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Introduction:
      Streptomyces are one of the most diversified genera among others of the Eubacterial Domine as they posses a unique morphological variability (Williams et al.1989; Yonekawa et al. 1999; Anderson and Wellington 2001). They are wide spread around all environments and are producers for nearly 75 % of all antibiotics used in clinical and veterinary medicine (Gupte and Naik 1999; Bralley and Jones 2000). Although Streptomyces have received a considerable attention during the last century, there is a world wide growing interest on phylogenic re-examination of the genus due to the availability of DNA-analysis, particularly the use of 16S rRNA for Streptomyces biodiversity in nature (Cristova et al. 1995; Hain et al. 1997; Robert and Crawford 2000). In addition, production of a new generation of antibiotics from Streptomyces is of special interest as most pathogens have acquired antibiotic-resistant capabilities (Turnidge et al. 2000; William 2001; Betlejewska and Hryniewicz 2002). Furthermore, the completion of the genetic sequence of the S. coelicolor A3 (2) has underlined the importance of more thorough research for better understanding of the biosynthesis and production of the antibiotics at both genetic and physiological levels during growth in liquid culture ( Hopwood et al. 1994; Huddleston et al. 1997). The suitability of the antibiotic-producing strains has always been a major problem in the industrial biotechnology and thus screening programs, strain selection and development is currently required. The aim of the present study is therefore to screen for some novel antimicrobial agents produced by 34 Qatari strains of Streptomyces against multi-antibiotic resistant (MAR) pathogens.
Materials and methods:
Bacterial pathogens and control strains: 

      Five known multi-antibiotic resistance (MAR) bacterial pathogens were used as test strains. The strains were originally isolated from clinical samples at Hamad General Hospital and referred to here by their serial number in the Qatar Culture Collection. These were: Staphylococcus aureus QMR1, S. aureus QMR2, Pseudomonas aeruginosa QMR3, Escherichia coli QMR4, Klebsiella pneumonia QMR5.
      Control strains were obtained from American Culture Collection (ATCC), Carolina Biological (MM), Words (W) and some of the microbial strains available in Qatar Culture Collection (Q). Three bacterial strains were used as resistant-controls. The resistant-controls were: Escherichia coli C600 (carry PUC8 plasmid resistant to ampicillin), E. coli ATCC 23735 and E. coli MM294. Sensitive-controls for most of the commercially available antibiotics included 8 bacterial and 4 fungal strains. The sensitive-controls were: Escherichia coli ATCC 27324, E.coli ATCC 2374, E.coli ATCC 23725, E.coli 8sW1660, E.coli Q873a, Bacillus cereus Q100, Pseudomonas aeruginosa Q2027, Staphylococcus aureus Q1228, Sacharomyces cervisia Q2601, Candida albicans Q10231, Penicillium sp. IM56, Penicillium sp. IM65c.

Growth conditions: 

      Each soil sample (1.0 g) was suspended in 10 ml nutrient broth and serial dilutions were made before and aliquot of 0.1 ml was subcultured on nutrient agar (Oxoid), incubated at 37 °C for 7 days before colonies of Streptomycetes appearance were isolated for further purification. Purified cultures of bacteria were grown for 24 h in 50 ml nutrient broth (Oxoid) at 37 °C and were maintained on nutrient agar (Oxoid) at 4 °C. Cultures of fungi were grown in malt broth (Oxoid) at 28 °C and were maintained on potato dextrose agar (Oxoid) at 4 °C.
Antimicrobial activity of the Streptomyces strains: 

      The 34 Streptomyces strains used in this study were isolated from the soil of 
Qatar and referred to here by their serial number in the Qatar Culture Collection. The antimicrobial activities of the Streptomyces strains were determined by standard well-diffusion technique (Mahasneh et al. 1994) with the following modifications: The nutrient agar plates (Oxoid) were swapped with pure bacterial growth of each tested strain. In the diffusion-well assay, 7 mm wells were bored in the agar plates and then wells were filled again with agar plugs containing colonies of Streptomyces (7 days old inoculum). This was done axenically using the back of a sterile Pasture pipette. The size of the Streptomyces inoculum was about 1.0 mg dry weight per plug. The inoculated plates were then incubated at 37 °C for 24 h and the diameter of the inhibition zone was recorded. Nine antimicrobial agents were used as controls (μg/disc, unless stated otherwise): piperacillin/tazobactam (10), gentamycin (10), pencillin G (10 units), tetracycllin (30), vancomycin (5), ampecillin (10), ofloxacin (5), chloramphenicol (30) and amikacin (30).

Results and discussion:
      The antimicrobial activity of the Qatari Strpetomyces strains are given in Table 1. The mean value of the general-antibiotic activity rate (GAAR) was 66.8 % and the range was 40-95 % with maximum value against Staphylococcus aureus QMR1, S. epidermidis ATCC 1228; Escherichia coli QMR4 and E. coli 8sW660. The minimum value was against Klebsiella pneumonia QMR5. The mean value of the specific-antibiotic activity rate (SAAR) was 70.0 % and the range was 45-100 % where the most effective strains (against all the tested bacterial and fungal pathogens) were Streptomyces Q30D, Streptomyces Q41A and Streptomyces Q65D. In contrast, the minimum SAAR value against all bacterial and fungal pathogens was displayed by Streptomyces strain Q78A. The present results could be compared to those reported on antibiotic activity by Streptomyces arenae aginst Bacillus subtilus, Staphylococcus aureus, Candidia albicans, Sacharomyces cerevisiae and Aspergillus niger (Gupte 1998) and that by S. coelicolor against B. mycoides, (Hopwood 1999). 

      Despite the minor differences, all Streptomyces strains were highly effective (70 % for GAAR and SAAR) against the tested strains (bacterial and fungal) including the resistant-controls. The most effective antimicrobial agents, produced by the Streptomyces strains Q30D, Q41A and Q65D, appeared to have a wide spectrum inhibition effect as they showed a 100 % inhibition for the tested Gram-positive and Gram-negative bacteria as well as fungi. In contrast to the 9 control antibiotics, to which pathogens were resistant, the mean value of the inhibition zones of the antimicrobial agents produced by the Qatari Streptomyces reached 21.5 mm with the range of 10-32 mm; indicating the effectiveness of the produced antimicrobial agents against the MAR pathogens. This is highly comparable to the antimicrobial activity reported before (Okami and Hotta 1998).

      The present data represent novel antimicrobial activity where the tested MAR pathogens are completely inhibited, illustrating the effectiveness of the Streptomyces strains against various microbes including MAR pathogens. In addition this paper illustrate the potential of the present strains to be used as a source for a new generation of a wide spectrum anitbiotics. This displays a marked contrast to other circumstances where much of the commercial antibiotics either show a narrow spectrum inhibition or are ineffective against the MAR pathogens under hospital and community conditions.
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ملخص


      تم تقدير النشاط الحيوي لـ 34 سلالة من جنس ستربتومايسيس معزولة من أنواع مختلفة من التربه من دولة قطر ضد البكتيريا المقاومة للعديد من المضادات الحيوية. بلغ متوسط قيم النشاط المضاد الحيوي 66.8 % في مدى يتراوح من 40 إلى 95%. كانت أعلى قيم للنشاط الحيوي ضد أنواع البكتيريا التالية: البكتيريا الكروية العنقودية Staphylococcus aureus وS. epidermidis وبكتيريا القولون Eschericia coli. أظهرت السلالات التالية Streptomyces Q30D وS. Q41A وS. Q65D قيم تثبيط بلغت 100% ضد كل أنواع البكتيريا والفطريات المختبرة. بلغ متوسط منطقة التثبيط المتسبب عن العوامل المضادة للميكلروبات التي تنتجها بكتيريا ستربتومايسيس، قيمة 21.5 ميلليمتراً وتراوح المدى من 10 إلى 32 ميلليمتر.


      أظهرت النتائج أن بكتيريا ستربتومايسيس المعزولة من تربة قطر، تتميز بقيم عالية من النشاط الحيوي المضاد للميكروبات وذلك عند مقارنتها بمضادات حيوية أخرى تجارية، تلك التي قد تظهر مدى ضيقًا أو عدم فعالية ضد الميكروبات المسببة للأمراض والتي لها قدرة عالية على مقاومة المضادات الحيوية، وذلك تحت ظروف الدراسة في داخل المستشفى أو عند علاج المرض خارجه.


Abstract


      The antimicrobial activity produced by 34 Qatari strains of Streptomyces against multi-antibiotic resistant (MAR) pathogens were investigated. The mean value of the general-antibiotic activity rate (GAAR) was 66.8 % and the range was 40-95 % with maximum value against Staphylococcus aureus QMR1, S. epidermidis ATCC 1228, Escherichia coli QMR4, and E. coli 8sW1660. The mean value of the specific-antibiotic activity rate (SAAR) was�





70.0% and the range was 45-100 % where the most effective strains were Streptomyces Q30D, Streptomyces Q41A and Streptomyces Q65D. These 3 strains showed a 100 % inhibition for all the tested bacterial and fungal strains. In contrast to the 9 control antibiotics to which pathogens were resistant, the mean value of the inhibition zones of the antimicrobial agents produced by the Qatari Streptomyces reached 21.5 mm with the range of 10-32 mm. The present data represent novel antimicrobial activity in contrast to the other circumstances where much of the commercial antibiotics either show a narrow spectrum inhibition or are ineffective against the MAR pathogens under hospital and community conditions.
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