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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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Figure 1. 

D.baculatus cytochrome £3 cycl ic voltammograrns, at p H 8.0. 

Insert: Dependence of the cathodic peaks current on the scan rate. 

A s the c y c l i c v o l t a m m o g r a r n s o b t a i n e d c o r r e s p o n d to s u c e s s i v e one e l e c t r o n 

p rocesses and the d e t e r m i n a t i o n o f the e l e c t r o c h e m i c a l pa rame te r s r e q u i r e d the de-

c o n v o l u t i o n o f the e x p e r i m e n t a l da t a i n t o the i n d i v i d u a l c o m p o n e n t s , i t was de

v e l o p e d a c o m p u t e r p r o g r a m f o r the t h e o r e t i c a l s i m u l a t i o n o f a c o m p l e t e cv c u r v e , 

based on the method proposed by Nicholson and Shain( l ) , using the Gauss-Legendre method for 

calculation of the integrals involved. 

F i g u r e 2 {Panel 1) s h o w s the d e c o n v o l u t i o n o f the t o t a l v o l t a m m o g r a m in to 

the four components. In the same figure, Panel 2 compares, by superimposition, the experimental 

and the theoretical voltammograrns. 
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Panel 1 - Simulation of the cycl ic voltammogram of D.baculatus cytochrome £3 

(scan rate 100 mV/s at pH=8.0; a-theoretical, b-experimental). 

Panel 2 - Deconvolution of the total voltammogram in four components with E°=-150,-210, 

-330 and -380 m V vs N H E . 

U s i n g the described method, we determine the p H dependence o f the redox potentials 

obtained after deconvolution o f the cyc l i c voltammograrns. There is a very pronounced p H de

pendence o f E l and E 2 , but E3 and E 4 are almost p H independent (2). 

I n the s t u d y o f the u n m e d i a t e d e l e c t r o n t r ans f e r b e t w e e n a p r o t e i n and an e l e c 

t r ode s u r f a c e , the i n t e r f a c e i s an i m p o r t a n t aspec t . In o rde r to be sure that th i s 

m e a s u r e m e n t s are i n d e p e n d e n t o f the e l e c t r ode s y s t e m , d i f f e r en t e l e c t r o d e s were 

u s e d . T h e f o l l o w i n g t ab l e s h o w s the m i d - p o i n t r e d o x p o t e n t i a l s o b t a i n e d b y d e c o n 

volution o f the experimental data o f D.baculatus £3 i n different electrodes, p H values and electro

chemical methods. A reasonable agreement was obtained 
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Kid-point redox potentials of multiheme cytochromes determined 
a f t e r deconvolution of cv and dpv experimental data i n d i f f e r e n t 
electrode systems 

Cytochrome C 3 Method pH E 2 E3 E4 

D.baculatus CV 4 . 9 -60 -180 -300 -360 
(carbon-edge) 6 .3 -130 -190 -320 -360 (carbon-edge) 

7 .6 -140 -200 -320 -360 
IS .0 -150 -210 -330 -380 
9 . 2 -150 -210 -330 -380 
10 . 3 -200 -270 -330 -380 

D.baculatus CV 7 . 6 -150 -270 -340 -370 
(Indium oxide) 

D.baculatus DPV 5 0 -70 -170 -300 -345 
(Au) 7 0 -155 -260 -310 -355 

9 0 -170 -260 -320 -370 

Estimated e r r o r (mv) Ej^lO E 2±20 E 3±15 E 4±10 

These redox potentials were determined by independent methods (namely E P R ) w i th a good 

agreement, giving confidence on the deconvolution method used. 

We plan to apply our method to other systems, namely hexaheme proteins (nitrite reductase) 

where multiredox reaction occurs in paralell with high-spin / low-spin equi l ibrium that is a deter

mining factor of protein reactivity. 
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ABSTRACT 

A compara t i ve s tudy o f the S c h i f f bases formed by r e a c t i o n o f the 

p y r i d o x a l (PL) and p y r i d o x a 1 - 5 ' - p h o s p h a t e (PLP) w i t h hexy lamine i n b a s i c media 

was c a r r i e d ou t . A c i d - b a s e d i s s o c i a t i o n cons tan t o f the imine group was 

o b t a i n e d by s p e c t r o p h o t o m e t r i c measurements. Apparent f o r m a t i o n cons tan t o f 

the S c h i f f base was o b t a i n e d as a f u n c t i o n o f the pH. E l e c t r o d e p rocesses were 

c o n s i d e r e d on the b a s i s o f p o l a r o g r a p h i c and k i n e t i c parameters . 

INTRODUCTION 

PLP i s a c o f a c t o r o f numerous enzymes which c a t a l y z e r e a c t i o n s o f 

t r a n s a m i n a t i o n , d e c a r b o x y l a t i o n , ct-p e l i m i n a t i o n , e t c . The b i n d i n g t o p r o t e i n 

i s v i a f o r m a t i o n o f a S c h i f f base w i t h a l y s i l r e s i d u e * S t u d i e s o f the 

r e a c t i o n o f PLP w i t h p r imary amines or amino a c i d s con f i rmed t h a t the 

f o r m a t i o n o f the S c h i f f base i s coup l ed w i t h m u l t i p l e a c i d - b a s e and t au tomer i c 
2 3 

e q u i l i b r i a . ' The S c h i f f base o f PLP and hexy lamine was proposed as a s imp l e 

model to e s t i m a t e p o l a r i t i e s o f the microenv i ronment o f the coenzyme on the 
4 

b a s i s o f s p e c t r o p h o t o m e t r i c p r o p e r t i e s . Indeed, combined s p e c t r o p h o t o m e t r i c 

and e l e c t r o c h e m i c a l s t u d i e s a l l o w e d a q u a n t i t a t i v e c h a r a c t e r i z a t i o n o f 

e q u i l i b r i a i n s o l u t i o n o f t h i s S c h i f f b a s e f ' 6 

The p r e s en t work d e a l s w i t h a comparat i ve s tudy o f the S c h i f f base o f PL 

and PLP w i t h hexy lamine by DC and DP and c y c l i c v o l t a m m e t r i c i n b a s i c media. 

In a d d i t i o n , a s tudy o f the U V - v i s i b l e s p e c t r a o f the r e a c t i o n m i x tu r e has 

been c a r r i e d out to c h a r a c t e r i z e the p r o t o n a t i o n e q u i l i b r i u m i n v o l v e d i n the 

e l e c t r o r e d u c t i o n o f the S c h i f f base. 

EXPERIMENTAL 

PL and PLP were purchased from Sigma. The S c h i f f bases were o b t a i n e d by 

add ing known amounts o f hexy lamine to PL and PLP s o l u t i o n s . In a l l cases 

measurements were c a r r i e d out a f t e r the r e a c t i o n reaches e q u i l i b r i u m . A l l 

o th e r c o n d i t i o n s were s i m i l a r to those d e s c r i b e d i n r e f s . 7 and 8. 

(*) To whom correspondence shou ld be addressed 
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