
 

 

 

Abstract— Fusaric acid (FA) is a host non-specific toxin 

produced by a number of Fusarium species. The most expansive 

producer of this toxin is Fusarium oxysporum and its special forms 

(f. sp.) lycopersici (causal agent of Fusarium wilt of tomato). FA is 

suspected to be a potent pathogenicity factor in tomato wilt disease 

development. With this rationale the present study was carried out 

with biochemical and molecular perspectives. In the present study, 

the treatment of FA was given to the leaves of tomato directly 

through infiltration to assess the induction of defence responses. The 

phytotoxic effect of FA was assessed in the form of cell death in 

tomato leaves which was observed by increased uptake of Evans blue 

stain. This cell death inducer (FA) produced an enormous oxidative 

burst during which large quantities of reactive oxygen species (ROS) 

like H2O2 was generated in the treated leaf tissues of tomato plants 

which was evident from enhancement in lipid peroxidation. However, 

to cope with the toxicity of FA, tomato plants develop a cellular 

strategy involving activation of antioxidative defence system. This 

modulation of antioxidative system could reflect a defence response 

to the cellular damage provoked by treatment of FA. Results 

demonstrate that production of phytohormone (SA) potentiates the 

oxidative burst, while ROS increases its production. In this way these 

signaling molecules stimulate each other’s production, thus 

amplifying the initial signal, ultimately leading to plant cell death. A 

significant increase of PAL activity in tomato plants confirmed the 

responsiveness of PAL-mediated primary defence system against the 

FA exposure. In the present study, the level of total phenols 

(important component of plant defence machinery) increased 

significantly in consonance with increase in the ROS level.  

Furthermore, proteomic study was used as a powerful tool to 

understand the alterations in cellular protein expression in response 

to FA exposure. Differential expression in several proteins was 

observed in the present study. The present study provides clues to 

understand the biochemical and molecular changes that occurred in 

the host plant, Solanum lycopersicum L., during the FA treatment. 

The study provides valuable outputs regarding vulnerability of such 

vegetable crop plant under FA exposure, which can be used in future 

breeding to design effective ameliorative strategy for the generation 

of resistant plants. 
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I. INTRODUCTION 

Fusaric acid (FA) is a potent toxin of Fusarium spp. which 

are ubiquitous fungi found in soil worldwide, as both 

pathogenic and non-pathogenic strains. The most expansive 

producer of this toxin is Fusarium oxysporum and its special 

forms (f. sp.) lycopersici. High production of FA has been 

correlated with the virulence of plant pathogenic strains of 

Fusarium spp.  FA causes diseases in wide varieties of plants. 

FA causes various symptoms due to Fusarium infection (leaf 

wilting and necrosis), which confirm the role of FA in the 

disease progression. FA can be involved in fungal 

pathogenicity by decreasing cell viability.  At the subcellular 

level, FA affects numerous biochemical processes related to 

membrane permeability changes, dysfunctions of 

mitochondrial activity, and inhibition of respiration [1]. FA 

enhances the electrolyte leakage, disturbs the electrochemical 

gradients for H
+
 and K

+
 at the plasma membrane causes 

membrane depolarization that lowers the intracellular ATP 

content and inhibits some metal containing enzymes (e.g. 

cytochrome oxidase). It results eventually in respiratory 

disorders and cell death [2]. The influence of toxic doses of 

FA on pro- and antioxidant systems was investigated with an 

example of leaves and the cultured cells of tomato [3],[4]. At 

the same time, Bouizgarne et al. (2006) [5] showed that low 

concentrations of FA may exert various protective responses in 

plant cells in the absence of toxic effects and may perform 

signaling function in host-pathogen interactions. Moderate FA 

doses (50-100 µM) induce apoptotic features, while high FA 

doses (>200 µM) stimulate necrosis.  

Plants have developed complex protection systems to cope 

with pathogen attack. It has been reported that ROS and 

antioxidative defence system that govern their metabolism may 

play a role in pathogenesis [6]. ROS, which are rapidly 

produced in plant cells after pathogen attack, are potentially 

involved in many defence processes including the HR, 

phytoalexin synthesis and oxidative cross-linking of plant cell 

wall proteins. Many non-host selective microbial phytotoxins 

are known to induce generation of ROS and in many cases, 

disease symptom development can be explained by this 

mechanism [7]. Therefore, the possibility that ROS might also 

be involved in the response to FA has been of interest. The 

balance between ROS generation and breakdown may be 

critical for the outcome of plant-pathogen interaction. After 

failure of this balance, ROS accumulation occurs. The 

prominent role of ROS has been revealed in the induction, 

signaling and execution of plant cell death [8]-[11]. The initial 

lower level of ROS may stimulate the production of higher 
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amount of ROS through feedback regulation. The change of 

ROS content can trigger different signaling cascades leading to 

cell death [12]. Moreover, there was a strong interplay 

between ROS and other signaling molecules (phytohormones) 

such as ethylene and SA during cell death [13]. Toxic level of 

ROS usually reacts with numerous cell components causing a 

cascade of oxidative reactions and the consequent inactivation 

of enzymes, protein degradation, and nucleic acid damage. In 

addition, excessive ROS can react with membrane lipids, 

generating lipid peroxides that can in turn lead to further 

damaging intermediates such as malondialdehyde (MDA), to 

the point of inducing cellular dysfunction and/or cell death 

[14],[15]. The present investigation portrays the elicitation of 

defence responses in tomato after the treatment of FA 

(Fusarium toxin). 

II. MATERIALS AND METHODS 

A. Plant material and fusaric acid treatment  

Tomato (Solanum lycopersicum L.) belongs to Solanaceae 

family and is a well studied model plant. The seeds of tomato 

(cv. Sel-7, susceptible to Fusarium oxysporum f. sp. 

lycopersici) were obtained from Indian Institute of Vegetable 

Research, Varanasi, India. The plants were grown in green 

house with 14 h light and 10 h dark regime at 27 ± 0.5°C. 

Surface sterilized seeds were sown in a tray containing 

autoclaved soil in green house. After germination, the 

seedlings with 3-5 leaf stage were transferred into the 

thermocol pots of 6 cm diameter and 15 cm height containing 

autoclaved soil. When the plants attained the age of 3-4 weeks, 

they were ready for treatment. FA was extracted and purified 

from the culture filtrate of Fusarium oxysporum f.sp. 

lycopersici (causal agent of Fusarium wilt of tomato) [16]. 

The purified and characterized FA was stored at 4°C until 

further use. FA treatment of tomato leaves was performed by 

infiltration of leaf tissue with the help of a 1 ml syringe fitted 

with 25 guage needle in the midrib just above the petiole on 

the lower side of the leaf. One ml FA solution was infiltrated 

to each leaflet of fully expanded tomato leaves [3]. Control 

plants were infiltrated with sterile distilled water. Plants were 

harvested at 0, 4, 8, 12, 16, 20, 24, 36, 48 and 72 h after FA 

treatment.  
 

B. Measurement of cell death 

The measurement of the cell death was done by Evans blue 

staining which was used as a marker of cell death [17]. The 

cell death was measured in terms of Evans blue uptake 72 h 

after infiltration with various concentrations of FA. Control 

leaves were infiltrated with sterile distilled water. 
 

C. Estimation of ROS level 

The H2O2 produced was determined according to Sagisaka 

(1976) [18]. The treated and control plant leaf tissues were 

ground in 5% cold trichloroacetic acid (TCA) using mortar 

and pestle and centrifuged at 17,000g for 10 min at 0°C. The 

reaction mixture contained 1.6 ml of supernatant, 0.4 ml of 

50% TCA, 0.4 ml of ferrous ammonium sulfate, and 0.2 ml of 

potassium thiocyanate. The absorbance was recorded 

spectrophotometrically at 480 nm after 15 min of incubation. 

The amount of H2O2 was estimated by a calibration curve 

prepared with known concentrations of H2O2. 
 

D. Determination of lipid peroxidation 

Lipid peroxidation was determined by measuring the 

amount of malondialdehyde (MDA) [19], the end product of 

peroxidation of polyunsaturated fatty acids after treatment with 

various cell death inducers.  
 

E. Production of phytohormone  

Salicylic acid (SA) reacts with ferric chloride to form 

coloured (blue or violet) complexes. The colour (blue/violet) 

development is considered a positive test and is an indication 

of the presence of SA. Calibration curve was used to calculate 

the concentration of the SA in the solution. 
 

H. Assay of antioxidative enzymes activities 

SOD activity assay was based on the method of Beauchamp 

and Fridovich (1971) [20] which measures the inhibition of the 

photochemical reduction of NBT. CAT activity was measured 

spectrophotometrically according to Dhindsa et al. (1981) 

[21]. APX was assayed following the oxidation of ascorbate to 

dehydroascorbate at 265 nm (an absorbance coefficient of 

13.7/mM cm) by a modified method of Nakano and Asada 

(1981) [22]. The activity of POX was assayed according to the 

method of Manoranjan and Dinabandhu (1976) [23] with 

minor modification.  

  Protein was determined by the method of Bradford (1976) 

[24] with standard curves prepared using bovine serum 

albumin (Sigma). 
 

I. Estimation of PAL activity 

The PAL activity was determined by measuring the amount 

of t-cinnamic acid produced from L-phenylalanine. The 

enzyme activity was expressed as nM t-cinnamic acid per mg 

protein. A calibration curve was prepared using a range of 2.5 

to 25 nM t-cinnamic acid. 
 

J. Estimation of total phenol content 

The accumulation of phenols in tomato leaf tissues was 

estimated following the procedure developed by Bray and 

Thorpe (1954) [25] with slight modification. In this method, 

the total phenol estimation was carried out with FCR (Folin-

Ciocalteu reagent), which was measured at 650 nm 

spectrophotometrically. From the standard curve (catechol), 

the concentration of phenols in test samples was determined 

and expressed as mg/g FW. 
 

K. Protein extraction and profiling 

The leaves (0.5 g fresh weight) were ground in liquid N2 to 

a fine powder. The powder was suspended completely in 10 ml 

of TCA extraction buffer (10% w/v TCA in acetone with 0.5% 

w/v β-mercaptoethanol and 10 mM PMSF) and stored at -20°C 

overnight. After centrifugation at 6000g for 30 min at 4°C, the 

pellets were washed 3 to 4 times with 10 ml ice cold acetone 

(with 0.5% w/v β-mercaptoethanol). The collected protein 

pellets were dried in air at room temperature. The precipitated 

proteins were solubilised in buffer containing 7 M urea, 2 M 

thiourea, 4% w/v CHAPS, 65 mM DTT and 0.5% ampholyte 

buffer (4-7). The protein concentration was measured 

according to the method of Bradford (1976) [24] and BSA 
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(bovine serum albumin) was used as a standard. Profiling of 

the extracted proteins was done in various treatments. Analysis 

of total proteins through sodium dodecyl sulphate 

polyacrylamide gel electrophoresis (SDS PAGE) was carried 

out for the study of phytotoxic effects of FA on tomato leaf 

protein profile. SDS PAGE was done to get protein patterns. 

Total proteins were electrophoresed by 12% SDS 

polyacrylamide gel based on the method as described in 

Sambrook and Russell’s manual of molecular cloning (2001) 

[26]. 

 

III. RESULTS AND DISCUSSION 
 

A. Fusaric acid-induced cell death in tomato  

Evans blue staining was used as a marker of cell death. The 

cell death was observed to increase with increasing 

concentration of FA (Fig. 1). Maximum cell death was induced 

by 250 μg/ml of FA as observed by Evans blue uptake. FA at 

higher concentration of 300 μg/ml also showed similar amount 

of cell death and the cell death induced by 250 μg/ml and 300 

μg/ml of FA was almost similar. Hence, the concentration of 

250 μg/ml for FA was selected for further experiments to 

induce cell death in the leaves of tomato plant. 

 

Fig. 1: Cell death in the leaves of tomato plant treated with various 

concentrations of FA after 72 h (A, Optical density). 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. Effect of FA on ROS generation 

 

 
Fig. 2: Production of H2O2 after the treatment of FA. 

The leaves treated with FA showed enhanced H2O2 release. 

The amount of H2O2 started to increase from 8 h after FA 

application that reached to maximum at 48 h and decreased 

thereafter (Fig. 2). The control leaves had a relatively low 

basal level of ROS. 

 

C. Effect of FA on lipid peroxidation 

The level of MDA, the final decomposition product of lipid 

peroxidation in the leaves of tomato plants treated with FA 

was significantly different from control in all sampling. MDA 

accumulation in leaves was significant after 8 h of treatment 

and increased gradually and peaked at 48 h, then declined 

afterwards (Fig. 3). 

 

 
Fig. 3: Lipid peroxidation after the treatment of FA. 

 

D. Effect of FA on phytohormone production 

A significant increase in phytohormone production was 

observed following the treatment of FA in comparison to 

untreated tomato leaves. SA is a major phenylpropanoid 

compound whose biosynthesis is triggered by various stress 

factors. SA production started to increase from 4 h after FA 

application that reached to maximum at 24 h and decreased 

thereafter (Fig. 4). 
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Fig. 4: Effect of FA treatment on phytohormone production. 

 

E. Activities of antioxidative enzymes 

Minimal increase in the total SOD activity was observed in 

the early stage of the experiment, but after 12 h of the FA 

application an evident increase in SOD activity was observed 

as compared with the control (Fig. 5). The H2O2 scavenging 

enzymes CAT and APX showed different responses to FA. 

The activities of CAT and APX decreased before 24 h of FA 

treatment. After the initial decrease CAT and APX activities 

increased gradually. Three days after FA application their 

activities were similar to those as observed in untreated leaves 

(Fig. 5). POX may mediate cross-linking of cell wall proteins, 

polymerization of lignin precursors and accumulation of 

phenolic acids. It was found that POX was highly induced in 

FA-treated leaves and coincided well with high level of H2O2 

which serve as a substrate for POX (Fig. 5).    

 

 

 

 
Fig. 5: Activities of antioxidative enzymes after FA treatment. 

 

F. Changes in the level of PAL enzyme after FA treatment 

An increase in PAL activity was observed in response to FA 

treatment as compared to the control. In the leaf tissue, PAL 

activity increased gradually with time after the treatment of 

selected stressors and reached at peak after 24 h of treatment 

then declined afterwards (Fig. 6). 
 

 
Fig. 6: Effect of FA treatment on the PAL activity. 

 

G. Effect of FA on total phenol content 

In this study, it was found that total phenolic content of the 

leaves increased sharply after 12 h of FA treatment. It reached 

the highest value at 24 h in the treated leaves in comparison to 

the control leaves. This was later followed by a declining trend 

till 36 h after treatment. After this fall, an increasing trend was 

detected in total phenolic content of the FA-treated tomato 

leaves (Fig. 7). 
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Fig. 7: Effect of FA treatment on total phenol content. 

 

H. Effect on total protein content 

 

 
Fig. 8: Effect of FA treatment on total protein content. 

 

The result presented in the Fig.8 indicates that the total 

protein content of control and FA-treated leaves were 21.24 

mg/g and 17.54 mg/g of fresh weight after 72 h of treatment. 

FA-treated leaves had lower protein content over control (Fig. 

8). It is clear that FA had destructive effects on protein content 

of leaves. The decreased protein in treated leaves might be 

responsible for structural as well as physiological disturbances 

resulted in cell death. 

 

I. Result of protein profiling 

Protein profiling of total proteins from fresh tomato leaves 

was done to determine qualitative as well as quantitative 

differences between control and treated leaf proteins. SDS-

PAGE was used for finding the banding patterns of proteins. 

The banding patterns of proteins from control and treatments 

are shown in Fig.9. The no. of protein bands present in all four 

lanes range from 20-25. The intensities of protein bands from 

Fig.9 represent that less intense bands are present in the lane of 

FA-treated leaf proteins. It is clear that FA treatment affected 

protein profile more severely. The decrease in the intensities of 

protein bands in treated leaf protein lanes might be due to the 

phytotoxic effect of FA. 

 
Fig. 9: Effect of FA treatment on tomato leaf protein profile. Lane M: 

Protein molecular weight marker (medium range), Lane 1&3: Control 

leaf tissue, Lane 2&4: FA-treated leaf tissue. 

 

IV. CONCLUSION 
 

Wilt caused by Fusarium sp. is a major yield limiting factor 

in crop plants. Fusaric acid produced by Fusarium sp., plays 

an important role in disease development. Therefore, in the 

present study the treatment of FA was given to assess defence 

responses induced in tomato plants. The results of the present 

study are reproducible with respect to the morphological 

effects and cell death. In our study, a concomitant increase in 

ROS production, the down regulation of the antioxidant 

enzyme activities and a change of lipid peroxidation were 

crucial for the onset of cell death. The present investigation 

demonstrated that FA treatment was responsible for the 

occurrence of an oxidative burst, lipid peroxidation, activation 

of different defence-related molecules and changes in 

proteome profile of the tomato plant. FA-induced oxidative 

burst is evident from enhancement in lipid peroxidation and 

H2O2 level. However, to cope with the toxicity of FA, tomato 

plants develop a cellular strategy involving activation of 

antioxidative defence system. This modulation of antioxidative 

system could reflect a defence response to the cellular damage 

provoked by treatment of FA. Results demonstrate that 

production of phytohormone (SA) potentiates the oxidative 

burst, while ROS increases its production. In this way these 

signaling molecules stimulate each other’s production, thus 

amplifying the initial signal, ultimately leading to plant cell 

death. 

A significant increase of PAL activity in tomato plants 

confirmed the responsiveness of PAL-mediated primary 

defence system against the FA treatment. In the present study, 

the level of total phenols (important component of plant 

defence machinery) increased significantly in consonance with 

increase in the ROS level. The findings regarding proteomic 

studies indicate that proteins belonging to different classes 

were significantly altered in the tomato plants treated with the 

6th Int'l Conference on Agriculture, Environment and Biological Sciences (ICAEBS'16) Dec. 21-22, 2016 Kuala Lumpur (Malaysia)

https://doi.org/10.15242/IIE.A1216007 103



 

 

selected stress factor (FA), which ultimately dictate the 

cellular physiology. 
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