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Results
	                                                                                     PAO activity (nmol Δ-pyrroline/min/g FW)

	control
	1,3

	Cd
	1,5


Table 1. PAO activity in control cucumber seedlings and treated with Cd.

	
	DAO activity  (nmol Δ-pyrroline/min/g FW)             

	
	-AG
	+AG

	control
	16.3 (+ 1.1)
	2.7 (+ 0.7)

	Cd
	32.1 (+ 1.9)
	3.3 (+ 1.2)


 
Table 2. DAO activity in cucumber seedlings treated with Cd, with or without  aminoguanidine
DAO activity was measured  in control plants (control, -AG) or in  plants treated 3 days with aminoguanidyne added to control nutrient solution before collection (control, +AG), or from plants which after 3 days of treatment with Cd were transferred to the control conditions for another 3 days (Cd, -AG). Some of the plants after 3 days treatment with Cd were transferred to the control nutrient solutions for another 3 days with aminoguanidyne (Cd +AG).

	gene
	transcript level
(fluorescence units)

	CsHA1
	0.01

	CsHA2
	14.23 

	CsHA3
	13.25

	CsHA4
	0.83

	CsHA8
	7.33

	CsHA9
	2.17

	CsHA10
	0.18



Table 3. Transcript levels of genes encoding plasma membrane H+-ATPase in roots of Cucumis sativus L. 
For normalization of expression of each CsHA gene, a gene encoding TIP41-like protein was used as the internal standard. 





	
	PM H+-ATPase activity

	
	ATP hydrolysis
(μmol Pi x mg-1 protein x h-1)
	Steady state H+- transport
(ΔA495 x mg-1 protein x h-1)

	control
	16.7 (+ 0.9)
	18,1 (+ 1.2)

	SNP
	19.1 (+ 1.1)
	34.5 (+ 1.9)

	H2O2
	18.3 (+ 0.8)
	24.3 (+ 0.9)



Table 4.  PM H+-ATPase activity, measured as ATP-hydrolysis and ATP-dependent H+ transport into plasma membrane vesicles isolated from cucumber roots. 
Plasma membranes were isolated from control plants or plants treated for 24 hours with 100 μM SNP or 1 mM H2O2. Results are mean + SD of three independent experiments with each experiment done in triplicate 



Fig. 1 Activities of DAO and PAO in cucumber seedlings roots.
Amine oxidases activity was measured in  control plants-cucumber seedling roots. Results are the mean ± SD of five independent experiments with each experiment performed in six replicates. 



Fig. 2 DAO activity in cucumber seedlings roots treated with Cd.
DAO activity was measured in control plants and plants which after 3 days of treatment with Cd were transferred to the control conditions for another 3 days (Cd). The data are presented as mean + SD from three independent experiments with each experiment performed in six replicates.
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Fig 3. Effect of cadmium and/or aminoguanidyne on the hydrolytic activity of H+-ATPase (Fig. 3A) and the proton transport activities (Fig. 3B) measured in the plasma membrane vesicles. The plasma membranes (50 μg of protein) were isolated from control roots (control), or roots from plants treated 3 days with aminoguanidyne (AG) added to control nutrient solution (control/AG), or from plants which after 3 days of treatment with Cd were transferred to the control conditions for another 3 days (Cd). Some of the plants after 3 days treatment with Cd were transferred to the control nutrient solutions with aminoguanidyne (Cd/AG).  Results are means + SD of three independent experiments with each experiment performed in triplicate. After equilibration of membranes with the reaction medium (for at least 5 min), vesicle acidification was initiated by the addition of ATP to give a final concentration of 3 mM. The formation of a ΔpH gradient in the vesicles was monitored as the changes in acridine orange absorbance (A495). The values presented (Fig. 3B) are representative for the results obtained in 3 independent experiments with each experiment done in triplicate. The results in inner diagrams (the steady state of H+ transport, Fig. 3B) are means + SD from those three independent experiments. 


Fig. 4 
Relative expression of PM H+-ATPase genes in cucumber roots exposed to Cd and/or AG.
The RNA was isolated from the control roots (control) and roots treated with 10 µM Cd (Cd) or  10 µM Cd and AG (CD/AG). Values are means of 3 replications. Error bars represent SD.
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Figure5. Bio-imaging of NO level in roots of cucumber seedlings treated with Cd in the presence or absence of aminoguanidyne (AG) (A) and mean related fluorescence density + SD (B). 
The plants after 3 days of treatment with Cd were transferred to the control conditions for another 3 days (Cd). Some of the plants after 3 days treatment with Cd were transferred to the control nutrient solutions with aminoguanidyne (Cd+AG). Control plants were also treated at the same time with aminoguanidyne (control+AG).
NO production was monitored by labeling with the NO-specific fluorescent dye DAF-2D and imaged using fluorescent microscopy. The images are representative for at least three roots for each treatment from three independent replications of the experiment. The intensity of green fluorescence in the images was analyzed and expressed as the average number of pixels in green channel on a scale ranging from 0 to 255. Asterisks indicate a significant difference in comparison with the control (Student’s t-test, p<0.05). MZ- meristematic zone, EZ- elongation zone, DZ- differentiation zone.
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Fig. 6
DAB staining and visualization of hydrogen peroxide in cucumber seedlings roots: control (A) treated with Cd (the plants after 3 days of treatment with Cd were transferred to the control conditions for another 3 days) (B) and from plants in which the heavy metal was withdrawn after 3 days, and then treated for 3 days with aminoguanidyne  (C).
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Fig. 7 
Bio-imaging of NO level in roots of cucumber seedlings treated with H2O2 by 1 , 2 and 24 hours (A) and mean related fluorescence density + SD (B). NO production was monitored by labeling with the NO-specific fluorescent dye DAF-2D and imaged using fluorescent microscopy. The images are representative for at least three roots for each treatment from four independent replications of the experiment.  
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