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The r o l e o f c h o l e s t e r o l i n h e a l t h i s a s s o c i a t e d w i t h the i n c i d e n c e 

o f h e a r t d i s e a s e s . C h o l e s t e r o l i s e s s e n t i a l f o r l i f e , b e i n g a s t r u c t u r a l 

component o f b i o l o g i c a l membranes. When the m e t a b o l i s m o f c h o l e s t e r o l i s 

d i s t u r b e d i t a c c u m u l a t e s a s the c h o l e s t e r y l e s t e r i n the a r t e r y w a l l s . 

These d e p o s i t s l e a d t o a d i s e a s e , a t h e r o s c l e r o s i s , w h i c h i s now an e p i d e m i c 

i n w e s t e r n s o c i e t y due t o g e n e t i c , d i e t a r y and s o c i a l f a c t o r s , s u c h as 

smok ing . 

E l e c t r o c h e m i c a l s e n s o r s [ I I can p l a y an i m p o r t a n t p a r t i n r a p i d l y 

q u a n t i f y i n g c h o l e s t e r o l i n b i o l o g i c a l f l u i d s . Wh i l e In vivo d e t e r m i n a t i o n s 

u s i n g m i c r o m i n i a t u r e s e n s o r s s t i l l p r e s e n t some p rob l ems , In vitro 

measurements can be a c c o m p l i s h e d u s i n g a m p e r o m e t r i c s e n s o r s s u c h a s the 

m o d i f i e d s t a n d a r d oxygen e l e c t r o d e . 

In o r d e r t o d e t e r m i n e c h o l e s t e r o l at an oxygen e l e c t r o d e the 

r e a c t i o n s o f two enzymes were used : c h o l e s t e r o l o x i d a s e and c a t a l a s e , bo th 

i m m o b i l i s e d d i r e c t l y o n t o a T e f l o n membrane [23. The f i r s t enzyme o x i d i s e s 

c h o l e s t e r o l and p r o d u c e s hyd rogen p e r o x i d e , and the s econd enzyme o x i d i s e s 

p e r o x i d e t o oxygen wh i ch i s d e t e r m i n e d a t the g o l d e l e c t r o d e . 

The enzymes, c a t a l a s e ( from bov ine l i v e r ) and c h o l e s t e r o l o x i d a s e 

( f rom s t r e p t o r a y c e s s p e c i e s ) , c h o l e s t e r o l and l - c y c l o h e x y l - 3 - ( 2 -

m o r p h o l i n o e t h y l ) c a r b o d i i m i d e m e t h o - p - t o l u e n o - s u l p h o n a t e (CMC) were 

o b t a i n e d f rom S igma C h e m i c a l Company, U.K. A c r y l i c a c i d f rom Merck, FRG, 

was used w i t h o u t p u r i f i c a t i o n . A l l o t h e r c h e m i c a l s were o f a n a l y t i c a l 

g r a d e and were o b t a i n e d c o m m e r c i a l l y . 

T e f l o n membranes (0.02g) were s u p p l i e d by Metrohm, EA 1092/2. 

These s u p p o r t s were g r a f t e d w i t h a c r y l i c a c i d i n o r d e r t o i n c r e a s e t h e i r 

h y d r o p h i l i c i t y and t o c r e a t e r e a c t i v e g r o u p s . The f i l m s were immersed i n 

3 0 c m 3 o f 10% aqueous a c r y l i c a c i d s o l u t i o n and i r r a d i a t e d a t 18.3 r a d s _ 1 , 
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w i t h a e o C o s o u r c e , f o r 72 h o u r s at room t e m p e r a t u r e i n the p r e s e n c e o f 

a i r . The homopolymer was removed by e x t r a c t i o n w i t h wa t e r . The g r a f t 

c opo l ymers were d r i e d i n vacuo a t 313K t o c o n s t a n t we i gh t . 

CMC was used a s a c t i v a t i n g agent t o c o u p l e the enzymes t o the -COOH 

g r o u p s o f the g r a f t e d p o l y ( a c r y l i c a c i d ) . The p r e s ence o f p o l y ( a c r y l i c 

a c i d ) was c o n f i r m e d by i n f r a r e d s p e c t r o s c o p y as i n r e f . [3] and the 

p e r c e n t a g e o f g r a f t i n g was d e t e r m i n e d g r a v i m e t r i c a l l y t o be 22% g r a f t . 

T h i s membrane was used f i r s t t o i m m o b i l i s e c a t a l a s e a c c o r d i n g t o 

p r e v i o u s p r o c e d u r e C3], washed w i t h phospha te b u f f e r and th en used t o 

i m m o b i l i s e c h o l e s t e r o l o x i d a s e . The a c t i v i t y o f b o t h enzymes was measured 

c h e m i c a l l y . 

The amount o f i m m o b i l i s e d enzymes, c a t a l a s e and c h o l e s t e r o l o x i d a s e , 

was d e t e r m i n e d by the Lowry method. The c a t a l a s e a c t i v i t y was d e t e r m i n e d 

f o l l o w i n g th e method o f B e e r s and S i z e r u s i n g hyd rogen p e r o x i d e and the 

c h o l e s t e r o l o x i d a s e a c t i v i t y was d e t e r m i n e d by d e t e r m i n a t i o n o f c h o l e s t e r o l 

- a l l measurements were done on a J a s c o 7800 S p e c t r o p h o t o m e t e r . The 

a c t i v i t y o f b o t h enzymes a f t e r b e i n g i m m o b i l i s e d i s i n d i c a t e d i n T a b l e 1. 

TABLE 1 

I m m o b i l i s a t i o n o f enzymes c a t a l a s e and c h o l e s t e r o l o x i d a s e 

o n t o T e f l o n - g . c o - a c r y l i c a c i d 2 2 % ' g r a f t s u p p o r t s . 

mg E . g - 1 C o u p l i n g R e t e n t i o n 
Enzyme o f y i e l d * o f a c t i v i t y * * 

c o p o l y m e r It, /% 

c a t a l a s e 24 . 1 0. 96 7. 6 

c h o l e s t e r o l 2 6 . 2 1 0 . 5 0 1 7 . 6 
o x i d a s e 

* mg o f enzyme a t t a c h e d / mg o f enzyme u s e d . 
* mg a c t i v e enzyme / mg o f i m m o b i l i s e d enzyme. 
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The T e f l o n membrane c o n t a i n i n g i m m o b i l i s e d c a t a l a s e and 

c h o l e s t e r o l o x i d a s e was p l a c e d o v e r t h e g o l d e l e c t r o d e o f a s t a n d a r d 

C l a r k - t y p e o x y g e n e l e c t r o d e (Met rohm E A - 5 4 1 ) i n t h e u s u a l way and 

c o n n e c t e d t o a Me t r ohm E627 0 2 - m e t e r . The c h a r a c t e r i s t i c s o f t h e 

T e f l o n membrane w i t h t h e two i m m o b i l i s e d enzymes were s t u d i e d and t h e 

k i n e t i c s , M i c h a e l i s - M e n t e n p a r a m e t e r s , op t imum t e m p e r a t u r e , i o n i c 

s t r e n g t h and pH were d e t e r m i n e d . 

F i g . 1 B i o s e n s o r r e s p o n s e t i m e f o r d i f f e r e n t c o n c e n t r a t i o n s o f 

c h o l e s t e r o l i n 0. 05M p h o s p h a t e b u f f e r pH=7. 0, day 1: • 0. 12mM; 

o 0. 28mM; A 0. 37mM; A 0. 44mM (ImM 0 2 E 32mg. d n r 3 ) . 
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The r e s p o n s e t i m e d e p e n d s on t h e membrane t h i c k n e s s and u s i n g 

t h e T e f l o n membrane t h e s t e a d y - s t a t e v a l u e was a t t a i n e d v e r y r a p i d l y , 

a s shown i n F i g . 1. A l i n e a r r e s p o n s e was o b t a i n e d f o r a r a n g e o f 

c o n c e n t r a t i o n s o f c h o l e s t e r o l o f 90uM -> 0. 55mM, F i g . 2, and t h e 

d e t e c t i o n l i m i t d e t e r m i n e d was 50uM. F i g . 2 shows t h a t t h e a c t i v i t y o f 

t h e b i o s e n s o r d r o p s a f t e r 30 d a y s o f u s e and i t was f o u n d t h a t t h e 

l i f e t i m e o f t h i s b i o s e n s o r was 35 d a y s . 

I n c o n c l u s i o n , t h e s t a n d a r d o x y g e n e l e c t r o d e w i t h t h e m o d i f i e d 

T e f l o n membrane becomes a m u l t i f u n c t i o n a l s e n s o r t h a t q u a n t i f i e s 

o x yg en , h y d r o g e n p e r o x i d e and c h o l e s t e r o l . 
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The direct (unmediated) electrochemical response of the tetrahemic cytochrome c^, isolated 

from the sulfate reducer Desulfovibrio baculatus, was evaluated using different electrode systems 

(graphite (edge cut), gold and semiconductors (indium oxide)) and different electrochemical meth

ods (cyclic voltammetry and differential pulse voltammetry). 

Tetrahemic cytochromes eg are found in sulfate-reducing bacteria. They represent an ideal situa

t ion for studying a mult ie iecironic transfer system wi th four redox centres i n a f ixed geometry. 

Each heme, in this class of cytochromes, is covalently bound to the polipeptide chain by two thio-

ether linkages involving cysteinyl residues and the fifth and sixth heme-iron ligands are histidinyl 

residues. The four hemes are localized in non-equivalent protein environments and have a negative 

and different mid-point redox potential. 

F igure 1 shows the direct voltammetric response observed for D.baculatus cytochrome £3 at the 

carbon (edge) electrode. N o mediators nor electrode modifiers were required for the obtaintion of 

an imediate and reproducible response. The cycl ic voltammograms show, as expected, the overlap

ping of several redox processes during the cathodic and anodic sweeps, suggesting that the individ

ual redox potentials are rather close. A s a consequence, the originated voltammogram shows a ca-

thodic/anodic peak potential separation greater than the one expected for a simple reversible situa

tion (around 80 mV) , preventing the use of the AEp as a criteria for the reversibility of the process. 
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