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Abstract 

One of the major factors that affect plant growth in 

acid soils (pH < 5) is aluminum (Al) toxicity. 

Aluminum is the most abundant metal in the earth's 

crust, representing about 8% of total mineral 

components. Under acidic condition, Al is 

hydrolyzed into the soluble major phytotoxic form, 

Al3+. This study was conducted to localize Al in 

tomato plant tissues, including fruits. Also to 

determine protein expression in seed tissues of 

matured green fruits under Al stress. Tomato 

(Solanum lycopersicum cv. Micro-Tom) plants were 

grown in hydroponic tanks filled with Magnacava’s 

solution, pH 4.5 - 4.6.  For Al treatment, the 

hydroponic solution was supplemented with 50 µM 

AlK (SO4)2. 12H2O, and the control was refreshed 

with only the Magnacava’s solution. Cross sections 

of roots, stems and green fruits were stained with 

morin (2’, 3, 4’, 5, 7-pentahydroxyflavone) 

fluorochrome to track and detect Al in situ. The Al-

treated tissues showed brighter green fluorescence 

than the untreated ones. Differentially expressed 

proteins between the Al-enriched seeds and 

controls were identified using two-dimensional gel 

electrophoresis (DIGE) analysis followed by a 

procedure of in-gel trypsin digestion-mass 

spectrometry-database search (the annotated 

tomato database). Results showed that the 

identified proteins are involved in gene expression 

and cell division, chaperones and protectants, 

metabolic pathways, and phytohormone-

biosynthesis. Also, elevated expression level of 

malic enzymes and antioxidant enzymes was 

observed. Based on these results, a molecular 

model of ion toxicity from endogenous Al during 

seed maturation and germination is being 

evaluated. 

Objectives 

This study was performed to test the hypothesis 

that Al supplemented in roots is transported into 

the above-ground tissues, and the presence of 

excess Al in tomato fruits affects cellular 

metabolism therewith.  

Methods Results Discussion & Conclusions 
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When tomato plants are grown under excessive 

levels of Al, these Al-ions are transported into 

fruits, and seeds. These seeds develop in an 

environment of both elevated Al concentration and 

acidic pH as shown by the morin staining. Thus, 

they should contain endogenous Al.  

However, the results of the morin staining are not 

conclusive as we have noticed very strong 

autofluorescence in those tissues.  

Protein expression patterns and antioxidant 

activities support this observation by revealing that 

the tomato pericarp and/or seed tissues (the 

protein samples were mixtures of both) showed a 

change in protein expression (e.g. malic enzyme, 

gag-pol retrotransposon) that may affect tolerance 

to toxic ions.  

This study provides valuable insights into the 

molecular mechanisms associated with Al toxicity 

in tomato.  Additional works are proposed to 

identify mechanisms that will enhance Al-tolerance 

in tomato seeds, as this trait is very important for 

withstanding Al toxicity when crops are 

transplanted to acidic soils. 
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Plant culture and Al treatment: Seedlings at two-leaf 

stage were transplanted into hydroponic solution 

containing modified Magnavaca’s solution in 30L 

tanks (Fig 1).  

Control Al treated 

Figure 1: Tomato (Solanum lycopersicum cv. 

Micro-Tom) plants growing in hydroponic 

solutions in the greenhouse  

• Morin staining: In order to confirm the upward 

transportation of Al after root uptake, samples of 

roots, stems, flower stalks and green matured 

fruits were collected in biological replicates. 

Cross-sections of these samples (Fig 3) were made 

and stained with 100µM morin according to a 

slightly modified protocol by Tice et al. (1992). 

Epifluorescence was viewed using excitation and 

emission wavelengths of 405-445nm and 500-

550nm respectively. 

Growing tomato plants, and performing Al-treatment  

Seed Al analysis 

(Morin staining) 

Collecting seed and pericarp tissues from matured green fruits  

Proteomics and 

bioinformatics  

Antioxidant 

Enzyme assay  

Al treatment (50 µM Al (SO4)3. 18H2O) was applied 

nine weeks later when the matured plants started 

producing fruits. Four replicates of control and Al 

treatment each containing 12 seedlings were set up. 

Seeds (containing the pericarp) from the green fruits 

were collected for the aluminum, proteomic, and 

enzyme analyses.  

 

Figure 2: Diagrammatic sketch of experimental activities 

Figure 3: Cross sections of ‘Micro-Tom’ tissues 

Figure 4: Workflow for proteomics analysis 

• Morin staining: 

Figure 5: Cross sections of ‘Micro-Tom’ tissues stained 

with morin. A: Roots; B: Stems; C: Flower stalks; and D: 

Green fruits with seeds and pericarp. For each of the 

tissues, top row- control; and bottom row- Al treated. 

Arrows point to the vascular tissues of the respective 

tissues in A, B, and C. 

• Proteomic Analysis:  

 

Figure 6: picking gel showing all protein spots with 

significant difference 

Table 1. Al-regulated proteins in tomato seed tissues 

identified using MALDI-TOF-TOF analysis and 

database searches 
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