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ABSTRACT 
Background: Pecate lyase has great commercial significance in industrial applications, such as extraction and clarification of fruit juices, 
maceration of vegetables, scoring of cotton fabric, retting of flax, degum of plant fibers, waste water treatment, oil extraction, eat and coffee 

fermentations, bleaching of paper, in poultry feed additives and in the alcoholic beverages and food  industries.  Objective: Environmental 

isolates were collected from spoilt orange samples. The screening for pectinase production was done by semi-quantitative analysis in yeast 
extract pectin (YEP) medium. Simple laboratory testing followed by the complementary Vitek 2 system. The pectinase was purified by 

fractionation with ammonium sulfate followed by DEAE-Sephacel ion exchange chromatography and Sephadex G-150 gel filtration. The 
purified pectinase was tested for its ability to inhibit biofilm formation and adhesion by all biofilm producing bacteria(Congo red agar 

(CRA) and microtiter plate methods). Results: A novel isolate of Pseudomonas stutzeri isolated from spoilt orange samples revealed an 

ability to produce signifcant amounts of an extracellular pectinase and Pseudomonas stutzeri O6 produced higher level of this enzyme 
reached to 0.49U /ml. Pectinase was purified with a recovery yield of 58.6% and 28.3 fold of purification by using Ammonium sulfate at 

65% saturation followed by DEAE-Sephacel ion exchange chromatography and Sephadex G-150 gel filtration chromatography. In 

microtiter plate method the purified pectinase has different proportions in biofilm inhibition for testing bacteria.  The higher antibiofilm and 
antiadhesive rates by pectinase were found against Pseudomonas aeruginosa with 72% and 37%, respectively, followed by Enterococcus 

faecalis and Staphylococcus aureus with 67% and 30% and with 53% and 28%, respectively. Conclusion: This result increased the benefit 

by using the pectinase as a powerful alternative agent for treatment of multispecies biofilm context. Thus we can conclude that pectinase has 
promising benefit as antibiofilm and adhesive agent against biofilm forming pathogenic bacteria that have multidrug resistance. 
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INTRODUCTION 

 

Food spoilage pointing to the many changes in a food that make it toxic and less acceptable and these 

changes associated with alterations in appearance, texture, taste or smell. Numerous microbial defects of 

agricultural crops are characterized by the types of microorganism responsible for their deterioration [1,2,3,4]. 

Fruits are quickly mortal products; the quality is affected by post-harvest handling, transportation, storage and 

marketing. The incorrect handling, packaging, storage and transportation of fruits leads to result in rot of fruits 

and growth of microorganisms that activated by the new physiological environment in the fruits [5,6]. There is a 

wide range of vegetables and fruits products that contaminated with different microorganisms [7] such as citrus 

sinensis which is also known as sweet orange[8].  

Pseudomonas stutzeri is a member of the genus Pseudomonas and opportunistic pathogen that isolated from 

clinical samples. P. stutzeri is distributed widely in the environment and in a variety conditions since It can be 

found in the soil and rhizosphere, where strains are known to be nitrogen fixers, thereby participating in a 

symbiosis with plant root systems[7].  

http://www.aensiweb.com/aeb.html
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Pectin is a complex heterogeneous structural polysaccharide that made up of α-(1-4) linked D-

galacturonicacid residues with a small number of rhamnose residues in the main chain and arabinose, galactose 

and xylose on its side chain[9]. It found in the primary cell walls of all terrestrial plants[10]. 

Pectinase is a pectic enzyme that leads to degrade of pectic components of cell walls and of the middle 

lamella of plant tissues and procuration of diseases such as soft rot, dry rot, wilts, blights and leaf spots[11]. 

Pectinases classified on the basis of their mode of action to polygalacturonase (EC 3.2.1.15), pectin esterase (EC 

3.1.1.11), pectin lyase (EC 4.2.2.10) and pectate lyase (EC 4.2.2.2)[11]. Pectinases produced by different 

organisms such as bacteria, fungi and nematoda. Pectinase has a broad spectrum of applications such as in food 

industry (i.e. fruit juice extraction[12], coffee and tea fermentation[13], oil extraction[14], maceration of 

vegetables, scoring of cotton fabric[15], textile, paper and pulp industries [16], waste-water treatment and in the 

alcoholic beverages[9]. 

Biofilms are gelatinous masses of microorganisms capable of attaching to virtually any surfaces[17]. 

Biofilms leads to lung bacterial pneumonia and the death of cystic fibrosis kids and burn patients. Biofilms 

cause tooth decay, gum disease, sinusitis, ear infections, and disease [18]. The exopolysaccarides matrix consists 

of proteins, nucleotides, and saccharides. One of the most effective ways to eliminate biofilm is to dissolve the 

EPS matrix by using enzymes. Enzymes such as glucoamylase, pectinase, cellulase, beta-glucanse, and 

chitosanace can break down those components and lead to weakens the matrix [19].  

Utilization of cheap and abundant materials for enzyme production is one of the strategies that can reduce 

the product costs. Besides, use of renewable agro-food industrial wastes as a raw material provides not only low 

cost and sustainable value added products but also is a solution to waste disposal problem. One of the drawbacks 

of pectinase application in food, pharmaceutical and chemical industry is their high cost. A significant cost 

reduction may be achieved by using high yielding strains, optimal fermentation conditions and cheap raw 

materials as a carbon source for growing microorganisms, for this purpose the aim of this study was to isolate 

new pectinase producing microorganism from spoilt fruits, purification of pectinase and  detection of its 

antibiofilm and antiadhesive activities. 

 

MATERIALS AND METHODS 

 

Collection of Samples: 

This study included collection of 24 spoilt orange samples collected from local markets in Baghdad city. 

These samples were analyzed according to the method that described by[20]. Briefly, 25 g of sample was 

blended with 200 ml peptone water 0.1% by using a blender for 2 min and incubated at 30°C for 18-24hour. 

 

Detection pectinase producers: 

0.1 ml of each prepared sample was inoculated to yeast extract pectin (YEP) medium which consisted of 

(per liter)[21]: yeast extract, 1; pectin, 5; KH2PO4, 4; NaCl, 2; MgSO4.7H2O, 1; MnSO4, 0.05; FeSO4.7H2O, 

0.05; CaCl2.2H2O, 2; NH4Cl, 2 and agar -agar, pH 7.2, then incubated at 30ºC for 18-24 h. Plates were then 

flooded with 1% (w/v) solution of polysaccharide precipitant cetrimide (cetyl trimethyl ammonium bromide) 

dissolved in 15% alcoholic solution and incubated at room temperature for 30-60 min. Pectinolytic activity was 

observed as a clear zone surrounding the colony. The diameters of the hydrolytic zones were measured and the 

best  producer of pectinase was selected. one loopful was streaked on the surface of blood agar and MacConkeys 

agar, then incubated at 30°C for 18-24 h. 

 

Bacteriological analysis: 

The bacterial isolates were observed for morphological characters and identified by using the tests guided 

by Berge's Manual of Systemic Bacteriology. Suspicious isolates Pseudomonas stutzeri were found to be Gram-

negative, rod-shaped, facultativly anaerobic, motile, catalase-positive, urease positive, gelatin and esculin 

hydrolysis[22,23]. Further, Pseudomonas stutzeri isolates were confirmed by using Vitek 2 system by using 

Vitek GNI card (bio Merieux, France) according to the manufacturer's instructions. 

 

Submerged culture of pectinase: 

The selected isolate was cultured in yeast extract pectin (YEP) broth incubated at 30C for 18-24 h. The 

culture broth was centrifuged at 8,000 rpm for 30 min at 4°C. The supernatant was subjected to pectinase assay. 

 

Purification of pectinase: 

The pectinase was purified by modification the procedure that described by[24]. The selected isolate was 

cultured in yeast extract pectin (YEP) broth incubated at 30C for 18-24 h. The culture broth was centrifuged at 

8,000 rpm for 30 min at 4°C. The resulting supernatant was subjected to fractionation with ammonium sulfate at 

different saturation ratio ranging from 20 to 80% saturation. The sample was left overnight at 4 ̊C and the 

precipitate was collected by centrifugation at 8000 rpm for 15 min and dissolved in 0.2 M phosphate buffer 
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(pH,7.5) and dialyzed against distilled water. The sample was loaded onto a column of DEAE-Sephacel 

(2.3x20cm) equilibrated with 0.2M phosphate buffer (pH,7.5) and eluted with gradient of 0.2-1M NaCl prepared 

in the same buffer. The active fractions that showing the highest pectinase activity were pooled and applied to 

Sephadex G-150 column (1.8x70 cm) that was pre-equilibrated with 0.2M phosphate buffer (pH,7.5). The 

column was eluted with same buffer. Protein concentration at 280 nm and pectinase activity were measured and 

the active fractions were pooled, concentrated and saved for further analysis. 

 

Assay of pectinase: 

Pectinase activity was determined by quantifying the amount of reducing groups expressed as galacturonic 

acid units, liberated during the incubation of 1 ml of 1% (w/v) citrus pectin, prepared in 0.2M phosphate buffer 

(pH,7.2) with 500 μl of the enzyme at 37°C for 30 min, by DNSA method[25]. The absorbance of the color 

developed was measured at 530 nm.. One unit of polygalacturonase activity was defined as the amount of 

enzyme required to release 1 μmol of galacturonic acid per minute under standard assay conditions and 

expressed as units per liter (U/l)[24].  

 

Assay of protein concentration: 

The protein content of the enzyme was determined by using Bradford dye method with BSA as a 

standard(26). 

 

Detection of Biofilm forming bacteria: 

1- Congo red agar (CRA) method: 

Six bacterial isolates including Pseudomonas aeruginosa, Klebsiella  pneumoniae, Enterococcus faecalis, 

Escherichia coli, Staphylococcus aureus and Acinetobacter baumannii were  collected from biology department 

laboratories and subjected to congo red agar (CRA) method for detecting slime productions by  each of these 

isolates as described by[27]. Briefly, CRA plates were streaked with each bacterial isolate and incubated 

aerobically for 24 h at 37ºC. The appearance of dark-black colonies with a rough, dry, and crystalline 

consistency was considered as indicative of slime production. Non-slime isolates produced pinkish red smooth 

colonies with a darkening at the center. 

 

2- Microtiter plate method: 

The microtiter plate method was used to quantify biofilm forming ability as described by [28]. Briefly, all 

the bacterial isolates were individually grown overnight in TSB at 37 ºC and diluted (1:40) with the same broth 

supplemented with 0.75% glucose. The cells were pelleted, suspended in a fresh medium and normalized to an 

absorbance of 1.00 at 595 nm. The cultures were diluted 1:40 with the same broth and 200 μl of the same was 

dispensed into wells of a flat-bottomed polystyrene microtiter plate. After the incubation of  plates at 37°C for 

24hrs, the wells were decanted, washed three times with phosphate-buffered saline (PBS) to remove planktonic 

and loosely bound cells and air-dried at room temperature. The adherent bacteria were stained with 150μl of 

0.1% crystal violet for 15 min. Stained biofilms were rinsed with water and then dried. The amount of crystal 

violet binding was quantitated by destaining the biofilms for 10 mints. with 200μl of 33% acetic acid and then 

the absorbance of the crystal violet solution at 595 nm was measured. 

 

An inhibition of biofilm formation and adhesion: 

The purified pectinase was tested for its ability to inhibit biofilm formation by all biofilm producing 

bacteria that mentioned above. The purified pectinase was added to the growth medium at the time of 

inoculation and the cells were allowed to form biofilm. Bacterial suspensions (200μl; an absorbance of 1.00 at 

595 nm) were mixed with purified pectinase and with water as a control then transferred into the plate. The plate 

was incubated at 37°C for 24 hrs. viable counts were assessed by the drop method, Results were given as 

inhibition percentages using the following formula[29]: 

% Adhesive inhibition = 100 − (log CFU sample/log CFU control) × 100 

This method was repeated and completed as described above then the percentage of biofilm formation 

inhibition applying the following formula: 

% biofilm formation inhibition = 100 − (OD assay/OD control) × 100 

       The comparison between groups has based on analysis of variance test (ANOVA). Significance 

between control and samples was determined using students F- test.  

 

 

 

 

RESULTS AND DISCUSSION 
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Pectinase production and Isolation of Pseudomonas stutzeri: 

Among 24 spoilt orange samples were cultured in yeast extract pectin (YEP) medium found that 8 samples 

revealed growth after incubation. These 8 bacterial isolates subjected to morphological and biochemical tests 

and proved that belong to Pseudomonas stutzeri with isolation rate of 33%. and found that Pseudomonas stutzeri 

O6 gave higher inhibition zone reached to 24mm in comparison with other isolates, in contrast, in yeast extract 

pectin (YEP) broth this isolate produced higher level of pectinase (0.49U/ml), so that this isolate was considered 

as the efficient pectinase producer as shown in figure(1 and 2). 

 

 
 

Fig. 1: a)Producer Pseudomonas stutzeri isolate for pectinase. b) Non producer Pseudomonas stutzeri isolate for 

pectinase 

 

 
Fig. 2: Detection of pectinase production  by Pseudomonas stutzeri isolates isolated from spoilt orange samples 

 

The degradation of the agricultural and food wastes by microorganisms leads to the production of valuable 

compounds such as 14 proteins, polysaccharides, oligosaccharides, vitamins, hormones, enzymes and other raw 

materials for medicinal and industrial uses [30]. The using of low cost agricultural and fruit wastes as raw 

materials don't only help to reduce the cost of production but also aids in solving disposal problems [31].   

Pectic substances enters in the primary components of the middle lamella and considered structural 

elements in the primary cell wall therefore many microorganisms require specific enzymes for the degradation 

of cell wall to penetrate it. Many pectolytic bacteria have been associated with soft rot diseases of plant[11]. The 

pectin in the orange peel considered as a rich source for carbon and organic nitrogen that encouraged the 

pectinase production[9]. The pectinase that produced by P. fluorescens led to soft rot of potato tubes. Another 

study by[32] reported the production of pectinase byPseudomonas cepacia in diseased onions. Also 

Pseudomonas aeruginosa SD12, that isolated from tannery waste polluted soil has an ability to produced 

pectinase, phosphatases, cellulases and proteases[33].  

 

Purification of pectinase:  

The pectinase from Pseudomonas stutzeri was purified to homogeneity by using different chromatographic 

steps involved ammonium sulfate precipitation, ion exchange on DEAE-Sephacel column and gel-filtration on 

SephadexG-150, the enzyme was partially purified by addition of solid ammonium sulphate to the cell-free 

supernatant. Higher pectinase activity was found in the 65% salt saturation fraction  since the specific activity 

increased to 1.50U/mg. After dialysis step, the sample was loaded on DEAE- Sephacel column and The proteins 

were eluted with a NaCl gradient (0.2-1M). The protein was present in three major peaks, but pectinase activity 

was showed in the second protein peak (figure-3). In this step the yield was 60.6% and 10.3 fold of purification. 
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The active fractions was applied to Sephadex G-150 and eluted 0.2 M phosphate buffer (pH,7.5). The elution led 

to appear two protein peaks and the pectinase activity was located in the first peak of protein(figure-4) with a 

final yield of 58.6% and 28.3 fold of purification as shown in table(1). 

 
Table1: Chromatographic purification for pectinase from Pseudomonas stutzeri O6 

Purification step Size(

ml) 

pectinase 

activity (U/ml) 

Protein 

conc. 
(mg/ml) 

Specific 

activity (U/ 
mg) 

Total 

activity 

Purification 

fold 

Yield 

(%) 

Crude extract 100 0.49 2.12 0.23 49 1 100 

(NH4)2SO4 precipitation 20 1.85 1.23 1.50 37 6.5 75.5 

DEAE- Sephacel 14 2.12 0.89 2.38 29.68 10.3 60.6 

Sephadex G-150 10 2.87 0.44 6.52 28.7 28.3 58.6 

 
Fig. 3: Purification of pectinase from Pseudomonas stutzeri O6 using ion exchange on DEAE- Sephacel column 

 

 
Fig. 4: Purification of pectinase from Pseudomonas stutzeri O6 using gel filtration on Sephadex G-150 column 

        

The pectinase was purified from Bacillus sp. DT7 by gel filtration in Sephadex G-150 column followed by 

ion exchange in DEAE- Sephacel column(24). Another study by[21] purified pectinase with ethanol 

precipitation, DEAE– Sepharose ion- exchange chromatography followed by gel filtration in Sephadex G50 

with 63.9- fold purification, 69.5U/mg specific activity and 30% recovery. 

 

Detection of Biofilm forming bacteria: 

Six bacterial isolates were assayed for detection biofilm production and the results revealed that five of 

these isolates showed a different abilities from biofilm formation. The highest biofilm formation was formed by 

Pseudomonas aeruginosa and Staphylococcus aureus followed by Enterococcus faecalis so that these isolates 

were considered as a good biofilm producers. While Escherichia coli and Klebsiella pneumoniae produced 

lower level of biofilm so that these isolates were considered as a poor biofilm producers. In contrast, hasn't an 

ability to form biofilm as shown in table(2) and figure (5a). 
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An inhibition of biofilm formation and adhesion: 

In microtiter plate method the purified pectinase has different proportions in biofilm inhibition for testing 

bacteria. The higher antibiofilm and antiadhesive rates by pectinase were found against Pseudomonas 

aeruginosa with 72% and 37%, respectively, followed by Enterococcus faecalis and Staphylococcus aureus 

with 67% and 30% and with 53% and 28%, respectively. In contrast, the lower inhibition rate by pectinase 

against Klebsiella  pneumoniae  with 15% and 7%, respectively(table-2 and figure-5b). According to the above 

results we can conclude that the purified pectinase has antibiofilm and antiadhesive properties of many 

pathogenic bacteria and this result demonstrated that pectinase has promising application as alternative 

antibiofilm agents to overcome the increasing numbers of multi-resistant pathogens that associated with 

different diseases. 

In a study reported by[34] found that at sub-lethal concentrations, the immobilized pectinase and subtilisin 

in comparison the antibiotic alone revealed a great ability as antibiofilm inhibitor. The saccharides that enter in 

the structure of EPS be broken down by using glucoamylase, pectinase, cellulase, beta-glucanse, and 

chitosanase since peptidoglycans (a polymer composed of sugars and amino acids) that make up a big part of the 

EPS  reduces by these enzymes[19]. Although  different synthesized and secreted polysaccharides by bacterial 

species that involved in pathogenicity, increasing the adherence to surfaces and biofilm formation there are  

recent studies revealed that some polysaccharides secreted a wide range of organisms also have the ability to 

negatively regulate biofilm formation.(antibiofilm). The reduction in cell surface hydrophobicity indicates  the 

modification of the cell surface, reduction in colonization and this leads to anti-biofilm effect.  

 

 
 

Fig. 5: Biofilm formation on microtiter plate using TSB with 0.75% glucose as a medium. a) before addition of 

purified pectinase. b)after addition of purified pectinase 

 
Table 2: The purified pectinase from Pseudomonas stutzeri O6 inhibits an adhesion  and biofilm formation by some pathogenic bacteria 

Bacteria Optical density Biofilm inhibition 
rate(%) 

antiadhesive rate 
(%) Before addition of 

pectinase 

After addition of 

pectinase 

Staphylococcus aureus   •0.45 •0.22 52 28 

Pseudomonas aeruginosa 0.68 0.197 72 37 

Escherichia coli  0.24 0.13 46 4 

Klebsiella pneumoniae 0.29 0.25 15 7 

Enterococcus faecalis 0.39 0.13 67 30 

Acinetobacter baumannii -    

•A P value ≤0.05 was considered statistically significant. 

  

Conclusion: 

This work increased the benefit by using the pectinase as a powerful alternative agent for treatment of 

multispecies biofilm context. Thus we can conclude that pectinase has promising benefit as antibiofilm and 

adhesive agent against biofilm forming pathogenic bacteria that have multidrug resistance. In the future work 

there is needing to screening another sources for pectinase production by a significant cost reduction and 

utilization of cheap and abundant materials for pectinase production. 
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