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A heavy metal is a member of a loosely defined subset of 
elements that exhibit metallic properties.  Many different 
definitions have been proposed—some based on density, some 
on atomic number or atomic weight, and some on chemical 
properties or toxicity. The term heavy metal has been called a 
"misinterpretation" due to the contradictory definitions and its 
lack of a coherent scientific basis 



Heavy Metals  
(HMs) 

Potentially Toxic Elements 
(PTEs) 

Biologically Labile Elements 
(BLEs) 

Bhat and Kahn (2011) 





• Certain trace metals or metalloids that are 
essential (Cu, Mn, Zn, or Ni) 

• or not essential  (e.g. Cd, Pb, Hg, Se, Al, As) at 
amounts that would be extremely toxic to 
plants 

Barceló and Poschenrieder (2003) 





• metalloid is an element intermediate in properties 
between the typical metals and nonmetals 

• a ligand is an ion or molecule that binds to a central 
metal atom to form a coodination complex.  

• Chelation describes a particular way that ions and 
molecules bind metal ions 

Barceló and Poschenrieder (2003) 





Lin and Aarts (2012) 



Metallophytes = plants that can colonize metal-
contaminated soils. 

Metallipherous habitats = metal-contaminated 
soils. 

Hyperaccumulator = natural adaptation mechanism 
to metallipherous habitats. 

Barceló and Poschenrieder (2003) 



Heavy metals (HMs), added to the soil largely through 
diverse anthropogenic activities, constitute one of 
the major environmental contaminants that restrict 
plant productivity.  

Their non-biodegradability results in prolonged 
persistence in the environment. 

If heavy metals are allowed to accumulate in crop 
plants, toxic metals pose a threat to human and 
animal health. 



Phytoremediation, a sustainable and 
inexpensive technology based on the removal 
of pollutants* from the environment by plants, 
is becoming an increasingly important 
objective in plant research. 
 

*) including HMs 

Gohre and Paszkowski (2006) 



Phytoremediation has recently emerged 
as a new, cost-effective, and 
environment-friendly alternative. 

Barceló and Poschenrieder (2003) 



Phytoremediation can be done by utilizing 
[a] ‘hyperaccumulator’ plants with or 
without [b] arbuscular mycorrhiza 
symbioses. 



The term hyperaccumulator describes plants that 
have ability to grow on metalliferous soils and to 
accumulate extraordinarily high amounts of heavy 
metals in the aerial organs, far in excess of the levels 
found in the majority of species, without suffering 
phytotoxic effects. 

Rascioa and Navari-Izzo (2011) 



Three basic hallmarks distinguish of 
hyperaccumulators  

1. strongly enhanced rate of heavy metal uptake,  

2. faster root-to-shoot translocation, and  

3. greater ability to detoxify and sequester heavy 
metals in leaves. 





Metal accumulating species can be used for 
phytoremediation (removal of contaminant 
from soils) or phytomining (growing plants to 
harvest the metals) 

Rascioa and Navari-Izzo (2011) 



An arbuscular mycorrhiza is a type of mycorrhiza in 
which the fungus penetrates the cortical cells of the 
roots of a vascular plant. 



Arbuscular mycorrhizal (AM) fungi provide an 
attractive system to advance plant-based 
environmental clean-up. During symbiotic 
interaction the hyphal network functionally extends 
the root system of their hosts. Thus, plants in 
symbiosis with AM fungi have the potential to take 
up HM from an enlarged soil volume. 

Gohre and Paszkowski (2006) 



The use of adapted indigenous fungal strains that are 
more suitable for phytostabilization and extraction 
purposes than laboratory strains. 

Gohre and Paszkowski (2006) 



1. Direct interaction with proteins due to their affinities for 
thioyl-, histidyl- and carboxyl-groups, causing the metals to 
target structural, catalytic and transport sites of the cell; 

2. Stimulated generation of reactive oxygen species (ROS) that 
modify the antioxidant defence and elicit oxidative stress; 
and  

3. Displacement of essential cations from specific binding 
sites, causing functions to collapse. For example, Cd2+ 
replaces Ca2+ in the photosystem II reaction centre, 
causing the inhibition of PSII photoactivation 

Sharma and Dietz (2008) 



Sharma and Dietz (2008) 



Sharma and Dietz (2008) 



Hossain, Piyatida, da Silva, and Fujita (2012) 



• cellular redox imbalances leading to oxidative stress 
and metal toxicity in plants 

• indirect metal effect of cellular disregulation and 
progressive secondary damage development 

• recent experiments revealed a clear relationship 
between metal stress and redox homeostasis and 
antioxidant capacity. 

• salicylic acid have established a link between the 
degree of plant tolerance to metals and the level of 
antioxidants. 

Sharma and Dietz (2008) 



• Pb behavior in the soil-plant system and its phytotoxicity is 
greatly influenced by chemical speciation.  

• Organic ligands are capable to modify Pb speciation by 
forming organo-metallic complexes of varying stability, 
bioavailability and toxicity.  

• Efficiency of organic ligands to modify Pb behavior and 
impact greatly depends on their metal binding capacity.  

• This binding capacity, in turn, depends on molecular 
structure, amount and type of functional groups of organic 
ligands. 

Shahid, Pinelli, and Dumat (2012) 



HM detoxification mechanisms of plants and fungi in arbuscular mycorrhiza 
symbioses: 

1. Chelating agents are secreted that bind metals in the soil, e.g. histidine and 
organic acids from the plant, glomalin from the fungus.  

2. Binding of HM to cell wall components in plants and fungi. 

3. The plasma membrane as a living, selective barrier in plants and fungi.  

4. Specific and nonspecific metal transporters and pores in the plasma membrane 
of plants and fungi (active and passive import).  

5. Chelates in the cytosol, e.g., metallothioneins (plants and fungi), organic acids, 
amino acids, and metal-specific chaperons.  

6. Export via specific or nonspecific active or passive transport from plant or fungal 
cells.  

7. Sequestration of HM in the vacuole of plant and fungal cells.  

8. Transport of HM in the hyphae of the fungus.  

9. In arbuscules, metal export from the fungus and import into plant cells via active 
or passive transport 

Gohre and Paszkowski (2006) 



Gohre and Paszkowski (2006) 



Gohre and Paszkowski (2006) 



Gohre and Paszkowski (2006) 



Contribution of AM fungi to phytoremediation of HM. Top: 
Non-mycorrhizal plant in HM-polluted soil. Left panel 
Improved stabilization of HM in soil upon mycorrhizal 
colonization; favored for phytostabilization. Right panel 
Enhanced uptake and transfer of HM to the shoot (left plant) 
and increased biomass of plants resulting from AM-fungi 
enhanced nutrition leading to increased removal of HM 
from soil (right plant); beneficial for phytoextraction. (red 
dots HM in the soil; orange or red plant or fungal parts: low 
and high concentrations of HM, respectively). 

Gohre and Paszkowski (2006) 
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A scheme showing transport systems constitutively 
overexpressed and/or with enhanced affinity to heavy metals, 
which are though to be involved in uptake, root-to shoot 
translocation and heavy metal sequestration traits of 
hyperaccumulator plants. (CAX = Cation Exchangers; CDF = 
Cation Diffusion Facilitators; FDR3 = a member of the 
Multidrug and Toxin Efflux family; HM= Heavy Metals; HMA= 
Heavy Metal transporting ATPases; NA= Nicotinamine; NIP = 
Nodulin 26-like Intrinsic Proteins; P = Phosphate transporters; 
S = Sulphate transporters; YSL = Yellow Strip 1-Like Proteins; 
ZIP = Zinc-regulated transporter Iron-regulated transporter 
Proteins). 

Rascioa and Navari-Izzo (2011) 
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• A common consequence of HM toxicity is the excessive 
accumulation of reactive oxygen species (ROS) and 
methylglyoxal (MG), both of which can cause peroxidation 
of lipids, oxidation of protein, inactivation of enzymes, DNA 
damage and/or interact with other vital constituents of 
plant cells. 

• Methylglyoxal (MG) = a cytotoxic compound. 

• Glutathione (GSH) by itself and its metabolizing enzymes act 
additively and coordinately for efficient protection against 
ROS- and MG-induced damage in addition to detoxification, 
complexation, chelation and compartmentation of HMs. 

Hossain, Piyatida, da Silva, and Fujita (2012) 




