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Abstract
Highly thermostable and alkali pectinases produced by 

microorganisms are increasingly in demand for commercial 
biotechnological processes. In this study, enzyme extracts from Bacillus 
subtilis-BSP5 (accession number KP980585) had the highest pectinase 
activity at variable temperatures among those produced by other bacteria 
from effluents at Oluyole industrial estate Ibadan, Nigeria, latitude 
7.3215°N and longitude 3.8708°E. The crude pectinase was purified to 
a final purification fold of 6.61 and recovery of 6.97%. The purified and 
characterized pectinase from B. subtilis-BSP5 showed a specific activity 
of 1380.28 U/mg proteins, an optimum pH and temperature of 8.1 
and 60.0°C respectively. Its band weight was estimated as 37KDa. The 
enzyme was observed to be stable and active 2 hours after exposure to 
increased temperature up to 70°C for 60 minutes, retaining over 60% of 
its optimum activity. Similarly, over 70%, of its activity was retained post 
exposure to pH of 9.0 for 150 minutes. The Km and Vmax of the purified 
pectinase were 1.0mg/mL and 5.7µmol/min/mg protein respectively. 
Calcium, Sodium and Potassium ions were observed to be activators for 
the pectinase, they respectively increased its catalytic activity by 22, 9 
and 16 %, whereas Mercury, Lead and Aluminium ions were noted to 
be powerful inhibitors to the enzyme, respectively lowering its catalytic 
activity by 86, 60 and 72 %. Overall, the present study suggests that 
the purified pectinase from B. subtilis-BSP5 strain possesses some 
physicochemical and kinetic characteristics that potentially describe it 
as a thermostable and alkali protease. In light of this, B. subtilis-BSP5 
strain may be considered as one of the commercially viable organisms 
for biotechnological production of thermostable and alkali pectinases.

Keywords: Thermostable, B. subtilis, Enzyme, Pectinase, Alkali, 
Commercial production.

Introduction
Pectinases are a group of enzymes that degrade complex 

polysaccharide, precisely pectins that are present in plants. 
Microorganisms such as yeast, fungi, and actinomycetes are capable of 
inducibly producing these enzymes [1,2]. Pectinases are becoming one 
of the leading commercialized enzymes with annual production growth 
rate of 2.86% between 2013-2016, and the market size is projected to 
reach 3.67% before 2021 [3]. These classes of enzymes are widely used 
in textile production, food and feedstock processing, biofuel, textile and 
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paper production and waste management [2-4]. Several 
reports have documented the production of pectinases [5-
8]. Microorganisms are preferred source for the production 
of these enzymes because they are easily cultured in 

large quantities within a short period, and they can easily 
be manipulated to derive enzyme of interest in greater [9]. 

In bacteria, pectinases are majorly produced from Bacillus 
and Erwinia spp. Bacillus are about the most abundant soil 
bacteria, they produce several bioactive substances with 
high pharmaceutical and biotechnological use [10]. Enzymes 
produced by Bacillus spp. constitute about 50% of the total 
enzyme market [11]. They are superior strain in industrial 
biotechnology because they their simple nutritional needs 
(require cheap substrate) for growth [12].

Bacillus spp. produces all classes of pectinases including 
hydrolases, lyases, esterases, and protopectinases. However, 
thermostable and alkali pectinases are not readily available 
in enzyme market. In view of this, pectinase produced 
by Bacillus subtilis obtained from waste was purified and 
characterized to determine its thermostability and stability 
at alkali pH range.

Materials and Methods
Production and purification of crude pectinase by 
Bacillus subtilis-BSP5 

Vincent’s mineral salt medium was prepared and 1mL 
culture broth of Bacillus subtilis-BSP5 was aseptically 
introduced into it, tightly covered while incubation was done 
at 50°C for 48 hours under aerated and agitated condition 
in a rotary shaker set at 150 rpm [13]. After the incubation 
period, the crude culture was centrifuged at 10,000 x g for 
15 minutes at 4°C and the cell-free supernatant obtained 
was used as extracellular crude pectinase solution. 

The crude pectinase without B. subtilis cells obtained 
by centrifugation was purified using a 4-step purification 
process comprising of saturated ammonium sulfate 
precipitation, 65% dialysis ion-exchange chromatography 
on SP Sephadex C-50 column (bead 40-125uM, pore size 
200,000, and capacity 2.0-2.6 meq/g) and gel filtration 
on Sephadex G-50 column [14-16]. Pectinase activity and 
protein concentration of crude and purified solutions were 
determined at each step and used to measure specific 
pectinase activity.

Pectinase activity measurement
Activity of crude and purified pectinase by Bacillus 

subtilis-BSP5 (accession number KP980585) was measured 
by adding 1 mL of the enzyme solution with an equal 
volume of a pH 5 aqueous solution of citrus pectin (10 
g/L) as substrate. The mixture was incubated at 50°C for 
15 minutes. Dinitrosalicylic acid (DNSA) reagent (2 mL) 
was then added and the reaction mixture was boiled for 5 
minutes. The absorbance of the cooled reaction mixture was 
read at 540 nm against a blank. A solution containing 2ml 
DNSA reagent diluted with 2 mL distilled water represented 
the blank solution [17]. One unit of pectinase activity was 
defined as the amount of enzyme required for liberating 1 μg 

of galacturonic acid per minute under the assay conditions. 
Protein concentration was also determined [18].

Characterisation of pectinase from Bacillus subtilis-
BSP5 (accession number KP980585)

The molecular or band weight of the Bacillus subtilis-BSP5 
pectinase was determined using Sodium Dodecyl Sulphate 
Polyacrilamide Gel Electrophoresis (SDS-PAGE) technique. 
The process was carried out with a 10% polyacrylamide 
gel using Tris-Glycine-SDS buffer system according to the 
method described by Laemmli [19].

Determination of optimum temperature and 
thermal stability of pectinase

Aliquots of purified pectinase from Bacillus subtilis-BSP5 
(accession number KP980585) was used for this assay. The 
effects of temperature on pectinase were investigated at 
temperature values of 30, 40, 50, 60, 70, 80 and 90 °C. 

Diluted purified enzyme (200 μL) was pipette into a test 
tube containing 1800 μL of standard citrus pectin solution 
(10 g/L W/V) and the mixture was incubated at each of the 
above temperatures for 15 minutes. The thermal stability 
of the purified pectinase was determined by incubating the 
dilute enzyme solution at varying temperatures (30–90°C) 
for 120 minutes. Aliquot of 200 μL was withdrawn at 30 
minutes’ interval to determine the residual activity of the 
purified pectinase [9].

Determination of optimum pH and stability of 
pectinase 

 Pectinase activity was measured under standard assay 
conditions at different pH values using the following buffers; 
50mM glycine-HCl buffer (pH 3.0), 50mM sodium acetate 
buffer (pH 4.0–5.0), 50mM phosphate buffer (pH 6.0–7.0), 
50mM Tris-HCl buffer (pH 8.0–9.0) and 50mM glycine-
NaOH (pH 10.0–12.0). The effect of pH on the stability of 
the purified pectinase was determined by incubating the 
purified enzyme with the substrate in solution with relevant 
buffers (pH 3.0–12.0) for 120 minutes, with the periodic 
withdrawal of aliquot enzyme every 30 minutes to measure 
the residual activity of the purified pectinase [9].

Determination of Km and Vmax of pectinase
Citrus pectin was used as substrate to determine Km and 

Vmax of the pectinase. The kinetic data obtained from the 
reaction between the enzyme and its substrate at different 
concentrations was compared to the Michaelis-Menten 
model, with the aid of Graphpad prism software (version 
6.05) San Diego, U.S.A, www.graphpad.com. 

Effect of metallic ions on the activity of pectinase 
from Bacillus subtilis-BSP5 (accession number 
KP980585)

 The effect of different metal ions (MnCl2, CuCl2, PbCl2, 
NaCl, MgCl2, HgCl2, CoCl2, KCl, AlCl3, and CaCl2) on the activity 
of the purified pectinase was determined by pre-incubating 
the enzyme with the metal ions at a final concentration of 
10mM using their chloride salt prepared in 50mM Tris-
HCl buffer, pH 8.0. After 30 minutes of incubation at 60°C, 
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pectinase activity relative to the control without metal ions 
was determined [20].

Data analyses
Analyses of data were done on Microsoft Excel 2013 

(Microsoft INC., USA) and (version 6.05) San Diego; U.S.A. 
Results were expressed as mean ± standard deviation of 
replicates.

Results
Total activity of the crude pectinase obtained from B. 

subtilis -BSP5 (accession number KP980585) was 442781U 
as shown in table 1. Sequel to ion exchange chromatography 
(IEC) purification step, pooled fraction from tube numbers 
100 to 120 had peak enzyme activity and highest protein 
concentration (Figure 1). Similarly, pooled fractions of tube 
and numbers 62 to 82 from Gel filtration chromatography 
(GFC) purification step demonstrated highest pectinase 
activity protein concentration (Figure 2). The pectinase 
produced from Bacillus subtilis-BSP5 was purified to a final 
purification fold of 6.61 and recovery of 6.97% as shown 
in Table 1. The total activity of the enzyme decreased from 
442781 to 30863 U (30.3 %) while its specific activity 
increased from 208.8 to 1380.3 U/mg proteins (561.1 %) at 
final purification step (Table 1). The Bacillus subtilis-BSP5 
pectinase was purified to almost homogeneity and its band 
or molecular weight was estimated as of 37kDa (Plate 1). 
The activity of the purified pectinase was optimum at 60°C 
(Figure 3) and over 60% of this activity was retained on 
exposure to a temperature of 70°C for 60 minutes (Figure 
4). The enzyme had an optimum pH of 8.0 (Figure 5), with 
over 70% of the activity retained after exposure to pH 9 for 
150 minutes (Figure 6). The Km and Vmax of the enzyme 

were 1.0mg/mL and 5.7µmol/min/mg protein respectively. 
Among the metal ions evaluated for their effects on the 
purified pectinase, calcium, sodium and potassium ions 
were observed to be activators or positive effectors for the 
pectinase, as they respectively increased its catalytic activity 
by 22, 9 and 6 %. Conversely, mercury, lead and aluminum 
ions had significant inhibitory effects on the enzyme, 
respectively lowering its catalytic activity by 86, 60 and 72 
% (Table 2).

PurificationSteps Volume
(mL)

Total
activity

(U)

Protein
conc.
(mg)

Specific activity 
(U/mg) % yield Purification

fold

Crude 900.0 442781.0 ± 2.5 2121.6 ± 0.5 208.8 ± 3.0 100.0 ± 0.0 1.0 ± 0.0

NH4 Sulphate Precipitation (60%) 86.0 59260 ± 4.2 109.3 ± 0.3 542.0 ± 7.2 13.4 ± 1.3 2.6 ± 0.0

Dialysis against buffer 62.0 46861.0 ± 6.7 61.0 ± 0.5 767.7 ± 8.1 10.6 ± 2.5 3.7 ± 0.5

Ion-Exchange on
SP-Sephadex C-50 48.0 38009.0 ± 3.4 29.9 ± 0.4 1272.9 ± 7.4 8.6 ± 1.2 6.1 ± 0.5

Gel Filtration on
Sephadex G-50 44.0 30863.0 ± 5.5 22.4 ± 0.3 1380.3 ± 10.5 7.0 ± 0.6 6.6 ± 0.4

Replicate results were presented as mean± standard deviation, conc. = concentration

Table 1: Purification Table for Pectinase from Bacillus subtilis.

Metal ion Relative Activity (%)
Control 100 ± 0.01
MnCl2 85 ± 0.69
CuCl2 71 ± 0.67
PbCl2 40 ± 0.55
NaCl 109 ± 0.82

MgCl2 98 ± 0.13
HgCl2 24 ± 0.07
CoCl2 66 ± 0.15
KCl 106 ± 0.82

AlCl3 28 ± 0.12
CaCl2 122 ± 1.15

Table 2: Effects of metallic ions on the activity of purified Pectinase from Bacillus subtilis-BSP5 (accession number P980585).

 

Plate 1: Polyacrylamide gel electrophorectogram of purified pectinase 
from Bacillus subtilis-BSP5 under denaturing conditions (SDS-PAGE). 
STD: standard molecular weight marker lane, M: purified pectinase lane, 
bsPec: Band of pectinase by Bacillus subtilis-BSP5
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Figure 1: Ion-exchange Chromatogram of the Pectinase Purification. 

 

Figure 2: Gel Fitration Chromatogram of the Pectinase Purification. 

Discussion
Based on the increasing demand for alkali and 

thermostable pectinases by textile, biopulping and animal 
feed industries, identifying microbial enzymes with such 
potentials for commercial processes becomes imminent in 
daily research.

Ion exchange and gel filtration purification techniques 
were of choice in this study, because they are commonly 
used techniques for purification of pectinases. This is 
basically due to their ability to effectively remove both 
unbound and bound molecules, including related proteins 
from the enzyme of interest. Besides, the techniques 

facilitate recovery of the target pectinase in its absolute form 
[21]. The latter, which is necessary to ensure correct data on 
the native characteristics of the enzyme, is interestingly an 
integral part of our study objectives.

Generally, pectinases have been observed over time to 
have band weights ranging from 30 to 80 kDa but the band 
weight of exopolygaraturonases have been particularly 
reported to be between 30-50 kDa [8]. Interestingly the 
purified pectinase from Bacillus subtilis-BSP5 in this study 
had a band weight of 37KDa, a value which apparently 
portends it as an exo-pectinase. The band weight obtained 
in this work is similar to that reported by Mukesh et al. 
for a B.subtilis but in disparity with the 60kDa observed 
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Figure 3: Effect of temperature on pectinase activity of pectinase from Bacillus subtilis-BSP5 (accession number KP980585).  

Figure 4: Effect of Temperature on the Stability of purified Pectinase from Bacillus subtilis-BSP5 (accession number KP980585).  

Figure 5:  Effect of pH on the pectinase activity. 
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by Mercimek and Filiz for another strain of B. subtilis. It 
appears proteases from microbes of the same species do 
not necessarily share similarity in molecular weights. This is 
probably due to environmental differences and variation in 
mechanisms of action of alkali pectinases [14,22,23].  

The desirable characteristics, including thermo-stability, 
alkali nature, relatively high specific activity exhibited by 
the Bacillus subtilis-BSP5 pectinase in this study, makes 
the enzyme a potential candidate for flax retting in textile 
industries, in degumming rannie in the pulp industry, 
production of liquedised vegetable and cotton scouring 
[6,24, 25]. The stability of the enzyme at relatively high 
temperature and alkali pH is of immense relevance in 
industrial applications of enzymes. Thermo and pH stability 
of pectinases from other strains of Bacillus subtilis have 
been reported in previous studies [26]. Particularly, the 
optimum pH and temperature obtained in this study are 
consistent with those earlier reported by Akinyemi et al. for 
B. megaterium pectinase [27].  

Information on the kinetic parameters of the studied 
pectinase is crucial in rating its catalytic efficiency and 
projecting its industrial utilization or exploitation. The Km 
and Vmax values obtained indicate that the pectinase has 
high affinity for its substrate and thus can attain substrate 
saturation at relatively good rate. This implies that the 
enzyme can rapidly attain maximal velocity even at low 
substrate concentration. Moreover, the Km value (1mg/
mL) of the pectinase is similar to that associated with good 
microbial pectinases such as the one produced from P. 
chrysogenum, and interestingly lower than that of a Bacillus 
subtilis Btk27 which was reported to be 1.891mg/mL 
[28,29].  

Metal ions influence enzyme activities in different ways. 
In this study sodium potassium and calcium chloride were 
noted to increase pectinase activity. Our finding on the 
effect of potassium ion correlates with studies on other 
Bacillus strains like B. megaterium and Bacillus cereus 
[27,30]. Previous experiments have observed monovalent 

ions to have positive influence on activity of pectinases, 
also calcium ions have been noticed to increase the activity 
of alkali pectinases, in vitro [31,32]. It is interesting that 
Manganese noticed to inhibit the activity of this pectinase 
was previously reported to activate pectinase from Bacillus 
species isolated from a variety agrowaste in a study by 
Torimiro and Okonji [32]. Thus, the features associated 
with B. subtilis-BSP5 pectinase in this study are promising, 
and thus suggest that more attention should be directed 
at the enzyme as a probable candidate for industrial and 
biotechnological applications.

Conclusion
B. subtilis-BSP5 produced pectinase which is highly 

thermostable and alkali in nature. The enzyme possesses 
potential for use in textile, pulping and other related 
industries. Further characterization and optimization studies 
on the enzyme are being considered in our laboratory and 
we therefore recommend same to other laboratories.
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