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ABSTRACT 
 
Rhodanese from Mortieralla isabellina, isolatedfrom polluted area, was produced using natural media based on 
treated cane molasses. The optimum conditions for the most significant factors was measured using statistical 
optimizationstrategy. Screening using Plackett-Burman was performed to determine the most significant cultural 
factors. Thereafter aquadratic model was used to optimize the condition for these factors. The crude enzyme was 
partially purified through precipitation by ammonium sulfate at different saturation levels. The peak of the enzyme 
activities was at 60-75% of amm. Sulfate. The optimum temperature for the enzyme activities was 30 to 40ºC. pH 
near neutrality was more appropriate for the enzyme activity. Michaelis-Menten kinetic parameters were 
determined using Lineweaver Burk plot. Km value for the partially purified was 0.46 mol/l/sec. There are no reports 
for using Mortieralla isabellina as rudeness producer. 
_____________________________________________________________________________________________ 
 

INTRODUCTION 
 

Cyanide is a highly toxic compound is widespread in the environment. This toxicant is readily absorbed and causes 
death by preventing the use of oxygen by tissues.Several naturally occurring substances as well as industrial 
products contain cyanide [1]. More than 2,000 species of plants are known to contain cyanogenic glycosides 
[2].There are different strategies adopted by many microorganisms to face cyanide toxicity [3, 4].One of these is 
producing rhodanese. Rhodanese is an enzyme which can transform and convert cyanide to thiocyanate [5]. It is well 
known the involvement of in cyanide detoxification[6,7].Production of rhodaneseis considered as self-defense tactic 
for the living cells. The presence of rhodanese has been detected in manyorganisms[8, 9. 10].The medical 
importance of the rhodanese iscoming from utilization of it for cyanideantagonism.The major mechanism to remove 
cyanide from the body is by enzymatic conversion by a sulfurtransferase to less or nontoxic compounds [11, 
12].Some actinomycetes that transfer sulphurfrom thiosulphate to cyanide forming thiocynate, aless toxic 
compound. Different reports of microbialdegradation of cyanide waste by a mixed populationin the acclimatized 
sludge are published[13, 14, 15]. The cyanide hydratase can become a significant green catalyst’. The enzyme was 
reported in some fungi and aerobic bacteria [16, 17, 18,19].This medical importance forces the bulk production 
process. The present work was atrial to isolate potent rhodaneseproducing microorganisms. Furthermore, the 
optimum conditions for the production of the enzyme using suitable culture medium were investigated using 
statistical methodology. To our knowledge, noliterature was reported rhodanese production using the 
concernedmicroorganism 
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MATERIALS AND METHODS 
 
Microorganisms. 
A group of microorganisms was isolated from fresh water of Ismalia canal and  Nile river at different places in Cairo 
in addition to water from the Mediterranean sea and Red sea in Egypt. The isolated bacteria and fungi were screened 
for the Rhodense activities. Only the strains of the promising enzyme activity were identified. The identification of 
the fungi was reformed according to the colonial and microscopic characteristics [20, 21].The most active strain was 
further identified basing on the molecular techniques. Genomic DNA was prepared from one gram of mycelia that 
were grown for 4 days. PEQLAB DNA extraction kits were used for extraction of the DNA after homogenization of 
the mycelia. PCR amplification of ITS1 5.85 S, ITS2, and nuclear ribosomal DNA region using ITS5, ITS1 and 
ITS4 under standard conditions was performed[22, 23]. (White et al., 1990 and Grades and Bruns, 1993). BioRad 
Thermo thermal cycler was used for PCR amplification. The obtained ITS sequences were sequenced using Perkin-
Elemer ABI Prism 7700. The sequences were matched using Blast NCBI.The phylogenic tree was constructed using 
Blast NCBI using MEGA 5.22 software. 
 
Cyanide degradation Cyanide degradation was studied in the potato dextrose culture.After growing the 
microorganisms on fractions of 50 ml of PDA for 48h at 30º C at 150 rpm on rotatory shaker then KCN was added 
with concentration 100 mg /l and the incubation was continued for another 24 h or as specified, at the endthe 
enzyme activity was determined. 
 
Media. 
Seven media of different chemical composition were examined for supporting the rhodanese enzyme. The 
compositions of the media were as follows: Medium I (MI) (g/l). Potato 200, Dextrose 20, and Agar 15, Medium II 
(MII)(g/l). Malt extract, 6, Maltose 1.8, Dextrose, 6, yeast extract 1.2., Medium III (MIII) (g/l). Beef extract, 
3,Peptone, 5,NaCl, 5,Tryptone, 17, Soytone, 3, NaCl 5, K2HPO4, 2.5, Glucose,  2.5., Medium IV(MIV) (g/l). 
Sucrose 30, Sodium nitrate 2, Dipotassium phosphate 1, Magnesium sulphate 0.5, Potassium chloride 0.5 and 
Ferrous sulphate 0.01., Medium V (MV) (g/l): cane molasses,5 % (w/v), 10 % (w/v) and 15 % (w/v), NH4NO3, 2 % 
(w/v) (NH4)2SO4,  2 % (w/v) orKNO3, 2 % (w/v) and Medium VI (MVI) (g/l): yeast extract 1, (NH4)2PO4, 4, 
K2PO4,0.5, CaCL2, 0.1, MgCl2, 0.1 MgSO2, 0.05. A fraction of 50 ml of each media was inoculated and the cyanide 
degradation was conducted as described above. 
 
Measurement of the enzyme activities 
Rhodanese was assayed by the modified method of Sorbo [24]. Reaction mixture contained 16.8 mM sodium 
thiosulfate, 40 mM glycine buffer, pH 9.2, 167 mM KCN,and 50µl enzyme solution in a final volume of 4.0 ml. The 
reaction was carried out for 15 min at 37°C and stopped by adding 0.5 ml 38% formaldehyde. In control tubes, 
formaldehyde was added prior to the addition of enzyme solution. Concentration of thiocyanate was determined as 
follows: Samples were mixed with 1 ml ferric nitrate solution containing 0.025 g Fe(NO3)3·9H2Oin 0.74 ml water 
and 0.26 ml concentrated nitric acid. After centrifuging the mixture to remove the interfering turbidity, the 
absorbencies were measured at 460 nm against a blank containing all reagents except that 50µl water instead of 
enzyme solution was used. 
 
Stages of improvement strategy:  
The optimization of some culture conditions for Rhodanese production by Mortieralla isabellina was carried out 
through two stages. The screening of some cultur factors for the most effective factors by Plackett-Burman design 
and optimization of the effective factors by Box-Behnken model. 
 
i. Screening for the most significant factors. 
Plackett-Burman experimental design based on the first order model[25]: 
 
Y = β0 +  βixi 

 
This model was used to screen the important variables that influence Rhodanese production. Unlike Box-Behnken 
design, this design does not consider the interaction effects among the variables. Six variables were screened using 
plakett-Burman design and this required sixteen experiments as shown in table (1).  Each variable is represented in 
two levels, namely a high level denoted by (+) and a low level designated by (−). All experiments were performed in 
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duplicate and the average of Rhodanese activity was taken as the response (Y). The variables whose confidence 
levels were greater than 85 % were considered to significantly influence Rhodanese production. 
 
i. Box-Behnken statistical design with three factors: 
This quadratic polynomial model depends on evaluation of each of the most significant factors on three levels (+), 
(0) and (+). The experimental design is summarized in Table (3), the design was carried out through fifteen runs. 
The experimental design consists of a set of points lying at the midpoint of each edge and the replicated center point 
of a multidimensional cube. The polynomial equation expressed in coded terms is as follows: 
 
 Yi=b0+b1X1+b2X2+b3X3+b12X1X2+b13X1X3+b23X2X3+b11X12 + b22X22 + b33X32  
 
Where Yi is the dependent variable, b0 is the intercept, b1 to b33 are the regression coefficients, and X1, X2 and X3 
are the independent variables selected from preliminary experiments [26]. 
 
Purification: 
The crude enzyme was treated with different concentration of solid ammonium sulphate to bring 0-90 % saturation 
[27]. The mixture was left overnight at 4ºC in a magnetic stirrer. After centrifugation of the pellet was dissolved in 
10ml of 50mM tris buffer (pH 7). The mixture was dialyzed against deionized water for 24h in refrigerator. 
 
Protein analysis: 
The protein was determinedaccording to the method  described by Lowery, [28]. 
 
Enzyme kinetic 
The kinetic behavior of an enzyme as modeled by the kinetic scheme in the equation: 
 
V=Vmax. [S]/[S]+[Km] 
 
The Equation can be re-arranged as: 
 
1/V= 1/Vmax + Km/ Vmax . 1/[S] 

 
The velocity of the reaction (V), Maximum reaction velocity, Vmax, S the substrate concentration and The Michaels 
constant (Km) is a means of characterizing an enzyme affinity for a substrate.The Km  and Vmax, were determined 
by varying the concentration of KCN (between 0.2 and 1.2 mol/ml) 
 
From equation when [S] = KmM, then V=Vmax/2. Hence Km is equal to the substrate concentration at which the 
reaction rate is half its maximum value. In other words, if an enzyme has a small value of Km, it achieves its 
maximum catalytic efficiency at low substrate concentrations. The smaller the value of Km, the more efficient is the 
catalyst. The value of Kmfor an enzyme depends on the particular substrate. 
 

RESULTS AND DISCUSSION 
 

The microorganisms. 
After screening of 12 different microorganisms7 fungi and 5 bacteria for their cyanide degrading activities only the 
strains of the promising activities were identified. The fungal isolateswere identified on the basis of its 
morphologicalcharacteristics [20,21].The fungal strain of the highest activity was identified by molecular techniques 
as Mortieralla isabellina.The neighbor joining phylogenic tree is shown in Fig (1). The yield by this strain reached 
about 56 (U/ml) and this was the best if it compared with the activities of the other isolates. This stain was able to 
tolerate the presence of the cyanide in the medium at 100 mg/l (Fig.2). 
 
The suitable medium. 
Seven mediaof different composition were used as growth media supporting the cyanide degrading activities (Fig.3). 
All the tested media were able to support the enzyme activities with different degrees.However, relatively MV was 
the best medium. This medium was prepared from treated molasses and supplemented with some salts. The enzyme 
activities for Mortieralla isabellina reached about 127 U/ml. One reason for that may be the natural composition of 
the medium which may contain some factors supported the synthesis of this inducible enzyme. 
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Adjusting the reaction time. 
In order to determine the appropriate time for the enzyme production, the incubation time of the culture was changed 
from 2h to 48 after KCN addition.It was found that the best enzyme activities (130U/ml) can be achieved after24h. 
Increase the incubation time above 24h and decrease it below 24h resulted in a decrease in enzyme activities (Fig. 
4). The incubation time for maximum enzyme production was 20 h in case of Pseudomonas aeruginosa and Bacillus 
brevis[29]. 
 
pH values . 
The pH values of the production medium were adjusted between 4 and 11 using 50 mM citrate buffer (pH 4.0-6.5), 
50 mM phosphate buffer (pH 7.0-8.0) and 50 mM borate buffer(pH 8.5-11.0). As shown in Fig. (5)the enzyme 
activities were higher at pH 7-8 in comparison with the other pH values.The results that were reported by Chew and 
Boey, [30], Lee et al.[31] and Agboola and Okonji [32]have shown a pH range of 8.0-11.5 is optimum for the 
Rhodenese activities. While,Kurban andHorowitz [33]showed that lower pH (pH4-6) is more suitable. Enzyme of a 
broad pH range but optimum pH was 6.0 and 7.0 for Pseudomonas aeruginosa and Bacillus brevis activity, 
respectively was studied by Oyedeji, et al., [29]. 
 
The reaction temperature. 
The temperature was varied over range from 25- 60º C in order to determine the optimum degree for the activity of 
the crude enzyme, the culture filtrate. The substrate was added to 1ml of the culture filtrate of pH at 7.In the light of 
the obtained results in Fig (6) the optimum temperature appeared to be at 30-40ºC. Sorbo [24]and Chew and Boey 
[30]obtained optimum temperatures between 50 ºC and 59 ºC for the bovine liver rhodanese and tapioca leaf 
rhodanese, respectively.Agboola and Okonji [32](2004) also reported an optimum of 35 ºC for the fruit bat liver 
rhodanese. Theenzymes from animals and tortoisesneed warmth to become active[34, 35]. Optimum temperatures 
for Pseudomonas aeruginosa and Bacllus brevis rhodanese were 50 and 40°C, respectively[29]. Okonji et al. [36] 
mentioned an optimum temperature of 50°C for mudskipper liver rhodanese. Different optimum pH values in the 
range of 8.0 to 11.0 
 
Screening of the culture factors byPlakett-Burman model. 
According to our previous results some factors like time, pH, temperature and medium composition showed a 
noticeable effect on the Rhodanese activity. So the relative significance of six different variables were screened 
using Pakett-Burman model. The relative importance of molasses concentration, NH4NO3, NH4SO4, initial pH, time 
and temperature was investigated. The experimental design is shown in Table (1). The variables molasses, time and 
temperature, respectively, having confidence levels above 85%,hence considered to significantly influence 
Rhodanese production. The effect of the factors in Fig. (7) indicates the positive  effect of molasses and time on 
rhodanese production. Pareto chart (Fig.8) shows the significance of these three factors. Analysis of variance 
(ANOVA) of the two levels factorialdesign indicated that p-value for the model is less than 0.05which proves the 
significance of this model (Table 2).  Blackett-Burman screening suggested three factors, molasses, time and 
temperature, for further optimization step using three levels quadratic model. 
 
Optimizationthe most significant factors by Box-Behnken design 
Keeping the other factor at their values, second order polynomial equation was applied to molasses, time and 
temperature. The design is indicated in table (3).The following second order polynomial equation was found to 
explain the Rhodanese production. 
 
Y =127.00+9.00 * A+0.88* B-4.63* C+0.50*A * B-4.50  * A * C+0.25  * B * C-1.13  * A2 -62.87  * B2+1.13 * C2 
 
Where, Y: predicted response, A: molasses, B: time and C: temperature. 
 
The statistical test for analysis of variance (ANOVA) and the results are shown in Table (4). The analysis of 
variance of the quadratic regression model demonstrates that the model is highly significant. The closer the value of 
R (multiple correlationcoefficient) to 1, the better the correlation between the observed and predicted values. Here 
the value of R (0.99)indicates a good agreement between the experimental andpredicted values. Adeq Precision 
(52.05) is greater than 4 indicates an adequate signal. Fig. (9)shows the relative effect of molasses concentration, 
time and temperature on Rodanese production. The optimal values of test variables were formolasses 20/l, for time 
30h and for temperature close to 25º C. Themodel predictedmaximum Rhodanese activity of 155 U/ml.The 
Experimental values were verified after application of the optimum conditions that were predicted by the model. The 
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experimental activities of the enzyme found to be 149-152 U/ml. This gives evidence for the precision of the 
optimization models. 
 
Partial purification and kinetic parameters of rhodanese enzyme 
Partial purification of rhodanese enzyme was carried out by dialysis of the crude enzyme followed by precipitation 
of the protein by salting with ammoniumsulphate (Table 5). The specific activity of the crude sample was found to 
be 0.6 U/mg and the specific activity after precipitation by ammonium sulphate (60-75%) found to be 1.44 U/mg 
which means 2.4 fold increment. Rhodanese purified 9.72-fold with a yield of 37.8% and specific activity of 6.32 
mg-1 protein in the case of P. aeruginosa  and enzyme  purified 7.44-fold with a yield of 22.6% and specific activity 
of 5.21 mg-1 protein from B. brevis were recorded by Oyedeji, et al., [29].Michaelis constants (Km) and maximum 
reaction velocities (Vmax) were determined using LineweaverBurk plot under the optimum conditions usingdifferent 
substrate concentrations (Fig. 10, 11).  The Km values for KCN was 0.46 mol/l and the Vmax was 0.0012 mol/l/sec. 
It was noticed that Vmax started at high substrate concentration, 1.1 mol/ l. This could a good substrate affinity. 
Mufaddal et al., [37] recorded KmCN and Vmax values ranged from 7 to 16 mM and from 0.069 to 0.093 µmole 
ml−1 min−1 mg protein−1, respectively for two strains of Trichoderma. They considered that these parameters are 
better than that of the enzyme produced some Fusaria. According to these results the rhodanese from 
Mortierallaisabellinademonstrated a good kinetic characteristics.Mufaddal et al., [37] found the KmCN values for 
rhodanese ranged from 7 to 16 mM between selected strains of Trichoderma while Cipollone et al. [38] reported Km 
values for cyanide and thiosulphate binding to a strain of Pseudomonas rhodanese as 1.0 and 14 mM.Oyedeji, et al., 
[29]found Km values for KCN as substrates for P. aeruginosa rhodanese were 12.5 mM, while the Km values for 
the same substrate for B. brevis rhodanese was 3.12. According to these previous results, the characteristics of the 
partially purified protein appear to be accepted. 

 
Table 1. Experimental matrix for the two levels model 

 

Run 
Molasses 

(%) 
Amm. Nitrate (%) Amm. Sulphate (%) Time (h) pH Temp. (ºC) Rhodonase (U/ml) 

1 15 3 3 72 8 45 65 
2 5 3 1 72 8 25 64 
3 15 1 1 24 8 25 89 
4 5 1 3 24 8 45 78 
5 5 3 3 72 6 45 65 
6 5 3 1 24 8 45 85 
7 15 1 3 72 6 25 67 
8 5 1 3 72 8 25 65 
9 15 1 1 72 8 45 70 
10 5 1 1 24 6 25 71 
11 15 3 3 24 8 25 91 
12 15 3 1 24 6 45 90 
13 15 3 1 72 6 25 72 
14 15 1 3 24 6 45 88 
15 5 3 3 24 6 25 79 
16 5 1 1 72 6 45 78 

 
Table 2.  ANOVA for two levels factorial model 

 

Source Squares df 
Mean 
Square 

Value Prob > F 

Model 1,395.44 7.00 199.35 15.71 0.0004* 
A-Molases 138.06 1.00 138.06 10.88 0.0109* 

B-Amm. Nitrate 1.56 1.00 1.56 0.12 0.7347 
D-Time 76.56 1.00 976.56 76.97 < .0001* 
F-Temp 27.56 1.00 27.56 2.17 0.1787 

AD 15.56 1.00 15.56 9.11 0.0166* 
AF 68.06 1.00 68.06 5.36 0.0492* 
BD 8.06 1.00 8.06 5.36 0.0492 * 

Residual 01.50 8.00 2.69 
  

Cor Total ,496.94 15.00 
   

*Values of "Prob > F" less than 0.0500 indicate model terms are significant.   
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Std. Dev.          3.56   R-Squared          0.93  
 Mean        76.06   Adj R-Squared          0.87  
 C.V. %          4.68   Pred R-Squared          0.73  
 PRESS      406.00   Adeq Precision        11.81  

"Adeq Precision" measures the signal to noise ratio.  A ratio greater than 4 is desirable.  The ratio of 11.812 indicates an adequate signal. 
 

Table 3. Matrix of the three levels model 
 

Runs Molasses (%) Time (h) Temp.(C) Rhodonase (U/ml) 
1 20 30 45 130 
2 20 30 25 158 
3 10 30 45 105 
4 15 48 45 66 
5 15 30 35 97 
6 15 48 25 65 
7 15 30 35 134 
8 15 12 45 65 
9 15 30 35 135 
10 15 30 35 135 
11 20 12 35 62 
12 20 48 35 66 
13 15 30 35 134 
14 15 12 25 65 
15 10 30 25 115 
16 10 48 35 63 
17 10 12 35 61 

 
Table 4. Statistical parameters of the three levels model 

 
Std. Dev. 2.44949 R-Squared 0.99 
Mean 78.4375 Adj R-Squared 0.99 
C.V. % 3.122855 Pred R-Squared N/A 
PRESS N/A Adeq Precision 52.05 

 
Adeq Precision  ratio greater than 4 is desirable.  The ratio of 52.059 indicates an adequate signal.  The model can be 
used to navigate the design space. 

 
Table 5. Partial purification by salting off with Amm. Sulfate 

 

Fraction (%) Protein (mg) Activity 
U/ml Spc. Activ. (U/mg) Recovered protein (%) Recovered activity (%) Pur. Fold 

Crude 263 160 0.6 100 100 1 
0-15 20.3 9.13 0.44 7.71 5.4 0.73 
15-30 35.11 10.1 0.28 13.34 6.31 0.46 
30-45 28.15 18.33 0.65 10.7 11.45 1.8 
45-60 18.6 31.19 1.67 7.07 19.45 2.75 
60-75 69.98 101.21 1.44 26.6 63.25 2.4 
75-90 2 1.5 0.75 0.75 0.93 1.55 
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Fig (1) Phylogenic tree of Mortierella isabellina 
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Fig (2) The Rhodanese activities of the isolated fungal strains 
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Fig. (3). Selection of suitable medium for rhodanese production by Mortieralla isabellina 
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Fig.(4). The optimin time for the prduction of the rhodanese using Mortieralla isabellina 
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Fig. (5) The optimum pH valued for the enzyme production by Mortieralla isabellina 
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Fig. (6) The optimum temperature for the crude enzyme produced  by Mortieralla isabellina 
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Fig.(7) The effect of the different selected factors on the production of rhodanese by Mortieralla isabellina 
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Fig. (8). Pareto chart for the screened factors using Plakett-Burman model 
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Fig.(9). The nested effect and the optimum values of the most significant factors as predicted by the three factors qudaratic model 
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Fig. (10). The Vmax value for the partially purified rhodanese enzyme produced by  Mortieralla isabellina 
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Fig. (11). Lineweaver Burk plot indicating the reaction rate for the partially purified phodanese produced by Mortieralla isabellina 
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CONCLUSION 
 
A fungal strain Mortieralla isabellina was able to producerhodanese enzyme. No previous reports studied this 
fungus for production of rhodanese. The optimization strategy which depends on statistical designs for some cultural 
factors that affecting the production process was successfully enhanced the enzyme yields from about 60 U/ml to 
143 U/ml. The rate of the enzymatic reaction was determined for the partially purified enzyme. The results gave 
acceptable values for the kinetic parameters. The strain was able to resist high concentration of the cyanide. 
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