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ABSTRACT

The Mormodica charantia leaves used in this work was obtained from lle-@sun StateMormodica charantia
rhodanese was purified using 80% ammonium sulpbeeipitation and affinity chromatography techniglibe enzyme
had a specific activity of 5.4 Rhodanese Unit pédiigram of protein (RU/mg) with a purification fdlof 2.42 and a
percentage yield of 8.78%. The,kof rhodanese fronMormodica charantia for sodium thiosulphate (N&0O;) and
potassium cyanide (KCN) were 16.67mM and 20mM retpaly, while their V., were 0.2RU/ml/min and
0.24RU/ml/min respectively. The substrate spetifishowed that the enzyme was not inhibited by 2eaygoethanol,
ammonium persulphate and sodium metabis- sulphite.optimum temperature was 60°C at a pH of 7.@. 8ifleyme was
not inhibited by salts (KCI, NaCl, NigIMnCl,, ZnCl, and BaCl).
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INTRODUCTION

Cyanide is toxic to all living things including hams. Cyanide reduces ferric cytochrome oxidase
(an iron-containing metalloprotein) to ferrous @hoome oxidase which transfers electron to oxyderiget al., 2005).
Many naturally occurring substances as well asstrihl products contain cyanide (Egekeza and Oeli8®))). More than
2,000 species of plants are known to contain cyamiegglycosides (Venneslarall al., 1982). It has been reported that
ingestion of cyanogenic glycosides in forage crogs result in the death of grazing animals (Keetex., 1978). Many
studies report the death of birds from cyanide quiigg through several routes, including exposureyanide salts or

ingestion of cyanogenic plants (Wiemegeal., 1986).

Rhodanese, a thiosuphate: cyanide sulphurtransf¢Eds 2.8.1.1), is an enzyme that catalyses timsfea of the
sulphane sulphur from thiosulphate to cyanide, fogihe less toxic thiocyanate and sulphite (Wgstl®81; Westleyet
al., 1983).

SSQ%+ CN— SO+ SCN

Rhodanese catalyses the transfer of the outeratgli thiosulphate to cyanide forming the prodticiscyanate
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and sulphide (Leet al., 1995). The enzyme originally found in the mitontrion has now been reported to also be
located in the cytosol and other organelles (Nagahad Nishino 1996; Agboola and Okonji, 2004). idas plant and
microbial sources also demonstrate rhodanese gcf®inith and Urbanska, 1986). Rhodanese has a&lso imvestigated

in tapioca leaf (Boeygt al.,1976).

Momordica charantia (Cucurbitaceae) is a creeping or climbing annuakmMeerb. It is extensively cultivated in
India, East Africa, Central and South America, @hamd other parts of South East Asia. A multitufiplants have been
used for the treatment of diabetes throughout thedwOne such plant islomordica charantia, whose fruit is known as
Karela or bitter gourd (Celiat al., 2003). This plant has been reported to havelankiaemia and antiviral activities
(Ng et al., 1994).Mormodica charantia is a plant with many medicina use (Sathishl., 2010), and very rich in nutrients
like thiamine, beta-carotene and minerals etc (ievafaleet al., 1981; Ahmadtt al., 1999).

This paper discusses the enzymatic propertiesoafatese enzyme isolated from leaveMoimordica charantia,

bitter melon which will possibly explain its role the treatment of ailments and diseases.

MATERIALS AND METHODS
Materials
Potassium cyanide, sodium thiosulphate, boric eddjum borate and mercaptoethanol were all puech&sm

Sigma Aldrich Chemicals, USA. All reagents usedengiranalytical grades.

Methods
Collection of Samples

The leaves oMormodica charantia was collected in the in lle-Ife town, Osun Sta&euth-Western region of
Nigeria. The leaves were freshly collected fronirthatural environment and stored in an ice comtabefore transporting
to the laboratory where they were stored at tentipexan the refrigerator until ready for use. Thegre identified at the
Department of Botany, ObafemiAwolowo Universitye-Ife, Nigeria.

Preparation of Leaves

Prior to homogenization, the leaves were washedrtwve debris. Leaf extracts were prepared by hemiaing
150 g (w/v) of the leaf in 3 volume of homogeniratbuffer (phosphate buffer, pH 7.2). The susperssiere centrifuged

for 20 min at 4,000 rpm in a Microfield Centrifuyeodel 800 D. The supernatant was used as the sotirrezyme.
Protein and Enzyme Assays

Bradford method (1976) was used to measure theeipratoncentration of the enzyme using bovine serum
albumin (BSA) as standard. Rhodanese was assay#tkebyethod of Agboola and Okoniji (2004). The riesctixture
contained 50 mM sodium thiosulphate, 50 mM potassiyanide, 0.25 mM borate buffer, pH 9.4 and 1@fuénzyme
solution in a final volume of 1.0 ml. The reactinas carried out for 1 min at 37°C and stopped irgd0.5ml 15%
formaldehyde and 1.5 ml of Sorbo reagent (whicimagle up of ferric nitrate solution containing 0.@e5e(NQ);.9H,0
in 0.74 ml water and 0.26 ml concentrated nitriiacAbsorbance was measured at 460 nm. The ur@hpyme activity

was defined as micromoles thiocyanate formed pauteiat 37°C and pH 9.2.
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Enzyme Purification

The supernatants were then pooled together andjbroa 80% ammonium sulphate concentration anddefL2
hr. The resulting precipitate obtained after céugation at 4,000 rpm for 30 min. was dialyzed agaseveral changes of
0.1 M solution of phosphate buffer (pH 7.2) conitagnsodium thiosulphate at 4°C for 18 h. The diatgswas centrifuged
at 12,000 rpm at 10°C for 30 min to remove insaulniaterials and the supernatant was assayed fdamkse activity and
protein. This was used for the affinity chromatquna step. The Reactive Blue-2 agarose was eqafiédrwith 50 mM
citrate buffer pH 5.0. The gel was packed into ®®%.10 cm column. The enzyme fraction from the ey step was
layered on it. Fractions of 1.0 ml were collectsahi the column. The protein was monitored usingdBral method. The
fractions were also assayed for rhodanese actilfig. fractions with high enzyme activities were lgdoand preserved in

50 % glycerol-citrate buffer solution.
Determination of Kinetic Parameters

The kinetic parameters {Kand V., of the enzyme were determined by varying conegiotns of 250 mM KCN
between 0.05 M and 0.005 M at fixed concentratib®.& M NaS,0;. Also, the concentration of 250 mM 8Os,
ammonium persulphate, sodium metabissulphite, Zateethanol was varied between 0.05 M and 0.005t ¥ixad
concentration of 0.1 M KCN. Plots of the reciprocdlinitial reaction velocity (1/V) versus reciprcof the varied

substrates 1/[S] at each fixed concentrations@bther substrate were made according to LinewesaveéBurk (1934).
Substrate Specificity and Kinetics

The substrate specificity of the enzyme was deteethiby using different sulphur compounds such asuso
thiosulphate, 2-mercaptoethanol, ammonium perstdplaad sodium metabisulphite in a typical rhodaressay mixture.

The activity was expressed as a percentage actif/itye enzyme using sodium thiosulphate which thascontrol.
Effect of Metals on the Enzyme Activity

The method of Leet al. (1995) was used to study the effect of various hietes on the activity oMomordica
charantia leave rhodanese. The salts of the cations incMd€l, CaCl, NiCl,, MnCl,, SnC}, BaCl and KCI and at
concentrations of 1.0 mM and 10 mM. A typical eneyassay with 1 ml of reaction mixture contained @550 mM
borate buffer pH 9.4, 0.2 ml of 250 mM KCN, 0.2 @fil250 mM NaS,05;, 0.05 ml of the respective salt solution and 0.05

ml enzyme solution.
Effect of pH on the Enzyme Activity

The effect of pH on the enzyme activity was perfednaccording to the methods of Agboola and Oka&tDé).
The enzyme was assayed using different buffergpghd0 mM of citrate (pH 3-5); phosphate (6-8) ddate (pH 9-11).

The rhodanese activity was assayed as descrilted assay section.
Effect of Temperature on the Enzyme Activity

The enzyme was assayed at temperatures betweeraBB°T0°C to investigate the effect of temperaturéhe
activity of the enzyme and to determine the optintamperature of the enzyme. The assay mixture ingtsricubated at
the indicated temperature for 10 min before initigtreaction by the addition of an aliquot of thzyme which had been

equilibrated at the same temperature. The rhodawdséty was assayed routinely as previously dbsck.
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RESULTS
Purification of Rhodanese
The results of the purification of rhodanese fritarmodica charantia are summarized in Table 1. The elution

profiles after reactive blue affinity chromatogrgps shown in Figure 1.
Kinetic Parameters and Inhibition Studies

Figures 2 and 3 shows the Lineweaver-Burk plotdfif@d concentration of thiosulphate and KCN respety.
The K, values for KCN and N&,0; were 40 mM and 16.6 mM respectively while the Vmalues for the two substrates
(KCN and NaS;05) were 0.3 and 0.4 RU/ml/min respectively. The hesithe kinetic studies for sodium metabissulphit
ammonium persulphate and 3-mercaptoethanol is showigures 4, 5 and 6. Values for thg End V.« 0f each sulphur

compund is shown in Table 2
Substrate Specificity

Sulphur compounds such as sodium thiosulphate,usodnetabissulphite, ammonium persulphate and 2-
Mercaptoethanol were used in the determinatiorub§sate specificity. The result showed that al shlphur compounds

showed rhodanese activity. The result is shownabld 3.
Effect of Salts on Rhodanese from leave & ormodica charantia

The results of the effect of salts show that thesiig of the enzyme was not inhibited by the s¢lable 4).
Effect of pH and Temperature on Rhodanese from leaof Mormodica charantia

The maximum activity of rhodanese frdeaveof Mormodica charantia was found to be at pH 6.0 (Figure 7).
While the highest activity was obtained at 60°Q)(iFé¢ 8)

Table 1: Summary of Purification of Rhodanese fronthe Leaf of Mormodica charantia

Fraction Total Total Protein | Specific | Yield | Purification
Activity(RU) (mg) Activity %o Fold
Crude 3347 150 2.23 100 1
Ammotum 180.3 18 5.008 | 53.87 1.783
sulphate
Affinity
J ~ 2 A2
Chromatography 29.7 54 54 8.78 2.42
12 -
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Figure 1: Purification of the Mormodica charantia Rhodanese
Using Reactive Blue-2 Agarose Affinity Chromatograpy
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Figure 2: Lineweaver-Burk Plot for Varying Concentration of Potassium Cyanide
Lineweaver-Burk plot of 1/V against 1/[S] at varginoncentrations of KCN

Between 5 mM and 50 mM and a constant concentrafiddg,S,0; at 25 mM
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Figure 3: Lineweaver-Burk Plot for Varying Concentration of Sodium Thiosulphate
Lineweaver-Burk plot of 1/V against 1/[S] at varginoncentrations of N&,03;

Between 5 mM and 50 mM and a constant concentrafi¢iCN at 25 mM
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Figure 4: Lineweaver-Burk Plot for Varying Concentration of Sodium Metabissulphite

Lineweaver-Burk plot of 1/V against 1/[S] at varginoncentrations of N&,Og

Between 5 mM and 50 mM and a constant concentrafi¢fCN at 25 mM
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Figure 5: Lineweaver-Burk Plot for Varying Concentration of Ammonium persulphate

Lineweaver-Burk plot of 1/V against 1/[S] at varginoncentrations of [NJ,SO,

Between 5 mM and 50 mM and a constant concentrafi¢iCN at 25 mM
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Figure 6: Lineweaver-Burk Plot for Varying Concentration of 3-Mercatoethanol

Lineweaver-Burk plot of 1/V against 1/[S] at varginoncentrations of £15Os

Between 5 mM and 50 mM and a constant concentrafitdCN at 25 mM

Table 2: Showing the Kinetic Values of the KCN an&ome Sulphur Compounds

Sulphur Compounds Km V max
KCN 20 0.24
Sodium thiosulphate 16.67 0.2
Sodium metabissulphite 33.33 0.2
Ammonium persulphate 125 0.24
3-Mercaptoethanol 12.5 0.3

Table 3: Showing the Percentage Substrate Specitigiof each Sulphur Compound

Substrate % Activity
Sodium thiosulphate 100
Ammonium persulphate 25.39
2-Mercaptoethanol 100
Sodium metabissulphite 100

Table 4: Effect of Metals on Rhodanese fronviormodicacharantia

% Enzyme Activity

HEES 0.01M 0.001M
BaCh, | 89.37 +0.625 | 86.3+13.7
NaCl | 965%27 | 9315685
NiCl, | 93.8%33 | 84851511
MnCl, | 850%141 | 71.4+10.00
KCI 86.3+0.8 100
ZnCh | 91.3%2.9 100
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Figure 7: Effect of pH on Rhodanese Activity fromMormodicacharantia
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Figure 8: Effect of Temperature (°C) on Rhodanese étivity from Mormodicacharantia
DISCUSSIONS

Rhodanese produced from the leaves of the pléotmodica charantia was purified and characterized by
ammonium sulphate precipitation and Reactive Blaga2ose affinity chromatography. The enzyme haakaiic activity
of 5.4 RU per mg of protein and 8.78% recovery (&d). Agboola and Okonji (2004) obtained136.6 RY/for fruit bat
liver rhodanese, a yield of 7.8 was obtained iotzg leave (Chewt al., 1972).

The apparent }K values, as determined by Lineweaver-Burk plotskiGN and NaS,0; were 20 and 16.67mM,
respectively (Figure 2 and 3). A much lower values10.0 and 2.56 for KCN and B&O; respectively from
hepatopancreas of freshwater prawagrobrachium rosenbergii) (Okonjiet al., 2008).A rhodanese purified from tapioca
leaves showed properties similar to that of bovimelanese (Boest al., 1976; Hatzfeld and Saito, 2000)

The study of the ability of different thiosulphatde.g benzene-thiosulphonate, ethane thiosulpkepand n-
butane-thiosulphonates) to replace thiosulphatd@adanese reaction was first reported by Sorbo3fip5The substrate
specificity study of rhodanese isolated from thevke ofMormodica charantiah as preference for sodium thiosulphate but
can also use other sulphur compounds such as ammguersulphate, sodium metabissulphite, and 3-mpavethanol for

its catalytic activities (Table 3), which is in &nwith the studies reported by other researchdrigidet al. (2013) and
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Okonji et al. (2011) reported the use of different sulphur coormgs from a sulphane pool by rhodanese. Otheanefsers
have also shown the specificity of rhodanese fiplaur from thiosulphate source (Lekeal., 1995). Westley (1981) also

reported the importance of sulphanesulphur podidnianese cyanide detoxification mechanism.

The effect of heavy metals on rhodanese fidanmodica charantia showed that two different concentrations of
metals used did not affect the activity of the eneymetals (Table 4). This could be as a resultigti bontent of heavy
metals in the plant and or its environment.. Simiésults have also been reported by Fagboheindda (2004) and Okoniji
et al. (2011) on the rhodanese from the hepatopancreagaaf African snail and liver of mudskipper respesy.
Agboola and Okonji (2004) and Hossein and Reza Zp@lso reported the effect of metals on the fhait liver and
rainbow trout rhodanese respectively, stating thatinhibition of fruit bat liver and rainbow troliver rhodanese by Hg
and B&" was probably due to the interaction of these mieta with sulphydryl groups at the enzyme catalgiie or
induction changes in the comformation of the enzybllener and Vallee, 1972; Lest al., 1995; Nagahara and Nishino,
1996).

The rhodanese from the leave Mbrmodica charantia showed maximum activity at pH 7.0 (Figure 7). The
Mudskipper liver rhodanese showed maximum actigitypH 8.0. Different optimum pH values in the ramfe3.0-11.0
have been reported for different organisms (JarabakWestley, 1974; Lee et al., 1995; Agboola akdr), 2004; Saidu,
2004). Akinsikuet al. (2011) working on the African catfish liver obtatha pH value of 6.5.

An optimum temperature of 60°C was obtained forderese isolated from the leavesMdrmodica charantia
(Figure 8). Sorbo (1953a) reported an optimumteatpee of 50°C for bovine liver rhodanese. Ezzl. (2003) obtained
a wide temperature optimum of 35-55 °C for rhodarerszyme in all different Trichoderma strains. fiigh temperature
might be as a result of adaptation to harsh enmental condition. The rhodanese in the cytosobectfon of fruit Bat
liver was reported by Agboola and Okonji (2004htve an optimal temperature of 35°C. Akinséual. (2010) reported
an optimum temperature of 40°C for rhodanese frbenliver of the catfish in Asejire Lake. Okomi al. (2011) also

reported an optimum temperature of 50°C from muyujsdi liver
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