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ABSTRACT
The extracellular endopolygalacturonase from Alternaria cepulae causing leafblight disease in Onion was isolated and
purified.  The crude enzyme extract obtained in onion medium was precipitated with 50-95% ammonium sulphate at pH
5.0. The isoenzymes were separated on DEAE - Cellulose column with 0.01 M Phosphate buffer at pH 7.0.  Further
purification was achieved in ultrogel ACA 44 (LKB) column.  The endo PG I and endo PG II have migrated as a single
band on PAGE & SDS - PAGE.  These isoenzymes have an isoelectric point of 6.7 and 7.1 and give single
immunopreciptin line.
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INTRODUCTION
Pectic enzymes play an integral part in  pathogenesis of  a
wide  spectrum  of  plant  diseasesAmong  these  enzymes,
the occurrence and production of polygalacturonase ( poly
x 1-4 D galacturonideglycano hydolase EC3.2.1.15 )by
many fungi during disease development has been widely
ascertained ( Bateman and Millar, 1966 Shiro,etal,1984,
Bashan, etal,1985 ). Alternaria cepulae is known to
produce endopolygalacturonase ( Ponnappa et al 1977 ). A
study was therefore planned to purify the enzyme.

MATERIALS AND METHODS
Fungi
The fungus Alternaria cepulae ( Ponnappa ) employed in
the present study was isolated from the infected onions.
The isolate was maintained on PDA at 32 2C. This was
subcultured at intervals of 3 months and the stock cultures
were maintained at 4C.
Enzyme preparation
One kg samba onions were cut into small pieces.  This was
taken along with500ml of water in 5lit haffkins flask. The
flask was sterilized with the contents at 15 lb  pressure  in
Barnslead autoclave  (Boston) for 20 minutes.  Then the
flask was cooled to room temperature (321C) and a
slant  of A.  cepulae was inoculated into the onion medium
.After 16 days the contents along with 0.25 M NaCl were
blended in a waring blender  for 5 seconds at 4C.  The
blended juice was filtered and centrifuged at 20.000 rpm
for 20 minutes at 4C. The clear supernatant was dialysed
against 2 lit of 0.01 M phosphate buffer atpH 7.0 for 48
hours with 2 changes at 4oC. Ammonium sulphate
fractionation.  To 1 lit of dialysed supernatant solution,
ammonium sulphate (AR) was added slowly with a

constant stirring in a magnetic stirrer for 4 to 6 hours at 4
C to give 0-40%, 40-80%, 80-95% saturation.  After the
desired percentage of saturation the contents of each step
was centrifuged at 15,000 rpm for 20 minutes at 4C.  The
precipitate obtained was dissolved and dialysed against
0.01 M phosphate buffers at pH 7.0 containing 0.1 M
NaCl with 3 changes of buffer.
Ion exchange column chromatography
50 ml of the dialysed samples from 80-95% (NH4 )2 SO4
precipitate were applied to a DEAE cellulose column( 3 x
25 cm ) equilibrated with 0.01 M phosphate buffer (pH
7.0).  They were eluted with the same buffer containing
stepwise gradient of 0.05 M NaC1 at the flow rate of 9ml
h-1. 3 ml fractions were collected. The individual fractions
were read at 280 nm and EPG activity was estimated.
EPG Assay
Endo polygalacturonase activity was estimated by the
method of Nelson somogyi (1944 and 1952).
Estimation of protein
Protein content was determined by the method of Lowry et
al (1951) using crystalline bovine serum albumin (BSA)
as standard.
Tests for homogeneity
PAGE was carried out according to the methods of
DAVIS(1964). SDS-PAGE was done by adopting the
procedure of Laemmli (1970).  Doubleimmunodiffusion
was carried out by the method of Ouchterlony (1973).
Immuno diffusion electrophoresis was performed
according to the method of Graber and Burtin (1964)
Isoelectricfocussing was carried out in a
semipreparativemanner based on the  method  of Wrigley
(1971)

RESULTS
Fig 1: shows theelution profileofDEAE - Cellulose cloumn
chromatography of EPG.  The precipitate obtained
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between 80-95% (NH4)2 SO4 fraction was dialysed and
applied on DEAE - Cellulose column. The stepwise
gradient  elution  shows  that  the first  fraction of EPG
activity (designated  as  EPG x)  eluted at  the
concentration of  0.1 M NaC1  and the  second fraction  of
EPG activity (Designated as EPG II) eluted at the
concentration of 0.2 M NaCl.
Elution profile of EPG I from DEAE - Cellulose column
after pooling and dialysis against 0.01 M phosphate buffer
(pH 7.0) was lyophilized. A small amount was dissolved
in the same buffer and loaded on ultrogel column (Fig2)
shows two protein fractions but EPG activity is seen only
in 1st fraction, ie from 36th to 52nd fraction.
The second fraction of DEAE column after conducting the
same procedure as described above was loaded to the

ultrogel column.  The elution profile (Fig 3) shows only
the one peak which contains both protein and EPG
activity.  The EPG II activity  is seen from 48th to 56th
fraction.
A summary of purification presented in Table 4 reveals

that EPGI is purifiedto 245 fold with 26% yield. EPG II is
purified to 270 fold and with 22% yield.
From each step of purification the enzyme samples

weretested for homogeneityusing PAGE and SDS-PAGE.
After final purification EPGI shows only one band in
PAGE  and SDS - PAGE (Fig 6).  Similarly EPG II also
shows single band in PAGE (Fig 7) and SDS - PAGE (Fig
8).

TABLE 1: Ammonium  Sulphate  precipitation of  crude  enzyme  preparation of EPG from  natural onion medium
Sl
No

Percentage of (NH4)2
SO4 (%)

Volume(ml) EPG activity units up of gal. acid
rel/ml/30 min

Protein
content g/mi

Spcific activity
in units/ug

1
2
3
4

Crude enzyme
0-40
40-80
80-95

900
30
40
50

56.4
1.32
2.04
976.4

71.2
26.4
29.1
76.9

0.79
0.05
0.07
12.0

TABLE 2: Purification of endopolygalacturonase
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Steps Volume
(ml)

Total
Protein
(g)

Total endoPG
Activity units
(g of gal.acid
rel)

Specific activity
Units/g protein

Purifocation
fold

Yield
(%)

Culture filtrate(supernatant)
80-95% (NH4)2 SO4
Precipitation DEAE-column
EPG I-fraction
EPG II - fraction
Ultrogel column EPG 1-fraction
EPG II –fraction

900
50

138
40
34
16

64080
3845

201
162
68
52

50760
48820

21618
20825
13285
11226

0.79
12.7

107.55
128.54
195.36
215.88

1
16.0

135.5
161.34
245.18
270.93

100
96.18

42.58
41.01
26.16
22.11

Determination of isoeletric point in a semipreparative
manner of EPGI is shown in Fig. 9. It indicates a single
peak of EPG activity between 11th and 12th fractions at
isoelectric pH of 6.7.  The semipreparative isoelectric
focussing of EPG II is shown in Fig10.  It shows a single
of EPG activity between fractions 16 and 17 and its
isoelectric pH is 7.1.The ouchterlony's double immune

diffusion pattern indicatesthe homogeneity of the EPG I
and EPG II (Fig11).  The highly purified enzyme gave a
single immunoprecipitin line in reflected light when
reacted with its rabbit  antiserum showing the presence of
only one component.Graber & Burtin qualitative analysis
by immunoelectrophoresis also confirmed the
homogeneity of the enzyme as depicted in Figure 12.
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DISCUSSION
Multiple formsof endopolygalacturonase have been
reported in leaf spots,blights,wilt disease of plants
(Endo,1964, Fielding et al., 1969, pressey et al., 1973,
Hislop et al., 1974, Bartheetal, 1981 Scala, 1983 and
Arinze, 1985) The DEAE Cellulose  column treatment at
pH 5.0 selectively removed the brown pigments from the
crude enzyme extract giving  appreciable increase in
specific activity.   Similar affinity column was used for
thepurification by Pressay, 1973, Strand, et al, 1976 and
Takahashi, 1985. The DEAE - Cellulose column
chromatography at pH 7.0 selectively adsorbed the entire
EPG.
The adsorbed enzyme was eluted from the stepwise
column gradient as a major fraction (Fig1).  Similar
elution pattern was reported for the purification of EPG
(Urbanek,et al, 1975, Magro et al., 1980, Hoffman, et al,
1982 and York, et al, 1986).When crude enzyme from A.
cepulae was subjected  sequentially to six different
treatments, the purified EPG I having 245 fold increase in
specific acitvity with 26.16% yield &  EPG II having 270
fold increase in activity  with  22.11%  yield were
obtained  (Table 4)
The results of polyacrylamide gel electrophoresis &
SDS-PAGE (Fig 5, 6, 7, and 8) suggest that the purified
enzyme ishomogeneous.  Isoelectricfocussing pattern (9 &
10) also confirmed the previous findings of  the
homogeneity of the enzyme.  The presence of a single
proteinband suggests that EPGIandIIconsists of a single
polypeptide chain (Cervons et al., 1977).The
immunodiffusion & immunoelectrophoresis results
showing single precipition line confirm the homogeneity
of  the purified EPG

ACKNOWLEDGEMENT
The authors are grateful to Dr. S. C. Dhar and Dr. R.
Puvanakrishnan, Scientists at the Department of
Biotechnology, CLRI, Chennai for Laboratory facilities
and Useful suggestion and UGC, NewDelhi for research
grant.

REFERENCES
Arinze, A.E. (1985). The Adsorptionof a
polygalacturonase isoenzymeof Botryodiplodia
theobromae on plant tissues & the  implication on the

pathogenicity of thefungus.  Phytopathologiache zeit
schirft, 114. 13-19

Barthe,J.P. Cantenys, D. and Touze, A. (1981).
Purification & characterization of Two   Potygalacturonase
secreted by Collectotrichum lindemuthianum.  phytopath,
z. 100. 162-171.

Bashan, Y. Okon, Y. & Henis, Y. (1985) Detection of
cutinase &  pectic  enzymes  during  infection  of  Tomato
by Psendomonas svringae Pv tomato, phytopathology 75,
940-945.

Bateman, D.F.& Millar, R. L.(1966) pectic Enzymes in
Tissue  Degradation Ann. Rev. phytopathol, 4. 119-146.

Cervone,F. Scala, A. Foresti, M. Cacacea, M. G. &
Noviello, C. (1977) Endopolygalacturonasefrom
Rhizoctoniz frgariae.  Purificationand characterization of
twoisoenzymes.  Biochim Biphys acta 482, 379-385

Davis, B.J. (1964) Disc electrophoresis II Mthod
&application  to human serum proteins.Ann. N.Y. Acad
Sci, 121.  404-427

Endo, A.(1964)  A studies on Pectolytic enzymes of molds
XI,  purificationandproperties of exo-polygalacturonase.
Agric. Biol.chem. 28, 535-542.

Fielding, A.H. & Byrde, R. J. W. (1969) The partial
purification and properties of endo polyglalcturonase and
L-Arabino  furanosidase secreted by sclerotinia fructigena
J.Gen.Microbiol, 58,73-84.

Graber,P & Burtin, P. (1964) immuno electrophoretic
analysis, Elsevier, Amsterdam,  337.

Hislop,E.C. Shellis, C. Fielding, A.H. Bourne,F.J. &
Chilow, J.W. (1974) Antisera produced to purified
Extracellular Pectolytic enzyme from sclerotina
fructigena.J.Gen. Microbiol 83.  135-143.

Hoffman, R. M.& Turner, J.G. (1982) Partial Purification
of Proteinsfrom pea  leaflets that inhibit Ascochyta endo
polygalacturonase physiol, Pl pathol 20.  173-187

Laemmli, U.K. (1970) cleavage of structural proteins
during the Assembly of the Head of Bacteriophage.
Nature, 227.  680-685



I.J.A.B.R., VOL. 2(3) 2012: 436-440 ISSN 2250 - 3579

440

Lowry. O. H. Rosebrough, N. J., Farr, A.L. & Randall, R.
J. (1951) Proteinmeasurment with Folin phonol Reagent J.
Biolchem 193.  265-275

Magro, P., Dilenna, P., Marciano, P. & Pallavicini, C.
(1980)  variability  of  polygalacturonase  &  protein
isloectric focussing patterns in  Botrytis  cinerea  isolates
J. Gen.  Microbobiol, 120. 105-109

Nelson, N. (1944) A Photometric Adaptation  of  the
Somogyi Method for the determination of Glucose. J. Biol.
chem 153.  375-380

Ouchterlony, O. and Nilsson, L. A. (1973)
immunodiffusion and immunoelectrophoresis in D.W.
Weir (ed) Handbook ofexp.tal  immunology 2nd ed
Blackwell Oxford Edinburgh (1973). Chap19,  39.

Ponnappa,K.M. Anilkumar, T. B. Sulladmath, V.V. &
Hiremath P.C. (1977) Polygalacturonaseproduction by
Alternaria cepulae the causal gaent of Leaf blight of onion
Ind. J. Mycol and Pl.  Pathol, 1. 67

Presey,  R. and Avants, J. K., (1973) Two forms of
polygalacturonase in Tomatoes. Bio Chem. Biophys.
Acta,309.  363-369

Scala.F.and Zoina, A. (1983) ProductionofPectolytic and
cellulolytic enzymes by cornebacterium michiganese

(E.F.Smith) tensen. Ann. Fac. Sci.  Arrar Univ. Studi.
Napoliportici, 17. 172-178. (Itali).

Shiro, I.Yasubori, N & Chitoshi, I. (1984) Agric, Biol.
Chem., 48. 633-640

Somogyi, M. (1952) Notes on Sugar determination J.
Biol.Chem, 195. 19-23

Strand. L.L. Corden, M.E. and MC. Donald, D.L. (1976)
Characterization of two endopolygalacluronase isozymes
produced by Fusaium oxysporim f-sp   hycopersic.  Bio
Chem. Biophysica Acta., 429.  870-883

Takahashi, T. and Doke, N. (1985) purification and partial
characterization  of an agglutinin in citrusleaves against
extracellular   polysaccharides  of  Xanthomonas
campestria pv citri Physiol. p1. Pathol 27. 1.3.

Wrigley, C.W. (1971) inmathods in Enzymology
(Jackoby, W.B ed)22, P 55 9. Academic Press, New York.

York, W.S. Darvill, A.G. Mc. Neil, M. Stevenson T.T. and
Albersheim. P. (1986) isolation &characteriation of plant
cellwallsand cellwall components in methods of
enzymology, Vol 118, Plant molecular biology edited by
Arthur Weissbach,  Hesbert Weissbach, Academic Press
inc.  1986. p 3-40.


