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Establishment ol Pinvtoptiiora festans ( Mounto de 15

a potent pathogen on Nodaruinn Iherosim b catses

stgmificant mhibition of nitrie oxade synthase (NOSY actvite pitne oxide (NO) proaduction This mieetion
mhibitable NOS activity s very specilic and lound only m the extosolic raction of plant tissue. A | ne-
veaver-Bark plot of the ensvmatic activiy demonstrated that the inhibition o the NOS activiny by the
pathogen was related o the increase ot Ky, of l=argimne. substrate of NOS. with simultancous decrease ol
V Furthermore, addinon of N methyl-l-argnme acetate ester «(NAMI L a compettive mhibitor of NOS,
m the reaction mixture completely inhibited NO sypthesis i all cases. mdicatimg decreased production of

N is due 1o the inhibiion ol NOS,
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INTRODUCTION

Nitric oxide has been attracted a great deal of
attention to the scientists duc to its physiological
funcnions and gencral ubiquity. Nitric oxide (NO)
was first dentificd as endothelial derived relaxing
factor (EDRF) (Palmer ¢7 o/, 1987) and 1t acts as a
signal molecule m immune. nervous and vascular
svstem (Schimidt ¢f /. 1994) in mammals. It has
also been reported as the sccond messenger of
msulin {Kahn ¢r a/. 2000). Most of the works
related to NO were performed i animal svstem.
Only recenthv. NO was shown to be synthesized
by plants (Wildt ¢r al. 1997) and mediate detense
responses agamst pathogen (Durner and Klessing.

1999). Reports reveal that NO  induce  leaf
expansion.  root  growth  and  phyvtoallexin

production (Leshem. 1996: Norntake et al. 1996).
Nitric oxide synthase (NOS) which 1s the key
cnzyme  for NO  production from l-arginme.
activit~ was found in the roots and nodules of
legummous plants. sovbean cclls and also from
tobacco (Cucto ¢r af. 1996. Dumcr ¢r al. 1998:
Mathicu ¢/ al. 1998). Scveral hyvpotheses have
been put forwarded by scientists to cxplain the
imolvement of NO in the development of discase
resistance power in plants (Dangel. 1998: Durner
and Klessing. [999: Hausladen and Stamler.
1998). Sull we arc at a verv carly stage to draw a
conclusion about NO's action in plant (Durner and

Assay

Klessing. 1999). In this paper we have reported the
mpact ot discase mnation by Phviophihora
infestans (Mount.) de B. on the activity of NOS in
Solanum tuberosum L. plants.

MATERIALS AND METHODS
Collection of plants and identification of pathogen

Hcalthy and discased plants of Solamim tuberosum
L. were collected from the field. The causal
organism ot the discasc 1.¢. Phviophihora infesians
(Mount.) de¢ B. was confirmed by nucroscopic
studh

of NOS
homogenates

activity  of intact  tissue  and

The reaction muxture contammg mtact leat” tissue
100 mg) or tissuc homogenate (200-300 pg of
protein) or cytosolic fraction (130-200 ug of
protein) or soluble particulate fraction (230-400
ug of proten) of both healthy and discased sample
was ncubated with 10 uM l-arginine. 64 mM
hacmoglobm. m a total volume of 2.3 ml Tris-
HCL bufter (pH 7.4) for different periods at 23 +
1°C. At different ime periods. portions of reaction
mixture was centrituged at 10,000 = ¢ for five
minutes and the NO content of the supernatant was
determined and  compared with an  appropriate




Control sct -
Determination of NO

Nitric onide was determuned according to Jia ¢r ol
(1996) by using scanning Beekman
spectrophotometer (Model DU6)  Tapically. NO
content was determined by adding 64 mM
oxvhemoglobin to the isolated supernatant and the
formation of NO was quantificd by determining
the  conversion of  oxvhemoglobin to
methemoglobin. e

Preparation of tissue homogenate

Leat tssue (100 mg) of discased and healthy

plants was taken scparately in a motor with Iml of

chilled 30 mM Trs-HCL butfer (pH 7.4) and
homogemzed by pestle. The homogenate  was
centrifuged at 10,000 « ¢ for 30 minutes at 4°C
and the supernatant was further centrifuged at
20,000 « g for 30 minutes at 4°C for the separation
ot cvstosolic and particulate fractions. Both the
cyvstosolic and particulate fractions were collected
scparateh and stored at 0°C. Betore further usc.
particulatc fraction was resuspended - cqual
volume of the same buffer. All the expenments
were done at 47C. Protein was cstimated using
Folin-ciocalteu reagent. according to the method
of Lowry ¢ral (1931)

Determination of enzyme kinetics

The K., and V... values of the extosolic NOS were
determimed by Lineweaver-Burk Plot.

Statistical analysis

Results  shown are mean = SD  (Standard
deviauon) of at least six idividual experiments
Data were analvzed by student’s "t test and values
of P<0.01 were considered signiticant

Chemicals

N methyl-l-argimine acctate ester (NAME) was
purchased from Sigma Chenucal Company. St
Lous. MO. USA  All other chemicals used were
of analvucal grade.

RESULTS

Results  exhibited that there was a significant
decrease i the production of NO by the leaf ussuc
of discased sct i comparison  with  control

On mitrie onide syvnthase

(healthy) set. It was found that the healthy plants
showed 345 = 19 pmol NO production/ 100 mg of
leaf tissue/h (n=6. p<0.001). In the broken ussuc
preparation the effect was similar to that of intact
tissue. The production of NO was 22% (n=10)
lower than that of control sct m the discased tissue
homogenate  Addiion of 10 uM NAME. a
competitne  mhibitor of NOS. n the rcaction
mixture  showed complete  mhibition  of NO
production m all cases. Results revealed that both
the cvtosolic and particulate fractions contained
NOS actniry  But the mfection mhibitible NOS
was found onlv n cvtosohic traction. The NOS
particulate fraction was not affected by discase
minatnon. The NOS actvity of healthy particulate
fracton was 760 = 35 pmol NO production / mg of
protein / h and remained found to be essentially
unchanged as m discased set showmng 735 4 23
pmol NO production / mg of protem / h (n=0). In
contrast. n hcalthy tissuc the NOS actminy of the
cvtosolic fraction was 1.29 = 0056 nmol NO
production / mg of protem / h and decreased to
(0960 + 0 045 nmol NO production / mg of protcin
"I in the discased case (n=6)

Lineweaver-Burk Plot of NOS activity ot the
cvtosolic fraction showed that the mhnbition of
NOS actinity in the discased plant was related to
the increase of K., of l-argmine from 0370 +
0.037 uM 1o 0819 = 0067 uM (n=6) when
compared 10 g&}&l.n\\ ith—smultancous decrease
of V... from 1.032 + 031 nmol NO syvnthicsized /
mg of proten / h 10 0869 + 0026 nmol NO
ssnthesized / mg of protem / h m the cvtosolic
preparation of discased plant (Figure 1), Addition

of 10 uM NAME to the rcaction misture
contaming \arous concentrations  of l-argimine
added for the determunation of K, and V.,

resulted m complete mhibition of NO production

CONCLUSION

Our results  suggest - that  establishment — of
Phvtophthora  atestans (Mount.) de B on
Solanuwm mberoswm Lo caused  a sigmticant

inhibition of NOS activits or NO production. This
“specific” infection inlibitible NOS s evtosolic
nature. A Lmeweaver-Burk plot of the enzymatic
activity  demonstrated that the mhibion of  the
NOS activity by the pathogen was related to the
increase of K,, of l-arginine. substrate of NOS.
with simultancous decrease of V... Furthermore.
the inhibitorv effecct of  NAME in the NO
production m all the cases indicated that  the
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decreased production of NO by the discased plants
is duc to the mhibition of NOS activity by the
pathogen. All the above results led us to speculate
that pathogen probably makes a plant susceptible
by lowering or particularly blocking NOS activity.
causing decrcased production of NO which 1s onc
of the signaling molccule of plant defense. Further
work is in progress to determune the status of NOS
activity during bacterial and viral infection. B
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