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ABSTRACT

The kinetics of rhodanese In the liver of domestic fowl was assayed

spectrophotometrically by following the appearance of thiocyanate at 460nm. The

activity of the enzyme was 5.12 umol SCNmin-1g-1 fresh tissues. The activity of the

enzyme was highest at pH 7.0 and 40°C. The activation energy of the enzyme was

calculated to be 2S.53KJ/mol. Double reciprocal plots of the enzyme using varied

concentrations of each of the two substrates suggest that the enzyme may function

through ping-pong mechanism, in which thiosulphate binds first to the enzyme surface

leaving it as a modified sulphurated enzyme, without the formation of a ternary complex,

before the binding of cyanide. These results may reflect the physiological behaviour of

the enzyme.
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;: INTRODUCTION

Gallus domesticus, a specie of fowl belonging to the family Phasianidae is probably the

most abundant bird in the world. Though the genesis of domestic fowl is unknown, the

four species of the wild jungle fowl might have contributed to the today's domestic fowl

(Nesheim, 1979). The feeds of domestic fowl are usually compounded from cereal

grains, legumes and their by-products. Most of these feed stuffs are good sources of an

antinutritional factor, cyanogenic glycosides (Oke, 1979).

Cyanogenic glycosides upon hydrolysis yield cyanide, the ultimate cyanogen, in addition

to a sugar and aldehyde or ketone (Okoye, 1992). Cyanide, one of the products of this

hydrolysis is highly toxic. Its toxicity being related to its ability to inhibit cytochrome

oxidase of the mitochondrial electron transport chain, thus killing the cell through energy

deprivation (Okoye, 1992).

Rhodanese, a liver mitochondrial enzyme IS the principal detoxifying enzyme that

converts the cytotoxic cyanide into a less toxic compound, thiocyanate, through

sulphuration, which an then be excreted through the kidney (Smith and Urbanska, 1986;

Bourdoux et al, 1980). In addition to cyanide detoxification, a number of other

physiological roles have been proposed for the enzyme. These include its role in

modulation of energy metabolism through activation by sulphuration of several enzymes

involved in oxidative metabolism.

This paper studied some kinetic properties of domestic fowl liver rhodanese and proposed

mechanism of catalysis of the enzyme.
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MATERIALS AND METHODS

All the reagents used for this work were of analytical grades.

Animals

Local breeds of adult male domestic fowl (cocks) were purchased from Kasuwan Kaji

market in 10s - Nigeria. The birds were identified as Gallus domesticus in the Zoology

department of the University of 10s.

Preparation of Tissue homogenate

A total of three animals were killed by decapitation and dissected immediately. The liver

was identified, excised, immediately blotted and washed with ice-cold normal saline. A

10%(w/v) tissue homogenate was made according to the method of Ugochukwu et al,

(1991). The supernatant was collected and stored at -20°C in small plastic bottles until

required. The extracts were used for the kinetic studies of the rhodanese within 72 hours

of preparation.

Assay of Rhodanese

Rhodanese activity was measured by following the formation of thiocyanate which was

subsequently reacted with ferric ion. The intensity of the red coloured-complex formed

was measured spectrophotometrically at 460nm according to the method of Sorbo (1955).

Effect of pH on the Activity of Rhodanese

Phosphate-citrate buffer , pH 3 -8 and glycine buffer, pH 9.1 - 11.6 were used to

prepared 10 assay mixtures of different pH values. The activity of rhodanese was

measured using the method of Sorbo (1955).
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~ Effect of pH on the Stability of Rhodanese

Equal volume of the extract was incubated in the appropriate buffer for 15minutes. Assay

mixtures were prepared using the pre-incubated extracts and rhodanese activity measured

by the method of Sorbo (1955).

Effect of Temperature on Rhodanese Activity

Assay mixtures were prepared at different temperatures, ranging from 20 -70°C and the

activity of rhodanese monitored (Sorbo, 1955).

Effect of Temperature on the Stability of Rhodanese

The extract was pre-incubated at 20 - 70°C for 15 minutes and the residual activity was

measured at 30°C using the method of Sorbo (1955).

Effect of Varying Substrate Concentration on the activity of Rhodanese

The activity of rhodanese was monitored at varied concentrations ofKCN (0.075 - 2.0M)

and three different fixed concentration of thiosulphate (0.075, 0.125 and 0.25M). The

same process was repeated at varied concentrations of thiosulphate and three different

fixed concentration of cyanide.

RESULTS AND DISCUSSION

Rhodanese activity is expressed as micromole thiocyanide formed per minute per gram

fresh tissue (umol SCN minl.g"), while the reaction rate is expressed as umol SCN

formed min-I.

Rhodanese activity in the liver of adult male domestic fowl was found to be 5.12±0.85

umol SCN minlg' fresh tissue. Liver is the principal detoxification organ of vertebrates.

Rhodanese activity in the liver may, therefore, not be unconnected to its role in cyanide
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~detoxification (Buzaleh, et ai, 1990). In addition to cyanide detoxification, domestic fowl

liver rhodanese may functions in sulphur transfer reactions of protein synthesis (Witthohn

and Naumann, 1987). It has also been proposed that the enzyme catalyses the formation

of iron-sulphur centres and sulphuration of proteins involved in energy metabolism

(Keith and Volini, 1987).

•
The effect of pH on the activity of domestic fowl liver rhodanese is shown in fig 1. The

pH effect on the stability of the enzyme is also shown in fig 1. The results indicated that

the optimum pH of the enzyme is pH 7.0 and that the enzyme is stable between pH 6.0

and 9.0. The active sites of enzymes are usually made up of ionizable groups that must be

in proper ionic forms required to:

1. maintain the three dimensional structure of the active site in particular and the

enzyme in general

2. bind the substrates and

3. catalyse the reactions.

In the current study the decline in activity below pH 7.0 and above 8.0 might have

resulted from formation of improper ionic form of the enzyme and/or substrates.

~
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Fig1 : Effect of pH on the ktivityand Stability of Dorrestic FoYALiver Rhodanese
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The effect of temperature on the activity and stability of the enzyme are shown in fig 2.

The optimum temperature of the enzyme is 40°C. The enzyme stability curve is

expressed as % x 10-1 of the original activity. The enzyme is stable for 15 minutes at up

to 40°C. When incubated beyond 40°C for 15 minutes the activity of the enzyme dropped

significantly to about 23% at 70°C. Enzymes are very sensitive molecules contrary to

chemical catalysts. If the molecule absorbs too much energy, the three dimensional

structure may be disrupted and the enzyme denatured, offsetting E +S collision required

for enzyme catalysis (Segel, 1976).
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Fig 2: Effect ofTemperature on the Activity and Stability (% X 0.1 of original
activity) of Rhodanese of Domestic Fowl Liver

Fig 3 represents the plot of 10glOV against the reciprocal of the corresponding absolute

temperature (T) for the reaction catalysed by domestic fowl liver rhodanese. The slope of

the right hand side of the curve was used for the calculation of the activation energy (Ea)

of the reaction catalysed by the enzyme, According to the Arrhenius equation, the slope

(m) of the curve is related to the activation energy (Ea) by the equation:

M = - Eal2.303R ( Where R is the universal gas constant, which is 8.314Jmorl. )

In the current study the activation energy was calculated to be 25.53±O.96 KJmorl.
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The effect of temperature on the rate of rhodanese catalysed reaction was expressed as

temperature coefficient, Q 10. It represents the factor by which the rate of the reaction

Increases for every 10°C rise in temperature (Segel, 1976). It is calculated from the

relation:

Ea = 2.303 R T2Ttill.&.QlQ
10

In the current work Q 10 of 1.35± 0.15 was obtained for the liver enzyme. Before a

molecule reacts to form products, it must posses. a minimum energy, activation energy,

required to bring it into a transition state, S ... P*. The energetic feasibility of a reaction

defined in terms of Keg or ~G is independent of the enzyme involved (Stroev, 1989).

Thus enzymes do not alter the state of equilibrium but rather alter the rate at which it is

attained by lowering the activation energy (Segel, 1976)
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Fig 3: Plot of Activation Energy for the Reaction Catalysed by Rhodanese of
Domestic Fowl Liver

Steady state initial velocity studies were performed with the cell-free extract and

presented in Figures 4 and 6, which show the double reciprocal plots of rhodanese

activity of domestic fowl liver. The plots were made using data obtained from the initial

rate studies in which cyanide and thiosulphate were alternatively used respectively as
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variable and changing fixed substrates. These plots result in pattern of parallel lines,

indicating that the possible mechanism by which the enzyme detoxifies cyanide may be

through double displacement or ping pong mechanism. Keith and Volini (1987) earlier

reported that the enzyme functions through a ping pong mechanism with formation of

enzyme-sulphur intermediate. It was proposed that the thiosuphate first binds the enzyme

to form enzyme-thiosulphate complex. Sulphite dissociates from the enzyme-thiosulphate

complex leaving the complex as a modified sulphurated enzyme. This complex then

reacts with the nucleophilic substrate, cyanide to form the second product that leaves as

thiocyanate (Keith and Volini, 1987; Pagani et aI, 1993). The approximate V rnax values

of each of the plot were reploted against the reciprocal of the corresponding

concentrations as shown in figures 5 and 7. From these plots , the KmCyanideand

Kmthiosulphatewere calculated as 47mmol and 62mmol respectively. Vmax was also

calculated as 16.63Ilmo!/min. Lower Km value of 6.7mM was observed in guinea pig

using thiosulphate as the variable substrate (Baskin and Kirby, 1990). Buzaleh et at

(1990) also reported Km values of 4.7 and 0.85 mmol/l for thiosulphate and cyanide

respectively for mice liver enzyme. The kinetic parameter, Km may reflect the

concentration of the substrate(s) normally encountered in vivo by the enzyme and the

chemistry of the reaction being catalysed (Nelson and Cox, 2000). Thus, this parameter,

in addition to the turnover number (Kcat) allows the evaluation of the kinetic efficiency of

the enzyme (Nelson and Cox, 2000). It is a known fact that grains, which are the major

source of cyanide in feeds of domestic fowl are kept in the fowl's crop for relatively long

time. This permits the fermentation of the grains and concomitant release of cyanide from

cyanogenic glycosides. The implication is that the cellular cyanide concentration in
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domestic fowls may be high. This may explains the relatively high Km obtained in the

current study compared to those reported for other species. This observation may also not

be unconnected to the fact that rhodanese has been reported to have some other

physiological roles (Witthohn and Naumann, 1987; Keith and Volini, 1987).

These observations may therefore provide an insight into the physiological properties,

such as physiological concentrations of substrates, maximum attainable velocity, optimal

conditions and mechanism of action of the Gallusdomesticus liver rhodanese.
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Fig 4: Double reciprocal plotsof Rhodanese at Varying Concentration of Cyanide
and different Fixed Concentrations of Thiosulphate
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Fig 6: Double reciprocal plots of rhodanese of Domestic Fowl Liver at Varying
Concentration of Thiosulphate and Different Fixed cOncentration of Cyanide
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