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ABSTRACT 
 
 A large number of isolated yeast from various locations including Egyptian soils, marine water or cheese 
products were quantitavely screened for their L-methioninase activity. Candida tropicalis was the most active 
isolate. Results showed that, the enzyme was intracellulary produced. Therefore, permeabilization treatments 
were carried out using physical or chemical methods in order to gain intracellular enzyme in a good yield. 
Optimal conditions for enzyme activity were established in relation to pH, temperature, reaction time or type of 
buffer used and its molarities. Furthermore, the enzyme formation was estimated using different fermentation 
media. The enzyme formation was highly affected by using different initial pHs, incubation times and 
incubation temperatures. On the other hand, some factors influencing the production of this enzyme were also 
studied. Among different carbon sources tested in medium, glucose was found to estimate the formation of this 
enzyme, while peptone was  the best nitrogen source tested. Furthermore, a slightly  increase of enzyme 
formation was noticed when some surfactants including tween 80 , 60 or Dimethyl sulphoxide was separately 
add to the growth medium .                                                                                                                                                             
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Introduction 
 
 L-methioninase (Methionine γ-lyase) is a pyridoxal phosphate (PLP) – dependent enzyme that catalyzes the 
direct conversion of L-methionine to methanethiol, α- ketobutyrate and ammonia (Tanaka et al., 1985).  
 L-Methioninase has been found in bacteria, some of which are anaerobic, Prophyromonas gingivalis 
(Yoshimura et al., 2000) and Treponema denticola (Fukamachi et al., 2005) and in eukaryotic pathogens, such 
as Entamoeba histolytica (Tokoro et al., 2003). It is noteworthy that reports describe L-methioninase in the 
culture filtrates of a few yeasts including Geotrichem candidum, Debaromyces hasenii and Saccharomyces 
cerevisiae (Bonnarme et al., 2001). However, L–methioninase is absent from mammalian cells (Cooper 1983). 
Regarding to its nature, L-methioninase was characterized from many bacterial species as intracellular enzyme 
(Tanaka et al., 1976) and from fungal species as intracellular and extracellular enzyme (Ruiz- Herrera and 
Starkey 1969a and b; Abu - Seidah and Youssef 2000; and El –sayed, 2009). 
 L-methioninase has a major role in food industry by imparting a distinctive aroma to many traditional 
fermented foods including cheese via degradation of L-methionine that release volatile sulphur compounds 
(VSCs) (Cuer et al., 1979). The most common (VSCs) found in cheese is Methanethiol which derives from the 
enzymatic degradation of  the amino acid L-methionine (Weimer et al., 1999) present in cheese curd (Bütikofer 
and Ardöy 1999).Recently, evidences were reported of the contribution of yeasts to (VSCs) generation in cheese 
(Spinnler et al., 2001; Bonnarme et al., 2001and Arfi et al., 2003). In addition, Saccharomyces Cerevisia, 
Kluyveromyces lactis and K. marxianus are considered to be generally regarded as safe organisms and have been 
approved as a food additive (Bonekamp & Osterom 1994 and Coenen et al., 2000). On the other hand, more 
attention has been paid to Methionine γ-lyase since it was reported as a potent anticancer against various types 
of tumor cell lines Breast, Lung, Colon, Kidney and Glioblastoma) (Breillout et al., 1990, Helpern et al., 1974; 
Kokkinakis et al., 2001; Tan, et al., 1996 and 1998). Many researchers (Hoffman 1984 and Anderson 1998) 
reported the complete dependence of tumor cells on L-methionine for the proliferation; whereas normal cells are 
methionine independent (cellarier et al., 2003) under methionine depleletion cancer cells were arrested (Sato 
and Nozaki 2009). Consequently, methionine is the main tumor specific target for therapeutic techniques. Thus, 
therapeutic exploitation of L – methioninase to deplete plasma methionine has been extensively investigated 
(Yoshioka et al., 1998 and pinnamaneni et al., 2012). In addition, the limited distribution of L – methioninase as 
intracellular enzyme among all microbial pathogens but not in humans makes this enzyme a promising drug 
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target for antibacterial, antifungal and anti – protozoal therapies (Ali and Nozaki, 2007& Sato and Nozaki 
2009).  
 The aim of this study is to screen some yeasts isolated from Egyptian soils, cheese products or marine water 
for their ability to produce L-methioninase. In addition, some permeabilization treatments were carried out on 
yeast cells in order to gain its intracellular enzyme in a good yield. Furthermore, some factors affecting L-
methioninase production were also investigated. 
                    
Materials and Methods 
 
Isolation of yeasts: 
 
 Modified Dox agar medium amended with 0.5% methionine as a precursor for methioninase production 
was used for isolation of yeasts capable methioninase production. A small portion of soil samples collected from 
various Egyptian soil locations was suspended in sterilized water and spreaded over medium agar plates. The 
same technique was also used for samples obtained from marine water or from cheese products. The inoculated 
plates were incubated at 28º C for four days. Yeast colonies appeared were picked up and maintained on malt 
yeast peptone agar slants. 
 
Media: 
 
Four different media were used throughout this study.  
1-Czapex Dox medium (Difco manual 1953): It contains (g /L): glucose, 20; Na NO3, 2.0; K2PHO4 1.0; Mg 
SO4.7H2O, 0.5; KCl, 0.5 and Fe SO4,  0.001. this  medium was supplemented with 5g/l  of L – methionine. 
2-Basic medium (BM) (Ferchichi et al., 1985): It contained   (g /L): Sodium Lactate, 5.0; yeast extract 1.0; 
peptone 1.0; L- alanine, 5.0; KH2PO4, 0.24; CaCl2, 0.025; Mg SO4.7H2O 0.2 and NaCl 10.0  
3-Modified medium (Tanaka et al., 1976). It contain (g/l). 
Methionine 2.5; urea 1.0; glucose, 1.0; MgSO4. 7H2O, 0.1, yeast extract 0.25, K2HPO4, 1.0 and KH2PO4, 1.0. 
4-Malt yeast peptone (Herman, 1970): This medium was used for maintaining yeast isolates. It contained (g/l) : 
Malt extract ,3.0 ; yeast extract, 3.0; peptone 5.0 and glucose 10.0. 
These media were solidified with 20g/l agar when needed. PH of media was usually adjusted to pH 7.0. 
 
Enzyme release treatments: 
 
1- Chemical treatment: 
 
       The isolated yeasts were grown shaken on a modified Dox medium (25 ml for each flask), after 2 days of 
incubation at 28˚C, the cells were harvested by centrifugation. Two days old culture of yeast cells (100 mg) 
were preliminary treated with toluene (0.5 ml) for 30 min. the solvent cell mixture was resuspended in 0.05 M 
potassium phosphate buffer (pH 7.0) for 1 h. The cells were removed by centrifugation under cooling and the 
released enzyme was assayed in the cell free extract (CFE). On the other hand, for the highest producing L–
methioninase isolate the same technique was also employed using some solvents (T. butanol, N. butanol, 
Acetone, Benzene, Ethanol, toluene or Propanol).   
 
2-Physical  treatments: 
 
a-freezing and thawing treatments: 
 
 This method of Decleire et al., 1987 was used. The harvested cells were  resuspended in 0.05 M potassium 
phosphate buffer pH 7.0, the suspension was frozen and rethawed for 4 cycles to disrupt the cell membrane and 
gives its intracellular enzyme after centrifugation, L – methioninase released was determined periodically in the 
clear supernatant.  
 
b- Grinding with sea sand: 
 
 It was carried out according to the method of wendorff and amundson (1971); Nakayama et al., (1988a) and 
Hanniffy et al., (2009). The harvested cells were washed with 0.05M potassium phosphate   buffer (pH 7.0). 
Cells cake (100 mg) was resuspended in 5 ml of the same buffer containing pyridoxal phosphate as a stabilizing 
agent (Ferchichi et al., 1985). For cell disruption, cell suspension was ground with sterile sea sand in a mortar (5 
times) for 2 min. with one min.interval on ice bath to minimize heat denaturation of enzyme. The samples were 
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centrifuged and L – methioninase in the supernatant (cell free extract) was estimated periodically after 2, 4, 6, 8 
and 10 min. of grinding. 
 
Methioninase assay: 
 
 L – Methioninase activity was assayed according to the method of Arfi et al., (2003) with some 
modifications using L – methionine as a substrate. Methanethiol produced from substrate reacted with 5.5-
dithiobis-2- introbenzioc acid added (DTNB; sigma – Aldrich) to form thionitrobenzoic acid which  was 
detected spectrophotometrically at 412 nm. The assay mixture contained 20 mM L–methionine in 0.05 M 
potassium phosphate buffer pH 7.0 , 0.01mM pyridoxal phosphate, 0.25 mM DTNB and the enzyme cell free 
extract in a final volume of 1 ml. After 10 min of incubation at 45 ºC, the increase in absorbance of the 
developing yellow colour was measured at 412 nm. Controls without cell free extract or with heat denaturated 
CFE (at 95º C for 30 min) were prepared separately. 
MTL amount was calculated according to a standard curve obtained with sodium methanethiolate.  
 One unit (U) of L – methioninase was expressed as the amount of enzyme that release 1Mmole of 
methanethiol per min under optimal assay conditions. 
 
Protein concentration: 
 
 Protein concentration was determined by the method of (Lowry et al. 1951) with bovine serum albumin as 
standard. 
 
Identification of the chosen isolate: 
 
 Identification studies of the most promising yeast isolate was carried out using the procedures reported by 
Lodder (1970), Barnett and Penkhurst (1976) and (Larone, 2002). 
 
Results and Discussion 
 
1- Screening for L – methioninase-forming yeast isolates: 
 
 Methionine assimilation test was generally used as an evidence for L – methioninase formation by yeast 
isolates. Accordingly, all yeast isolates grown on modified Dox medium agar plates were quantitavily assayed 
for their L–methioninase activity. Date obtained (Table 1) showed that isolate No. 5 gave the highest enzyme 
formation (40. 95 U/ml) with a good growth. Thus, isolate No.5 was chosen for further experiments during this 
study. 
 
Table 1: Quantitative screening of different yeast isolates for their growth and  L-methioninase formation. 

Isolate No. Source Enzyme activity 
(U/ml) 

Growth 
(O.D.600) 

1 Soil 8.57 7.20 
2 Soil 20.60 9.40 
3 Soil 34.35 8.60 
4 Soil 30.37 10.0 
5 Soil 42.95 9.20 
6 Soil 24.60 9.30 
7 Soil 39.80 8.80 
8 Soil 5.15 8.40 
9 Soil 9.74 7.12 
10 Soil 6.73 9.16 
11 Soil 16.04 7.20 
12 Soil 5.73 6.40 
13 Marine 37.20 8.80 
14 Marine 4.58 6.30 
15 Marine 34.38 7.00 
16 Marine 5.73 9.00 
17 Marine 18.33 8.00 
18 Cheese 26.00 9.20 
19 Cheese 17.15 8.50 
20 Cheese 15.55 9.50 
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Identification of isolate No.5: 
 
 Identification of isolate No. 5 was carried out using procedures reported by lodder (1970), Barnett & 
Pankhurst (1976) and Larone, (2002). The result indicate that, this isolate could be identified as Candida 
tropicalis.  
 
2- Some factors affecting the permeability of cytoplasmic membrane: 
  
 Changes affecting the permeability of the cytoplasmic membrane at the level of both the transport of 
nutrients into the cell and the release of metabolites into the culture medium. The alternative changes of the 
cellular structure caused by ten sides and solvents can play a role in the excretion of low molecular mass 
compounds from the cell. Surface-active compounds influence the composition of lipids in the cytoplasmic 
membrane. They affect the properties of aliphatic-branched chain fatty acids. These changes can result in 
different rates of excretion of metabolites from the cell and thus regulate the rate of processes in the biosynthesis 
pathway of some products excreting a positive effect on its production (Konicek et al., 1991).L-methioninase 
formation by the isolated strain was found to be intracellular. Therefore, the following studies were carried out 
in order to gain its intercellular enzyme in a good yield. 
 
(a) Solvent treatment: 
 
 Cells cake of Candida tropicalis was preliminary treated with different solvents in a ratio; 100 mg / 0.5 ml 
(cells/solvent) and contact time. 30 min. (between solvent and cells) followed by determining L– methioninase 
released in buffer after 1 h of agitation (CFE). Results (Table 2) proved that treatment with n-butanol was the 
most suitable for releasing the highest yield of enzyme (50 U/ml) followed by toluene (43.2 U/ml) and benzene 
(30.06 U/ml).  
 The use of solvent for release of some enzymes from yeast cells was also reporteted by many authors: Eliwa 
et al., (2008) on α-glucosidase from Hansenula anomal, Selim et al., (1989) on β-glucosidase from yeasts and 
Eliwa and El-hofy (2010). On β -galactosidase from Rhodotorula ingeniosa. 
 
Table 2: Effect of different organic solvents on enzyme release from cells of candida tropicalis.  

Solvent 
(100 mg cell/ 0.5 ml  solvent) 

Enzyme activity
(U/ ml)

t. Butanol 15.60
n. Butanol 50.00
Acetone 16.45
Benzene 30.06
Ethanol 13.75

Methanol 11.46
Propanol 25.20
Toluene 43.20

 
 On the other hand, yeast cells (100 mg) were treated with different volumes of n-butanol (the best solvent 
tested) at concentration ranged between 0.5 ml – 2.0 ml with different contact times from 15-60 min and with 
different agitation times  in buffer from zero to 4 hours. Data illustrated (Table 3) clear indicate that, the use of 
0.5 ml of n-butanol with 30 min. contact time and 2 hours of agitation  in buffer was correlated with the highest 
accumulation of enzyme release. 
 
Table 3: Effect of n- butanol volumes on L- methioninase release from Candida tropicalis. 

Solvent (ml/100mg  
cells) 

Contact 
time/min. 

Enzyme release (U/ml) after different agitation time/h 
0 1 2 3 4 

0.5 ml 15 44.68 50.43 46.95 46.95 34.37 
 30 44.68 53.85 57.30 54.99 45.80 
 60 37.80 40.10 38.91 37.80 34.30 

1.0 ml 15 41.25 51.56 52.70 52.70 37.80 
 30 51.56 53.85 53.85 45.80 36.66 
 60 38.90 38.90 37.80 32. 80 29.79 

2.0 ml 15 40.10 51.50 54.99 54.99 44.38 
 30 50.41 53.80 54.99 43.50 45.80 
 60 35.50 40.10 37.80 37.80 22.90 

 
b- Freezing and Thawing: 
 
 Yeast cells with or without buffer were freezed and thawed for many cycles (4 cycles). Data (Fig. 1), 
showed notable increase in the rate of enzyme accumulation in buffer  until reaching to the maximal value when 
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the third cycle of freezing and thawing was applied. Furthermore, the use of cells cake in buffer was more 
suitable for enzyme release as compared with cells without buffer. 
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Fig. 1: Effect of freezing and thawing cycles on L-methioninase release of candida tropicalis. 
 
c- Grinding with sea  sand: 
 
 Result (Fig. 2) showed that, a notable increase of released enzyme was obtained with the increase of 
grinding time reaching its maximal value when 8 min. of grinding was applied, followed by a notable decrease 
at higher grinding times. 
 Grinding technique for enzyme release was applied by many authors (Spinnler et al., 2001, Kagkli et al., 
2006 and Hanniffy et al., 2009) on Saccharomyces cerevisiae , some yeasts and  lactic acid bacteria respectively 
. In conclusion, accordingly, freezing and thawing technique was not suitable for L-methioninase enzyme 
release from Candida tropicalis cells. This result is in agreement with that obtained by Dias and Weimer (1998) 
who found that, freezing and thawing of methionine γ– Lyase solution resulted in the loss of over 60% of 
enzyme activity in Brevibacterium linens BL2. According to our results on the enzyme release treatments ,we 
can  conclude that ,n.butanol proved to be the most efficient method for releasing the best yield from yeast cells 
followed in descending order by grinding with sea sand and freezing and thawing techniques respectively. 
Therefore, it was  applied for further studies. 
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Fig. 2: Effect of grinding time on L-methioninase release. 
 
2-Some properties of the crude enzyme: 
 
1-Effect of incubation temperature and reaction time:  
 
 The optimum temperature for L- methioninase activity was assayed at various temperatures from 30ºC to 
60ºC. The results in Fig. (3), showed that, the optimum temperature for enzyme activity was   45º C followed by 
a slight decrease when higher temperatures were applied. 
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Fig. 3: Effect of temperature on the crude L-methioninase activity.  
 
 On the other hand, the progress of the enzymatic reaction with time was also studied at the  optimum 
temperature. Data clear indicate that, the rate of methanethiol released was increased with time up to 15 min Fig. 
(4). 

 
 
Fig. 4: Effect of reaction time on L-methioninase activity. 
 
2-Effect of pH value on crude L – methioninase activity: 
  
 Crude enzyme activity was assayed under various pHs adjusted by using 0.05 M of different buffers sodium 
citrate or potassium phosphate at 45ºC for 10 min. Data (Table 4), indicate that a notable increase was noticed 
with the increase of pH value reaching its maximum value at pH 6.5 in the presence of  citrate buffer . 
 Furthermore, the use of higher pH value was not so useful. On the other hand, the effect of using sodium 
citrate buffer with various molarities (0.025 – 0.1 M) at pH 6.5 on enzyme activity was shown in  Fig. (5). Date 
indicates that 0.075 M Sodium citrate buffer was the best concentration  for enzyme activity.  
 These biochemical properties of crude L – methioninase produced by Candida tropicalis showed slight 
variation with those reported for L – methioninase produced by pseudomonas putida (Lishko et al., 1993) and 
Aspergillus Flavipes (El–Sayed 2010).  
 
3-Effect of growth  medium on enzyme production: 
 
 Three media mentioned before were tested for their ability to support growth and enzyme production by 
Candida tropicalis therefore, the organism was separates  cultivated with shaking (150 r.pm) at 25º C in flasks 
containing different  three media. After two days of incubation cells were harvested by centrifugation and 
treated with N-butanol. L- methioninase was determined in cell free extract as mentioned before .Result (table 
5) indicate that the  highest growth with the  highest enzyme formation were obtained when the organism grown 
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in the modified medium(110.58 U/ml and 9.0 O.D). In comparison, Results also showed that, the use of basic 
medium containing lactate was correlated with the lowest yield of both growth and enzyme formation. 
Therefore, the modified  medium was used for further studies. The use of modified medium for L-methioninase 
production by Pseudomonas putida was also reported by (Lishko et al., 1993). 
 
Table 4: Effect of pH value on crude L-methioninase activity. 

pH Buffer Enzyme activity (U/ml) 
5.0 A 58.43 
   
5.7 A 74.79 
 B 56.15 
5.0 A 83.64 
 B 59.58 
6.5 A 92.81 
 B 66.45 
7.0 A 84.79 
 B 57.29 
7.5 A 54.99 
   
8.0 A 48.13 
   

A: Sodium citrate                                                         B: Potassium phosphate 

 

 
 
Fig. 5: Effect of different molarities of sodium citrate buffer on crude L-methioninase. 
 
Table 5: Effect of growth medium on L-methioninase formation. 

Medium Enzyme activity (U/ml) Growth( O. D 600) 
1-Basic medum 97.39 7.4 

2-Modified medium 110.58 9.0 
3-Czapex dox medium 102.56 8.5 

 
 On the other hand, the growth and enzyme formation by the Candida tropicalis was estimated periodically 
during three days of incubation with shaking (150 r.p.m) at 25º C .The data (Table 6) indicate that, two days of 
incubation period was the best duration time  growth and enzyme formation. In accordance with our results, Arfi 
et al., (2003) measured L-methioninase activities of Debaryomyces hasenii and Geotricum candidum after 48 
hours of incubation. 
 
Table 6: Effect of  different incubation periods on L-methioninase formation.  

Incubation period /day Enzyme activity 
(U/ml) 

Growth 
(O.D 600) 

1 105.42 7.56 
2 111.58 8.0 
3 108.85 8.0 

 
4-Eeffect of incubation  temperature on the  enzyme production: 
 
 Results presented in Table7, show that 30ºC was the optimum temperature for both growth and L-
methioninase formation followed by a slight decrease at higher temperatures.. Similar results were reported for 
L – methioninase production by Saccharomyces cerevisiae (Kagkli et al 2006) and by Gecotricum candidum 
(Arfi et al., 2003). 
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Table 7: Effect of incubation temperatures on L-methioninase   production. 
Incubation temp.( ºC) Enzyme formation(U/ml) Growth (O.D.600) 

25 115.5 8.4 
30 118.58 8.4 
35 105.7 7.6 
40 83.64 7.56 

 
Effect of pH on enzyme production: 
 
 The initial pH of medium was adjusted to various pHs from 4 to 8 using 0.05 M sodium citrate or potassium 
phosphate buffers. Results shown (Table 8), indicate that, both growth and enzyme formation were increased 
with the increase of initial pH up to pH 5.7 when phosphate buffer was used. Thereafter, a slight decrease was 
noticed.  
 
Table 8: Effect of initial pH value of on L-methioninase formation. 

pH Buffer Enzyme activity (U/ml) Growth 
(O.D.600) 

Final PH 

4 A 67.60 8.2 66 
 B - - - 

5 A 83.97 9.0 7.0 
 B - - - 

5.7 A 110.10 9.0 6.6 
 B 126.74 9.7 5.0 

6.0 A 104.91 9.0 6.6 
 B 116.66 9.16 5.2 

6.5 A 99.68 9.0 6.0 
 B 114.58 8.94 5.4 

7.0 A 95.10 8.8 6.1 
 B 114.58 8.94 6.2 

8.0 A - - - 
 B 95.10 8.25 6.6 

A: Sodium citrate                                              B: potassium phosphate 

 
 Minerals such as phosphorus play a major role in the nutrition as well as buffering capacity of the medium. 
Therefore, the optimum initial pH of the medium (5.7) was adjusted using different molarities of potassium 
phosphate buffer from (0.03 M to 0.06M). 
 Results Shown (Table 9) indicate that, 0.04M Proved to be the most suitable Spinnler et al., 2001 and Arfi 
et al., 2006, who reported that slightly increase in the growth of some yeasts was found , when grown on a 
medium supported with 0.04 M phosphate buffer (pH 4.5). 
 
Table 9: Effect of different molarities of potassium phosphate buffer on growth and enzyme production. 

Growth(O.D.600)Enzyme activity(Units/ml)molarity               Buffer 
7.96 114.780.03 
8.8 132.500.04 
8.0 125.640.05 
7.96 122.600.06 

 
Optimization of some nutritional requirements: 
 
 Carbon and nitrogen sources in the culture medium were considered as key factors for growth as well as 
metabolites production by microorganisms. Therefore, Candida tropicalis was tested for L-methioninase 
production using different carbon and nitrogen sources. Among different carbon sources tested (Table10), each 
of glucose, ethanol, maltose and galactose supported high levels of both growth and L-methioninase formation, 
(9.0, 8.0,9,2 and 8.0 O.D600 and 130. 67, 130. 65, 124. 77 and 120. 35 U/ml respectively) .these results are in 
agreement with the results  obtained by perpete et al., (2005) who reported that of L-methioninase was produced  
from Saccheromyces cerevisiae when grown on medium containing glucose or ethanol. In addition, khalaf and 
El-sayed (2009) studied the effects of several  carbon sources on L-methioninase production by some 
filamentous fungi and they found that, glucose was the best carbon source  for L-methioninase production.   
 On the other hand, studies on the growth and enzyme formation using different nitrogen sources are shown 
(Table 11). Results showed that, the highest level of growth and enzyme formation was obtained when peptone 
was used followed by yeast extract (12.0, 13.20 O.D 600 &  140. 79 and 128. 85 U/ml respectively).  
 The production of L-methioninase regardless the presence of its inducer methionine in the culture medium 
indicates that, L-methioninase was found to be L-methionine independent. Similar results were reported for L-
methioninase production by Pseudomonas putida (Tan et al., 1997) and Geotricum candidum (Bonnarme et al., 
2001). In contrast, Khalaf and El-sayed (2009) reported that  the formation of L-methioninase production  
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depended on L-methionine on containing medium and Bonnarme et al., (2001) on Yarrwia lipolytica. In 
addition, the use of peptone and yeast extract in medium for the production of L-methioninase was reported by 
(Arfi et al. (2006) from  Geotrichum gandidum. 
 
Table 10: Effect of different carbon sources on growth and L-methioninase formation. 

Carbon Sources 
(2%) 

Enzyme activity(U/ml) Specific activity 
(U/ mg protein)

Growth 
(O.D 600) 

Glucose 130.67 9.2 9.00 
Cellabiose 32.100 6.4 6.40 

Maltose 124.77 9.2 9.2 
Fructose 91.500 8.5 6.40 

Galactose 120.0 8.7 8.8 
Starch 9.250 4.5 3.85 

Glycerol 22.040 7.3 4.00 
Sorbose - - 2.00 

Ethanol (0.5%) 130.65 9.5 8.00 

 
Table 11: Effect of different nitrogen source on  the growth and  L-methioninase formation. 

Nitrogen source Enzyme activity (U/ml) Specific activity 
(Units/mg protein) 

Growth 
(O.D.600) 

(NH4)2SO4 54.37 9.8 10.0 
NH4Cl 57.50 7.9 10.9 

NH4H2PO4 50.64 8.1 11.0 
(NH4) 2HPO4 65.85 8.6 11.0 
(NH4)3PO4 60.43 8.6 11.9 
NH4 NO3 577.5 7.7 11.3 

NaNo3 54.84 8.0 1.02 
Am. citrate 54.87 8.7 13.3 
Malt extract 128.85 13 13.2 

Peptone 140.79 14 12.0 
Beef extract 114.68 12 8.0 

Methionine (control) 91.59 8.0  

 
Effect of some surfactants: 
 
 Various ratios of Tween 60, 80 and Me2SO4 each was added to the growth medium at different 
concentrations (0.2 to 1.0 ml/30 ml growth medium) and incubation at 30ºC for 2 days. The data obtained 
(Tables 12, 13 and 14), show that a notable increase in the methioninase and growth  was noticed when Tween 
80 and Tween 60 at a concentration 0.6% and Dimethylsulfoxide at concentration 0.8% (162,0 U/ml, 148.3 
U/ml and 158.46 U/ml; 13.45, 13.4, 13.9 O.D.600  respectively).were added to the growth medium.  
 
Table 12: Effect of Tween80 0n growth and enzyme production. 

Growth 
(O.D.600) 

Specific activity
(U/mg protein) 

Enzyme activity 
(U/ml) 

ml / flasks 

12.5 6.6141.72 0.2 
13.0 6.9146.93 0.4 
13.0 7.7162 .0 0.6 
13.45 7.9153.90 0.8 
13.3 7.9150.20 1.0 
12.0 6.5137 .0 Control 

 
Table 13: Effect of Tween 60 on growth and enzyme production. 

Growth 
(O.D.600) 

Specific activity
(U/mg protein) 

Enzyme activity 
(U/ml) 

ml / flasks 

12.65 `6.5137 .0 0.2 
13.0 7.0140.47 0.4 
13.4 7.9148.36 0.6 
13.2 7.7143.42 0.8 
13.2 7.3135.00 1.0 
12.0 6.5137.00 Control 

 
Table 14: Effect of Dimethylsulfoxide on growth and enzyme production. 

Growth 
(O.D.600) 

Specific activity

(U/mg protein) 

Enzyme activity 
(U/ml) 

ml / flasks 

12.5 7.0137.00 0.2 
13.65 7.6141.00 0.4 
13.5 8.4147.87 0.6 
13.9 8.4158.46 0.8 
13.8 8.2149.00 1.0 
12.0 6.5137.00 Control 
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 The effect of using some surfactants (Tween 80) on β- glucosidase production by Kluyveromyces fragilis 
NRRL 1137 was reported by Selim et.al. (1989).Who found that the growth only increased with a slight decrease 
of the enzyme production. 
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