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In this conditions it is posible determine diazinon by adsorptive stripping 
voltammetry. The calibration data fitting the following equation: 

ip (nA) = (5.83 ± 0.03) 106 [M] + (0.5 ± 0.1) (r = 0.9996, n = 26) 

with a linear response between 1.16 10"8 and 2.93 10"4 M, a detection limit (3s/m 
criterion) of 4.01 10"9 M (1.3 p.p.b.), with a precision of 2.08 %. 
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I N T R O D U C T I O N 

M e t a l l o t h i o n e i n s (MT) are c y s t e i n e r i c h (-30%), low molecular weight 

p r o t e i n s which form a complex with heavy metals such as cadmium, copper, 

mercury and z i n c . Functions a t t r i b u t e d to MT includ e d e t o x i f i c a t i o n , storage 

and r e g u l a t i o n of metals. T h e i r i n d u c t i o n may s i g n i f y exposure to excessive 

c o n c e n t r a t i o n s of metal ions i n c e l l s . Consequently, the p o t e n t i a l value of 

these r e l a t i v e l y s p e c i f i c biochemical i n d i c a t o r s of metal contamination would 

seem to be obvious. To date however, the f u l l value of MT as a monitoring t o o l 

has r a r e l y been demonstrated, p a r t l y due to d i f f i c u l t i e s i n d e t e r m i n i n g 

p r o t e i n c o n c e n t r a t i o n s . 

The o b j e c t of the present study was to design and evaluate a s e n s i t i v e 

p r o t o c o l f o r q u a n t i f y i n g MT i n a v a r i e t y o f marine i n v e r t e b r a t e s , u s i n g 

d i f f e r e n t i a l pulse polarography. 

M A T E R I A L A N D M E T H O D S 

A d i f f e r e n t i a l pulse p o l a r o g r a p h i c assay f o r MT was accomplished using a 

PARC Model 174A analyser, a PARC/EG&G Model 303 s t a t i c mercury drop e l e c t r o d e 

(SMDE) and a f l a t - b e d X-Y recorder. C a p i l l a r y e l e c t r o d e s were cleaned i n a c i d 

and s i l a n i z e d . 

The B r d i c k a supporting e l e c t r o l y t e was prepared according to and Imber & 

Thompson (1) and c o n t a i n e d 1.0 M NH 4C1 , 1.0 M NH^OH and 2.0 mM o f 

[Co(NH^)g]Clg. The e l e c t r o l y t e was prepared weekly and s t o r e d at 4 "C when not 

i n use. 

T r i t o n X-100 (SIGMA) (2.5 x 10" 2 % (v/v)) was used to suppress secondary 

maxima and minima and to e l i m i n a t e b a s e l i n e n o i s e . 

Ten m i l l i l i t e r s o f e l e c t r o l y t e were d i s p e n s e d d i r e c t l y t o t h e c e l l , 

t o g e t h e r w i t h 100 / i l o f T r i t o n X-100 and 25 - 250 fil a l i q u o t s o f 

standard/sample. The c e l l was then purged f o r 2 minutes with p u r i f i e d N2 

p r i o r to a n a l y s i s . Scanning was from -1.4 V to -1.6 V at 2mV/s us i n g a 
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Ag /AgCl r e f e r e n c e e l e c t r o d e . Modulation amplitude was 50 mV and drop time I s . 

P r e p a r a t i o n of MT-containing, c y t o s o l i c e x t r a c t s of marine organisms, 
c o l l e c t e d a t s i t e s i n P o r t u g a l and the U n i t e d Kingdom, been d e s c r i b e d 
p r e v i o u s l y (2). E x t r a c t s were heated at 80 °C (10 min) to remove i n t e r f e r i n g 
p r o t e i n s . 

Q u a n t i f i c a t i o n of MT, based on r a b b i t l i v e r m e t a l l o t h i o n e i n MT-I (working 
standard 10 mg/1 i n d i s t i l l e d water), was accomplished by standard a d d i t i o n 
method. 

R E S U L T S A N D D I S C U S S I O N 

The b a s i s f o r the determination of t h i o l i c p r o t e i n s ( i n c l u d i n g MT), 

i n which complexation with c o b a l t ( I I ) ions p l a y s a d e c i s i v e r o l e , l i e s i n the 

l i n e a r r e l a t i o n s h i p between the c o n c e n t r a t i o n of p r o t e i n and the second of the 

two waves, designated 'A' and 'B', f o l l o w i n g the c o b a l t r e d u c t i o n wave (3, 4, 

5 ) . A f u r t h e r c o n d i t i o n n e c e s s a r y i s the p r e s e n c e o f s u l p h y d r y l or 

d i s s u l p h i d i c groups i n the p r o t e i n molecule. 

A t y p i c a l p o l a r o g r a p h i c s c a n of a sample o f Ruditapes (=-V enerup is ) 

decussaCus, showing the two separate p r o t e i n waves f o l l o w i n g the c o b a l t 

r e d u c t i o n wave, i s shown i n f i g . 1. 

Co 

-1.2 _1.4 -1-6 
APPLIED P O T E N T I A L ( v o l t s ) 

F i g . 1. D i f f e r e n t i a l pulse polarograms of the B r d i c k a 
e l e c t r o l y t e c o n t a i n i n g 50, 100, 150 fil of c y t o s o l of R. 
decussaCus; o b t a i n e d u s i n g s t a t i c m e r c u r y drop 
e l e c t r o d e . Co, 'A' and 'B' denotes the r e d u c t i o n of the 
c o b a l t (Co) and the p r o t e i n (A, B), r e s p e c t i v e l y . 

- 61 -

A MT c a l i b r a t i o n curve ( f i g . 2) generated a t 20 °C, was l i n e a r over 

the range 5 ng/l to 300 /ig/1 (r-0.9985, P< 0.001); t h i s i s e q u i v a l e n t to 

0.77 nM to 46.15 nM, based on an average molecular weight f o r MT of 6500 

( 6 ) . Data p o i n t s r e p r e s e n t the means o f t h r e e o r more r e p l i c a t e 

determinations. The d e t e c t i o n l i m i t of 5 pg/1 obtained i n the present 

s t u d y ( a t 5 /iA f u l l s c a l e ) r e p r e s e n t s some improvement o v e r t h a t 

p r e v i o u s l y r e p o r t e d by Thompson & C o s s o n (5) and c o u l d be enhanced 

f u r t h e r by c a r r y i n g out a n a l y s i s at lower temperature. 
2300 -

M T jug/1 
F i g . 2. M e t a l l o t h i o n e i n (MT) c a l i b r a t i o n ( S i g n a l 
i n t e n s i t y , I, a g a i n s t c o n c e n t r a t i o n of Rabbit l i v e r MT) 
u s i n g s t a t i c mercury drop e l e c t r o d e , a t room 
temperature. L i n e a r r e g r e s s i o n equation and c o e f f i c i e n t 
are i n d i c a t e d . 

S e n s i t i v i t y i s c l e a r l y one of the advantages of t h i s technique. 

Using the c o n d i t i o n s d e s c r i b e d here, only a few raicrolitres o f c y t o s o l 

are needed f o r MT assay. 

L e v e l s of M T - l i k e p r o t e i n s i n a v a r i e t y o f m a r i n e m o l l u s c s , 

c o l l e c t e d at s i t e s i n P o r t u g a l and the U n i t e d Kingdom, are shown i n 

Table I. Values range from 1.69 - 21.3 mg/g (dry weight), depending on 

the s p e c i e s and t i s s u e analysed. 

Comparison of the pulse p o l a r o g r a p h i c d e t e r m i n a t i o n of MT with 

o t h e r commonly u s e d methods (7) shows t h a t i t s h i g h s p e c i f i c i t y 

r e p r e s e n t s the most s e n s i t i v e p h y s i c o c h e m i c a l method f o r d i r e c t 

q u a n t i f i c a t i o n , c u r r e n t l y a v a i l a b l e . In our view t h i s method w i l l be an 

important asset f o r c l a r i f y i n g the primary f u n c t i o n of raetallothionein-

l i k e p r o t e i n s , and i n determining responses i n r e l a t i o n to heavy metal 

contamination i n the marine environment. 
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T A B L E I - M e t a l l o t h i o n e i n l e v e l s i n d i f f e r e n t marine i n v e r t e b r a t e s 

Species Size 
mm 

Tissue MT 

mg/g* 

S i t e 

Cerastoderma edule 30 Whole animal 4 55 R i a Formosa Portugal 
Donax v i t a t u s 32 Whole animal 6 37 
L i t t o r i n a l i t t o r e a 20 D i g e s t i v e gland 11 93 Plymouth, U K. 

20 Remaining t i s s u e s 2 55 
L i t t o r i n a s a x a t i l i s 13 D i g e s t i v e gland 15 45 Minehead, U K. 
My t i l u s e d u l i s 58 Whole animal 2 43 Whitsand bay, U.K. 

70 D i g e s t i v e gland 8 04 

N u c e l l a l a p i l l u s 26 D i g e s t i v e gland 5 29 Plymouth, U K. 
26 Remaining t i s s u e s 1 95 

P a t e l l a v u l g a t a 35 D i g e s t i v e gland 21 30 » 

35 Remaining t i s s u e s 1 69 
Ruditapes decussatus 20 Whole animal 4 29 R i a Formosa, Portugal 

37 Whole animal 6 34 

* dry-weight 
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