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SUMMARY

A concept for the development of biosensors for the detection of heavy

metal ions in aquaeous solution is introduced. Phytochelatins, metal-

lothioneins and glutathione are used as biological components for the

heavy metal sensors. These peptides/proteins selectively bind heavy

metal ions via thiolate complex formation. The biological component is

immobilized at the surface of an appropriate transducer. Changes with-

in the layer of immobilized peptides/proteins, effected by binding of

metal ions (e.g. release of protons, changes of mass and optical pro-

perties), are transformed into electrical signals by the transducer

(proton-sensitive field effect transistor, resonating piezoelectric

crystal or optical device).

Preliminary experiments demonstrate the suitability of phytochelatins

and glutathione as biological components for the development of bio-

sensors for heavy metals.

1. Introduction

An increasing demand for real-time monitoring of heavy metal pollu-

tion of surface and waste waters is comming up today. Regarding

industrial effluents, where malfunctions or emergencies may cause

release of heavy metals into the environment, the possibility to gain

on-line data is of major importance.



 

 

368 R.Hilpert etal.

Biosensors responding to the concentration of heavy metal ions in
aquaeous solution may be the basis for the development of both on-line

monitoring systems and alarm sensors.

2. Sensing principles

Phytochelatins, metallothioneins and glutathion may be used as biolo-
gical components of heavy metal sensors.

Phytochelatins are low molecular weight peptides, beeing synthesized
in plants and some microorganisms upon exposure to heavy metal ions
[1,2,3]J. Their general structure is (rGlu-Cys) -Gly, n beeing between
2 and 8 [1]. Phytochelatins selectively bind heavy metal ions in
thiolate complexes [1]. Metallothioneins are cysteine-rich proteins
occuring in animals and microorganisms (M, 6000-7000) [4]. Like
phytochelatins, they form thiolate complexes with heavy metal ions
[4]. Glutathione is a naturally occuring peptide, having the structure
yGlu-Cys-Gly. It is supposed to be a Precursor in phytochelatin
biosynthesis.

Upon the formation of complexes with heavy metal ions, the molecules
cited above release protons and undergo changes of mass and optical
properties. It still has to be elucidated wether there occurs a change
of the dipole moment within an immobilized layer of these molecules,
too. These primary events can be transformed into electrical signals
by appropriate transducers, e.g. proton-sensitive field effect transi-
stors, resonating piezoelectric crystals or optical devices.

3. Experimental

Preliminary experiments were carried out in order to determine the
suitability of phytochelatins and glutathione for sensor applications.

Absorption spectra of apophytochelatin, Cd-phytochelatin, glutathione
and Cd-glutathione, taken in a Perkin Elmer spectrophotometer, mod.
320, closely resemble those of apometallothionein and Cd-metallothio-
nein, respectively, with the typical features of thiolate complexes
[4]. Within wavelengts between -190nm and -300nm, the absorption cha-
racteristics depend on the type of heavy metal ions complexed as well
as on the amount of these respective ions (data not shown).

 



  

(2.7107 mol/l) and

glutathione (1.6x107°

mol/l), respectively.

Results are given in

fig.l

Release of protons by

glutathione upon binding

of ca2*-ions was shown

by an experiment, where

a potentiometric glass

electrode was used as

transducer. For this

purpose, Cd-glutathione

(20% solution, pH 7.0)

was crosslinked with

glutardialdehyde (5%

final concentration) for

1 hour, entrapped behind

a dialysis membrane and

fixed to the glass memb-

rane of the electrode.

Complexed ca2*-ions were

removed by treatment

with 0.1 M EDTA-soluti-

 
on. The sensor was put

into destilled water (10

ml) and cadmiumacetate

(1mM aqueous solution,

pH 7.1) was added step-

wise. Response was re-

corded with a pH-meter

(WIW, mod. pH 91). As

shown in fig.2, there is

a correlation between

concentration of

ca2*

proving the release of

-ions and mV-signal,

protons by polymerized

glutathione.
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Based on these findings, quantitative measurements of ca?*-ions were

performed by UV-spectroscopy at 215 nm using apophytochelatin

Fig.1: Quantitative optical
measurement of cadmium-ions

Absorption (215 nm)

 
 

Fig.2 : Release of protons
by polymerized glutathione
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4. Future aspects

Our preliminary investigations have shown phytochelatins and gluta-

thione to be suitable biological components for the development of

biosensors for the detection of heavy metal ions. From literature data

[4], metallothioneins should be suitable as well.

The future tasks will be:

- Selection of the best-suited transducer (optical, mass-sensitive

or potentiometric)

- Improvement and adaption of the immobilization procedure

Stability testing

- Adaption to realistic operating conditions

Since there are different affinities of the various heavy metal ions

to the complexing peptides/proteins, pattern recognition of diffe-

rently pretreated single sensors may offer the possibility to gain

information on the nature of the binding metal ions. Investigations on

this item will be performed, too.

The long-term aim of our work is to develop biosensors suitable for

integration into a real-time monitoring network for surface water

control. Monitoring industrial effluents will be an additional field

of application for these sensors.
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