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ABSTRACT

The present study aimed to investigate the elicitation of secondary metabolites in Rauvolfia serpentina by Alternaria
alternata crude toxin that serves as an €licitor. R serpentina plants were treated with toxin and subsequently
challenge inoculated with the conidial suspension (10° conidia mL™) of A. alternata. Foliar application of toxin was
repeated at fifteen days interval. The increased production of PAL and NO after toxin treatment suggested the
capacity of toxin to induce the production of secondary metabolites which was further justified with the increased
production of reserpine. Besides this toxin was quite effective in reducing the disease severity, increasing root
biomass and maintaining good health of the plants. Henceforth the present analysis suggests the efficacy of toxin in
mediating the elicitation of medicinally important secondary metabolite reserpine in one hand along with its positive
impact in disease protection and health of R. serpentina.
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INTRODUCTION

Plants are the major source of pharmaceuticals.miziadly most of these pharmaceuticals are secondary
metabolites.Rauvolfia serpentina a commercially important medicinal plant is an ortant source of alkaloid
reserpine. Reserpine is an indole alkaloids, reizegnas one of the most active compound exhibisegeral
therapeutic activities including antipsychotic,diavascular disorder, antihypertensive, rheumatismt snake bite

[1, 2]. Because of its immense therapeutic impaeahis in great demand at the global level.

It has been widely recognized that the secondangalmodite production and plant defense responseahattong
correlation. Plants utilize a wide array of defensechanism against all sorts of biotic and abistiess including
activation and biosynthesis of secondary metalsl{t&]. Elicitation of plant cells represents an orpnt
biotechnological method to improve the productidrinese valuable metabolites. Use of fungal elisitigs one of
the effective strategies for induction of usefud@medary metabolites in medicinal plants. For inséaan increase in
level of indole alkaloids upon elicitation with fgal cell wall fragments was observed in cell susjen of
Catharanthus roseus [4, 5]. Similarly, fungal mycelia induced an inased production of diosgenin in cells of
Dioscorea deltoidea [6]. Cells of Taxus chinensis treated with endophytic fungus induced a raiseccumulation of
taxol [7].

Toxin has now been recognized as elicitor becatfigheair capacity to elicit plant defense arsenafsiriucing
several resistance related responses. For examjpléraPicolinic acid secreted bylagnaporthe grisea triggers
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oxidative burst and hypersensitive reaction (HR)ige leaf, resulting in induction of resistance siocceeding
inoculation with pathogewirulent spore [8]. Similar type of observation walso shown by Stonet al. [9] where
fumonisin B1 acts as an elicitor, inducing actiwdathse in maize. Several previous reports alsoastiipe elicitor
like activity of toxin in various plants [8, 10-14]

Toxin modulates the activation of various defensdecules including phenylalanine ammonia lyase (RARAL is
an important key enzyme of phenylpropanoid pathwitgl for biosynthesis of secondary metabolites, [16]. In
phenylpropanoid pathway, PAL catalyzes the synshektranscinnamic acid through non-oxidative deeation of
L-phenylalanine, producing precursors for a widegeaof secondary metabolites [16] in plants.

In recent times, it has been established by mamkevs that there is a direct correlation betweenattivation of
defense arsenal in plants with the production tfnoxide, an important signaling molecule in bigical system
[17-23]. Our previous work also coincides with tralier literatures where we have shown &t naria alternata
crude toxin mediated elicitation of defense enzyimege also a strong relation with NO production, [14]. It has
also been established by many workers that the M@ugtion is linked with the triggering in the bymshesis of
pharmaceutically important secondary metaboliteplants as for example, ginseng saponin [24], piref&5],
hypericin [26], catharanthine [27], taxanes [28} antemisinin [29].

Here, for the first time, an attempt has been nmtadenderstand the efficacy of toxin in elicitatioh secondary
metabolites inRauvolfia serpentina along with the protection of plant from the bligtiisease after challenge
inoculation with the pathogefiternaria alternata.

MATERIALSAND METHODS

Plant material
In vitro regenerated plantlets Bf serpentina, hardened, acclimatized in green house followirggrhethod of Gupta
and Acharya [14]. Two months old healthy pottechigavere utilized for further study.

Pathogen and toxin preparation

For crude toxin preparation the pathogén,alternata was cultured in liquid Richard’s medium [30, 31]dan
incubated for three weeks at 25°C in darkness. Nalamats were separated from the filtrate. Toximswsolated as
following the method of Slavost al. [30].

Preparation of Alternaria alternata conidial suspension

To prepare conidial suspension, fresh isolated\.odlternata grown on PDA media was scrapped using sterile
scalpels and were transferred into sterile distilleater. The suspension of conidia was adjusteapfoximately
10° conidia mL* using a haemocytometer.

In plantatreatment

Two month old potted plants were treated with toaira concentration of 50 mg*lby foliar application and were
challenge inoculated with freshly growonidial suspension (2@onidia mL*) of A. alternata, once, 48 h after the
first treatment. Then plants were covered withilgtgyolythene sheets to allow the pathogen to éstabToxin
treatment (50 mg L) was repeated at 15 days interval until harvestMgnth wise disease index was recorded
following the 0-5 disease rating scale [32] foresipd of March to August. Lesions for 0-5 ratimg individual leaf
were presented in Figure 1.
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Figure 1: A-F. Showing disease score on a 0-5 scale
0=no infection; 1=single small brown spot only on upper surface; 2=2-3 spots with yellow boarder on upper surface, impression of brownish
colour appearance on the lower surface; 3=spots appeared on both surfaces, sizelarger than the grade 2; 4=spots coal esced to form larger
lesionswith distinct concentric rings; 5=coalesced lesions formlarger irregular lesions, whole leaf turned yellow.

Estimation of PAL

Phenylalanine ammonia lyase (PAL) was assayed hgemethod of Dickersost al. [33]. The reaction mixture
includes 0.4 mL of the enzyme extract, 12 mM L-phalanine and 0.5 mL of 0.1 M borate buffer (pH 8he
reaction mixture was incubated for 30 min at 30F@e PAL activity of the treated plants were compandth the
untreated control.

NO Assay

Nitric oxide was estimated using haemoglobin aseathod of Delledonnet al. [34]. Leaf samples from treated
and control plants were harvested and incubatetemreaction mixture containing 1M L-arginine and 1QuM
haemoglobin in a total volume of 2 mL of 0.2 M ppbate buffer (pH 7.4). The OD was measured in a\Vib/-
spectrophotometer (HITACHI-1130 spectrophotomet#rd 01 nm [35]. Increase in the production of NOswa
compared with appropriate control sets.

Extraction and estimation of reser pine content in roots of R. serpentina

After six months roots of both toxin treated anahtcol plants ofR. serpentina were harvested, properly washed
under running tap water, dried (sun dry) and waighi®0 mg of the dried root sample was extracted miethanol
and HCI (98:2). Reserpine was quantified by HPBErkin-Elmer, USA) analysis using 250 mm x 4.6 minefino
C18 column; 268 nm detector. Reserpine was sepatetiag a flow rate 1ml/min with acetonitrile andogphate
buffer (35:65 v/v) as mobile phase [36]. The ratantime was 17.4 min for reserpine. The resergimetent was
estimated in samples using reserpine standard.

Statistical analysis
Statistical analyses was performed by student's€st and in all the cases results are mean + $hdard
deviation) of at least three individual experiméwizta

RESULTSAND DISCUSSION

In our previous report we had demonstrafedlternata toxin induced defense responsesRirserpentina both in
callus and in planta, where all the defense motscpkaked at 48 hrs after treatment [13, tdlhe present study
the toxin treated plants were challenge inoculatéd conidial suspension (1@onidia mL?) of A. alternata after
48 hr of first toxin treatment. Every fifteen daygerval toxin treatment was repeated. Experimemtfaiar
application of toxin was conducted during the moafhMarch to August. Three consecutive trials werade
showing similar trends throughout the experimeptiod. After each treatment with toxin the levéIRAL and
nitric oxide (NO) was measured every 48 hr. It whserved that in treated plants the PAL activityg wignificantly
higher each time which ranges from 3.7 to 4.3 tiroeer the control. An increase in NO production vedso
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observed by 3.9 = 0.4 fold in comparison to contBimultaneously, we had measured disease scorg thigy
days interval starting from the first treatmentorfarthe data it is evident that the index valuehim intreated plants
reached maximum to 4.8, where more or less alltplarere severely affected. On the contrary in égatet, the
maximum value was nearly two, showing around gpdscent reduction in disease severity (Table lureid.).

These results might be correlated with earlierissid/here treatment with toxin induced an increggeduction of
defense molecules [13, 14]. Similar type of obs&omawas recorded by other workers as well. Forngla
treatment ofAvena sativa with lower concentration of host specific toxingtdgrin produced by the fungal pathogen
Helminthosporium victoriae elicits accumulation of a phytoalexin avenaluntiroat plant [37]. Later, Navarre and
Wolpert [38] suggested that the toxin victorin @ivlconcentration may serve as an elicitor by*Gad ethylene
signalling. Another toxin, picolinic acid, producég rice blast fungal pathogen has shown to dligiersensitive
responses (HR) and improve disease resistancedrcmp [8]. Stonet al. [9] reported that fumonisin B1 served as
an elicitor and have capacity in induction of salerctive defense responses in maize crop. Amoegetlefense
molecules PAL plays a critical role in defense tiggc An increase in PAL activity was observed bgjabet al.
[39] in calli of Sesamum prostratum againstFusarium oxysporum f. sesame) treated with crude toxin. The increase
in PAL activity can be correlated with secondarytabelite production [40]. As PAL catalyzes the cersion of
phenylalanine into cinnamic acid, the earliest cattet step in the phenylpropanoid pathway [41]t thk@duce a
number of phenolic compounds with defense-relatéel This in turn is very much linked with the pumtion of
secondary metabolites, as the derivatives of cimmamids are the precursors for a broad varietgesfondary
metabolites. During these processes, various sigoécules including nitric oxide [13, 14, 42] playcrucial role
in inducing intracellular defense responses intglaRor instance a stronger NO burst was reportegsponse to
VD-Toxin in cotton andArabidopsis, showing that NO play an important role in theuation of resistance [43, 44]
in plants.

Table 1: Efficacy of Alternaria alternatatoxin for the control of leaf blight disease of Rauvolfia serpentina. Disease index wasrated on 0-5

scale
Disease index
Number of Number of
months treatments
Control Treated
1 | 1.06+0.07 1.03+0.06
2 2 1.17+0.06 1.10£0.10
3 3 2.09+0.05 1.98+0.08
4 4 2.60£0.10 2.020.08
5 5 4.03x0.05 2.03+0.11
6 6 4.80+0.05 2.03+0.05

Furthermore, the health of the treated plants sHoavprominent difference from the control (Figude 12 treated
plants the healthy appearance might be correlatédtie lower disease incidence and also increpseduction of
NO. Hyat et al. [45] reported that NO as a non traditional phytomone that might function as a gaseous
endogenous growth regulator. a al. [46] showed treatment dfatharanthus roseus with SNP (NO donor)
increased the biomass of cells. After six monthdreatment, roots were harvested from the pottastpl An
increase in root volume and biomass was observéokin treated plants in 2 fold (Figure 3). Similziservation
was made by Tiwamgt al. [47] in Panax ginseng plant. Their observation suggested that NO mightdawnstream
of auxin action in the process of root growth aetgelopment.
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Figure 2: Morphology of plants of Rauvolfia serpentina under pot experiment. (A) control; (B) toxin treated

Figure 3: Morphology of roots of Rauvolfia serpentina under pot experiment. (A) control; (B) toxin treated

The increase in secondary metabolites is an impbaspect of defense response against pathogeaok & plants
[1], which can also be induced by elicitors or sigmolecules [48]R. serpentina is reported to be a rich source of
alkaloids that are mostly located in roots. The njgative estimation of reserpine content from soaif R.
serpentina was performed by HPLC technique. The total timeudlysis was 30 min. Detection of the alkaloid in
control and treated root samples were estimatezblyparing the retention time (17.4 min) amdax (216, 267 and
296 nm) of reserpine standard (Figure 4 A). From FégdB and 4C it was evident that reserpine was tigtdn
both root samples at the same retention tiNearly 1.3 fold increase in reserpine content watea compared to
control (Figure 5). The result elucidates the effic of toxin in eliciting secondary metabolite ageuation upon
treatment with toxin in roots dR. serpentina. The elicitor induced increase in reserpine cantew been reported in
somatic embryos dR. serpentina elicited with methyl jasmonate by Harisararetzgl. [1].
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Figure 4: HPL C chromatogram showing r eser pine profile of methanolic extract of roots of Rauvolfia serpentina. (A) standard reserpine;
(B) control set; (C) toxin treated set
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Figure5: Effect of toxin on accumulation of reserpinein roots of Rauvolfia serpentina under pot experiment

CONCLUSION

In conclusion, the present work was undertakenetifywthe bio efficacy of the toxic metabolite torabat blight
disease iR serpentina plants and its effect on plant health, root biosnaisd reserpine content. The present result
elucidated the effect of toxin on reducing diseaseerity inR. serpentina against blight disease caused Ay
alternata. The toxin here served as an elicitor, provokihg tlefense system in the plant thereby declining or
delaying the symptoms of the blight disease infthiar portion of the plantlets. Hence, exploratiand effective
use of this toxic metabolite as an agent wouldeservideal tools for controlling blight diseasdRirserpentina. This
method would facilitate to reduce the disease Emig by decreasing the susceptibility of the pkagdinst the
pathogen. So, far bets of our knowledge, this mighthe first report where application of toxinghkants might
protect plants from the disease, improves growthinorease medicinally important secondary metamli
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