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Abstract 

Ten moulds isolated from municipal waste soil sample were screened for pectinolytic enzyme production when grown 
on pectin containing (YPSS) solid media. Penicillium chrysogenum was selected based on clearance zones and 
pectinase enzyme production was carried out in submerged fermentation. Enzyme production by Penicillium 
chrysogenum was higher at pH 6.5 and a temperature of 35°C using sucrose and ammonium per sulphate as carbon 
source and nitrogen source, respectively. The maximal activity of P. chrysogenum pectinase was at 50°C, pH 6.5 and 
was thermostable up to 40°C. MgCl2 and CaCl2 ions had little effect on pectinase activity. Km and Vmax values were 1.0 
mg/mL and 85 U/mg protein, respectively and an apparent molecular weight of 31 kDa on SDS-PAGE.  
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Introduction  

The utilization of microbial enzymes has found broad 
technological application in different industrial processes. 
Among the various enzymes commercialized many are 
products of fermentation of filamentous fungi (Piccoli-
valle et al., 2001). The genus Penicillium is world wide 
known for production of secondary metabolites and 
extracellular enzymes of commercial value, including 
pectinases. 
 Pectinase are now an integral part of juice and textile 
industries (Kashyap et al., 2001) such as maceration of 
tea leaves (Angayarkanni et al., 2002); processing of 
cotton fabric (Solbak et al., 2005) as well as in various 
biotechnological applications (Alkorta et al., 1998, Jacob 
& Prema, 2006). The filamentous fungi are most often 
used in the commercial production of pectinases. 
Microbial production of pectinases has been extensively 
studied (Kashyap et al., 2001, Torres  
et al., 2006); actinomycetes (Bruhlmann et al., 1994); 
Aspergillus flavus (Mellon & Cotty, 2004); Aspergillus sp. 
(Angayarkanni et al., 2002); Penicilluim italicum (Alana   
et al., 1990); Penicillium viridicatum RFC3 (Silva et al., 
2002); Penicillium roqueforti (Pericin et al., 2007); 
Penicillium expansum (Cardoso et al., 2007) and 
Pectolytic moulds (Fawole & Odunfa, 1992).  
 New enzymes for use in commercial applications with 
desirable biochemical and physico-chemical 
characteristics and a low cost production have been the 
focus of much research (Silva et al., 2002; Malvessi & 
Silveira, 2004; Phutela et al., 2005). Enzyme breakdown 
of the biomolecules depends up on the type of enzyme, 
application, temperature, incubation time, agitation, 
concentration, pH and use of different enzyme 
preparations (Dominguez et al., 1994; Chadha et al., 
2003).  In this context, the objective of the present study 
was to produce pectinolytic enzymes by a newly isolated 
strain of Penicillium chrysogenum by submerged 
fermentation and process evaluation. Furthermore, the 

physico-chemical characteristics of the purified enzymes 
are also presented. 
Materials and methods 
Isolation of fungal species 
 The soil fungi were isolated from municipal solid waste 
collected from Coimbatore, Tamil Nadu, India. Isolation 
medium of following composition, g/L (Pectin, 10; 
sucrose,10; tryptone, 3; yeast extract, 2; KCl, 0.5; 
MgSO4.7H2O, 0.5; MnSO4.5H2O, 0.01; (NH4)2SO4, 2) 
supplemented with mineral salt solution of composition 
g/100 mL (CuSO4.5H2O, 0.04; FeSO4, 0.08; Na2MoO4, 
0.08; ZnSO4, 0.8; Na2BB4O7, 0.004, MnSO4, 0.008), pH 
5.5-6.0 was used. To the above medium, ampillicin (100 
mg/l) was added to restrict bacterial growth. The 
inoculated plates were incubated at 50°C for 5-7 days. 
The cultures were further purified by sub-culturing on 
YPSS (Yeast soluble starch agar) medium having 
composition, g l (starch, 15; yeast extract, 0.4; K-1 

2HPO4, 
0.23; KH2PO4, 0.2; MgSO4.7H2O, 0.05; citric acid, 0.052; 
pH 5.5-6). Identification of the genus was based on 
morphological and biochemical characteristics (Phutela et 
al., 2005). 
Screening of soil fungal isolates for pectinolytic activity 
 A total of ten isolates from soil were assayed for 
polygalacturonase (PG) activity using pectin containing 
agar medium. Culture plates with pectin-containing 
agarose were inoculated with each isolate and incubated 
for 3-5 days at 31°C. Isolates were replicated 2 to 3 times 
and tests were performed twice. After incubation, plates 
were stained with aqueous 0.05% ruthenium red solution 
for 1h and rinsed with deionised water. Cultures 
expressing pectinase activity exhibited a clear zone 
around the margins of the colony. Isolates without a clear 
zone usually exhibited a ring of intense staining around 
the colony.  
Enzyme production by submerged fermentation 
 The fungal culture was used to produce pectinase 
enzyme using liquid medium (g/L) citrus pectin, 10;    
(NH4)2SO4, 1.4; K2HPO4, 6; KH2PO4, 2; MgSO4.7H2O, 
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0.1; pH, 6). Fermentation was carried out in 500 mL 
Erlenmeyer flask containing 250 mL of growth medium 
with 10% inoculum (106 spores/mL) and incubated at 
30°C under shaking conditions (175 rpm) for 5 days 
(Angayarkanni et al., 2002). The biomass was separated 
by centrifugation at 10,000 x g for 15 min at 4°C. The 
supernatant was used to evaluate the polygalacturonase 
enzyme activity.  
Culture conditions 
 The cultural conditions [pH (6-8), temperature (30-
50°C), different carbon (glucose, galactose, mannitol, 

sucrose & starch) and nitrogen sources 
(Ammonium persulfate, Ammonium nitrate, 
Ammonium chloride, Peptone & Ammonium 
oxalate)], on selected pectinase enzyme 
production was studied.  

, 

sucrose & starch) and nitrogen sources 
(Ammonium persulfate, Ammonium nitrate, 
Ammonium chloride, Peptone & Ammonium 
oxalate)], on selected pectinase enzyme 
production was studied.  
Polygalacturonase enzyme assay Polygalacturonase enzyme assay 
 The polygalacturonase activity was 
determined by measuring the amount of 
reducing substances liberated from citrus 
pectin. The reaction mixture consisted of 
substrate buffer (0.125 g citrus pectin dissolved 
in 25 mL of 0.2 M sodium citrate buffer, pH 6.5) 
and enzyme solution (0.5 mL). This mixture was 
incubated at 37°C for 30 min., heated in a 

oiling water bath for 5 min and the reaction 
was stopped by using 3 mL of DNS reagent. 
The absorbance was read at 570 nm. One unit 
of enzyme activity (U) was defined as 1 µmol of 
galacturonic acid released per min (Silva et al., 
2002).  

 The polygalacturonase activity was 
determined by measuring the amount of 
reducing substances liberated from citrus 
pectin. The reaction mixture consisted of 
substrate buffer (0.125 g citrus pectin dissolved 
in 25 mL of 0.2 M sodium citrate buffer, pH 6.5) 
and enzyme solution (0.5 mL). This mixture was 
incubated at 37°C for 30 min., heated in a 
boiling water bath for 5 min and the reaction 
was stopped by using 3 mL of DNS reagent. 
The absorbance was read at 570 nm. One unit 
of enzyme activity (U) was defined as 1 µmol of 
galacturonic acid released per min (Silva et al., 
2002).  

b

Protein content Protein content 
 Protein content was determined by the 
method of Lowry et al., (1951), using Bovine 
Serum Albumin (BSA) as standard.  

 Protein content was determined by the 
method of Lowry et al., (1951), using Bovine 
Serum Albumin (BSA) as standard.  
Enzyme purification Enzyme purification 
 The crude enzyme filtrate was dialyzed and 
clear supernatant (200 mL) was mixed with 
three volumes of cold ethanol and kept 
undisrupted for overnight at 4°C. The resulting 
precipitate was collected by centrifugation at 
9,000×g for 30 min at 4°C. The precipitate was 
dissolved in 10 mL of sodium citrate buffer (pH 

6.5) and dialyzed against distilled water. For further 
purification, the dialyzed sample was lyophilized to 5 mL 
and passed through Sephadex G-100 column (1.5 x 45 
cm) equilibrated with sodium citrate buffer (pH 6.5) and 
eluted with the same buffer. About 20 fractions were 
collected at a rate of 10mL/h. The fraction of the enzyme 
that showed highest enzyme activity was then pooled and 
used for characterization (Angayarkanni et al., 2002)  

 The crude enzyme filtrate was dialyzed and 
clear supernatant (200 mL) was mixed with 
three volumes of cold ethanol and kept 
undisrupted for overnight at 4°C. The resulting 
precipitate was collected by centrifugation at 
9,000×g for 30 min at 4°C. The precipitate was 
dissolved in 10 mL of sodium citrate buffer (pH 

6.5) and dialyzed against distilled water. For further 
purification, the dialyzed sample was lyophilized to 5 mL 
and passed through Sephadex G-100 column (1.5 x 45 
cm) equilibrated with sodium citrate buffer (pH 6.5) and 
eluted with the same buffer. About 20 fractions were 
collected at a rate of 10mL/h. The fraction of the enzyme 
that showed highest enzyme activity was then pooled and 
used for characterization (Angayarkanni et al., 2002)  
Enzyme characterization Enzyme characterization 
 The enzyme PG activity was determined at 35°C in 

different pH using acetate (pH 4.0-
5.0), citrate (pH 5.0-6.0), sodium 
citrate (pH 6.0-7.0) and Tris-HCl 
(pH 7.0-8.0) as buffers. The 
optimum temperature was assayed 
by incubating each reaction 
mixtures at 20-80°C and its thermo 
stability. The reaction speed Vmax 
and Km were determined for the 
enzyme by varying the substrate 
concentration from 2-20 mg/mL and 
plotting substrate/velocity as 
function of substrate concentration 
(Line-Weaver & Burk, 1934).  

 The enzyme PG activity was determined at 35°C in 
different pH using acetate (pH 4.0-
5.0), citrate (pH 5.0-6.0), sodium 
citrate (pH 6.0-7.0) and Tris-HCl 
(pH 7.0-8.0) as buffers. The 
optimum temperature was assayed 
by incubating each reaction 
mixtures at 20-80°C and its thermo 
stability. The reaction speed V

    

max 
and Km were determined for the 
enzyme by varying the substrate 
concentration from 2-20 mg/mL and 
plotting substrate/velocity as 
function of substrate concentration 
(Line-Weaver & Burk, 1934).  
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Fig. 2. Effect of temperature on pectinase productio
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Fig.1. Effect of pH on pectinase production

0

5

G
lu

co
se

St
ar

ch

M
an

ni
to

l

Su
cr

os
e

G
al

ac
to

se

Pe
ct

in

A
m

m
on

iu
m

su
lp

ha
te

A
m

m
on

iu
m

pe
rs

ul
fa

te

A
m

m
on

iu
m

ch
lo

rid
e

A
m

m
on

iu
m

ox
al

at
e 

A
m

m
on

iu
m

ni
tra

te

Pe
pt

on
e

Carbon / Nitrogen source

E
nz

ym

10

15

20

25

30

e 
ac

tiv
ity

 (U
/m

l)
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For determination of 
the influence of CaCl2, 
CuSO4, CoCl2, HgCl2, 
ZnCl2, MgCl2 EDTA 
and BaCl2 on PG 
activity, the salts were 
added to the reaction 
mixture (5 mM), and 
the enzyme activity 
was determined as 
described above. SDS-PAGE of 
protein samples was performed 
using 12% gel. After migration 
protein bands were stained with 
Coomassive Brilliant Blue (CBB) 
(Laemmli, 1970). 
Results and discussion 
Screening of isolates 
 Ten fungal species isolated from 
municipal solid waste material and 
morphological characteristics were 
examined. Fungal cultures were further 
screened by yeast soluble starch agar plate 
method and the zone of clearance was 
calculated. Penicillium chrysogenum and 
Aspergillus niger cultures had a zone of 
clearance above 3 mm, A. alacatus,        
A. flavus, A. fumigatus, A. oryzae and        
P. italicum cultures had a zone of clearance 
between 1 and 2 mm and Rhizopus oryzae, 
Rhizopus sp. and Mucor sp. isolates had a 
zone of clearance below 1 mm or no clearance zone 
around the colonies (data not shown). On the basis of 
screening method, the isolate Penicillium chrysogenum 
found to be a potential source of pectinolytic enzyme. 
This culture was used for optimization of pectinase 
production using submerged fermentation. 

     
  

Optimization of cultural conditions 
 The pH of the cultivation medium is an important 
factor in the production of pectinases for it influences the 
sort and content of those enzymes produced by fungus. 
The strong effect of pH on the production endo PG was 
clearly observed in flask cultures, were pH value 6–8 was 
tested (Fig. 1). The maximum PG activity occurred with 
an initial pH of 6.5, activity reaching 27.07 U/mL on 5th 
day. Either increase or decrease beyond the optimum 
value show decline in enzyme production. However, the 
mechanism by which the pH acts on the production pectic 
enzyme is not known. Piccoli-valle et al., (2001) observed 
that a high PG and pectin esterase activity was showed 
by P. griseoroseum in more acid pH of 4.5 and 5 and of 
pectinlyase, pH was close to the neutral, 5-7.      
P. viridicatum showed maximum production of 
polygalacturonase and pectinlyase at a pH of 4.5 and 5 
respectively (Silva et al., 2002). In the present study  
P. chrysogenum exhibited maximum PG production at 
35°C (27.21 U/mL) (Fig. 2). The temperature optima of 

50°C, was obtained 
from a purified culture 
fluid of P. frequentans 
(Chellegatti, 2002)  

            

 The pectinase activity of P. chrysogenum was found to 
be highest at pH 6.5 using sodium citrate buffer (Fig. 4). 
Marcia et al., (1999) studied the stability of PG against 
pH. Their results indicated that the enzyme was stable in 
a pH range of 6-8 and showed highest activity at pH 6. 
Martin et al., (2004) reported that PG from Penicillium sp. 
was stable at pH range of 3-8 and maintained 70% of 
initial activity at 70°C. PL produced by this microorganism 
was stable in acidic to neutral pH (4-8) and was stable in 
temperature lower than 40°C. 

 Supplementation of 
sucrose to the 
production medium 
increased the 
pectinolytic activity of 
P. chrysogenum. 

However the production rate was 
highly repressed in the presence of 
starch (Fig. 3). Piccoli-valle et al. 
(2001) obtained significant Pectin 
lyase (PL) production by growing    
P. griseoroseum in medium 
containing 60 to 74 mM sucrose. PL 
produced by P. griseoroseum does 

not appear to be influenced by 
concentrations of sucrose used or by the free 
glucose in the medium.  
 Of the different nitrogen sources used, 
ammonium persulphate has enhanced the 
production of P. chrysogenum pectinase 
(Fig. 3). Phutela et al., (2005) reported that 
(NH4)2SO4 stimulated pectinase production, 
as in its absence fungus displayed a slight 
proteolytic activity and did not produce 
extracellular pectinases.  
Enzyme purification 
 Pectinase enzyme was partially purified 

by Sepahdex G-100 column chromatography. It showed 
an increased specific activity of P. chrysogenum 
pectinase to 145.84 IU/mg protein and enzyme recovery 
of 48.12% (Table1.). Preparations of the enzyme 
obtained from culture filtrates of P. italicum were 
subjected to ion exchanger DEAE–cellulose and 
carboxymethyl cellulose chromatography at pH 8 and 6, 
respectively. The preparations yielded the elution pH 
value of 8.6 and the elution volume of 15.1mL and about 
three-fold higher specific activity (Alana et al., 1990). 
Enzyme characterization 

 The optimum temperature that showed highest 
enzyme activity for P. chrysogenum was 50°C (Fig. 5). 
Alana et al., (1990) reported that the temperature effect 
on P. italicum PL activity consisted of an increase up to 
50°C. PL from P. italicum was more thermostable than 

Table 1. Purification of pectinase from P. chrysogenum

Fraction 
Total 

protein 
(mg) 

Total 
activity 

(U) 

Specific 
activity 
(U/mg) 

Purification 
(fold) 

Recovery 
(%) 

Culture 
filtrate 

523.0 3818 7.30 1.0 100 

Ethanol 
precipitation 

67.8 2205 32.53 4.45 57.77 

Sephadex 
G-100 

6.3 918 145.84 17.24 48.12 

Table 2. Properties of pectinase 
Properties  P. chrysogenum 
Optimum pH 6.5 
Optimum temp. (◦C) 50 
Thermostability (min) 60 
Vmax (U/mg protein) 85 
Km  (mg/mL) 1.0 
Molecular wt (kDa) 31 

Table 3. Effect of metal 
ions & inhibitors(5 mM) 

on pectinase activity 
Metal 
ions 

Residual 
activity (%) 

None 100 
CaCl2 103.56 
MgCl2 73.44 
ZnCl2 83.79 
HgCl2 41.23 
CoCl2 41.50 
CuSO4 40.50 
BaCl2 60.53 
EDTA 61.35 
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other pectin lyases described for Penicillium culture 
filtrates. The pectinase enzyme produced by P. 
chrysogenum was stable up to 60 min and showed 
maximum activity (Fig. 6). Denis et al., (2002) reported a 
similar result with polygalacturonase produced by 
Penicillium viridicatum exhibited maximal activity and was 
stable at pH 5-8 and maintained 80% of its activity at pH 
9. Pectin lyase was more sensitive to pH variation, 
presenting maximum stability at pH 3.5-4.5 which 
declined to 80% at pH 5 and to 60% at pH 6. 

 The kinetic parameter of purified pectinase enzyme 
from P. chrysogenum was determined. The pectinase 
enzyme from P. chrysogenum showed a Vmax of 85 U/mg 

protein and Km of 1 mg/mL (Table 2.). Sohel et al., (2007) 
reported that the Vmax/Km values of pectinase enzyme 
were increased from 11 to 14. Among the metal ions 
tested, addition of 5 mM CaCl2 enhanced the activity of 
pectinase enzyme produced by P. chrysogenum by 
3.56%. MgCl2 and ZnCl2 inhibited pectinase enzyme 
activity to the level of 21.2 and 14.8%. Similarly HgCl2, 
CoCl2 and CuSo4 have been reported to inhibit activity of 
pectinase of        P. chrysogenum up to 60%. BaCl2 and 
EDTA exhibited maximum inhibition of 40% on pectinase 

enzyme activity (Table 3.). Alana et al., (1990) reported 
that Ca²+, Mg²+, Zn²+ and Mn²+ did not affect pectin 
lyase activity of     P. italicum at 5 mM, while Co²+ 
reduced it by 14%. However Cu²+ and Fe²+ at the same 
concentration produced complete inhibition. When a 
chelating agent (ethylene dinitrilotetra aceticacid) was 
added at 0.2 mM to the incubation mixture, pectin 
lyase activity was not affected. 
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Fig.4. Effect of pH on pectinase activity
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 Optimal activity was observed at 0.05 mM of CaCl2, 
although the enzyme produced by Clostridium 
stercorarium was more or less activated throughout a 
range of CaCl2 concentrations from 0.05 to 0.2 mM. 
The addition of 0.2 mM EDTA inhibited activity to less 
than 5% of maximum (Hla et al., 2005). 
 The pectinase enzyme produced by              
P. chrysogenum showed a molecular weight of 31 kDa 
(Fig. 7). The molecular mass of P. italicum (22 kDa) 
pectin lyase was lower than those reported for the 
enzyme isolated from a fungal source (30-35 kDa). A 
pectin lyase with a molecular mass of 18.2 kDa has 
been found in culture filtrates of Botrytis cinerea (Alana 
et al., 1990). 
 The properties of pectinase enzyme produced by  
P. chrysogenum were determined. The results 
revealed that the pectinase enzyme of P. chrysogenum 
an tolerate high temperature and neutral pH (Table 

2.). 
c

Conclusion 
 Pectinase enzyme was isolated from the native 
strain, P. chrysogenum that can be used for various 
industrial applications including extraction and 
clarification of fruit juices, processing of cotton fabric in 
textile industries, bleaching of paper, removal of pectic 
waste waters and maceration of tea leaves.  
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