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POLAROGRAPHIC BEHAVIOUR OF Cu(11>-LYSOZYME 

J. Cornejo, C. Monleón and F. Vicente 

Departamento de Química Física. Facultad de Química. 

Universidad de Valencia. Burjassot-Valencia (Spain) 

SUMMARY 

Lysozyme acts as suppresor of polarographic minima of Cu(II) reduction 

dc wave. Lysozyme gives 1:1 and 1:2 complexes with the Cu(II) and 

catalyzes the reduction of copper ion. A structural change of the 

lysozyme with the pH i s detected around pH = 3.5 which i s related to 

car b o x i l i c groups dissociation. 

INTRODUCTION 

The cation Cu(II) i s reduced on the dwe giving a 

polarographic wave whose r e v e r s i b i l i t y depends on the nature of the 

media(1,2). In certain media, a polarographic minimum i s detected i n 

the d i f f u s i o n zone of t h i s reduction wave. Some authors consider i s 

due to the reduction of the complex species negatively charged (3,4). 

Polarographic methods can be used to elucidate the 

mechanism of the h e l i x - c o i l t r a n s i t i o n of ionizable poliaminoacids. It 
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can be achieved by adding a small 

amount of any reducible m e t a l l i c 

ion which can form stable complex 

with the polymer but does not 

distu r b the polymer . conformation 

(5,6). 

In t h i s work, the behaviour of 

F i g . l . - dc reduct ion waves 
of Cu(N0 3) 2(H 20) 3 i n chloride 
media. 
a) IKCl I =0.08M; b) |KC11 = 
=0.25M;c) J KCl| =0.40M. 
T=298K; m=2.35mgxs_1; t=0.6s; 
|Cu(II) I =4.0x10-%. 

-c/mv lysozyme and i t s i n t e r a c t i o n with 

Cu(II) by dc and dp Polarographie 

methods, i n aqueous media, i s 

studied. 

' 2 3 4 8 6 7 8 S i o m l lisozyme 
(1.7BX1CT3M) 

Fig.2.-Conductimetric 
t i t r a t i o n of 10 ml Cu(N0Q)„ 
(H 2 0 ) 3 1.25xl0~ 3 M. 3 2 

T=298K; lysozyme2.5% 
( 1.78xl0 _ 3M). 

EXPERIMENTAL 

A Metrohm Polarecord E-506 was 

employed. Reference and a u x i l i a r y 

s i l v e r / s i l v e r c h l o r i d e electrodes, 

together with a KC1 saturated 

bridge were used. A P h i l l i p s 

Conductimeter 522 was used. The 

conductimeter c e l l had a 

geometrical constant of 0.64 cm - 1. 

The pH was measured with a PHM62 

Radiometer pH meter. 

Water and mercury were double 

d i s t i l l e d . T r i c r i s t a l l y z e d , d i a l y z e d 

and l i o p h y l l i z e d lysozyme 
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0.015 J |j A 

Fig.3.- dp reduction waves 
of Cu(II), 
a) |KCl| 0.8M: |cu(II)|= 
= 8x10 M. b) 1 KCl! 0.8M; 
Ilysozyme I=5xl0 _ 6M. 
T=291K;m=2,35mgxs-l;t=0.6s; 
AE=22mV. 

(Muramidase. Micopeptide N-

acetylmuramoyl hydrolase), from 

egg-white (98%) was supplied by 

Sigma S.A.. Cu (NO.-..). (H..-0) • , KC1, 

as well as phosphoric, a c e t i c and 

boric acids, of an a n a l y t i c a l grade 

were supplied by Merck S.A. . 
360 

E/mv Double layer capacity(7), Cdi, 

values were obtained adapting the 

;ero charging^ ̂ potential at -650 mV. 

In general the values of the h a l f -

width parameter, wi (mV), i n dp 

polarography were obtained from 

d i r e c t measurements in polarograras 

(8), and they are i n accordance 

f with the an obtained from dc 
= I i 

b polarograms. 
RESULTS AND DISCUSSION 

Fig.4.- Apparent minima (dp 
anodic waves) of Cu(II)-
-lysozyne-KCl system. 
|KCl|=0.2M; |lysozyme| = 
=1.4xl0~5M. r 
a) Cu(II) = 0M 
b) Cu(II) 
c) Cu(II) 
d) Cu(II) 
e) Cu(II) 
f) Cu(II) 
T=291K; m=0.88mgxs 
t=0.6s;AE=22mV 

=5x10"JM 
=lxl0~ 2M 
=1.5xl0"2M 
=2x10 M 
=2.5xl0~2M 

Reduction of CuCII) 

, The Polarographie reduetion 

wave of Cu (N0.i,)-(H:S0)3 i n KCl 

Solution presents a Polarographie 

minimum at the d i f f u s i o n zone of 

the wave. I t s depth depends on 

theconcentration of Chloride ions 

( F i g . l ) . The height of the wave 
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Table 1.- pH e f f e c t on the dp and dc reduction waves of Cu(II) i n 

presence of lysozyme. 

1=0.3tt; T=291K; m=2.35mg. 5" 1, t=0.65, AEdp=-22mV 

PH 2.7 3.2 4.2 5.8 7.6 

i-^yA) 2.0 0.20 0.20 0.86 2,50 
E 1 / 2(mV) 150 210 168 152 165 

i p(MA) 0.42 0.02 0.05 0,16 0.02 
E (mV) P 142 170 151 146 149 

remains p r a c t i c a l l y constant, which i n d i c a t e s that only one species i s 

reduced. However, the Ei /a p o t e n t i a l s are s h i f t e d to more negative 

values when the concentration of KC1 increases. 

The slope AE,/ 2 / Aln(KCl) i s 37 ± 3mV. 

Varing the drop time, the d i f f u s i o n current, i d , i s proport i o n a l 

to t°' s, as i t corresponds to processes c o n t r o l l e d by d i f f u s i o n . The 

reduction process i s i r r e v e r s i b l e (not =0.8±0.1 was c a l c u l a t e d from 

semi logarithmic treatament of the sigmoidal waves). Thus, from the dc 

waves i t i s found that v a r i n g the drop time(9) from t=0.4 s to t=3.0 s 

the rate constant of the electrode t r a n s f e r , k = 5X10"7" cm s _ 1 i s 

calcu l a t e d . 
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Fig.6.- lysozyme concentration effect on the anodic waves of Cu(II)-lysozyme 
1=0.8M; T=291K; m=0.88 mgxs ; t=0.6s; |Cu(II) |= 1_.,10-2M. 
a) |lysozyme| =7.1x10 M; b) 1.4x10 4M; c): 2.8x10 ft; d) 4.3xlO~4M; e) 7.1X10-4M. 
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Fig.7a.- Effect of the lysozyme 
concentration on the peak-potent­
i a l s of the dp reduction wave of 
Cu(N0 ) (H 0) 
1=0.4M; T=291K;m=2.35mgxs ;t=0.6s; 
AE=22mV. 
#)Iysozyme 2.5%; |Cu(II)| = 
=2.5x10 M̂. (j)lysozyme 1.25%; 
|Cu(II)| =1.25xlO~4M. oUysozyme 

0.82%; |Cu(II)I =8.2xlO"5M. 

Fig.7b.- Effect of the lysozyme 
concentration on the peak intens­
i t i e s of the dp reduction wave of 
Cu(N0 ) (H 20) 
1=0.4M; T=291K; m=2.35 mgxs ; t= 
0 .6s; AE=22mV. 
A)lysozyme 2.5%; |Cu(II)| =2.5x 

xlO M^lysozyme 1.25%; |Cu(II)|= 
1.25X10 -4M; A)lysozyme 0.82%; 
|Cu(II)I =8.2x10 5M. 

Effect of lysozyme 

Conductimetrically, the 

existence of two types of lysozyme-

Cu complexes i s detected (Fig.2): 

one corresponds to stoichiometry 

1:1 and the other to stoichiometry 

1:2. 

Since the reduction of 

disulphide bonds y i e l d s k i n e t i c 

waves which are very dependent on 

the drop time, pH, concentration of 

the depolarizer (10-13), etc., the 

reduction waves of the disulphide 

bonds, -S-S, of the lysozyme 

protein are not well detected at 

t h i s l e v e l of concentrations (14¬

15) and, therefore, they 

p r a c t i c a l l y do no i n t e r f e r e i n the 

morphology Df the polarographic 

wave -of Cu(II). A change i n the 

heigts of the waves i s observed as 

a consequence of the formation of 

the lysozyme-copper complexes. The 

lysozyme i s a suppresor of the 

polarographic minima (Fig.3). 

- 231 -

By maintaining constant the 

concentration of lysozyme as well 

as the other polarographic 

magnitudes, and adding excesses of 

Cu(II), i t i s proved, that, at 

c e r t a i n concentration of Cu(II), a 

polarographic . apparent minimum 

appears which i s s h i f f t e d to 

negative p o t e n t i a l s when the 

concentration of C u d I) increases 

( f i g . 4 ) . I n i t i a l l y , the depth of 

the minimum increases, but at 

higher concentrations of Cu(II) the 
Fig.8.- pH ef f e c t on the capacity 

of the double layer(Calculated d e p t h decreases and enlarges as i f 
from the charging current of 
Cu(NO) (HO) reduction wave). t h W Q u l d correspond to two 
1=0.3M; ^29 it', m=2.35mg%s-1; 3 

t=0.6s. In dc apparent minima, 
i 

polarography, at drop times longer than 1 s, two well defined 

anodic waves are obtained (Fig.5). I t seems that i n fa c t t h i s apparent 

minimum i s a process of oxidation. At drop time of 3 s, from E vs 

l n ( i / i i - i ) of the two anodic waves, (na«,)i = 1.9 and (na,J-: = 2.0 

values are obtained, r e s p e c t i v e l y . The i n t e r v e n t i o n of Cu(II) i n the 

global process i s confirmed experimentally. The Cu(0>«,rn«ia formed i n 

the previous reduction may be r e o x i d i z e d favoured by the formation of 

the corresponding complex 

Cu (0)a,»ig+ 2 e~ « CudDcomp: 
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The Cu(II)cob,PU> formed i s qui c k l y reduced at these negative 

p o t e n t i a l s . The r e s i d u a l current and shape of these anodic dc waves 

are a f f e c t e d by the lysozyme concentration (Fig.6). P o s s i b l y the 

nonreducted disulphide bridges are reduced by the Cu(0) amalgamated on 

the dme and form complex with the denaturalized lysozyme. 

Conformational study of lysozyme 

S. Inoue and coworkers (5) use dc polarography to detect a 

conformational t r a n s i t i o n of po l i ( a , L - g l u t a m i c ) a c i d . The r e s u l t s 

obtained are comparable to those obtaidedby other techniques (16). 

This polarographic method c o n s i s t s of measuring the v a r i a t i o n of i i 

with the pH, i n the polarographic reduction of copper-polymer complex. 

The authors detect a lowering of i , which s t a r t s at pH=3.5 and reaches 

s t a b i l i t y at pH=5. That i s a t t r i b u t e d to a decrease i n the 

polarographic d i f f u s i o n c o e f f i c i e n t of Cu(II). In lysozyme t h i s 

fenommenon i s s i t u a t e d at s l i g h t l y more ac i d pH than that S. Inoue and 

coworkers a t t r i b u t e to a conformational change of the poly(a,L-

glutamic) a c i d (Table 1), p r e c i s e l y i n the zone of pH where a 

s t r u c t u r a l change of lysozyme has been detected by other techniques. 

The lowering of l i m i t i n g current at pH=4 i s accompanied by an increase 

at a more a c i d i c pH, with maximum around pH=7. 

Proteins are very complex and unstable systems and, therefore, 

the a p p l i c a t i o n of I l k o v i c s ' s expression must be v e r i f i e d c a r e f u l l y . 

From a comparative point of view, t h i s expression can be very u s e f u l 

i n order to s t a b l i s h the d i f f e r e n c e between i o n i c s i z e s of proteins. 

At pH=3.5 the c a l c u l a t e d d i f f u s i o n c o e f f i c i e n t of lysozyme-Cu(II) 

complex i s D = lx l O - s c n F . s _ 1 . At pH=5.8. D = 3.4xl0-*cm 2. s" 1 i s 
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sigmoidal curves corresponding to each stoichiometries. At higher 

concentrations the r e s u l t s are more d i f f i c u l t to explai n since the 

lysozyme-lysozyme i n t e r a c t i o n and lysozyme adsorption fenomena occur 

simutaneously at the Cu(II) reduction. 

Theichberg and coworkers determine a a s s o c i a t i o n constant of 1:1 

complex, K = 1.8 x 10~z K~\ i n buffered s o l u t i o n s of lysozyme 0.1M 

and pH = 5. In t h e i r oppinion the Cu(II) i s not united simustaneously 

to the c a t a l y t i c centers Asp-52 and Glu-35 as other i n v e s t i g a t o r s had 

previously suggested (19). From polarographic studies we can say that 

i s p ossible the existence of other complexes, because the behaviour of 

lysozyme depends on the temperature, medium and d i l u t i o n grade of the 

lysozyme. 
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SUMMARY 

C y c l i c v o l t a m m e t r i c s t u d i e s on t h e r e d u c t i o n o f t h e 

t i t l e c o m p l e x e s were c a r r i e d o u t i n a c e t i c a c i d - s o d i u m a c e t a t e 

b u f f e r a t t h e HMDE. The mechanism o f t h e s e p r o c e s s e s i s 

d i s c u s e d . The c o m p l e x s p e c i e s i n s o l u t i o n o f t h i s s y s t e m have 

been d e t e r m i n e d , d e p e n d i n g on m e t h i o n i n e and g l y c i n e 

c o n c e n t r a t i o n s , pH v a l u e s and p o t e n t i a l s c a n r a t e . 
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