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Toxicity of metals depends on

Bioavailability, species and exposure conditions.

Essential metals important for life might cause adverse health
effects if

Exposure is excessive.

Chemical species or exposure route is not the physiological one.
Toxicity and uptake of metals from food varies with nutritional
factors as iron status, intake of protein, calcium and zinc.

The mechanism for toxicity of several metals involves
metallothionein.

Human exposure to metals takes place via food stuff in which
metal binding proteins such as metallothionein occur.
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Metals and Food

Many metals and their species are present in food and can thus
have an influence on human health.

Limited data available for Cadmium, Zinc, Copper, Mercury in
relation to Metallothionein.

Cadmium binding proteins of different molecular weight in e.g.
rice, oysters, liver and kidney.
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Metallothionein (MT)

Metallothioneins (MTs) are low molecular weight, cysteine-rich
metal-binding proteins found in a wide variety of organisms
including bacteria, fungi and all eukaryotic plant and animal
species.

Metallothionein is often related to toxicokinetics and
biochemistry of essential and non-essential metals such as zinc,
cadmium, mercury and copper. In vivo binding to other
metals/metalloids such as selenium and bismuth is not yet
understood. Although it is mainly an intracellular protein, MT has
been detected in small amounts in blood and urine.
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Characteristics of metallothionein

= Molecular weight around 6000-7000
® 61 aminoacids (62-68)

m 20 cysteine (30%), N-acetylmethionine, C-alanine, no
aromatics, no histidine

= Unique aminoacid sequence

® Tertiary structure/metal clusters

= Metal content; Zn, Cd, Hg, Cu; 5-10% w/w

® Absorption at nm 225 (Zn), 250 (Cd) 300 (Hg) 275 (Cu)
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Characteristics of metallothionein cont

No disulfide bonds

Heat stability

Cytoplasmic localisation
Isoforms

Localisation on chromosome
Induced synthesis by Cd, Zn
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Metallothionein and DNA

MT-1,- Il,- 11,- 1V,

Age; fetus, newborn, adult, aged

Gender aspects men-women

MT higher in liver women than in men and
Increased Cd in blood & increased MT women

Iron deficiency increases MT-I in bone marrow, MT in liver
unchanged, in kidney decreased

Iron status-MT-Cd

Genetic polymorphism - several genes for MT on same chromosome
coding specific MT-function?

nica Nordberg, Food Safety Commission in Japan March 06 13
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Metallothionein
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Model induction MT gene expression
(F. Haqg et al. / Mutation Research 533 (2003) 211-226)

Cd, Cu, Hg, or other metal

oxidizing agent

reactive oxygen
species (ROS)

oxidative
stress

Indiced Gene
I
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Metallothionein has several functions
in the biological system

= Transport of metals e. g. Cd, Cu, Zn
= Detoxification of metals e. g. Cd, Zn, Hg

= Protection from metal toxicity; non-MT-bound metal versus MT-
bound metal

= Free radical scavenger

= Storage of metals

= Metabolism of essential metals

= Functions related to the immune response
= Genotoxicity and carcinogenicity

lonica Nordberg, Food Safety Commission in Japan March 06 19
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Metabolism and kinetics of metals-general
concepts and relationship to metallothionein

= Intake: Cd and MT important

= Absorption: Cd and Cu

= Distribution and Accumulation: Cd, Hg, Cu
= Metabolism and kinetics

= Biological half-time

= Excretion: Cd, Hg(?)
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Metallothionein and Disease

*Cadmium: Kidney: proteinuria, calciuria, Itai-ltai disease

*Copper :
*liver: Wilson”s, Indian liver cirrhosis,
¥ Placenta: Menke”s,

*GIF
¥brain Alzheimer”s disease
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Beef
Liver
Kidney
Crab
Oyster
Rice
Water
Fish
Bread

Cadmium in food

MT

MT

MT
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MT and CdBP
CdBP
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Molecular Metal and sulfhydryl
_weight information Other
Mammalian Cd-Mt K" (Cd + ZnWSH = 2 (0% SH) pl~4
Peeudomonas p. 3-TK iCd + Zn + CoVSH = 1-2
Yeast” 1,5.6K Cd/SH 2-3
Ni 2K Cd/SH 3(2)
Mushroom (Cd-myeophosphatin) 13K no SH, 13 Cd/mole
Rice® K Amas — 260 mm
Mussel®
cd 100K 12-26% SH Na aromatics
Hg BCd + 1 Znimole
Whelk K 38H
Oyster 10K pl 6.9 (44)
Oyster 10,24K low % SH
Alga 10K CdSH ~ 1(1
Bacteris® 0K 18% SH, 3 metalsmole pl~43
Lobster > WK
Crab - Cu 10K Does not bind to DEAE cellulose
Crab® WK SK (=30%)
Drosaphila®
Larval 56K Sequence homology Hes 1-40
Adult 23K
Carp’ 16K
Rainbow® 12K
12K (Mt and novel
CdBF}
* Binding proteins for other metals (Cu,Hg) are specifically noted,
"10K = 10,000 dalton.
“Fossible simple relationship to Mt.
*Clear evidence of Mt of mammalian type.
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Mammalian Cd-Mt 108" (Cd + Zn)EH = 3 (30% SH) pl—4
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CdBP in oysters (Nordberg M, Nuottaniemi |, Cherian MG, Nordberg GF, Kjellstrém
T, Garvey JS. (1986) Characterization studies on the cadmium-binding proteins
from two species of New Zealand oysters. Environ. Health Perspect. 65:57-63.)
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Cd B P (Nordberg M, Nuottaniemi |, Cherian MG, Nordberg GF,

Kjellstrom T, Garvey JS. (1986)
(Characterization studies on the cadmium-binding proteins from two species of New Zealand oysters)
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Role of Metallothionein in Chronic Cadmium
Exposure
=  Cadmium, Zinc, Copper, in relation to Metallothionein
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Protective mechanisms
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+ Metal binding proteins

+ Localization in the cell

+ Metallothionein in cytoplasm

+ Detoxicfication

+ Change of pH in lysosomes

¢+ MT-bound Cadmium

+ Zinc status

¢+ lron status

+ Protein intake
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FIG 2. The relative concentrations (%) of cadmium, zinc, and copper in MT- fractions in relation to
1e total MT-concentration (groups | and 2), (@) Cd; (Q) Zn; (*) Cu.
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Developments in the application of molecular “omics” i.e
genomics, proteomics, and metabolomics will lead to new
biomarkers.

Example:
Metallothionein can be used to evaluate early effects of cadmium and
its species in risk and exposure assessment

Monica Nordberg, Food Safety Commission in Japan March 06 41
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Needs for Evaluation of Potential Health Effects™”

Biological Monitoring
Exposure and Effects Biomarkers

Blood: plasma MT

Urine: MT and others

Feces
Hair

Biomarker in urine

Monica Nordberg, Food Safety Commission in Japan March 06 43
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Methods for quantification of MT
- early methods

After isolation and in crude tissue fractions:

Freeze-drying
Biuret method

Calculation aminoacid analyses

In Vitro binding Hg
In Vitro binding Cd
RIA

ELISA

Nordberg et al 1972
Nordberg et al 1972
Kéagi; Nordberg
Piotrowski et al 1973
Onosaka and Cherian 1981
VanderMallie and Garvey 1978
Garvey 1984

nica Nordberg, Food Safety Commission in Japan
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Nordberg et al 1972

Nordberg et al 1972

Kégi; Nordberg

Piotrowski et al 1973

Onosaka and Cherian 1981
VanderMallie and Garvey 1978

) Garvey 1984
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Methods for quantification of MT

= Peripheral lymphocytes = MTmRNA RT-PCR
= Plasma or serum = ELISA or RIA
= Urine = ELISA or RIA
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" = MTmRNA RT-PCR
. = ELISA RIA
. = ELISA RIA
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Metallothionein gene expression in peripheral lymphocytes from Cd

eXposed Worke IS (Lu J,Jin T, Nordberg G and Nordberg M (2001) Metallothionein gene expression in peripheral
lymphocytes from cadmium exposed workers Cell Stress and Chaperones 6(2), 97-104.)
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(Lu J,Jin T, Nordberg G and Nordberg M (2001)
(Metallothionein gene expression in peripheral lymphocytes from cadmium exposed workers) Cell Stress and Chaperones 6(2), 97-104.)
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Metallothionein Gene Expression in Peripheral Lymphocytes and Renal

Dysfunction in a Population Environmentally Exposed to Cadmium
(LuJ., Jin T., Nordberg GF., Nordberg M (2005) The application of metallothionein (MT) gene expression in peripheral blood
lymphocytes (PBLs) as a biomarker of cadmium exposure Toxicological and Applied Pharmacology 206 (2) ,150-156)
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(Lu J., Jin T., Nordberg GF., Nordberg M (2005)
(The application of metallothionein (MT) gene expression in peripheral blood lymphocytes (PBLs) as a
biomarker of cadmium exposure) Toxicological and Applied Pharmacology 206 (2) ,150-156)
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Figure from Chen L., Jin T., Huang B., Chang X., Lei L., Nordberg GF. , Nordberg
M. (2005) Plasma metallothionein antibody and cadmium induced renal dysfunction

in an occupational population in China TOXSCI in press
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Chen L., Jin T., Huang B., Chang X., Lei L., Nordberg GF.
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Future trends

Metal toxicology is confronted with new challenges
to meet requirements from advanced
technologies in search for biomonitoring methods
for new materials and processes.

Metals speciation and omic’s technologies including
assessment of metallothionein and other metal
binding proteins are important tools for adequate
human health risk assessment.
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