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ABSTRACT

Resistance of a plant against pests and pathogedargely a function of its defense related progeitn vivo
induction of these proteins using natural extrdeotsn different parts of plants is an environmemesfidly measure

of plant protection. The present study, thereféweused on the evaluation of the ability of an amuseextract from
the leaves of Tagetes erecta (Marigold) in inducthg expression of four defense proteins Peroxid&sX),
Polyphenol Oxidase (PPO), Lipoxygenase (LOX) antal@se (CAT) in Solanum lycopersicum (Tomato). The
plants were raised under aseptic conditions. Eightks old plants were sprayed with the marigoldaekton the
third leaf from the base of each plant. Enzymevits and isoform expression of POX, PPO, LOX @Ad were
studied at both site of treatment and away froniThe results demonstrate that the extract coulahi@antly
enhance the activities of POX, PPO and CAT, and atds to induce additional isoforms of POX, PPO &iX,
which might be instrumental in enhancement of hesistance against several biotic and abiotic stess
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INTRODUCTION

Tomato is a globally grown, economically-importarggetable [1]. Chemical methods to control bacteaizd
fungal pathogens are environmentally unacceptajleTherefore, there is an explicit need to deveddternate
environmentally safe methods of pest and diseasé&raio Though many biological control methods hdneen
developed but most of them have limitations. Howgirauction of Systemic Acquired Resistance (SAdRinost
potent in crop plants [3]. Plant defense respopsiesed by SAR are followed by the enhanced expoassf varied
defense related proteins which provide broad-spettesistance against a large number of pathogens.

Extracts from different parts ofagetes erectgMarigold) are known to possess broad spectrunmérbbial
activity as well as potential to induce defenseoeses in plants [4]. Kowdt al [5] stated that extracts from.
erectahave strong biopesticidal potential. Root extraftsarigold . erectd could control rootknot nematodes on
mulberry [6] andMeloidogyne incognitan tomato plants [7]; probably by inducing defensgponses in the host
plants.

Peroxidases (POXs) are haem-containing glycopretsinich generally oxidize a wide variety of compdsiin the
presence of hydrogen peroxide,(). Peroxidases are involved in auxin and ethylee&abolism, redox reactions
in plasma membranes, cell wall modifications (Ilfgrdtion and suberinization) as well as in develepital and
defense processes [&radual increase in POX activity in cotton aftendal infection pointed towards its possible
role in acquisition of resistance [9]. The enhanaetivitity of the POX may contribute to bioproteet of black
gram plants again&. tabaciinfestation [10].
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Polyphenol oxidases (PPOs) are nuclear-encodedeca@pptaining enzymes which catalyze thgd@pendent
oxidation of mono ana-diphenols too-diquinones, highly reactive intermediates whoseosdary reactions are
believed to be responsible for the oxidative browgniwhich accompanies plant senescence, woundingj, an
responses to pathogens [11]. The defensive roleBR® against disease and insect pests have beany cle
established [12]. When challenged by the bactpaghogerPseudomonas syringer. tomatq PPO-over-expressing
tomato plants showed reduced bacterial growth, edseePPO suppressed lines had higher disease ioeifle3].

Lipoxygenases (LOXs) are non-heme, iron-containmgnomeric proteins of about 95 to 100 kDa madénaf
domains. The amino-terminal domain of about 25 @okBa is a beta-barrel domain (domain 1). The caybo
terminal domain of about 55 to 65 kDa consists prilm of alpha-helices (domain 1l) and harbours ¢agalytic site
of the enzyme. LOXs catalyze the oxygenation ofypoesaturated fatty acids (PUFAs) containicig,cis-1, 4
pentadiene moiety such as linoleic acid and lincleid [14]. In tomato leaves, it has been progabat LOX-
induced synthesis of JA activates transcriptiogefes encoding for protease inhibitors in resptméesect attack.
Also, LOX activity has been observed to increaseesponse to mechanical wounding, treatment oftphaith cell
cultures and elicitors [15].

Catalases are one of several types @D}metabolizing enzymes in plants playing potentiales in redox
homeostasis and defense system of hosts [16].dPGtass Il catalase was induced in roots exposetthasatodes
and bacteria and by SA in stem tissue [17]. CATfression was strongly induced by treatmenfAcdbidopsis
seedlings with KO, [18].

The present study thus focused at evaluating thenpy of aqueous extracts from the leave3J agetes erectan
the activity and isoenzyme profiles of defense emy such as Peroxidase, Polyphenol Oxidase, Ligmage and
Catalase inSolanum lycopersicumThe results could provide an insight into the gilmiity of formulating a
biopesticide from the extract.

EXPERIMENTAL SECTION

1.1. Raising of plants

Surface sterilised and aseptically dried tomatalsdlcal variety) were sown in sterilized soilriteplastic trays.
The plants were raised in a sterile culture roonintamed at 25 + 1 °C with a relative humidity cd% and a
photoperiod of 12 h L/D. Trays were watered dailshvautoclaved distilled water and once a week Witlagland’s
solution.

1.2. Extraction of Aqueous marigold leaf extract

50 gm of mature marigold leaves were surface &edlwith 0.9% sodium hypochlorite solution and erated in

50 ml sterile distilled water in a pre-chilled manrtand pestle under aseptic conditions. The exthtdined was
filtered through 4-layered muslin cloth and thé&dite was centrifuged at 8000xg at 4°C for 30 rime supernatant
obtained was filtered through 0.45 membrane filter and used as for spraying onédtsst plants.

1.3. Treatment of tomato plants

Eight weeks old tomato plants were chosen for thdys The plants were divided into two groups ofpiénts each.
Group 1 was sprayed with autoclaved distilled watet designated as control. Group 2 was sprayddmairigold

extract. The spraying was performed under asepticliions at third node from the base of each pl&atpling

was done for both treated (third nodal leaf) anttaated (distal leaves above the third node) leav€s 24, 48, 72
and 96 hours intervals. The samples were immegliateled at -20°C and subsequently used for asabfsiarious
parameters under study.

1.4. Extraction of cytoplasmic enzymes

300mg of frozen leaf tissue was homogenized inril2of ice cold Sodium-phosphate buffer (0.1M, pHD)9.
containing 10 mMB-mercaptoethanol, 1mM Phenyl methyl sulfonyl flaeri(PMSF), 0.001% Triton X-100, 1mM
EDTA and 10% (w/w) Polyvinylpyrrolidone (PVP) at@ The homogenate was centrifuged at 10,000 rpn2@or
min at 4C. The supernatant was used as crude enzyme efdraagtimation of POX, PPO, LOX and CAT and in-
gel-activity-staining of their isoforms. Each enzayestimation assay had five replicates from 5 difiesamplings.
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1.5. Peroxidase activity assay

POX activity assay was carried out by making neagssodifications in the method earlier describgd3mel and
Paul [14]. The reaction mixture consisted of 0.24b of sodium-phosphate buffer (1M, pH 7.0), 0.25 ofil
Guaiacol (0.1M), 0.05 ml Hydrogen Peroxide,@4), 0.05 ml of crude enzyme extract and 1.655 mirgbe |

water. The reaction mixture was incubated at 25+t%C5 min and reaction was terminated by additdé®.5 ml

10% v/v Sulphuric acid. Absorbance was recordedi7@ nm using UV-VIS spectrophotometer (Shimadzi0)6
Reaction mixture without enzyme extract servedlask The molar extinction coefficient taken foetbalculation
of enzyme activity for POX was= 26.6 mM'cm™. Enzyme activity was expressed as mMngihfresh weight.

1.6. Polyphenol Oxidase activity assay

PPO activity assay was carried out by the methalieealescribed by Goel and Paul [11]. The reactioxture
consisted of 0.5 ml of sodium phosphate buffer (pM,9.0), 1.25 ml of catechol (0.2M), 0.05 ml okzgme extract
and 0.2 ml of Type | water. The reaction mixturesvircubated at 25+1°C for 5 min and terminated digiteon of

0.5 ml 10% v/v Sulphuric acid. Absorbance was réedrat 420 nm using UV-VIS spectrophotometer (Stizuna
1650). Reaction mixture without enzyme extract edras blank. Enzyme activity was expressed as ghnitsin™

fresh weight.

1.7. Lipoxygenase activity assay

LOX activity assay was carried out by the modificas in the method earlier described by Goel and P4]. The
modified reaction mixture consisted of 1.955 misoflium phosphate buffer (0.1M, pH 7.0), 0.025 mLioioleic
Acid (5 mM), 0.02 ml of crude enzyme extract. Tleaation mixture was incubated at 25+1°C for 2 mial a
terminated by addition of 0.5 ml 5% v/v Sulphuricica Absorbance was recorded at 234 nm using UV-VIS
spectrophotometer (Shimadzu, 1650). The molar etitin coefficient for LOX used wass25 mM*cm™. Reaction
mixture without enzyme extract served as blankyBreactivity was expressed in mM nlig*fresh weight.

1.8. Catalase activity assay

Catalase assay was carried out by method deschpe@ayatrideviet al. [19] with certain modifications. The
reaction mixture consisted of 2 ml phosphate bufed5M, pH-7.8), 0.5 ml of hydrogen peroxide,(4) and 0.05
ml of enzyme extract. The reaction mixture was bated for 2 minutes at room temperature and thetiogawas
terminated by addition of 0.5mL10% (v/v) sulphudcid. Absorbance was recorded at 240 nm using U¥-VI
spectrophotometer (Shimadzu 1650). Reaction mixtuiteout enzyme extract served as blank. Enzymaigct
was expressegd mol min* g*fresh weight.

The total proteins of the samples were estimateBrayford’s method. Five replicates were takenegfach sample.

1.9. Native-Basic PAGE and in-gel-activity-staining

The isozyme profiles of acidic POX, PPO, LOX andTClacated in the cytoplasm were analysed by naiasic
PAGE, without SDS. Electrolyte for electrode resérywas Tris-glycine (pH 8.3). Bromophenol blued@®) was
used as tracking dye. For each samplgg@5proteins were loaded onto the native basic pojyamide gel for
isoform analysis. The native gel consisted of 1@%olving gel and 4% stacking gel. Electrophoresis earried out
at 70mA/gel for 3 hours at 4°C. After electroph@sgeshe gels were stained for iso-POX by incubatm@.1 M
Sodium-phosphate buffer (pH 7.0) containing 10 miai@col and 0.75% 3D, [13]. PPO isoforms were visualized
by the modified method of Godt al [20] by equilibrating the gel in 0.1% p-phenyldi@mine followed by
addition of 50 mM catechol in 0.1M Sodium-phosphatéfer (pH 7.0). LOX isoforms were stained by ibating
the gel in 50 mM Potassium phosphate buffer (pH éabitaining 0.1% linoleic acid and 0.02% o-diadhisée [14].
CAT isoforms were visualized by the method describg Gayatrideviet al. [19]. After the completion of the
electrophoretic run, the gels were placed in atsatgssolution 0.003% D, solution (30% solution, v/v) for 10
min at room temperature. The gel was rinsed off gulution and was washed with distilled water ewiéfter
washing, the gel was stained in 2% ferric chlofaf/) and 2% potassium ferricyanide (w/v) solution.

The stained isoforms were distinguished by caltuathe relative distance (Rf value) [14] of easbhzyme band

from each zymogram using the following equation:vRfue = Distance migrated by the isoenzyme baoih fihe
start of the resolving gel/Distance migrated bgkiag dye from the start of the resolving gel.
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1.10. Statistical analysis of the data

The data were statistically analyzed for analy$igaviance (ANOVA) using the general linear modeqedure and
the least squares means test of the statisticalaa SAS (version 9.2 developed by SAS institate, ICary, NC,
USA). Multiple pairwise comparison tests using testuare means were performed for post-hoc comperiafter
two way with treatment and time as the two factidhweplications. The corrections used for multipmparisons
were Tukey’s honest significantly differences t@46D) procedure. Data for disease severity werésttally

analyzed by SPSS software for windows version 1S Inc., Chicago, lllinois, USA) using univarigeneral
linear model procedures and one-way ANOVA respettifollowed by post-hoc comparisons using Tukdy3D.

RESULTSAND DISCUSSION

The results of present study demonstrate the patesftan agueous extract froiffagetes erectén inducing the
activity and additional isoforms of defense enzymgSolanum lycopersicunmmot only at the site of application but
also away from it (in the distal untreated leavé$jis could possibly be brought about by the inauncbf a signal
transduction mechanism mediated by secondary mgssewhich eventually results into tHe novoexpression of
such defense enzymes in the host. The inducticdhesfe enzymes could be instrumental in enhanceafembst
resistance against a large array of pests and geiso
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Figure 1. POX activity in treated plants
C= control, T1= Third node leaves of plants treateith marigold extract, T2= Distal untreated leavaplants treated with marigold extract.
Note: The bars represent average POX activity +@#£5).

Extracts from different parts dfagetes erectare known to possess defense inducing propeRrasizeneet al.
[21] demonstrated that aqueous extracts from ledi@sers and roots ofagetessps. could protect tomato plants
againstMeloidogyne incognitanfection. Marigold leaf extracts were found effee against brinjal pests [22]. The
leaf extract of Indian neem followed by Mexican igald plants have been proved the best spray foragiagL.
erysimipopulation and achieving high yield of Indian mudtg23]

The activities of POX, PPO, LOX and CAT were sigrahtly enhanced and additional isoforms of POXQOPP
LOX were induced by the marigold extract. The imavhent of these enzymes in the defense mechanigamts

is well known.The appearance of additional isoforms after madigobatment suggested that either the already
expressed but inactive isoforms were activatedear anes were expressed as a result of extracteeliceactions.
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% i v
Figure 2. POX isoformsin treated samples after 48 h
Lane 1= ¥ nodal treated leaves, Lane 2= distal untreated/é&= Lane 3= control.
Note: The numbers on the right are the Rf valughetorresponding POX isoform.
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Figure 3. PPO activity in treated plants
C= control, T1= Third node leaves of plants treateith marigold extract, T2= Distal untreated leaw&splants treated with marigold extract.
Note: The bars represent average PPO activity +@:E5).
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Figure 4. PPO isoformsin treated samplesafter 72 h
Lane 1= ¥ nodal treated leaves, Lane 2= distal untreated/éesa Lane 3= control.
Note: The numbers on the right are the Rf valughetorresponding PPO isoform.
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Figure5. LOX activity in treated plants
C= control, T1= Third node leaves of plants treateith marigold extract, T2= Distal untreated leaw&splants treated with marigold extract.
Note: The bars represent average LOX activity +@£5).
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Figure6. LOX isoformsin treated samples after 24 h
Lane 1= ¥ nodal treated leaves, Lane 2= distal untreated/ésy Lane 3= control.
Note: The numbers on the left are the Rf valugiseoforresponding LOX isoform.
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Figure 7. CAT activity in treated plants
C= control, T1= Third node leaves of plants treateith marigold extract, T2= Distal untreated leawsfplants treated with marigold extract.
Note: The bars represent average CAT activity +@:£5).
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Figure 8. CAT isoformsin treated samples after 24 h
Lane 1= ¥ nodal treated leaves, Lane 2= distal untreated/éesa Lane 3= control.
Note: The numbers on the left are the Rf valudiseo€orresponding CAT isoform.

Therefore, it can be inferred that application gfi@ous extract ofagetes erectavas able to increase resistance in
the tomato plants by inducing the expression defgnsteins.

Significant (p = 0.34) increase in POX activity wasserved in the leaves sprayed with marigold ekiréthin 24 h
of treatment which continued up to 72 h. The distatreated leaves had significantly (p = 0.229yéased POX
activity after 48 h (Figure 1). The in gel-activitgsults demonstrated the constitutive expressian single POX
isoform (Rf = 0.35) in all the samples includingntel. However, additional POX isoforms were obsehin the
treated leaves (Rf = 0.20) and the distal untrekgades (Rf = 0.20, 0.38) after 48 h of treatmé&igjre 2).

A significant (p = 0.46) increase in PPO activitpswobserved at 48 h in the leaves treated witrextact. The
increase (p = 0.21) in the PPO activity of distalreated leaves was observed at 72 h of treatrrégurg 3). The
zymogram of PPO demonstrated the constitutive espra of four PPO isoforms (Rf = 0.22, 0.0.32, 0348) in

all the samples including control. In the 72 h zgmaon, the § node treated samples expressed four additional PPO
isoforms (Rf = 0.17, 0.28, 0.40, 0.42) and theallightreated leaves expressed three additionali®éf@rms (Rf =
0.28, 0.40, 0.42) (Figure 4).

Spraying of marigold extract on the leaves of tamaant didn’t had significant (g 0.5) effect on the activity of
Lipoxygenase (Figure 5). However, drastic diffeeriic the expression of its isoforms was observetoih the
treated and untreated leaves. The LOX zymogram detraied the constitutive expression of only tvajasms (Rf
= 0.21, 0.33) in all the samples including contilit, in the 24 h zymogram, additional expressibfivee LOX
isoforms was observed in all the test samples (&fL5, 0.31, 0.35, 0.37, 0.39) (Figure 6).

Catalase activity was significantly (p = 0.25) ie@sed in the'8nodal treated samples after 24 h of marigold ektra
application which continued up to 48 h. Significgmt= 0.46) increase in CAT activity of the distaitreated leaves
was observed at 72 h (Figure 7). The lysozyme zyamagdemonstrated the expression of a single iso{&tin=
0.08) in all the samples including control. No aiddial CAT isoform was induced by the extract iry arfi the test
samples (Figure 8).

The seeds treated withBseudomonas fluorescelead to accumulation of higher phenolic compounad higher
activities of POX and PPO which may play a roledafense mechanism of maize plants agatssolanif. sp.
Sasakii[24]. The activities of POX and PPO were positivetyrrelated to the enhanced disease resistancesagai
bacterial wilt inEucalyptus urophyllg25]. POX and PPO have been reportedly involvedeéfense response of
tomato [26]. Role of LOX for plant defense undeffatient stress conditions have been enumeratedenycNenko
et al. [27]. LOX activity showed a positive relaighip with resistance in Brazilian rice cultiva8]. Spraying of
cacao plants with a heterogeneous chitosan sugpegiCp) from Crinipellis perniciosamycelium showed a
significant increase of oxidative POX and PPO éatis [29]. El-Khallal [30] reported that bio-eltetion of tomato
plants by arbuscular myccorhiza induced LOX-mediagnthesis of phytolexins and increased accunaulabf
salicylic acid which led to increased resistancehaf plants againgt. oxysporum.The pepper 9-Lipoxygenase
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GeneCalLOX1functions in defense and cell death responsesitoobial pathogens [31]. Willekenst al. [32]
demonstrated that catalase-deficient plants shastratee patterns in presence of high light. Versla¢ al. [33]
reported the involvement of catalases during kigasediated induction of resistance Anabidopsisagainst salt
stress. Catalases are the main route s,Hlegradation and hence inhibition of catalase #gtiesults in the
activation of SAR [19].

CONCLUSION

The study here reports the capability of an aquestisct fromTagetes erectéeaves in induction of POX, PPO,
LOX and CAT in tomato. However, the compounds pmese the extract which interacted with the celf¢arget
plants leading to the induction of the activitieglénigher expression of these defense related eszyneed to be
identified. Also, the molecular events followingslinteraction should be traced in order to idgritife target genes
of these compounds. This would allow engineeringhelse genes in disease-susceptible crops andtigatesy
their responses towards the application of marigelf extract, and their subsequent defense agpéss and
pathogens. All these informations may lead to tlssibility of preparation of an eco-friendly bioeidrom
marigold leaves.
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