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We reported the partial purification and characterization of polygalacturonases from fruit spoilage 
Fusarium oxysporum and Aspergillus tubingensis isolated from banana and peach, respectively. By 
using diethylaminoethyl (DEAE)-Sepharose column, one and two forms of polygalacturonases were 
separated from F. oxysporum (PGase) and A. tubingensis (PGaseI and PGaseII), respectively. The 
polygalacturonases examined had higher affinity toward various polygalacturonic acids and pectins. 
The apparent Km and Vmax values were reported for the enzymes. Acidic pH optima (4.0 to 6.0) was also 
reported for the enzymes. Optimal temperature and thermal stability of the enzymes showed a range 
from 40 to 60°C. The effect of metal cations on the enzymes was studied. The most chemical 
compounds caused moderate inhibitory effect except benzoic and citric acids which had strong 
inhibitory effect on the polygalacturonases. The benzoic and citric acids were used as antifungal 
compounds for F. oxysporum and A. tubingensis. The citric acid was found to be more effective against 
fungal growth than benzoic acid. 
 
Key words: Fruit, spoilage, Fusarium oxysporum, Aspergillus tubingensis, polygalacturonase. 

 
 
INTRODUCTION 
 
Pectin is an important component of middle lamella and 
primary cell wall of higher plants. Pectins are high 
molecular weight acid polysaccharide primary made up of 
α (1−4) linked D-galacturonic acid residues (Torres-
Fanela et al., 2003). Pectinases are enzyme group that 
degrade pectic substances and are classified according 
to their mechanism of action in methylesterases 
(EC.3.1.11.1) that remove methoxyl groups from highly or 
partially esterified galacturonan. Polygalacturonases 
catalyse the hydrolysis of the glycosidic bonds in a 
random fashion (endopolygalacturonase-EC.3.2.1.15) or 
from nonreducing end of homogalacturonan releasing 
galacturonic or digalacturunic acid residues (exopoly-
glacturonases EC.3.2.1.67 and EC 3.2.1.82) (Alkorta et 
al., 1998). 
 

 
 
*Corresponding author. E-mail: saleh38@hotmail.com. 

Pectinases are naturally produced by many organisms, 
including bacteria, fungi, yeasts, insects, nematodes, 
protozoan and plants. Pectinase production has been 
reported from bacteria including streptomycetes (Beg et 
al., 2000). Pectinases are the first enzymes to be 
secreted by fungal pathogens when they attack plant cell 
walls (Collmer and Keen, 1986; Idnurm and Howlett, 
2001). Pectinases are essential for fungal pathogens that 
do not have specialized penetration structures as well as 
for necrotrophic pathogens during the late stages of the 
invasion process (De Lorenzo et al., 1997). Secretion of 
pectinases during infection to the plants has been 
reported from various plant pathogenic fungi such as 
Fusarium oxysporum, Botrytis cinerea, Sclerotinia 
sclerotiorum (Di Pietro and Roncero, 1998; Garcia-
Maceira et al., 2001; ten Have et al., 2001; de las Heras 
et al., 2003; Li et al., 2004), from non-pathogenic fungus 
Rhizoctonia AG-G (Machinandiarena et al., 2005) and 
from several yeasts (da Silva et al., 2005). 

http://scialert.net/fulltext/?doi=jm.2011.246.269&org=10#140182_ja#140182_ja
http://scialert.net/fulltext/?doi=jm.2011.246.269&org=10#140182_ja#140182_ja
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Polygalacturonases are important pathogenicity factors 
for fungi such as Aspergillus flavus, Alternaria citri and 
Claviceps purpurea, and for bacteria such as 
Agrobacterium tumefaciens and Ralstonia solanacearum 
(Di Matteo, 2006). The characterization of purified 
polygalacturonases is an important area of research 
since it focuses on being able to distinguish between the 
enzymatic complex components of the substrate 
degradation mechanism, optimum conditions for enzy-
matic activity, and the regulation of enzyme by inhibitors 
(Gummadi and Panda, 2003; Pedrolli et al., 2009). 
Previously, we isolated and identified F. oxysporum and 
Aspergillus tubingensis from banana and peach, 
respectively, and screened their polygalacturonases (Al-
Hindi et al., 2011). In this work, the partial purification and 
characterization of polygalacturonases produced by F. 
oxysporum and A. tubingensis were studied. In addition, 
the effect of benzoic and citric acids on the development 
of these fungi was evaluated. 
 
 
MATERIALS AND METHODS 

 
Fruit spoilage fungi 

 
F. oxysporum and A. tubingensis were isolated and identified from 
banana and peach as previously described (Al-Hindi et al., 2011). 

 
 
Cultivation of fungi 
 
F. oxysporum and A. tubingensis were inoculated under aseptic 
conditions in 250 ml Erlenmeyer flasks containing 5% banana and 
peach peels, respectively. The inoculated flasks were incubated at 
28°C with shaking on a rotary incubator shaker at 150 rpm for five 

days. The cell-free broth was recovered by filtration using a 
polyamide tissue. The cell-free broth was subjected to dialysis 
against 20 mM Tris-HCl buffer, pH 7.2 over night. The dialyzate was 
centrifuged at 10,000 rpm for 12 min and the supernatant was 
designated as crude extract. 
 
 
Partial purification of polygalacturonases  

 

Crude extracts from F. oxysporum and A. tubingensis were 
separately loaded on a diethylaminoethyl (DEAE) - Sepharose CL-
6B column (10 x 1.6 cm i.d.) equilibrated with 50 mM Tris-HCl 
buffer, pH 7.2. The enzyme was eluted with a stepwise gradient 
from 0.0 to 0.3 M NaCl in the same buffer. Fractions in 3 ml volume 
were collected at a flow rate of 60 ml/h. The eluted fractions were 
monitored at 280 nm for protein and assayed for enzyme activity. 
Protein fractions exhibiting enzyme activity were pooled. 

 
 
Polygalacturonase activity assay 
 
Polygalacturonase (EC 3.2.1.15) activity was assayed according to 
Miller (1959). The reaction mixture (0.5 ml) contained 1% 
polygalacturonic acid, 0.05 M sodium acetate buffer pH 5.5 and a 
suitable amount of enzyme. Assay was carried out at 37°C for 1 h. 
Then, 0.5 ml dinitrosalicylic acid reagent was added and heated in 

a boiling water bath for 10 min. After cooling to room temperature, 
the absorbance was measured at 560 nm. One unit of enzyme 
activity was defined  as  the  amount  of  enzyme  which  liberated 1   

 
 
 
 
μmol of galacturonic acid per hour under standard assay conditions.  
 
 
Protein determination 

 
Protein was determined according to Bradford (1976) and bovine 
serum albumin was used as standard. 
 
 
Characterization of polygalacturonase  

 
Km 

 
The km value was determined from Lineweaver-Burk plot by using 

polygalacturonic acid concentrations from 2 to 6 mg/ml. 
 
 
Optimum pH  

 
Enzyme activity was determined at various pH using 50 mM each of 
sodium acetate (pH 4.0 to 6.0) and Tris-HCl (6.5 to 8.5). The 
maximum activity was taken as 100% and percentage relative 

activity were plotted against different pH values.  
 
 
Optimum temperature  

 
Enzyme activity was determined at a temperature range of 20 to 
70°C. The maximum activity was taken as 100% and percentage 
relative activity were plotted against different temperatures.  
 

 
Thermal stability  

 
The enzyme was incubated at a temperature range of 20 to 70°C 
for 15 min prior to substrate addition. The % relative activity was 
plotted against different temperatures.  

 
 
Effect of metal ions  
 
The enzyme was incubated with 2 mM solution of Co

2+
, Ca

2+
, Cu

2+
, 

Ni
2+

, Zn
2+

 and Hg
2+

 for 15 min prior to substrate addition. The 
enzyme activity without metal ions was taken as 100% and 
percentage relative activity was determined in the presence of 
metal ions. 
 

 
Effect of chemical compounds 

 
Enzyme activity was determined in the presence of phenyl-
methanesulfonylfluoride (PMSF), p-HMB, β-mercaptoethanol, 
trypsin inhibitor, 1,10 phenanthroline, ethylenediaminetetraacetic 
acid (EDTA), sodium citrate, sodium oxalate, sodium benzoate, 
benzoic acid, gallic acid, tannic acid and citric acid at a 
concentration of 5 mM. The enzyme activity without chemical 

compound was taken as 100% and percentage relative activity was 
determined in the presence of chemical compound.

 

 
 
Effect of benzoic and citric acids on the growth of fruit 
spoilage fungi 

 
Benzoic and citric acids were used at the concentration of 5 mM as 
antifungal compounds. The fruits were divided into four groups: 1) 
injured banana and peach without acid, 2) injured banana and 
peach  with  each   acid, 3)   injured   banana   and  peach   with   F.  
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Figure 1. Elution profiles for the chromatography of polygalacturonases from F. oxysporum (a) and A. tubingensis (b) crude extracts 
on DEAE-Sepharose column (10 × 1.6 cm i.d.). 

 
 

 
Table 1. Partial purification of polygalacturonases from F. oxysporum and A. tubingensis. 

 

Purification step Total units* Total protein (mg) 
Specific activity 
(unit/mg protein) 

Fold purification Recovery (%) 

Crude extract       

F. oxysporum 140 0.32 434 1.00 100 

A. tubingensis 5000 4.5 1111 1.00 100 

DEAE-Sepharose      

F. oxysporum PGase 48 0.034 1411 3.25 32 

A. tubingensis PGaseI 1011 0.051 19823 17.8 20 

PGaseII  675 0.036 18750 16.8 13 
 

*One unit of enzyme activity was defined as the amount of enzyme which produced one μmol galacturonic acid per h under standard assay 
conditions.  

 
 
 

oxysporum and A. tubingensis, respectively and 4) injured banana 
and peach with each acid and F. oxysporum and A. tubingensis, 
respectively. The development of spoilage fungi was observed after 
three, five and seven days intervals of incubation at 28°C.  

 
 
RESULTS AND DISCUSSION  
 
Partial purification of polygalacturonases from F. 
oxysporum and A. tubingensis 
 
By using DEAE-Sepharose column, one and two forms of 
polygalacturonase (PGase) were separated from F. 
oxysporum (PGase with specific activity 1411 units/mg 
protein) and A. tubingensis (PGaseI and PGaseII with 
specific activity 19,823 and 18,750 units/mg protein, res-
pectively), respectively (Figure 1 and Table 1). Various 
numbers of PGases with different specific  activities  were 

reported from Aspergillus niger (710 units/mg protein) 
(Murad and Azzaz, 2011), Trichoderma harzianum (881 
units/mg protein) (Mohamed et al., 2009), Aspergillus 
carbonarius (7000 units/mg protein) (Nakkeeran et al., 
2011) and A. flavus (3000 units/mg protein) (Gewali et 
al., 2007). Low specific activity was reported for 
polygalacturonases from F. moniliforme (18.6 units/mg 
protein) (Niture and Pant, 2004) and A. niger NRRL3 
(34.7 units/mg protein) (Fahmy et al., 2008). 
 
 

Characterization of polygalacturonases from F. 
oxysporum and A. tubingensis 
 

With regard to substrate specificity, a variety of 
polygalacturonic acids (PGAs) and pectins (citrus pectin 
with 7.8% degree esterification and apple pectin with 6% 
degree  estrification)  have  been tried as substrates. The  
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Table 2. Substrate specificity of F. oxysporum PGase and A. tubingensis PGaseI and PGaseII. 
 

Substrate 

% Relative activity 

F. oxysporum PGase 
A. tubingensis 

PGaseI PGaseII 

Polygalacturonic acid (Sigma) 100 100 100 

Citrus pectin (7.8% esterification) 184 155 181 

Polygalacturonic acid (BDH) 126 108 149 

Apple pectin (6% estrification)  194 156 158 
 

Each value represents the average of two experiments. 
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Figure 2. Lineweaver-Burk plot relating F. oxysporum PGase (a) and A. tubingensis PGaseI and PGaseII (b) reaction velocities to 

polygalacturonic acid as substrate concentrations. Each point represents the average of two experiments.  
 
 
 

enzyme activities were compared to the activity with PGA 
(Sigma) which was regarded as a 100% activity. Higher 
relative activities were reported for F. oxysporum PGase 
(citrus pectin 184%, PGA (BDH) 126% and apple pectin 
194%), and A. tubingensis PGaseI (citrus pectin 155 %, 
PGA (BDH) 108% and apple pectin 156%) and PGaseII 
(citrus pectin 181%, PGA (BDH) 149% and apple pectin 
158%) (Table 2). The substrate specificity was reported 
for polygalacturonases from Aspergillus giganteus (citrus 
pectin 100%, PGA 94.9%, citrus pectin 51.9%, citrus 
pectin 25.5% and apple pectin 23.9%) (Pedrolli and 
Carmona, 2010), A. niger NRRL3 (citrus pectins with 
different esterification 41 to 97%) (Fahmy et al., 2008), T. 
harzianum (citrus pectins with different esterification 11 to 
187%) (Mohamed et al., 2009) and Mucor circinelloides 
ITCC 6025 (citrus pectin 11.0 % and apple pectin 22 %) 
(Thakur et al., 2010). 

The apparent Km and Vmax values were reported for F. 
oxysporum PGase (4.1 mg/ml  and  5.5  µmol/ml)  and  A. 

tubingensis PGaseI (7.0 mg/ml and 0.69 µmol/ml) and 
PGaseII (5.2 mg/ml and 0.5 µmol/ml) (Figure 2). Various 
Km and Vmax values were reported for polyglacturonases 
from F. moniliforme NCIM 1276 (Km 0.12 mg/ml and Vmax 
111.11 µmol/min/mg protein) (Niture et al., 2008), 
Penicillium viridicatum (Km 1.30 mg/ml and Vmax 1.76 to 
2.07 µmol/min/mg protein) (Gomes et al., 2009), A. 
giganteus (Km 3.25 and 1.16 mg/ml and Vmax 669.6 and 
602.8 µmol/min/mg) (Pedrolli and Carmona, 2010), 
Paecilomyces variotii (Km 1.84 mg/ml and Vmax 432 
µmol/min/mg protein) (Damasio et al., 2010) and A. niger 
(SA6) (Km 2.74 mg/ml and Vmax 0.78 µmol/min/mg 
protein) (Buga et al., 2010). 

Acidic pH optima have been reported for F. oxysporum 
PGase (pH 4.0) and A. tubingensis PGaseI and PGaseII 
(4.5 and 6.0, respectively) (Figure 3). Similar acidic pH 
optima were reported for polygalacturonase from P. 
variotii (pH 4.0) (Damasio et al., 2010), Sclerotium rolfsii 
(pH 4.5 to 5.0)  (Schnitzhofer et al.,  2007),   Mucor  rouxii  

http://www.sage-hindawi.com/79516376.html
http://www.hindawi.com/95363052.html
http://www.springerlink.com/content/?Author=Andre+Ricardo+de+Lima+Dam%c3%a1sio
http://www.springerlink.com/content/?Author=Andre+Ricardo+de+Lima+Dam%c3%a1sio
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Figure 3. pH optima of F. oxysporum PGase (a) and A. tubingensis PGaseI and PGaseII (b). The reaction mixture contained in 0.5 ml were 

2.5 mg polygalacturonic acid, suitable amount of enzyme and 50 mM sodium acetate buffer (pH 3.6 to 6.0), 50 mM Trsi-HCl buffer (6.5 to 
8.5). Each point represents the average of two experiments. 
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Figure 4. Temperature optima of F. oxysporum PGase (a) and A. tubingensis PGaseI and PGaseII (b). The enzyme activity was measured 

at various temperatures using the standard assay method as previously described. Each point represents the average of two exp eriments. 
 

 
 

NRRL 1894 (pH 4.5) (Saad et al., 2007), A. niger (pH 3.8) 
(Khairnar et al., 2009), Mucor circinelloides ITCC 6025 
(pH 5.5) (Thakur et al., 2010), A. tubingensis (pH 4.2) 
(Gewali et al., 2007) and Aspergillus oryzae (pH 5.0) 
(Riou et al., 1998). 

Optimal temperatures of polygalacturonases for the 
examined species showed a range from 40 to 60°C 
(Figure 4). These optimal temperatures were similar to 
those observed for polygalacturonases from 
Streptomyces erumpens (50°C) (Kar and Ray, 2011), 
Aspergillus  sojae  (55°C)  (Dogan  and  Tari,  2008),  T. 

harzianum (40°C) (Nabi et al., 2003) and A. niger NRRL3 
(40°C) (Fahmy et al., 2008). The temperature stability for 
F. oxysporum PGase and A. tubingensis PGaseI and 
PGaseII was detected up to 60, 40 and 50°C, res-
pectively (Figure 5). Similar thermal stability was reported 
for polygalacturonases from P. variotii (45 to 55°C) 
(Damasio et al., 2010), T. harzianum (60°C) (Nabi et al., 
2003) and A. niger (45 to 55°C) (Dogan and Tari, 
2008).The effect of metal cations on the examined 
polygalacturonases at 2 mM was studied (Table 3). For 
F. oxysporum PGase, Zn

2+
, Pb

2+
 and Hg

2+
 caused  12, 39 

http://www.sage-hindawi.com/79516376.html
http://www.springerlink.com/content/?Author=Andre+Ricardo+de+Lima+Dam%c3%a1sio
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Figure 5. Effect of temperature on the thermal stability of F. oxysporum PGase (a) and A. tubingensis PGaseI and PGaseII (b). Each 

point represents the average of two experiments. 
 
 
 

Table 3. Effect of 2 mM metal cations on F. oxysporum PGase and A. tubingensis PGaseI 
and PGaseII. 
  

Metal 
cation 

Relative acivity (%) 

F. oxysporum 
PGase 

A. tubingensis 

PGaseI PGaseII 

Zn
2+

 88 144 133 

Pb
2+

 61 88 61 

Ca
2+

 156 134 117 

Hg
2+

 68 49 71 

Cu
2+

 102 72 78 

Co
2+

 138 139 134 

Ni
2+

 132 98 167 
 

Each value represents the average of two experiments. 

 
 
 

and 32% inhibition, while Ca
2+

, Co
2+

 and Ni
2+

 were found 
to activate the enzyme by 156, 138 and 132%, respect-
tively. A. tubingensis PGaseI and PGaseII were activated 
by Zn

2+
, Ca

2+ 
, Co

2+
, where Ni

2+
 only activated PGaseII. 

The other cations Cu
2+

, Hg
2+

 and Pb
2+

 had partially 
inhibitory effect. In P. viridicatum, Ca

2+
 was foundto 

enhance the stability of polygalacturonase, while Hg
2+

, 
Zn

2+
 and Cu

2+
 were strongly inhibited (Gomes et al., 

2009). Co
2+

 and Cu
2+

 had no inhibitory effects on the 
polygalacturonase activity of P. variotii (Damasio et al., 
2010). Polygalacturonases from M. rouxii (Saeed et al., 
2007) and A. niger NRRL3 (Fahmy et al., 2008) were 
partially inhibited by Ca

2+
, Zn

2+
, Cu

2+
, Co

2+
, Ni

2+
 and Hg

2+
.  

The effect of different compounds on the activities of 
the examined polygalacturonases was studied (Table 4). 
PMSF, p-HMB, β-mercaptoethanol, trypsin inhibitor, 1,10 
phenanthroline, EDTA, sodium citrate, sodium oxalate, 
sodium benzoate, gallic acid and tannic acid had 
moderate and partial inhibitory effects on polygalctu-
ronases  from  F.  oxysporum  and  A.  tubingensis,  while  

benzoic and citric acids had strong inhibitory effects.  
However, tannic acid was a potent inhibitor of 

polygalacturonase produced by Alternaria alternata 
(Kotwal, 1981). P. oxalicum polygalacturonase at the 
level of 5 mM was not inhibited by PMSF and EDTA 
(Yadav and Shastri, 2005). For M. rouxii poly-
galacturonase, EDTA stimulated the activity up to 125% 
(Saeed et al., 2007).  
 
 
Effect of benzoic and citric acids on the growth of 
fungi 
 
From the results, it can be concluded that benzoic and 
citric acids had strong inhibitory effect, as compared with 
other compounds examined, on the examined poly-
galacturonases. Therefore, the benzoic and citric acids 
were used as antifungal compounds for F. oxysporum 
and A. tubingensis loaded on the injured banana and 
peach, respectively (Figures  6  and  7).   Comparing   the  

http://www.hindawi.com/95363052.html
http://www.springerlink.com/content/?Author=Andre+Ricardo+de+Lima+Dam%c3%a1sio
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Table 4. Effect of 5 mM chemical compounds on F. oxysporum PGase and A. tubingensis PGaseI 
and PGaseII. 
 

Chemical compound F. oxysporum PGase 
A. tubingensis 

PGaseI PGaseII 

β-Mercaptoethanol 92 80 86 

PMSF 95 69 72 

Trypsin inhibitor 93 70 65 

p-HMB 79 70 66 

1,10 Phenanthroline 100 85 88 

Benzoic acid 21 34 46 

Gallic acid 78 98 116 

Tannic acid 98 73 84 

EDTA 93 82 78 

Sodium benzoate 89 94 90 

Sodium citrate 47 93 66 

Sodium oxalate 48 83 61 

Citric acid 13 35 28 
 

Each value represents the average of two experiments. PMSF, phenylmethylsulfonyl fluoride; p-HMB, p-

hydroxymercuribenzoic acid; EDTA, ethylenediamine tetraacetic acid. 
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Figure 6. Effect of benzoic acid (a) and citric acid (b) on the development of F. oxysporum after 

three, five and seven days intervals of incubation at 28°C. 1) Injured banana without acid, 2) 
injured banana with acid, 3) injured banana with F. oxysporum, and 4) injured banana with acid 
and F. oxysporum. 
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Figure 6. Contd. 
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Figure 7. Effect of benzoic acid (a) and citric acid (b) on the development of A. tubingensis after 

three, five and seven days intervals of incubation at 28°C. 1) Injured peach without acid, 2) injured 
peach with acid, 3) injured peach with A. tubingensis, and 4) injured peach with acid and A. 
tubingensis. 

 

 
 

effects of the two treatments, it appeared that citric acid 
was found to be more effective against fungal growth 
than benzoic acid. The reduction of fungal spoilage in 

hard peel banana treated with citric acid was higher as 
compared with the same fruits treated with benzoic acid. 

 However, the two acids had the same effect  on  fungal  



 
 
 
 
spoilage of soft peel peach. Fruits treated with acids only, 
as compared with other treatments, showed more 
resistance to fungal spoilage development and less 
infection up to day three for soft peel peach, and up to 
day five for hard peel banana. The observation indicates 
that the formation of fungal spoilage in soft peel peach is 
faster than in hard peel banana. Similarly, benzoic acid 
was been found to be an antifungal agent (Pundir and 
Jain, 2010; Sofos et al., 1998), and is effective against A. 
niger, A. flavus and Aspergillus fumigatus (Doughari et 
al., 2007). Evaluation of inhibitory effects of citric acid on 
the growth inhibition of some important pathogenic fungi 
in vitro Trichophyton mentagrophytes var. 
mentagrophytes, Candida albicans, A. fumigatus, and 
Malassezia furfur was studied. The results demonstrate 
that citric acid had fungistatic and fungicidal activities 
against all pathogenic fungi tested, and its effect on 
filamentous fungi was higher than that on the yeasts 
(Shokri, 2011).  
 
 

Conclusion 
 

In conclusion, the study of the characterization of fungal 
polygalacturonases, especially the effect of citric and 
benzoic acids, which had strong inhibitory effect, may be 
used for the treatment of banana and peach spoilage 
fungi.  
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