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Modulating heavy metal contents and allocation in plants
What is a heavy metal?

Heavy metals are defined as those elements which have a density of
more than 5 g / cm’.
We use them for industrial products but many of them are also required for
biological functions
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What are the problems related to heavy metals?

For plants:

Insufficient uptake of essential heavy metals
Uptake of two large amounts of heavy metals
Uptake of toxic heavy metals

QuickTime™ and a TIFF (Uncompressed) decompressor are needed to see this picture.



What are the problems related to heavy metals?

For humans:
Insufficient amounts of essential heavy metals
To strong chelation of essential heavy metals

QuickTime™ and a TIFF (Uncompressed) decompressor are needed to see this picture.

Contamination of soils with toxic heavy metals



What are the problems related to heavy metals?

QuickTime™ and a TIFF (Uncompressed) decompressor are needed to see this picture.

Approaches using breeding and plant biotechnology:
Safe food

Phytoremediation
Biofortification



An example for a heavy metal: Cadmium

- Interacts with SH groups
- Causes oxidative stress
- In humans it damages the kidney, immunodeficiency and it is carcinogenic



Is heavy metal contamination a problem in Europe?
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The pathway of heavy metals from the root to the shoot

(e) Trafficking and

L Z _m

M
L e
Mg M ]
ﬂ Cytosolic
ﬁ metalloenzyme Plasiia
b membrane |
Wacuole =M [ g

Bl |

(d) Unloading and tissue distribution

Storaga in

Uptake from
the apoplast

S AAL e

Symplastic s N

passege. <L 1K
: MI'I‘- -

W

Cell wall

| s | Symplastic binding

Apoplastic | \yne| |||/ loading

Plasma
Plasmadacmata membrane

{a) Mobilization {b) Uptake and sequestration

Plasma 0
membrane %,

\ow
Plasma
membrane

Pericycle

Other
chelators?

o

Citric acid cycle
|

) e
Cellwall -Casparian sirip
Cymninle - ¢ _‘_) = Apoplast
TRENDS i Pl Seiarce C::; = Symplasl

Kramer et al. TIPS 2002,



Tools to study plant transport processes

Whole plant level

Single cell level
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The soil-root interaction

Root exudates may either immobilze heavy metals or rend them more soluble
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IRT1 is the major Fe?* uptake transporter in roots but is
also the major Cd?* transporter
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A biotechnological approach to decrease heavy metals in plants:
Expression of a bacterial cadmium transporter
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Expression of a bacterial cadmium transporter to reduce

cadmium uptake in plants

ZntA-transgenic lines
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The ABC-type transporter AtPDRS8 is expressed mainly in
epidermal cells and localized i the plasma membrane

Kim, Bovet et al. Plant J. 2007
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Deletion mutants of AtPDRS8 are sensitive to cadmium and lead
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AtPDRS8 overexpressing plants are more tolerant
to cadmium and lead
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AtPDRS8 acts as a cadmium efflux pump
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AtPDRS is involved in heavy metal and biotic stress:
Where is the link?

Rapid Paper

Loss of AtPDRS, a Plasma Membrane ABC Transporter of Arabidopsis
thaliana, Causes Hypersensitive Cell Death Upon Pathogen Infection

Yoshihiro Kobae !, Tetsuro Sekino !, Hirofumi Yoshioka 2, Tsuyoshi Nakagawa *, Enrico Martinoia  and
Masayoshi Maeshima "~

The Plant Cell, Vol. 18, 731-746, March 2006, www.plantcell.org © 2006 American Society of Plant Biologists

Arabidopsis PEN3/PDR8, an ATP Binding Cassette
Transporter, Contributes to Nonhost Resistance to
Inappropriate Pathogens That Enter by Direct Penetration ™

Ménica Stein,? Jan Dittgen,® Clara Sanchez-Rodriguez,® Bi-Huei Hou,? Antonio Molina,® Paul Schulze-Lefert,P

Volker Lipka,? and Shauna Somerville®?

The Plant Journal (2007) 50, 207-218 doi: 10.1111/j.1365-313X.2007.03044.x

The ABC transporter AtPDR8 is a cadmium extrusion pump
conferring heavy metal resistance

Do-Young Kim', Lucien Bovet?, Masayoshi Maeshima®, Enrico Martinoia"*" and Youngsook Lee'*"



Exploring the role of the vacuole to increase heavy metal
allocation and accumulation
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Is vacuolar transport a limiting factor for heavy metal tolerance?
Expression of the yeast bis-GS-Cd transporter YCF1 in plants
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Song et al. Nature Biotech. 2003



Arabidopsis expressing YCF1 exhibit a higher GS,-Cd transport

Table 1 Uptake of GS-conjugated cadmium and reduced glutathione
into intact vacuoles isolated from wild-type and YCFI-transgenic plants

Compound Wild-type plants, YCF1-transgenic plants,
nmol/ml vacucle/min nmol/m! vacuole/min

Cd + GSH 1.45+0.25 5.30+0.49

GSH 0.15+0.11 0.20 + 0.06

Substrates tested were 200 uM GSH containing *H-labeled GSH with or without
200 uM CdCls. Values shown are means + s.e.m. (n = 10) from two independent
experiments, each with five replicates.

Song et al. Nature Biotech. 2003



Arabidopsis expressing YCF1 are more tolerant to arsenic,
lead and cadmium
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Can the vacuolar sink be increased byby increasing the amount of

chelators?
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Malate is a central metabolite in plants:

Metabolic pathways: Kebs cycle, glyoxylate cycle, CO, fixation, malate decarboxylation
Store for CO, and reduction equivalents

Important osmolyte (stomata, CAM, C4)

pH state

Chelator (intracellular (mainly zinc) and extrcellular (aluminum tolerance)



A homologue of the renal Na+/dicarboxylate transporter
is the vacuolar malate transporter
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AttDT is the vacuolar malate transporter, but not the
the malate channel

Current densities in wt and attdt KO are similar The currents detected are due
to malate
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The vacuolar malate channels are members of the ALMT family
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Impairing vacuolar malate transport has no effect on heavy
metal resistance
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