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Abstract. The agricultural and fruit vegetable sector generate a significant amount of waste, especially in 

industrialized countries where overproduction and quality standards lead to waste before reaching 

consumers. Fruit and vegetable waste poses a challenge due to their large quantities and biodegradability. 

This study identified bacteria capable of producing pectinase enzymes to break down waste-derived 

pectin and convert it into biofertilizer. Nineteen bacteria were isolated from agricultural soil and fruit 

dump wastes, with Streptomyces coelicolor FMA18 exhibiting the highest pectinase activity. The optimal 

conditions for pectinase production were determined as 30°C and pH 7, in a medium containing citrus 

pectin and yeast extract. Molecular docking of pectin and pectinase was carried out with Autodock Vina, 

followed by a 100 ns Molecular Dynamics simulation (MDS) to confirm the stability of the protein-ligand 

complex. Analysis of the MDS data indicated that ionic, hydrogen, and hydrophobic bonds were the 

primary interactions between the ligands and the protein. 

Keywords: pectin hydrolysis, pectinase, streptomyces coelicolor, compost and plant growth, fruit wastes, 

waste management, sustainable agriculture 

Introduction 

Improperly managed waste contributes to pollution and greenhouse gas emissions. 

Proper waste management is essential to achieving a cleaner environment and 

transitioning to a zero-waste economy. Pectinase, an enzyme that breaks down pectin in 

plant cell walls, plays a key role in waste conversion. It has efficient catalytic activity, 

eco-friendly properties, and low energy consumption. The market size for pectinase was 

$30 million in 2019 and is expected to reach $35.5 million by 2024 (Prathyusha and 

Suneetha, 2011; Haile and Ayele, 2022). 

Pectinase enzymes break down pectic compounds in plant cell walls, improving juice 

extraction. They are produced by various organisms, including bacteria, fungi, 

actinomycetes, and yeast. Different organisms produce different types of pectinases, 

with alkaline pectinases mainly from bacteria and acid pectinases from fungi. 

Pectinolytic enzymes are commonly found in spoiled fruits, vegetables, decayed leaves, 

and decaying organic matter (Xu et al., 2020). Actinomycetes, specifically Streptomyces 

species, play a crucial role in breaking down pectic substances and plant debris using 

pectinase enzymes. Actinomycetes have stable and pH tolerant pectinase enzymes, 

giving them an advantage over other species (Bruhlmann, 1995). They can utilize 

agricultural waste for economical and environmentally friendly production of pectinase 

enzymes. Actinomycetes species hold potential for the future. 

The study aimed to find pectinolytic Streptomyces and evaluate a locally isolated 

pectinase-producing strain from agricultural soil. It also aimed to determine optimal 

conditions for enzyme production through submerged fermentation (SmF). Objectives 
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included extracting, purifying, characterizing, and exploring potential applications of 

pectinases in industrial bioprocessing. 

Materials and methods 

Chemicals 

Absolute ethanol 99.9%, hydrogen chloride 5% (HCl), Sodium hydroxide 3% 

(NaOH), 3-5-dinitrosalicylic acid were obtained from Sigma company. Pectin, Sodium 

chloride (NaCl), Potassium iodide, Bovine serum albumin, Coomassie brilliant blue, L- 

asparagine, L- tyrosine, Ammonium sulphate (NH4)
2SO4, Sephadex-G150, Gram stain 

kit, metal ions (Cu++, Zn++, Co++, Ca++Fe++, Hg++ and Ethylene diamine tetra acetic acid 

(EDTA) were obtained from HI media company, India. 

 

Isolation of streptomyces 

Multiple Streptomyces isolates were obtained from agricultural soil and plant waste 

samples (a grape peel) in Jeddah city. Isolation was done using the serial dilution plate 

method and incubated at 28°C for 5-7 days. Pure colonies that grew well on the Mineral 

pectin agar medium were preserved on starch nitrate agar slants. The slants were 

incubated in a Memmert Incubator at 30°C for 5 days. The isolates were stored at 4°C 

until further use (Mohandas et al., 2018). 

 

Primary screening of pectin producing streptomyces 

A screening was done to find Streptomyces that break down pectin. They used a 

mineral pectin agar medium containing NaNO₃, KCL, MgSO₄, K₂HPO₄, pectin, yeast 

extract, and agar. The pH was adjusted to 7.0 (Mohandas et al., 2018). A pure culture 

was inoculated into the medium and incubated at 28°C for 5 days. After incubation, 

iodine-potassium iodide solution was added to check for the presence of a clearance 

zone (Venkata et al., 2013). 

 

Quantitative screening of streptomyces isolates for pectinase production 

Streptomyces isolates were screened for pectinase production using pectin broth 

medium. After incubation, the supernatant was used to evaluate pectinase activity. 

 

Measurement of streptomyces growth 

Streptomyces growth was measured in the culture filtrate using a UV 

spectrophotometer. The optical density at 530 nm was used for detection. Experiments 

were done in triplicate and averaged (UV-1650PC Spectrophotometric, SHIMADZD). 

 

Enzyme assay 

Pectinase activity was measured using the DNS method with 1.0% citrus pectin as a 

substrate. The assay used 0.5 ml of 1% pectin and 0.5 ml of culture filtrate, incubated at 

40°C for 10 min. The resulting mixture was then boiled with 3,5-Dinitrosalicylic acid 

(DNS) for 5 min at 90°C. One unit of pectinase was defined as the amount of enzyme 

needed to produce 1 mole of galacturonic acid under standard conditions. The enzyme 

activity (U/mL) was calculated according to equation: 



Alshehri: Streptomyces pectinase: production and characterization 

- 2457 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(2):2455-2483. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2302_24552483 

© 2025 ALÖKI Kft., Budapest, Hungary 

 Enzyme activity (U/mL) = (μg galacturonic acid released × V) / V × 194.1 × t  

 

The enzyme broth volume used in the assay is represented by “v”, the molecular 

weight of galacturonic acid is 194.1, and the reaction time is measured in minutes as 

“t”. One unit (U) is defined as 1 μmol of product released per minute. The relative 

activity of the enzyme is determined by calculating the percentage using the formula 

(Kadija et al., 2018; Roy et al., 2018): 

 

 Relative activity = Activity of the sample × 100 / Maximum activity of the sample  

 

Molecular characterization of the selected isolates 

Genomic DNA was extracted from bacteria grown in Luria-Bertani medium. The 

bacterial culture was centrifuged, and the supernatant was collected. DNA extraction 

was performed using a Genomic DNA Purification kit. Two sets of primers were used: 

one for species identification and another to find a specific gene. Sanger sequencing 

was done at BGI in Hong Kong to analyze the 16S rRNA gene. The sequence was 

compared to the NCBI database using BLAST software. The obtained sequences were 

aligned in Ugene with the T-Caffee algorithm. A phylogenetic tree was created using 

iTOL, an interactive tree tool by Letunic and Bork. 

 

Optimization of cultural conditions for pectinase production by streptomyces strain 

with high pectinolytic activity 

The study aimed to optimize pectinase production by investigating the effects of 

various factors such as different media, yeast extract concentrations, pectin 

concentrations, temperature, pH, incubation period, and inoculum size. The 

Streptomyces isolate was tested in five different media: Mineral pectin medium (A): 

(g/l) Pectin 0.30; Sucrose 10.00; KNO₃0.60; MgSO₄0.25; KH₂PO₄1.00; CaCl₂0.10; 

NaNO₃2.00; K₂HPO₄ 2.00; KCl 0.50; Yeast extract 1.00 at pH 7 and 15-20 agar (Kumar 

et al., 2012). 

The Mineral pectin medium (B) was composed of g/l NaNO3, 1; KCl, 1; MgSO4, 

0.50; K₂HPO₄, 1; pectin 10; Yeast extract 0.50 at pH 7 and 15-20 agar (Mohandas et al., 

2018). 

The Mineral pectin medium (C) was composed of (g/l); Pectin 4, Peptone, 0.5, Beef 

extract, 0.3; NaCL 0.5 at pH 7 and 15-20 agar (Chandra et al., 2016). The Mineral 

pectin medium (D) was composed of (g/l); Pectin, 5; CaCO₃ 2.0, MgSO₄.7H₂O, 1; 

K₂HPO₄, 1; NH₄SO₄, 2; Na₂SO₄, 2 at pH 7 and 15-20 agar. 

Various yeast extract concentrations (0.5-3 g/l) and pectin concentrations (2.5-

25 g/l) were then evaluated to determine the optimal conditions. Temperature (20-

50°C), pH (5.0-9.0), incubation period (1-10 days), and inoculum size (1-10 ml) were 

also studied to maximize pectinase production . After selecting the best conditions, 

the Streptomyces isolate was inoculated (2 ml (5.4×104 CFU/ml) into the optimal 

medium and incubated for 7 days at 28°C with agitation at 120 rpm. The growth and 

pectinase activity were then measured to assess the effectiveness of the chosen 

parameters. 

 

Purification and molecular weight determination of pectinase enzyme 

The purification steps are following (Beulah et al., 2015). 
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Filtration 

It was done using Filter paper and centrifugation is carried out for 15 min at 

10,000 rpm. 

 

Ammonium sulphate precipitation 

The enzyme was precipitated with 80% ammonium sulfate and incubated overnight 

at 4°C. After centrifugation for 20 min at 5000 rpm, the resulting pellet was dissolved in 

T.E. buffer (pH 7.0) (Tripathi et al., 2014). 

 

Dialysis 

To remove salt impurities from the protein extract, the tube is suspended in water and 

incubated overnight (Beulah et al., 2015). 

 

Ion exchange chromatography 

The sample is loaded into the column. Tris HCl buffer (pH 7.5) is used to elute 

proteins. Fractions of 1.5 ml are collected after the void volume, and their absorbance is 

measured. Fractions with positive pectinase activity are saved and concentrated for 

further processing (Kashyap et al., 2000). 

 

Gel filtration chromatography 

The enzyme was dialyzed and loaded onto a Sephadex G-250 column. A 0.2 M 

phosphate buffer solution with a pH of 7.5 was used to equilibrate the column and 

elute the protein. The flow rate was 0.1 ml/min, resulting in the collection of ten 

fractions. Fractions with pectinase activity were isolated for further analysis (Tapre et 

al., 2014). 

 

Characterization of the purified enzyme 

The purified enzyme was characterized at various temperatures (30–80°C), pH 

levels (5–11), different substrate and enzyme concentrations. The substrate (pectin) 

was applied into the reaction mixture at different concentrations (1-6/ml in borate 

buffer at pH 7.0 and incubation temperature of 45°C for 30 min. The reaction mixture 

contained 0.5, 1, 1.5, 2, 2.5 and 3 ml, and the mixture was incubated at 45°C and pH 7 

for 30 min. 

 

Metal ions and inhibitors 

All the ions and chemicals (Ca 2+, Zn2+, Cu2+, Fe2+, Ni2+, Co2+, Hg2+, Fe2+, EDTA) 

were added to the reaction mixture at a concentration of 1 mM to detect the activators or 

inhibitors on the enzyme activity. The pH was adjusted to 8.0, and incubation was done 

at 45°C for 30 min. 

 

SDS PAGE 

The molecular weight of the purified pectinase was determined using vertical gel 

electrophoresis with a 12% separating gel and a 5% stacking gel, with a low molecular 

weight protein used as a standard (Laemmli, 1970). Protein bands were visualized after 

staining with Coomassie Brilliant Blue R-250. 
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Application of pectinase in bioconversion of fruit waste into fertilizer 

Sample collection 

Fresh fruit waste from various fruits (banana, orange, sweet lime, pomegranate, 

guava, pineapple, and apple) was collected in sterile polythene bags from retail fruit 

outlets in Jeddah. The waste was then transported to the laboratory for immediate 

indigenous decomposition. 

 

Decomposition studies 

A plastic tube (24×25 cm) was used for decomposition studies. 5.0 kg of waste was 

filled in the tube and mixed gently. Effective Microorganism FMA18 (EM) was sprayed 

on the tubes after checking for pests and decomposition. The same tube content was used 

as a control without sprayed with organism. The treated tubes were covered with muslin 

cloth for aeration and to prevent pests. Every 5 days, microbial growth and decomposition 

were observed in the tubes. The compost was collected, sieved, and used for further study. 

 

Evaluation of nutritional parameters of compost 

The nutrient parameters of the compost obtained from waste decomposition were 

evaluated, including Nitrogen (N), Phosphorus (P), Potassium (K), organic carbon 

(TOC), Ca, Mg, and C: N ratio. Nutrient analysis was conducted on dried and finely 

dispersed compost samples. 

 

Phytotoxicity evaluation 

The study employed a pot culture experimental design to evaluate the phytotoxicity 

of various compost concentrations on Vigna mungo (black gram) plants. 

Plant species: Vigna mungo (monocot); growth period: 90 days; growth medium: 

sandy soil, cultivated with Vigna mungo. 

Four compost concentrations were tested: 10%, 20%, 30%, and 40%. A control 

group was also maintained for comparison. Only five growth parameters were assessed: 

root length, shoot length, no. of leaves, and moisture and dry weights. Measurements 

were taken at three distinct growth stages to evaluate the plant’s response to different 

compost concentrations over time. The data collected allowed for a comprehensive 

analysis of the compost’s effects on Vigna mungo’s growth and development 

throughout the 90 days experimental period. 

 

Statistical analysis 

Statistical analyses were performed using the statistical Package for Social Science 

(SPSS for windows, version 16). The variability degree of the result is expressed as 

mean ± standard deviation (Mean ± SD). The significance of the difference between 

samples was determined using t-test. The difference was regarded significant when 

P < 0.05 and non-significant when P > 0.05. 

 

In silico study 

Structure prediction and validation 

The 3D structure of S. coelicolor strain enzyme pectinase was predicted by 

AlphaFold (Jumper, et al., 2021). The preliminary structural evaluation of the predicted 
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protein models was conducted using ERRAT (Dym, et al., 2012) and PROCHECK 

(Laskowski et al., 1993) tools from the UCLA-DOE LAB – SAVES v6. For the 

ERRAT score, a good model typically exhibits an average overall quality factor of 

approximately 91%. Further quality assessment of the predicted models was performed 

using PROCHECK tool which generated the Ramachandran plots for both models. This 

comprehensive evaluation helped ensure the reliability and quality of the predicted 

protein structures. 

 

Molecular docking 

The predicted structure of the pectinase enzyme was prepared for the molecular by 

adding the polar hydrogen atoms in MGL tools the Kollman charges were computed. 

The protein was then converted to pdbqt format for docking. After protein 

preparation, the ligand (pectin) was prepared by optimizing its geometry using 

MMFF94 forcefield (Halgren et al., 1996). The prepared ligand was then docked to 

the protein and the binding affinities were calculated using Vina tool (Trott and 

Olson, 2010). 

 

Molecular dynamics (MD) simulation 

Desmond was used to perform MD simulations of selected compounds for 100 ns 

(Bowers et al., 2006). We performed Molecular Dynamics simulations to evaluate the 

stability of the protein and ligand complexes. Molecular Dynamics simulation was used 

to evaluate the stability of complexes after several stages, including preprocessing, 

optimization, and reduction. Minimization was done using the OPLS_2005 force field 

(Shivakumar et al., 2012). The compounds were solvated in a periodic box with a 10 Å 

size containing the TIP3P water molecules (Price and Brooks, 2014). Neutralization of 

the systems was done by adding counter ions and 0.15 M NaCl salt as needed to mimic 

physiological conditions. A pressure of 1 atm and a temperature of 300 K were set using 

the NPT ensemble. The systems went through a relaxing period before the simulation 

started. Trajectories were recorded and saved at 40 ps intervals during the simulation, 

allowing for a later study of the outcomes. 

Results 

Selection of pectinase producing actinomycetes 

Nineteen isolates from Jeddah, Saudi Arabia were filamentous bacteria 

(Streptomyces) found on Mineral pectin agar medium B (Table 1). The different 

colored and shaped Streptomyces colonies displayed impressive growth and 

efficient degradation of pectin, their carbon source. The level of growth varied 

from high to moderate to poor. The most active isolate was chosen for further 

study. 

 

Primary screening of pectinolytic bacteria and actinobacteria 

Pectin agar medium was used to screen for pectinolytic Streptomyces. Nineteen 

isolates showed activity, forming clear zones on the medium indicating pectinase 

activity. Six isolates (FMA3, FMA5, FMA7, FMA10, FMA15, FMA18) exhibited the 

highest pectinolytic activity. These isolates were selected for further screening. 
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Pectinase production in liquid medium from Streptomyces 

Pectinase was produced by Streptomyces after 5 days of growth at 30°C in Mineral 

pectin broth medium. Four out of nineteen Streptomyces isolates (FMA5, FMA9, 

FMA11, and FMA18) showed high pectinase production. Growth was measured using a 

spectrophotometer at A 540 nm. 

 

Selective of most active streptomyces isolate for pectinase production 

Streptomyces isolate FMA18 pectinase production was tested on Mineral Pectin Agar 

Medium (B) (Fig. A1a, b) The isolates were cultured on mineral pectin agar medium 

and starch nitrate agar medium for five days. The isolates capable of producing the 

enzyme and breaking down the pectin showed high growth and the formation of a clear 

zone around the colony (Fig. A1C). 

 
Table 1. Pectinase production on agar medium (mm) and in Mineral pectin broth medium 

(U/ml) by the different Streptomyces isolates 

Bacterial 

isolates 

Growth on 

pectin agar 

medium 

Enzyme activity 

Diameter of clear zone (mm) U/ml 

FMA 1  + + + +  28.00 ± 0.05 0.663 ± 0.03 

FMA 2  + + + +  21.33 ± 0.08 0.634 ± 0.03 

FMA 3  + + + +  33.00 ± 0.09 0.840 ± 0.01 

FMA 4  + + + +  29.67 ± 0.01 0.882 ± 0.04 

FMA 5  + + + +  35.00 ± 0.05 0.961 ± 0.05 

FMA 6  + + + +  22.00 ± 0.01 0.862 ± 0.05 

FMA 7  + + + +  36.33 ± 0.03 0.733 ± 0.06 

FMA 8  + + + +  24.33 ± 0.02 0.839 ± 0.04 

FMA 9  + + + +  27.33 ± 0.03 0.916 ± 0.03 

FMA 10  + + + +  39.67 ± 0.04 0.644 ± 0.02 

FMA 11  + + + +  23.00 ± 0.01 0.991 ± 0.04 

FMA 12  + + + +  26.00 ± 0.07 0.692 ± 0.03 

FMA 13  + + + +  19.67 ± 0.008 0.787 ± 0.05 

FMA 14  + + + +  28.33 ± 0.01 0.654 ± 0.06 

FMA 15  + +  35.33 ± 0.02 0.839 ± 0.05 

FMA 16  + + + +  26.33 ± 0.08 0.869 ± 0.03 

FMA 17  + +  13.33 ± 0.1 0.676 ± 0.04 

FMA18  + + + +  41.33 ± 0.01 1.001 ± 0.03 

FMA 19  + + + +  18.33 ± 0.02 0.663 ± 0.06 

+: low growth. ++: moderate growth; +++: high growth; ++++: very high growth 

 

 

Identification of the selected bacterium to the genus level 

The gene sequences of isolate FMA18 were found to be comparable to other 

Streptomyces species in the database, confirming their classification as Streptomyces. 

The FMA18 isolate was found to have a 100% similarity to Streptomyces coelicolor 

when used as a query. As a result, it was proposed to be named Str. coelicolor strain 

WA (GenBank Accession Number PP837735.1). A neighbor-joining phylogenetic tree 
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was then created to determine its relationship with other Streptomyces strains by 

comparing partial 16S rRNA gene sequences (Fig. 1). 

 

 

Figure 1. Phylogenetic tree of Streptomyces coelicolor strain WA with accession number 

PP837735 and its closest relatives based on 16S rRNA sequence. The tree was created using the 

Neighbor-Joining method using the MEGA software version 11 

 

 

Factors affecting growth and pectinase production 

Effect of different media on growth and pectinase production 

Five different media were tested to study the impact of media on growth and 

pectinase production. Str. coelicolor strain WA was grown in Mineral pectin broth 

media with varying compositions and pectin as a carbon source. Results revealed that 

medium B supported the highest growth and maximum pectinase activity (1.051 U/ml). 

This medium was selected for further optimization of enzyme production under 

different conditions (Table 2). 

 
Table 2. Effect of different media on growth and pectinase production by Str. coelicolor 

strain WA 

Mineral pectin broth media Pectinase activity U/ml 

A 0.854 ± 0.194 

B 1.051 ± 0.113* 

C 1.005 ± 0.061 

D 1.016 ± 0.139* 

E 1.014 ± 0.075 

*Significant results at p < 0.05 
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Effect of different inoculum sizes on growth and pectinase production 

The impact of inoculum size on the growth and pectinase production of Str. 

coelicolor strain WA was examined. The highest pectinase activity recorded was 

2.636 U/ml with an inoculum size of 2 × 107 CFU/ml (Fig. 2A). 

 

Effect of different pH values on growth and pectinase production 

The impact of pH values on growth and pectinase production with Str. coelicolor 

strain WA was investigated. The strain was cultivated in a medium with pH values from 

5 to 10. The best growth and highest pectinase activity (2.643 U/ml) were seen at pH 7. 

(Fig. 2B). 
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Figure 2. (A and B) Effect of different inoculum size and different concentration of pH value on 

growth and pectinase production by Str. coelicolor strain WA 

 

 

Effect different concentrations of pectin on growth and pectinase production 

After determining optimal pH values, varying concentrations of pectin (5, 10, 15, 20, 

and 25 g/l) were added to the media. The flasks were incubated for 5 days at 30ºC with 
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a rotation speed of 120 rpm for Str. coelicolor. Enzyme activity and growth were 

measured at 540 nm using a UV spectrophotometer after the incubation period. The 

highest pectinase activity (2.727 U/ml) was observed with a concentration of 15 g/l of 

pectin for Str. coelicolor strain WA. Therefore, 15 g/l of pectin was chosen for 

optimizing enzyme production under different cultural and nutritional conditions. 

(Fig. 3A). 

 

Effect of different concentrations of yeast extract on growth and pectinase production 

After determining optimal pectin concentrations, the impact of yeast extract 

concentration on growth and pectinase production was observed. Str. coelicolor strain 

WA showed the highest pectinase production (2.760 U/ml) with 1 g/l yeast extract. 

Therefore, yeast extract was included in the medium to optimize enzyme production 

under different cultural and nutritional conditions (Fig. 3B). 

 
 

0

0.5

1

1.5

2

2.5

3

3.5

0

0.5

1

1.5

2

2.5

3

3.5

5 (control) 10 15 20 25

P
e
ct

in
a
se

 a
ct

iv
it

y
(U

/m
l)

G
ro

w
th

 
(O

.D
. 

5
4

0
n

m
)

Different concentrations of pectin 

Pectinase activity (U/ml) Growth (O.D. 540nm)

 
A 

 

0

0.5

1

1.5

2

2.5

3

3.5

-0.5

0

0.5

1

1.5

2

2.5

3

0 (control) 0.5 1 1.5 2 2.5 3 P
e

ct
in

a
se

 a
ct

iv
it

y
( 

U
/m

l)

G
ro

w
th

 
(O

.D
. 

5
4

0
n

m
)

Different concentration of yeast extract (g/l)

Pectinase activity Growth (O.D. 540nm)

 
B 

Figure 3. (A and B) Effect of different concentrations of pectin and yeast extract on growth and 

pectinase production by Str. coelicolor strain WA 
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Effect of different incubation temperature on growth and pectinase production 

The effect of incubation temperature on the growth and enzyme production of Str. 

coelicolor strain WA was studied after determining the best yeast extract concentrations. 

Pectinase activity was measured in Mineral pectin broth medium at temperatures 

ranging from 25°C to 50°C after 5 days. The highest pectinase activity of 2.824 U/ml 

was observed at 30°C, which was also the optimal temperature for growth. The lowest 

pectinase activity of 0.273 U/ml was recorded at 50°C (Fig. 4A). 

 

Effect of incubation periods on growth and pectinase production 

The optimal incubation time for Str. coelicolor strain WA was determined to be 

6 days, based on measurements of growth and pectinase production. This time period 

yielded the highest growth and maximum pectinase activity of 2.987 U/ml. Therefore, 

6 days was chosen as the ideal duration for optimizing enzyme production in different 

cultural and nutritional conditions for Str. coelicolor strain WA (Fig. 4B). 
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Figure 4. (A and B) Effect of different incubation temperature and incubation periods on 

growth and pectinase production by Str. coelicolor strain WA 
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Purification of pectinase enzyme 

Str. coelicolor strain WA was cultivated in pectin broth medium B at pH 7 for 6 days. 

The pectinase was purified using column chromatography, and the active fractions with 

pectinase activities were collected. Fractions 30-40 with high absorption at 280 nm and 

pectinase activities were lyophilized and stored. The lyophilized fractions were used to 

characterize the enzyme and determine its molecular weight. Finally, the enzyme was 

obtained, lyophilized, and examined (Fig. A2). 

 

Molecular weight of pectinase 

Str. coelicolor strain WA was cultivated under optimal conditions to produce 

pectinase. After precipitation with 80% ammonium sulfate and purification through 

column chromatography, the enzyme was characterized and its molecular weight 

determined to be 43 kDa using gel electrophoresis (Fig. A3). 

The pectinase from Str. coelicolor strain WA was purified using several steps, 

including precipitation with ammonium sulphate, dialysis, and purification through 

DEAE-Sephacel and Sephadex G200 column. Pectinase activity and protein levels were 

measured at each stage. The enzyme was purified 2.86-fold after the Sephadex G100 

step. Electrophoresis on 10% SDS-PAGE showed a single band, indicating complete 

purification of the enzyme. The size of the purified enzyme was determined to be 

43 kDa using standard protein markers. 

 Using gel filtration and SDS-PAGE, respectively, the native and subunit molecular 

weights of the enzyme were ascertained. The pectinase’s molecular weight, as 

determined by SDS-page analysis, was 43 kDa, which is quite similar to what earlier 

researchers on pectinases from Streptomyces spp. found. 

 

Enzyme properties 

After purifying the enzyme, its properties were studied. This included analyzing the 

effects of temperature, pH, enzyme and substrate concentrations, and heavy metal 

concentrations on enzyme activity. 

 

Effect of temperature 

The mixture was incubated at different temperatures (30-60°C) for 30 min to study 

the temperature’s impact. Actinomycete enzyme activity increased as the temperature 

rose from 30 to 40°C. The optimal temperature for pectinase activity in Str. coelicolor 

strain WA was found to be 40°C, while the lowest activities were observed at 100°C 

(Fig. A4). 

 

Effect of different pH 

The impact of pH on enzyme activity was investigated using a reaction mixture 

containing 0.3 ml of enzyme preparation and substrate at pH levels ranging from 5 to 9. 

The optimal pH for the pectinase enzyme from Str. coelicolor strain WA was found to 

be 7, while the lowest activities were observed at pH 5 and pH 9 (Table 3). 

 

Effect of different enzyme concentrations on pectinase activity 

The impact of different enzyme concentrations on pectinase activity was studied at 

40°C. The reaction mixture was incubated with varying enzyme concentrations (0.25, 



Alshehri: Streptomyces pectinase: production and characterization 

- 2467 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(2):2455-2483. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2302_24552483 

© 2025 ALÖKI Kft., Budapest, Hungary 

0.5, 1, 1.5, and 2 U/ml). Results showed that as the enzyme concentration increased 

from 0.25 to 2 U/ml, the enzyme activity gradually decreased. Statistical analysis 

confirmed a significant effect of enzyme concentration on activity, with the highest 

activity observed at a concentration of 0.25 U/ml (relative activity %). The lowest 

activities were recorded at the 2 ml concentration (Table 4). 

 
Table 3. Effect of different pH on the crude Pectinase obtained from the Str. coelicolor strain 

WA 

Relative activity (%) Pectinase activity U/ml  Different pH value  

43.00 0.744 ± 0.005 5 

62.77 1.086 ± 0.007 6 

100 1.730 ± 0.005 7 (control) 

79.39* 1.373 ± 0.003 8 

31.67 0.548 ± 0.004 9 

*Significant results at p < 0.05 

 

 
Table 4. Effect of different enzyme and Substrate concentration on the crude pectinase 

obtained from the Str. coelicolor strain WA 

Substrate concentration  Enzyme concentration  
Enzyme and substrate 

concentration Relative activity (%) 
Pectinase activity 

(U/ml) 
Relative activity (%) 

Pectinase activity 

(U/ml) 

80.78 0.952 100* 1.841 ± 0.007 0.25 

100* 1.207 85.33* 1.571 ± 0.007 0.5 

95.77* 1.156 49.42 0.910 ± 0.008 1 

64.21 0.775 42.64 0.785 ± 0.016 1.5 

42.83 0.517 35.25 0.649 ± 0.004 2 

*Significant results at p < 0.05 

 

 

Effect of different substrate concentrations 

The impact of substrate concentrations on pectinase activity was studied. Different 

substrate concentrations (0.25, 0.5, 1, 1.5, and 2 ml) were tested at 40°C. The pectinase 

activity of Str. coelicolor strain WA decreased as substrate concentration increased from 

0.025 to 2 ml. Statistical analysis showed a significant effect of substrate concentration 

on enzyme activity, especially at a concentration of 0.5 ml. Results are in Table 4 

(100% relative activity). 

 

Effect of metal ions on pectinase activity 

The impact of heavy metal ions on enzyme activity was investigated by preparing a 

reaction mixture. Various heavy metal ions (Ni++, Zn++, Cu++, Ca++, Fe++, Hg++, Mn++, 

and EDTA++) at a concentration of 1 mM were added to the mixture. The activity of the 

heavy metals was measured and the results showed that Mn++ and Ca++ enhanced the 

enzyme activity of Str. coelicolor FMA18, while Hg++ and EDTA had the lowest 

activities (Table 5). 
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Application of pectinase 

Bioconversion of fruit waste into fertilizer using Str. coelicolor strain WA 

The fruit waste decomposed when inoculated with Str. coelicolor strain WA. Within 

five days, the waste degraded as Str. coelicolor strain WA grew. This rapid degradation 

caused significant changes in color, texture, and volume of the compost. After 90 days, 

the fruit waste completely disintegrated, with a ¾ reduction in volume. In the 

experiment, 210 organic carbons were detected, compared to 23 in the control (Fig. 5). 

The composted fruit waste had a C:N ratio of 9.13 (Table A1). 

 
Table 5. Effect of different heavy metal ions on the crude pectinase obtained from the Str. 

coelicolor strain WA 

Relative activity (%) Pectinase activity (U/ml) Metal ions (1 mM) 

60.66 1.351±0.018 Ni++ 

45.03 1.003 ± 0.044 Cu++ 

43.91 0.978 ± 0.063 Zn++ 

87.29* 1.944 ± 0.035 Mn++ 

19.93 0.444 ± 0.033 EDTA++ 

56.30 1.254 ± 0.034 Fe++ 

14.54 0.324 ± 0.033 Hg++ 

100* 2.227 ± 0.036 Ca++ 

 

 

 The fruit waste decomposed when inoculated with Str. coelicolor strain WA. Within five 1 

days, the waste degraded as Str. coelicolor strain WA grew. This rapid degradation caused 2 

significant changes in color, texture, and volume of the compost. After 90 days, the fruit 3 

waste completely disintegrated, with a ¾ reduction in volume. In the experiment, 210 4 

organic carbons were detected, compared to 23 in the control (Fig.5). The composted fruit 5 

waste had a C:N ratio of 9.13 (Table S1). 6 

Fig. 5. Bioconversion of fruit wastes into fertilizer using Str. coelicolor strain WA.  7 

Compost phytotoxicity test 8 

The obtained results were presented in Table S2. 9 

Effect of Compost on Plant Growth Parameters of Vigna mungo 10 

3 days 15 days 30 days 

50 days 70 days 90 days 

 

Figure 5. Bioconversion of fruit wastes into fertilizer using Str. coelicolor strain WA 
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Compost phytotoxicity test 

The obtained results were presented in Table A2. 

 

Effect of compost on plant growth parameters of Vigna mungo 

After 80 days, the effectiveness of compost on plant growth was evaluated. Vigna 

mungo plants treated with experimental compost showed better growth compared to 

control plants. The combination of vegetable waste from Str. coelicolor strain WA 

increased shoot and root length in seedlings. The root length of control plants was 

4.3 cm, while it reached 11.133 cm in plants treated with 40% compost made from 

Str. coelicolor strain WA (p < 0.0001). Shoot length increased from 14.033 cm to 

14.333 cm in plants treated with 10% compost after sprouting (p < 0.001). The total 

plant weight increased by approximately 15% with the compost made from Str. 

coelicolor strain WA fruit waste. Overall, the compost enriched with Str. coelicolor 

strain WA significantly promoted plant growth, as supported by statistical significance 

(Table A3). 

 

In silico study 

Molecular protein docking binding results with pectinase 

Structure validation 

The quality of 3D pectinase protein predicted by AlphaFold was validated by 

calculating the ERRAT quality factor and by observing the Ramachandran plots 

(Fig. 6a). A good model usually shows an average overall quality factor of about 91% 

for the ERRAT score. The ERRAT quality factor of the predicted structure was 92.16% 

(Fig. 6b). Similarly, the Ramachandran plot of the protein showed that all residues were 

in the favored region while no residue was observed in disallowed region (Fig. 6c). 

 

 

Figure 6. (a) The predicted model of the pectinase enzyme. (b) The ERRAT quality factor of the 

predicted protein. (c) The Ramachandran plot of protein. The yellow region shows the allowed 

region while the white region shows the disallowed regions 
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Molecular docking 

The molecular docking pectin and pectinase was performed by using Autodock Vina. 

There was a total of 10 poses generated and the binding pose with highest binding 

affinity was selected for further analysis. The binding affinity of the selected pose was -

5.6 kcal/mol. The binding pose of the selected compound was analyzed and it was 

observed that pectin occupied the space in the binding pocket of the protein (Fig. 7a). 

Further, the molecular interactions were analyzed by using Discovery studio. Upon 

analysis, it was observed that pectin made six hydrogen bonds with Ser249, Glu284, 

Asp248, Asp243, Ser341, and Asn318 (Fig. 7b). 

 

 

Figure 7. (a) The plausible binding mode of the pectin inside the pectinase binding pocket. (b) 

The molecular interactions of the pectin with pectinase enzyme 

 

 

Molecular dynamics (MD) simulation 

Root-mean-square deviation (RMSD) 

To confirm the stability of the protein-ligand complex, Molecular Dynamics (MD) 

simulation of 100 ns was employed. The RMSD of the carbon alpha (C) atoms was 

calculated in order to look into the complex’ deviation and general structural changes 

during the simulation (Sargsyan et al., 2017). The RMSD values of the pectinase protein 

remained in the range of 2 Å till 50 ns and showed deviations of up to 3.2 Å in second 

half of the simulation. However, the RMSD dropped to 2.4 Å towards the end of 

simulation. While the RMSD of pectin remained less than 0.5 Å throughout the 

simulation (Fig. 8). 

 

Root mean square fluctuations (RMSF) 

RMSF values have been calculated in order to identify the fluctuation of the protein 

while they are bound to the pectin (Martínez, 2015). RMSF values give detailed 

information on the residue’s mobility and flexibility. Based on the RMSF values, most 

of the residues did not show the fluctuations while some residues ranging from 30 to 40, 

60 to 90, 145 to 160, 180 to 200, and 230 to 250 shows fluctuations i.e., RMSF values 
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greater than 2 Å. While all other residues remained under 2 Å indicating that the protein 

did not undergo confirmational changes during simulation (Fig. 9). 

 

 

Figure 8. The RMSD of pectinase-pectin complex calculated during 100 ns simulation. Blue 

color shows the RMSD of pectinase while magenta shows the RMSD of pectin 

 

 

 

Figure 9. The residual fluctuations of the pectinase receptor upon binding of the pectin 

 

 

Protein-ligand contacts 

The MD Simulation analysis showed that ionic, hydrogen, and hydrophobic bonds 

were the most important types of interactions between the ligands and the protein. The 

functional properties of the protein-ligand complex are stabilized and regulated by these 

interactions. Residues that form hydrogen bonds with Pectin were Arg158, Lys161, 
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Gln185, Lys187, Asp237, Asp248, Glu284, Asn318, Asp343, Lys376, and Arg444. 

Arg158, Lys161, Asp248, and Glu284 were also involved in ionic interactions with 

pectin (Fig. 10). These hydrogen bonding interactions, which were displayed during the 

MD simulations, not only highlighted the specific residues that were crucial for 

stabilizing the protein-ligand complex, but they also provided insight into the crucial 

interactions that maintain the complexes’ general stability and binding affinity. 

 

 

Figure 10. The interaction of protein-ligand during MDS. The residues that interact are shown 

as tall, stacked bars. Hydrogen bonding is represented by green bars, hydrophobic interactions 

by grey bars, and water bridges by blue bars 

Discussion 

Population growth and industrialization have caused a surge in pollution, raising 

global concerns due to its harmful effects on humans, animals, and plants. Microbial 

biodiversity is crucial for various reasons, including its aesthetic appeal and utility in 

biotechnology, specifically in the production of enzymes for feed and fuel. The 

agricultural and fruit processing industries generate a significant amount of waste, 

leading to pollution and waste management challenges. Untreated waste can contribute 

to greenhouse gas emissions, water, and soil pollution. Millions of tons of fruit and 

vegetable waste (FVW) and agricultural waste (AW) are produced annually, rich in 

organic polysaccharide components. Converting FVW and AW into value-added 

products is essential. The polysaccharides in FVW and AW can serve as nutrients for 

microbes, enabling the production of industrially important enzymes like amylase and 

pectinase through microbial bioprocessing of organic waste (Panda et al., 2016; Sagar et 

al., 2018; Anand et al., 2020). 

Fruits and vegetables contain pectin, which helps pectinolytic isolates grow 

(Anuradha et al., 2010). Fruits and vegetables are great sources of pectinolytic isolates, 

including exopolygalacturase produced by various fungi and yeasts. (Birgisson et al., 

2003), These microbes grow slowly. The study aims to find fast-growing Streptomyces 

strains that can produce lots of polygalacturonase to meet the nation’s needs. It is 
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crucial to discover beneficial microorganisms using innovative methods to meet 

industry demands and boost national demand. 

In this study, we isolated 19 Streptomyces from different sources, including soil and 

decomposing fruits and vegetables. Isolating and screening Streptomyces strains is 

important for efficient and cost-effective pectinase production. The sequential dilution 

approach was used to recover various actinomycetes strains. (Adeleke et al., 2012). Spot 

inoculation was used to screen for pectinase-producing Streptomyces. Pectin hydrolysis 

screening was done on agar plates with pectin. Addition of potassium iodide solution 

showed a hydrolysis zone, indicating effective degradation of pectin by bacteria-

produced pectinase, preventing iodine complex formation. Takcı and Turkmen (2016) A 

direct relationship was found between hydrolysis area size and pectinase activity, with 

larger areas indicating higher activity. Streptomyces isolates in our study showed 

hydrolysis zones ranging from 18.33 mm to 41.33 mm. 

After selection, pectinolytic isolates from Streptomyces were further screened using 

the well diffusion method. Four strains were chosen for their ability to depolymerize 

pectin and form a colorless hydrolytic zone. The maximum zone size observed after 

flooding the plate with potassium iodide solution was reported to be 41.33 mm by 

Janani et al. (2011) and Rashmi et al. (2008). The producers lacked pectinolytic activity 

and distinct lysis zones. Streptomyces sp. was the main isolate based on its 

morphological characteristics. 

A grape peel isolate of Streptomyces species produces a high amount of 

polygalacturonase. The strain with the highest pectinase activity is identified as Str. 

coelicolor strain WA. 

Different kinds of pectinolytic enzymes have been produced by a variety of 

microorganisms (Jayani et al., 2010). 25% of all food and industrial enzyme sales 

worldwide are made up of microbial pectinases, and this market is growing daily (Murad 

and Azzaz, 2011). A significant factor in the breakdown of plant residues is actinomycete. 

Actinomycetes are efficient decomposers of plant material and produce extracellular 

enzymes such as cellulase, xylanase, and pectinase. Due to spore dispersal, 

Streptomyces species are distributed globally among antimicrobial populations (Babu et 

al., 2008). Streptomyces species are the source of approximately 80% of the metabolites 

produced by actinomycetes (Watve et al., 2001). 

Selecting the appropriate fermentation media is crucial for achieving high enzyme 

yields as it delivers the nutrients and energy required for microbial growth. This study 

examined five different fermentation media for pectinase synthesis. The B medium 

exhibited the highest pectinase productivity for Str. coelicolor strain WA (1.051 U/ml). 

This could be attributed to the components of the B medium promoting optimal growth 

of Streptomyces. The presence of pectin in the medium provided sufficient nutrients to 

support microbial growth, leading to the maximum enzyme production (Balkan and 

Ertan, 2007). 

The optimal inoculum size for producing pectinase in Str. coelicolor strain WA is 2 × 

107 (U/ml), resulting in a maximal enzyme activity of 2.636 U/ml. larger inoculum 

sizes hinder growth and enzyme production due to excessive spore collection and 

competition for nutrients. On the other hand, low inoculum densities may not be enough 

to initiate pectinase production and promote growth (Mrudula and Anitharaj, 2011; 

Jacob and Prema, 2008). 

The pH level is a crucial factor for pectinase synthesis. Ramesh and Lonsane (1990) 

found that pH greatly affects the production of extracellular enzymes by microbes. They 
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tested pH values ranging from 3 to 9 to determine the ideal pH for pectinase production 

by Str. coelicolor strain WA. The highest enzyme yield was achieved at pH 7.0. 

The explanation could be that the bacteria may survive under ordinary conditions, 

and any changes to the media’s pH have a significant impact on the enzyme’s activity 

(Turner, 2010). pH values higher or lower than ideal cause the enzyme to become 

inactive and cease production (Amadioha, 1993). Similar results were shown by 

Ramanujam and Subramani (2008), who found that a pH of 7 was ideal for A. niger to 

produce pectinase. Adeleke et al. (2012), however, indicated that the ideal pH range for 

pectinase synthesis was 5-5.5. 

After incubating for 5 days, Str. coelicolor strain WA showed growth on liquid and 

solid media with pectin as the only carbon source. It also secreted pectolytic enzymes, 

as evidenced by the presence of pectinolysis zones around colonies. The strain reached 

maximum enzyme activity in the liquid culture medium after 6 days at 30°C. Ladjama 

et al. (2007) found similar results, suggesting that 5 or 6 days of incubation at 28°C is 

optimal for Streptomyces to produce high levels of pectinase in liquid culture media. 

The incubation temperature affects the growth and enzyme synthesis of Streptomyces. 

In this study, enzyme synthesis was tested at temperatures from 20°C to 50°C. Str. 

coelicolor strain WA produced the most enzymes at 30°C (2.824 U/ml). At 50°C, minimal 

pectinase was generated, possibly due to enzyme denaturation at higher temperatures 

(Thangaratham and Manimegalai, 2014). Lower temperatures result in slower bacterial 

growth and reduced enzyme production by actinomycetes (Bailey and Pessa, 1990). 

The pH and temperature of the culture medium impact enzyme production. Different 

organisms can produce pectinase under varying pH and temperature conditions. A pH range 

of 6.0-10 was studied to understand its effect on pectinase synthesis (Stanbury et al., 1997). 

The incubation period is a crucial factor in the fermentation process. It is influenced 

by the type of microbe, the chemical composition of the medium, and other 

physiological factors. In this study, the incubation period was varied from one day to 

ten days to observe its impact on pectinase production by Str. coelicolor strain WA. 

Pectinase estimation was done every 24 h. The findings revealed that the highest 

pectinase production (2.987 U/ml) by Str. coelicolor strain WA occurred after 6 days. 

As the incubation period lengthens, enzyme synthesis decreases due to depleted 

nutrition and accumulated metabolites in the medium (Palaniyappan et al., 2009). Our 

findings contradict those of Sethi et al. (2015), a study proposed that a fermentation 

period of 96 h is ideal for pectinase synthesis. A shorter period would increase the 

strain’s industrial importance and advantages. Thus, our findings hold greater 

significance compared to previous studies. 

 Mn++ and Ca++ions led to an increase in the pectinase activity. Ni²z ions moderately, 

whereas EDTA ions strongly inhibited its activity. Ca++ ions reportedly play a vital role 

in pectinase confirmation maintenance (Alana et al., 1990). The discrepancy in the 

pectinase metal ion preference indicated that the enzyme might have differential 

flexibility at the active site (Oumer et al., 2017). The stability of enzymes in the 

presence of agents promotes their use in various industries. Previous studies have shown 

that pectinases remain stable even in the presence of surfactants (Beg et al., 2000). 

 The pectinase from Str. coelicolor strain WA was purified using several steps, 

including precipitation with ammonium sulphate, dialysis, and purification through 

DEAE-Sephacel and Sephadex G200 column. Pectinase activity and protein levels were 

measured at each stage. The enzyme was purified 2.86-fold after the Sephadex G100 

step. Electrophoresis on 10% SDS-PAGE showed a single band, indicating complete 
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purification of the enzyme. The size of the purified enzyme was determined to be 

43 kDa using standard protein markers. 

 Using gel filtration and SDS-PAGE, respectively, the native and subunit molecular 

weights of the enzyme were ascertained. The pectinase’s molecular weight, as 

determined by SDS-page analysis, was 43 kDa, which is quite similar to what earlier 

researchers on pectinases from Streptomyces spp. found. Pectinase originating from 

microorganisms is typically found in the 30-70 kDa size range (Klug-Santner et al., 

2006; Tari et al., 2008; Banu et al., 2010). Nevertheless, studies have reported 

pectinases from microorganisms with molecular weights beyond 70 kDa (Kashyap et 

al., 2000; Arotupin et al., 2012).  The enzyme’s molecular weight of 43 kDa, as 

determined by the subunit molecular weight, has been proposed to be that of a monomer 

compared to its natural molecular weight. It has been reported that most microbial 

pectinases have a monomeric structure (Polizeli et al., 1991; Schols et al., 2009). 

At 50°C, the maximal activity of the isolated pectinase from Str. coelicolor strain 

WA was observed. Pectinase from Bacillus subtilis (Al-Ajlani et al., 2012) and pectinase 

from other sources (Silva et al., 2002; Phutela et al., 2005; Yadav et al., 2009) have both 

been shown to have a comparable optimal temperature for action. Most bacteria’s 

optimal temperature range for pectinase is between 45 and 60°C (Silva et al., 2002; 

Phutela et al., 2005; Yadav et al., 2009; Al-Ajlani et al., 2012). 

One of the main factors in waste biodegradation is microbial populations. The 

amount of organic matter available and the physicochemical conditions during 

composting affect the microbial load and variety. This study explored the bacterial 

population, enzymatic potential, and the impact of abiotic factors on their community 

during fruit waste composting. Composting fruit waste with Str. coelicolor strain WA 

resulted in brown color and volume reduction after two weeks. The compost had a 

carbon-to-nitrogen ratio of 9.13, showing the effectiveness of Str. coelicolor strain WA 

in breaking down fruit waste. 

Various research groups have already used fruit and vegetable waste to compost 

Karnchanawong and Nissaikla (2014). Organic waste was used to create compost with 

microbial consortia, and the quality of composting was enhanced by using mature 

compost as a starting material. Mature compost contains various microbial consortia, 

including Streptomyces. In a specific study, the Actinomycetes consortium alone was 

used to compost domestic agro-residues, while mature compost was utilized to treat 

pulp-paper mill effluent. (Limaye et al., 2017). 

Conclusion 

Pectinase enzymes are a cost-effective and environmentally friendly alternative to 

chemicals in many industries. In this study, extracellular pectinase was produced using 

Str. coelicolor strain WA isolated from agricultural soil in Jeddah, Saudi Arabia. The 

strain showed maximum pectinase activity after 6 days of growth at pH 7.0 and 30°C. 

After purification, the pectinase was characterized and its molecular weight determined. 

Utilizing pectinolytic Str. coelicolor strain WA for fruit waste degradation and 

biofertilizer production is a sustainable approach for environmental remediation and 

promoting plant growth. Overall, pectinase enzymes offer a sustainable and versatile 

solution for various industrial and agricultural processes. 
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Availability of data and material. The nucleotide sequence of the chromosome and plasmids of 

Streptomyces coelicolor strain WA  have been deposited in GenBank under accession number 

PP837735.1. All raw data and supporting materials related to this paper can be obtained from the 

corresponding author. 
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APPENDIX 

Table A1. Quantification of major elements in compost using Str. coelicolor strain WA 

Elements Units (mg/g) 

Physical properties 

Color Black 

Moisture 18.33 

Chemical properties 

pH 7.67 

TOC 210 

N 23 

P 36.8 

K 377 

Mg 31.4 

Ca 132.5 

C:N ratio 9.13 

 

 
Table A2. Compost phytotoxicity test obtained from Str. coelicolor strain WA 

Elements Units (mg/g) 

Physical properties 

Color Black 

Moisture 18.33 

Chemical properties 

pH 7.67 

TOC 210 

 

 
Table A3. Effect of compost on growth parameters of Vigna mungo after treatment by Str. 

coelicolor strain WA 

Compost 

concentration 

Plant growth parameters 

Moisture weight 

(%) 

Dry weight 

(gm) 

Root length 

(cm) 

Shoot length 

(cm) 
No. of leaves 

Control 2.4 0.523 4.3 14.033 6.333 

10% 4.1 0.596 6.6 14.333 12 

20% 4.366 0.683 7.133 15.066 12 

30% 6.766 1 7.666 15.6 13.333 

40% 15.366* 1.24* 11.133* 18.533* 21.666* 

*Significant results at p < 0.05 
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(A) (B) (C) 

Figure A1. (A, B and C). Growth of Str. coelicolor strain WA on: A. Pectin agar medium, B. 

Starch casein nitrate, C: Zone of pectin hydrolysis on pectin agar medium after 5 days’ 

incubation 

 

 

 

Figure A2. Elution profile of pectinase after sephadex G-100 chromatography 
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97.5 kDa 

 

 

 

66.2 kDa 

45.2 kDa 

 

 

30   kDa 

 

21.1 kDa 

 

14.4 kDa 

 

Figure A3. Molecular weight of pecinase isolated from Str. coelicolor strain WA. by SDS-

PAGE, M: protein standards employed were phosphorylase (97kDa), albumin (66 kDa), 

ovalbumin (45 kDa), carbonic anhydrase (30 kDa), soybean trypsin inhibitor (20.1 kDa), and α-

lactalbumin (14.4  kDa) 
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Figure A4. Effect of different incubation temperature on the crude pectinase activity obtained 

from the Str. coelicolor strain WA 


