downstream processing and properities of microbial alkaline protease. Applied Microbiology 

and Biotechnology. 60 :381. 

18. Nilegaonkar S.S. ;Zambare V.P. ; Kanekar,P.P. ; Dhakephalkar , P.K. ; Sarnaik, S.S.(2007). 

Production and partial characteristic of dehairing protease from Bacillus cereus MCMB-326. 

Bioresource Technology 98:1238-1245. 

 

 


