
International Journal of Advanced Biotechnology and Research (IJBR) 
                          ISSN 0976-2612, Online ISSN 2278–599X,  

Vol-7, Issue-4, 2016, pp2265-2271 
http://www.bipublication.com 

 
Research Article 
 
 

Synthesis and Characterization of Pectinolytic enzymes  

by Xanthomonas species 
 
 

Sujata Chavan and M.M.V. Baig* 
Department of Botany and Department of Biotechnology,  

Yeshwant Mahavidyalaya, Nanded - 431 602, India.  
*corresponding author: mmvbaig@gmail.com 

 
 
ABSTRACT: 
Xanthomonas species was isolated from infected leaves collected from different region of Marathwada (Nanded, 
Aurangabad, Parbhani and Latur). From these infected samples total twenty strains were isolated and screened for 
further study. Out of twenty strains, one strain is recorded as more effective for the pectinolytic enzyme (PG, PMG, 
PGL, PNL) production. This strain was further used for the study of various factors like incubation time, temperature, 
pH, carbon sources and nitrogen sources affecting pectinolytic enzyme production. The optimum time, temperature 
and pH for pectinolytic enzyme production was 48hrs, 300C and 7 respectively. In the experiment of effect of various 
carbon sources (pectin, sucrose, glucose, maltose, starch) and nitrogen sources (yeast extract, ammonium nitrate, 
ammonium sulphate, potassium nitrate, peptone) it was found that pectin was most suitable carbon source and yeast 
extract was most suitable nitrogen source for optimum production of pectinolytic enzymes. 
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INTRODUCTION:  
Pectin is complex hetero polysaccharide and 
present in the primary cell wall of plant as a major 
component(1). Pectin plays various cell wall 
properties such as porosity, pH, ion balance(2). 
The pectinolytic enzymes are classified into PG, 
PMG, PgL, PnL depending upon their mode of 
action. PG degrades pectate. It hydrolyses o-
glycosyl linkage and form a- 1,4-polygalacturonic 
residues. PMG hydrolyse highly esterified pectin 
without affecting the ester content of remaining 
polymers (3). PnL cleaves esterified pectin and 
form oligo or monomethyl galacturonate without 
disturbing ester group (4). PgL cleaves the de-
esterified pectin molecule (5). 
 

MATERIALS AND METHODS: 
i) Isolation of Xanthomonassps: 
Twenty strains of Xanthomonas campestris 
isolated from citrus lemona from different regions 
of Marathwada during mid rainy season were used 
in this study. These strains were isolated and 
purified by following standard method and 
maintained on YDC (Yeast extract- 1 gm, D- 
glucose -2gm, Calcium carbonate- 2gm) slants. 
 
ii) Morphological Characterization: 
Morphological characteristics like colony 
characters, Gram staining, cell morphology, cell 
motility etc. were recorded for all these twenty 
strains.(6). 
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iii) Biochemical test: 
  These twenty strains were further characterized 
by using specific biochemical test described by 
Goszczynska et al (7) such as Aesculin test, Starch 
hydrolysis, Tween 80 lipolysis, H2S production, 
Urease production, Milk proteolysis, Gelatin 
liquefaction and Oxidase test.   
 
iv) Production media for pectinolytic 
enzymes 
The media used for production ofpectinolytic 
enzymes contained, Pectin-5gm / 200 ml, 
KH2PO4- 1.6gm, Na2HPO4- 1.6gm, 
MgSO4.7H2O-0.2gm, CaCl2.2H2O- 0.1 gm, Yeast 
extract- 5gm, Total volume - 800 ml, pH- 7. 
 
v) Optimization of cultural parameters for 
pectinolytic enzyme production: 
 
i) Effect of incubation time on 
pectinolytic enzyme production: 
Twenty ml of medium was taken in each 50 ml 
Erlenmeyer flasks and all flasks were autoclaved 
at 15 lbs for 20 min. These flasks were kept for 
different incubation time period varied from 1-6 
days at 300C after inoculation with 1x107 cells/ml. 
 
ii) Effect of temperature on pectinolytic 
enzyme production: 
   For the determination of optimum temperature 
for pectinolytic enzyme production, flasks (50ml) 
containing 20 ml of production medium were 
autoclaved at 15 lbs for 20 min. All flasks were 
then inoculated with the 1x107cells / ml and 
incubated at different temperature ranges from 
250C to 450C by keeping all process parameters 
constant. 
 
iii) Effect of pH on pectinolytic enzyme 
production: 
To determine the optimum pH for pectinolytic 
enzymes production, different pH media 6.5, 7, 
7.5, 8 and 8.5 were adjusted by using 1N HCL or 
1N NaOH. All flasks were autoclaved at 15 lbs for 
20 min. and then inoculated with 1x107 cells /ml. 

All flasks were incubated at 300C for 48hrs by 
keeping all other process parameters constant. 
 
iv) Effect of different carbon sources on 
pectinolytic enzyme production: 
By keeping all process parameters constant, the 
flasks containing production medium with diferent 
carbon-sources as glucose, sucrose, starch, 
maltose and pectin were used at a concentration of 
0.5% w/v. These flasks were autoclaved at 15 lbs 
for 20 min. and futher inoculated with 1x107 
cell/ml culture of Xanthomonas. 
 
v) Effect of different nitrogen sources on 
pectinolytic enzyme production: 
Effect of nitrogen sources on pectinolytic enzyme 
production was studied by keeping all other 
process parameters constant. Different nitrogen 
sources such as yeast extract, ammonium sulphate, 
ammonium nitrate, potassium nitrate and peptone 
were used in the production media at a 
concentration of 0.5 % w/v. All these flasks were 
autoclaved at 15 lbs for 20 min. Then same culture 
of Xanthomonas was inoculated in each flask as 
1x 107 cells/ml and all flasks were incubated at 
300C for 48 hrs.   
 
vi)       Extraction of pectinolytic enzyme: 
After the experiment of optimization of 
parameters for pectinolyticenzyme production, all 
flasks were taken for filtration, the culture filtrate 
was collected and further centrifuged at 6000 rpm 
for 15 min. After centrifugation supernatant was 
collected and cell pellets were discarded. The 
supernatant was filtered through Whatman no. 1 
filter paper and then precipitated by adding cold 
acetone. (8). 
 
vi) Assays for pectinolytic enzymes: 
To determine activity of polygalacturonases (PG), 
the increase in absorbances at 240 nm was 
measured. For this activity 2 ml of 1% 
polygalacturonic acid in 0.2M phosphate buffer of 
pH 6.5 as a substrate was hydrolysed by 1 ml of 
enzyme solution (9). PolymethylGalacturonase 
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(PMG) activity was determined by measuring the 
increase in absorbance at 240 nm of substrate 
concentration of 2 ml of 1% pectin in 0.2M 
phosphate buffer of pH 6.5 hydrolyzed by 1 ml of 
enzyme solution (10). Activity of PnL was 
measured at 240 nm by recording the increase in 
absorbance of substrate concentration as 2 ml of 
1% pectin in 0.2 M phosphate buffer of pH 4.5 is 
hydrolysed by 1 ml of enzyme solution (11). For 
the study of activity of pectate lyases (PgL), the 

reaction mixture was prepared containing 2 ml of 
1% polygalacturonic acid in 0.2 M phosphate 
buffer of pH 4.5 which is hydrolysed by 1% 
enzyme solution, this reaction was measured by 
recording increase in absorbance at 240 nm 
(12,13). 
One unit of enzyme activity was defined as the 
amount of enzyme which released 1umol of 
reducing sugar per minute. 

 
Result and Discussion: 
The various strains of Xanthomonas campestris were isolated from infected citrus leaves, collected from 
different regions for the production of pectinolytic enzymes. Pectinolytic enzyme production is affected by 
various biochemical parameters like time, temperature, pH, and other medium componants like carbon-
sources (glucose, sucrose, starch and maltose) and nitrogen-sources (yeast extract, ammonium sulphate, 
ammonium nitrate, potassium nitrate and peptone). 
 
Optimization of cultural parameters for pectinolytic enzyme production:  
 
i) Optimum time forpectinolytic enzyme production: 
The incubated flasks were collected at different time intervals as 24hrs, 48hrs, 72hrs, 96hrs, 120hrs and 144 
hrs. The production of pectinolytic enzymes was found to be increase from 24hrs to 48 hrs and after 48 hrs 
there was slight decrease in production till 144 hrs. Thus the maximum production of pectinolytic enzymes 
asPG (0.038U/ml), PMG (0.041U/ml), PgL (0.048U/ml) and PnL(0.061U/ml) on 48hrs of incubation. The 
results are given in Fig.1 
Table 1: Effect of incubation time on pectinolytic enzyme production 

Sr. No. Incubation Time  PG(U/ml) PMG(U/ml) PgL(U/ml) PnL(U/ml) 
1 24hrs 0.029 0.035 0.041 0.057 
2 48hrs 0.038 0.041 0.048 0.061 
3 72hrs 0.032 0.032 0.039 0.053 
4 96hrs 0.023 0.027 0.034 0.041 
5 120hrs 0.022 0.023 0.028 0.04 
6 144hrs 0.022 0.02 0.023 0.037 

 

 
Figure 1: Effect of incubation time on pectinolytic enzyme production 
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ii) Optimum temperature for pectinolytic enzyme production: 
The effect of temperature on production of pectinolytic enzymes was studied by using temperature ranges 
from 250C to 450C. By this study it was found that as temperature increased from 250C to 300C the 
production of pectinolytic enzymes was also increased but further increase in temperature there was 
decrease in pectinolytic enzymes production. Hence it was concluded that the optimum temperature was 
300C and the maximum production at 300C was PG (0.036 U/ml), PMG (0.034 U/ml), PgL (0.054 U/ml) 
and PnL (0.065 U/ml) as shown in Fig. 2. 
 
Table 2: Effect of temperature on pectinolytic enzyme production 
 

Sr. No. Temperature PG(U/ml) PMG(U/ml) PgL(U/ml) PnL(U/ml) 

1 25C 0.026 0.031 0.048 0.059 

2 30C 0.036 0.034 0.054 0.065 

3 35C 0.031 0.03 0.049 0.054 

4 40C 0.028 0.025 0.044 0.051 

5 45C 0.022 0.023 0.038 0.047 

 
Table 2: Effect of temperature on pectinolytic enzyme production 
 

 
Figure 2: Effect of temperature on pectinolytic enzyme production 
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The effect of pH on pectinolytic enzyme production was studied by conducting an experiment by using 
different pH ranges from 6.5 to 8.5 with all other process parameters constant. Initially as pH was increased 
from 6.5 to 7, the production of pectinolytic enzymes was also increased but further increase in pH from 7 
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pectinolytic enzymes as PG(0.046 U/ml), PMG(0.034 U/ml), PgL(0.051 U/ml) and PnL(0.057 U/ml) as 
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Table3: Effect of pH on pectinolytic enzyme production 
Sr. No. pH PG(U/ml) PMG(U/ml) PgL(U/ml) PnL(U/ml) 
1 pH 6.5 0.039 0.03 0.041 0.055 
2 pH 7 0.046 0.034 0.051 0.057 
3 pH 7.5 0.042 0.032 0.049 0.053 
4 pH 8 0.033 0.022 0.034 0.041 
5 pH 8.5 0.027 0.019 0.024 0.033 

 

 
Figure 3: Effect of pH on pectinolytic enzyme production 
 

iv) Effect of carbon sources on pectinolytic enzyme production: 
The production of pectinolytic enzymes was also studied with various carbon sources as glucose, sucrose, 
starch, maltose and pectin by keeping all other process parameters constant. The maximum production of 
pectinolytic enzymes as PG (0.051 U/ml), PMG(0.040 U/ml), PgL(0.061 U/ml) and PnL(0.069 U/ml) was 
observed in media containing pectin as a carbon-source (Fig. 4)  
Table4: Effect of carbon sources on pectinolytic enzyme production 

Sr. No. Carbon sources PG(U/ml) PMG(U/ml) PgL(U/ml) PnL(U/ml) 
1 glucose 0.039 0.025 0.049 0.058 
2 sucrose 0.046 0.038 0.053 0.065 
3 starch 0.038 0.032 0.049 0.054 
4 maltose 0.043 0.037 0.043 0.051 
5 pectin 0.051 0.04 0.061 0.069 

 

 
Figure 4: Effect of carbon sources on pectinolytic enzyme production 
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v) Effect of nitrogen sources on pectinolytic enzyme production: 
   The production of pectinolytic enzymes, extractedby culture of Xanthomonas was influenced by different 
nitrogen sources like yeast extract, ammonium sulphate, ammonium nitrate, potassium nitrate and peptone 
when other process parametersconstant. By this study it was cleared that the maximum productionof 
pectinolytic enzymes like PG (0.048 U/ml), PMG (0.034 U/ml), PgL(0.051 U/ml) and PnL(0.063 U/ml) 
was observed in media containing yeast extract as a nitrogen-source. Thus yeast extract is suitable nitrogen 
source for maximum production of pectinolytic enzymes. The results are given in Fig.5. 
 
Table 5: Effect of nitrogen sources on pectinolytic enzyme production 

Sr. No. Nitrogen sources PG(U/ml) PMG(U/ml) PgL(U/ml) PnL(U/ml) 
1 Yeast extract 0.048 0.034 0.051 0.063 
2 Amm. Sulphate 0.039 0.03 0.044 0.046 
3 Amm. Nitrate 0.032 0.032 0.039 0.042 
4 Pott. Nitrate 0.033 0.026 0.032 0.042 
5 Peptone 0.042 0.031 0.048 0.054 

 
Figure 5: Effect of nitrogen sources on pectinolytic enzyme production 
 
The characterization of pectinolytic enzymes synthesized by Xanthomonas campestris pvcitri on small 
scale is very significant as this enzyme is industrially important. 
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