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ABSTRACT  
 

Microbes habitat harbor an enormous pool of antibiotic and biocide resistance genes that can 
impact the resistance profiles of animal and human pathogens via horizontal gene transfer. 
Pseudomonas putida are ubiquitous in soil but have been seldom isolated from humans. The current 
study  some collected Ps. putida isolates from compost soil and waste water were tested can able 
produced antibiotic against pathogenic bacteria and fungi  in Lab. by agar diffusion method and 
analyzed the genome by PCR and sequenced . A total of 10 Ps. putida were isolated out of Pseudomonas 
sp isolates on LB agar plate medium. Four P. putida isolates were resistance to the antibiotics used in 
laboratories and hospitals out of 9 isolates sensitive to the antibiotics. The Ps. putida   was revealed 
biological activity against As. flauvas, B. cerieus, C. albicans, E. coli Ps. aerugonosa, S. typhi and 
Staph. aureus under optimum conditions. It has been found that isolates are effective against fungi, 
Gram-positive and Gram-negative bacteria whereas their extensive inhibition effect is particularly 
against Gram-positive bacteria. The MIC was differed among Ps. putida isolates for tested bacteria and 
fungi. Sub-inhibitory concentrations of Ps. putida have successfully inhibited biofilm formation of the 
above mentioned bacterial pathogens. Furthermore some isolates are more effective against test bacteria 
when compared to some antibiotics. PCR technique using PCR reaction mixture and specific primer 
sets for Hgene was detected Ps. putida   in compost, soil and waste water. The amplified Hgene DNA 
was in the expected size calculated ≈ 500 bp. To establish a relationship with other Ps. putida strains, 
multi-locus sequence typing assays (MLST assays) were carried out. The presence of the Hgene 
sequence in the genome of Ps. putida isolate suggested the original assignment of this isolate to the 
species Ps. putida based on Hgene classification was correct. These analyses confirmed that the gene 
products of Ps. putida exhibited the highest identity with the gene products of several Ps. putida strains. 
Phylogenetically, sequence comparison confirmed that Ps. putida closest Hgene genetic homologues 
all belong to Ps. putida species.  
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Introduction 
 

The alarming rate of Human disease outbreaks are increasing. One of the most recent involving 
a  Escherichia coli and Staphylococcus aureus in Egypt that caused of illness and due to deaths. These 
strains exhibited resistance to numerous antibiotics making it difficult to eradicate (Bielaszewska et al., 
2011 and Amin et al., 2015). To shed light on the broad pattern of antibiotic resistance, which is rarely 
found in clinical isolates of this bacteria and fungi species. Pseudomonas putida strains are typically 
found in soil and water and members of this species have a broad metabolic versatility, which allows 
them to adapt to different habitats and nutritional environments (Ferna´ndez et al., 2009; Ja Dogan, 
2011; Wu, 2011 and Tang et al., 2011). Strains of this species have occasionally been isolated from 
patients in hospitals inpan, the USA, Italy and France. Infections by these microorganisms have been 
reported to be linked to insertion of catheters or drainage tubes (Yoshino et al., 2011).  Hospital isolates 
of P. putida are often resistant to b-lactams (Docquier et al., 2003 and Yomoda et al., 2003). The 
Bacillus species that produce antibiotics are B. subtilis, B. polymyxa, B. brevis, B. licheniformis, B. 
circulans, B. cereus. Polypeptide antibiotics produced by Bacillus that are used in medical treatments 
are bacitracin, gramycidin S, polymyxin, tyrotricidin (Drablos et al., 1999). In these studies it is stated 
that antibiotics produced by the Pseudomonas species are more effective for Gram-positive bacteria; 
however, the production of large spectrum and anti-fungal antibiotics that are effective for Gram-
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negative bacteria is relatively less (Molina et al., 2014). This study attempts at investigating the 
antimicrobial activity of Pseudomonas putida isolated from the Agricultural compost pile against some 
pathogens and other test bacteria. 
 
Materials and Methods  
 
Isolation, identification and growth conditions:  
 

Banana compost (Heba, 2005), soil and waste water samples were collected from Giza 
governorate in Egypt. Ten g of each sample was extracted in 90 ml sterile distilled water and shaken 
vigorously for 2 min. The extracted solutions were serially diluted in sterile distilled water, up to 10-5 
and inoculated on LB agar plate medium according to Molina et al. (2014). LB broth contained (per l 
L) 1 g lab-lemco powder, 2 g yeast extract, 5 g peptone and 5 g NaCl. The pH was adjusted to 6.8 with 
0.01M HCl and 0.01M NaOH. Plates were incubated at 30 0C for 24-48 h (Chilcott and Wigley, 1993) 
.Isolated Pseudomonas spp  were identified according to the standard taxonomic descriptions from 
Sneath (1986) based on morphological, cultural and biochemical (Table 1)  (Bergey’s Manual, 2009). 
 
Molecular characterization by Heat Shock Genes  
  
 DNA extraction.  
 

Total DNA isolation procedures were carried out four Pseudomonas spp. isolates (2 west water, 
Psw1, Psw4; compost, Psc6 and soil, Pss9) show antimicrobial activity accordance with the Good 
Molecular Diagnostic Procedures guidelines of Millar et al. (2002). A novel primer pair was designed, 
forward [gro ESf 59-ATGAAGCTTCGTCCTCTGCAT-39 (21-mer)] and reverse [gro ESr 59-
GTCTTTCAGCTCGAT-39 (15-mer)], which targeted conserved regions of the heat-shock protein 
gene for Pseudomonas spp. The binding sites of the groESf and groESr primers in P. aeruginosa 
(GenBank no. M63957) relate to positions 42–63 and 577–563, respectively, yielding a fragment of 536 
bp (Clarke et al. 2003). 

 
PCR amplification. 
 

The reaction mixes (100 l) were set up as follows: 10 mM Tris/HCl, pH 8·3; 50 mM KCl; 2·5 
mM MgCl2; 200 M   dNTPs; 1·25 U Taq DNA polymerase (Amplitaq; PerkinElmer); 0·2M primers 
and 4 l DNA template. Reaction mixtures, following a ‘hot start’, were subjected to the following 
empirically optimized thermal cycling parameters in a PerkinElmer 2400 thermocycler: 96 8C for 5 
min, followed by 40 cycles of 96 8C for 1 min, 50 8C for 1 min and 72 8C for 1 min, followed by a 
final extension at 72 8C for 10 min. according to Millar et al. (2002).   

 
Detection of amplicons.  
 

Aliquots (10 l) reaction mixture were  examined by electrophoresis (80 V, 45 min) in gels 
composed of 2 % (w/v) agarose (Gibco) in TAE buffer (40 mM Tris, 20 mM acetic acid, 1 mM EDTA, 
pH 8·3), stained with ethidium bromide (0·05 g ml1). Gels were visualized under UV illumination by 
using a gel image analysis system (UVP Products). 
 
Sequencing of PCR amplicons: 
 

 PCR amplicon was purified by using a QIAquick PCR Purification kit (Qiagen). Amplicons were 
sequenced in both directions on an ALFexpress II automated sequencer (Amersham Biosciences) by 
using primers which were labelled with Cy-5 fluorescent dye   and used in conjunction with a Thermo 
Sequenase Fluorescent Labelled Primer Cycle Sequencing kit (Amersham Biosciences). The resulting 
sequences were aligned by employing MegAlign software (DNASTAR) and compared with those 
stored in GenBank by using BLAST alignment software. 
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Antibiograms:  
 

Overnight cultures of Pseudomonas spp isolates were spread on LB plates and air dried in a 
laminar flow. The discs containing antibiotics (14 antibiotic Biomerieux commercial disk) were 
placed on the LB plates. Plates were incubated at 30uC for 16 h. The measurement of inhibition zones 
were done basically from the edge at the zone to the edge of the wall (Reinheimer et al., 1990). This 
assay was repeated at least three times in duplicate. 
 
Determination of Inhibitory effect of isolated Pseudomonas cultures by the agar-well diffusion. 
 
Method:  
 

The isolated Pseudomonas cultures were centrifuged at 6000g for 15 min to remove cell debris. 
After centrifugation, the supernatants were filled into the wells of agar plates directly and inoculated 
with target strains. Impregnated well with sterilized cork borer with 100 ul/well  the supernatants 
fertility  in inoculated nutrient agar plates with overnight cultures of tested microorganisms (Aspergillus 
flavues , Bacillus subtilis  , Bacillus cereus ,Candida albicans , E.coli, Micrococcus luteus , 
Pseudomonas aeruginosa  Sallmonela tayphi , Staphylococcus aureus) obtained from Culture 
Collections of Cairo MERCN Fac. of. Agric. Ain Shams Univ. The inoculated plates were incubated at 
37 0C for a period of 24 h, while M. luteus was incubated at 300C.  Negative controls were done using 
sterile distilled water according (NCCLS/CLSI, 2007). The susceptibility of the microbial was 
estimated by measuring the diameter of the zones of inhibition and recorded values as the average of 
three replicates (NARMS, 2002). The percentage of microbial growth reduction (GR %) was estimated 

by Broth micro dilution method using as reference the control treatment as:  GR%= 
���

�����
 . Where, C is 

the cell concentrations under the control treatment and T is replicates were considered. The results were 
recorded as means ±SE of the triplicate experiment (NCCLS/CLSI, 2007). This test was repeated two 
times in duplicate. 
 
Determination of Minimum Inhibitory Concentration (MIC):   
 

The lowest concentration of isolated Pseudomonas fertility resulting in inhibition of bacterial or 
fungal growth was recorded as the MIC (NCCLS/CLSI, 2007) by the broth micro dilution method. 
 
Antivirulence activity  
 
Biofilm formation assay:  
 

The isolated bacteria 100 mL of a bacterial suspension contains 106 CFU/ml was added to each 
well and incubated for 5–6 h at 300C were tested for their ability to form biofilm using tissue culture 
plate assay as described by Christensen et al., (1995) .  

 
Biofilm inhibition assay:  
 

Ps.putida fertility was tested for their potential to prevent bacterial biofilm formation of strong 
producing isolates at sub MIC concentration against tested bacterial isolates according to Lin et al., 
(2011).  

Minimal inhibitory concentration (MIC) assay of Ps. putida fertility was performed in 96-well 
plates, using LB medium and  Ps. putida fertility . Serial 10-fold dilutions of Ps. putida fertility were 
prepared and 10 ml of each of these dilutions added to 190 ml of LB, minimal medium M9 and Mueller-
Hinton broth medium. Optically standardized 18 hour cultures (10 ml) of P. putida strains were used as 
inoculums. The 96- well plates were incubated at 300C and 200 rpm overnight and culture turbidity was 
measured as an indication of growth. The MIC value was established as the lowest concentration at 
which an Ps. putida fertility inhibits growth 90% (Andrews, 2001). The assays were repeated three 
times in duplicate. 
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Results  
 
        Isolated Pseudomonas spp were identified on the basis of morphological, biochemical 
characteristics and conventional techniques according to according to the Bacteriological standard 
taxonomic descriptions. Twenty isolated Pseudomonas spp were obtained on LB, minimal medium 
from   compost, soil and waste water samples, identified classified on the basis the morphological and 
biochemical tests given in Table (1) to P. aeruginosa (5.5%), Ps. putida (56.5%) and Ps. flouranceses 
(28.0%) obtained from soils. This bacterial are significant because they regulate soil ecosystem.  
 
Table 1: Morphological and Biochemical characteristics of Isolated Pseudomonas spp from soil Banana 

compost, soil and waste water samples  
Biochemical  Characteristics Ps. aeruginosa Ps. putida Ps .flouranceses 
Fluoresces pigment + - + 
Catalase + + + 
Glucose - + - 
Lactose - - V 
Sucrose - V V 
Starch hydrolysis - + - 
Nitrate reduction V + + 
Citrate utilization V + V 
Voges- Proskauer + + + 
K. soluble 3 5  4 
Frequency % 5.5% 56.5% 28.0% 

V + Variable                     + = Positive result                         - = Negative result 

      A collection of ten  Ps . putida isolates from Banana compost (3) , soil ,(2) and  waste water (5) Ps 
. putida isolates  has been established in the Microbiology Lab. of Ain Shams  University of Cairo 
Egypt. Among these, only one isolate  from compost named,Ps6C and soil named  Ps9S as well as two 
from waste water named Ps1w   and Ps4w were molecular analyzed and  carried out to unequivocally 
assign this strain to the Ps .putida .To establish a relationship with other Ps. putida strains, multi-locus 
sequence typing assays (MLST assays) were carried out using H gene these analyses confirmed that the 
gene product of Pseudomonas isolates exhibited the highest identity with the gene product  of several 
Ps. putida (gb|GU459198.1) strains. Phylogenetically, strain Ps. putida (Ps4w) was closest to Ps. putida 
(gb|GU459198.1) from a waste water. 
 
Antibiotic resistance profile of P. putida isolates:  
 

Diameters of inhibition zone (mm) exhibited against test bacteria of standard antibiotics are 
shown in (Table 2). Antibiogram assays showed a distinctive characteristic of the four out of 10 isolated 
Pseudomonas spp  which  multidrug resistance to most of the 14 antibiotics tested (Table 2) were 
resistant to all of them exception were the Ciprofloxacin, Streptomycin, and imipenem, was sensitive . 
MIC assays revealed that HB3267 was highly resistant to aminoglycoside antibiotics such as 
gentamycin, kanamycin and spectinomycin being, depending of the medium employed.  

Data are the average of 3 replicates  with standard deviation below 5% of the given values.The 
inhibition effects of filterated 10 Pseudomonas spp isolates  were    examined against  A. flaveus ,  
B.cereus C. albicans / E.coli  , Ps.aeruginosa , Staph. aureus and S.Typhi . Four Pseudomonas spp. 
isolates (2 West water, Psw1 Psw4; compost, Psc6 and soil, Pss9) were showed antimicrobial activity 
(Table 3) but 6 isolates did not show antimicrobial activity. The filterated of Pseudomonas spp. 4  
isolates exhibited moderate antimicrobial activity against A.flaveus C. albicans and Ps. aeruginosa. The 
highly antimicrobial activity inhibitory effect was recorded with against B. cereus,   E. coli ,   Staph. 
aureus and the highly strong activity inhibition with S. typhi. The sensitivity levels of some isolates are 
more in comparison to some antibiotics (Table, 3).  
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Table 2:  Antibiotic resistance profile of isolated Pseudomonas spp with Antibiogram assay. 
Antibiotic, 
concentration  (mg)          
                                     

Isolated Pseudomonas spp   

West water Compost Soil 
Ps1W Ps2W Ps3W Ps4W Ps5W Ps6C Ps7C Ps8C Ps9S Ps10S 

Ciprofloxacin, 5 0 2.4 2.6 0.2 2.8 0 1.2 0.6 0 1.6 
Erithromycin, 15 0 0 0 0 0 0 0.6 0 0 1.5 
Streptomycin,       90 0.9 1.4 1.9 0.5 0 0.7 0.5 0.9 0.4 0.9 
Tetracycline, 30 0 0 0 0 0 0 0 0.6 0 0 
Trimethoprim 20 0 0 0 0 0 0 0.8 0 0 2.1 
Chloramphenicol, 30 0 0 0 0 0 0 0 0 0 0 
Ampicillin, 10 0 1.5 1.9 0 2.5 0 1.7 13 0 1.4 
Imipemen, 10 0 2.6 1.6 0 2.1 0 2.7 1.2 0.6 2.3 
Cefotaxime, 30 0 1.7 2.0 0 1.6 0 0.7 1.4 0 1.8 
Sulfonamide G, 20 0 01,4 0 0 01.1 0 0.6 0.7 0 0 
Rifampicin, 30 0 0.7 0.9 0 1.7 0 1.7 3.0 0 0.7 
Vancomycin, 30 0 1.2 0.6 0 0.7 0 0.6 0.4 0 2.0 
Esperamicin,                  100 0 1.2 1.4 0 2.1 0 0.7 0.5 0 0.8 
Nitrofurantoin              300 0 2.5 1.3 0 1.4 0 1.9 2.5 0 1.5 

Numbers indicate the size of the inhibition zone in cm.  

 
Table 3: The diameter of clear zones inhibition (mm) of Pseudomonas spp isolates against pathogenic bacteria 

by agar-well diffusion method. 

Microbial isolates 
Ps. spp isolates 

A. flaveus 
B.  

cereus 
C. 

albicans 
E. 

coli 
Ps. 

aeruginosa 

Staph. 
aureus 

 

S. 
Typhi 

 

West water 

Ps1w 8.5 17.7 12.5 12.4 7.5 6.2 21.2 

Ps2w 1.5 NI NI 2.4 NI 12.2 11.5 

Ps3w NI NI NI NI NI NI NI 
Ps4w 18.5 15.7 NI 15.4 19.2 11.4 8.7 
Ps5w NI NI NI NI NI NI NI 

Compost 
Ps6c 21.5 13.7 NI 12.4 14.3 NI 18.3 
Ps7c NI NI NI NI NI NI NI 
Ps8c NI NI NI NI NI NI NI 

Soil 
Ps9s 18.5 12.7 14.5 7.5 9.2 8.2 7.2 

Ps10s NI NI NI NI NI NI NI 
 
   Antimicrobial activity of filterated  4 Psw1 , Psw4 ; Psc6 and Pss9 Pseudomonas spp isolates  were  
exhibited antimicrobial activity against A.flaveus C. albicans , B. cerieus , P. aerugonosa , E. coli  , 
Staph. aureus  and S .typhi  of  with variable zone of inhibition (Table 3).  The mean growth inhibition 
were  45.65 ,   75.13 ,  74.65, 86.56 , 92,25 , 81.6 and  72.15 OD A. flauvas , B. cerieus , C. albicans , 
E. coli , P. aerugonosa and S. aureus S . typhi  enterica  respectively (Table,4) . MICs value of filterated 
Ps. putida isolates (50 ppm) against the tested bacteria growth at concentrations ,5, 10 , 11 , 8, 7, ,10 
and 7 ml-1 respectively (Table 4).   .          
    Among four tested microbial isolates, the strong  biofilm  producing by isolates B. cerieus, P. 
aerugonosa,  S. aureus and S. typhi  enterica with optical density 0.74, 0.56 ; 0.64 and 0.55 OD,  
respectively, While, moderate biofilm producing  by C. albicans and E. coli, Ps. aeruginosa, Staph. 
aureus and  0.45 and  0.35 and low biofilm producing  by A.  flavus (0.25 O.D.). Biofilm inhibition was 
investigated for potential to prevent biofilm formation by strong biofilm producing bacterial isolates 
(Ps. aeruginosa and Staph. aureus) grown with different sub (MICs) concentrations. The results in 
Table (3) showed that biofilm inhibition percentages by AgNPs were 75.45 , 64.72, 70.25, 67.85  , 78.44 
,87.23 and 75.50 % at the following sub (MICs) concentrations 10 mL-1 of A. flavus  , B. cereus,  C. 
albicans , E.coli , Ps. aeruginosa,  Staph. aureus and S. typhi  respectively (table  4) .     
      This study examined the antimicrobial activity of 10 Pseudomonas spp isolates against tested 
bacteria. Four Pseudomonas spp. isolates (2 West water, Psw1, Psw4; compost, Psc6 and soil, Pss9 ) 
show antimicrobial activity (Table 2) but other isolates did not show antimicrobial activity . The 
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inhibitory effect of strains against A. flavues , B. cereus ,C. albicans , E.coli , Ps.aeruginosa , S. typhi , 
Staph. aureus). The sensitivity levels of some isolates are more in comparison to some antibiotics 
 
Table 4: The mean growth inhibition ,Minimum Inhibitory Concentrations Biofilm formation  and Biofilm 

Reduction against pathogenic bacteria  . 
Microbial isolates  A. 

flavus 
B. 

ceries  
C. 

albicans 
E. 

coli 
Ps. 

aeruginosa 
Staph. 
aureus 

S. 
Typhi  

  

MGI (OD) 

Ps1w 55.25  75.12  74.75  82.16  72.25  41.15  72.15  
Ps4w 65.61  65.15  57.65  86.23  52.52  40.12  52.13  
Ps6c 35.44  45.23  54.25  76.65  62.23  35.75  42.75  
Ps9s 45.65  55.34  64.55  66.56  52.61  35.14  52.25  

MICs (ml)  
  

Ps1w 12  21  14  18 17  21  8  
Ps4w 14  14  17  12 9  25  9  
Ps6c 13  18 14  10 10  26  9  
Ps9s 12  15  19  14 13  25  6  

Biofilm 
formation 

(OD  

Ps1w 0. 25 0.74 0. 45 0. 32 0.65 0.64  0.55 
Ps4w 0.35 0.75 0. 45 0. 32 0.65 0.64  0.55 
Ps6c 0. 28 0.54 0. 45 0. 32 0.65 0.64  0.55 
Ps9s 0. 42 0.62 0. 45 0. 32 0.65 0.64  0.55 

Biofilm 
Reduction 

(%)  

Ps1w 35.15  64.75  36.22 57.25  78.44 47.12 85.50 
Ps4w 45.35  74.12  45.15 52.85  75.14 57.23 71.20 
Ps6C 45.15  60.22  34.11 47.55  65.42 37.75  65.50 

Ps9S 55.42  62.62  30.25 67.80  65.25 42.23 75.15  

Filterated Ps.putida 25%  (2ml/well) 
Each value is mean of 3 replicates 
MGI =Mean growth inhibition (broth micro-dilution method) by ELISA plate reader. 
MICs =Minimum Inhibitory Concentrations  

      
Molecular characters:  
 
      The integrity and quantity of the purified  DNA extracted from four Pseudomonas spp. isolates (2 
West water, Psw1 , Psw4 ; compost , Psc6 and soil , Pss9 ) which showed antimicrobial activity were 
confirmed by gel electrophoresis and UV spectrophotometer. The concentration of DNA was 75 ,68, 
82 and 58 μg / 0.5 gm cells (107,108,108and 107cfu / ml) and the purity measured by an A 260/280 
absorbance ratio (1.8 , 1.6 , 1.9 , 1.5) for 4  Ps .putida  isolates indicating high yield and purity of the 
extracted DNA.   Hgene DNA was amplified from extracted DNA using PCR-technique, the target 
DNA mixed with PCR reaction mixture, taq DNA polymerase and primer sets directly.  
       PCR reaction mixture and specific primer sets for Hgene was detected Ps. putida in west water, 
compost pile and soil. The efficiency of Hgene amplification using specific primer sets by analysis PCR 
product using 1.5% agarose gel electrophoresis .The size of PCR product was estimated with comparing 
its electrophoresis mobility with those of standard DNA leader as showing in Fig (1). The amplified 
DNA was in the expected size calculated ≈ 700 bp. (Fig.1) 

Phylogenetic analysis was performed by construction of phylogenetic tree using a neighbor 
joining method with genetic distance to unravel the relationships among all Pseudomonas spp strains 
(Fig. 2). The phylogenetic tree resulted in two different clusters along with Pseudomonas reactans 
(gb|GU45…..and Pseudomonas oleovorans (gb|EF68... second cluster along with. unknown 
(Pseudomonas isolate and ) Pseudomonas putida(gb|GU459198.1) . Thus, the molecular identification 
based on sequence homology of the Hgene DNA confirmed the identity and phylogeny of the studied 
Pseudomonas putida isolate (Fig. 2). 
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Fig. 1:  Gel electrogram showing PCR product of Hgene DNA for four P1,p2,p3 and p4 of Ps.putida 

Psw1 , Psw4, Psc6 and Pss9, isolates  respectively with  expected size 700 bp , M = DNA 
leader . 

 
      
 

 
 

Fig.2:  Phylogeny genetic distance of the one studied Pseudomonas sp isolate as compared to reference 

published strains on GenBank . Minimum bootstrap frequency used during analysis was 1000.  

 
Discussion 
  
        A total of 10 Ps. putida were isolated out of  Pseudomonas sp isolates on LB agar plate medium.  
Pseudomonas putida strains are typically found in soil and water and members of this species have a 
broad metabolic versatility, which allows them to adapt to different habitats and nutritional 
environments (Ferna´ndez et al., 2009; Ja Dogan, 2011; Wu, 2011 and Tang et al., 2011).  Strains of 
this species have occasionally been isolated from patients in hospitals in Japan, the USA, Italy and 
France. Infections by these microorganisms have been reported to be linked to insertion of catheters or 
drainage tubes (Yoshino et al., 2011 and Molina et al., 2014). Four P. putida  isolates were resistance 
to the antibiotics used in laboratories and hospitals  out of 9 isolates sensitive to the antibiotics . 
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Compared to other pseudomonad clinical isolates, the HB3267 strain was more resistant (in terms of 
range of antibiotic and MICs) than P. aeruginosa PAO1. For example, HB3267 was 5000 times more 
resistant to gentamicin than P. aeruginosa PAO1 (Horii et al. 2005 and Muller et al., 2011) analyzed 
the susceptibility of five clinical isolates of P. putida (from patients with acute, repetitive or chronic 
urinary tract infections) to fluoroquinolones. Similar to HB3267, four of the five isolates were resistant 
to fluoroquinolones, but in contrast with HB3267, all isolates were susceptible to aminoglycosides. 
MICs assays revealed that the resistance of HB3267 was at the same range than the described P. putida 
clinical isolates and at least 22-fold more than KT2440 (Horii et al., 2005 and Yorukce et al., 2017). 
The Ps. putida   was revealed biological activity against As. flauvas , B. cerieus , C. albicans , E.coli  
Ps. aerugonosa ,S. typhi and Staph . aureus under optimum conditions. It has been found that isolates 
are effective against fungi, Gram-positive and Gram-negative bacteria whereas their extensive 
inhibition effect is particularly against Gram-positive bacteria. luteus. Aslim et al. (2002) found that 
four strains belonging B. thuringiensis, B. subtilis and B. megaterium were active against E. coli and Y. 
enterocolitica. Oscariz et al. (1999) isolated and identified a bacteriocin-producing strain of B. cereus 
from a soil sample. Ugur et al. (2001) found that S. aureus (MRSA), which was resistant to Methicillin, 
was also sensitive to Mug˘la royal jelly. Mercan et al. (2002) found that Karaman royal jelly has 
inhibitory effect on M. flavus, which is resistant to the antibiotic AzithromycinThe MIC was differed  
among  Ps . putida isolates  for  tested bacteria and fungi. Sub-inhibitory concentrations of Ps.putida 
have successfully inhibited biofilm formation of the above mentioned bacterial pathogens. Furthermore 
some isolates are more effective against test bacteria when compared to some antibiotics.  Antibiotic 
resistance profile of P. putida strain HB3267 A distinctive characteristic of the HB3267 strain was its 
apparent multidrug resistance compared to other P. putida from the same hospital collection. Disk 
inhibition and MIC assays were performed with the most frequently used laboratory/clinical antibiotics 
to obtain quantitative data; for comparison we used P. putida KT2440R, a well characterized strain as 
a control. Antibiogram assays showed that P. putida HB3267 was resistant to most of the 31 antibiotics 
tested in this study (Molina et al., 2014). However, it should be noted that the minimal inhibitory 
concentrations found for HB3267 are much higher than what has been reported for other clinical 
isolates.   It is known that P. putida strains are able to form biofilms on biotic and abiotic surfaces 
(Espinosa-Urgel et al., 2002 and Duque et al., 2013) Bacterial cells in biofilms are often more resistant 
to antibiotics than planktonic cells. We used the O’Toole and Kolter approach to produce biofilms of 
P. putida HB3267 which were flat and dense and similar to those produced by the KT2440 strain 
(Duque et al., 2013).The Minimal Biofilm Eradication Concentration (MBEC) as described by Ceri et 
al. (2001). We found that both strains, KT2440 and HB3267 were much more resistant forming biofilms 
than living as planktonic cells, but most of the antibiotic tested, such as gentamicin, ampicillin, 
tetracycline, kanamycin, nalidixic acid, spectinomicyn and chloramphenicol, that were able to eradicate 
at high concentrations the KT2440 biofilms, were unable to eradicate those formed by HB3267. 
Antibiotics that were effective (rifampicin, fluoroantimicin, amikacin, ceftriaxone, and norfloxacin 
were required in 3- to 40-fold higher concentrations than those required to inhibit more than 90% growth 
of planktonic cells.  PCR technique using PCR reaction mixture and specific primer sets for Hgene was 
detected Ps. putida   in compost, soil and waste water. The amplified Hgene DNA was in the expected 
size calculated ≈ 500 bp. to establish a relationship with other Ps. putida strains, multi-locus sequence 
typing assays (MLST assays) were carried out. The presence of the Hgene sequence in the genome of 
Ps. putida isolate suggested the original assignment of this isolate to the species Ps. putida based on 
Hgene classification was correct. These analyses confirmed that the gene products of Ps.putida 
exhibited the highest identity with the gene products of several Ps. putida strains. Phylogenetically, 
sequence comparison confirmed that Ps. putida closest Hgene genetic homologues all belong to Ps. 
putida species. Heat-shock proteins appear to be constituents of the cellular machinery of protein 
folding, degradation and repair (Feltham and Gierasch, 2000). These bacterial molecular chaperones 
play an important role in normal growth by mediating the folding and/or assembly of different 
polypeptides, as well as the transport of some secretory proteins across membranes. For successful 
reactivation and assembly of some proteins, GroEL requires the presence of another heat-shock protein, 
GroES. The general properties of the heat-shock response of P. aeruginosa have been characterized; 
synthesis of at least 17 proteins, including DnaK and GroEL, is transiently induced by an increase in 
cell temperature.  As the groES and groEL genes of P. aeruginosa have now been cloned and their 
nucleotide sequences determined, the aim of this study was to develop a novel PCRassay for the 
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detection of Pseudomonas spp. from patients with CF by employing conserved primer regions of the 
groE heat-shock protein domain gene. APCR assay was designed that targeted a 536 bp region of the 
groE gene to detect Pseudomonas spp. PCR amplification of genomic DNA from extracted organisms 
generated an amplicon of the expected size (approx. 536 bp) for all P. aeruginosa (n ¼ 60), 
Pseudomonas putida, Pseudomonas fluorescens and Pseudomonas stutzeri isolates examined, but did 
not produce a positive amplicon for several other genera and species that are commonly isolated from 
the sputum of CF patients (Clarke et al., 2003). 
       The benefits of our isolates and the chemical characterization of the antimicrobials determined are 
subject to further studies. 
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