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ABSTRACT
Indole acetic acid oxidase IAAO, an auxin degrading enzyme from Alternaria cepulae was estimated in infected leaves of
Onion as well as in culture filtrate of the pathogen.The enzyme was isolated and fractionated by employing several
techniques was purified to 85.5 fold with 58.6% yield. The homogeneity of the enzyme was confirmed by PAGE,
SDS-PAGE, Isoelectricfocussing, Immunodiffusion and Immuno electrophoretic techniques.

KEYWORDS:-Alternaria cepulae, CM-Trisacryl column, Ultrogel column.

INTRODUCTION
During Leaf blight disease of Onion, IAA concentration
was increased in the blight areas of Onion leaves
(Annadurai,1989, 1996, 1998, 1999, 200). It occurred
during the first 16 days of infection. Shaw and Hawkins
(1958) found 214 fold increase of auxin in wheat infected
by Puccinia graminis and 5 fold increase of IAA in barley
infected by Erisiphe graminis (Fric 1975). Pilet (1953)
reported that the ratio of IAA equivalents of diseased and
healthy tissues per kg fresh weight was 39.7; 7.6. This
excess production of auxin is known pathogenesis (Pegg
and Selman, 1959, Sequeira and Kelman,1962, Matta and
Gentile, 1968 ).  Hyperauxiny is not conducive to the
growth of pathogen and hence the pathogen produces
auxin degrading enzyme and hence the pathogen produces
auxin degrading enzyme for its survival (Annadurai,
1989). Indole acetic acid oxidase is one of the auxin
degrading enzyme (Krupasagar,1969,Annadurai,1989).
The mould Omphalia flavida was reported to produce
IAAO while infecting on Coffea arabica and Coleus
blumei (Sequeira and Steeves, 1954).Verticillium dahliae
on Capsicum annum (Srivastava et al.,1962), Fusarium
oxysporum on Mangifera indica (Kumar et al., 1960),
Protomyces macrosporus on Coriandrumsativum (Tayal et
al., 1981). Plasmodiophora   brassicae on Lycopersicum
esculentum ( Reuveni et al., 1985 ) and Plasmodiophora
brassicae on Grapes ( Boerner et al., 1974 ). Since auxin
content decreases in the infected host tissue due to the
action of IAA oxidase IAA oxidase level in culture filtrate
of A. cepulae and in the blight areas of Onion leaves
(Annadurai & Motlag,1999).The culture filtrate obtained
from the Ray’s medium was purified and analyzed is
presented in this paper.

MATERIALS AND METHODS
Crude enzyme preparation
Crude enzyme was obtained from the medium suggested
by Ray (1956). The medium containing Glucose 20.0 g,
Ammonium tartarate 9.2g, KH2PO4 5.8 g, MgSO4 2.5 g,

FeCl3 (1%) solution 0.6 ml, thiamine HCl 100 g, distilled
water 1000 ml was taken in 5 litres Hoffkins flasks. The
flasks containing medium were sterilized, cooled and
inoculated with Alternaria cepulae and kept for incubation
for 20 days at 321C. After 20 days the culture medium
was filtered through two layers of cheese cloth. The
filtrate was centrifuged at 10,000 rpm for 20 minutes at
4C. The supernatant was used as the crude enzyme
preparation.
Estimation of IAA oxidase activity
IAA oxidase activity was estimated according to the
method of Sequeria and Mineo (1966).The activity of IAA
oxidase was determined by the rate of disappearance of
IAA. The reaction mixture contained 0.25ml of 1mM
DCP, 0.75ml of a mixture of 1mM IAA and 0.5mM
MnCl2.H2O,3.5ml of 0.02 M (W/V) citrate buffer pH 5.5
and 0.5ml enzyme.The mixture was shaken and kept 1
hour for incubation at 321C. After the incubation period
was over 1ml of Salokowski reagent was added to 5ml of
the incubation mixture. The pink colour developed was
read at 530 nm in a shimadzu spectrophotometer. The
control treatment was carried out in an identical manner
except that the enzyme was added after the addition of
Salokowski reagent.The unit of IAA oxidase enzyme  was
defined as g of IAA destroyed per ml of enzyme in one
hour (Imbert and Wilson 1972).
Estimation of Protein
The protein content was estimated according to the
method of Lowry et al. (1951) using crystallilne bovine
serum albumin as the reference protein. In the case of
column chromatography, however the protein contents in
the eluates from the column were estimated by measuring
the absorbance at 280nm using shimadzu
spectrophotometer.
Specific activity
Specific activity of IAA oxidase at different stages of
purification was expressed as the unit of enzyme activity
per mg of enzyme protein.
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Estimation of IAA oxidase of Alternaria cepulae in
culture medium
IAA oxidase activity was estimated from the culture
filtrate of Ray's medium on  different days with 4 days
interval of time by adopting the method of Sequeira and
Mineo ( 1966 ).

RESULTS
Purification
Ammonium sulphate precipitation
The culture filtrate obtained from Ray's medium after

centrifugation was adjusted to pH 5.E and kept in a 2 litres
beaker containing paddle for magnetic stirring at 4C for
30 min. Solid ammonium sulphate was added slowly with
gentle stirring to give 0-35%, 35-70% saturation. The
precipitate formed was collected after centrifugation at
10,000rpm for 20 minutes. This was dialyzed against 0.02
M citrate buffer pH at 4C for 48 hours.
Chromatographic Procedure
Then entire chromatographic operation were carried out at

4C. Addition of sample to the column,elution of proteins
and maintenance of column flow rate were performed
using peristaltic pump ( LKB model 2132 microperpex
pump).The column effluents were continuously monitored
at 230 nm using uv monitor (LKB uv cords II model
2238). The recording of absorbance was simultaneously
done by LKB model 2210 recorder. Constant volume
fractions were collected by a fraction collector ( LKB
redirac model 2112). Measurements of absorbance of
collected fraction (A280) were carried out in a shimadzu
spectrophotometer uv 260 Japan with 1 cm cuvette at
280nm.
CM Trisacryl column
The affinity chromatography column (2 X 29.5 CM) was
packed with CM-Trisacryl ( bed volume 2 X 16.5 CM).
This was equilibrated with 0.02 M citrate buffer of pH 5.5.
150 ml of active fraction of 70% (NH4)2 SO4 fraction was
loaded to the column. After the initial washing of the
column with buffer, when the absorbance of the column
effluents reached the base line elution of bound materials
was carried out using 0.1M NaCl gradient. The column
washed with 0.02M citrate buffer containing 1M NaCl and
equilibrated with binding buffer after every
chromatographic run.
Ultrogel Column
Further purification was carried out by gel filtration on
ultrogel ACA 44. The column (1.2 X 105 CM) was
equilibrated with 0.02 M citrate buffer pH 5.5 containing
0.1M NaCl. The IAA oxidase active fractions obtained
from CM Trisacryl column were pooled, lyophilized in a
virtis lyophilizer and dissolved and dialyzed solution was
loaded to the ultrogel column and eluted with 0.02 M
citrate buffer pH 5.5. The flow rate of the column was
5ml/hour and 4ml; fractions were collected in each tube at
regular interval of time using the same eluting buffer.The
tubes were directly read at 280nm for protein and analysed
for IAA oxidase activity.
Tests for purity of the enzyme sample
The homogeneity of the purified IAA oxidase was
determined by poly acrylamide disc gel electrophoresis,
isoelectric focussing immunodiffusion and
immunoelectrophoresis.

Polyacrylamide gel electrophoresis
It was carried out according to the method of Davis
(1964). Acrylamide and Bisacrylamide solution 7.5ml,
3.8ml of separating or resolving gel buffer,water 15.3ml
,TEMED  20 l and ammonium per sulphate were taken.
The contents were mixed well and degassed using an
aspirator and poured in to clean perpex tubes and allowed
to polymerize. Usually 5-15 l of purified enzyme
samples (1mg/ml) dissolved in glycerol (1:0 v/v dilution)
in water was carefully layered on the gel surface along
with bromophenol blue as the tracking dye. The
electrophoresis was conducted at 4C. A starting current of
2mA per tube for 120 minutes was supplied across the
electrodes. After the electrophoretic run, the gels were
removed and stained for protein with the staining solution
for 1 hour. Detaining was carried out destaining solution
(10% v/v methanol and 7% V/V acetic acid in water) till
the band appeared distinct.
SDS Polyacrylamide gelelectrophoresis
SDS PAGE was carried out with SDS Tris glycine system
of Laemmli (1970). Enzyme protein (1mg/ml) dissolved in
1.25 M. Tris HCl buffer pH 6.8 containing 0.5 % each of
SDS and -mercaptoethanol was kept in a boiling water
bath for 3 minutes in a tightly stoppered tube. 5-15 l of
this sample was loaded on the gel and the electrophoresis
was conducted at a constant current of 4 mA per tube until
the tracking dye reached the bottom. The staining and
destaining were carried out.
Isoelectric focussing
Isoelectric focussing was carried out in a semi preparation
manner using the polyacrylamide gel rods (11 X 165 mm)
based on the method of Wrigley (1971) at 4C. The gel
was cast by mixing the following solutions. Acrylamide
30% W/V and 1% W/V N,N methylene bis acrylamide in
water 4.0 ml, Ampholine (pH 3.5-10.0) 0.4ml, Enzyme
protein 5mg, 1.0ml, water 9.6ml, Ammonium per sulphate
(1%W/V) 1.0ml./ The anode and cathode solutions were
0.2% W/V phosphoric acid and 0.4W/V ethanolamine
respectively. A constant power of 4 mv was applied for 2
hours using LKB model 2197 electro focusing power
supply unit. The gel rod was then removed from the water
jacked glass tube and the pH gradient generated during
electrofocussing was assessed using a surface pH
electrode.(LKB model 2117-111). The gels were then cut
into 5 mm slices and the slices were shaken mechanically
at 4C with 1ml of glass distilled water overnight. Each
fraction was measured for its pH and IAA activity
respectively.
Immunological studies
Antiserum of the purified enzyme was prepared according
to the method of Graber & Burtin, (1964). Adult white
Rabbits (about 3 kg body weight) were given a course of
six intra muscular injections each containing 3mg/ml
enzyme protein in isotonic phosphate buffer of pH 7.2
emulsified with an equal volume of Freund's complete
adjuvant at interval of 15 days. 25 days after the last
injection blood samples were removed by ear vein
puncture and allowed to clot for 1 hour. The antiserum
was collected by centrifugation and stored in the deep
freeze with a little methiolate.
Double Immunodiffusion technique
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To study the homogeneity of IAA double immuno
diffusion technique was carried out according to the
method of Ouchterlony (1973). The antigen was diluted in
the ratio of 1/2, 1/4,1/8,1/16 and 1/32 in PBS azide. 6l of
each of this diluted antigen was pipetted into peripheral
well and the antisera were taken in the central wall. The
slides were placed in a humid chamber and incubated for
48 hours at 4C. The immunoprecipitin lines were
examined in reflected light. The incubated slides were then
washed with PBS for 1 hour and then rinsed in double
distilled water; they were then stained in coomassie
brilliant blue R 250 staining solution for 30 minutes and
destained with destaining solution. After allowing the
slides to dry the immuno precipitin lines were
photographed.
Immunoelectrophoresis
Immuno electrophoresis was performed according to the
method of Graber and Burtin (1964). 3 l of antigen were
loaded in to the wells on either side of trough. The
electrophoresis was carried out at 6 V/cm. At the end of

the run the slides were taken out and agar plugs carefully
removed from the trough and rabbit antiserum was filled.
It was kept overnight at 4*c for incubation. The
immunoprecipitin arcs visible in reflected light were
stained with coomassie brilliant blue R 250 and destained.
UV absorption
To 2ml of distilled water in a cuvette 20 ml of purified
enzyme solution (1mg /ml) was added and the UV scan
was done recorded between 190nm-340nm in a shimadzu
spectrophotometer.

RESULTS
In ammonium sulphate precipitation of the culture filtrate

of Rays medium, maximum IAA oxidase activity was
recorded (Table 1) in 70% fraction which was further
subjected to ion exchange column. When 70% ammonium
sulphate fraction was eluted through CM Trisacryl column
IAA oxidase activity was observed from 40th fraction to
64th fraction with a maximum amount of protein peak
(Fig. 1).

TABLE-1: Ammonium sulphate precipitation of indoie acatic acid OXODASE (IAAO)
Sl.
NO

Percentage
(NH4)2SO4

Volume(ml) IAAO activity
Units/ml

Protein content
(

Spectific
activity

1 Culture filtrate 900 88.8 61.35 1.45
2 35% 150 26.0 19.00 1.36
3 70% 190 367.8 28.00 13.13
4 100% 130 12.0 18.50 0.65

TABLE-2: Purification of  Indole  Acetic  Acid  Oxidase
Steps Volume Total protein

(g)(A)
Total IAAO acitity
units (g)(A)

Specific
activity B/A

Purification
Fold

Yieid (%)

Culture filtrate
(Supernatany)

900 55220 79920 1.0 1.5 100.0

70% (NH4)2SO4
Precipitation

190 5328 69890 13.1 9.1 87.5

CM-Trisacryl
Column

140 890 59934 67.3 46.7 75.0

Ultrogel 95 380 46850 123.3 85.5 58.6

Figure 1: Elution profile of ultrogel column Figure 2: Elution profile of cm- trisacryl
chromatography of IAA oxidase column chromatography of IAA oxidase

When this fraction was subjected to Ultrogel column (Fig.
2) protein activity was observed from 30 th fraction to 60th
fraction but IAA oxidase activity in this fraction. But from
60th fraction to 92nd fraction IAA oxidase activity was the
purification steps of IAA oxidase are given in Table 2. At
each stage of purification, the enzyme solution was
analyzed for specific activity. It is evident from the Table-

2., that IAA oxidase was purified to 85.5 fold with the
yield of 58.6% Both Polyacrylamide gel electrophoresis
(Fig.3) and SDS polyacrylamide gel electrophoresis (Fig.
4) exibited single distinct band in coomassie blue staining
of the purified enzyme. Results of isoelectric focussing in
a semi preparative manner are shown in Fig.8&9. IAA
oxidase activity is seen in 22nd and 23rd fractions and its
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isoelectric pH is 5.0. The scanning of IAA oxidase for UV
absorption between 190 nm to 350 nm is shown in Fig.2. It
shows a single peak and the uv absorption is at 214.0 nm.
Identity between both proteins is antiserum of IAA raised

and pure enzyme IAAO was observed in Ouchterlony
immunodiffusion (Fig.5) and immunoelectrophoresis
(Fig.6).

Figure 3: polyacrylamide disc gel electrophoresis Figure 4: SDS- polyacrylamide gel electrophoresis
of IAA oxidase of IAA oxidase

Figure 5: Ouchterlony’s double diffusion Figure 6: Graber & Burtin immunoelectrophoresis
Patterns of purified IAA oxidase pattern of purified IAA oxidase

Figure 8: determination of isoelectric point Figure: 9 UV Absorption Spectrum of IAAO
of  IAAO of Alternaria Cepulae

DISCUSSION
From the experiments conducted IAAO activity is
maximum after the severity of the leafblight disease. The
fact that micro organism produce IAA oxidase in infected
plants by parasites is to influence the auxin concentration
(Sequeira and Kelman,1962, Sequeira and Mineo,1962
and Mahadevan,1984.) From the results presented it is
understood that IAAO activity was started only after the
20th day after inoculation. When the hyperauxiny is
developed in the infection site,the need for IAAO to
maintain the auxin concentration become necessary.
Before the blight infection IAA was not present at the
infection site,But when the disease  become severe the
translocation of IAA which stimulates the parasite to
escape from the situation of hyperauxiny (Sequeria
1964,Mahadevan,1984.) Hence the production of IAAO

from 16th day onwards is to degrade IAA concentration in
the blight area.
IAA oxidase from tobacco roots was highly purified by
Sequeria and Mineo,1966. However the crude enzyme
IAAO was subjected sequentially to four different steps of
treatment is to get purified enzyme with maximum yield
and specific activity. When ammonium sulphate fraction
was subjected to CM-Trisacryl column and eluted with
0.1m NaCl, the specific activity was found to increase
upto 67.3 units with 75% yield. Fractionation of this
product when applied to ultrogel column the specific
activity increased up to 123.3 units with 58.6% yield. By
this method an higher yield was obtained besides using
SE-sephadex column (Sequria and Mineo,1966), Sephadex
G 100 column (Meudt,1972),CM Sephadex column (
Miyata,1981).
Presence of multiple forms of the enzyme was not
observed during the purification. The purified enzyme
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migrated as a single band in ploy acrylamide gel
electrophoresis and SDS-PAGE. Iso electric focussing
showed a single peak at iso electric pH5.0. The immuno
diffusion shows that not more than one antigen is present
in this system, the partial identity indicates that some
differences may be there in the tri dimensional structure of
two proteins. The immunopreciptin arcs observed in the
Immuoelectrophoresis, antigen and antibody interaction
occurred showing the homogeneity of the enzyme.

ACKNOWLEDGEMENTS
The author B.A is thankful to UGC for financial
assistance,  Dr. S. C. Dhar, Dr. S. Chandrasekar of CLRI
for laboratory facilities and critical discussion.

REFERENCES
Annadurai, B., Palani. B., Mahalingam, S., and
Singaravelu. G.  1998.  Effect of aflatoxin on  RBC, WBC
and hemoglobin of Rattus rattus narvegicus, Biojournal,
10,165 – 172.

Annadurai, B., Prabhakaran. V., Md., Faruk, S and
Arulkumaran. P.  1998.  Production of amylase in
Aspergillus oryzae, Biojournal, 10, 179-185.

Annadurai, B., Mahalingam, S., Palani, B., and
Singaravelu, G., 1999.  Production of aflatoxin in
contaminated stored grains, J. Ecotoxicol, Environ, Monit.
9 (1), 13-17.

Annadurai, B., B, Karunanidhi, P and Mahalingam, S.,
1999.  Effect of sugars on amylase activity of Aspergillus
oryzae, J. Ecotoxicol. Environ. Monit. 9 (3), 209-212.

Annadurai, B., Karunanidhi, P and Mahalingam, S., 1999.
Pectic enzymes of Alternaria cepulae in leafblight disease
of onion J. Ecobiol, 11 (4), 299-305.

Annadurai, B., and Motlag, .D. B, 1996.  Extracellular
enzymes of Alternaria cepulae in leafblight disease of
onion, Biojournal, 8, 105-109.

Annadurai, B., Gopinath, D., and Palani, R., 1998.  Studies
on the role of the cell wall degrading enzymes in leafblight
disease of onion (Allium cepa Linn.) caused by Alternaria
cepulae, Biojournal, 10, 173-178.

Annadurai, B., Arul Kumaran,P, Kalpana A, Abdul
Subhan,K 1999,Microbiological analysis of Vellore
drinking water supply, Bio Journal, Vol. 11, No. 1 &
2,167 - 172.

Annadurai, B., and Motlag, D.B., 1999.  Growth of
Alternaria cepulae in leafblight disease in Onion, Bio
journal,Vol 11,No 1 & 2, 161 - 165.

Annadurai, B., and Motlag, D.B., 2000. Effect of various
carbon sources on production of endopolygalacturonase of
Alternria cepulae. Journal of Ecotoxicology &
Environmental monitoring, Vol 10 (1), 37 - 41.

Annadurai, B., and Motlag, D.B., 1999.  Effect of
Phytohormones in normal and infected onion leaves by

Alternaria cepulae.  BioJournal, Vol.11, No. 1 &2,155 -
160.

Annadurai B 1989.  Studies on endopoly galacturonase in
leafblight disease of onion (Allium cepa Linn)caused by
Alternaria cepulae (Ponnappa)and its interaction with
phytohormones., Ph.D thesis, University of Madras.

Boerner,H., and M.R.Ajang,1974; Demonstration of
Indole acetic acid oxidase inhibitors in Plasmodiophora
brassicae infected roots of rape Pflanzenkr. pflanzen
schultz 81,212-217.

Davis,B.J., 1964. Disc Electrophoresis II method and
Application to human serum proteins. Ann.Ny.Acad.Sci.
121, 404 - 427.

Fric,F., 1975: Activity of peroxidase and IAA oxidase in
the tissues of mildew infected barley (Erysiphe graminis f.
sp. hordei marchel) Phytopath.Z., 80, 67 - 75 .

Graber, P and P. Burtin, 1964: Immunoelectrophoretic
analysis,Elsevier, Amsterdam, p 337.

Imbert,M.P., and L.A.Wilson,1972: IAA oxidase
preparations from sweet potato roots. Phytochemistry, 11,
29 - 36.

Krupasagar, V.and L. Sequeria, 1969: Auxin destruction
by Merasmus pernicious. Am.J. of Bot, 56, 390 - 397.

Kumar,J., S.P.S.Beniwal and S.Ram 1980: Depletion of
auxins in mango sedlings affected with bunchy top stage
of mango malformations.Ind. J. Exptl Biol., 18, 286 - 288.

Laemmli,U.K., 1970: Cleavage of structural proteins
during the assembly of lthe head of Bacteriophage T4,
Nature, 227, 680 - 685.

Lowry,O.H., N.J. Rosebrough, A.L.O.Farr and R.J.
Randall 1951: Protein measurement with folin phenol
reagent, J. Biol.Chem. 193, 265 -275.

Mahadevan,A.,1984: Growth regulator, Microorganisms
and diseased plants. Oxford and IBH Publlishing Co, New
Delhi, pp 157 - 168.

Matta,A., and Gentile.,1968: The relation between
polyphenol oxidase activity and ability to produce Indole
acetic acid in Fusarium infected Tomato Plants.Neth.J Pl.
74, 47 - 51.

Meudt,W.J. 1972: Plant Gwoth substances Ed DJ. Cars.
110-116, Berlin, Heidelberg, Newyork, Springer, p 837.

Miyata,S., Y. Suzuki, S. Kamisaka and Y. Masuda, 1981:
Indole - 3 acetaldehyde oxidase of pea seedlings, Physiol.
Plant, 51, 402 -406.

Ouchterlony, O., and L.A. Nilson,1973: Immunodiffusion
and Immunoelectrophoresis in D W weir (Ed) Handbook
of experimental Immunology, 2nd ed, Blackwell, oxford
and Edinburg (1973) chapter 19,pp 39.



Purification of Indole acetic acid oxidase produced by Alternaria cepulae

17

Pegg,G.F and I. W. Selman, 1959: An analysis of thye
growth response of young tomato plants to infection by
Verticillium albo atrum II. The production of growth
substances. Ann. Appl.Biol. 47, 222 - 231.

Pilet,P.E, 1953: Etude phyysiologique du parasisme
delouromyces pisi(pers) de by sur Euphorbia cyparissias
L. Experientia ,9, 300 - 308.

Pilet,P.E.,1957:Active anti auxines oxydasique del
Uromymyces pisi ( pers) de Euphorbia cyparissias L.
infected by Uromyces pisi(pers) phytopath. 40, 75 - 90.

Ray,P.M., 1956: The destruction of Indole acetic acid
II,Spectrophotometric study of the enzymatic
reaction.Arch.Bioochem.Biophys. 64, 193 -216.

Reuveni,R., and J.R.Ferrira,1985: The relationship
bewteen peroxidase activity and the resestrance of
Tomatoes (Lycopersicum esculentum) to Verticillium
dahliae,.Phytopathol Z. 112, 193 - 197.

Sequeria, L and T.A.Steeves, 1954: Auxin inactivation and
its relation to leaf drop caused by the fungus Omphalia
flavida. Pl.Physiol, 29, 11 - 16.

Sequeria, L and A. Kelman, 1962:  The accumulation of
growth substances imn plants infected by Pseudomonas
solanacearum. Phytopathology, 52, 43 9 - 448.

Sequeira, L., 1964: Inhibition of Indole acetic acid oxidase
in Tobacco plants infected by Pseudomonas
solanacearum. Phytopathology, 54, 1078 - 1083.

Sequeria,L., and L.Mineo, 1966: Partial purification and
Kinetics of Indole acetic acid oxidase from tobacco roots.
Plant Physiol 41,1200 - 1208.

Sequira, and Kelman, A,1969: Synthesis of scopoletin in
tobacco plants infected by Pseudomonas solanacearum
Phytopahology, 59, 473 - 478.

Shaw,M., and A.F.Hawkins, 1958: The physiology of Host
parasite relations V. A preliminary examination of thge
level of free endogenous Indole acetic acid in rusted and
mildew cereal leaves and their ability to decarboxylate
exogenously supplied radioactive Indole acetic acid.
Can.J. Botany, 36, 1 - 16.

Srivastava, B I S and Shaw, M, 1962: The physiology of
host parasite relations X The metabolism of Indole acetic
acid 14 by wheat and oat coleoptile sections, Un infected
and rusted wheat leaves and uredospores of wheat stem
rust. Can. J. Bot, 40 ,511 - 521.

Tayal, M.S., S.M. Sharma, and M.L. Agarwal, 1981:
Studies on the polyphenols, proteins Cholorophylls, IAA
oxidase and amylase of normal and false smut infected
leaves of Phoneix sylvestris.Ind. Phytopathol. 34, 337-
339.

Tayal, M.S., S.Kumar, A.K.Goel and
D.K.Maheswari,1981: Role of IAA,IAA - oxidase, o -
dihyroxy phenols, phenol oxidase and peroxidase in stem
gall disease of Coriandrum sativum L. Curr. Sci, 50, 785 -
786.

Wrigley, C.N. 1971.: Gel Electrofocussing. in methods in
Enzymology (Jacoby W.B.Ed., 22, 559 - 564. Academic
press.


