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 Bacillus sp. being industrially important organisms produces a wide variety of 
extracellular enzymes including pectinases. Soil samples from various regions of 
Damascus were screened for pectinolytic Bacillus spp.. Following primary and 
secondary screening in pectin medium, strain RSY7 demonstrated the highest 
extracellular pectin lyase activity and was selected for further experimental studies. 
It was later identified as Bacillus subtilis. Effects of different fermentation 
parameters on pectin lyase production from Bacillus subtilis RSY7 were 
investigated. According to the results obtained, the incubation period, optimum pH 
and temperature were found to be 72 h, 8.5 and 40°C, respectively. Studies on 
enzymatic characterization revealed that crude pectin lyase showed maximum 
activity at pH 8.5 and 65°C, which is indicating that the enzyme to be 

thermoalkaline pectin lyase and can be used further for various applications. 
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INTRODUCTION 

 
Pectic substances are complex polysaccharides with high molecular weight [46], they form the major 

components of the middle lamella and primary plant cell wall of higher plants [15], these substances account for 
0.5% - 4.0% of the fresh weight of plant material [17]. Based on the degree of esterification, pectic substances 
classified into three main types: highly esterified such as protopectin which is insoluble in water, pectin where 
the degree of esterification varies between 70-90% and unesterified substances (polygalacturonic acid) [46]. The 
enzymes hydrolyzing pectic substances are broadly known as pectinases which are produced from a wide 
variety of microbial sources such as bacteria [23,21], fungi [3,42], and yeasts [11,7]. Due to complex structure 
of pectic substances which varies widely in composition [45], their degradation into simpler molecules like 
galacturonic acid is catalyzed by a variety of pectinases [32]. 

According to the mode of action and preferred substrate, pectinases can be briefly classified into two main 
groups [39]: de-esterification (pectin methyl esterase) which removes methoxyl groups from pectin, and 
depolymerization (hydrolyses and lyases) which cleaves the bonds between galacturonic acid units. Among the 
depolymerases, polygalacturonase is the major enzyme with a hydrolytic function and lyases (or 
transeleminases) which cleaves glycosidic bonds forming unsaturated product (∆ 4,5 -D-galacturonate) through 
transelimination reaction [34]. Lyases act on glycosidic bonds of either pectate or pectin as substrate [24]. 
Lyases that act on polygalacturonic acid known as pectate lyase, while those act on pectin called pectin lyase, 
which are widely distributed in various families of microorganisms [16] and are produced by bacteria especially 
Bacillus sp. [30], and Erwinia sp. [14]  

Pectinases have tremendous potential in the various industries. The acidophilic pectinases have extensive 
applications in the extraction and clarification of fruit juices and wine [5,7,33] they also aid in maintaining an 
ecological balance by causing the decomposition and recycling of waste plant materials [17]. Whereas alkaline 
pectinases which are produced predominantly from the genus Bacillus [9,21,24,25], and Pseudomonas sp. [12] 
are being used in several conventional industrial processes, such as textile, paper industries [24] coffee and tea 
fermentation [10], oil extraction [37], pretreatment of industrial wastewater from vegetable food processing 
industries containing pectic material [43], and processing and degumming of plant fibers. [8,13,22]. Pectin 
lyases are the only known pectinases capable of degrading highly esterified pectins (like those found in fruits) 
into small molecules via ß-elimination mechanism without producing methanol. 
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Microbial pectinases account for almost 25% of global food enzyme sales, where nearly all the commercial 
preparations of pectinases are produced from fungal sources, and mostly from Aspergillus niger [17]. Thus, with 
the extended application of pectinases in different fields, there is an increasing demand for the discovery of new 
strains producing pectinases with novel properties.  

In the present study, we report the isolation of pectinase producer Bacillus sp. from soil samples of 
Damascus, and then focus on optimizing the production and enzymatic characterization of extracellular pectin 
lyase by Bacillus subtilis strain RSY7. 

 
MATERIALS AND METHODS 

 
Citrus pectin was procured from Sigma Chemical Co. All other used chemicals were of analytical grade. 

 
Soil sample processing and isolation of soil Bacillus: 

Soil Samples for microbiological analysis were collected from different regions of Damascus, and placed in 
sterile plastic bags. The soil samples were processed by removing plant materials such as leaves and all large 
particles. 2 g of each soil sample was suspended with 10 ml of sterile distilled water. Sample suspensions were 
vortexed and incubated in a water bath at 80ºC for 10 min with gentle shaking [28]. After heat treatment, sample 
suspensions were incubated at room temperature for 2 h and serially diluted prior to plating on Luria-Bertani 
(LB) agar for isolation of single colonies. Plates were incubated at 30 ºC for 16 h. Pure colonies were obtained 
by repetitive dilution streaking. 
 
Primary screening of pectin degrading Bacillus: 

Primary screening was performed by single line inoculation of all the above Bacillus isolates on pectin agar 
medium composed of: 0.5% Citrus pectin, 0.14% (NH4)2SO4, 0.6% K2HPO4, 0.2% KH2PO4, 0.02% 
MgSO4.7H2O, 0.1% yeast extract (YA) and 1.5% agar, pH 7.0. Plates were incubated at 37°C for 48 h, and then 
flooded with iodine-potassium iodide solution (1 g iodine, 5 g potassium iodide and 330 ml H2O) to detect the 
zone of clearance due to pectin depolymerization [25,36]. The halo zone diameter (H) and colony diameter (C) 
were measured. Degradation efficiency of all the positive isolates was calculated by the formula (H-C)/C (%) 
[41]. The bacterial isolates which showed efficiency above 50% were then subjected to secondary screening. 
 
Secondary screening of pectin lyase producing Bacillus: 

The selected isolates from the primary screening were produced using LB Broth medium. Inoculum size of 
a 106 CFU of each of these isolates was inoculated in 50 ml of production medium (pectin medium) in 250 ml 
Erlenmeyer flasks and incubated at 37°C, 150 rpm for 48 h. Following incubation, 10 ml of respective cultures 
were taken and centrifuged at 10500 rpm and at 4°C for 20 min. The pectin lyase activity was determined in the 
supernatants by performing the pectin lyase assay. The isolate demonstrating highest pectin lyase activity was 
selected for the further study. 

 
Assay of Pectin lyase: 

Supernatants from the respective cultures were obtained by centrifugation at 10500 rpm and 4°C for 20 
min. The individual reaction mixture consisted of 0.5 ml of enzyme solution, 2.5 ml of 0.24% (w/v) citrus pectin 
dissolved in 50 mM Tris-HCl buffer pH 8.5 and incubated at 50°C for 10 min. The activity of pectin lyase was 
spectrophotometrically evaluated on citrus pectin as substrate, by monitoring the increase in optical density at λ 
= 232 nm due to liberation of 4,5 unsaturated galacturonide product from citrus pectin [40]. The molar 
extinction coefficient for the unsaturated product at 232 nm is 5500 M-1 cm-1 [4]. One unit of enzyme activity 
(U) was defined as the production of 1 µmol of unsaturated uronide per minute. 
 
Identification of selected isolate: 

The screened bacterial isolate was identified based on the morphological and biochemical characteristics. 
The morphological characteristics were identified by culturing the isolate on LB agar plates and studying the 
shape, size, color, opacity, texture, elevation, spreading nature and margin of the colonies, followed by gram's 
staining, aerobic test, motility test and endospore staining. The biochemical characterization of the isolate was 
performed by API 50 CH system. API kit was used according to manufacturer’s instructions to identify the 
isolate. 
 
Optimization of pectin lyase production: 

Various production parameters such as incubation period (24, 48, 72 and 96 h), effect of pH (6.0, 6.5, 7.0, 
7.5, 8.0, 8.5, 9.0, 9.5 and 10.0) and temperature (30, 35, 40, 45, 50 and 55°C) were optimized for maximal 
pectin lyase production by culturing the bacteria in 250 ml Erlenmeyer flasks containing 50 ml of sterile 
production medium, and incubated in rotary shaker (150 rpm). The culture of each flask was centrifuged at 
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10500 rpm, for 10 min at 4°C, and the obtained supernatants were used as crude enzyme solution for PL activity 
assay. All the experiments were conducted in triplicates. 
 
Characterization of pectin lyase: 

The pH and temperature dependant activity of crude pectin lyase was determined by carrying out the 
standard assay as described above. All experiments were performed in triplicate. The optimal pH for PL activity 
was measured at a fixed assay temperature of 50 °C at various pH values between pH 6 and 10.5 at increments 
of 0.5, using different buffers (50 mM phosphate buffer for pH 6.0-7.0, 50 mM Tris-HCl buffer for pH 7.0-9.0 
and 50 mM sodium bicarbonate-sodium carbonate buffer for pH 9.0-10.5). The optimum temperature was 
determined in 50mM Tris/HCl-buffer, pH 8.5 at temperatures ranging from 30 to 70 °C. In each case, the 
substrate was preincubated at the desired temperature for 5 min.  
 

RESULTS AND DISCUSSION 
 
Microbial enzymes meet industrial demands and they are exploited commercially over the years. Bacillus 

spp. being industrially important organisms produce a wide variety of extracellular enzymes including 
pectinases. Pectin lyase has biotechnological potential in fruit juice industries due to the fact that it degrades 
pectin without disturbing the ester group which is responsible for specific aroma of the juice and also it does not 
lead to methanol formation which is toxic [6]. 
 
Isolation and screening of pectinolytic Bacillus spp: 

A total of 21 Bacillus spp. were isolated from 42 preheated soil samples plated on Luria-Bertani (LB) agar. 
The primary screening of these bacterial isolates on pectin medium agar demonstrated that out of 18 pectinolytic 
isolates evidenced by forming clear zone around them, 7 isolates showed degradation efficiency above 50% 
(Table 1). These 7 isolates (RSY1, RSY5, RSY7, RSY10, RSY11, RSY13 and RSY15) were subjected to 
secondary screening for pectin lyase (PL) production using submerged fermentation. The culture filtrate of 
isolate RSY7 showed maximum pectin lyase activity (1.363 U/ml) and was selected for further studies 
(Fig.1).The production of pectin lyase has been reported in variety of organisms including Bacillus pumilus (P9) 
[29], Bacillus sp. PN 33 [18], Paenibacillus Amylolyticus [35], Erwinia aroideae [20]. 

 
Table 1: Degradation efficiency of positive bacterial isolates on pectin-medium plate 

Isolate Colony diameter, B (mm) Halo diameter, A (mm) Degradation efficiency 
(%) 

RSY1  1.1 2.4 118 
RSY2  0.6 0.8 33 
RSY3 0.8 1.2 50 
RSY4 0.7 0.9 29 
RSY5 0.6 1 67 
RSY6 0.4 0.5 25 
RSY7  1.4 4.1 193 
RSY8 0.8 1 25 
RSY9 0.4 0.5 25 
RSY10 0.8 1.4 75 
RSY11 1.3 2.5 92 
RSY12 0.9 1.1 22 
RSY13 0.8 1.4 75 
RSY14 0.3 0.4 33 
RSY15 1.2 2.8 133 
RSY16 0.5 0.6 20 
RSY17 0.8 1 25 
RSY18 1.6 1.9 19 
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Fig. 1: Pectin lyase production capability of the selected isolates (RSY1, RSY5, RSY7, RSY10, RSY11, RSY13 

and RSY15) at constant temperature (37˚C), pH (7.0) and incubation time (48 h). 
 
Characterization of the isolate: 

Following the morphological tests (gram positive, motile, spore former, aerobic, rod-shaped produce 
colonies which are dry, flat, and irregular, with undulate margins) and biochemical characteristics based on 
Analytical profile index (API 50 CH) system, isolate RSY7 was identified as Bacillus subtilis. 
 
Optimization of PL production: 

Since growth study was essential for the production of extracellular enzymes, the effect of some parameters 
were studied by shaken flask fermentation method. 
 
Effect of incubation period: 

Production medium was incubated for different incubation periods (24, 48, 72 and 96 hours). In submerged 
fermentation, the production of pectin lyase was reached maximum activity of 1.39 U/ml at 72 h of incubation 
period (Fig. 2). Further increase in incubation period did not show any significant increase in enzyme 
production rather it was decreased. This incubation time (72 h) was maintained to study the effect of other 
parameters. Maximum pectin lyase production by Bacillus sp. DT7 was obtained after 24 h of incubation time 
[25]. The decrease in the enzyme activity after 72 h of incubation depends on the nutrient present in the medium 
and the cultural condition of the organism [31]. 

 

 
 
Fig. 2: Effect of incubation period on production of extracellular PL produced by strain RSY7 at constant 

temperature (37˚C), pH (7.0). 
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Effect of pH: 
The effect of different initial pH (6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5 and 10.0) of the fermentation medium 

on production of PL by the strain RSY7 was studied. Maximal pectin lyase production (1.43 U/ml) was 
observed at alkaline pH 8.5. When pH is altered below or above the optimum, the activity of pectin lyase is 
decreased (Fig. 3). This decrease in production was attributed to decrease in the growth of organism at these pH 
values [25]. Different organisms have different pH optima and decrease or increase in pH on either side of the 
optimum value results in poor microbial growth [44]. Maximum pectin lyase production by Bacillus sp. DT7 
was observed around neutral pH 7.2 [25]. 

 

 
Fig. 3: Effect of pH on production of extracellular PL produced by strain RSY7 at constant temperature (37˚C), 

incubation time (72 h). 
 
Effect of temperature: 

Several experiments were carried out at different temperatures (30°C, 35°C, 37°C, 40°C, 45°C, 50°C and 
55°C) to study the effect of incubation temperature on pectin lyase production by strain RSY7. The maximum 
production of pectin lyase (1.46 U/ml) was obtained at 40 °C (Fig. 4). Higher incubation temperature affected 
negatively on the enzyme production. The temperature at 37°C was the optimum for production of pectin lyase 
by Bacillus sp. DT7 [25] and at 35°C by the Bacillus sp. MFW7 [19]. Temperature is very important factor for 
microbial growth as well as microbial product formation [38]. 

 

 
Fig. 4: Effect of incubation temperature on production of extracellular PL produced by strain RSY7 at pH (8.5), 

incubation time (72 h). 
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Effect of pH and temperature on PL activity: 
The determination of the optimal pH and temperature of the crude enzymatic extracts obtained by 

submerged fermentation was carried out using the standard pectin lyase assay. The optimal pH for pectin lyase 
activity was found to be 8.5 (1.5 U/ml). When pH is altered below or above the optimum, the activity of pectin 
lyase is decreased (Fig. 5.). An optimum pH of 6.0 for Bacillus sp. PN 33 and Bacillus pumilus (P9) pectin lyase 
[18,29], and pH of 7.9 for Paenibacillus Amylolyticus pectin lyase [35] has been reported. The decreasing of 
enzyme activity at pH values away of the optimum pH could be due to the effect of pH on the stability of the 
enzyme. 

 

 
Fig. 5: Effect of pH on activity of extracellular PL from RSY7 strain. 

 
In order to determine the effect of temperature, the pectin lyase activity was performed at optimum pH of 

8.5. The optimum temperature of pectin lyase was found to be 65°C (1.69 U/ml). With further increase of 
temperature, the PL activity was decreased (Fig. 6). This may be a result of thermal denaturation of the enzyme 
possibly due to disruption of non-covalent linkages, including hydrophobic interactions [2,1]. Optimum 
temperatures were reported to be at 60°C for Bacillus pumilus (P9) pectin lyase [29] and 40 °C for Bacillus sp. 
PN 33 and Paenibacillus Amylolyticus pectin lyase [18,35].  

 

 
 
Fig. 6: Effect of temperature on activity of extracellular PL from RSY7 strain. 
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Conclusion: 
This study led to the isolation of efficient strain of Bacillus subtilis RSY7 for production of pectin lyase 

using submerged fermentation. Maximum pectin lyase production was realized in 72 hours at 40°C and pH 8.5. 
The pectin lyase in the crude enzymatic extract presented optimal temperature and pH around 65°C and 8.5, 
respectively.  The ability of this strain to grow at pH 8.5 is an advantage for production alkaline pectin lyase for 
industries required alkaline conditions, it may thus serve well for the purees applications or other industrial 
processes like fiber retting, vegetable oil and olive oil extraction. This strain will be further studied for 
purification and characterization of purified pectin lyase enzyme. 
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