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Abstract: The present work was carried out to study the biochemical changes by the inoculation of arbuscular
mycorrhizal fungi on two varieties DS 1 and TSES 1 of Sesamum indicum L., compared to the uninoculated
arbuscular vesicular mycorrhizal fungi. In DS 1 and TSES 1 variety there was an increased flavonoid, phenol
and protein content in the inoculated Glomus fasciculatum, whereas in non inoculated control it was
comparatively less. The peroxidase and cellulase activity were increased in inoculated with Glomus
fasciculatum compared to the non-inoculated control. Flavonoid compounds induce in defense  response
which increases cell wall deposition and lignin production, the accumulation of specific phenolic compounds
capable of stimulating hyphal growth, appressorial formation and penetration of vesicular arbuscular
mycorrhizal fungi. The activity of peroxidase in arbuscular mycorrhiza has been mapped because this enzyme
functions as a barrier to fungi invasion of plant tissues, as a characteristic marker of stress situations. Cellulase
activity helps in cell wall hydrolyzing enzymes may be involved in the establishment of an intracellular
symbiosis between fungus and plant roots requires penetration of the host cell by fungus. Cell wall hydrolyzing
enzymes may be involved in this process. The production of proteins which are probably related with aspects
of recognition between the symbionts.
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INTRODUCTION also colonization increases the antioxidant activity in

The most widespread and certainly significant consequence of defense mechanisms that are initiated
mutualism between plants and fungi is the root symbiosis, after the contact between roots and mycorrhizal
termed arbuscular mycorrhiza (AM). These fungal propagules [7]. Several plant genes associated with plant
endosymbionts, having nearly universal in their defense are expressed as a result of AM symbiosis in the
association  with  the  flowering  plants,  including plant roots. The role of flavonoids as regulatory signals
agriculturally important crop species [1].There is for the susceptibility of roots to AMF at the beginning of
increasing evidence that colonization of plant roots by the formation of the symbiosis [8, 9]. A modulation of the
AM fungi induces quantitative and qualitative changes of accumulation of certain flavonoids in mycorrhizal plants
secondary metabolites in the plants. These compounds depending not only on the developmental stage of the
inside the roots are released by the roots and are symbiosis but also on the root-colonizing AMF. This
hypothesized to play an important role in the regulation of strongly indicates not only the time-specificity of the
AM symbiosis [2]. The symbiosis is characterized by flavonoid accumulation, but also an AMF-specificity [10].
reciprocal exchange of nutrients between symbionts in Arbuscular mycorrhizas are known to modify both
which the fungus receives carbon from the plant and the extra cellular and root enzymes (activity, isoforms, etc,),
plant receives inorganic nutrients via the fungus from the including peroxidase activity [11]. VAM fungi penetrate
soil [3]. It is well known that AM fungi increases plant the plant cell wall at the site of contact [12] and the fact
tolerance to abiotic [4] and biotic stresses [5]. AM that spore extracts of Glomus mosseae contain cellulolytic
symbiosis increases plant tolerance to diseases [6] and enzymes [13] indicates that cellulases may be involved in

onions, by increasing phenolic compounds as a
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the colonization process. The low production of plant cell apparatus using methanol for 6 hours. The resulting
wall degrading enzymes by AMF [14] and the activation
by the plant of mycorrhiza-specific genes of plant cell wall
degrading enzymes [15].Thus in the present study the
influence of Glomus fasciculatum and Acaulospora laevis
on flavonoid, phenols production and study of the
peroxidase and cellulase activity on DS 1 and TSES1
varieties, respectively of Sesamum indicum L.

MATERIALS AND METHODS

Soil, Plant Material and Am Fungal Inoculum
Production: The physical and chemical characteristics of
the soil used for pot experiment is shown in Table 1. The
AM fungal spore Glomus fasciculatum (Thaxter)
Gerdemann and Trappe emend. Walker & Koske was
collected from Microbiology Laboratory, University of
Agricultural Sciences, Dharwad, India were maintained in
a poly house using Jowar (Sorghum vulgare L.) as host
for mass multiplication in 35 cm diameter containing
sterilized sand: soil (1:1 v/v) and was used as inoculum.
The seeds of Sesamum indicum L., var. DS 1, TSES 1 were
collected from Seed production unit, UAS, Dharwad,
India. Seeds were surface sterilized by treating with 1 %
Sodium hypochlorite for 2-3 min before sowing. 

Pot Experimental Set Up: Only two treatments were set as
inoculated (Glomus fasciculatum to DS 1 and TSES 1) and
noninoculated control pots. Pots filled with 3 kg of air-
dried sterilized soil–sand (3: 1 v/v) mixture in a complete
randomized design with 3 replicates for each treatment
and noninoculated control of each variety. Before sowing
seeds of DS 1 and TSES 1, varieties of Sesamum indicum
L., a thin layer of inoculum Glomus fasciculatum was
placed 2 cm below the soil surface except in non-
inoculated control pots. After a week, the germinated
seedlings were made one plant per pot. The pots were
exposed to sunlight and received 10 ml of Hoagland
nutrient solution minus phosphate, once in 15 days. To
maintain moisture pots were watered every alternate day.
The plants were uprooted after 45 days for the estimation
of phenols, peroxidase, cellulase and proteins in the roots
of all the four varieties of Sesamum indicum L. The roots
were washed to remove the soil particles, cleaned roots
were used for the assay. The oven dried roots were taken
for the flavonoid estimation.

Estimation of Flavonoid: The flavonoid estimation was
followed by the method of Helmja et al. [16]. A known
amount of the dried root samples were refluxed  in  Soxhlet

extract was evaporated to dryness and then used for
flavonoid estimation. A known volume of samples was
pipetted out in series of test tubes and volume was made
up to 0.5 ml with distilled water. Sodium nitrite (5%;
0.03ml) was added to each tube and incubated for 5 min.
at room temperature. Aluminium chloride solution (10%;
0.06 ml) solution was added and incubated for 5 min. at
room temperature. Sodium Hydroxide solution (1 M; 0.2
ml) solution was added and total volume was made up to
1 ml with distilled water. Absorbance was measured using
UV-VIS Spectrophotometer (Hitachi- Japan (U- 3310)
model) at 510 nm against a reagent blank. Standard curve
using different concentrations of rutin was prepared. From
the standard curve, concentration of flavonoids in the test
samples was determined and expressed as mg of rutin
equivalent

Estimation of Cellulase: The roots of the plant were
washed cleanly with distilled water and homogenized in
pre-cooled pestle and mortar with minimum volume of
citrate-phosphate buffer (50 mM, pH 5.0). The extract was
centrifuged at 10,000 rpm for 10 min at 4°C and
supernatant was used for the analysis. The crude extracts
were assayed for the presence of cellulase according to
modified method of Sadasivam and Manickam [17]. The
2ml reaction mixture of the enzyme contained 1 ml of 1%
CM cellulose, 0.5 ml of citrate-phosphate buffer (50 mM,
pH 5.0) and 0.5 ml of enzyme extract. The tubes were
incubated at 37°C for 10 min and added with 1 ml of DNS.
The  tubes  were  further  boiled  for  10  min,  cooled  and
the absorbance was measured using UV-VIS
Spectrophotometer  (Hitachi-  Japan  (U- 3310) model) at
540 nm against the blank, added with DNS before the
addition of enzyme. The concentration of glucose
released was estimated by standard glucose curve. The
activity was calculated according to the following formula:

Enzyme activity was defined as µmoles of glucose
produced per ml of enzyme per min.

Cellulase  activity  was  followed   by   the  methods
of Laemmli [18] and Bradford [19]. Cleaned and dried
grease free PAGE glass plates were assembled using
spacer and clips. The bottom of the assembly was sealed
using agar. Prepared the separating and stalking gel as
following:
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Volume Separating Gel Volume Stalking Gel
Contents (5%, 10 ml)  (4%,5 ml)

Distilled water 4.83 3.31
30% Acrylamide 1.33 1.0
1.5 M Tris-HCl Buffer 3.73 (pH 8.8) 0.630 (pH 6.8)
APS 0.100 0.05
TEMED 0.010 0.005

The stalking gel was casted on separating gel and
immediately inserted comb. The gel was left for few min to
polymerize and later removed the comb carefully.
Assembled the gel into the PAGE unit and added
electrophoresis buffer (Tris-3.g, Glycine 14.3 g, 0.1%
carboxymethyl cellulose for 1 liter) into upper and lower
tank. The gels were pre run with buffer for 1 h at 4°C.
Mixed the protein sample with sample buffer (1:1) (1.5 M
Tris-HCl (pH 6.8) 0.625 ml, glycerol 1.0 ml, 0.2%
bromophenol blue). The sample was loaded into the gel
and  the  gel was run at constant current  of  50-150  V  for
3-4 h at 4°C. The gel was removed carefully and stained it
for cellulase (Garcia-Garrido et al. 1992). The gel was
incubated in citrate phosphate buffer  (50  mM,  pH  5.0)
for 13 h followed by incubation in 0.1% congo red for 1 h.
The gel was destined with 1M NaCl.

Estimation of Proteins: Protein estimation was carried out
by Bradford (1976) method. 0.1 ml of sample solution was
taken and made the volume to 1 ml with 0.1 M phosphate
buffer (pH 7.5). 0, 0.1, 0.2, 0.3, 0.5, 0.6, 0.7, 0.8, 0.9 1.0 ml of
bovine serum albumin was pipetted and made the volume
to 1 ml with 0.1 M Phosphate buffer (pH 7.5) in all the
tubes. 5 ml of Bradford reagent was added to all the tubes
and  mixed  thoroughly.  Absorbance  was  recorded in
UV-VIS Spectrophotometer (Hitachi- Japan (U- 3310)
model) at 595 nm against the reagent blank. A standard
curve of A  versus µg of proteins in the standards. The595

protein content in the sample extract from the standard
curve was determined. The amount of protein per ml of the
sample preparation was calculated.

Peroxidase Assay: Peroxidase activity was assayed
according Siegel et al. [20]. The root tissues were
homogenized  by  grinding  them  in  a  mortar for 2 min in
2 ml potassium phosphate buffer (pH 6.3) and the
homogenates were filtered and diluted with H 0 to a total2

volume  of 3 ml. 3 ml H 0, 1 ml potassium phosphate buffer2

(pH 6.3), 0.5 mL H O (2 M) and 0.25 ml substrate. 10 mM2 2

3,3'-dimethoxybenzidine  (as  its  dihydrochloride  salt)
was used as substrate. All the reagents were kept at room
temperature during the analysis. The peroxidase reaction

was started by adding 0.25 ml of filtrate and the
absorbance (470 nm) measured at 15 s intervals for 5 min
using  a  UV-VIS  Spectrophotometer   (Hitachi-   Japan
(U- 3310) model). Results were calculated as A min  g1 1

fresh weight during the first minute of the reaction.

Estimation of Phenols: One gram of the root sample was
weighed and grinded with pestle and mortar in 10 time
volume of 80 % ethanol. Centrifuged the homogenate at
10,000 rpm for 20 min. Supernatant was saved and re-
extracted the residue with five times the volume of 80 %
ethanol, centrifuged and pooled the supernatants. The
supernatant was evaporated to dryness. The residue was
dissolved in  5  ml  of  distilled water. Different aliquots
(0.2 to 2 ml) were pipetted out into test tubes and each
tube was made to 3 ml with water. 0.5 ml of Folin-
Ciocalteau reagent was added. After 3 min, 2 ml of 20 %
Na CO  solution was added to each tube and mixed2 3

thoroughly. The tubes were placed in boiling water for
exactly one min, cooled and measured the absorbance
using   UV-VIS     Spectrophotometer    (Hitachi-  Japan
(U- 3310) model) at 650 nm against a reagent blank.
Standard curve was plotted  using  different
concentrations of catechol and from the standard curve
the concentration of phenols in the test sample was
calculated and expressed as mg phenols/ 100g sample.

RESULTS

The flavonoid,  phenols,  peroxidase  and  cellulase
of Sesamum indicum L. varieties DS 1 and, TSES 1
inoculated with arbuscular mycorrhizal fungi and in the
noninoculated roots are shown in Table 1. The peroxidase
activity is shown in Fig.1

In DS 1 variety there was an increased flavonoid,
phenol contents in the inoculated Glomus fasciculatum
(93.66 mg/g), (93.66 mg/100g tissue), whereas in non
inoculated control (64.00 mg/g), (37.03 mg/100g tissue),
respectively. The peroxidase and cellulase activity were
increased in inoculated with Glomus  fasciculatum  of
(1.31 A min  g ) and (0.11µmoles/ml/min), respectively.1 1

In  the   non   inoculated   control  peroxidase  and
cellulase  activity  were  deceased  (0.57  A  min   g ),1 1

(0.07 µmoles/ml/min). The protein concentration
inoculated with (60.66 µg/ml of extract) Glomus
fasciculatum and in noninoculated (41.00 µg/ml of extract)
control roots it was lower.

In  TSES   1   variety   there   was   an  increased
(173.66 mg/g) flavonoid, (111.33 mg/100g tissue) phenol
content  in  the  inoculated  Glomus  fasciculatum  and  in
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Table 1: Showing flavonoid, phenol concentrations and peroxidase, cellulase activities of Sesamum indicum L., varieties DS 1, TSES 1.

Flavonoid Phenols Peroxidase Cellulase Activity Proteins

(mg/g) (mg/100g tissue) (A min  g ) (µmoles/ml/min) (µg/ml of extract)1 1

DS 1 

Noninoculated control 64.00± 2.30 37.03± 2.50 0.57± 0.07 0.07± 0.05 41.00± 0.57

Glomus fasciculatum 93.66± 1.20 93.66± 1.20 1.31± 0.37 0.11± 0.09 60.66± 0.88

TSES 1 

Noninoculated control 96.33± 1.45 60.00± 4.35 0.91± 0.07 0.08± 0.00 40.40± 0.83

Glomus fasciculatum 173.66± 1.85 111.33± 6.88 1.17± 0.09 0.23± 0.18 63.33± 0.88

The values are mean ± standard error.

Fig. 1: Showing typical curves for peroxidase reaction in noninoculated control and AMF inoculated roots of Sesamum
indicum L., varieties DS 1,TSES 1.

the noninoculated control (96.33 mg/g) flavonoid and flavonoids has been shown to be even more pronounced
(60.00 mg/100g tissue) phenol contents. Increased in the in presence of CO  at concentrations similar to those
(1.71 A min  g ) peroxidase and (0.23 µmoles/ml/min) in found in the rhizosphere [22]. In most recent studies it has1 1

the Glomus fasciculatum inoculated roots, whereas in non been reported that during pre-symbiotic growth and when
inoculated control (0.91 A min   g )  peroxidase  and applied to plants inoculated with AMF, flavonoids exhibit1 1

(0.08 µmoles/ml/min) cellulase activity were  decreased. an AMF fungal genus- and species specific effect [23].
The protein concentration inoculated with  (63.33  µg/ml Increased accumulation of phenols in roots caused
of extract) Glomus fasciculatum was high compared to resistance to pathogen in AM fungi inoculated plants. In
noninoculated (40.40 µg/ml of extract) control roots. DS 1, TSES 1varieties inoculated with arbuscular

DISCUSSION compared to noninoculated controls plant roots. It was

The flavonoid content in DS 1, TSES 1 varieties hypogea colonized by Glomus fasciculatum. There is an
increased in the inoculated arbuscular mycorrhizal fungi increased activity of peroxidase in all the four varieties
than noninoculated control roots. These results are in inoculated with arbuscular mycorrhiza. Increased
agreement with those obtained by Ponce et al. [21] found peroxidase is one of the most widespread biochemical
that the composition of flavonoids in white clover roots activities in diseased and injured plant tissues.
differed between plants grown with or without Glomus Peroxidases have an important function in secondary cell
intraradices inoculation. Some flavonoids and phenolic wall biosynthesis by polymerizing hydroxy and methoxy
compounds have been shown to stimulate the spore cinnamic alcohols into lignin [24]. In a study peroxidase
germination and hyphal growth of  AM  fungi  [22]. In activity in Phaseolus vulgaris infected by Glomus
mycorrhizas sometimes   an   increased    biosynthesis   of etunicatum  and  found that peroxidase activity increased
flavonoids was found [21]. The stimulatory effect of the in  the  mycorrhizal  plants [25]. Cellulase activity in DS 1,

2

mycorrhizal fungi there was an increase in phenols

reported that an increase in phenols of roots of Arachis
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TSES 1varieties were higher compared to the 5. Linderman, R.G., 2000. Effects of Mycorrhizas on
noninoculated control plant roots. Our results are in
accordance with the reports of [26] stating the possibility
of increase in cellulase activity in the mycorrhizal roots
could be due to fungal partner, which may secrete
extracellular cellulase to penetrate the host cell wall. The
bands in root extract differed very slightly between
inoculated and noninoculated control plants thus
showing electrophoretic mobility. Thus suggesting that
fungal cellulase may be implicated in the mycorrhizal
colonization of roots associated with fungal spread within
the cortex and arbuscule formation and the role of fungal
enzymes is only selective and specifically to break plant
cell wall components for fungal penetration [27]. The
protein concentration was higher in the inoculated
arbuscular mycorrhizal fungi than noninoculated control
roots. These results are in accordance with Gianinazi-
Pearson and Gianinazzi [28] resulting increase in protein
concentration in root extracts of mycorrhizal plants is
more frequently found.

The present study suggested that flavonoids have a
stimulatory effect on Glomus fasciculatum and
Acaulospora laevis spore germination, hyphal growth
and colonization and higher phenols in the mycorrhiza
inoculated results resistance to pathogen. The cellulase
activity suggests in breaking the plant cell wall
components while peroxidase is involved in defense
reactions against plant pathogens.
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