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ProjectsProjects
� Metals: Cd, Ni, Al, Zn and Se; herbicides.

� Plant species: Tomato, Coffee, Sugarcane
and Tobacco.

� Analyses of plants (seedlings, adult) and cell
cultures, and bacteria.

� Antioxidant enzymes, ultrastructure, amino
acids, mutagenesis, proteomics (SDS and
2DE-PAGE), metallomics, protein structure
(bioinformatics).



OxidativeOxidative Stress Stress ImposedImposedonon CellsCells::

1) an increase in oxidant generation, 2) a decrease in 
antioxidant protection, or 3) a failure to repair oxidative 

damage. 

Reactive Oxygen Species (ROS)
(Naturally produced by the cell metabolism)

is a term collectively describing radicals and other non-radical 
reactive oxygen derivatives 

Superoxide O2
•¯

Nitric Oxide   NO •

Hydrogen Peroxide H2O2
Hydroxyl OH •

Singlet Oxygen 1� g (¯ 1O2)



ROSROS
Molecular effects: Damage to lipids and fatty

acids, proteins, pigments and nucleic acids.

Cellular effects:   Membrane damage, loss of
organelle function, reduction in metabolic

efficiency, reduced carbon fixation, chromatid
breaks (mutations).

CellCell DeathDeath



Cd Cd EffectEffect onon GrowthGrowth -- SeedlingsSeedlings

Ferreira et al. (2002) J. Plant Nutr. 25:327

Soybean



Cd Cd EffectEffect onon GrowthGrowth –– CoffeeCoffeeSuspensionSuspension
CulturesCultures

CdCd

NiNi

SeSe
Gomes-Junior et al. (2007) Funct. Plant Biol. 34:449

Gomes-Junior et al. (2006) Chemosphere 65:1330

Gomes-Junior et al. (2006) Plant Physiol. Biochem. 44:420



Metal Metal AccumulationAccumulation
(Cd) (Cd) –– RadishRadish

Vitória et al. (2001) Phytochemistry 57:701

Root

Leaf � Control
� 0.1 mM Cd
� 0.5 mM Cd



Tobacco Cell Suspension Culture – Cd
Antioxidant Enzymes

Gratão et al. PCTOC  94:73 (2008)



TomatoTomato ((MicroMicro --TomTom cvcv) ) MutantsMutants



TomatoTomato –– CdClCdCl22

Gratão et al. Ann. Appl. Biol. 153:321 (2008)
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TomatoTomato –– CdCd
Gratão et al. Ann. Appl. Biol. 153:321 (2008)
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TomatoTomato –– CdCd
Gratão et al. Ann. Appl. Biol. 153:321 (2008)

1           2           3           4            5         6           7            8 

I
II
III

0.0

1.0

2.0

3.0

4.0

5.0

R
o

o
t G

R
 s

pe
ci

fic
 a

ct
iv

ity

A

       0 day          20 days             75 days 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Le
a

f G
R

 s
pe

ci
fic

 a
ct

iv
ity

B

       0 day          20 days             75 days 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

F
ru

it 
G

R
 s

pe
ci

fic
 a

ct
iv

ity

C

       0 day          20 days             75 days 



Grafting Technique - Signalling



Grafting Technique
Grafting was performed in two different ways:  

(1) by the fusion of a rootstock(stock) submitted to Al or Cd and a scion(shoot) 
treated with nutritent solution or
(2) by the fusion of a rootstock (stock) maintained in nutrient solution and a scion
exposed to Al or Cd. 

Before grafting, plants were divided into treatments where the Cd exposure was
maintained (NS+Cd) or stopped (NS).



New Strategy – Grafting Technique

Plants treated with Al and after
exposed to NS could recover, in 
part, the growth.

Plants mantained in NS+Al 
showed a reduced growth. Al 
affects the root development, 
decreasing the water and nutrient
absorption. Al concentration of
5mM caused a reduction of 60% 
in root development.

Stock/scion+Al (NS)         Stock/scion+Al (NS+Al)

0        2        5       10       20
mM Al in NS

Stock+Al/scion (NS)          Stock+Al/scion (NS+Al)

Control Plant



Grafting Experiments - Cd

Scion 0                   1                 0    1                   0                  1 mM
Rootstock 0                   1                 1           0                   1                  0 mM



Grafting Experiments - Cd

SOD activity staining
1: leaves control - 0 mM CdCl2

2: leaves control - 1 mM CdCl2



Grafting Experiments - Cd

1: leaves control - 0 mM CdCl2
2: leaves control - 1 mM CdCl2
3: roots control - 0 mM CdCl2
4: roots control - 1 mM CdCl2



Grafting Experiments - Cd

11: scion - 0 mM CdCl2
12: rootstock - 1 mM CdCl2
13: roots - 1 mM CdCl2 and transferred to 0 mM CdCl2

21: scion - 1 mM CdCl2
21: rootstock - 0 mM CdCl2
22: roots - 0 mM CdCl2 and transfered to 1 mM CdCl2



Oxidative Stress – Recent Literature

The large majority of the recent literature concerning heavy 
metal tolerance, generation of reactive oxygen species 
(ROS) and antioxidant defense is showing a repetitive 
aspect, particularly when the methods and approaches are 
considered.

It is absolutely essential that new approaches and analyses 
are used in order to provide some new insights and 
advances in the study of oxidative stress induced by heavy 
metals.



Oxidative Stress – Recent Literature



Oxidative Stress – Recent Literature

Azevedo and Azevedo CBCS  1:135 (2006)



Oxidative Stress – Recent Literature

Azevedo and Azevedo CBCS  1:135 (2006)
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Oxidative Stress – What’s next?

Grafting technique as a tool to better understand the relationship 
among plant organs during stress.

‘Omics’: proteomics, metabolomics, … metallomics.

Metallomics: Metal ions bound to proteins may be characterized by 
matrix assisted laser desorption-ionization quadrupole-time of flight 
mass spectrometry and mapped using synchrotron radiation X- ray 
spectrometry. Such an emerging tool and other techniques that are 
available or being developed should not just be restricted to 
analytical chemistry, bioanalytical chemistry, biochemical 
characterization and species analysis, but can and should be used to 
help solving and understanding biological and environmental 
problems related to heavy metals.



Analysis of Metalloproteins (Metallomics)
Detection by Synchroton Radiation X-Ray Fluorescence (SRXRF)

(K, Ca, Cr, Mn, Fe, Co, Ni, Zn...)
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