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A BSTRA C T 

Cyanide, probably in the undissociated acid form, is shown to be a weak 
competitive inhibitor o f  green bean lipoxygenase (inhibitor constant, 
K l = 1"54 x 10- 3 M KCN).  Inhibition o f  the enzyme in a crude preparation 
was less sensitive to cyanide concentration (apparent Ki = 1"09 x 10- 2 M 
KCN). It is proposed that haem-proteins in the crude material preferentially 

react with cyanide, thereby lowering its effective concentration. 

I N T R O D U C T I O N  

The enzyme lipoxygenase (linoleate: oxygen oxidoreductase EC 1. l 3.11.12) 
catalyses the formation of hydroperoxides from polyunsaturated fatty acids 
containing a cis, c i s - l ,4-pentadiene  moiety. Degradation of the hydroper- 
oxides can cause unacceptable flavour changes (Sessa, 1979) and, by reaction 
with pigments, can lead to the loss of the characteristic colour of some 
products (Klein et al., 1984; Hidaka et al., 1986). In order to gain some 
understanding of the effect of lipoxygenase on quality, a number of 
inhibitors have been tried by various workers. These have included 
compounds which have been presumed to have a direct effect on the enzyme 
itself, compounds which block the formation of hydroperoxides (antioxi- 
dants) and compounds which cause a reduction in the available substrate 
concentration by increasing its concentration in micellar form. 
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To obtain information on the effect of inhibiting lipoxygenase, per se, it is 
essential that inhibitors are chosen which have a direct effect on the enzyme. 
The effect of cyanide on lipoxygenase activity has been frequently studied 
but, so far, the nature of the interaction has remained elusive. The reason for 
this probably lies in the presence of components in various preparations 
which react with the cyanide and reduce its effectiveness as a lipoxygenase 
inhibitor. Recently, a study on the chromatographic behaviour of 
lipoxygenase from green beans of similar maturity to those used by the 
freezing industry, has shown that a major proportion of the enzyme is in a 
hydrophobic form (Adams & Ongley, 1988). The purpose of the present 
work was to determine the nature of the effect of cyanide on this form of the 
enzyme and to compare it with the effect on the lipoxygenase activity of the 
crude starting material. 

MATERIAL AND METHODS 

Linoleic acid (99% pure), Tween 20, n-octyl fl-D-glucopyranoside (n-octyl 
glucoside) and Tris (hydroxymethyl) aminomethane were purchased from 
Sigma Chemical Company Ltd. Polyethylene glycol 20 000 (Aquacide) was 
purchased from Calbiochem. All other reagents were of analytical grade and 
were purchased from BDH Chemicals. 

Lipoxygenase assay 

A stock substrate solution was first prepared containing 8.02 x 10 3M 
linoleic acid and 0"25% Tween 20. This was then diluted with 0"18M 
phosphate-citrate buffer (pH 7"0) to provide working substrates which give 
final linoleic acid concentrations of 8.42, 10-3, 13.2 and 18.5 x 10-sM on 
assay of the lipoxygenase activity. Stock solutions of potassium cyanide 
were freshly prepared in the same buffer giving final cyanide concentrations 
of 0"96, 2.75, 4.63 and 9.23 × 10- 3 M during lipoxygenase assay. Activity was 
determined by adding 0.1 ml of enzyme preparation to a mixture of 2.5 ml of 
working substrate and 0-1 ml of stock cyanide solution at 30°C. The rate of 
increase in absorbance at 234 nm due to the formation of hydroperoxides 
containing the conjugated diene chromophore was measured using a Pye 
Unicam PU 8800 UV/VIS recording spectrophotometer. The activity of the 
enzyme was taken to be the mean rate at the completion of 3 rain reaction 
(rates every 20s) and expressed as A234n m min-1 0.1 ml-1. 

Peroxidase assay 

Peroxidase assays were performed using a solution of hydrogen peroxide 
(3-92 x 10- 3 M) and guaiacol (5"37 x 10- 3 M) in 0-2 M acetate buffer (pH 5.6). 
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The peroxidase activity was determined by adding 0.1 ml of enzyme 
preparation to 2.5 ml of substrate solution at 30°C. The rate of increase in 
absorbance at 420 nm due to the formation of brown guaiacol oxidation 
products was measured with the PU 8800 spectrophometer. The activity of 
the enzyme was taken to be the mean rate at the completion of 3 min 
reaction (rates every 20 s) and expressed as A42on m min-1 0.1 ml-1 

Protein determination 

Protein determinations were carried out using the commercial form of the 
dye-binding method of Bradford (1976). The assays were performed as 
recommended by the suppliers (Bio-Rad). A standard curve was constructed 
using soybean lipoxygenase (Type I) in the concentration range 200-1400 pg 
ml-1. It was found to be non-linear. 

Enzyme preparation 

Whole green beans (Phaseolus vulgaris cv. Cascade) grown at Luddington 
Experimental Horticultural Station, were harvested at a maturity suitable 
for commercial freezing. The beans were extracted as described by Adams & 
Ongley (1988). Two lipoxygenase preparations were used in the present 
work, a crude 40-60% ammonium sulphate precipitate and a purified 
sample eluted from DEAE-Trisacryl M with 0"025 M n-octyl glucoside. The 
40-60% precipitate was dissolved in 0.1 M Tris-HC1 buffer (pH 8"0 at 4°C), 
dialysed to remove salts and then diluted with the same buffer to give an 
appropriate starting activity. The n-octyl glucoside eluate was concentrated 
by dialysis against solid Aquacide and the resulting solution used for the 
inhibition studies. During the course of the experiments, both preparations 
were stored at 4°C. 

Data treatment 

The double-reciprocal method of Lineweaver & Burk (1934) and linear 
regression by least squares was used to determine the Michaelis constants 
(Km) and the maximum rate (Vmax) in the absence of potassium cyanide. The 
inhibitor constant (K~) was found by linear regression of the reciprocal-rates 
on potassium cyanide concentrations following the method of Dixon (1953). 
Reciprocal rates corresponding to the highest cyanide concentration 
(9.23 x 10- 3 M) were omitted from the regression as, generally, they did not 
fall on the best straight lines determined for the lower concentrations. 
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RESULTS AND DISCUSSION 

Cyanide has been frequently investigated as an inhibitor of lipoxygenase 
activity but conflicting results have been obtained. Some workers have 
found little or no inhibitory effect (Hale et  al., 1969; Galliard & Phillips, 
1971; Grossman et  al., 1972; Jadhav et  al., 1972; Eskin & Henderson, 1974; 
Bonnet & Crouzet, 1977), whilst others have observed a substantial 
inhibition (Chan, 1973; Haydar & Hadziyev, 1973; Flick et  al., 1975; de 
Lumen et  al., 1978; Truong et  al., 1982; Truong & Mendoza, 1982; Hidaka 
et  al., 1986). Sanders et  al. (1975) showed that a peanut lipoxygenase 
isoenzyme with an alkaline pH optimum was not inhibited by sodium 
cyanide whereas an isoenzyme with an acidic optimum was. However, the 
studies, to date, have been carried out at one concentration of cyanide or at 
one concentration of substrate which is insufficient to determine the nature 
of any inhibitory effect. In addition, many of the enzyme preparations 
employed would probably have contained haemoproteins, such as the 
enzymes catalase and peroxidase. These have a high affinity for cyanide and, 
thus, would be expected to reduce its inhibitory effect on lipoxygenase 
(Kermasha & Metche, 1986). 

In the present work, the effect of potassium cyanide and linoleic acid 
concentrations on the activity of a purified form of lipoxygenase was 
compared with their effect on lipoxygenase activity in the crude starting 
material (ammonium sulphate precipitate). The purified lipoxygenase 
preparation contained little or no haemoprotein as judged by the very low 
level of peroxidase activity ( < 0.01 A420n m min - 1 0" 1 ml - 1) and the complete 
absence of any absorbance in the 40(0450 nm region of its spectrum when 
measured at 1 mg protein ml-1. The crude starting material gave an 
appreciable peroxidase activity (0.25 A42on m min-1 0"1 ml-1). 

Preliminary work, in the absence of potassium cyanide, showed an 
increasing degree of curvature of the doublereciprocal plots towards lower 
activities as the linoleic acid concentration was increased above 20 × 10- 5 M. 
This indicated some substrate or product inhibition or possibly that the 
increasing concentration of Tween 20 was inhibiting the lipoxygenase as 
others have observed (Ben-Aziz et  al., 1970; Truong et  al., 1982). The 
investigations were, therefore, restricted to lower linoleic acid con- 
centrations. K m values for the crude and purified preparations were in 
reasonably good agreement with one another (see Table 1). 

The purified lipoxygenase was found to be less stable than the crude 
enzyme and the cyanide inhibition studies were performed as quickly as 
possible to minimise the effect of activity loss on the type of inhibition. The 
double-reciprocal plots for both lipoxygenase preparations, in the presence 
of potassium cyanide, converged near to the reciprocal-rate axis which 



Inhibition o f  green bean lipoxygenase by tTanide 247 

TABLE 1 
The Michaelis Constants (K.~) and Maximal Rates (Vmax) for Two Preparations 

of Green Bean Lipoxygenase 

Lipoxygenase Protein K m Vmax 
preparation concentration (M × 10- 4) (A234. m min- 1 0"1 mU l) 

(rag m l -  x) 

Crude 2.2 3.7 0"55 
Purified 0.4 2.9 0' ! 9 

indicated competititive inhibition (Laidler & Bunting, 1973). This was 
further confirmed by plotting reciprocal rates against potassium cyanide 
concentrations (Dixon plots). In the case of  the purified enzyme, the 
regression lines converged at 1/Vm, x (Fig. 1). This gave a mean K i = 1"54 × 
10- 3 M (standard error = 0"090 × 10- 3 M) which is relatively high compared 
with K m, implying that the lipoxygenase has a lower affinity for cyanide than 
for linoleic acid. 

In the case of  the crude enzyme preparation, the regression lines did not 
converge a t  1/Vma x (Fig. 2). However, the estimate of K i (1.09 × 1 0 - 2 M ,  
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Fig. 1. The effect of  potassium cyanide on the activity of purified green bean lipoxygenase 
(Dixon plot). A,  8.42 x 10- 5 M linoleic acid; &, 10-3 x 10- 5 M linoleic acid; I--q, 13'2 × 10- 5 M 

linoleic acid; m, 18.5 × 10-sM linoleic acid. +T, Two identical rates. 
T 
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The effect of potassium cyanide on the activity of a crude preparation of green bean 
lipoxygenase (Dixon plot). Symbols as in Fig. 1. 

standard error=0.18 x 1 0 - 2 M )  showed that potassium cyanide was a 
much less effective inhibitor of lipoxygenase activity in the crude 
preparation than in the purified material. As suggested earlier, this may be 
because the cyanide binds to haemoproteins so that the effective 
concentration is reduced, de Lumen e t  al. (1978) have shown that 0.1 M 
sodium cyanide was required to prevent volatiles being formed in green 
beans during blending. The requirement for this high level is an indication 
that components other than lipoxygenase are binding the cyanide. Heidrich 
e t  al. (1983) have reported K i values for cyanide inhibition of peroxidase of 
(0"15-3"3) × 10-~M (pH 5-6) which show that peroxidase is considerably 
more sensitive to cyanide than the lipoxygenase used in the present work. 
The fact that cyanide has been used traditionally to differentiate between 
lipoxygenase-catalysed and haem-catalysed oxidation of lipids (Hale e t  al., 
1969) is probably a reflection of the different affinities of the two types of 
catalyst for cyanide and not that lipoxygenase does not bind the inhibitor. 

It has been demonstrated that iron is required at the active site in soy-bean 
lipoxygenase (Chan, 1973; Pistorius & Axelrod, 1974) and its presence may 
explain the inhibitory effect of cyanide on green bean lipoxygenase. 
However, the large difference in K i values for peroxidase and lipoxygenase 
inhibition strongly suggests that the iron is present in different oxidation or 
spin states in the two enzymes under the conditions of measurement. The 
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pK a of hydrogen cyanide is 9.14 (Dawson et al., 1986) which implies that the 
undissociated acid (HCN) is the major species at the pH employed in the 
present studies (pH 7.0). Thus, the inhibiting species is probably hydrogen 
cyanide rather than the cyanide anion. A working hypothesis would be that 
the nitrogen of the hydrogen cyanide forms a coordination bond with the 
iron at the lipoxygenase active site, thus preventing interaction with the fatty 
acid. 

Evidence has been presented by St. Angelo & Kuck (1977) that cyanide 
inhibition of peanut lipoxygenase was caused by the increase in pH value 
obtained on addition of the inhibitor to buffered solutions. Under the 
present conditions, however, the pH increase was less than 0" 1 for potassium 
cyanide concentrations up to 1 x 10- 2 M and this was considered to be too 
small to have a significant influence on enzyme activity. In addition, if the 
inhibition had been caused by pH changes, it would have been expected to be 
non-competitive rather than the competitive type actually observed. 

In conclusion, it has been shown that cyanide is a weak competitive 
inhibitor of green bean lipoxygenase. It is possible that other, non-toxic, 
nitrogen-containing compounds may also have lipoxygenase inhibiting 
properties. Such compounds could have applications in reducing the blanch 
treatments used by the frozen vegetable industry. 
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