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An attempt was made to find out the effect of different temperatures ranging from 15
polygalacturonase (PG), polymethylgalacturonase (PMG) and cellulase (Cx) enzymes by 
vitro. The production of polygalacturonase (PG), polymethylgalacturonase (PMG) and cellulase (Cx) enzymes
been recorded between
production of these three cell wall degrading enzymes were found to be very low to which increases gradually 
with the increase in the temperature upto 28
maximum production of these enzymes. Above 35
found to detrimental for the production of all the three enzymes as no trace of polygala
polymethylgalacturonase (PMG) and cellulase (Cx) enzymes has been detected in culture filtrates.
 
 
 

 

 

 

INTRODUCTION 
 
Phytopathogenic microorganisms  are known to secrete extra cellular 
enzymes which degrade the host cell wall. The role of these enzymes 
in relation to the pathogenicity of organism has been reviewed by 
Wood (1960) and Bateman and Millar (1966). In soft rot
enzymes play the most important role in pathogenesis (Brown, 1965). 
In vitro production of pectolytic and cellulolytic enzymes have 
largely been studied by many investigators because these studies 
provide information on the capacity of a part
produce these enzymes. Alternaria species has long been reported for 
their pectolytic and cellulolytic potential (Logan and Siehr, 1966; 
Lucas and Sherwood, 1966; Mehta et al., 1974; Agarwal and Hasija, 
1978; Sharma, 2000; Sohail et al., 2011 and Chaurasia 
has also been proved that some of the species of 
plant invasion by elaborating the pectolytic and cellulolytic enzymes 
(Eshel et al., 2000) and genes encoding endoglucanases from this 
organism have been characterized (Eshel et al
the production and activity of polygalacturonase (PG), 
polymethylgalacturonase (PMG) and cellulase (Cx) enzymes by 
Alternaria solani in culture and in the healthy and diseased tomato 
fruits have been reported (Chaurasia et al., 2013).  Prasad 
(1981) indicate that enzymes are important factor for the incidence of 
the disease and temperature also has important place in various pl
diseases. Keeping this in view, the study was undertaken to know the 
effect of temperature range on production of polygalacturanase  (PG), 
polymethylgalacturonase (PMG) and cellulase (Cx) enzymes in vitro 
and their relationship with the incident of Alt
tomato in country, if any. 
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ABSTRACT 

An attempt was made to find out the effect of different temperatures ranging from 15
polygalacturonase (PG), polymethylgalacturonase (PMG) and cellulase (Cx) enzymes by 
vitro. The production of polygalacturonase (PG), polymethylgalacturonase (PMG) and cellulase (Cx) enzymes
been recorded between wide range of temperature, i.e. between 150 C to 35
production of these three cell wall degrading enzymes were found to be very low to which increases gradually 
with the increase in the temperature upto 280 C. The 280 C was found to be the best and favourable temperature for 
maximum production of these enzymes. Above 350 C, further higher temperature, i.e. 40
found to detrimental for the production of all the three enzymes as no trace of polygala
polymethylgalacturonase (PMG) and cellulase (Cx) enzymes has been detected in culture filtrates.
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Phytopathogenic microorganisms  are known to secrete extra cellular 
enzymes which degrade the host cell wall. The role of these enzymes 
in relation to the pathogenicity of organism has been reviewed by 
Wood (1960) and Bateman and Millar (1966). In soft rot diseases the 
enzymes play the most important role in pathogenesis (Brown, 1965). 
In vitro production of pectolytic and cellulolytic enzymes have 
largely been studied by many investigators because these studies 
provide information on the capacity of a particular pathogen to 
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MATERIALS AND METHODS
 

Organisim  
 

Alternaria solani (Ellis & Mart.) Jones and Grout was isolated from 
diseased fruits of tomato (Chaurasia and Chaurasia, 2010). The 
culture was obtained and maintained on potato  dextrose agar slants 
under refrigeration at 40 C.  
 

Preparation of crude enzyme  
 

During the investigation the pathogen was grown on the semi ripe 
tomato fruit media (Chaurasia et al
medium was poured in each of 150 ml. Erlenmeyer flasks. These 
flasks were sterilized at 15 lb/sq in pressure for 10 min. After 
sterilization each flask was inoculated by a 8.0 mm disc taken from 
the periphery of four day old colony of the pathogen growing on 
potato dextrose agar medium. The flasks were incubated at eight 
different temperatures, i.e. 15, 20, 25, 28, 30, 35, 40 and 45
replicates were taken in each case. After six days of incubation the 
culture filtrate and the mycelial mat were harvested. The culture 
filtrates were diluted with 35 ml. of distilled water. The filtrate thus 
obtained was centrifuged for 15 minutes at 10,000 rpm.
supernatant was used as crude enzyme preparation. 
 

Enzyme assay  
 

Enzyme activity was measured by using standard viscometric method 
(Hancock and Millar, 1965; Capellini, 1966).
were clamped in stands which were fixed vertically
with temperature adjusted to 28
polygalacturonase (PG), polymethylgalacturonase (PMG) and 
cellulase (CX) enzymes, the following freshly prepared
components were used:- 
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An attempt was made to find out the effect of different temperatures ranging from 150 C to 450 C on production of 
polygalacturonase (PG), polymethylgalacturonase (PMG) and cellulase (Cx) enzymes by Alternaria Solani in 
vitro. The production of polygalacturonase (PG), polymethylgalacturonase (PMG) and cellulase (Cx) enzymes has 

C to 350 C. At 150 C temperature, the 
production of these three cell wall degrading enzymes were found to be very low to which increases gradually 

C was found to be the best and favourable temperature for 
C, further higher temperature, i.e. 400 C and 450 C have been 

found to detrimental for the production of all the three enzymes as no trace of polygalacturonase (PG), 
polymethylgalacturonase (PMG) and cellulase (Cx) enzymes has been detected in culture filtrates. 
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MATERIALS AND METHODS 

Mart.) Jones and Grout was isolated from 
diseased fruits of tomato (Chaurasia and Chaurasia, 2010). The 
culture was obtained and maintained on potato  dextrose agar slants 

n the pathogen was grown on the semi ripe 
et al., 2013). Twenty five ml. of the 

medium was poured in each of 150 ml. Erlenmeyer flasks. These 
flasks were sterilized at 15 lb/sq in pressure for 10 min. After 

flask was inoculated by a 8.0 mm disc taken from 
the periphery of four day old colony of the pathogen growing on 
potato dextrose agar medium. The flasks were incubated at eight 
different temperatures, i.e. 15, 20, 25, 28, 30, 35, 40 and 450 C. Three 

ates were taken in each case. After six days of incubation the 
culture filtrate and the mycelial mat were harvested. The culture 
filtrates were diluted with 35 ml. of distilled water. The filtrate thus 
obtained was centrifuged for 15 minutes at 10,000 rpm. and the 
supernatant was used as crude enzyme preparation.  

Enzyme activity was measured by using standard viscometric method 
(Hancock and Millar, 1965; Capellini, 1966). Oswald viscometers 
were clamped in stands which were fixed vertically in water bath, 
with temperature adjusted to 280 C. For the assaying of 
polygalacturonase (PG), polymethylgalacturonase (PMG) and 

) enzymes, the following freshly prepared substrate 
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1-Polygalacturonase (PG) 
 
1.2 percent sodium polypectate          -3.5 ml 
Distilled water                                       -1.5 ml 
Citrate phosphate buffer (pH 4.6)       -1.5 ml 
 

2-Polymethylgalacturonase (PMG) 
 
1.2 percent citrus pectin                        -3.5 ml 
Distilled water                                       -1.5 ml 
Citrate phosphate buffer (pH4.6)          - 1.5 ml 
 

3-Cellulase (CX)  
 

1.2 percent carboxymethyl cellulose    -3.5 ml 
Distilled water                                      -1.5 ml 
Citrate phosphate buffer (pH 5.5)      -1.5 ml 
 
At the time of determination of polygalacturonase (PG), 
polymethylgalacturonase (PMG) and cellulase (CX) enzyme activity, 
desired substrate component was taken into the stalk bulb of  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

viscometer. Then, 1.5 ml of freshly prepared enzyme extract was 
poured into viscometer and soon efflux time of the enzyme reaction 
mixture was determined at the intervals of 0, 20, 40, 60 and 80 
minutes. Efflux time for 8.0 ml of distilled water was also noted in 
each viscometer. 
 

Determination of per cent loss in viscosity  
 

Per cent loss in viscosity was calculated with the help of the 
following formula (Capelline, 1966): 
 

 
 

where,  
 

ET0    Efflux time in seconds at zero time/control. 
ETt    Efflux time in seconds at any specific interval of time. 
ETw  Efflux time in seconds for distilled water. 
 

Table 1. Production of polygalacturonase (pg), polymethylgalacturonase (pmg) and cellulase (cx) enzymes in  
"semi ripe tomato fruit medium" at different temperatures 

 

Temperature 
(0C) 

Polygalacturonase (PG) 

REA 

Polymethylgalacturonase (PMG) 

REA 

Cellulase (CX) 

REA 
Enzyme activity  

(%Loss in viscosity) 
Enzyme activity  

(%Loss in viscosity) 
Enzyme activity  

(%Loss in viscosity) 
Reaction time (in mts) Reaction time (in mts) Reaction time (in mts) 

20 40 60 80 20 40 60 80 20 40 60 80 
15 17.0 24.2 28.3 30.0 18.86 6.2 10.0 12.3 13.0 0.00 18.3 26.4 30.3 32.2 26.40 
20 30.4 38.2 43.2 45.2 60.82 8.1 16.3 20.4 22.2 0.00 27.2 39.5 44.4 47.3 54.40 
25 44.3 54.2 60.1 64.2 88.65 10.0 20.3 26.3 30.2 17.53 58.5 69.6 75.2 78.4 117.09 
28 56.3 68.2 77.4 80.2 112.61 10.4 22.4 30.2 40.3 20.13 66.6 78.4 84.4 88.3 133.33 
30 40.2 50.3 56.3 59.0 80.45 8.5 18.3 24.3 27.2 13.60 52.3 64.2 70.3 72.1 104.60 
35 18.4 25.3 30.3 32.1 25.30 7.2 14.1 17.2 18.1 0.00 26.8 34.5 38.2 40.0 53.61 
40 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.0 0.00 
45 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.0 0.00 0.0 0.0 0.0 0.0 0.00 

 

 
Figure 1. 
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Determination of relative enzyme activity (REA)  
 
Values for per cent loss in viscosity were determined for 0, 20, 40, 60 
and 80 minutes reaction time. These values were then plotted against 
the reaction time, thus a curve was obtained and from this curve the 
time to bring a 25 per cent loss in viscosity was determined. Relative 
enzyme activity (REA) was then calculated by the following formula: 
 
                        1000 
REA                       
                             t 
 

Where, 
 
t   represented the time in minutes to reach 25 per cent loss in 
viscosity, thus : 
 
                         1000 
REA                       
                           25 
 

RESULTS AND DISCUSSION 
 
It is evident from the results given in Table 1 and Fig. 1 that 
Alternaria solani was able to produce polygalacturonase (PG), 
polymethylgalacturonase (PMG) and cellulase (Cx) enzymes in a 
wide range of temperatures i.e. from 150 C to 350 C. The production 
of polygalacturonase (PG) and polymethylgalacturonase (PMG) 
enzymes was increased with increase of temperature up to 280 C. In 
the culture filtrate of 280 C, the maximum polygalacturonase (PG) 
and polymethylgalacturonase (PMG) enzyme production was 
recorded. Further increase in temperature upto 350 C, the production 
of polygalacturonase (PG) and polymethylgalacturonae (PMG) 
enzymes was reduced gradually. In culture filtrate of 400 C and 450 C 
temperatures, no activity of polygalacturonase (PG) and 
polymethylgalacturonase (PMG) enzymes were recorded. The 
production of cellulase (Cx) enzyme has also been recorded between 
a wide range of temperature i.e. ranging from 150 C to 350 C. The 
maximum cellulase (Cx) enzyme production was recorded in the 
culture filtrate of 280 C in which 133.33 relative enzyme activity 
(REA) was calculated. The temperature ranges between 250 C to 300 
C was found to be more suitable as significantly good amount of 
cellulase (Cx) has been detected in cultures, which were incubated at 
250 C, 280 C and 300 C temperature. The higher temperatures, above 
350 C have been found to be detrimental for cellulase (Cx) 
production.  
 
From the above results it is concluded that 280 C temperature was 
found to be the most favourable for the maximum production of 
polygalacturonase (PG), polymethylgalacturonase (PMG) and 
cellulase (Cx) enzymes. Higher temperatures above 350 C, i.e. 400 C 
and 450 C were found to be detrimental for the production of all these 
three cell wall degrading enzymes. Similar results have also been 
observed by Mehta (1973) and Chaurasia (2000) in case of Alternaria 
solani and Sclerotium rolfsii respectively. The detrimental effect in 
the production of all these three cell wall degrading enzymes may be 
due to the lethal effect  of pathogen at higher temperatures i.e. 400 C 
and 450 C. These findings clearly indicate the important role of 
temperatures in the enzyme secretion. Variation on production and 
activity of polygalacturonase (PG), polymethylgalacturonase (PMG) 
and cellulase (Cx) enzymes can be explained with incidence of 
Alternaria fruit rot of tomato. Disease appeared in tomato orchards 
during winter season under humid and cloudy environment. 
Symptoms on fruits appeared suddenly with the rise of temperature 
(25-300 C) in orchards. Now it is concluded that during cloudy 
environment when the temperature is in the range of 25-300 C, 
pathogen produced sufficient polygalacturonase (PG), 
polymethylgalacturonase (PMG) and cellulase (Cx) enzymes which  
 

became more active with increase of environmental temperature and 
helps in establishment of Alternaria and hence rotting of the fruits of 
tomato. 
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