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: الملخص 

تم الكشف عن وجود االنزيمات الحالة لمبروتين الخارج خموية والتي لها فعالية تحميمية 
لمكازائين في رواشح المستعمرات البكتيرية لبعض العزالت الضارية لكل من المكورات العنقودية 

 3.89و  0.27تراوحت الفعالية النوعية لهذه االنزيمات بين . الذهبية والزوائف الزنجارية
انتاجًا لهذه االنزيمات قدرة عالية أظهرت العزالت البكتيرية االكثر . ممغم بروتين/دقيقة/ةوحد

وانابيب االختبار في حين ان العزالت لاللتصاق عمى كل من الخاليا الحرشفية المعزولة من الفم 
نزيمات وجود عالقة كبيرة بين انتاج هذه اال غير المنتجة لم تظهر أي قابمية لاللتصاق مما يؤكد

لذا يعد انتاج االنزيمات الخارج خموية الحالة لمبروتين من عوامل الضراوة . والقدرة عمى االلتصاق
.  المهمة النها تعتبر من عوامل الغزو المتعمقة بالتغذية وااليض البكتيري

 
Abstract : 

Extracellular proteases with caseinolytic activities were identified 

in culture supernatant of several pathogenic bacterial isolates of 

Staphylococcus aureus and Pseudomonas aeruginosa. Specific activities 

of these enzymes ranged from 0.27 to 3.89 unit/min/mg protein. The most 

virulent isolates with high level of proteases production revealed great 

adherence ability to epithelial cells isolated from mouth and adherence to 

the tubes surface while others without any level of production of these 

enzymes didn't posses adherence ability. This proved the correlation 

between the production of these enzymes and bacterial adherence ability. 

Extracellular proteases considered very important virulence factors 

because it was important invasion factors related to bacterial nutrition and 

metabolism.  
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Introduction : 
The first stage of microbial infection is colonization at the 

appropriate portal of entry. Pathogens usually colonize host tissues that 

are in contact with the external environment. Sites of entry in human host 

includes; the urogenital tract, the digestive tract, the respiratory tract ant 

the conjuctiva. Organisms that infect these regions have usually 

developed tissue adherence mechanism and some ability to over come or 

with stand the constant pressure of the host defenses. The production of 

extracellular substances facilitate invasion which encompasses 

mechanisms for colonization (1). Virulence factors assist pathogens in 

invasion and resistance of host defenses. Bacterial proteins with 

enzymatic activity e.g proteases, hyaluronidases nuraminidases, elastases, 

collagenases, facilitate local tissue spread, invasive organisms can 

penetrate and travers intact eukaryotic cells facilitating entry from 

mucosal surface (2).  

IgA proteases may enable pathogen to subvert the antigen 

specificity of the humeral immune response to facilitate adhesive 

interaction and persistence on the mucosal surface (3) (Stinson and Levin 

1993) (4). Demonstrated that Bacteriode gingivalis produce surface 

localized proteases that can degrade absorbed protein and may serve to un 

mask bacterial adhesine. (Naito and Gibons, 1988) (5) also found that the 

adherence of the bacteriod gingivalis to collagenous substrate is inhibited 

by both thoil protease and serum protease inhibitor. 

The primary function of surface proteases is assumed to be for 

nutrient acquisition (6) have reported that B. gingivalis preferentially 

derives carbon nitrogen and energy from exogenous polypeptides. The 

numerous proteases or P. gingivalis allows the bacterium to hydrolyze a 

multitude of proteins encountered in the human host including those 

located on the surfaces of other oral bacteria.  

The stce zinc metalloproteases is secreted by enterohemorrhagic  

E. coli (EHEC) 0157 : H7 and contribute to intimate adherence of this 

bacterium to host cells, a process essential for mammalian colonization 

(7).Pseudomonas aeruginosa is primarily a noaocomial and apportunistic 

pathogen that causes urinary tract infection, respiratory system infection, 

dermatitis, soft tissue infection bacteremia and avariety of systemic 

infections particularly in victim of severe burns, and in cancer and AIDS 

patient who are immuno suppressed. Staphylococcal infections are world 

wild increasing in all age group and it showed an increasing resistance to 

conventional antibiotics despite the availability of a wide range of these 

antibiotics. 

For these reasons these two pathogens were chosen to demonstrate 

the correlation between the production of extracellular proteases and 

adheseveness of these two pathogens to epithelial cells and tube surface.      
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Material and Method : 
Bacterial strains 20 bacterial isolates 10 isolates for each one 

Staphylococcus aureus and pseudomonas aeruginosa which was isolated 

from severe skin infections had been taken from Al-Zahrawii teaching 

hospital in Mosul. 

 

Tests of adherence : 

For studing bacterial adhesion one of the earliest methods of 

(Christensen et al., 1982) (8) was utilized. For this procedure. Bacteria 

were grown in glass tube in a rich medium (trypticase soy broth). The 

medium was then removed and adherent bacteria are stained with 

safranin, the tubes are analyzed according to a visual scale (e.g weak + 

moderate ++, strong +++) with this assay care could also be taken that the 

glass tubes used for the assays are not scratched. For bacterial adhesion to 

oral tissues epithelial cells isolated from mouth had been utilized to asses 

the test tube surface adhesion according to (Fiztegerald et al ., 1999) (9). 

 

Extracellular protease assays :  

Initially proteases activities were also detected by determination of 

gelatin liquefaction according to (10) in which 0.2ml culture supernatant 

was added to 2 ml of 12 % gelatin poured in tubes. Control to this test 

was done by adding 0.2 ml of D.W. instead of culture super natant.   

Proteolytic activity was assayed by using azocasein a substratc 

according to the method of (Secades and Guijarro, 1999) (11). Briefly, 

120 Ml of a suitable dilution of enzyme solution was added to 480 Ml of 

azocasein (1% wt/vol) in reaction buffer (Triss buffer containing mgcl2 

final concentration 5mM) and the m3-5ixture was incubated at 30 ْ  c for 30 

min. The reaction was terminated by adding 600 Ml of 10 % vol/wt 

trichloroacetic acid and left for 30 min on ice followed by centrifugation 

at 15,000 xg at 4 ْ  c for 10 min. eight hundred microliter of supernatant 

was neutralized by adding 200 Ml of 1.8 N NaoH and the absorbance at 

420 nm (A 420) was measured using spectrophotometer. One unit of 

enzyme activity was defined as the amount which yielded an increase in 

A 420 of 0.01 in 30 min at 30 ْ  c. 

The protein content of samples was estimated by the methods of 

(Lowry et al., 1951) (12) by using bovin serum albumin as a standard.  

 
Result and Discussion :  

Result of this study revealed that 7- bacterial isolates of 10 (30 %) 
Staphylococcus aureus and 4 of 10 (40 %) Pseudomonas aeruginosa 
showed adherence ability to the test tube surfaces which arranged 
between strong +++ and weak + as shown in (Table 1). These abilities 
accompanied with their abilities to produce intracellular proteases. 
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bacterial isolates positive in liquefaction of gelatin test as shown in 
(Fig.1) revealed high specific activities of those enzymes ranged between 
0.212 – 3.81 unit/min/mg protein as shown in (Table 1) which also 
exhibited that bacterial isolates of both staphylococcus aureus and 
Pseudomonas aerurginosa had high specific activities also posses high 
adherence ability to both test tube surface as shown in (Fig. 2) and to 
epithelial cells which was isolated from mouth (Fig. 3). These results 
exhibited a correlation between the production of extracellular proteases 
enzyme and the adherence abilities of the pathogens which agreed with 
may other researchers demonstrating the role of proteases in adhesion. 
(Seddon et al., 1988) (13) reported that B. gingivalis preferentially 
derives carbon, nitrogen and energy from exogenous poly peptides by 
numerous protease enzymes which allows the bacterium to hydrolyze a 
multitude of proteins encountered in the human host. Surface proteases 
have evoled as a defense mechanism against fouling of the bacterial 
surface by host proteins (immunoglbulins, salivary proteins) fibrinogen. 
That it encounters in the mouth or the periodontal pocket. Absorbed 
proteins might mask adhesins necessary for colonization of the host by 
the bacterium or opsonize the bacteria for phagocytosis by neutrophils. 
To avoid fouling of its surface by host B. gingivalis produces surface – 
located proteases that can degrade adsorbed proteins and may serve to 
unmask bacterial adhesions (5). 

Bacteria possess a highly developed recognition system which is 
capable to recognizing and interacting with specific macromolecules on 
tissue surface. Furthermore correlation observed between attachment and 
colonization provided the first convincing that attachment was an 
essential step for bacterial colonization of host tissues (14). 

 
Table 1 : Corrlation between the specific activities of proteases enzyme and the 

adherence abilities of bacterial isolates 
 

Bacterial isolates 
+ ve in gelatin test 

Activities of 
proteases unit/min 

Specific activities of 
proteases enzyme 

unit/min/mg protein  

Adherence 
abilities 

Staphylococcus aureus 7 9.1 0.279 +++ 

Staphylococcus aureus 8 7.8 0.433 ++ 
Staphylococcus aureus 10 28.5 0.73 +++ 

Pseudomonas aeruginosa 3 18.3 0.717 +++ 
Pseudomonas aeruginosa 4 8.6 0.716 ++ 

Pseudomonas aeruginosa 5 25.8 1.075 +++ 

Pseudomonas aeruginosa 8 64.2 3.890 +++ 

Bacterial isolates  
- ve in gelatin test 

Activities of 
proteases unit/min 

Specific activities of 
proteases enzyme 

unit/min/mg protein  

Adherence 
abilities 

7 Isolates of Staphylococcus 
aureus  

0.0 0.0 No adherence 

6 Isolates of pseudomonas 
aeruginosa  

0.0 0.0 No adherence 

*     One unit of enzyme activity was defined as the amount which yielded an increase in A420   
of 0.01 in 30 min 
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Fig. 1 : Liquefaction of gelatin test  

 

 

 
 

Fig. 2 : Adherence to tube surface test revealed the bacterial  

adherence abilities 
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Fig 2 : Bacterial adherence to epithelial cells isolated from mouth  

(Gemsa stain)  

A : epithelial cell without bacterial adherence (Control) 

B : bacterial adherence to epithelial cells 
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Childs and Gibbons (1988) (15) suggested that elevated levels of 

enzymes, particularly neuraminidases and proteases, may contribute to 

this apparently increased susceptibility to colonization by periodontal 

pathogens. The role of protease. IV in the pathogenesis of pseudomonas 

aeruginosa keratitis was investigated by (Engel et al., 1997) (16) by 

comparing mutant strains completely deficient in protease IV activity 

with the protease Iv activity producing parent. A protease Iv deficient 

pseudomonas strain PA 103 – 29: Tn9 had significantly reduced corneal 

virulence relative to its parent strain PA 103 – 29 in both rabbit intra 

stromel model and a mouse topical model of infection. 
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