
occurs in multiple molecular forms and is 
present in most fruits and vegetables in a soluble 
and bound (ionically and covalently) forms 
whose catalytic properties are influenced by 
growth and physiological stages.11-14

Peroxidase has wide applications in health 
sciences as a diagnostic tool. Auto-antibodies 
directed against the thyroid peroxidase are widely 
used to diagnose human autoimmune thyroid 
disease.15 A variety of enzymes including 
peroxidase, alkaline phosphatase, urease and D-
galactosidase etc. have been used in ELISA kits. 
Among which peroxidase is widely used to prepare 
"antibody-enzyme" or "anti-antibody-enzyme 
conjugates" for ELISA due to its high turn over 
rate, rapid availability, ease of conjugation and 
better sensitivity.16-17

Introduction

Peroxidases (E.C. 1.11.1.7, hydrogen donor 
oxidoreductase) utilize hydrogen peroxide or 
substituted peroxides for the oxidation of a large 
number of substrate.1 Most peroxidases are 
glycoproteins containing N-linked oligosaccharide 
chains.2

They are found in most cells of various tissues and 
organs in plants and seen to be a normal component 
of such cells and respond to developmental and 
environmental clues.3 It has been implicated in a 
variety of physiological processes such as ethylene 
biogenesis, cell development, membrane integrity, 
response to injury and disease resistance.4-7 The 
enzyme has also been involved in deteriorative 
changes in flavor, texture and color in raw and 
processed fruits and vegetables.8-10 The enzyme 
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ABSTRACT
Peroxidase enzyme was isolated and purified from the pulp of disease infected ripen papaya 
of local variety by 90% ammonium sulphate precipitation, chromatography on DEAE-
cellulose followed by hydrophobic chromatography on Phenyl Sepharose CL-4B and the 
purifications achieved was about 7.2 fold with 2.5% recovery. The purified enzyme was 
homogeneous as judged by polyacrylamide slab gel electrophoresis. The purified enzyme 
had a Mr of about 55,000 and 50 000 as determined by gel filtration on Sephadex G-100 
and SDS-PAGE, respectively. The molecular mass of the enzyme was found to be very 
similar under both reducing and non-reducing conditions indicating that the enzyme 
contains no subunit. The enzyme has the following characteristics:  pH optima at 6.0, 
temperature optima around 38°C, enzyme activity was found to be strongly inhibited in the 
presence of potassium cyanide and Fe+2 while the activity was found to be remarkably 
increased in the presence of ammonium sulphate. The Km value for the peroxidase obtained 
with pyrogallol as substrate was 0.027 mM. 
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overnight against 2 x 5 L of distilled water at 4°C. 
The dialyzed solution was then centrifuged in a 
refrigerated centrifuge at 8,000 g for 15 min. to 
remove insoluble materials. The clear supernatant 
was used as a source of peroxidase designated as 
"crude enzyme solution".
DEAE-cellulose ion-exchange chromatography: 
The soluble enzyme extract was immediately 
applied to a column of DEAE-cellulose (2.1 x 
20 cm) previously equilibrated with 10 mM 
Tris-HCl buffer, pH 8.2. After sample 
application, the column was washed with 10 
mM Tris-HCl buffer, pH 8.2 to wash out the 
unbound proteins. The column bound proteins 
were eluted stepwise from the column with same 
buffer containing different concentrations of 
NaCl. The elutes from both the unbound and 
bound proteins were collected as 3 ml/tube 
fractions on an automatic fraction collector and 
monitored for protein at 280 nm and assayed for 
peroxidase activity.18 
Hydrophobic chromatography on phenyl-
sepharose CL-4B: The separation using 
hydrophobic chromatography on Phenyl 
Sepharose column CL-4B was same as in the 
purification of peroxidase/catalase from 
Pseudomonas aeruginosa.19 
The unbound fraction from DEAE-cellulose 
column possessing peroxidase activity was 
pooled together and dialyzed against deionized 
water for 12 hrs followed by dialysis against the 
wash buffer (50 mM Tris-HCl + 200 mM 
AmSO4, pH  7.5.) at 4ºC for 8 hrs.  A 10 ml 
column containing Phenyl Sepharose CL-4B was 
packed and washed with 10 times the column 
volume with the wash buffer (50 mM Tris-HCl 
+ 200 mM AmSO4, pH 7.5).  The column was 
equilibrated with the equilibration buffer (50 
mM Tris-HCl + 200 mM AmSO4, pH 7.5). 
After column equilibration, the enzymatically 
active fractions were applied to the column. The 
column bound proteins were eluted from the 
column using gradient buffer (50 mM Tris-HCl, 
200 mM AmSO4, pH 7.5) and 3 ml fractions 
were collected on an automatic fraction collector 
and monitored for protein at 280 nm and 
peroxidase activity were assayed following the 
method described earlier.

We have observed that the peroxidase activity of 
papaya increased significantly with ripening and 
thereafter the activity increased further in the 
rotten stage. To our knowledge, data on the 
purification and characterization of peroxidase from 
rotten papaya are not available in our country. This 
paper describes the purification and characterization 
of peroxidase from rotten stage of papaya fruit 
infected with Colletotrichum gloeosporiodes. 

Materials and Methods
Chemicals and gel matrices  

All chemicals used were of analytical grade. 
DEAE-cellulose was purchased from Pharmacia 
Fine Chemical Co. Ltd. Upsala, Sweden. SDS-
PAGE chemicals were from Sigma Chemical 
Co. Ltd. USA. Phenyl Sepharose CL-4B was 
the product of Aldrich-Sigma Chemical Co. Ltd. 
USA and Sephadex G-100 from Sigma Chemical 
Co. Ltd. USA. 

Plant material: Local variety of papaya 
containing the highest amount of peroxidase 
activity as reported in our study was used for 
enzyme purification and characterization.

Preparation of crude enzyme extract: Rotten 
papaya pulp (250 g) were cut into small pieces 
and homogenized to fine paste in cold 0.1 M 
sodium phosphate buffer, pH 6.0, using a 
mortar and pestle. The suspension was kept for 
2 hrs at 4°C in a refrigerator and filtered 
through double layer of cheese cloth. The 
filtrate was collected and centrifuged at 8,000 g 
for 20 min at 4°C. The total volume of clear 
supernatant was recorded and used as crude 
enzyme extract. All operations were performed 
at 4°C unless otherwise indicated. 

Purification of Peroxidase from Fruit Disease 
Infected Papaya Pulp

Ammonium sulphate fractionation: The enzyme 
were precipitated from the supernatant by the 
addition of solid (NH4)2SO4 (90% saturation) under 
constant and gentle stirring at 4°C and left 
overnight in a refrigerator. The resulting 
precipitate was collected by centrifugation at 8,000 
g for 20 min and dissolved in a minimum volume 
of pre-cold Tris-HCl buffer, pH 8.2 and dialyzed 
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Carbohydrate analyses: The total neutral 
carbohydrate content of the purified enzyme was 
determined by the Phenol-Sulfuric acid method 
using D-glucose as the standard.24

Determination of optimum pH: The activity of 
purified enzyme was measured at different pH 
ranges (2.0-10.0) at 30°C after incubation for 5 
minutes using appropriate buffers and the 
residual peroxidase activity was determined as 
described earlier. For the purpose, the enzyme 
solutions (0.5-0.6%) were dialyzed against 50 
mM buffer of different pH's (pH 2.0-3.0, 
AcONa-HCl; pH 4.0-5.0, AcONa-CH3COOH; 
pH 5.5-8.0, NaH2PO4-Na2HPO4; pH 8.5-9.0, 
Na2B4O7-HCl; pH 9.5 and 10.0, Na2B4O7-
NaCO3) for 24 hr with frequent change of 
buffers. After necessary adjustment of pH values 
by addition of 0.2 N HCl or 0.2 N NaOH, the 
enzyme activities were assayed using pyrogallol 
as substrate at room temperature (25-28°C).

Determination of optimum temperature: In order to 
determine optimum temperature the enzyme solutions 
(0.5-0.6%) in 10 mM sodium phosphate buffer, pH 
7.0 were incubated at various temperatures (10-
90°C) for 5 minutes in a temp controlled bath. After 
cooling, the residual peroxidase activity was 
measured.18

Effect of salts and metal ions on peroxidase 
activity: Enzyme solutions (0.5%) were dialyzed 
separately against deionized water at 4°C for 12 
hr before incubation. The dialyzed enzyme 
solution (200 m l) were added to salts solutions of 
different concentrations (0.25 mM - 5 mM)  and 
incubated for 1 hr at 30°C, pH 7.0, using 
pyrogallol as substrate and the remaining 
activities were assayed at room temperature.

Determination of Km value: The apparent 
Michaelis constant (Km) was determined from 
Lineweaver-Burk double reciprocal plot  using 
pyrogallol as substrate25. The initial velocity is 
equal to the amount of product formed per unit 
time. The initial velocity (V0) was determined 
by measuring quantitatively the amount of one 
of the products at various time intervals.

Protein assay: The protein content of different 
fractions was measured using Bovine serum albumin 
(BSA) as the standard and the protein in column elute 
fractions was also monitored spectrophotometrically 
at 280 nm.20 

Test of protein homogeneity

The homogeneity of purified protein was judged 
by SDS-PAGE on 7.5% gel on a Bio-Rad mini 
electrophoresis system.21

Characterization of Purified Protein
Determination of relative molecular mass (Mr) 
a) Determination of relative molecular mass 
(Mr) by gel filtration: The relative molecular 
mass (Mr) of purified peroxidase was 
determined by Gel filtration on Sephadex G-100 
column (100 X 0.85 cm) equilibrated with 10 
mM Tris-HCl buffer, pH 8.2.22 The marker 
proteins used were Trypsin inhibitor (12.028 
kD), carbonic anhydrase (29 kD), a-amylase (58 
kD), bovine serum albumin (68 kD), 
phosphorylase-b (97.4 kD) and e-galactosidase 
(116 kD). The relative molecular mass (Mr) was 
estimated using a plot of molecular weight 
versus elution volume.

b) Determination of relative molecular mass 
(Mr) by SDS-PAGE: The relative molecular 
mass (Mr) of purified papaya peroxidase was 
also determined by SDS-Polyacrylamide gel 
electrophoresis (SDS-PAGE) on a Bio-Rad mini 
electrophoresis system.23 The standard proteins 
used were the same as those used in 
determination of the relative molecular mass 
(Mr) by Gel filtration on Sephadex G-100 
column mentioned above. The gels were stained 
with Coomassie Brilliant Blue, CBB R-250 for 1 
hr and destaining was performed in 7% acetic 
acid (v/v). 

Determination of subunit structure of the 
purified enzyme: In order to determine subunit 
structure SDS-PAGE of purified enzyme under 
reducing and non-reducing conditions was 
performed.22 Dissociation and reduction of 
protein was performed by heating for 5 min at 
100° C in 0.1 % SDS with or without 0.1% of 
2-mercapto ethanol.
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Phenyl-sepharose CL-4B chromatography: The 
enzymatically active fraction of F-1, obtained 
from DEAE-cellulose chromatography was 
dialyzed against wash buffer, 50 mM Tris-HCl 
+ 200 mM AmSO4, pH 7.5 for 6-7 hours and 
applied  to a Phenyl Sepharose CL-4B column, 
equilibrated with the same buffer at 4°C. As 
shown in Fig.2, the unbound small protein 
fraction from Phenyl Sepharose CL-4B column 
designated as F-1a was collected and monitored 
for enzyme activity. This fraction exhibited no 
peroxidase activity and so it was discarded.

Fig. 2. Hydrophobic Chromatography of F-1 fraction (from DEAE 
cellulose) on Phenyl Sepharose CL-4B column. The pooled fraction of F-1 
from DEAE cellulose chromatography (25 ml) was applied to the column (1 
× 10 cm) pre-equilibrated with wash buffer, 50 mM Tris-HCl + 200 mM 
AmSO4, pH 7.5  at 4 C and eluted  with gradient buffer A (50 mM Tris-HCl 
+ 200 mM AmSO4, pH 7.5)  and gradient buffer B (50 mM Tris-HCl, pH 7.5) 
stepwisely. Flow rate: 25 ml / hour.

On the other hand, the major fraction F-1b, as 
represented in Fig. 3, was found to be eluted with 
gradient buffer A (50 mM Tris-HCl + 200 mM 
AmSO4, pH 7.5)  while the fraction F-1c was 
eluted with gradient buffer B (50 mM Tris-HCl, 
pH 7.5). Of these two fractions, it was found that 
only F-1b exhibited major peroxidase activity but 
F-1c also contained slight peroxidase activity.  

Fig. 3. Photograph of SDS-Polyacrylamide slab gel electrophoresis of 
various fractions obtained during the purification of Peroxidase and the 
marker protein. Lane 1 =Purified papaya peroxidase from Phenyl 
Sepharose CL-4B column (under reducing condition).  Lane 2 and lane 
3 = Purified papaya peroxidase from Phenyl Sepharose CL-4B column 
(under non-reducing condition), Lane 4 = Unbound fraction from 
DEAE-cellulose column., Lane 5= Crude enzyme extract and Lane 6 
= Marker proteins.

Results 
Protein purification
Peroxidases from rotten papaya were purified by 
ammonium sulphate precipitation of crude 
extract, chromatography on DEAE-cellulose 
followed by hydrophobic chromatography on 
Phenyl Sepharose CL-4B.

DEAE-cellulose chromatography: The 90% 
(NH4)2SO4 saturated crude enzyme extract was 
applied to a DEAE-cellulose column at 4°C, 
equilibrated with 10 mM Tris-HCl buffer, pH 8.2. 
After sample application, the column was washed 
with 10 mM Tris-HCl buffer, pH 8.2 to elute the 
unbound protein fractions. The column bound 
proteins were eluted from the column by stepwise 
elution with the buffer containing increasing 
concentration of NaCl. As shown in Fig. 1, the 
proteins were eluted from the column as three 
fractions. The fraction, F-1 was eluted from the 
column by the buffer only, while the other two 
fractions i.e. F-2 and F-3 were eluted with 10 mM 
Tris-HCl buffer, pH 8.2 containing 0.5 M and 1.0 
M NaCl, respectively. Only the F-1 fraction 
exhibited peroxidase activity while the other two 
fractions i.e. F-2 and F-3, did not show any 
peroxidase activity and were not included in 
further study. The fractions of F-1, as indicated 
by solid bar, were pooled and its homogenity 
was checked by polyacrylamide disc gel 
electrophoresis. The F-1 fraction produced more 
than one band on the gel, indicating that it 
contained impure peroxidase enzyme. Therefore, 
for further purification, this fraction was 
subjected to hydrophobic chromatography on 
Phenyl Sepharose CL-4B. 

Fig. 1.  Ion-exchange chromatography of crude cell extract on 
DEAE-cellulose. The crude extract solution (42 mg) was 
applied to the column (2.1 × 20 cm) pre-equilibrated with 10 
mM Tris-HCl buffer, pH 8.2 at 4 C and eluted by stepwise 
increase of NaCl concentrations in the same buffer. Flow rate: 
45 ml / hr. 
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The relative molecular mass of rotten papaya 
peroxidase was determined to be 50 000. A wide 
range of Mr's (3000 to 60000) has been reported 
for peroxidase from various sources.26 Thus, the 
relative molecular mass of peroxidase from 
rotten papaya pulp obtained in this study is in 
general agreement with those reported in the 
literature.
Neutral sugar content of peroxidase: The 
purified enzyme gave yellow-orange color in the 
presence of Phenol-Sulfuric acid indicating that 
the enzyme contains sugar. The neutral sugar 
content of papaya peroxidase was calculated 
from a standard curve of glucose (Figure, not 
shown) and it was found to be about 15%.  

Effect of pH on enzyme activity

The activity of purified enzyme was measured at 
different pH ranges (2.0-10.0) at 30°C. 
Peroxidase activity as a function of pH using 
pyrogallol as substrate showed a broad pH 
profile throughout the pH 5- 6.5 ranges. The 
optimum pH was pH 6.0, with the activity 
falling off slowly above this value and reaching 
half the maximum level at pH 8.8 or 
approximately 9.0. 

 

Fig. 6.  Effect of pH on papaya peroxidase activity

In contrast, a sharp decrease in activity was 
observed as the pH was lowered below 5.0. The 

As shown in Fig. 2, F-1b fraction having 
significant peroxidase activity, as indicated by 
solid bar, was pooled and its purity was judged 
on SDS-PAGE. This fraction might contain pure 
protein i.e. peroxidase enzyme, as it gave a 
single band on the gel (Fig. 3).  The data 
pertaining to the purification of peroxidase from 
rotten papaya has been summarized in Table 1.
Table 1: Summary on the purification of Papaya peroxidase.

As shown in table specific activity of peroxidase 
was increased at each purification steps. 
Although the yield/recovery was about 2.5% but 
the enzyme activity was increased more than 
seven folds. 

Characterization of Purified Protein

Molecular weight determination by gel filtration 
method: The relative molecular mass (Mr) of the 
purified peroxidase enzyme from rotten papaya 
fruit pulp was determined by gel filtration on a 
Sephadex G-100 column and it was determined 
using a plot of molecular weight versus elution 
volume (Fig. 4) and was calculated to be about 
55,000.

Determination of relative molecular mass (Mr) 
by SDS-PAGE: The relative molecular mass 
(Mr) of purified papaya peroxidase was also 
determined by SDS-Polyacrylamide slab gel 
electrophoresis on a Bio-Rad mini 
electrophoresis system.23 The standard curve of 
marker proteins was constructed by plotting log 
of the relative molecular mass of the proteins 
against their mobility on the gel (Fig. 5). 
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Fig. 4.   Standard curve for 
the determination of relative 
molecular mass of peroxidase 
by gel filtration  method.

Fig. 5. Standard curve for the 
determination of relative 
molecular mass of peroxidase 
by SDS-PAGE method.
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Effect of salts, metal ions and SH-blocking 
reagents on peroxidase activity

The effect of several compounds on peroxidase 
activity was tested. An adhoc experiment was 
first conducted to have an idea about the possible 
inhibitory or activatory effects of added compounds 
on peroxidase activity. To do so, substances were 
added to peroxidase enzymes in various 
concentrations ranging from 0.25 mM to 5 mM and 
incubating the enzymes for 1 hr at 30°C and the 
remaining peroxidase activity assayed. However, 
the precise results have been presented in Table 2.

Table 2. Effects of various ions and chemicals on 
the activity of Papaya peroxidase 

As shown in Table 2, the thiol reagents p-
chloromercuribenzoate, iodoacetate and N-
ethylmaleimide practically were not effective 
inhibitors of peroxidases as its activity was not lost 
significantly in their presence and only 8 to 20% 
loss in enzyme activity was observed. The 
peroxidase activity was found to be almost 
completely lost in the presence of Fe2+ and KCN 
(Table 2). Therefore, they appeared to be the best 
inhibitors of peroxidase.  The following cations 
had no effect on the activity of enzyme: Zn++, 
Ca++, Cu++, Mg++ and Mn++. (Table 2). Very 
interestingly, the activity of papaya peroxidase was 
found to be activated remarkably (145%) in the 
presence of ammonium sulfate. 

pH stability study showed that the enzyme lost 
no activity when held for 1 hr at 30°C and pH 
6.0, whereas on the more acid side below the 
optimum there was a marked decrease in 
stability with a total loss of activity at pH 3.0. 

Effect of temperature on enzyme activity

The effect of temperature on the activity of the 
purified enzyme from rotten papaya pulp of local-1 
variety was examined  at 30ºC after 5 min incubation 
in 10 mM sodium phosphate buffer, pH-6.0 at 
various temperatures (10-90°C) in a temp controlled 
bath and the residual activity was measured after 
cooling at room temperature (25-28°C).

 

Fig. 7. Effect of temperature on papaya peroxidase.

As shown in Figure 7, the activity of purified 
papaya peroxidase was found to be affected 
profoundly by changes of temperature. The 
activity increased gradually and around 25°C the 
enzyme activity was observed only about 40%. 
A sharp increase in enzyme activity was noticed 
when the temperature reached around 30°C and 
the enzyme showed the maximum activity 
around 38ºC.  The enzyme activity was found to 
be decreased gradually with further rise of 
temperature and the activity was lost sharply 
above 50°C. Only 18% of the original activity 
was remained at 70ºC, while at 80°C the 
activity was lost completely (Fig. 7).

On the other hand, the enzyme was incubated at 
different temperatures at pH 6.0 for 60 min. and 
the residual activity was measured after cooling 
at room temperature (25-28°C). The enzyme 
was found to be stable within the ranges of 30- 
55°C and was found to be very much stable 
when incubated at 35ºC. 
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None 100
p-Chloromercuribenzoate 
(PCMB) 

1 89 

Iodoacetate 2.5 80
N-ethylmaleimide 0.5 92
FeSO4 

1 1 
KCN 1 3.5
Cu SO4 1 99
MgCl2 1 98
MnCl2 1 96
CaCl2 

1 99
ZnSO4 1 100
Amm. SO4 1 145
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In our study, although the enzyme was purified 
with an increase of purification fold of about 7 
but the yield was found to be about 2.5% only. 
This decrease in yield may be due to denaturation 
of enzyme during the lengthy purification 
procedures or for some other unknown reasons. It 
was reported that 28% yield of peroxidase from 
papaya fruit29 and about 19.8% from potato.28

The molecular mass of our purified papaya 
peroxidase was found to be the same under both 
reducing and non-reducing conditions indicating 
that the enzyme has no sub-unit structure. The 
purified enzyme from papaya is glycoprotein in 
nature. It was reported that grapevine peroxidases 
are glycoprotein.2 In our study, the neutral sugar 
content of papaya peroxidase was found to be about 
15%. It has been showed that horse raddish 
peroxidase is also a glycoprotein and contain about 
18% carbohydrate.31    

The optimum pH of our purified papaya 
peroxidase was calculated to be around 6.0 (Fig. 
5.3.). Very similar pattern of pH profiles for 
peroxidase in potato was reported.28 It  has been 
reported that the optimum pH for peach fruit 
peroxidase to be 5.0.27 The optimum pH of 5.75 
for Opuntia  peroxidase have been also reported.1

Our purified peroxidase from papaya was found to 
be stable at pH values between 5.0 to 6.5. This 
result clearly demonstrated that papaya pulp 
peroxidase was more stable in acidic pH region. 
The results agree very well with the similar pH 
stability for peroxidase from blackberry fruits.29

The study on the effect of different temperatures 
on the activity of peroxidase revealed that the 
activity of purified papaya peroxidase was found 
to be affected profoundly by changes of 
temperature. The activity increased gradually 
and a sharp increase in enzyme activity was 
observed when the temperature reached 30°C 
and the optimum temperature was around 38ºC 
(Fig. 5.4). Further increase of temperature 
caused decrease in enzyme activity probably 
because of enzyme denaturation. 

Study on peroxidase from peach fruit demonstrated 
optimum activity at 40°C.27 It was reported that the 
optimum temperature of carrot root peroxidase to be 
32°C4  while the optimum temperature for 

Determination of Km value

The activity of purified enzyme was analyzed 
using different concentrations of pyrogallol as 
substrate. The Km value for peroxidase purified 
from  rotten papaya pulp was calculated to be 
0.027 mM (Fig. 8).

Fig. 8. Lineweaver-Burk double reciprocal plots for the 

determination of Km value of purified peroxidase. 

Discussion

Peroxidases from different sources such as 
tomato26, peach fruit27, carrot roots3, potato28 
and opuntia1 have been purified and 
characterized. 

In the present study a peroxidase enzyme from the 
crude extract of papaya pulp of local variety 
infected with the fungi Colletotrichum 
gloeosporioides was purified by ammonium sulphate 
precipitation of crude extract, chromatography on 
DEAE-cellulose followed by hydrophobic 
chromatography on Phenyl Sepharose CL-4B. 

The relative molecular mass (Mr) of peroxidase 
from papaya pulp was calculated to be 
approximately 55 kD and 50 kD by gel filtration 
on Sephadex G-100 and SDS-polyacrylamide gel 
electrophoresis, respectively. Almost similar 
relative molecular mass (Mr) of bound peroxidases 
have been purified from papaya fruit in Brazil29. 
A wide range of relative molecular masses, Mrs 
(30-60) kD has been reported for peroxidases from 
various sources. Anionic peroxidases have been 
purified from potato having a molecular mass of 
45-kD26. Ionically bound peroxidases have been 
isolated and purified from peach fruit having 
molecular weight 29-kD by DEAE-cellulose and 
Sephadex G-100 chromatography.30
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Cantloupe melon peroxidase around 50-55°C.32 The 
peroxidase enzyme purified from papaya by us was 
found to be stable between 30°C to 55°C. Peach 
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