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ABSTRACT

Nitric oxide (NO) is an important molecule in animal and plant system which is produced from L-arginine catalyzed by the enzyme nitric
oxide synthase (NOS). NO in plants has been implicated to perform a significant role in several biological systems including defense. The
earliest event in the pathogenic recognition is rapid accumulation of reactive oxygen species (ROS) and NO in animals. Likewise,
resistant plant pathogen interaction is followed by induction of ROS and reactive nitrogen species like NO. NO has been shown to induce
programmed cell death (PCD), although the versatility of NO action in plants is still to be well defined. In the present study we selected a
resistant and susceptible variety of Sesamum indicum, Rama and Tilittoma, respectively that were challenged with Macrophomina
phaseolina (Tassi) Goid. NOS activity of the treated and healthy plants was estimated at every 3 days interval. In the susceptible treated
plants a positive correlation was observed between symptom severity and decreased NOS activity whereas a reverse relation was shown
by the resistant plants. In the susceptible plants NOS activity decreased up to 55% whereas in resistant plants it was increased up to 11%
over the control. In our earlier study it was found that in different compatible host pathogen combination of fungal bacterial and viral
component, pathogenesis-related NOS activity was cytosolic and according to kinetics the NOS activity was blocked competitively during
diseased condition. We conclude that NOS activity is an important component of resistance or susceptibility of a plant against a pathogen,

using sesame as a new model plant.
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INTRODUCTION

The past few years have seen a dramatic change in our
understanding of molecular principles of disease resistance
(Zeidler et al. 2004). Principles of plant defense mechanism
like hypersensitive reaction (Delledonne et al. 1998), prog-
rammed cell death (Greenberg 1996), production of differ-
ent signal molecules like salicylate, jasmonate, ethylene
(Klessig et al. 2000; Marcos ef al. 2003) and establishment
of systemic acquired resistance (Durrant and Dong 2004)
have been followed by a new group of researchers to ex-
plain these phenomena in the light of nitric oxide synthase
(NOS) activity. Nitric oxide (NO), catalyzed by NOS from
L-arginine is well studied in animal systems as a key mole-
cule in various physiologic and pathologic conditions (Sa-
lerno 1996). Some basic analogies at the molecular level
regarding signal transduction of NO in animal to that of
plants are being unveiling gradually (Durner et al. 1998; ).
The involvement of NOS in plant systems is a recent field
of work (Ninnemann and Maier 1996) and is expanding
rapidly. The importance of this molecule has been found to
be pertinent in regulation of growth and hormonal signaling
(Leshem 1996), root growth (Gouvea et al. 1997), phytoale-
xin accumulation (Noritake 1996), stimulation of seed ger-
mination, de-etiolation and inhibition of hypocotyl elonga-
tion (Beligni and Lamattina 2000). NO has now been
shown to mediate defense responses of plants against patho-
gens (Delledonne ef al. 1998; Zeidler et al. 2004; Teixeira
da Silva 2006).

We have already shown that cytosolic NOS activity of
the host was inhibited during diseased condition in sus-
ceptible host-pathogen (fungal/bacterial/viral) combinations
(Acharya and Acharya 2002a, 2002b; Acharya et al. 2005).

In this study, the nature of NOS activity has been investi-
gated during disease progression in the resistant variety (var.
Rama) and susceptible variety (var. Tilottoma) of Sesamum
indicum L. when challenged with stem rot-causing patho-
gen Macrophpmina phaseolina (Tassi.) Goid.

MATERIALS AND METHODS
Plant material

Seeds of resistant and susceptible varieties of sesame plants were
collected from Pulses and Oil Seeds Research Station, Baharampur,
West Bengal, India and planted in our laboratory garden. After 2
weeks, the emerged seedlings were transferred to plastic pots con-
taining 3 kg of silt loam soil and were grown at a temperature of
30+ 2°C for further experiments.

Fungal material

The fungal pathogen (Macrophpmina phaseolina (Tassi.) Goid.)
was obtained from the culture collection of Molecular and Applied
Mycology and Plant Pathology Laboratory, Department of Botany,
University of Calcutta.

Chemicals

Chemicals were of analytical grade and purchased from Merck,
Mumbai, India.

Inoculation

One-month-old plants of resistant and susceptible varieties were
soil inoculated with pathogen using a talc-based formulation. Inoc-

Received: 17 July, 2007. Accepted: 2 September, 2007.




The Asian and Australasian Journal of Plant Science and Biotechnology 1(2), 61-63 ©2007 Global Science Books

ulum was grown in potato dextrose broth at 30+ 2°C for 9 days.
The mycelial mat was harvested, blended in a coffee blender at a
low speed for 20 sec and mixed with 50 ml of sterile distilled
water and filtered through cheese cloth. 50 ml of this suspension
was mixed with 100 g of sterile magnesium trisilicate (Mg,Si;05)
and 1 g of carboxymethyl cellulose. 5 g of this talc based formula-
tion was mixed with 3 kg of soil. Inoculum density was deter-
mined by serial dilution technique (Russin et al. 1995) and was
found to be 10 CFU/g of soil.

Determination of NO formation

Activity of NOS was detected by measuring the amount of nitric
oxide produced by this enzyme based on the method described by
Jia et al. (1996) by using scanning Hitachi 330 spectrophotometer.
Here, NO was quantified spectrophotometrically based on the
principle of conversion of oxyhemoglobin to methemoglobin
which shows a change in absorbance at 575 nm. 60 £ 5 mg of
intact leaf tissue was incubated in a reaction mixture containing L-
arginine (10 uM), hemoglobin (30 uM) in a total volume of 2 ml
of 10 mM phosphate buffer (pH 7.4) at 37°C. After incubation NO
content in the reaction mixture was assayed. Tissues taken from
the non-treated plants served as the control set. Results obtained
from the treated plants were compared with their respective con-
trol sets.

Statistical analyses

Results are presented as the mean + SD (Standard deviation) of at
least 5 experiments each with 3 replicates. Data were analyzed by
the Student’s #-test following one-way ANOVA and P<0.01 was
considered significant.

RESULTS AND DISCUSSION

The NOS activity which was estimated by quantification of
NO produced by this enzyme was performed at a regular
interval of 3 days throughout the experimental period. Re-
sistant and susceptible plants were grouped into treated and
control sets. Intact tissues from all the sets were used as the
source of NOS enzyme. Activity of this enzyme was mea-
sured as described in the materials and methods section and
compared with control set (Fig. 1).

It is clear from Fig. 1 that there was no significant dif-
ference between the basal NOS activity of resistant and sus-
ceptible varieties of S. indicum during their healthy condi-
tion. NOS activity remained within the range of 8-9 pmol/g
tissue/h and maintained a relatively steady state throughout
the experimental period. But when they were challenged
with pathogen, NOS activity increased in resistant plants
and decreased in susceptible plants in relation to basal
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levels (Fig. 1). NOS activity increased up to 11% more than
the control in treated resistant plants and decreased up to
55% less than the control in treated susceptible plants.

It is well established that the recognition of a pathogen
by the host is followed by production of reactive oxygen
species (ROS). But severe oxidative stress provokes da-
mage to almost every cellular component causing unprog-
rammed cell death (Heath 1987). On the other hand, resis-
tant plant-pathogen combination very often leads to the in-
duction of hypersensitive reaction (HR). There are eviden-
ces that NO plays a key role during HR (Daledonne et al.
1998; Durner et al. 1998). HR via NO is a typical example
of programmed cell death (PCD) (Arsimowicz and Florys-
zak-Wieczorek 2007). Our result correlates these facts as it
has been found that challenge of pathogen in the resistant
plant aggravated NOS activity and thus increased produc-
tion of NO up to a certain limit. This might be leading to
PCD and thus provide resistance. The reverse happens in
the case of susceptible plants where NOS activity is signifi-
cantly blocked and the host might select unprogrammed cell
death. This result finds hypothetical similarities with other
studies regarding NO’s function in biotic stress. Reports re-
veal that in Arabidopsis suspension cells, exogenous NO-
induced cell death occur at concentrations similar to those
generated by cells challenged by avirulent bacteria (Clarke
et al. 2000). NO protects potato (Solanum tuberosum) plants
against the noxious effect of pathogen (Phytophthora infes-
tans) infection (Laxalt ef al. 1997) and has been designated
as an antioxidant molecule which could protect plants
against several biotic and abiotic stresses (Beligni and La-
matina 2002). Earlier, we reported that in a different host-
pathogen combination of Brassica campestris L. var. Sarson
Prain, Citrus aurantifolia Swingle and Ammomum subula-
tum Roxburg vs. Alternaria brassicae (Bark.) Sacc., Xan-
thomonas citri Hasse. and chirke (mosaic streak) virus res-
pectively showed similar kind of NOS kinetics having a
competitive nature of inhibition (Acharya et al. 2005). In
these cases, insufficient production of this antipathogenic
molecule, i.e. NO, made the plants vulnerable to suscepti-
bility. Another study strengthened this work where a symp-
tomological field experiment of different common culti-
vated crop plants like Lagenaria siceraria (Molina) Standl.,
Carica papaya L., Solanum melongena L., Trichosanthes
angulina L., Abelmoschus esculentus Moen., Luffa acutan-
gula (L.) Roxb., Piper betle L., Oryza sativa var. patnai or
masuri, Colocasia esculenta (L.) Schott. and Raphanus
sativus L. showed a correlation between NOS activity and
disease severity (Acharya 2007). In addition, we found that
administration of sodium nitroprusside (SNP) by foliar
spray 20 hrs before pathogen inoculation protected Brassica
campestris and Citrus aurantifolia against fungal and bacte-

Fig. 1 Comparative production of NO in
susceptible and resistant sesame plant
treated with Macrophomina phaseolina
(Tassi.) Goid. C=Control; T=Treated. Results
are mean + SD of three separate experiments,

each in triplicate.
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rial disease up to 72% and 65%, respectively (Acharya et al.

2005). So, cumulative findings of our study indicate that the
status of NOS activity of a plant is directly related to its
resistance or susceptibility. Further investigation is on-
going to assess how the level of NOS activity could be used
as an indicator for detection of resistance and susceptibility
of plants.

ACKNOWLEDGEMENTS

The authors are thankful to the Department of Science and Tech-
nology, New Delhi, India for financial aid of the project as a
WOS-A scheme. Thanks also extend to Dr. Arunava Bhattacharya,
Scientist, Pluses and Oil Seeds research Station, Baharampore, and
W.B. India.

REFERENCES

Acharya K, Acharya R (2002a) Nitric oxide: the signal molecule of plant de-
fense blocked during pathogenesis. Indian Journal of Applied and Pure Bio-
logy 17, 128-131

Acharya K, Acharya R (2002b) Involvement of nitric oxide synthase in Sola-
num tuberosum-Phytophthora infestans interaction. Journal of Mycopatholo-
gical Research 40,29-31

Acharya R (2007) Estimation of nitric oxide synthase activity during host pa-
thogen interaction in different crop plants. Journal of Mycopathological Re-
search 45, 305-306

Acharya R, Mukhia M, Sen S, Acharya K (2005) Nitric oxide: a common
antipathogenic factor of plants. Indian Journal of Experimental Biology 43,
100-103

Arasimowicz M, Floryszak-Wieczorek J (2007) Nitric oxide as a bioactive
signaling molecule in plant stress responses. Plant Science 172, 876-887

Beligni MV, Lamattina L (2000) Nitric oxide stimulates seed germination and
de-etiolation and inhibit hypocotyl elongation, three light induces responses
in plants. Planta 210, 215-221

Beligni MV, Lamattina L (2002) Nitric oxide interferes with plant photo-oxi-
dative stress by detoxifying reactive oxygen species. Plant Cell and Environ-
ment 25, 737-748

Clarke A, Desikan R, Hurst RD, Hancock JT, Neill ST (2000) NO way back:
nitric oxide and programmed cell death in Arabidopsis thaliana suspension
culture. The Plant Journal 4, 667-677

Delledonne M, Xia Y, Dixon RA, Lamb C (1998) Nitric oxide functions as a

63

signal in plant resistance. Nature 394, 585-588

Durner J, Wendehenne D, Klessig DF (1998) Defense gene induction in to-
bacco by nitric oxide, cyclic GMP, and cyclic ADP-ribose. Proceedings of the
National Academy of Sciences USA 95, 10328-10333

Durrant WE, Dong X (2004) Systemic acquired resistance. Annual Review in
Phytopathology 42, 185-209

Gouvea CMCP, Souza JF, Magalhides CAN, Martins IS (1997) NO releasing
substances that induce growth elongation in maize root segments. Plant
Growth Regulation 21, 183-187

Grenberg JT (1996) Programmed cell death: A way of life for plants. Proceed-
ings of the National Academy of Sciences USA 93, 12094-12096

Heath RL (1987) The biochemistry of ozone attack on the plasma membrane of
plant cell. Advances in Phytochemistry 21, 29-84

Jia L, Bonaventua C, Bonaventura J, Stamler SJ (1996) S-nitrosohemoglo-
bin: A dynamic activity of blood involved in vascular control. Nature 380,
221-226

Klessig DF, Durner J, Noad R, Navarre DA, Wendehenne D, Kumar D,
Zhou JM, Shah J, Zhang S, Kachroo P, Trifa Y, Pontier D, Lam E, Silva
H (2000) Nitric oxide and salicylic acid signaling in plant defense. Proceed-
ings of the National Academy of Sciences USA 97, 8849-8855

Laxalt AN, Beligni NV, Lamattina L (1997) Nitric oxide preserves the level of
chlorophyll in the potato leaves infected by Phytophthora infestans. Euro-
pean Journal of Plant Pathology 73, 643-651

Leshem YY (1996) Nitric oxide in biological systems. Plant Growth Regulation
18, 155-159

Marcos M, Brader G, Paiva T (2003) Pathogen derived elicitor: Searching for
receptor in plants. Molecular Plant Pathology 4, 73-79

Ninnemann H, Maier J (1996) Indications for occurrence of nitric oxide
synthase in fungi and plants in the involvement in photoconidiation of Neu-
rospora crassa. Photochemistry and Photobiology 64, 393-398

Noritake T, Kawakita K, Doke N (1996) Nitric oxide induces phytoalaxin ac-
cumulation in potato tuber tissues. Plant Cell Physiology 37, 113-116

Russin JS, Carter CH, Griffin LJ (1995) Effects of grain sorghum (Sorghum
bicolor) herbicides on charcoal rot fungus. Weed Technology 9, 343-351

Salerno JC (1996) Nitric oxide complexes of metalloproteins: an introductory
overview In: Lancaster J Jr. (Ed) Nitric Oxide - Principles and Action, Aca-
demic Press, New York, pp 83- 110

Teixeira da Silva JA (Ed) (2006) Floriculture, Ornamental and Plant Biotech-
nology: Advances and Topical Issues (1% Edn, Vol III), Global Science Books,
Isleworth, UK, 569 pp

Zeidler D, Zahringer U, Gerber I, Dubery I, Hartung T, Bors W, Hutzler P
(2004) Innate immunity in Arabidopsis thaliana: Lipopolysaccharides acti-
vate nitric oxide synthase (NOS) and induce defense genes. Proceedings of
the National Academy of Sciences USA 44, 15811-15816



